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INTRODUCTION 

Stalk rot of corn (Zea mays L.) is of world-wide 
significance. The following are some of the many 
reports of stalk rot from different parts of the USA: 
Arkansas (283), Delaware (192), Florida (81), 
Illinois (22,169,251, 353), Iowa (76, 210), Kansas 
(149, 206, 207), Kentucky (368, 370), Maryland 
(116), Michigan (7), Minnesota (43), Missouri 
(30), Nebraska (70, III, 182, 183), New Jersey 
(37,48), New York (26), North Carolina (153), 
Ohio (178, 312), Oklahoma (175), Pennsvlvania 
(94, 155), South Carolina (10), Texas (:i, 405, 
406), Virginia (93, 277), West Virginia (177). 

It has also been reported from many countries of 
the world: Argentina (32, 139,301), Australia (84, 
223), Bulgaria (33), Canada (158, 200, 381), Costa 
Rica (102), Colombia (326), Egypt (290,294,295, 
296, 297), EI Salvador (3), France (212, 226), 
Guatemala (307), Italy (59, 174), India (114, 268), 
Israel (157, 371), Kenya (190), Manchuria (225), 
Mexico (39, 232, 233, 279, 2S0, 358, 400), Nica
ragua (57), Puerto Rico (311), Rhodesia (292), 
Romania (265, 302), Russia (104, 248, 282, 324), 
South Africa (IS, 19, 36, 92), Venezuela (264). 
Many people regard stalk rot as being probably the 
most important and destructive disease of corn in 
the world. 

Stalk rot is a disease complex caused by several 
different species of fungi and bacteria. It is of 
variable importance from region to region and season 
to season; occasionally it becomes epidemic over 
wide areas. Severity of stalk rot varies greatly as 
temperature, rainfall, soil drainage, soil type, available 
nutrients, and other conditions change and interact. 
The variety of corn planted. and agricultural prac
tices such as the use of sound seed. time of planting. 
crop sequence, application of fertilizers, and plant 
populations, have a marked influence on severity of 
infection. Mechanical injuries and insect damage 
also tend to increase the severity of stalk rot. 

Development of desirable modern corn hyhrids 
demands that considerable attention be given to the 
incorporation of lodging and stalk-hreakage resistance, 
particularly in countries where mechanical harvesters 
are in common use. This problem is greatly com
plicated because plant breeders have also been empha
sizing bigger and heavier ears, or more cars pcr stalk. 
to increase yields. There has also occurred a wide
spread improvement in cultural practices. involving 
dense plant populations and the liberal use of fer
tilizers. All of these developments produce greater 
seed yields and this greatly taxes the strength of the 
corn stalk. Rot weakens stalks and accounts for most 
of the broken stalks and much of the lodging. Stalk 
rot must, therefore, be given due consideration in 
any modern corn improvement program. 

Stalk rot of corn has been known for over 60 
years. but during the early part of the 20th century 
damage was usually attributed primarily to seedling 
blight, root rot, and ear rot. No one knows when 
stalk rot of corn first became a destructive disease. 
It is unfortunate that early workers seldom distin
guished clearly hetween root rot, crown rot, and stalk 

rot. Many of these studies probably involved aU 
three types of rot, as weil as seedling blight. It is 
clear from the literature and from numerous photo
graphs, however, that crown rot and root rot fre
quently involved the basal portion of the stem (Fig. 
2G). Recent studies indicate that these rots may be 
closely interrelated. They will. therefore, be discussed 
in this publication as they relate to stalk rot. 

More definite early information is available on 
ear rot and stalk rot caused by Diplodia zeae (Schw.) 
Lev. than on any other single organism. This may 
be attributed to the fact that Diplodia zeae was for 
a long time considered the primary cause of crown 
rot, ear rot, and stalk rot of corn in the corn belt 
of the USA. 

In 1834 Schweinitz described Diplodia zeae on 
corn, but is was not until 1906 that it was recognized 
as causing an important disease of corn (35, 111). 
About that time Diplodia-infected corn was con
sidered as a possible cause of illness in horses in 
Nebraska. This led to a detailed study of the organism 
by Heald et al. (112), who were the first to make 
a pathogenicity test. Infections were obtained by 
placing inoculum on the silk and the husks and by 
puncturing the husk and stem. Mature pycnidia were 
produced about 3 weeks after inoculation. The pyc
nidia. spores. and cultures of the fungus were described 
and illustrated. They concluded that there was little 
or no transmission of the fungus from one plant to 
another during the same season. 

In 1909, Burrill and Barrett (35) described the 
symptoms and the \ife history of Diplodia zeae in 
considerable detail. The organism was grown on 
many nutrient media, and the production of pycnidia 
noted. They ohtained infection from spores taken 
from corn stalks that were 1 and 2 years old. They 
also concluded that the spores were disseminated at 
least 350 yards. 

Smith and Hedges (330) obtained proof in green
house tests that Dip/odia zeae entered the plant 
through the roots. The mycelium was found in root, 
stern. and cob tissue. They concluded that the fungus 
in the soil invaded the roots and then passed upward 
into the stern, cob, and finally the kernels. This type 
of systemic infection was doubted by Durrell (76. 
77) and others (169). McNew (201) concluded that 
crown rot and basal stem rot arose from infected 
mesocotyl. At present the nature of stalk infectiDn 
is still controversial. but the evidence indicates that 
Diplodia zeae enters the stalk through various 
avenues. 

Moore (227) in 1896, and Peters (254) in 1904, 
called attention to a widespread disease of cattle 
and other anima1s known as the "stalk rot" disease. 
This disease occurred chicfly in the fall and early 
winter when cattle were feeding on cornstalks in the 
field. Peters (254) suggested that the disease might 
have been caused by a Fusarium sp., and Sheldon 
(323), working with Peters, named the fungus 
Fusarium moniliforme Sheldon. Valleau (368) con
cluded, after making numerous isolations from corn 
stalks. that Fusarium moniJijorme was the primary 
cause of root and stalk rot of corn in Kentucky and 
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other central and southern states. This fungus is 
known to be a common cause of stalk and ear rot 
of corn. 

In 1914, Pamme1 (237) described the Fusarium 
disease of corn in Iowa. Then in 1915 and 1916 he 
and his co-workers (238) pointed out that in many 
parts of Iowa stalks were broken at the lower nodes 
or near them. In many cases stalks were lying on the 
ground, many were barren, the pith of diseased corn 
was soft and partially destroyed, and the tissues 
were brownish or reddish in color. They stated that 
Fusarium diseases were likely to be the most 
important problem in the corn growing area in 
Iowa in certain years. Today Fusarium spp., par
ticularly Fusarium graminearum Schwabe and Fusar
Ium monilijorme, are considered among the most 
destructive fungi on coro. causing stalk rot. seedling 
blight, root rot, and ear rot. 

In this publication consideration will be given 
to major pathogens that cause stalk rot, as well as to 
many of minor importance. Organisms that primarily 
cause foliage disease, although they occasionally 
cause a limited amount of stalk rot, will not be 
discussed. The economic importance, geographical 
distribution of the pathogens, ecological factors in
fluencing infection and development of pathogens, 
host ranges, methods of creating artificial epidemiCS, 
inoculation techniques, development of resistant 
varieties, and nature of resistance will be emphasized. 

For many years it was assumed that Diplodia Zeae, 
Gibberella zeae (Schw.) Petch, and Fusarium spp. 
were the primary causes of stalk rot, but now it is 
fairly well known that many other pathogens may 
be destructive in certain regions. Rather than review 
the history of each of these pathogens separately, 
the historical information will be included in the 
various sections that follow. 

LOSSES 

The world production of corn in 1962 was about 
7 billion bushels (367). The USA, with an annual 
production of between three and four billion 
bushels, is the principal corn-producing country of 
the world. Certain states, like Iowa and Illinois, 
often produce more than 500 million bushels a 
year, and production in other states ranges upward 
from a few hundred thousand bushels. A yield loss 
from stalk rot of only 7.5% could, therefore, 
cause a loss of more than $500,000,000. 

In most of the corn~growing states the losses are 
frequently much higher than 7.5 %; sometimes they 
are reported as high as 10·20%. Roane (277) 
estimated the loss caused by stalk rot in Virginia to 
be 15-20% of the crop. In Ohio, Williams and 
Schmitthenner (394) estimated direct loss at 10-15%, 
plus an additional loss due to unharvested ears, ear 
rots, and harvesting difficulties. DeVay et al. (63) 
considered stalk rot the most destructive disease in 
Minnesota. They estimated the loss at 10%, which 
amounted to about $35,000,000. Fields with as 
much as 80% broken stalks were common, particu
larly in the southwestern part of the statc. They 
found that many plants were severely rotted, even 
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though there were no conspicuous signs of the 
disease on the plant surface. Stalk rot is the most 
destructive disease of corn in Iowa. According 
to Worf and Foley (399) yield reductions of 8 to 
16% are not uncommon, and losses up to 25% 
have been reported. As early as 1915 Pammel et a1. 
(238) reported that 5 to 50% of the corn stalks 
were broken because of stalk rot. Fields with 90% 
broken stalks were also reported. Durrell (76) found 
that the percentages of stalks infected by Diplodia 
zeae varied from 4 to 47%. He estimated the reduc
tion in yieJd from Diplodia alone to be about 10%. 
Manns and Adams (192) put the corn crop loss in 
Delaware at 15% for the year 1920. Five to 50% of 
corn stalks were blown over or broken, and some 
died prematurely. 

From 1930 through 1939, McCallan (196) gives 
the mean loss due to root rot, stalk rot, and ear rots 
of COrn as 9%, with a range of 4 to 16% for all 
corn harvested in the United States. McKeen (198, 
199) reported that corn root and stalk rots reduced 
the potential yield of corn 50 to 60% in Ontario, 
Canada. 

Losses within a given state may vary considerably 
over a period of years. This is well illustrated by 
work in Illinois. In 1930 Koehler and Holbert (161) 
presented data on losses due to five pathogens; the 
losses varied from 6 to 35 %, depending on the 
pathogen. In 1925 Koehler et a1. (160) estimated 
the loss from stalk rot at 1 % or more during the 7 
years from 1917 through 1923. Some fields had as 
much as 70% of the plants with stalk and root rot. 
Hooker and Britton (129, 130) in 1959 reported 
that percentages of infected stalks in standing corn 
varied from 18.5% to 82.5%. with an average of 
52.6%. In 1960, Koehler (169) considered the aver
age annual loss in yield from stalk rot to be 7 to 
10%. Hooker and Britton (130) in 1962 measured an 
average loss due to premature plant killing over a 2-
year period at 8.6%, or a value Joss of more than 
$70,000,000. This did not take into consideration 
additional indirect losses. 

Broken stalks result in large losses because many 
ears are missed by mechanical pickers, and con
sequently they are not harvested. Ears on infected 
stalks also tend to drop off readily during harvesting 
operations. Ears which come into contact with moist 
ground frequently become moldy. Moldy ears are 
of poor quality and may be unfit for feed. In some 
years losses from broken stalks are minimized by 
pasturing livestock in the field. 

It is hard to determine the actual losses from 
stalk rot because there apparently is no place where 
corn is completely free from the disease. The greatest 
losses probably are indirect and generally overlooked. 
Even when the damage is obvious, root rot, lodging, 
poor pollination, poor genetic types, and weather 
are often blamed. 

Stalk rot perhaps causes the greatest damage when 
it develops in the basal portion of the stalk, par
ticularly in that part which extends below the 
ground, because here it involves the dcstruction of 
the tissues to which many of the roots are attached. 



Under certain conditions, much of the water and 
nutrient taken up by roots does not reach the above
ground part of the plant. This results in barren 
stalks, smaller ears, or premature drooping of ears, 
and plants appear to mature early. This damage is 
most apparent on rolling land and in drier regions, 
particularly during periods of drought in the later 
part of the growing season. The potential loss is 
graphically illustratcd in Fig. IF. 

The reduction in yield from the use of infected 
seed has usually been attributed to loss of stand 
(76, 161,209,269). Sometimes, however, consider
able loss may result from subnormal plants grown 
from infected seed, or as a result of crown infection 
originating from infested soil (120). 

When determining the losses caused by stalk rot of 
corn, it is important to consider not only such losses 
as reduced weight and quality of shelled corn, but 
also the expenditure of time, labor, and capital in 
growing and harvesting the crop. According to 
Hooker and Britton (129, 130), if one could save 
the cost of cultivation and land occupied by diseased 
corn plants, the net return per acre of corn grown in 
Illinois could be increased approximately 28 % . 

Damage caused by stalk rot may also result in 
losses in crops grown the year after corn. This is 
especially true with soybeans (Fig. 1 G). Seeds 
from dropped ears and from ears on broken stalks 
not picked up by mechanical harvesters may produce 
volunteer plants. These may be so abundant that 
a soybean field may have the appearance of a corn 
field. In such a field, losses in soybean yield not 
only result from competition, but if volunteer corn 
is removed before the soybeans are harvested, 
considerable labor is necessary to get such a field 
ready. If the corn is not removed, it greatly inter
feres with the efficient harvesting of the soybeans. 
If the beans and the immature corn arc stored 
together the moisture content of the beans may be 
raised and thus increase the danger that the soybeans 
will deteriorate in storage. 

Damage caused by stalk-rotting organisms is quite 
evident when stalks produce small ears, when the 
stalks and shanks are broken, or when the plants 
are killed before the kernels are in the hard-dough 
stage. Stalk rot is not always so conspicuous. It may 
reduce the yield of apparently healthy plants. In
fected plants frequently develop no obvious external 
symptoms, 

Another important loss that is indirectly related 
to stalk rot is that which results from seedling 
blight and scab in wheat and barley. Infected corn 
stalks are an important source of inoculum of 
Gihherella zeae and Fusarium spp. which cause 
seedling blight and scab of small grains. It is a 
widely held opinion that wheat and barley production 
decreased in importance in southern Minnesota 
after corn became extensively grown, largely be
cause of the scab problem. 

Even today there is little or no definite infor
mation on the total amount of damage caused by 
stalk and basal stem rot. There is some experimental 
data on direct yield loss in a few states on a limited 
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number of hybrids, but much more is needed under 
different environmental conditions. Koehler (169) 
found that stalk rot reduced yield 6-10 bushels per 
acre in hybrids grown in areas where stalk rot was 
severe in comparison with the same hybrids in areas 
where stalk rot was slight. Hooker and Britton (129. 
130) obtained an 18 % lower yield from rotted but 
standing stalks and a 27 % lower yield from plants 
both lodged and rotted than from adjacent and 
apparently healthy corn plants. During a 3-year 
study Michaelson and Christensen (216) inoculated 
two hybrids with GihberelJa zeal' and Diplodia zeae 
by means of the toothpick method. The yield of the 
inoculated plants was reduced 6.8% by Gibberella 
zeae and 9.7% by Diplodia zeae. Michaelson (217) 
used the same method and demonstrated that stalk 
rot reduced the yield of shelled corn by 2 to 22 %. 
depending on the pathogen, the hybrid, the plant 
parts inoculated, the number of infections per plant, 
the time of inoculation, and the season. Wilcoxson 
(385), using the toothpick technique and Fusarium 
graminearum and Diplodia zeae, inoculated 14 
hybrids that were about equally susceptible to 
natural infection. In a 3-year test, the yields were 
reduced as much as 17%. There was some tendency 
for rot in the lower internodes to cause the largest 
reduction in yield. Losses were greater when the 
hybrids were inoculated 9 to 10 weeks before the 
harvest, rather than 5 to () weeks before harvest. 

Studies have shown that necrotic lesions in single 
internodes may interrupt physiological processes and 
thus may cause severe reduction in yield. Wilcoxson 
and his associates (181, 386) found that yield of 
grain was significantly reduced when necrosis in the 
second internode involved 50% or more of the tissue~ 
whereas necrosis of less than 50% of the internode 
tissue caused no significant reduction in yield. 

Wilcoxson (385) also noted that in many instances 
stalk rot was severe and loss was relatively large 
without any outward sign of the disease. This often 
introduces another large error in estimating the 
amount of damage caused by stalk rot. 

The location and number of the lesions in the 
stalk may influence the amount of loss in yield. 
Inoculation above the shank node reduced the yield 
about 13% per plant, as did inoculation of lower 
internodes. Although one rotted internode reduced 
yield considerably, several lesions per stalk caused 
even greater yield reduction (21S, 385). Troyer 
(360) measured yield reduction in five hybrids grow
ing in IIlinios as 2.3 % when Diplodia zeae was 
inoculated into one internode, and 5.4% when 
inoculations were made in three internodes. Koehler 
(169) also secured greater losses when multiple 
inoculations were made. 

Reduction in yield may differ considerably from 
year to year. even when the same hybrids are inocu
lated with the same fungus isolate (218, 385). For 
example, Michaelson (218) recorded 5.5% loss in 
yield for Minnhybrid 607 in 1951, but in previous 
years the loss ranged from 5.4% to 21.5%. 

Stalk rot was caused by several fungi in France. 
but that caused by Colletotrichlllll graminicolum 



(Ces.) Wils. was particularly destructive (212, 214). 
In Egypt Cephalosporium maydis Samra, Sabet, and 
Hingorani sometimes causes severe losses, infection 
sometimes reaching 25 % in some fields (298). 

Bacterial stalk rot of corn is sometimes destructive 
in certain regions and countries. Rosen (283 to 287) 
was the first to report that bacteria could cause severe 
stalk rot and damage to cOrn. He reported losses as 
high as 30% in some regions in Arkansas. In general, 
bacterlal stalk rot of corn in the USA is not economi~ 
cally important. but it has been reported to be destruc
tive in Egypt (290) and India (114). Hingorani ct al. 
( 114) reported that bacterial stalk rot caused from 
15% to 33% damage in certain American varieties 
of corn grown in India. 

Losses may also result from feeding infected 
plant tissue to animals. Billings (20) and Moore 
(227) called attention to frequent and widespread 
outbreak of a disease among cattle known as "corn
stalk disease." This disease occurred when the cattle 
were feeding on corn stalks in the field. Although 
Moore made numerous attempts to determine the 
possible cause of the "corn-stalk disease," his results 
were inconclusive. He did, however, isolate a bac
terium from corn similiar to the one described by 
Burrill (34), which causes stalk rot of corn, and 
this bacterium was fatal to certain animals that 
were inoculated with a pure culture. During Moore's 
time, fungi, with exception of Ustilago maydis 
(D.C.) Cda., were apparently not suspected to be 
disease-producing agents of animals and, therefore, 
were ignored. 

Peters (254) suggested in 1904 that a serious 
disease of animals, especially horses, cattle, and 
swine, feeding on corn stalks, was probably due to 
Fusarium sp. Hunt (136) isolated several species of 
Fusarium but concluded that Fusarium rnonili/orme 
was the dominant species present in the stalks. 

Diplodia zeae (111) was reported in 1906 to be 
very common in corn in certain parts of Nebraska, 
and was considered to be the cause of poisoning of 
horses in Kansas (l08). Feeding tests with moldy 
corn as an exclusive grain ration for 2 months, 
however, gave negative results. Smith and Hedges 
(330) suggested that Diplodia zeae might be the 
cause of the so-called corn-stalk disease so prevalent 
among cattle in the west. They also indicated that 
Diplodia zeac might be associated with the so-called 
peJlagra which caused many deaths among poor 
people following the consumption of moldy corn 
and hominy. Mason (194) reported that pellagra 
may be due to Nigrospora spp. 

The farmers in Africa, according to Bijl (19) 

and Mitchell (224), thought that Diplodia zeae 
caused paralysis and death of stock fed infected 
cobs of corn. Sheep were reported to be particularly 
susceptible. Evans (92) also found in Africa that 
all cobs contained DipJodia zeae; later Fusarium 
spp. were also isolated from other specimens. From 
certain other localities Fusarium spp. were the preva
lent organisms. He noted that the diseased ears made 
very undesirable beer. 

BijI (19) fed ears of corn infected with Diplodia 
zeae to a limited number of animals for several 
weeks and observed no ill effects. He also grew the 
organism on crushed maize for weeks and then fed 
it to cattle without any ill effect. Extracts from 
cultures were injected into mice and rats without 
harmful effects. 

Mayo (195) found that "staggers" of horses in 
Kansas was due to the animals consuming corn 
infected with Aspergillus glaucus Link. This fungus 
is not a primary cause of stalk rot, but it and its 
relatives commonly grow on organic materials such 
as improperly stored feed. 

Christensen and Kernkamp (44) found that 
ground kernels from ears which were artificially 
inoculated with Gibberella zeae in early milk stage 
were very toxic to swine. In fact, the animals would 
not eat the corn unless it was mixed with other 
feed. Extract from diseased grain also proved toxic, 
but not cultures grown on grain mixture. Sippel 
(325) reported that moldy COrn caused rapid death 
of swine. 

It is apparent from the above review that there is 
much to be learned about the effect of microorga
nisms on animals. All feeds are infested with many 
different species of microorganisms, including many 
plant pathogens. More work should be done to learn 
how these organisms influence the growth, longevity, 
productivity, and reproduction, as well as the psychol
ogy and behavior of animals. 

PATHOGENS, SYMPTOMS, AND DISTRIBUTION 

Almost all major pathogens that cause stalk rot 
of corn are found in virtually every country and 
region where corn is grown. A few pathogens are 
destructive, at least as far as is known, only in 
certain regions. Many of the pathogens have been 
isolated from all parts of the Corn plant: roots, crown, 
or basal part of the stem below the soil level, seeds, 
leaves, and stalks. By far the greatest number of 
isolations havc been made from seedlings and kernels. 
Many of the secondary invaders are also worJd wide 
in distribution. 

Many investigators have proved that certain species 

Figure 1. A. Corn stalks showing light brown to black lesions caused by Gihherella zeae. Similar lesions are also pro
duced on corn stalks by other pathogens. B. Crowns and stalks of young corn plants with internal necrosis caused by Bac
terium stewartii. C. A field of corn near Redwood Falls, Minnesota, showing about 90% of the plants lodged because of 
stalk rot. D. Plants which died prematurely (left) because of inoculation with Diplodia zeae. Living plants (right) were not 
inoculated. E. Seedling blight of corn at 25" C when plants were inoculated with isolates of Fusarium graminearum from 
Missouri = 9, Minnesota = 8, New York = 7, and disease free = 6. F. Corn with severe stalk rot (upper) and healthy 
(lower) showing the reduction in ear size due to stalk rot. G. Volunteer corn in a field of soybeans in southern Minnesota. 
II. Corn plants showing extensive injury caused by corn root worm (left). (Photos A, B, and D. courtesy of B. Koehler 
(169), University of Illinois; F and H, courtesy of H. G. lohnson, University of Minnesota.) 
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)f fungi Can cause severe stalk rot when plants are 
noculated. Haws (109) proved that at least 11 
,trains of Fusarium cause stalk rot. Young (402) 
)roduced severe stalk rot with a Penicillium sp. and 
L small-spored Hclminrlwsporium sp. Williams and 
Nillis (395) did it with Collectotrichum gramini
~olum. 

Manns and Adams (192) found that many patho
~cns were carried internally in the kernels, where seed 
;reatment could not reach them. They found Gib
?erella zeae, Fusarium 11Ionili!orme, Djpfodia zeae, 
md Cephalosporium sp. present in seed in a very high 
percentage of the samples from 21 states. Fusarium 
rnoniliformc was the prevalent species isolated. They 
considered Cephalosporium sacchari Butler an active 
corn root and stalk parasite. 

Porter (266, 267) isolated fungi from corn nodes 
collected in 20 different states. r'usariul1l spp., Di
ploelia zeae, and Penicillium spp. were among the 
most common fungi. Some of the Penicillium spp. 
undoubtedly were saprophytes. It is, of course, possi
ble that secondary invaders may help to break down 
the stalk tissue and thus contribute to stalk rot and 
stalk breakage. 

Peterson (255,256) isolated many species of fungi 
in 7 genera from corn stalks in New Jersey. Sixteen 
of these species caused stalk rot when the organisms 
were artificially introduced into the stalks of the sus
ceptible lines of corn. A species of Trichodl'r111a was 
the most aggressive. even more so than isolates of 
Gihberella zeae and Fusarium moniliforme. Further
more, cert.<ljn jsoJntt.'S Di FlIsn,rjul.'1 spp., ClIn'uJ(Jrja 
spp., and Helminthosporiwn sativwn Pam., King, 
and Bakke were about as pathogenic as G ibberella 
zeae. Certain isolates of Mucor and Penicillium also 
caused rot. 

Wood (398) made over 700 isolations from roots 
and basal portions of stems of corn of 24 singJc
crosses, during two growing seasons in Ohio. More 
than 70% of the isolates were unidentified species of 
Fusarium, 20% were Fusarium graminearum, 2% 
Trichoderma spp., less than 1 % were Diplodia zeae, 
and the remainder were unidentified. 

Gibberela zeae and Fusarium spp.-In the absence 
of fruiting bodies there is no definite symptom on the 
stalk or root by which one can differentiate infection 
by Gibberella zeae and Fusarium spp. from that hy 
Diplodia zeae. The initial symptoms produced hy 
these pathogens appear soon after pollination [lS light 
brown to almost black lesions near the lower nodes 
(Fig. IA). Lesions caused by Gihherella ~eae and 
Fusarium spp. may sometimes have concentric rings. 

and sometimes they may also extend away from the 
node as a long streak. Fusarium moniliforme often 
attacks plants earlier in the season than do the other 
pathogens, and it is often associated with injuries. 
Lesions produced by Fusarium moniliforme fre
quently have less distinct margins than have those 
produced by Gibherella zeae or Diplodia zeae. When 
hadly infected stalks arc cut open, pink-colored myce
lium and stalk tissue may indicate the primary patho
gen to be Gihhcrella zeae or a species of Fusarium. 
Isolation techniques should be used with observed 
symptoms to determine the identity of the pathogen. 

If conditions are favorable for rapid development 
of parasites shortly after silking, the plant may be 
killed prematurely, Such plants wilt suddenly and 
present a more or less frosted appearance (Fig. ID). 
The leaves eventually become dry and shatter easily. 
Plants killed prematurely not only yield poorly. but 
the ears are chaffy and Jack proper luster. 

Gibberella zeae is onc of the most important stalk
rot pathogens of corn. Its distribution is world wide 
I 13) and it attacks and multiplies on a great many 
different kinds of plants. In the United States it ap
pears to be most common on corn in the cooler 
growing areas of the corn belt, and along the Atlantic 
sea hoard. It has been reported by several investigators 
to be the most destructive of the stalk-rot organisms 
in New York, New Jersey, Minnesota, Pennsylvania, 
and Canada (26, 37, 63, 380, 381), 

The prevalence of G ibberella zeae varies tremen
dously from year to year. Even in regions where Di
pJodio ,zeoe is usually the predomjnant organjsm. 
G ibberella zeae occasionally becomes the more 
destructive pathogen. In most years it is common in 
the corn belt (63, 168), Koehler and Boewe (168) 
reported a survey of the relative prevalence of Gib
herella zeae and Diplodia zeae as causal agents of 
stalk rot in Illinois from 1946 through 1956, Gib
here/fa leae was more prevalent than Diplodia leae 
in 1946 <lnd 1955, and in 3 other years the pathogens 
were Virtually equal in prevalence. For the II-year 
period the average percentage of infected stalks for 
Gibberella leae was 26 and for Dipfodia leae was 31. 
The percentages of Gibherella leae infected stalks 
ranged from 18 to 37, whereas Diplodia zeae varied 
from 18 to 53. Gibherella zeae is also one of the most 
important pathogens to Cause seedling blight and root 
rot of corn, and this may be a factor in its widespread 
importance as an incitant of stalk rot. 

Fusarium monili/orme is widely distributed 
throughout the world on corn, and is perhaps best 
known as a cause of ear rot. However, it is a common 

Figure' 2. A, R. Cross sections of va~cular bundles near stalk rot lesions developing in the pith of a corn plant inocu
lted with Fusarium gramil1earum. Note in A, the dark walls of the parenChyma cells and the accumulation of dark sub
Lances in the intercellular spaces, and in B. the necrosis and accumulation of dark suhstan(.;es in the phloem, vessels, tra
heids. and protoxylem lacunae. C. Longisection of a vascular hundle near a stalk-rot lesion developing in the pith of a corn 
,1 ant inoculated with FUMlrium graminearum. Note the dense dark substance deposited in the vessels. D. Corn stalks inocu
lted with Fusarium gr{ll1linearum, showing the type of lesion that develops in a susceptible (upper) or a resistant plant 
lower). E. Necrosis of corn stalk tissue when corn borer larvae were present (upper two internodes) or absent (lower two 
lternodcs). Larvae hatched from eggs placed in cavities cut in the first nnd second interno<.les above the ground. F. Stalk 
ot that developed in corn injured by hail. C. Stalk rot of the lower portion of a corn stalk. The rot apparently spread 
lto the stalk from the roots. H. Radial section or a corn stalk with severe stalk rot which originated at the nodes. 
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stalk-rot organism (158, 168, 200, 277, 352), and 
may also cause premature death of corn plants. In 
fact, Koch and Murwin in Canada (158) considered 
it more virulent than Gibberella zeae. Roane (277) 
concluded that Fusarium moniliforme in certain 
years was a major cause of stalk rot in Virginia, 
Boosalis (unpublished data) concluded that it is the 
major pathogen involved in the rotting of corn stalks 
in the irrigated regions of western Nebraska. How
ever, Koehler (169) considered it of minor impor
tance in comparison with Diplodia zeae and Gih
herella zeae. Valleau (368) indicated that Fusarium 
moniliforme was a primary cause of root and stalk 
rot of corn in Kentucky and other central and south
ern states. Leonian (177) considered it a primary 
cause of seedling blight. Manns and Phillips (193) 
reported it to be just as virulent as Gibberella zeae. 
Porter (266, 267) reported that Fusarium monili~ 
forme invades the stalks shortly after pollination, but 
that it was usually not destructive. Although Ullstrup 
(364) considered it a secondary invader, Young 
(402) demonstrated that Fusarium moniliforme 
caused severe stalk rot when inoculated into the plant 
by the toothpick method. Others have obtained simi~ 
lar results. Although many workers consider Fusa
rium moniliforme to be a wound parasite on older 
plants, there is good evidence that it often is found in 
older plants that were infected during the seedling 
stage (169). 

Foley (99) doubted that Fusarium moniliforme is 
primarily a secondary invader. He isolated the orga~ 
nism from kernels, roots, leaf sheath, stalk, and axil~ 
lary buds. It was most frequently isolated from the 
leaf sheath, and from nodes more frequently than in~ 
ternodes. It becomes much more common on these 
sites as the plants mature. 

Kingland (155), working in Pennsylvania, found 
Fusarium moniliforme to be the most prevalent fun~ 
gus in 1955, but in the next 2 years Fusarium monili
forme Sheld. var. subglutinans Wr. and Rg. was the 
most common. Niederhauser (232) and Ullstrup 
(364) reported that this disease is more abundant in 
dry seasons, especially in the parts of North America 
where dry weather usually prevails during the grow~ 
ing season. Fusarium moniliforme apparently will 
develop in a drier environment than will either Gib~ 
berella zeae or Diplodia zeae. 

Fusarium moniliforme var. subglutinans was ob~ 
served by Edwards (84) in Australia. He found peri
thecia on old corn stalks and proved the fungus to be 
pathogenic on seedlings and corn stalks. This orga
nism was found on old corn stalks in New Jersey by 
Ullstrup (364). The distribution of F. moniliforme 
var. subglutinans in the USA is not known. Accord
ing to Ullstrup (363) it may have been overlooked 
or mistaken for Gibberella fujikuroi (Saw.) Wr., or 
perhaps it was recently introduced into this country. 
In recent years it has been shown to be fairly com
mon in the USA and other parts of the world (155, 
158,169,178,229,311,348,372). 

Fusarium moniliforme and Fusarium moniliforme 
var. subglutinans have been used in this manuscript, 
rather than Gibberella jujikuroi, because ascigerous 

stages have seldom been seen by most investigators. 
It is not, furthermore, always clear whether the vari~ 
ous authors have made a serious attempt to distin
guish between the two organisms. The use of the 
conidial names seems reasonable and proper accord
ing to international rules for nomenclature (173). 
The ascigerous stage of these two fungi has been re
ported from several states and from other parts of 
the world (85, 277, 363). 

Pammel et al. (238) were, in 1915, the first to call 
attention to the important role of Fusarium spp. in 
causing stalk rot. Since then these fungi have been 
isolated from corn throughout the world. Artificial 
inoculation has proved that they cause severe seedling 
blight, root and stalk rot of corn. There always is the 
possibility that some isolates were confused with 
Fusarium graminearum or F. moniliforme. 

Holbert and Hoffer (123, 124) considered Gib
berella zeae the most harmful organism associated 
with root, stalk, and ear rots. Porter (266, 267), De
Vay et aJ. (63), Littlefield (179), Chiang and Wil
coxson (40), and Peterson (256) found Fusarium 
spp. more common than Gibberella zeae or Diplodia 
zeae. 

Diplodia spp.-Symptoms on stalks cannot easily 
be distinguished from those produced by Gibberella 
zeae or species of Fusarium, and the problem has 
been discussed in the section dealing with Gibberella 
zeae. It is possible, however, to judge the importance 
of Diplodia zeae in stalks if the rot spreads through 
the shank into the ear. This happens frequently with 
Diplodia zeae; the ear becomes covered with white 
mycelium and the rot spreads from the base of the 
ear to the tip. 

Of four species of Diplodia which occur on corn
Diplodia zeae (Schw.) Lev., D. macrospora Earle, 
D. frumenti Ell. and Ev., and D. tubericola E. and 
E., (19, 79, 80, 82)-D. zeae is by far the most 
common species in the USA. According to Hoppe 
(131) Diplodia zeae is more aggressive than Diplodia 
macrospora when the ears of corn are artificially 
inoculated. DipIodia macrospora is prevalent in the 
eastern part of the USA. Diplodia zeae occurs in the 
USA to some extent almost throughout the range of 
corn. It is most common and destructive in the cen
tral part of the corTI belt, and least prevalent in north~ 
ern and eastern parts and drier areas of the USA. It 
is not common in Canada. 

Hoppe (132 to 135) found Diplodia zeae present 
on damaged kernels of corn coming to the market 
from al1 the corn-growing regions in the USA. Porter 
(267) found Diplodia zeae in the nodal tissue of corn 
stalks from 24 states in the eastern half of the USA, 
whereas several other investigators rarely or never 
found Diplodia zeae associated with stalk rots in 
Virginia, New York, and Ontario, Canada (26, 37, 
277, 380, 381). Damage from Rhizoctonia zeae 
Voorhees might easily be confused with that caused 
by Diplodia zeae according to Voorhees (374). 

Cephalosporium spp.-Cephalosporium acremon
ium Cda. is not uncommon on corn in the United 
States, sometimes causing considerable damage in 
some states. Although the damage is not always ap .. 
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parent as stalk rot, Cephalosporium acremonium is 
often classed as a stalk-rotting organism (273). Al
though some consider it a weak pathogen (1, 107, 
273), Taylor (352) obtained good infection with 
Cephalosporium acremonium by inoculation. Re
cently, Koehler (169) also stated that it was an active 
parasite. Harris (107) found that Cephalosporium 
acremonium apparently filled the vascular bundles 
with a gum-like substance; he considered it an active 
though weak pathogen. 

Black-bundle disease is caused by Cephalosporium 
acremonium, and primarily attacks vascular bundles, 
but the pathogen also causes stalk rot and certain 
other symptoms that are similar to those induced by 
other stalk-rotting organisms. The disease is usually 
not apparent during the first half of the growing sea
son, but as the season progresses, reddish coloration 
occurs on the leaves and stalks, and there is frequently 
excessive tillering. Barren stalks or small cars are 
common. The rot which may develop is usually 
limited and is not a good diagnostic character. The 
symptom most common is conspicuously blackened 
vascular bundles which may extend through several 
internodes and nodes. 

Cephalosporium maydis causes a rot of the lower 
portion of the plant in Egypt (298, 299). It differs 
from other species in the shape and size of conidia 
and conidiophores, the color and type of colony, tem
perature requirement, and is the only one that causes 
wilt of maize. In Egypt, the disease is widespread, 
and sometimes 25% of the plants in a field arc af
fected. The first symptom of the late wilt caused by 
Cephalosporium maydis is a moderately rapid wilting 
of the corn plant just prior to tasseling or shortly be
fore maturity. The wilting progresses from the lower 
to the upper portions of the plant. The leaves are at 
first dull green, then they turn yellow and eventually 
hecome dry. The vascular bundles in the stalk arc 
reddish brown, and eventually the nodes turn this 
color. In advanced stages the lower internodes be
come dry, shrunken, and hollow. Frequently a wet 
rot develops in the lower part of stems infected with 
Cephalosporium maydis. This is induced by the in
vasion of secondary fungi and bacteria. 

Nigrospora spp.-Nigrospora oryzae (B. and Br.) 
Petch and N. sphaerica (Sacc.) Mason have both 
heen reported on corn (194). Standen (337 to 340) 
found great differences in size of spores and cultures 
among isolates, however, and concluded that it was 
most difficult to separate th" two species. He referred 
to all Iowa collections as Nigrospora oryzae. 

Nigrmpora oryzae has been known as Basisporium 
gal/arum Moell., and the rot caused by the fungus has 
been known as Basisporium dry rot (33, 194, 226). 
It is most common on ears, husks, and shanks, but 
also attacks stalks. The lesions appear on stalks as 
the plant approaches maturity, and most infection 
occurs on the lower internodes. The lesions are black 
and shallow, and not necessarily associated with a 
node. When the tissue from a l~sion is placed in a 
moist chamber the fungus sporulates profusely. 
Usually ear rot is not evident until harvest, and then 
the presence of the fungus is manifest by the presence 
of black spores on the ears. Shanks are weakened by 

the fungus, and thus the ear is easily knocked from 
the plant. Exposure of the plants to early frost or low 
temperatures predisposes the stalks to attack. Usually 
the fungus is not of great importance on stalks, al
though epidemics have been reported (78, 169, 272, 
303, 304). Nigrospora oryzae is found in many dif
ferent parts of the world: USA (11,78,337), Bulgaria 
(33), France (226), Romania (302 to 304), and 
South America (340). It has also been reported on 
tomato (270). 

Sclerotium hatatjeola Taub.-This is the sclerotial 
and mycelial stage, and Maerophomina phaseoli 
(Maubl.) Ashby is the pycnidial stage of the fungus 
that causes charcoal rot of corn. There are sterile and 
fertile forms (12, 105). It was first reported on corn 
in California in 1932 by Mackie (188), and it is 
most important in the USA in the warmer and drier 
areas (I19, 175, 182,317, 319,405,406). It also 
occurs in India (355), Egypt (294), and Argentina 
(32,301). 

Charcoal rot first becomes apparent as the corn 
plant begins to mature, although seedlings may be 
infected (319). Once infection is well established, it 
progresses rapidly. The disease is usually more or less 
limited to the lower part of the stalk, but it may ex
tend into much higher internodes. The pathogen 
causes premature ripening and often results in stalk 
breakage at the crown. The surface of the diseased 
lower nodes and internodes usually turns gray and 
then dark brown, and eventually innumerable small 
black sclerotia are produced beneath the epidermis. 
When the diseased stalk is cut open, the pith is 
usually disintegrated, leaving only the vascular strands 
intact and virtually covered with small black sclerotia. 
The disease can be identified readily by the innumer
able sclerotia on the vascular strands. The roots are 
frequently invaded and contain sclerotia in the dis
eased tissue. Although there are other stalk-rotting 
organisms present, the presence of Sclerotium hatati
eola is not difficult to detect (Fig. 3C, D). 

Pythium spp.-Although Pythium spp. are better 
known as causes of seedling blight, they also cause 
severe stalk rot (169). Branstetter (30) was one of 
the first to call attention to these organisms as corn 
pathogens, and his report was soon followed by 
others (67 to 69,143,271,369). These investigators 
proved pathogenicity. studied taxonomy, and'_ mea
sured genetic variability amI physiological capacity 
of the various species involved. More reccntly. 
sources of resistance have been sought (89, 127, 
320). 

Stalk rot due to Pythium was first noticed by M. T. 
Jenkins in Virginia in 1940, according to Elliott (90). 
She found that Pythium hutleri Subr. was the patho
gen, and determined that it was most virulent in hot 
moist climates and that some lines of corn were 
resistant. Pythillm stalk rot is most prevalent in fields 
near river bottoms or in fields flooded by rivers (90, 
219.370). Since 1940, Pythium stalk rot has been 
found in a number of different areas: Virginia (90), 
Iowa (Hooker unpublished), Kentucky (370), In
diana (365), Venezuela (264), Canada (199). 

A number of species have been reported on roots 
and stalks of corn: Pythium aphanidermatum (Eds.) 
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Figure 3. A. Nodes of a corn plant d.isintegrated by fungi. Note that the internodal tissue has not yet decom
posed. B. Corn plants with ~talk rol i.n the nodes and the shanks. C. Charcoal fot of coro. showing the light-colored 
surface of a lower infected internode and the internal appearance of a badly rotted sta llc D. A single vascular strand 
from C. showing sclerotia. (Photos C and 0 , courtesy of T . D. Wyllie, University of Missouri.) 

Fitz. (264), P. bwleri (68, 90, 169), P. arrhenomalles develops rapillly. Infected stalks become soft and fall 
Dreehs. (67, 143), P. debaryollum Hesse, P. gramini- over while stiJl grecD. and may remain turg id for sev
colum Subr., P. irregulare Buls .. P. paroecalldrum eral days. E lliott (90) reported thal inoculated tissue 
D rechs .. P. rOSfrtltUIlt Butl., and P . splendens Braun may collapse in 4 or 5 days after inoculation. and 
(69, 127, 320). then the plants fall down. There is usually a twisting 

PYlh ium sta lk rot usually becomes obvious shortly of the stalk (Fig. 4). as happens with bacterial stalk 
before or after com has tasseled. The rot usually ex- rot (Fig. 5). In fact , P)'lhilllll and bacterial stalk rot 
tends only a few internodes above the ground and are often confused. Bacteria are often associated with 
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Figure 4. Stalk rot caused by PYlhili/ll hlilieri. The 
left Slalk has been opened to ~bow the extent or the ne· 
CTosis. (Courtesy of University of ll1inois (169).) 

F ig-ure 5. Stall.. rot caused by i::.r11'il1ia dis.lOll·ells. 
(Courtesy of University or Illinois ( 169).) 

PylhiUI/I rot (23). The infected areas are water 
soaked, with brown tissue at lhe margin, and usually 
with a sharp line of demarcation between them . The 
rind of the stalk, tbe epidermis. lignified cells of the 
hypodermis. and tbe inner cells become softened and 
disorganized. leaving only brown vascular bundles 
intact. The vascular bundles apparently continue to 
function for several days after the plant has fallen to 
the ground. 

E llioLL (90) states that plants about I meter tall are 
010 t susceptible. Young (40 1) and others ( 128, 
169) have shown that plants are very susceptible 
when inoculated after silkjng. McKeen (199) found 
PYlhiull1 arrhellOI7lClfleS pres~nt on seedling plants as 
well as in crowns and basal stem portions of older 
plants during most of the growing season. 

Bacleria.-Bacterial stalk rot of corn was first de
scribed by Burrill (34) in 1889. The rot was most 
prevalent on low fertile ground. He reported the rot 
to be most common on roots and basal portions of 
stalk.s. T he infected plants became stunted llnd chlo
rotic, and the severely infected plants died. Burrill's 
description of the disease is not the same as that now 
attributed to bacterial pathogens. Bacterial root rot 
also occurs (91). 

Rosen (283,285 to 287), between 1919 and 1926, 
describecl a root and stalk rot caused by Phytomollas 
dissoil'ells Rosen. now called Erwinia dissoiveTIS 
( Rosen) BUIkh. Taxonomy has also been studied by 
Waldee (375, 376). Stalk rot bas been reported from 
several states and countr ies: Nebraska (70). lllinois 
(23. 2 19), West Virginia (341), Arkansas (283), 
California (8. 9). Haly (174), Russia (282). Israel 
(37 J ), and Canada CWO). III 1960 one variety of 
corn, Virginia hybrid 42, when grown in Russia. had 
up to 10% bacterial stalk rot (282). Severe bacterial 
stalk-rot damage has been reported by Ro en as well 
as by Kelman et al. in the USA (153), by Sabet in 
Egypt (290, 296), by Ludbrook (186) in Australia, 
and by Hingorani et al. (114) in India. 

Another type of bacterial rot of corn caused by 
Phytonlollas lapsa Ark has been reported from Cali
fornia by Ark (8, 9). Wbether or not this organism 
differs from the one described by Rosen has been 
questioned. Johnson et a l. (148) al 0 described a bac
terial leaf-spot and stalk-rot pathogen. Pseudomonas 
afboprecipitans Rosen, which occurred in several 
southern and central states of the USA. Symptoms 
were similar to those described by Rosen. 

Boewe (22) reported that a bacterial stalk rot ap
parenlly caused either by Erwinia carOlovora (Jones) 
Holland or E. dissolvcns has been observed in Illinois 
since 1922. Although at the time of his report it had 
been prevalent, in recent years especially in southern 
Ill inois, it was of minor importance. 

Stewart's disease of corn, caused by Bacterium 
slewartii E.F.Sm., is primarily known as a leaf dis
ease. The pathogen, however, also causes a limited 
amount of stalk rot (Fig. 1 B) . It produces cavities jn 
the stalk which are caused by the collapse of tissue. 
The lesion is at first cbJorotic, but eventually it is 
necrotic and may even be eonfu ed with lesions in
duced by other pathogens. Severe leaf infection by 
Bacterium s/ewarcii is known to predispose plants to 
stalk rot caused by Dipfotlia zeae and Cibberella 
zede, and likely by certain other organisms. 

In 1930 Prasad (268) reported a bacterial stalk 
rot of corn attributed to Erwinia dissofvellS near 
Pusa . India, but it apparently was not again reported 
in fndia unt il about .1959, when it was considered to 
be destructive on several varieties of corn in the 
principal corn-growing areas of India. Hingoraoi 
et al . (114) thought tbat the pathogen was similar jf 
not identical to Erwi"ia car% vora f. sp. zeae previ
ously described in Egypt by Sa bet (290). 

A bacterial stalk rot of corn was first reported in 
Egypt by Samra in 1953 (297). Then in 1954 Sabet 
(290) itlentified the pathogen as Erwinia carOlovora 
(Jones) Holland f. sp. zeae Sabet. Sabet (292) con
sidered the bacterium causing stalk rot of maize in 
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Southern Rhodesia as Erwinia carotovora f. sp. Zeae. 
He also suggested that this organism may also be 
the cause of top rot of maize in Australia (186). 
Stakman (336) has indicated that this organism 
might be present in Mexico; at least symptoms are 
similar, and a bacterium is also present in rotten 
plants in Mexico. 

Bacteria are also commonly associated with many 
of the pathogens that cause stalk rot. They are partic
ularly common with Pythiurn spp. and Cephalospo
rium spp. Most workers consider them to be secondary 
invaders, but it is likely that they are far more im
portant in the development of stalk rot than is gen
erally recognized. 

Bacteria generally cause rather conspicuous rotting 
of the stalk. The affected stalk usually topples over, 
twisting as it falls (Fig. 5). The severe twisting of the 
stalk is one of the best means of recognizing the 
disease in the field. The bacteria attack young as well 
as adult plants. The basal internodes of the stalk 
disintegrate and become a soft mass, thus causing the 
stalk to fall over. The rot is mostly restricted to the 
interior of the stalk, although it may also occur on 
the outer portions. The pith tissue is often reduced to 
a slimy mass and frequently emits an unpleasant 
odor. Some assume that this foul odor is due to sec
ondary invaders. The rot may progress up the stalk 
to a limited extent and may involve the leaves, sheath, 
ear shank, and husk. 

The infected areas are at first water-soaked, they 
often become brown to blackish, then dry and die. 
Also the affected stalks usually break between either 
the first or second internode. Kelman et a1. (153) 
noted that when overhead irrigatjon is used, plants 
frequently collapse at the fourth and fifth internodes. 
They also reported that rot progressed rapidly and 
that plants collapsed 3 to 5 days after inoculation. 

Ludbrook (186) in Australia described a bacterial 
disease of corn known as top rot. The pathogens were 
not named. This disease made its appearance about 
a month before the corn tasseled. The stem apex, 
immature tassel, and bases of the topmost leaves were 
involved in a soft wet rot which emitted an offensive 
odor. When the stalks were split longitudinally a gray 
or brown water-soaked rot of the parenchyma was 
observed to extend downward from the apex of the 
stem. The ear and shank were also attacked. The 
apical growth was arrested and no tassel or grain 
developed. 

Phaeocytosporella zeae Stout.-P. zeae attacks the 
basal portion of the stalk. The symptoms resemble 
Diplodia stalk rot. Pycnidia, like those of Diplodia 
zeae, break through the epidermis when they become 
mature. Pycnidia are elongated, not round like D. 
zeae. The ostiole is long in P. :leae, whereas it is 
round in D. zeae. In addition, the spores of P. zeae 
are nonseptate and oval in shape. Not much is known 
about the damage produced (169). It has been re
ported from the USA (52, 169, 346) and France 
(2J2), but it is of little economic importance. 

Pyrenochaeta terrestris (Hansen) Gorenz, Walker, 
and Larson.-P. terrestris occasionally causes root 
and stalk rot of com (52, 145, 169). Although it 
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important pathogen of corn. P. terrestris attacks pri
marily the basal portion of the stalk, particularly the 
part below the soil. The lesions, especially those 
below the soil surface, appear as dark brown blotches. 
As the plant approaches maturity, the dark blotches 
often become blended with reddish areas. Identifica
tion is difficult without making appropriate isolation 
( 169). 

Secondary Organisms.-It has been repeatedly 
pointed out that many species of fungi and bacteria 
belonging to many genera can be readily isolated 
from corn with stalk rot (63, 109, 256). Most of 
these organisms arc usually considered to be secon
dary invaders, although some can cause stalk rot of 
living plants if injected into the stalks. Some of the 
more common genera represented are: Alternaria, 
Aspergillus, Botrytis, Cephalosporium, Chaetomiul1l, 
Colletotrichum, Cladosporium, Curvularia, Fusarium, 
Helrninthosporiurn, Mucor, Penicillium, Physalo
!lpora, Rhizoctonia, Rhizopus, Spica ria, and Tricho
derma. 

It is well known that Penicillium spp. cause moldy 
corn and seedling blight. Christensen Cunpublished 
data) and Young (402, 403) clearly demonstrated 
that Penicillium oxalicum Currie and Thorn caused 
severe stalk rot of corn which resembled that incited 
by Diplodia zeae and Gibherella zeae. It is, of course, 
a common secondary invader of corn. Penicillium 
spp. have frequently been isolated from mature corn 
stalks and from injuries in living stalks. Whether or 
not they all can enter living uninjured stalks is not 
definitely known. Penicillium oxalicum can kill stalk 
tissue in advance of the mycelium. Perhaps by this 
method it may also be a primary pathogen in the 
stalk. 

Although Trichoderma spp. have been isolated 
from corn stalks, they have usually been considered 
saprophytes. In New York, however, they may cause 
severe stalk rot. Haws (109) found certain isolates 
which were more pathogenic than many of the Gib
berella zeae isolates. The rot was similar to that 
caused by G. zeae hut it was somewhat drier. The 
decay also has a tendency to progress to the outer 
cortical region of the stalk and the nodes. There is 
no information about natural infection of corn with 
Trichoderma spp. 

Several species of H elminthosporium have been 
isolated from corn and proved to cause stalk rot. 
Koehler and Boewe (168) isolated H. carbonum 
Ullstrup from both green and dead stalks. Haws' 
( 1 09) results indicated that it causes more severe 
stalk rot than Fusarium monili/orme. Koehler and 
Boewe (168) consider Helminthosporiwn carbon lim 
to be associated with senescence of the corn plant. 
Corn was not infected when sprayed with H. sutivum 
Pam., King, and Bakke (41) but subsequent work by 
Christensen (unpublished) has established that H. 
sativllm is pathogenic to corn when injected into 
stalks (Fig. 6). It is worth noting that, according to 
Robles (281), not a11 races of H. sativum attack 
corn. Young (402, 403) demonstrated that Helmin
thosporillm sp. caused severe stalk rot when the corn 
plants were injected with the fungus at about the tim2 
~l' ~;11T;""'" l)"'t"'rc..-. .... (')'\h! fr'olln.-l thnt ('_f'_rt~;n ;<;oi::ltes 



Fj~rc 6. Sta lk rot caused by inoculation with Hel
lIlilllhosporilllll satil·ufII . 

of both H eimi ll lhosporium sativulI1 and C url' I41aria 
spp. were about as pathogen.ic as G ibberella zeae. 
H ellllinfhosporillll1 l urcicufI/ Pass. is a COmmon leaf 
pathogen of corn and is reported to cause stalk rot 
under som e conditions (51, 281, 403) . 

Altbough Colletotrichum graminicolum is usually 
a leaf parasite rathcr than a stalk-rot pathogen, it 
does cause severe stalk damage in certain regions. 
Williams and Willis (395) considered it a common 
pathogen of corn in Ohio. Fifty per cent of their 
isolates f rom rotten stalks yielded C. graminicoiullt 
in 196 1. The organism readily caused stalk rot when 
introduced into stalks shortly after pollination . In 
Europe it is lIsually considered one of the most de
structive SUlIk-ro t pathogens of corn (25, 2 14). It 
also infects sorghums, grasses. and other cereals 
( 17. 66). 

Physa(ospora zeicola E . and E. has been shown to 
be pathogenic on corn by Eddins and Voorhees (82) . 
but its economic importance has not been established. 
These authors also invcstigated its taxonomic and 
physiologic relationships. 

G ENBT1C V ARIATION OF P ATHOGENS 

It is well established that cultu res of fungi and bac
teria may vary in virulence, particularly over a period 
of many months. T his is to be expected since the 
genetic constitution of microorganisms is not static, 
but dyn 'lmic. Genetic changes are induced by muta
tion, somatic recombination. heterocaryosis and dis
sociation, and hybridizalion and segregat ion. It has 
been clearly demonstr ated that most species of plant 
pathogens. includi ng those that cause stalk rot, con
sist of numerous races, strains. and biotypes that 
differ in their parasitic capabi lities and many other 
characters (42). 

Bijl (1 9 ) studied variability of many dift'erent cul
lures of Diplodia zeae, and observed striking differ
ences in growth on di lTerent media. and also pro-

nounced variation in production of pycoidia, as well 
as in their shape and size. The spores also djiIered 
greatly in number. size, and septation. Pycnidia 
varied in size from 177-217 J.l to 400-540 I.t depending 
upon the substra te. The size of the spores varied from 
8-11 J.I. to 23-33 fl., and they also varied in shape, cur
vature, and number of septa. 

Several others have also shown that there is marked 
variability in cultures of Diplodia zeae derived from 
single spores. Isolates respond differently to environ
ment, and differ in pathogenicity on corn ( 3 J 0, 402, 
403). The work. of Hoppe ( 131 ) proved tbat 
Diplodia zeae consisted of many races o r biotypes 
which differed markedly in physiological and bio
chemical characteristics. He obtained 2 l different 
races from 2 1 isola tes derived fro m 2 1 ears of corn 
obtained from different parts of the USA. Schroeder 
(3 10) isolated three distinct i olates of Diplodia zeae 
from a single ear o f corn . T wo were fTom single 
spores isolated from the same pycnidium. The three 
isolates differed in many characteristics: pycnidial 
production, color of mycelium, growth rate, ability 
to ut ilize nitrogen or cereal extracts. compatibi lity 
response, as well as pH, thiamine, and biotin require
ments. It is significant tha t the two isolates f rom the 
same pycnidium differed strikingly in many charac
ters. T he o ptimum temperature for growth of one 
isolate was 25°C and for the other 30°C. Tbe differ
ences in biochemical reqUirements among races may 
be helpful in explaining why races of D iplodia l.eae 
also differ in parasitiC capabilities. 

150lates of Diplodia zeae also differ in temperature 
requirements for growth and perhaps for pathogenic
ity. This may help to eX'Plain why Young et 31. (404) 
obtai ned great differences in pathogenicity of three 
isolates of DiploeLia zeae in Oklahoma, Missouri, and 
Minnesota. Such p ronounced differences are not re
st ricted to Dip/odia zeae. I t is common in most 
species of stalk-rotting organisms. When one con
siders the marked differences that exist among the 
biotypes of a given species, it is no wonder that many 
workers disagree on morphological characters used to 
dist inguish the differcnt species that cause stalk rot. 

T he extent of genetic differences within a species 
is well illustrated by G ibberella zeae. Bide (87) , 
Ullstrup (362) , Covey (49, 50) , Haws ( 109) , and 
others have p roven that G ibberella z.elle consists of 
many biotypes that differ in many characters, includ
ing pathogenicity. T he most work on differences 
among iso lates of Gibberella zeae is pr esented by 
H aws (109). He studied the genetic differences of 36 
isolates of G ibberella zeae from l7 states of the 
United States, f rom three provinces of Canada. and 
from Japan and the Netherlands. T he isola te f rom 
Japan waS from wheat, and the rcst were from corn. 
All of the isolates grew between 3 and 33°C. Twenty 
of the isolates had optimum growtb at 27, 11 at 24, 
and two grew best at 30°C. T his ditTerence in tem
perature belps to explain why different optima have 
becn reported for Gibberella zeae. Covey (49, 50) 
and Haws (109) each showed that isolates of Gib
bere//a zeae di.ffered greatly in temperature require
ment for pathogenicity on corn seedlings. 

Thi rty-th ree isolates of Gibberel1a zeae tested by 
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Haws (109) differed greatly in pathogenicity on two 
single-cross hybrids. The disease ratings varied from 
0.9 (23% of the internodal tissue rotted) to 3.53 
(87 % of the internodal tissue rotted). This range 
also occurred among 13 isolates from New York. The 
three isolates from Canada varied in pathogenicity 
hom a disease index of 1.38 (35% of the tissue 
rotted) to 3.19 (80% of the tissue rotted). The iso
late from Japan gave a disease index of 2.9 (73% 
of the tissue rotted) and the Netherlands isolate pro
duced a disease index of 2.3 (5S% of the tissue 
rotted). Sometimes the so-called disease-resistant 
hybrid was more susceptibJe to certain isolates than 
the susceptible hybrid: the reverse reaction also oc
curred. Sometimes the reaction of the varieties was 
about the same to the different isolates. 

There were striking differences in the production 
of perithecia formed among the isolates studied by 
Haws (109). Twelve of 36 isolates of Gihherella zeae 
failed to produce perithecia on corn stalks. In gen
eral, there was an association between perithecial 
production on corn and tomato fruit, and pathogenic
ity. Although four isolates that produced an abun
dance of pcrithccia on corn and tomato also caused 
severe stalk rot, the isolates that failed to produce 
perithecia were usually weakly pathogenic on corn. 
Tomato is an excellent material on which to produce 
perithecia (56). There were also tremendous differ
ences in the number of conidia produced among 21 
isolates tested. There was no correlation between 
sporulation and ability to cause stalk rot of corn 
(109). Haws (109) found that average optimum 
sporulation for 21 isolates was 27° C. Andersen (4. 
5) reported that most rapid and abundant formation 
of macroconidia occurred between 28 and 32': C. 

There is. unfortunately. a tendency to draw sweep
ing conclusions from tests involving onc or a few 
isolates of a pathogen based on the reaction of rela
tively few host plants. sometimes on one or two in
bred or hybrid varieties of corn. The conclusions 
would be far more reliable if the results were based 
on many isolates obtained from widely different 
sources, and if a large number of inbreds and hybrids 
derived from diversified parental stock were included 
in such tests. Such tests should be continued over a 
period of years. 

Much remains to be accomplished before we shall 
understand the genetic variability of stalk-rot patho
gens. As can be seen from our presentation in this 
paper, very little has been done. 

HOST RANGE 

We wilI not list the hosts for the various pathogens, 
but merely indicate that these organisms attack many 
plants, Most of the organisms that cause stalk rot of 
corn attack a great many species of plants. Some of 
these pathogens attack species involving many genera 
and families of plants. Macinnes and Fogelman 
(187) proved that Gibherdla zeae attacked not only 
gramineous hosts, but many vegetable crops. This is 
also true for species of Fusarium that attack corn. 
Pythiwn spp., Collctotrichum graminicolum, and Hl'J
minrhosporium spp. also have wide host ranges. 
Sclerotium bataticola, according to Boewe (24), has 

a very wide host range; in Illinois it has been reported 
on 41 host plants, including 15 families and 36 gen
era. Diplodia zeae occurs on dent, Hint, sweet, pop, 
and flour corns, and on teosinte. The extent of the 
host range has not been studied in detail. Teosinte is 
susceptible to virtually all pathogens that attack corn. 
l:;rwinia ("{lra/orum attacks many species of cultivated 
crops belonging to many genera and families. Erwinia 
carofot'ora f. sp. zeae is known to attack bajra, 
jowar. and tobacco. It would not he surprising if it, 
like E. carotovora, is found to attack a large number 
of unrelated plants. 

SoURCES OF INOCULUM 

Only general remarks may be made about sources 
of inoculum. (lnd they apply to the stalk-rot diseases 
caused by fungi and bacteria. The entire subject 
should he critically studied as a comprehensive pro
gram concerned with ecology of these important 
organisms. 

Although stalk rot is caused by many pathogens, 
many of them live from one season to another on or 
in seed. in soil. and in plant debris. Since many attack 
a variety of hosts, they may live over on the remains 
of many species of plants. They may overwinter as 
fruiting bodies. spores, mycelium. and sclerotia. 
There is little information on factors influencing 
growth and persistence of various stalk-rot pathogens 
in the soil. Although several workers have obtained 
viable conidia of Diplodia zeae from pycnidia in host 
tissue which had remained in soil for several seasons, 
the ability of the stalk-rotting pathogens to exist as 
free-living entities in soil and to invade growing 
plants has never been clearly demonstrated. It has 
been shown repeatedly that infection readily occurs 
from naturallv and artificiallv infested soil. It also 
has been well-established that "several organisms grow 
well in sterilized soil. Certain ones grow well in com
post, field soil, and peat soil, hut not in sand. It is 
generally assllmed that natural infection from the soil 
arises from infected plant parts. In non-sterilized soil 
and in culture, the pathogens are greatly inhibited by 
other organisms. 

Gibhe .... rella zeae. Fusarium l11oniliforme. Diplodia 
zeae, and Fusarium spp. can overwinter as dormant 
mycelium in seed. as spores on the outside of the 
seed. on diseased corn roots. stalks, shanks. and 
husks, and also in ears left in the field. According to 
Burrill and Barrett (35) and Holbert et al. (122) 
pieces of diseased stalks infected with Diplodia Zl'ae 
for one or two years have been found in late summer 
almost covered with black cirri of spores which ger
minated readily. Some pieces of stalk almost 3 years 
old also bore pycnidia with viable spores. Diplodia 
zeae can survive in old stubble and trash even thoug, 
plowed under for several seasons (76). The fung'Us 
did not grow in sterilized sand free of organic matter: 
however. it grew well in sand to which organic matter 
was added. It also grew well in field soil. Durrell 
(76) thought that D. Z,eoe grew as a saprophyte, and 
that this helped survival in soil. 
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Corn seed is often the source of infection of s'~cd
lings. and perhaps also of stalks. Reddy and Holbert 
(273) found that Cephalosporium acremonium wa~ 



seed borne, and that diseased plants grew from in
fected seed. Harris (107) found that infected seed 
did not yield diseased plants. Holbert et a1. (120, 
121) said that plants susceptible to root and stalk 
rots, and grown from infected seed. produced much 
lower yields of marketable ears and higher percent
ages of nubbins, as well as rotted and chaffy ears, 
than plants grown from disease-free seed, and resis
tant to infection. These characteristics are now known 
to be associated with infected stalks. There is evi
dence that infected seed is a source of infection for 
seedling blight and for stalk rot. This, however, has 
been a disputed question for at least 50 years. 

Seedling blight of corn caused by Gibberella zeae 
and Fusarium spp. is frequently prevalent during 
periods of cool weather when the plants grow slowly. 
It is often a destructive disease of corn in the north
ern part of the US corn belt. Thus not only does 
seedling blight cause loss in stand, but the plants may 
be weakened and thus predisposed to root, crown, 
and stalk rot. Diplodia zeae is favored by highcr tcm
peratures. This may be one of the reasons why D. 
zeae is not as destructive as G ibberella zeae in north
ern parts of the corn growing regions. 

Smith and Hedges (330) thought Diplodia infec
tion was systemic, whereas Durrell (76) and Clayton 
(47) concluded that Diplodia did not spread into the 
stalks from infected seed. McNew (202) presented 
experimental evidence that crown infcction and basal 
stem rot resulted from infccted seed. Koehler and 
others (160, 1(1) concluded that incidence of stalk 
breakage was no higher in plants grown from infected 
seed than from nearlv disease-free seed. It has also 
been pointed out (34,'366) that only a small quantity 
of seed has bcen infected with Diplodia zeae in recent 
years. Seed is not generally infected with Gihherella 
zeae, yet much of the stalk rot is caused by this 
fungus. Koehler (169) doubts that there is any asso
ciation between stalk rot caused by Fusarium monili
forme and seed infection. It is fairly well established 
that there is a high association between inbred seed 
infected with Cephalosporium acremonium and 
black-bundle disease. Cephalosporium maydis is soil 
horne and perhaps also seed borne. Bacteria are sus
pected of living overwinter on corn seed and in the 
field on debris of infected plants. 

Gihherella zeae produces ascospores, macroconidia, 
and chlamydospores. More or less spherical and 
purple to black perithccia are borne on the surface of 
the diseased parts of the corn plants, as well as many 
other species of plants such as wheat and barley. On 
corn, perithecia form on stalks and stubble, usually 
in late summer and early fall, but on plant refuse 
they develop virtually throughout the growing season. 
The perithecia may also mature throughout the sea
son, but on corn stalks, at least in the northern re
gions, perithecia usually do not mature until moist 
cool weather prevails, usually during the spring. 
Many asci usually develop within the perithecia. The 
asci normally contain 8 ascospores, which are hyaline, 
long-oval in shape, and have three septa. The asco
spores are 20 to 30 X 3 to 5 ~ in size, and they may 
be shot 15 to 20 cm into the air. They may be 

exuded from the perithecia during relatively warm 
humid conditions. 

G ibberella zeae may also produce large quantities 
of conidia on corn-stalk debris in the spring. They are 
slightly hyaline, have pointed ends, are 30 to 60 X 
4 to 6 ~l in size and usually have three to five septa. 
Some isolates of the fungus may produce abundant 
macroconidia; some produce chlamydospores. Iso
lates of Gibherella zeae also differ in ability to form 
perithecia. 

Pycnidia of Diplodia zeae first appear as small 
dark specks under the epidermis of stalks in late 
summer and fall. but usually mature during the next 
spring and summer. When the weather is moist, the 
pycnidia break through the rind of the stalks, and 
large numbers of spores ooze out in long cirri, some
times several cm long, consisting of numerous two
celled spores held together in a water-soluble matrix. 
The pycnidia are usually most abundant during late 
summer on the infected basal portions of the stalks. 
On segments from these stalks the following year, 
they are most abundant during the spring and sum
mer. Diplodia zeae produces two kinds of conidia. 
The common type, which has been known for about 
50 years, are straight to slightly curved. cylindrical 
to elliptical with round ends, dark brown in color, 
two-celled (rarely three-celled) and 20-33 X 5-7~. 
In most cases one cell is slightly narrower than the 
other. lohann (144) reported that thread-like conidia 
were produced by D. zeae; these conidia are 25-35 X 
1-2 ~l in size; they are not common. Very little is 
known about the di~sernination of the conidia. They 
are undoubtedly disseminated by rain, wind. and per
haps by insects. 

MODE OF [NFECTlON 

Although it is well known that many pathogens 
cause severe seedling blight of corn, the relationship 
of seed infection and seedling blight to stalk rot is 
not definitclv known. Some consider infected seed 
and diseasect" seedlings as thc primary source of infec~ 
tion for stalk rot, others do not. Others find that the 
roots ;:tnd crowns serve as avenues for invasion of 
stalks. Still others think that most stalk infection, es
pecially by major pathogens, is local. the pathogen 
entering via rudimentary ears, nodes, and leaf tissue 
(Fig. 2H, 3A and B). The 1mportance of these vari
ous sites of infection has also been questioned re
peatedly. Since many pathogens are involved, all of 
them surely do not enter the stalk in the same way. 
There are probably many diverse methods hy which 
pathogens enter the stalk. 

Smith and Hodges (330) claimed that infection 
caused by Dip/odia zeae was systemic. the fungus 
traveling through the plant into the ear. This has been 
discredited by many workers. Bijl (18) obtained in
fection by inoculating young plants just below the 
ground line; he did not think that Dip/odia zeae was 
systemic. Holbert and Hoffer (123, 124) illustrated 
rows of broken corn stalks which they attributed to 
the planting of diseased seed because stalks in ad
jacent rows, derived fram healthy seed, were erect. 
Raleigh (269) sl'ggested that Diplodia zeae infection 
might spread from mesocotyl to above-ground parts 
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of the stalk. Holbert et a!. (122) reported that Di
plodia zeae invaded the rnesocotyl. 

When McNew (203. 204) began his detailed study 
on crown-rot infection, it was generally thought by 
plant pathologists that, if infected seedlings did not 
die, the general activity of the pathogen stopped. 
McNew's critical studies proved that at least Diplodia 
zeae continues its parasitic development once the 
mesocotyl becomes infected, even after the adventi
tious root system is established. His work also demon
strated that whenever Diplodia zeae is present in corn 
refuse on the soil, it may attack the mesocotyl and 
latcr spread into the crown in a manner similar to 
that from infected seed. He concluded that invasion 
was not systemic, and did not usually extend far 
beyond the crown unless the growing conditions were 
exceptionally poor for the corn plant. 

According to McNew, most of the initial infection 
for stalk infection occurs during the seedling stage. 
The fungus in the seed or in the soil invades the 
mesocotyl or the crown of the seedling. The progress 
of the fungus is slow until about the time of pollina
tion, when the quiescent fungus becomes active again, 
and the lower internodes of the stem are invaded. 
McNew considered seed infected by DiploJia zeae 
to be the major source of infection, but this is not in 
accord with UJJstrup (366), who found no close cor
relation betwecn Diplodia-infected kernels and Di
plodia stalk rot. 

McNew was never able to isolate Diplodia from 
lesions on the mesocotyl until at least 10 days after 
the seed was planted in infested soil. Most of the 
infection occurred much later, usually several weeks. 
From 90-115 days after the soil was infested with 
Diplodia Zeae, McNew found from 20 to 70% of the 
basal portion of the stem infected. The lesion usually 
occurred at the junction of the mesocotyl and soil, 
but occasionally infection also occurred above this 
point. 

When the fungus is seed borne, it enters the 
mesocotyl through wounds caused by the emergence 
of seminal roots. From infested soil, entrance into 
the crown is also through the mesocotyl. In most 
cases the fungus is usually well established on the 
base of the crown by midseason. Later the lesion may 
extend upward, but it does not usually involve the 
entire crown nor extend above the ground until after 
pollination. There is little evidence of extensive exter
nal injury llntil the plants begin to mature (Fig. 2G). 

Diplodia zeae has never been observed to reach the 
ears from infested soil. McNew (204) stated, how
ever~ that Diplodia zeae progresses 4-6 internodes 
above the ground when plants are grown under un
favorable conditions, but usually not more than two 
internodes when conditions are favorable for the 
host. 

Blaak (21) found that the endoderm is in the meso
cotyl often provides a barrier against fungus penetra
tion into the stele. He also found that Fusarium spp. 
were present in the tissue ncar adventitious Toots on 
the stalk, and in leaf scars of young leaves long be
fore stalk rot develops. 

Durrell (76) inoculated com plants in the field by 
•• r ...... • ,. • ._~ •• ~..l .. 1...._ 

crown, but obtained no invasion of stalks. McNew 
(204) accounted for these negative results on the 
basis of taking the notes too early in the season (the 
latter part of August). Also the extent of crown 
invasion depends upon the time of initial infection, 
variety of corn, the pathogen, and environmental con
ditions. McNew produced crown infection by infest
ing steamed soil with infected crowns and stalks 
which had overwintered in the field. 

McNew (204) stated that treatment of clean seed 
did not rcduce percentages of crown-infected plants. 
Treatment of infected seed increased materially the 
percentages of crown infection over those not treated 
This is explained on the basis that the treatment in
hibited the fungus without killing it; the embryo is 
not killed, and as the seedling grows, it is invaded 
by the fungus that has been dormant. Thus the per
centage of crown rot usually increased because the 
seedling did not die. Diplodia crown infection of field 
corn varied from 14 to 52% in central Iowa from 
1930-1937. McNew (204) stated that practically 
every corn plant grown from Diplodia-infected seed 
developed crown infection at maturity. In Ohio, 
Wood (398) observed the development of root rot 
and basa.l stem rot throughout the growing season on 
many hybrids. He observed no basal stem rot 6 weeks 
after planting, but 4 weeks later the symptoms were 
apparent. He suggested that the mesocotyl was the 
avenue of entrance for fungi causing basal stem rot. 
He did not think that the aerial portion of the crown 
served as an entrance for stalk-rotting organisms. 

Much of the recent work indicates that stalk-rot 
infection arises from the roots, mesocotyl, and crown. 
Craig and Hooker (54) secured stalk root of dent 
corn in the greenhouse by infesting the soil with 
Diplodia zeae when the plants were 8 weeks old. The 
pathogen progressed into the stalk by way of infected 
TootS. Twelve weeks after soil infection (about 6 
weeks after silking) the roots of the plants had large 
brown spots that extended to the junction with the 
stalk. The outer surface of these stalks was discolored, 
,-lOd when the stalk was opened. dark discoloration 
was visible in the basal crown tissues, as well as in 
the rind and the first two internodes. The internodal 
vascular bundles were brown but the parenchyma 
tissue was not discolored. 

Local infection of the corn stalk has been known 
for a long time. Burrill and Barrett (35) were unable 
to obtain infection of leaf sheath and stalk except 
by stab inoculations. Heald et a1. (112) produced in
fection on stalk, husk, and silk. Durrell (74, 75) 
called attention to sheath blotches produced by many 
organisms. He reported that prior to flowering of the 
corn plant, the ligules of the leaf sheath tightly clasp 
the stalk and thus prevent material from slipping 
down inside the sheath. Furthermore, if the material 
did drop down, the rapid elongation of the stalk 
would lift it up again. At the time of pollen produc
tion, the stalk has ceased to elongate, and the ligules 
begin to Joosen and expose the cavity between the 
sheath and stalk. About this time the pollen, soil, and 
various kinds of spores accumulate in these cavities. 
Moisture, an important factor, is readily held in these 
~n,,:t;£>"" T'\llrinn- UlPt U1P~lthf'r thf>V fill with water and 



usually remaill so for days after the rain. Even in dry 
weather the inside of the sheaths is frequently moist. 
Durrell (76) states that this water may contain sugars 
from the corn plant. These sheath cavities become an 
ideal chamber for germination and growth of diverse 
organisms. The pathogens present may invade the 
corn plant; on the sheath they cause blotches, and at 
the base of the sheath they attack the node. The in
vaded part, usually called the outer rind, turns brown 
and is water-soaked. The fungi spread mostly up the 
stalk, although sometimes downward as well. This 
has been demonstrated repeatedly in inoculated 
plants. A large percentage of ear infections occur 
through the shank. 

Du~rell (76) emphasized the importance of local 
infection. His i.<.olation tests indicated a much higher 
percentage of plants with the second and third n~des 
infected than plants infected only at the first node. 
He also recorded many plants with infection only at 
the third, fourth, or fifth nodes. The percentage of 
nodes infected above the fourth node decreased 
rapidly. Rarely did he find the seventh, eighth. and 
ninth nodes to be infected with Diplodia z('ae. There 
was a highcr percentage of nodes infected than inter
nodes, and upper internodes and nodes were freer of 
Diplodia zeae than the lower ones. Healthy shanks 
can also be found on plants with infected nodes. The 
crown and first internode above the ground were less 
infected than those immediately above. Furthermore, 
in infected stalks there are gaps of healthy tissue that 
intervene between diseased areas. These results all 
support the idea that infection is local. 

Durrell (76) explained the greater percentagc of 
infection at the lower part of the plant by two facts: 
the leaf sheaths are older and more readily invaded, 
and the moisture in the leaf sheath cavities is more 
constant. He observed less infection when the lower 
leaves were stripped off early in the season, indicating 
the important role of the sheath cavity in infection. 
McNew (204) thought that the unusual high in
cidence of infection at the lower nodes that Durrell 
(76) obtained and attributed to the loosening of the 
leaf sheath and relative high humidity near ground 
level was in part due to progressive invasion from the 
mesocotyl. 

According to Koehler et al. (160), invasion of 
nodes may occur with Gibberefla zeae, Diplodia zeae, 
and Fusarium monili/orme from spores that have 
fallen between the stalk and leaf sheath. Durrell re
ported that spores of Nigrospora oryz.ae germinate 
and grow in the cavity in the presence of pollen 
grains. There is evidence that many fungi do enter 
the stalk via nodes. rudimentary shoots, and injuries, 
or via roots and mesocotyl. and some pathogens enter 
both ways. Koehler (169) stated that occasionally 
Diplodi!l zeae entered the stalk via the root helow the 
ground. He found no indication that stalks hecame 
infected through the mesocotyl. 

There is gO;J evidence that Fusarium monili/orme 
can infect through the underground part of the corn 
plant. Some think it sometimes travels up throughout 
the plant. This is based on the fact that it can be 
isolated from both the underground part and the 
above ground part of the plant during the growing 
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season. It is true. however, that the frequency of iso-
lation of the pathogen increases tremendously as the 
season progresses. Some indicate that it is local infec-
tion, others think it more or less systemic (99), Since 
it is a good wound parasite, it may cause infection 
when introduced into the plants; it mo:>.t likely infects 
the stalk like Gihberella zeae and other species of 
Fusarium, via the nodes. 

Fusarium moniliforme apparently infects stalks 
through seedlings, as well as by infection through 
nodes. Some workers think that most. if not alL infec
tion occurs through the seedling, and consider the 
fungus more or less systemic. Others helieve that it 
commonly infects the' stalks through the shoots and 
wounds. There is fairly good evidence that a high 
percentage of stalks are infected early in the season. 
In the USA it is the most common organism isolated 
from the corn plant throughout the growing season. 
According to Koehler (169), Fusarium monili/orme 
attacks the stalks earlier in the season than docs Gih
here/la zeae or Diplodia zeal>. Over a 2-year period 
he found many of the stalks infected hy late July. Al
though most Fusarium lesions were below ground 
level, some were at nodes near the ground. 

Although Fusarium monili/orme may penetrate the 
stalk directly, its entrance is greatly facilitated by 
wounds. It is the most common pathogen isolated in 
injuries caused by insects (169). Internodal cracks 
produced by various agents are often invaded by 
Fusarium monilijorme. Roane (277) concluded that 
Fusarium monili/orme enters the node from the in
fected leaf sheath. His observations indicated that a 
wet rot first developed at nodes, and then progressed 
into the internodes. The cortex, especially at the 
nodes, was progressively weakened until the stalk 
broke. 

McKeen (200) concluded that the common basal 
stalk rot caused hy fungi usually originates from dis
eased corn roots. hut may abo arise in tunnels caused 
by the corn borer. Foley (94) indicated that corn 
horers did not tend to increase the amount of stalk 
rot caused hy Gihht'rella ZC(/{!. Although insect tun
nels served as portals of entry of stalk-rot organisms, 
they were not nearly as important as roots. 

Bacterial infections apparently occur through in
sect injuries, cracks on the stalk, mechanical injuries, 
and injuries caused hy emergence of brace roots. In
fection may also occur through stomata. 

Vcry little is known about the mode of infection of 
other stalk-rot pathogens. Gihhere!la zelle and species 
of Fusarium arc thoul!ht to behave about like Fusa
rillm monili/orme and'- DiploJia Zelle, though there is 
little evidence to support this opinion. Nigrospora 
orywe attacks the plant both when it is a seedling 
and when mature (78); and seed treatment with 
fungicides helps to prevent seedling infection (27"2), 
Sclerotium hall/fico/a apparently attacks mature 
plants in the field, and appears to cnter through the 
underground portions of the plant. Seedlings can be 
infected, but this method is prohahly not important 
in the field because high temperatures are required 
[or the fungus to attack the plant (182). Ceph(/Io
sporium acremonilllll is largely seed borne, and the 
disease arises each year from infected seed (273). 
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Reddy and Holbert (273) also indicate that some 
control can be achieved by seed treatment. The 
fungus is frequently isolated, however, from sites of 
insect injury such as corn-borer tunnels (169, 350, 
352). Since these injuries arc commOn on corn, their 
importance in the development of the black-hundle 
disease should not he overlooked. Nothing is known 
about entry of Pythium spp. into stalks of corn. Per
haps it enters through roots but many lesions develop 
() to 10 inches above the ground with green tissue 
above and below the lesion (Hooker, unpublished). 

According to Koehler (169) the decreasing order 
for entry of fungi into stalks is: through nodes at 
junction of leaf sheath; through junction of roots 
above the ground level and to some extent he low the 
ground; through insect wounds: directly through the 
epidermis of thc stalk below and above soil level; and 
through shoot buds. This, of course, is not in accord 
with many investigators who claim that most of the 
infection results through infected seed and infested 
soil. It is most likely that infections occur readily 
by diverse methods, depending on the pathogen, re
gion, season, source of seed, cultural practices, and 
environment throughout the growing season and late 
fall. One seldom finds a plant with severe stalk rot. 
but without root rot and basal stem rot. Basal stalk 
rot in Minnesota may start in roots or crown, and 
spread into the lower- portion of the stalk, but much 
of the rot higher on the stalks arises from nodal infec
tion and injuries of diverse types. 

FACTORS THAT INFLUENCE STALK ROT DEVELOPMENT 

Moisture and Temperature.-In some regions, 
such as in Minnesota, Diplodia zeae, Gibberella zeae, 
and Fusarium moniliforme are present to some extent 
each year, and often they may occupy the same stalk. 
In certain years Diplodia zeae may be the primary 
cause of stalk rot, and in other years it may be one 
of the other pathogens. In other regions Cephalo
sporium spp. or bacterial pathogens predominate, and 
in still other areas Sclerotium bataticola is destruc
tive. Pathogens thus vary in their environmental re
quirements for development of stalk rot. 

Temperature, rainfall, and humidity have a marked 
influence on infection and development of stalk rot. 
Some diseases are favored by high temperature and 
excess moisture during a relatively short period. Free 
moisture on the surface of the corn plant is not essen
tial for germination of spores, since moisture accumu
lates between the leaf sheath and the stalk. Also 
there is a tendency for moisture to accumulate in 
wounds of diverse types. Most soils contain enough 
moisture to permit pathogens to enter plants through 
underground parts. 

Durrell (76) emphasized that development of 
Dip/odia zeae is most destructive in regions of heavy 
rainfall in late summer or during the late growing 
season. Certain other conditions must, however, ac
company high precipitation: a) sufficient nutrients 
in the corn plant; b) rapid growth of tissue; c) the 
leaf sheath must become loosened. The presence of 
water is then essential between the leaf sheaths and 
the stalks in order to permit the germination of spores 
and the growth of the organisms. 

Although moisture is one of the most important 
factors, temperature also plays a significant role. 
Stevens (342) indicates that species of Diplodia gen
erally grow well at high temperatures. Togashi's book 
(359) should be consulted for information about 
temperature requirements of various pathogens, in
cluding those that cause stalk rot. According to Dur
rell (76), minimum temperature for growth (dry
weight basis) of Diplodia zeae lies between 10 and 
15° C, the maximum between 35 and 40° C, and the 
optimum between 28 and 30° C. There is evidence 
that in certain years temperature is not as significant 
as precipitation. In years of high rainfall D. Zeae was 
most destructive in Iowa. Durrell concluded that 
"the rclation of soil temperature to Dip[odia infec
tion is not very direct." 

It is well known that most lots of corn seed sown 
at low temperatures are most subject to seedling 
hlight by many organisms. Dickson and Holbert (65) 
have attributed this to physiological changes within 
the tissue of young seedlings. It is also known that 
high temperatures may predispose corn seedJings to 
attack by Pythium spp., Penicillium ox(/licum, and 
Nigrospora oryzae. Chilling predisposes plants to 
stalk rot caused by Nigrospora oryzae, according to 
Smith and Holbert (327). Reddy (272) found that 
lots of corn seed that germinated readily at low tem
peratures (below 11 ° C) were injured very little by 
Nigrospora oryzae, whereas seed of corn that re
quired a higher temperature for germination was 
usually severely injured by the organism. The reverse 
is true for Gibberella zeae and certain species of 
Fusarium (64). 

Workers in Minnesota, Missouri, and Oklahoma 
exchanged singk-crosses of corn, and isolates of 
Diplodia zeae and Gibberella zeae. Tests with Gib
herella zeae were discontinued after one year, but 
experiments with Diplodia zeae were made in 1954, 
1955, and 1957 (404). Tests in Oklahoma were suc
cessful only in 2 years because of drought. The same 
isolate of Diplodia zeae Was used in each state during 
1954, 1955, and 1957. Each corn entry was inocu
lated by inserting toothpicks infested with Diplodia 
zeae into the second internode above the ground 1 
to 2 weeks after tasseling. The isolates were generally 
most pathogenic in states where they originated. Fur
thermore, all isolates were more pathogenic in Mis
souri and Oklahoma than in Minnesota, the infection 
being distinctly most severe in Oklahoma. When the 
weather was hot and dry in 1955, the isolates of 
Diplodia from Missouri and Oklahoma were more 
pathogenic in Minnesota than the isolate from Min
nesota. The single-cross hybrids generally were more 
resistant in Minnesota than in Missouri or Oklahoma, 
although resistance varied with the isolate, hybrid, 
location, and year of test. In growth studies, the Min
nesota isolate made slightly better growth at 12°, but 
at 30 and 36° C it made the poorest growth of the 
three isolates. The striking results obtained by this 
three-state cooperation indicate the urgent need of 
more extensive work on a regional basis. It also in
dicates that cooperative tests must be repeated for 
several years. 

Unusually hot dry weather during the active grow~ 
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ing period of corn favors the development of charcoal 
rot (182, 406). It is generally concluded that an 
abundance of rain over several weeks beginning 
about the time of pollination is conducive to stalk 
rot caused by Diplodia zeae, Gibherella zeae, and 
Fusarium sp. (76, 158, 366). Ullstrup (365, 366) 
notes this to be particularly true if weather is un
usuaIJy dry in June and July. There are indications 
that Diplodia zeae is favored by somewhat higher 
temperatures than Gibberella zeae. 

H is well known that the rot due to Diplodia zeae 
and Gibberella zeae may differ considerably in sever
ity in different years in a given state and in different 
places in the same state in a given year (251, 252), 
thus indicating unequal influence of environmental 
conditions on these fungi. According to Koehler 
(1()9) , th\~ :f~:a.'i\:f '4"a.'i\'t\t\cn \~ m<;)'i~ 'i\\,>p't\!~'1\t \'l\ the 
stalk rot that causes premature drying and stalk 
breaking than for rots that do not become evident 
until the corn is mature. Michaelson (218) found 
more stalk Tot in corn artificially inoculated with 
Diplodia zeae and Gihberella zeae on comparatively 
dry soil than on soil saturated with water for 3 weeks 
after inoculation. We have repeatedly observed much 
more premature killing of plants inoculated by the 
toothpick method with both Diplodia zeae and Gib
berelia zeae in dry hilly soil in Minnesota than on 
relatively wet soil in a depression of the same field 
(Fig. 10). 

Covey (49, 50) found that isolates of Gihberella 
zeae differ greatly in their ability to cause seedling 
blight at different temperatures. An isolate from New 
York was not pathogenic to corn at 25° C, whereas 
an isolate from Missouri was highly pathogenic. A 
l\1innesota isolate was only moderately virulent at 
25° C (Fig. IE). In culture, the Minnesota and Mis
souri isolates grew at 35° C, while the New York 
isolate did not grow above 30° c. All three isolates 
grew equally well at 10(.) C. It seems likely that iso
lates of Gibberella zeae and others might differ strik
ingly in their ability to attack stalks at specific 
temperatures. Much work needs to he done with 
pathogenicity of isolates at different temperatures. 
Peterson (257) observed that certain pathogens could 
attack corn seedlings at relatively high temperature. 
The work by Young et a1. (404) indicates that iso
lates of Diplodia zeae differ with respect to their tem
perature requirements. 

Charcoal rot, caused by Sclerotium bataticola, is 
generally not destructive on corn or other crops, 
except in regions where hot and moderately dry 
weather prevails in late summer and early faIt, i.e., 
Nebraska, Okhhoma, anti 'Texas. Corn apparently 
becomes susceptible to this pathogen later than to 
Diplodia zeae or Gihberella zeae. Charcoal rot devel
ops best at about 37 0 C. According to Koehler (165), 
either high soil moisture or low soil temperature in
hibits charcoal rot. Tn irrigated areas, the disease can 
be prevented by maintaining high soil moisture. This 
is a good example of a disease limited in distribution 
by temperature and moisture. 

Stalk rot in Minnesota was least destructive over a 
period of years during comparatively cool growing 
seasons. Melhus and Durrell (208) reported severe 

stalk rot in Iowa in years of high summer tempera~ 
tures, and low incidence of the disease in relatively 
cool summers. The amount of stalk breakage was not 
always closely associated with the degree of stalk rot. 
In 1963 in Minnesota there was thus considerable 
necrosis of nodes and internodes, but very little 
breaking of the stalks. This is attributed to the calm 
and relatively dry and warm fall with few strong 
winds, permitting early harvesting of the corn. 

Michaelson (218) obtained much more stalk rot 
in corn grown in the greenhouse at a temperature of 
about 30 than at ] 8° C when the plants were inocu
lated with Diplodia zeae and Gibberella zeae. These 
results were reversed when seedlings were inoculated. 
It is significant that corn stalks inoculated with Di~ 
plodia zeae, Gibherella zeae, Penicillium oxalicum, 
H·dm(ttthospOftUm <sp?, 'b'i\d F~tsmium monHiformtJ, 
developed considerable rot over a wide range of tem
peratures during latc August and early September in 
Minnesota. There is a real need for controIled experi
ments in this field. 

Bacterial stalk rots are most prevalent and destruc
tive in regions with high rainfall during the growing 
season. or when plants are grown under irrigation 
and on land subject to flooding. All authors agree 
that the disease is favored by high temperatures. 
Hingorani et aI. (114) give the optimum temperature 
for growth of Erwinia caro(ovom f. sp. zeae as 30 to 
35°, the minimum as 5° and the maximum as 40° C. 
Sabet (293) found that moisture-temperature require
ments for infection of corn seedlings with Erwinia 
carotovora f. sp. zeae varied with the soil texture. 
Optimum conditions for infection were 35° C and 
70% moisture in light loam soiL In lighter soils infec
tion occurred at lower temperatures and higher mois
ture levels than in heavier soils. 

A corn plant requires an enormous amount of 
water; it has been estimated that a single plant will 
remove about 50 gallons of water from the soil dur
ing the growing season. One acre of corn with 16,000 
plants will use about 800.000 gallons of water in a 
season. Necrosis of the stalk, especiaIly when a con
siderable portion of basal portions of the stem is 
involved, will disrupt the pathway of transport of 
water, nutrients, and other compounds essential for 
growth. Diseased plants are thus apt to die prema
turely whenever drought and other unfavorable con
ditions arise. 

Michaelson (2] 8) showed that less stalk rot devel
oped in the field in corn stalks inoculated with 
Dip/odia zeae and Gihberella zeae when the plants 
were growing on wet soil, than on relatively dry soil. 
'The p)o'ts were -noooeo with 7 to 10 cm 01 water 
about 2 weeks before inoculation. This is in accord 
with other tests we made several years ago. The plants 
inoculated on dry plots died 2 to 3 weeks after inocu
lation, whereas those on wet ground remained green' 
almost as long as the noninocuIated plants. 

McNew (203) found that Diplodia zeae scarcely 
grew at a soil moisture content above 70% water
holding capacity. hut it invaded the corn plant readily 
at 90%. Although the fungus grew best at 50% soil 
moisture, the host was not invaded as severely as at 
90%. At 30%, Diplodia zeaf did not progress far up 
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the crown, even though it was capable of growth at 
soil moisture below this level. McNew's results (203) 
indicated that light crown infection at low soil mois
ture was nearly as injurious as very severe infection 
at high soil moisture. Any deviation in soil moisture 
from optimum for the growth of corn rendered the 
plant '3.ub~e~t to inlmy by C'icwn intechon. ReGu~t\on 
in growth may also occur ,1S a result of late crown 
infection. This apparently results in some loss of 
advent:tious roots, and discoloration of xylem indi
cates that water transportation might be hampered. 
He also showed that poorer development of infected 
plants was associated with decreased water consump
tion. The transpiration ratio of all plants infected 
with basal stem rot was more than that of noninfected 
plants. 

Soil Fertility.-There is a great deal of information 
about the influence of soil fertility on yield and 
lodging in corn (171, 185). It is generally agreed 
that high soil fertility and adequate plant populations 
result in greatest yields. It is also agreed that nitrogen 
will generally increase lodging, whereas potassium 
will reduce it. Stalk strength is obviously influenced 
by these chemicals. There is also c..onsiderable evi
dence that soil fertility sometimes greatly influences 
the susceptibility of corn to stalk rot. This evidence 
has been accumulating ever since 1930 when Koehler 
and Holbert (161) reported that Diplodia stalk rot 
was more prevalent when corn was grown on highly 
productive soils, though Smith and Holbert came to 
an opposite conclusion (327). 

1\.'1any workers now agree that stalk rot is more 
severe when nitrogen is in eXcess in relation to potas
sium (6.94,100.116,16[,165,171,234,235,247, 
354). According to these workers, nitrogen tends to 
increase stalk-rot severity and potassium tends to de
crease it. We have found in Minnesota that nitrogen 
may interact in some scasons with phosphorus on 
certain corn hybrids infected with different pathogens 
to produce more s~vere stalk rot. In some seasons, 
however, nitrogen has not influenced stalk rot at all. 
Spencer and McNew (333) found that excess nitro
gen and deficient potassium greatly increased bac
terial wilt in sweet corn. Phosphorus at low levels 
resulted in necrotic lesions, and at high levels resulted 
in dwarfing and necrosis. Other bacterial diseases of 
stalks should be studied to determine whether soil 
fertility will greatly influence them. 

Most workers have not reported phosphorus as an 
important factor affecting development of stalk rot. 
In a greenhouse study, Thayer and \\'illiams (354) 
found that phosphorus decreased severity of stalk rot 
and concluded that a high level of phosphorus would 
protect corn against the disease. We have found in 
field experiments, however, that the development of 
stalk rot in relation to phosphorus is about as com
plicated as in the case of nitrogen. Our work indicates 
that the response to phosphorus fertilization of field 
plots varies with the season, the corn hybrid, and the 
pathogen used for inoculating the plants. In some 
experiments it also interacted with nitrogen and 
potassium to increase stalk rot. At no time did it 
reduce severity of the disease though it sometimes 
had no effect at all. 

Nearly all the workers cited have indicated that 
stalk rot is reduced in severity when there is adequate 
potassium fertilization. We have found in Minnesota 
that the influence of potassium on stalk rot may also 
be variable. We have noted that potassium, alone or 
together with phosphorus, may either increase or 
de~tease '3.talk rot when certain hybrid'S. are inocuhted 
with some fungi in certain seasons. We have found 
that it usually neither increases or decreases stalk rot 
severity when plants are inoculated. 

It is noteworthy that Younts and Nusgrave (407) 
and Koehler (169) concluded that potassium chloride 
fertilizer decreased stalk rot, but that this was not 
true when potassium sulfate or potassium metaphos
phate was used. It was suggested that the decrease in 
disease was from applying chlorine and not from 
applying potassium. Much more work of this type 
net:ds to be done not only with potassium, but with 
nitrogen and phosphorus as well. 

Hoffer and Carr (117) found that an accumulation 
of aluminum and iron in the corn plant rendered the 
stalks morc subject to invasion by stalk-rot organisms. 
They also noted that application of phosphate and 
lime reduced the severity of stalk rot. Koehler ct al. 
( 160) found that, although lime did not influence the 
percentage of broken stalks, it greatly decreased the 
percentage of leaning stalks. They obtained no con
sistent results when they experimented with rock 
phosphate, acid phosphate, bone meal, sodium 
nitrate, or potassium sulfate. 

Certain workers suggested. that mineral ueficiencies 
and nodal accumulation of iron and aluminum com
pounds caused symptoms similar to those associated 
with stalk rots. One of the characteristics of the grow
ing corn plant is the brown to purple discoloration 
of the plate of vascular tissue at the nodes. In such 
cases all the nodes are often more or less uniformly 
discolored. 

Some of the nodes discolored by the toxic com
pounds arc free of microorganisms, but frequently 
various microorganisms can readily be isolated from 
them. Young plants may also have brownish lesions 
on the roots from which no organism can be isolated. 
However. as the season advances. these roots become 
thoroughly infected with microorganisms. 

Hoffer and Krantz (118) found that the roots of 
corn were weakened. and rendered more susceptible 
to root-rotting pathogens as a result of the accumula
tion of iron and aluminum compounds at the nodes 
of the stalk. The accumulation of these compounds, 
(specially when the potassium was low in the soil, 
was thought to interfere with normal translocation of 
nutrient from leaves to the roots. As much root in
fection and nodal discoloration usually occurs long 
before the silking perioo of the corn, the compounds 
predisposed the plants not only to root infection but 
to nodal rot and stalk rot. Excessive accumulation of 
aluminum and iron may occur when these metals are 
available in subtoxic concentration. These metals, 
especially aluminum, accumuhtte in the plates of vas
cular tissue at the nodes of stalks and shanks, and in 
the scutellum of the kernels. These toxic metals have 
a tendency to plug the vascular bundles, and thus 
interfere with normal function of the plant. Nodal 
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disintegration begins in the absence of microorga
nisms in the tissues. Corn plants differ greatly in the 
quantities of aluminum and iron salts absorbed. The 
application of lime and phosphate to soil containing 
subtoxic amounts of iron and aluminum salts will 
help pievent excessive amounts of these compounds 
in the plant. 

Otto and Everett (235) reported differences in 
stalk rot in corn hybrids growing in fertility plots 
though it was known that corn hybrids ditTered in 
their ability to utilize nutrients (172). We have also 
obtained similar results in Minnesota experiments. 
Future workers might well take this important inter
action into account when they design experiments. 

The various studies on the innuence of soil fertility 
on stalk rot have been made with naturally occurring 
stalk rot or with stalk rot resulting from inoculation 
with Diplodia Zl'ac, Fusarillm ,.;ramilll'llrum, Fusa
rillm /I1ol1iii/ormc, Pyfliilllll spp. or Gihherell(/ zeal'. 
None of the studies have attempted to show that the 
response to fertilizer might vary because of the patho
gens, however. We have inoculated the plants with 
D. zeae and F. graminearltm, and have found in some 
seasons that certain of the fertilizers resulted in stalk 
rot being more severe when some corn hybrids were 
inoculated with one of the pathogens but not when 
inoculated with the other. 

It is possible that some confusion ahout the in
fluence of soil fertility on susceptibility to stalk rot 
may result from different methods of judging stalk 
rot. Those workers who have used lodging, or the 
resistance of stalks to squeezing between the fingers. 
as the measure of stalk rot may have confused resis
tance to disease with inherent stalk strength. Although 
stalk rot often weakens stalks, it is not the onlv fac
tor that may produce such an effect. We have found 
that the influence of fertilizer on the size of necrotic 
lesions in stalks inoculated with various fungi may 
not be related to the influence of fertilizer on the 
strength of the stalk. In fact, although lesions are 
large, the stalks may be resistant to lodging, and vice 
versa, due to the fertilizers. 

It can be readily seen that many factors other than 
soil fertility influence stalk rot development, and in 
anyone season or field these other factors might be 
of greater importance than soil fertility. Furthermore, 
these various factors may interact to produce disease. 
Much more work will be needed before the relation 
of soil fertility to stalk rot development will be under
stood. It is likely that it will never be possible to con
trol the disease by manipulating soil fertility, because 
of the many interacting factors. 

Reliltions wHong Microorganiml$.-With certain 
exceptions, it is often very difficult to determine the 
cause of stalk rot in the field. Pythium, Sclerotium, 
and bacterial rots are among the easiest to identify, 
although they may be associated with other orga
nisms which increase the difficulty of diagno~is. As 
tnc plant approaches maturity, the identity of certain 
pathogens in the field may become more apparent 
hecause of the fruiting of the pathogen. The ahundant 
fruiting of Dip/odia zeae and Gibber"lIa zeae may bc 
a good indication of the causal urganism, anll. produc
tion of pinkish coloration on and in the stalk and 

nodes may also give an indication that FusariulIl spp. 
arc involved. Just because an organism is fruiting on 
the basal portion of a stalk docs not necessarily in
dicate that it is the sole, or even the primary cause 
of the rot. It may be necessary to isolate from the 
lesions. There may be several separate infections, and 
certain pathogens may he more or less systemic (96, 
99). In various parts of the world, if not in all parts, 
it is not justifiable in most cases to assume that only 
one pathogen is involved in an epidemic of stalk rot. 
Porter (267), DeVay et al. (63), Littlefield (179), 
Haws (l09), and others have shown that many kinds 
of organisms cause stalk rot and can often be isolated 
from a small piece of necrotic tissue. 

Standard isolation techniques arc usually employed 
in isolating pathogens from corn stalks. If the rind 
of the stalk is not rcmovet.l. the infected part should 
be put in running water for 1 hour or longer to re
move foreign organisms <1nd soil. The material is then 
cut into small pieces and thoroughly washed in 
~odium hypochlorite (0.5% available chlorine) con
taining a trace of detergent, or in a weak alcohol 
solution for 1 to 2 minutes. The tissues arc then trans
ferred directly to nutrient media without washing in 
sterile watf'f. Acidified or non-acidified nutrient media 
may be used as desired. Several media probahly 
should be used, especially in earlier studies. 

DeVay et al. (63) made isolations over a 3-year 
period from the margin of rotted tissues in living 
corn stalks collected in 200 locations in Minnesota. 
Fusarium spp., particularly F. Rramincarll1H, were 
isolated from 98% of the samples. In another test, 
they made isolations from samples of rotted stalks 
obtailH..'d from 109 locations in Minnesota. Fusarium 
spp. again predominated. Other organisms, such as 
Dlplodia zeal', Trichoderma spp., and Alternaria spp_ 
were common, and 12 other species were also occa
sIOnally isolated. Bacteria were especially common in 
1956. They concluded that many of these organisms 
weakened the stalk and thus contrihuted materially 
to stalk breakage. Many more detai1ed isolation 
studies should be made at difTerent times of the year 
and at many different regions. Small pieces of in
fected tissue should also be used in making isolations 
from corn stalks in order that essential information 
may be obtained on the role of associated microorga
nisms in relation to stalk rot. 

The association of fungi and other microorganisms. 
in the production of stalk rot has not been thoroughly 
studied. Many investigators apparently arc of the' 
opinion that only a few species of fungi actually are 
thc primary cause of stalk rot. The role of many so
called secondary invaders has, therefore, been more 
or less overlooked, or they are usually considered to 
be unimportant saprophytes. Few have recorded all 
the different fungi and hacteria isolated from infected 
tissue. In recent years it has been demonstrated that 
many of these so-calleJ secondary invaders cause' 
stalk rot when injected into the healthy stalk (38. 
256). They may even cause a distinct type of stalk 
Tot, as reported in Egypt, where secondary organisms 
associated with Cephalo.l'porium maydis cause rot 
known as late wilt (294). There is also the possibility 
that they may play an important ecological role in the 
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development of various microorganisms in the stalk. 
Penetration of numerous organisms might thus be 
affected when all these organisms arc present in the 

cavity hetween the leaf sheath and stalk, in insect 
tunnels, and ill hail-damaged tissues. They might also 
interact to playa very important role in connection 
with antibiosis or metabiosis, and they may also be 
involved in synergistic effects. The possible effects 
that microorganisms might have on each other is well 
illustrated by work done with Diplodia zeae and D. 
macrospora. Stevens (344) has shown that D. macro
spora is largely restricted to the southeastern USA, 
and suggests that this might be a result of a restric
tive temperature requirement for growth, and in
ability to compete with Diplodia zeae. Hoppe (131) 
has shown that D. macrospora cannot compete with 
Diplodia zeae when both fungi are placed in a single 
ear of corn. Wilson (396) found that D. macrospora 
grew well on a number of different media when the 
media had first been staled by Diplodia zeae. Appar
ently Diplodia zeae secretes a biotin-like substance 
that enables D. macrospora to utilize substrates on 
which it will not ordinarily grow (156, 343.396). 

Isolation from stalks by Porter (267), Chiang and 
Wilcoxson (40), DeVay et at. (63), Littlefield (179), 
Ho (115), Tijerina (358), and others have shown 
that many organisms are commonly associated in 
stalks, roots, and crowns of infected plants. Bacteria 
are particularly common. McKeen (199) has em
phasized that bacteria appear to be constantJy asso
ciated with Pythium root rot and basal stalk rot which 
arises from root and crown infection. Eniott (90) 
indicated that bacteria normaJly follow the Pythiwn 
sp. in stalk-rot infection. Inoculations made with 
many of these organisms showed that they can cause 
stalk rot. Thus Haws (109) found that Trichoderma 
spp. caused more severe stalk rot than did isolates of 
Gibberella zeal', and that Fusarium spp. and Penicil-
1illl11 spp. (particularly P. oxalicum), caused severe 
stalk and ear rots. Unfortunately only a few tests of 
this type have been made. 

Several investigators have mixed inocula before 
injection into the corn plant. Reece (274) mixed 
inocula of seven pathogens known to cause stalk rot 
prior to inoculation by spraying, but the comparative 
effect in relation to a single pathogen, unfortunately, 
was not apparent because the individual organisms 
were not studied. The Tot that developed on the 
sprayed plot differed, however, from that resulting 
from inoculation by the toothpick method with Di
plodia zeae and Gibberella zeae. Michaelson (218) 
inoculated the same internode of corn at the same 
point, and about 5 em apart. with Dipladia zeae and 
Gihhcrella zeae, using the toothpick method. The 
amount of rot was about the same whether the fungi 
were inserted into the same opening or alone. More 
rot developed when the toothpicks were separated hy 
about 5 em, as the two infected areas soon coalesced. 
There was no indication that the two pathogens in
hibited or stimulated each other. He concluded that 
rot induced by Gibberella zeae did not influence the 
development of rot induced by Diplodia zeae in an
other part of the stern, and vice versa. The tests in
volved only single isolates of each species; the results 

might have been different had other isolates been 
used. For instance, Borlaug (28) found that a mix
ture of races of Fusarium lini Bollcy greatly reduced 
the percentage of wilted flax plants. 

Hoppe (131) demonstrated interspecific aversion 
between Diplodia zeae and D. macrospora. He found 
that there were many strains of Diplodia zeae, and 
that certain strains inhibited the others. Thus, if two 
or more strains were introduced into one plant, only 
onc strain could be isolated. Ho (115) concluded 
that the association of two active pathogens causing 
root rot of corn generally increased staJk rot. The 
combination of a pathogen with a nonpathogenic 
strain or a saprophyte sometimes decreased the sever
ity of stalk rot. 

Tijerina (358) reported an antagonistic relation
ship in Mexico between a lIelnzinthosporium sp. and 
a Gliocladium sp., and between a bacterium and a 
H elminthosporium sp. when stcrile and non-sterile 
soil were infested at the time the corn seeds were 
planted. It is interesting that the amount of infection 
was reduced on some hybrids, not on others. 

Edwards (86) obtained indications that Gihberella 
fujikuroi and C. fujikuroi vaT. subglutinans were 
antagonistic toward Trichoderma viride Pers. ex Fr. 
Since much infection by G. fujikuroi occurs early in 
the life of seedlings, and there are many reports that 
all parts of the corn plant are infected, it would be 
highly desirable to ascertain if Fusarium monilijorme 
is inhibitory toward other organisms. It has been re
ported several times that Diplodia zeae and F. monili
forme arc rarely isolated from the same necrotic 
lesion. 

Bacteria, Pythium spp., and Fusarium monili/orme 
were isolated in Canada from necrotic parts of stalks. 
Those three organisms were often found in close asso
ciation. According to McKeen (200), all stalk-wjlting 
pathogens eventually produce the same disease syn
drome. Diplodia zeae and Gibherella zeae were 
rarely found. 

There is practically no information about the in
fluence of other diseases on the development of stalk 
rots. Several workers (125, 1(9) have rcported that 
bactcrial blight and northern leaf blight increased the 
amount of stalk rot, and as lines resistant to these 
diseases are made available (141,167), more definite 
information on this subject should become available. 
Pendleton ct a1. (252) correlated the amount of stalk 
rot and the loss of leaf area from northern leaf blight. 
The increase in stalk rot when leaves are disea~ed 
may not simply be due to loss of leaf area, but toxic 
substances may be released from the diseased leaves 
which would render the stalks more susceptible to 
rot. Michaelson (217, 218) reported that smutted 
plants were more susceptible to stalk rot than were 
plants free of smut, but we have been unable to con
firm this observation. We used hybrids, however, that 
were different from those used by Michaelson. Peter
son (257) failed to find an association between smut 
susceptibility and seedling hlight caused by Fusarium 
moniliforme and G ibberdla zeae. 

Plant Maturity.-As stated previously, COrn does 
not generally become susceptible to stalk rot until 
about silking time. This has becn demonstrated many 
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times for such pathogens as Diplodia zeae, Gibherella 
zeae, and Fusarillm spp. (128, 218). At about that 
time physiological changes occur, the plants become 
much more vulnerable to attack. and the rot pro
gresses much more rapidly in the tisslle. Stalks of 
corn still alive and growing arc mllch Jess subject to 
attack hy secondary invaders or primary pathogens. 
Green corn plants approaching maturity, but still 
quite succulent when killed by frost, are also readily 
invaded by stalk-rot organisms that normally cannot 
enter healthy growing plants. 

As early maturity renders plants more susceptihle, 
any factor that hastens maturity of corn renders the 
plant more subject to stalk rot. Early planting of corn 
in a zone adapted to a particular variety thus tends 
to increase the amount of stalk rot and hrcaka~e of 
stalks. Likewise, foliage diseases also may cause'-corn 
to mature rapidly. and thus render the plants more 
subject to stalk rot. It is known that corn horers, 
grasshoppers, chinch bugs, hail, and drought may 
cause premature dying of plants, and thus affect the 
rate of rot development. 

The amount of stalk rot induced by artificial inocu
lation with Diplodia zeal' and Gibherella zelle varies 
greatly with date of planting when the plants are 
inoculated at comparable stages of growth of the 
corn plant. The amount of rot resulting from natural 
infection may also vary considerably. It is usually 
much more severe in early-planted corn. Early-matur
ing varieties are as a rule much more severely at
tackcd than arc latc-maturing varieties planted at the 
same location and time. ]f these early varieties arc 
planted late in the ~eason. however, less rot develops 
on them, and late-maturing varieties planted early in 
the season develop more rot than when planted at the 
regular time. Grikenko (104) found that corn sown 
early and artificially inoculated had twice as much 
infection in the fall as corn sown about 2 weeks later. 

ln comparing stalk rot, as uetermined by stalk 
breakage when hybrids are grown in their proper 
maturity zones, it cannot be definitely stated that 
early-maturing varieties are always more subject to 
rot than the late varieties. If all varieties, irrespective 
of maturity, are grown in a given maturity zone, how
evcr, the early-maturing varieties will be most severely 
attacked. The exceptions to this rule probably depend 
on the location of the test and the predominant patho
gens, as well as inherent differences in resistance. 
Late-maturing corn grown in Minnesota may show 
little or no rot. as measured by stalk lodging. This 
has heen demonstrated repeatedly over a 7 -year 
period (258 to 263,361). 

For one year Koehler (160) reported that the 
percentage of broken stalks increased with late plant
ing. hut in two other years the reverse was true. The 
cause for this reversal is not known; perhaps the 
period of rot development carne when there was 
heavy rain or drought. 

Nigrospora oryzae causes stalk rot and predisposes 
corn to broken stalks, especially when the plants are 
growing in or exposed to conditions unfavorable to 
the host. As with most other stalk-rotting organisms. 
most of the apparent infection occurs near the 
ground. The infection becomes most prevalent as the 

corn plant approaches maturity, although infection 
may occur before pollination. When plants are ex
posed to light frost or to temperatures near freezing, 
the plants become susceptible to infection. Stalks 
killed hy low temperatures also soon become infested 
with saprophytes. 

Although barren stalks are often attributed to stalk 
rot, there are apparently many factors that cause 
them. Hurtt-Davy (36) considered barren stalks a 
hereditary character, and Garher ct al. (101) studied 
the inheritance of a gene conditioning barrenness in 
an inbred line of corn. They also studied physio
logical effects of lack of ears on corn plants. Hunt 
(136) attributed harren stalks to environment. The 
percentage of barren stalks varied with the season; 
if barrenness was due to genetic abnormality. such 
plants would tend to eliminate themselves. He attrib
uted barren stalks to lack of soil fertility and to 
disease. Selby (313) said that root rot caused both 
dwarfing and barrenness of stalks. Russell (28R) re
ported more barrcn stalks in dry than in wet years, 
due to lack of available nutrients. 

Reddy and Holbert (273) emphasized that there 
was a strong association between barren plants and 
infection with Cephalosporium acremonium. Durrell 
(76) was not sure that barrenness of stalks was asso
ciated with Diplodia zeae, because planting of clean 
seed produced as many barren stalks as did planting 
of diseased seeds. 

lugenheimer (150) made extensive studies of bar
ren stalks. He caused barrenness by covering the ears 
with parchment bags hefore silking. The harren plants 
were artificially inoculated with Diplodia zeae about 
6 inches above the ground line. He studied the num
ber of internodes rotted and the horizontal spread 
of the rot in the cortex. His results indicated that 
barren plants were more susceptible to pith rot than 
normal plants. There was a tcndency toward more 
resistance to cortex rotting in both the inbrcds and 
single-crosses. Plants that had had their leaves clipped 
were more susceptib1e to stalk rot than were harren 
plants. Several workers are not in accord with Jugen
heimer; Hoadley (116) agrees with Holbert et al. 
( 125) that car formation decreased resistance to stalk 
rot. Pappelis (240) saW little effect of ear removal 
on severity of stalk rot. 

Plant Population.-Large plant populations per 
acre generally make plants more prone to stalk rot. 
First, the stalks of plants grown under crowded con
ditions are ~maller in diameter and, there{ore. less 
stalk rot is re4uired to weaken the stalks to the break
ing point. Although some workers have also indicated 
that the plants are more subject to stalk rot, the 
amount of data on this subject is limited. Some hy
hrids apear to be better competitors than others when 
crowded (171,347), 

Wilcoxson and Covey (388) tested the relative 
susceptibility of corn at 5.000, 12,000, and 25,000 
plants per acre. Single- and double-cross hyhrids were 
inoculated 10 days after tasseling with Fllmrium 
~ramillcarum and Diplodia zeae by the toothpick 
method. The amount of necrosis was estimated at 28 
days after inoculation. The test was conducted for 2 
years at Rosemount and one year at Lamberton, 
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Minnesota. The necrotic lesions produced by both 
pathogens increased as the plant population increased. 
For each pathogen in the test the differences due to 
plant populations, the corn hybrids, and the interac
tions of these two variables were statistically signifi
cant. These results indicate that the corn was predis
posed to stalk rot in the denser population. Additional 
experiments are needed on susceptibility of corn 
grown at different population densities involving 
more varieties grown under different environments. 

Koehler (160) found virtually no difference in 
percentages of broken stalks among plants growing 
in hills of two or three plants. However, the percent
ages of living plants were increased about 8 % in 
plants growing three per hill over plants growing two 
per hill. 

Injuries.-Removal of functional leaves from a 
corn plant increases the severity of stalk rot (125, 
217, 2IS). It is well known that hail, insects, and 
fungus and bacterial pathogens may cause severe de
foliation or leaf injury of corn plants and an increase 
in severity of stalk rot. A number of workers have 
demonstrated that partial defoliation of corn stalks 
either by clipping or by leaf-blighting organisms will 
increase the amount of stalk rot when the plant is 
artificially inoculated with Diplodia zeae or Gibberella 
zeae. 

Michaelson (218) showed that cutting the leaves 
off about half way from the tip 2 weeks before inocu
lation with Diplodia zeae or Gibberella zeae increased 
the severity of stalk rot. Breaking the leaves had 
much less effect. Clipping off the leaves on the day 
of inoculation also had little or no effect. Koehler 
(166) also obtained more rot when the leaves were 
cut 2 weeks before silking than on the day of inocu
lation. Clipping of leaves also increased the size and 
number of lesions on the stem. 

Koehler (166) reported marked increases in the 
amount of natural infection by Diplodia zeae and 
Gibberella zeae when the leaves were clipped before 
silking. The number of barren stalks was also in
creased by such treatment. Clipped plants inoculated 
with Gibberella zeae and Diplodia zeae yielded less 
and had a higher percentage of broken stalks. Pap
pelis (244, 245) found that clipping leaves and roots 
increased susceptibility to stalk rot caused by G ib
berella zeae and Sclerotinia bataticola. Jugenheimer 
(150) removed the tip third of each leaf at the time 
of inoculation and concluded that rot resulting from 
natural infection was about the same on clipped and 
non-clipped plants. In some tests the amount of stalk 
rot was less on plants with clipped leaves. Hoadley 
(116) also reported that defoliated plants were more 
resistant than vigorous plants. The cause for these 
conflicting results is not definitely known; perhaps the 
environment or variety of corn were deciding factors. 

There is considerable evidence that senescence and 
chemical change in the pith result in the plant be
coming susceptible to stalk rot. Leaf damage of vari
ous kinds thus increases severity of stalk rot, and 
prevention of ear development decreases susceptibility. 
Several investigators have reported that resistance to 
stalk rot is associated with a high carbohydrate level 
in the stalks (55, 169,213). Most of the data clearly 

indicate that any factor which tends to increase sugar 
levels in corn stalks reduces the severity of infection. 
and vice versa. Craig and Hooker (55) studied 12 
inbred lines of dent corn that differed greatly in sus
ceptibility to stalk rot. They found that a high sugar 
level and a high pith density were associated with 
resistance to stalk rot. The downward trend in sugar 
level after silking was positively associated with 
senescence and susceptibility to stalk rot. The de
crease in sugar was accompanied by a decrease in the 
number of living cells in the pith tissue. 

Holbert et a1. (125) found that artificially induced 
or naturally occurring chilling and freezing of corn 
stalks, shanks, and ears increased the severity of rot 
caused by Diplodia zeae. This suggests that such 
treatment might decrease the carbohydrate level or 
kill cells in the plant, although they did not actually 
determine the factors which stimulated the growth of 
the fungus. Detasseling and defoliation of immature 
corn plants for green fodder are common agricul
tural practices by Egyptian farmers. Similar practices 
sometimes occur in Mexico and other countries. This. 
increases the infection by stalk-rot fungi. 

The establishment of certain fungi may be in
fluenced by severity of injuries. Even if secondary 
invaders do not penetrate deeply into the nodes and 
stem, they could easily cause sufficient decay to render 
the stalks subject to stalk breakage. This certainly 
appears to be true of wounds caused by hail and in
sects, and the same may also be true of nodal infec
tion when the plant begins to mature, Eldredge (88) 
gave a good review of the extent of hail damage in 
the corn belt, and its damaging effect on plants. The 
amount of hail and the stage of plant development are 
both important. Durrell (76) claimed that hail in
creased the prevalence of stalk rot. Littlefield (179) 
called attention to the extent and type of hail damage 
in Minnesota. In 1963 he pointed out that in 17 
counties in Minnesota alone more than 150,000 acres 
of corn were damaged to some extent by hail. He 
showed that hail injuries created avenues for the en
trance of pathogens and saprophytes, and greatly 
increased the amount of stalk rot. He foIIowed the 
progress of the rot and isolated many fungi at vary
ing intervals from tissues surrounding hail injuries. 
The predominant species were F. moniliforme and 
other Fusarium spp. Results clearly indicate that in
juries of various types tend to increase the prevalence 
and severity of stalk rot (Fig. 2F). 

Insects.-Insects aid in the development of stalk 
rot in several ways. They may carry inoculum into
the tissues, or provide an opening through which 
pathogens enter the stalk. Movement of the insect 
through the stalk tissue distributes pathogens within 
the stalk. Frass deposited within tunnels and between 
the stalk and the leaf sheath furnishes an excellent 
medium for rapid growth of both parasites and' 
saprophytes. Injuries caused by insects weaken the' 
plants and render them more susceptible to attack by 
microorganisms. Holbert et at. (125) indicate that 
damage by chinch bug greatly increased the rate of 
stalk rot development. 

The widespread European corn borer has in
creased the damage caused by stalk rot and has com-
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plicated development of hybrid corn resistant to stalk 
rot (7). Christensen and Schneider (45. 46, 308) 
(ounu that certain lines anu varietie resistant to stalk 
rot developed considerably more rot when injured 
by the corn borer (Fig. 7A, B). The injury caused 
by the corn borer b usually conspicuous, and damage 
causeu by microorganism!. a.,~ociatcd wilh the insect 
is frequent ly overlooked or in many instances attrib
uted 10 the borer. Studies at Minnesota indicated 
that Jamage b) corn borer cannot he separated froJU 
damage caused by microorganisms. At St. Paul on ) 
October, 1948. 84% of internodes with borer injuries 
had coni.picuous stalk rot. and at Waseca, M innesola. 
stalk rot was present in 90% of the internodes in
fested by the European corn borer. The insect), frc
quently infcM the 5hank, and 93% of infested shanks 
at Waseca containcd rol. 

A plant may sometimes contain several insect tun
nels in nodes. internodes. shanks, and cars. Whenever 
these injuries arc associated with rots, severe damage 
results. T he damage attributed to thc European corn 
borer may be partly due to rots that follow insect in
festa tion. Microorganisms belonging to mnny genera 
were isolated not only from the frass and insect but 
from discolored tissuc surrounding msect tunnels in 
the internodes. Flisaritwl spp. were the preuominat
ing fungi isolated. although Diplodia zeae Hnd Gih
here/la 'uac, and other parasites and saprophytes, also 

were present. I he species isolated. and their relative 
abundance varied with locality. climatic condition, 
and developmental stage of the host (45. 46). Fungi 
were isolated from larvae throughout the year. but 
were less prevalent in inactive larvae collected from 
diseased stalks in the winter; the prevnlenee of bac
teria remain,ed about the same during late summer. 
fall. and wintcr. Fungi were readily bolated from in
k,ted portions of the corn stalks throughout the fall 
and wintcr. All the organisms isolated from the in
secli. were also isolatcd from (rass and dIseased plant 
tissue (Fig. SA, B, C). 

Gibberella zeae and Diplodia zeae, as well as other 
organisms, may progress rapidly within the mter
node; however (he node greatly retards their spread. 
Thc com borer frequently attacks the node directly 
or tunnel!> through it, and thus aids in the rapid 
!>pread of the fungi witbin the planl. Laboratory tests 
showed that larvae of thc corn borer during late 
slimmer and early fa ll a rc usually infested both inter
nally and externally with diverse species of fungi. [he 
European corn borer weakens tbc plant, consequcntly 
the weakened tissues are more readi ly SUbject to at
tack by certain stalk-rotting parasites and by sapro
phytes. According to Roberts (278), thc European 
corn borcr and the southwestern corn borer provided 
avenues of entrance to stalk-rot pathogens. and 
greatly increased the amount of stalk rot in Okla-

I' igurc 7. A. Stalk rot associated with injury of com stalks by European com borer. B. The margin of an injury 
by European corn borer showing fhe necrotic tissue and dark va~clliar bundles extcDdi" s from the necrotic area. 
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H{Curc 8. A. Fungus cultllres that developed after European corn borer larvae crawled over the surface of potato· 
dcxtro 'C agar. n. Cultures of yea .. t and Fllsarillm spp. Ihal grew from European corn borer larvae thal had been 
killed and surface-disinfected. C. Cultures of fungi, mo tly species of Fuslirium and Trichoderma, tbat grew (rom 
clumps of frass from larvae of the European corn borer. 

homa. He indicatcd that the southwestern corn borcr 
h'l'eatly facilitated the ingress of Dip/or/ill zeae through 
the stalk; when the stalk were split open about 7 
weeks after inoculation, they were all infested with 
the insect. Isola tion from the frass of the c insects 
yiclded culture of many fungi and bacteria, with 
Diplodia zelle being dominant. Other investiga tors 
have found that Diplodia :.e(U! rarely occurs in tissues 
wounded by insects. 

Koehler (169) made isolations from tissue asso
ciated with European corn I)ofer. The most common 
fungi isolated were Fllsarium monili/orme, Cephalo
sporium acremoniwn, Mllcor spp .. Penicillillm spp .. 
and Trichoderma spp. Although G. zeae was i olated 
from tissues injured by the borer, Dip/odia zeae was 
Dot. He emphasized that D. zeae infection is usually 
not materially increased by mechanical injury. Al
though Koehler (251) once reported that Diplodia 
zeae infection followed injury caused by corn borer. 
he later assumed this to be incorrect. H e was of the 
opinion that infection by Diplodia zeae and Gib
here/la zeae started at nodes, and that when the fun-

gus reachc ' the insect tunnel it spreads fastcr than 
it would through sound tissue. Haws (109) abo re
portcd that wounds made by the corn borer were not 
important as portals of eDiry for stalk-rolting orga
nisms. Thl'> I~ contran' to evidence obta ined 3t Min
nesota and Oklahoma' where it hal> been shown that 
the e fun,!,ri gain direct entrance through insect 
wounds and tunnels. A t least in certain areas insect 
injuries arc of importance. 

From rotted sta lks in the vicinity of corn borer 
tunnels. 1 aylor (351. 353) isolateu the following 
organi~ms mo~t frequently: Fmarilllll monili/ormf, 
Cl'plwlosporilllll acremonium, Diplodia zelle, Gib
berella :.eae, and N igrosporll ory:.ae. Others less 
prevalent were Mucor and Rhi-;.opus species. 

Mes iacn et al. (214) concluded that. a lthough 
ColletotrichufIl gramiflico/ul7I in France penetrate 
corn directly. it also gains entrance through tunnels 
produced by the corn borer. According to Savulescu 
and Rayss (303). the angoumois grain moth is a 
vector for Nigrmpora oryzae, but Reddy aod Holbert 
(273) did not consider it of any importance. 
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Southern corn root worm. the northern com root 
worm. and other soil insects injure roots (Fig. 11-1, 
9A). and arc Mten associated \dlh root rot. lodging. 
and basal stalk rot of corn. Control of these insects 
may help retlucc tbe amount of lodging anti stalk rol. 
Summers (349) exposed com plants to PythiulIl 
gram ill icoia, to larvae of southern corn root worm. 
aml combinations of both; all causetl reduced rOOl 
and top development. The fungi most prevalent in 
secontlary roots and tissues in the three lower inter
node~ l)( the maize stal\.;. were PytlliWl1 gromillico/a, 
Gibbl'rdla anll Fusarium spp .. and other species of 
Pythillm (Fig. 9 B). 

Michaelson (218) made wounds in corn sta l k~ 

simulating mechanical damage of the European corn 
borer. Alter treating the surface of the COrn stalk-. 
with 70% ethanol. ~ horizontnl hole about 6 mm in 
diameter was cut with a sterilized cork borer into 
about the middle of the stalk. The hole was covered 
with grafting wax. or tape to preveDl contamination. 
"I hen inoculations were made with Gibherdla ;:eCll' 
and Diplodill ;:(!(l(' in the internode ahove the hole and 
below the same hole. rhere was no more rotting or 
injury than in the non-injured internodes. [hi, t)'pe 
of injur) tlid not prelli!ipose the tissues to ~talk-rOI 
infection. 

Chiang and Wilcoxson (40) introduced egg masscs 
of the European corn !?orer. inoculum of FllsariulIl 
1V1lIllilll'(lrulII. or both. into artificial in~cct tunnels in 
corn stalks of mHny varieties. Putty was lIseu in 1959 
to plug the lllnneb to prevent urainage of fluid from 
the tissue, but insect establishment was thereby con
siu~rably TeU\.lC~u. Th~y were plugg.ed "\,i.\h CO\\(1) i1) 
1960. When it was desirable to produce tunnels asep
ticnlly. a portion of the stalk was first washed with 
70% ethanol and then Jrillcd with a flamed bit. Egg 
masses in the bJack-he.ld stage. averaging about 20 
egg:. per mass. were placed on paper discs abollt 
J 2.5 mOl in uiamcter and were inserted into artificial 
tunnels. Fusarillm graminearum was increa!>ed on 
autoc)aved wheat kerneh and a :'lingle infected kernel 

was placed in the tLinnel. The inOuence of the Euro
pean corn borer in the development of nccrotic tissue 
\\ as very pronollncetl .:j. w'eek ... aftcr treatment. the 
amount of necrotic tissue in the stalks infesled with 
corn borer larvae was always more extensive thnn 
when the stalks "'ere not infesled (Fig. 2E). The 
following organisms were isolated from ncerotic 
lesions: Fusarilllll grmllilleart/11I, Fusarillm mOllil/
IOrllle, Dip/Otlia 1.<'oe, and species of Penicillium, As
pl'rl:illlls, Alternaria, RhhPPIIS, yeasts, and bacteria. 
Fllsarium gY(lminrllrum in the tunnel with the corn 
borer larvae favored rapid development of the larvae. 

Large qu:tntities of fra!'s may he deposited within 
insect tunnels or in the sp:lce between the leaf sheath 
and the stalk. Frass is .10 excellent subl>trate for 
microorganisms. and the)' undoubtedly increase on 
it Some fungi. l>uch as Pl'flicillilllll oxaJiclIlIl, can kill 
hml tissue in advance of penetration by prodUCing 
toxic substances all they grow on frass or other sub
strates (58). Many organi~ms considered to be sapro
phytes or weak pathogen~ may in lhi~ \\ ay become 
involved in the development of stalk rot. As ,hown 
above. many of thel>e organism~ are commonly iso
lated from rotten tissue as well as from in ... ecls. 

NC'malo{/c.I.-Data on the effect of nematodes on 
the severi ty of slalk rot arc meager. Edmunds (83) 
found that soil fumigatiorl for the control of nema
todes not only redu~ced root rot during the early 
stages of the growth. but reduced the incidence of 
stalk rot from aboul 56% to about 27%. In this case 
the presence or absence of stalk rot was determined 
by squeezing the stalk by /land. 

MilleT anu hi." a~.,,\)ciate.,. \ !'!.{}. 22 \. '!.'!.'!.) foufI\i ',\1) 
apparent relationship between the numher of nema
todes and root rot. Graham and Holdeman (103) 
also :.howed a direct eor(elation between nematoc.le 
buildup and root injury iJl corn. There is good evi
dence that nematodes often increa~e the amount of 
root rot in the presence of pathogens on divcrse 
crops. Since many of the stalk-rotting pathogens may 
enter through the roots. it seems probable that certain 

FiA'urf' 9. A. Leaning corn plant~, due to root damage by northern corn Toot wow and a~O<;I •• tcJ root rot. D. 
Fungi isolated from roots of plants shown in A. The fungi are species of Fusarium lJDd Trichoderma. 
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nematodes should also help to establish these fungi in 
the corn plant. 

INOCULATION PROCEDURES 

Production of Inoculum, and Inoculation.-A 
rapid, simple, and reliable technique for inoculation 
of corn is of primary importance in testing inbred and 
hybrid corn for stalk-rot resistance, and would also 
be of great value in studying the inheritance of resis
tance. Such a method would permit the use of fewer 
plants. 

Heald et al. (112) in 1909 were the first to inocu
late corn stalks with a fungus. Since then inoculation 
of stalks has been used extensively in testing corn for 
resistance to stalk rot. It has made possible the elimi
nation of vast numhers of susceptible inbreds in the 
early generations. It also makes possible the testing 
of some plants with two or more races of a species, 
cr diJfercnt species of pathogens in the same or dif
ferent plants. Inoculation has been used successfully 
with many fungus pathogens and with two or more 
bacteria. 

Some of the more common methods used to inocu
late corn stalks are presented here. Smith and Holbert 
(328) inserted an awl into the part of the plant to 
11::: inoculated, and the opening was filled with a spore 
slIspension. Smith, Hoppe, and Holbert (329) used 
a somewhat similar technique: the internode was 
punctured with a steel needle and then a water sus
p~nsion of inoculum was injected into the puncture. 
Ivanoff (138) described a needle inoculation method 
which has been extensiveLy used for Diplodia inocu
lations by Koehler (169) in Illinois, as well as by 
workers in other states. The needle has a side opening 
through which the inoculum is ejected by gravity; the 
outflow is regulated by an air valve or the size of the 
needle. Use of a needle with the opening in the side 
rather than at the end prevents clogging of the needle. 
Although the stalks can be inoculated quickly by 
these injection techniques, there is usually a surplus 
of inoculum delivered cach timc. A!so, the needle 
is usually inserted at an angle from above which 
leaves an opening that admits water during rainy 
weather, and many other organisms may be washed 
into the wound. This method would be undesirable if 
different isolates or species of fungi are placed in 
different sites on the same stalk. 

The toothpick method of inoculation developed by 
Young (40 I) and Koehler (165, 169) is now used 
extensively. Since special care must be used in pre
paring the material, a short description of the method 
is given. Round wooden toothpicks about 6 cm long 
arc used. They must he boiled several times (about 
1 hr each time) in tap water to remove toxic sub
stances that inhibit the growth of fungi. After each 
hailing they arc thoroughly washed in fresh tap water. 
When the toothpicks are thoroughly dry they are 
packed into glass jars (about 150-200 per jar), and 
enough potato-dextrose broth is added to thoroughly 
moisten the toothpicks and leave a slight excess in the 
bottom of the jar. The jars of toothpicks are sterilized 
immediately after the broth is added, and inoculated 
with broth cultures of the pathogens or with bits of 
agar cultures. Thc fungi rapidly cover the toothpicks, 

and inoculum is ready for use in about 1.5 weeks 
(Fig, lOA, B), 

To inoculate plants with toothpicks, the desired 
internode is opened with a punch and thc toothpick 
is inserted into the hole. No special precautions are 
taken against surface-borne contaminants. A punch 
for making the holes in the stalks can be made by 
driving a nail into a short wooden handle or by filing 
off a regular ice pick. The punch should be about 
15 mm long, and the diameter should be relatively 
small. The punch should not pass through the stalk, 
and the hole should be slightly smaller than the tooth
pick which should fit tightly in the stalk (Fig. IOC, 
D). The toothpicks are often inserted upwards at an 
angle, presumably to reduce secondary infection. If 
two different isolates or species are used per stalk, it 
is highly advisable that they be placed at least two 
internodes apart. The technique can be used for 
fungi that do not normally sporulate in culture. The 
toothpick method is considered one of the most rapid 
and feasible means of inoculation. With practice, one 
person can easily inoculate from 500 to 700 plants 
per hour; on several occasions more than 1,000 stalks 
have been thus inoculated. Also one can readily 
inoculate the same plant at different internodes with 
several species of fungi, or races of the same species, 
without obvious contamination. A relatively uniform 
amount of inoculum can be delivered to each plant 
since the fungi grow relatively uniformly ovcr the 
toothpicks. Toothpicks also serve to mark the sites 
of inoculation. Because of this, untrained people can 
be used in the field, and their work readily supervised. 

Wernham (378, 379) modified the toothpick tech
nique. His method, called the "pipe-cleaner" tech
nique, consisted of cutting sterile pipe cleaners into 
pieces 2.5 em in length, and soaking them in a spore 
suspension. An awl was used to make an opening for 
the insertion of pieces of pipe cleaners infested with 
inoculum. With a team of three, one making the 
holes, and two inserting the pipe-cleaner plugs, be
tween 350 and 400 stalks per hour can be inoculated. 

Another method consists of making holes in the 
stalk and then inserting agar cultures of whole grains 
of cereals. Others have used cork borers to remove 
a portion of stem and then have returned the plug 
of tissue after inoculations were made. Still others 
have left the hole open or covered it with certain 
materials. Williams and Menon (389) concluded 
that, for a large-scale field test, the cork borer method 
is the most desirable, chicfly because of ease of prep
aration of the inoculum and rapidity of inoculation 
procedure. They state that by the cork-borer method 
only 5 to 10 seconds are required per inoculation. 
Thus 350 to 700 plants per hour could be inoculated. 

Semeniuk et a1. (314) placed inoculum of D. zeae 
in the husks of ears and behind the leaf sheath and 
obtained infection, but results were so variable that 
the method has not been used for evaluating factors 
affecting disease development. 

Spraying of the entire plant at intervals with a 
spore suspension has been used by a few workers. 
Reece (274) made use of this method on rather ex
tensive field tests at S1. Paul and Waseca, Minnesota, 
and the method was used for many years on a co~ 
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Figure 10. A. Thrce-wcek-old culture of Diplodia zeae ( two left jars ) and Fusarillm gramillearum (two right 
jars), growing on toothpicks. D. Toothpicks covered with Dip/odia zeae (left ) a nd Fllsar illlll graminearulll (right ) 
ready for inoculalion. C. JIIus tration of how toothpicks bearing inoculum are held In onc band and a punch in the 
olher, just before a holc is punched in the corn stalk and a toothpick inserted . D. Necrotic lesion in a stalk resistant 
(left) and susceptible (right) to stalk rot. Note tbe larger lesions in the internodes higher on the plants. 

operative project between tbe Departments of Plant 
P athology and Botany, and of Agronomy and Plant 
Genet ics, U niver ity of Minnesota. UsuaUy a mixtu re 
of seven pathogens was used for inoculum : Diplod ia 
zeae, Gibberella zeae, Fusarium mOllilifo rme, Hel
millihosporium carbonLlln , Penicilliunt oxaliculII , 
Py lhiulII Imrleri , and N igrospora oryZ(l(!. All seven 
species caused stalk rot when injected into the stalks 
at about silking time. The stalks were sprayed four 
t imes at about I O-da y intervals begilllling at s iLking 
stage. Tbere is no evidence to sugge t bow effective 
the spray method is. but Reece did obtaLn good in
fect ion in his experiments. 

A simple and easy way to produce an abundance of 

inoculum fo r spraying plan ts consists of growing the 
organisms separately in glass jars containing a mix
ture of sterile wheat and oats, and a small piece of 
potato. The pathogens can readily be washed from the 
grain with water and this suspension will serve as 
inoculum. T he inoculum can also be produced in 
large quantit ies in Bats. then dried and stored at low 
temperatures (309, 379). 

Several investigators (38, 169,389) have compared 
tbe effect iveness of the various methods oC inocula
tion. All agree that good infection results whenever 
the inocu.lum is inserted o r injected into the stalk. 
Results from spraying plants are not as clear cut. 
Whenever m ethods are compared, suffic ient controls 
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must be used. It frequently happens that injured 
plants that are not inoculated develop a certain 
amount of stalk rot. The rot is presumably caused by 
microorganisms present on the stalk surface which 
find their way into the stalk through injuries. Injuries 
made for inoculating purposes should thus be no 
larger than necessary. 

Most workers have confined their attention to 
inoculation of plants in the field. Michaelson (215) 
found, however, that sections of stalk tissue could be 
inoculated in the laboratory, and essentially the same 
disease reaction was obtained as when the same in
bred lines or hybrids were inoculated in the field or 
greenhouse. He pointed out that this method provides 
for uniform control of environment during the test 
period. 

Age of Plant Inoculated.-Numerous investigators 
have reported that stalk rot is a disease of corn ap
proaching maturity (76, 125, 146, 161, 204, 223). 
There are several pathogens, however, that may gain 
entrance early in the life of the plant, e.g., Diplodia 
zeae and Fusarium moniliforme. Michaelson (218) 
made stalk inoculations with Gibberella zeae and 
Diplodia zeae at weekly intervals beginning 7 July, 
and ending 8 September. He obtained infection on all 
dates, but the earlier inoculations were much less 
effective than the later ones. He also found that the 
infection from early inoculation did not become as 
extensive as did infection from later inoculation, even 
if there was a longer period for rot development. 
This was true for both Diplodia zeae and Gibherella 
zeae. He showed that infection could occur long 
before pollination, and the fungi remain more or less 
dormant until the silking period. Michaelson also 
found that, although stalks of corn were susceptible 
to stalk rot over long periods of time, the period of 
greatest susceptibility began several weeks before pol
len production and continued until the dent stage of 
maturity. This was true for both Diplodia zeae and 
Gibberella zeae. The data obtained by Michaelson 
(218) suggest that, once the plant has reached a cer
tain stage of maturity, the resistance does not change. 
Sprague (334) and Jugenheimer (150) concluded 
that more stalk rot devcloped when inoculations were 
made at silking than at a later date. Sprague (334) 
stated that the greatest disease severity occurred when 
the plants are inoculated at the time of pollination. 
Hooker (128) made similar tests. He inoculated 
stalks with Diplodia zeae at intervals of 1 to 4 weeks 
after silking, and obtained similar results. The great
est amount of rot occurred after the earliest inocula
tion. In susceptible inbreds, the rot continued to de
velop for weeks, whereas in the resistant lines, very 
little spread occurred after the first week. 

Koehler (169) also found that inoculation with 
Diplvelia zeae and Gihberella zeae just before silking 
was as effective as at any later date. Inoculation 3 
weeks before pollination gave poor results as com
pared with later inoculation. Koehler (169) indicated 
that inbred reactions differ when inoculated at dif
ferent times. Line Ky. 27 thus developed less rot 
from DipJodia zeae and Gibberella zeae when in
oculation was made about 4 weeks after silking, 
whereas with inbred P8, rot developed equally well 

on different dates of inoculation. In Illinois, inocula
tions with Diplodia zeae for measuring hybrid reac
tion were not successful when made at or shortly 
after anthesis for early-maturing hybrids, about 1 
week after anthesis for medium-maturing hybrids, and 
about 2 weeks after anthesis for late-maturing hybrids 
(Hooker, unpublished). 

There is considerable evidence that corn is very 
resistant to GihhereZla zeae, Diplodia Zeae, and other 
fungi until about silking. This is not true for Pythium 
sp. and for certain bacteria. In these cases the vigor
ous plants are most susceptible, at least to natural 
infection. 

Results indicate that the exact timing oLinocula
tion is not critical, hence one can inoculate on the 
same date a group of hybrids or inbred lines that 
differ as much as 10 days in the time when pollina
tion occurs. This assumes that the amount of rot is 
used as a basis of measuring resistance, and not pre
mature dying of the stalk. 

Site of Inoculation.-There is considerable evi
dence that rot severity depends on the internode in 
which the inoculation is made, but there is no general 
agreement on the exact internodes to inoculate in 
order to obtain the most efficient results, though most 
workers inoculate internodes below the ear. Some re
port that rot develops faster and more extensively in 
the upper internodes than the lower ones (Fig. 10D). 
They point out that rot develops well in the first 
internode, but that this internode is shorter and often 
enveloped by brace roots, hence more difficult to 
inoculate and to split open. The second internode 
above the ground is usually the first elongated inter
node, and is most frequently used. 

Hooker (128) inoculated four inbreds in the first, 
second, third, fourth, and fifth elongated internodes. 
All the inbrcds did not react alike to the pathogens 
at the different internodes. Thus in the susceptible 
]ine, Os 420, the rot was equally severe in the five 
inoculated internodes. In the resistant B14, rot was 
least severe in internodes one and two, but it increased 
progressively in the next three internodes, and in the 
fifth internode the rot was as severe as in the suscep
tible inbred. Cappellini (38) in New Jersey obtained 
progressively greater amounts of rot with the distance 
up the stalk. In one year, Koehler (169) obtained 
significantly motc stalk rot in the first elongated in
ternode than in the third and fifth internodes. In other 
tests, he inoculatcd a moderately susceptible variety 
with Diplodia zeae in thc first, third, and fifth inter
nodes, and the amount of rot was about the same in 
all three internodes. In another test, he obtained more 
rot in the fourth internode than in the first. He in
dicated that the rot in the lower internode might have 
affected the rot in the fourth node. This, however, 
would not appear likely when one considers the work 
of Michaelson (218). Pappelis (243) found that 
inoculation with Gibberella zeae or Diplodia zeae in 
the first and fourth internodes above the ground gave 
significant correlations in the amount of rot in the 
two internodes. He concluded that it would be possi
ble to study stalk rot by double inoculations of single 
plants with one or two fungi. 

Our work in Minnesota clearly indicates that stalk 
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rot becomes progres ively more everc in the inter
nodes from the bottom to the top of Ihe plant {Fig. 
100). This is clear with bOlh Diplodia zeae and 
Fusarium gramillearull7 inoculated into hundreds of 
line of corn. The difference is more difficult to detect 
in susceptible plants than in more resistant ones, and 
the difference is most easily detected when the lower
most inoculated internode is compared with the hi gh
est inoculated internode. Often the difTerence in the 
amount of rot in adjacent internOdes is slight. Disease 
ratings may. for this reason, be accurately made even 
though the same intcrnode is not inocula tcd On each 
plant. 

DiJrerences in susceptibllity among inlernodes may 
be due to difference in carbohydrate content. D e 
Turk et al. (60) found consistently. in two ingle
eros hybrids, less carbohydrate and lower total ugar 
in the lower part of the talk tban in the middle part 
of normal plants. Al 0 important is the degree of tis
sue hydration and number of living cell (240, 246. 
Hooker unpuhlished). 

Scoring DiselL~e Developmenr.-Splitting the stalk 
open and observing the rot i the most reliable 
method of determining both the amount of stalk rot 

and whether or not it resulted from natural infection 
or inoculation. It may not be the most common ly 
used method, but for many tests it is certainly the 
most precise and reliable method . 

Although the amount and cxtent of the rot is re
cordell in several ways. it is usually rated on a numeri
ca I Sca Ie ( I 69, 274, 40 I ). One of the most common 
method is to estimate the percentage of t issue de
cayell in an internode (Fig. II ). Whenever the rot 
extends beyond the internode inoculated, the total 
rating given is equal to the sum of the disea e rating 
of the internodes infected. According to Barnes 
( 16), Boothroyd and h is associates u ed the same 
raling scale. but used half-uni t increments from 0.5 
to -l to correspond to percentages ranging from 12.5 
to J 00 % of lhe damaged internodes. With either 
sy tem a highcr numerical rating indicated that rot 
had spread into adjacent internodes. 

Koehler ( J 69) and others (38, 15 1, 379) mea
sured both the extent of discolored pith and the num
ber of rotten internodes. The area of the rotten tissue 
was con idered in relation to the internodes. Decimals 
indicated the rot within and beyond a ingle inter
node. Hooker ( 128) used a disease scale from 1 to 6, 

Figure 11. Necrotic Ic~ions in corn ~talks inoculated with Fusarium gramiul'Gfllm which had been growing on 
toothpicks. These Icsion~ are in the ~econd internode above the ground: 1 = less than 25% of the internode lis~ue 
necrotic, 2 = 26 to 50% of the tis~ue necrotic, 3 = 5 1 10 75 % of the tis.! ue necrotic, 4 = 76 to 100% of the ul>sue 
necrotic. 

35 



I to 4 if rot was confined to onc internode, 5 if the 
rot had spread into adjacent internodes, and 6 if the 
plant was killed. De Yay (62) used the I to 4 system 
for estimating stalk rot, but used "R" for resistance 
(if less than one-fourth of the tissue of the internode 
was rotted), "MR" for moderate resistance (involv
ing one-fourth to one-half of the tissue of an inter
node), "MS" for moderately susceptible (involving 
from one-half to three-fourths), and "S" fur suscep
tible (if the entire internode was decayed or if rot 
extended into adjacent internodes). Regardless of the 
method used to estimate the amount of rot, all have 
given excellent differential results. These estimation 
methods have a decided advantage, since much less 
time is required for evaluation than when the necrosis 
is measured with a ruler. 

Some workers take into consideration a number of 
dilTerent symptoms when determining the suscepti
bility of corn to stalk rot. These symptoms include 
the amount of fruiting by the pathogen, firmness of 
the stalk, and amount of stalk discoloration. Koehler 
(169) found an association in Illinois between the 
average size of the lesion on the stem and the number 
of infected nodes. He also noted an association be
tween both nodal infections caused primarily by Gib
ben'lIa zeae and the spread of stalk rot induced by 
inoculation with Dip/odia zeae, and premature death 
of plants. Reece (274) also obtained similar results 
in extensive tests on nodal infection. 

The extent or rate of rot in cortical tissue is also 
sometimes used to measure severity of stalk rot. 
Smith and Holbert (327, 329) concluded that the 
spread of cortical infection was a good measure of 
determining the reaction of stalks to Diplodia zeae. 

EVALUATING STALK ROT, AND SELECTING 

FOR RESISTANCE 

A number of authors have repeatedly called atten
tion to the difficulty of evaluating stalk rot in the 
field. Some workers are primarily interested in the 
visible amount of rot, others arc concerned with the 
total damage as it affects harvesting, yield, and sub
sequent crops. From an agronomic viewpoint, the 
development of varieties with good standability is 
perhaps the most valuable approach for obtaining 
plant improvement. Some, therefore, resort to select
ing plants that do not lodge and have few broken 
stalks; such plants are assumed to have resistance to 
stalk rot. Such data obviously depend on the pathogen 
involved and the climatic conditions. 

The time when final data are recorded may in
fluence materially the amount of rot observed, and 
also the ease with which varietal differences can be 
determined. Although most workers record stalk-rot 
notes 3 to 4 weeks after inoculation, there are 
tremendous differences in this respect. The time may 
vary from 1 to 10 weeks, in some cases even longer. 
It is not uncommon to record natural infection 
shortly after maturity. Koehler (169) and Hooker 
(127) concluded that final data on stalk rot should 
not be taken until 3 to 4 weeks after inoculation. This 
may, of course, be too late if one is dealing with bac
teria and Pythium. In other instances waiting too long 
may result in the conclusion that all plants are sus-

eeptible. Early hybrids may thus be dead when notes 
arc taken, and death accelerates decay of the stalks. 
Data re,ulting from inoculation of plant' should be 
taken before the plants die. The preponderance of 
evidence indicates that notes on most kinds of stalk 
rot should he taken ahout 4 weeks after inoculation. 
For medium and latc maturing inbreds and hybrids 
this time interval may be increased (Hooker, unpub
lished) . 

Selection in the field, without the aid of inoculation 
for stalk rot resistance, is a slow process, and reliable 
selection can only be made after several years of test
ing in many localities. It would be highly desirable if 
some simple test, perhaps of chemical analysis or 
physiological reaction, could be used to eliminate the 
vast majority of material. This would reduce the 
amount of field testing, and hasten selection of resis
tant material. So far'- very little progress has been 
made in this field. 

Production of Fruiting Bodies.-Production of 
fruiting bodies by the pathogen IS sumetimes used to 
determine that stalk rot has occurred, and to identify 
the pathogen in the field. Sclerotium bataticola can 
thus usually be identified and the prevalence and 
severity of natural infection may be estimated in the 
field ,by the presence of sclerotia and by the dark 
discoloration of the basal portion of the stem. This is 
true at least in certain seasons and regions. Diplodia 
zeae usually produces pycnidia, but it is usually 2 to 
3 weeks after infection before fructification begins, 
if it begins at all in that growing season. Gibberdla 
::;eae mayor may not produce the ascigerous stage 
during the current growing season. Some isolates may 
not produce the peritheeial stage. Furthermore, many 
diseased areas of the stalk may harbor fungi that do 
not produce eon~picuous sporulation on the plant sur
face. Production of fruiting hodies sometimes is not 
a reliable index of stalk rot. 

Relation of Sl'cC/ling Blight to Stalk Rot.-Most of 
the organisms that cause seedling blight also cause 
stalk rot. It has heen important to ascertain whether 
or not inhred and hybrid corns react similarly to the 
same organism in the seedling stage and in adult 
plants. As there may be pronounced differences in the 
tissues involved, there is no good reason to assume 
that plants of different ages react similarly to the 
same pathogens. It is not surprising, therefore, that 
there is no general agreement on this question. 

Koehler et al. (159) reported that perithecia of 
Gibberella zeae were much more abundant on stalks 
grown from seed susceptible to scutellum rot than on 
stalks grown from sound seed. Reddy and Holbert 
(273) found that susceptibility to scutel1um rot was 
correlated with susceptibility to Cephalosporium acre
monillm. Holbert et al. (121) concluded that plants 
grown from seed harvested from corn plants infected 
with Diplodia zeae developed more ear rot than when 
the plants came from seed of plants free of Diplodia 
zeae. 

Reilly (275) found no association between seed
ling blight caused by Penicillium oxalicum and stalk 
rot of adult plants caused by Gibberella zeae. There 
was, however, a high correlation between seedJing 
blight and stalk rot caused by Diplodia zeae. Semeniuk 
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(316) failed to show an association. Hooker (126) 
also failed to find an association between seedling 
blights and stalk rots caused by Diplodia zeae or 
Gibberella zeae. Young (403) found that differences 
in reaction of inbreds to seedling blight amI stalk rot 
were rather pronounced. Inbred Minnesota C. II, for 
example, was very susceptible to Dip/oelia seedling 
blight, but one of the most resistant to stalk rot 
caused by the same isolate. Inbred Minnesota C. 14 
was, conversely, one of the most resistant to seedling 
blight, but most susceptible to Dip/ndia stalk rot. 
Blaak (21) states that, in general, the results of num
erous workers are inconclusive in respect to a correla
tion between seedling blight and stalk rot caused by 
Gihherella zeae. Semeniuk (319) found corn seed
lings were susceptible to Sclerotium bataticola in 
greenhouse trials. He also noted that some inbred 
lines and hybrids were more resistant than others. He 
suggested that seedling reactions might be useful for 
selecting resistant plants, but we know of no instance 
where this has been done. Resistance of seedlings to 
Pythium root necrosis has becn reported by se~cral 
people (127,271, 320). 

Inoculation of Stalks.-Inoculation of stalks by 
diverse methods is used extensivcly in selecting for 
resistance to stalk rot (Figs. 2D and 10D). Plants 
found to be resistant when inoculated may not neccs
sarily be resistant to natural infection; there arc many 
cxceptions. Zuber ct al. (409) found an inbred line 
resistant to stalk rot when inoculated with Gibberella 
zelle, but Koehler (169) reported it susceptible to 
natural infection in Illinois. In attempting to explain 
these (hITcrenccs one should not forget that there are 
many pathogens as well as biotypes of pathogens. 

Despite the fact that natural infection and inocula
tion do not always give the samc result, many investi
gators have reported statistically significant correla
tions bctween infection resulting from natural and 
artificial inoculation (150, 169, 334). Sprague (334) 
and lugenhcimer (152) reported progress in breeding 
for resistance to stalk rot on the basis of artificial 
stalk inoculations. Whenevcr a large number of in
bred and hvbrid lincs arc to be evaluated. it is usuallY 
possible to' eliminate most of the susceptible linC:" 
simply by inoculating them with the desired patho
gens. It should be remembered, however. that inocu
lation does not indicate any morphological resistance 
the host may possess. 

Whitney and Mortimore (381, 383) concluded that 
root rot was always associated with stalk rot. They 
suggest that root-rot reactions might be used as a 
basis of evaluating stalk-rot resistance. Hooker ( 126) 
found an association hetwecn root rot and basal 
stalk rot. Hc favored the estimation of root rot on 
the basis of severity of stalk rot because of the com
parative ease of obscrving disease development. 
MeNew (204) also obtained a high correlation be
tween natural infection and arlificial inoculation. 
Sprague (334) found a close relationship betwecn 
Dipl()(lia stalk rot and the pcrcentage of stalk break
age. Zuber et a1. (409) obtained no significant corre
lation between stalk-rot resistance and lodging and 
disease rating for Diplodia zeae and Gibberella zeae, 
respective1y. Smith et a1. (329), using inoculation, 

noted a correlation betwe~n the spread of rot in the 
pith and the rind, betweert natural infcction and the 
percentage of broken stalks, bctween the spread in 
pith and natural infection, between pith sprcad and 
broken stalks, between the spread in the cortex and 
natural infection, and between cortical spread and 
the percentage of broken stalks. On the other hand, 
Troyer (360) obtained a negative correlation he tween 
the mean stalk strength of 193 inbreds and the per
centage of plants with stalks broken below the ear. 

Sprague (334) secured a close correlation between 
infection induced by inoculating with Diploelia zeae 
at the base of stalks and that obtained by natural 
infection with Gibberelld zeae. Andrew (6) and 
Koehler (165), on the other hand, concluded that 
inoculations with Diploelia zeae were unreliahle when 
selecting for resistance to G ibberella zeae. Koehler 
( 1(9) stated that the spread of rot resulting from 
inoculation with Diplodia zeae and GibberelJa zelle 
was correlated with premature death of corn plants 
induced by natural infection. 

Koehler (169) states that, in comparative tests, 
Gihherella zeae is less patflOgenic than Diplodia zelle. 
This has also been our frequent experience. It is not 
always true however, and as Koehler points out, 
natural infection caused by Gibberella zeae some
times is just as severe as that caused by Diplodia zeae. 
The reasons for this are nc)t definitely known, but the 
numerous races or biotypes of GibberelJa zeae and 
Diplodia zea(' could perhaps account for these differ
ences. 

Sprague (334) and wernham (380) expressed a 
widely held opinion that bybrids resistant to Diplodia 
zeae are also usually resistant to Gibberella zeae. 
Hooker (126) presents d<1ta to support the opinion. 
Young (403), Reece (274), Semeniuk (315), Koeh
ler (169), and Koehler aod Boewe (164), however, 
have reported that certain inbred lines and varieties 
do not react similarly to these pathogens. Koehler 
( 169) found a big discrepancy between the response 
of one inbred and a single-cross hybrid which ap
peared resistant to natural infection but highly sus
ceptible when inoculated with Diplodia zeae and 
GihbereIJa zeae, respectively. He also reported out
standing dilTerences hetween the reactions of inbreds 
and hybrids to Diplodia zeae and GibbereIJa zeae. 
Jugenheimer (ISO, 151), however, concluded that 
inoculation was far superior to natural infection in 
selection of resistant corn strains. 

Barnes (16) inoculated inbred and hybrid corn at 
the same stage of maturity by the toothpick method. 
He concluded that, although inoculation appeared 
practical, one should qucstion the advisability of rely
ing too much on this method, because in several in
stances he found a lack of positive correlation be
tween natural infection arid infection by inoculation 
among certain varieties. This was also found by 
Semeniuk (315). The reasons for these inconsistent 
results may be found in ditfercnccs of inoculum, tem
perature, and fertilizer. precautions arc necessary 
when selecting hybrids, a(Jd thc decision should not 
be based on onc year's res~lltS. 

Prematurely Dead Plall/s.-In some regions, espe
cially in Iowa and Illinois, premature dcath of corn 
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plants is one of the important types of damage caused 
by stalk rot (Fig. I D). Koehler (169) thought that 
premature dying of plants Was one of the best meth~ 
ods for estimating the comparative severity of stalk 
rot in a field. As corn maLUred, the percentage of 
prematurely killed plants usually increased. He ob
taineu a high correlation between premature dying. 
and hoth diseased nodes per stalk resulting from 
natural infection, and the amount of rot that devel
opeJ from artificial inoculation with Gibberella zeae 
and Diplodia zeac. 

A group of investigators at Illinois (73, 250 to 
253) studied stalk rot prevalence of some hybrids at 
the same location in 2 years, and at two locations in 
the same year over a period of 11 years. They found 
that premature death of the plants was an excellent 
method to evaluate stalk rot. 

It is important to remember that the amount of 
premature killing varies tremendously from one re
gion to another and apparently depends on time of 
infection. climatic condition. amount of moisture, 
topography of the land where the corn is grown, and 
severity of foliage diseases. Premature death may re
sult not only from natural infection but also from in
fection after inoculation. According to Koehler (166. 
1 fl9). premature uying occurs less frequently in 
plants inoculated with G ibberella zeae than with 
Diplodia ze(/c. Neither can premature death of plants 
he used as a criterion of infection unless there is a 
relatively high percentage of killed plants. Data must 
he taken before plants die as a result of maturity. By 
harvest time early varieties in a given locality are 
likely to have a higher percentage of killed plants 
than )ate-maturing hybrids. Data should be taken. 
therefore. on plants of about the same stage of matur
ity. It may be desirable to use several categories of 
maturity in rating the extent of premature killing 
(150). If the land is rolling, plot replication is most 
important. 

Dl'lermination oj Stalk Strength.-Firmness of the 
rotted areas of a stalk has been used to indicate the 
severity of infection (234, 235). This method con~ 
sists of pinching the stalks 1 or 2 feet above the 
ground and giving them a vigorous push at the same 
time. The firmness is sometimes combined with visual 
observation to arrive at the disease rating. The 
amount of tissue softening within the rotted area may 
vary with the pathogens. environment. and whether 
in hybrids or inbreds. This is a simple and practical 
method. Its chief fault apparently lies in the fact 
that corn stalks of certain hyhrids may harbor 
considerable rot which is sufficient to cause severe 
losses in kernel yield, yet the stalks are perfectly 
solid when squeezed between the fingers. 

Attempts have recently been made to determine 
precisely the strength of stalk tisslles hy measuring 
the pressure needed to crush them. Rind thickness 
and crushing strength appear to be correlated. and 
vary greatly with various environmental factors. 
Thompson (356, 357), Zuber and Grogan (408), 
McRostie et a!. (205), Loesch et al. (184), and 
Foley (98) have applied these procedures to tissues 
infected with stalk~rot pathogens and have found that 
less pressure was needed to crush tissue from inter-

nodes with rot, or from susceptible plants. than was 
needed to crush tissue from healthy or resistant 
plants. It seems likely that much could be learned 
about stalk strength if more of this type of work 
were done. The modern techniques for determining 
strength of wood might be useful. 

Relatiun oj Stalk Breaka!:c to Stalk Rot.-The 
development of corn hybrids with improved stand
ability has been a major ohjective in corn improve
ment for many years. Standability of a corn plant 
refers to its ability to remain upright in the field 
when the plant has reached full maturity and tissues 
have died. Poor standahility usually includes root 
breakage, stalk lodging, and stalk bre<1kage, and 
usually involves disease and insect damage. There 
may. of course. also be inherent structural weaknesses 
in plants. A secondary factor is wind strength; if 
stalks are rotted, the number of lodged or broken 
plants increases with wind velocity, especially late in 
the season. Most of the plants ;n entire fields might 
thus be broken (Fig. 1 C). 

Broken stalks arc sometimes used to estimate the 
amount of stalk rot. and arc also used by plant 
breeders in selecting for stalk~rot resistance. Broken 
stalks are obviously a good character to indicate to 
breeders \,.,hether or not the stalks arc resistant to 
stalk rot, because hroken stalks may make harvesting 
difficult. and delay harvesting. 

The development of high-yielding hybrid COrn that 
is resistant to the lodging and stalk breakage caused 
hy plant pathogens is one of the most difficult prob
lems encountered in breeding desirable agronomic 
hybrids. These characters arc associated with many 
variables. including physiological and morphological 
traits, plus resistance to plant pathogens and insects. 

The role of stalk-rot organisms in breakage of 
stalks has long been recognized. Pammel et aL (239) 
considered that much stalk breakage is the result of 
stalk rot. Since thcn many workers have reached the 
same conclusion. 

Different methods have been used in the field to 
determine standability of corn under natural condi
tions: pushing the stalk, hitting it gently with a board 
paddle. kicking the base of the stalk, comparing the 
number of stalks fallen and lodged with the number 
standing. Pulling devices have been used to determine 
relative root (lnchorage (106). These are helpful 
methods, but they do not necessarily give definite in~ 
formution on severity of stalk rot in relation to stand
ahility. Some corn with good stanuability may actu
ally be sLisceptihle to stalk rot, and thus sustain 
considerable reduction in yield (385). 

Durrell (77) used a mechanical procedure for 
hrcaking the stalks and found that rot reduced the 
breaking ~trength of stalks about 50%. He attributed 
this stalk weakness to assimilation of cellulose and 
lignin by stalk-rotting organisms. Since then, many 
have reported that microorganisms account for much 
of the stalk breakage and lodging. 
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Zuber and Grogan (408), employing a mechanical 
test for evaluating stalk strength, concluded that 
crushing strength of a stalk was correlated with stalk 
lodging and rind thickness. Loesch et a1. (184) later 
concluded that the thickness of rind was not affected 



by infection with Diplodia zeae, and that plants with 
thicker rinds had stronger stalks, and the rot did not 
significantly influence the amount of lodging in such 
plants. 

Koehler ct al. (160) concluded that Diplodia-in
fected seed reduced yields about 30% and increased 
leaning of plants by 10%. They attributed leaning 
and broken plants to rotting of primary roots and 
mesocotyL which resulted in underdevelopment of 
the secondary root system. Planting of seed infectcd 
with Cephalosporium acr('1llolliwll also increased the 
percentages of broken stalks. lnocuJating seeds with 
Gibberella zeae increased the percentage of leaning 
plants. There was no significant increase, however, in 
percentages of hroken stalks from the usc of seed 
naturally infected with Diplodia z('a(', Gibberella zeal', 
or Fllscl~iltm mOl/ili/orme. Durrell (76) also reported 
that no relationship was evident between diseased 
seed and breakage of plants at the first few nodes 
above the ground. Jugenheimer (150) concluded that 
there was an association between the amount of stalk 
rot and lodging in inbred lines. Others have reached 
similar conclusions. Since stalk rot is not necessarily 
the primary cause of all lodging. many investigators 
refer only to stalk breakage, and place lodging in a 
specific category. Nelson (230) recognized stalk rot 
as a cause of louging, hut thought that lodging and 
disease should he treated separately. He pointed out 
that stalks may hc weakened when in dense popula
tions. Others have emphasized that large populations 
often induce spindly stalks. 

Koehler et al. (160) empha~ized that throughout 
the United States corn seed is often internally infected 
with Fusarium mOl/ili/orllle, yet there is no indication 
that percentages of lcaning plants are increased by 
sowing such infected seed. This is rather surprising, 
as F. moniliforme often causes severe stalk rot. 

Although the percentage of broken stalks is not al
ways correlated with severity of stalk rot, it is fre
quently used to estimate the amount of stalk rot. 
There may be manv factors that influence the amount 
of stalk !)reaka!!e in a region. such as phvsiological 
and morphologi'Cal characters of the plant~ variation 
in soil type, fertility, moisture. and temperature, 
amount of wind at maturity, insects, and heritable 
weakness as expressed under certain conditions. Stalk 
rot usuallv does not cause breakage of stalks until 
the plant ~pproaches maturity, The~ earlier the infec
tion develops. usually thc greater the amount of stalk 
breakage. and the longer mature plants with stalk rot 
are left in the field. the greater the amount of stalk 
breakage. This is particularly true if there are fre
quent rains, followed by relatively warm weather and 
strong winds. 

There is a tendency for stalks of certain hybrids 
and inhreds to break primarily at definite places on 
the stalk. Of course. the point of breakage is de
pendent on the plant part attacked and the pathogen 
involved. Stalks attacked hy bacteria and Pythill111 
nearly always break ncar the ground line. In healthy 
plants. internodes and nodes near the ground arc 
usually much stronger than those higher up on the 
stalk. 

According to Foley (97). more than 95% of the 

stalks broke near the node in the lower portion of an 
internode, The node at which breakage occurred 
varied with the hybrid. Certain ones nearly always 
broke at the third node above the ground, others 
broke with about equal frequency at the third. fourth, 
or fifth node. He observed no increase in percentage 
of stalk breakage through artificial inoculation of the 
stalk. althoul!h he thoLicht that much of the stalk 
breaking wa; rclated to '-stalk rot. Corn plants with 
extensive decomposition of stalk parenchyma usually 
had the highest percentage of broken stalks. He ob
served that many broken stalks were not badly rotted, 
yet severely rotted stalks were not always broken. 
Young (403) and Wilcoxson (385) found that inocu
lation of stalks with Diploelia zeae above the ears re
duced yield in the absence of broken stalks. There is 
fairly good evidence that certain hyhrids and inhreds 
have good standability. although the internal tissue is 
very susceptible to internal rot hy Diplodia zeae and 
Gibberella z.('oe. During a 7-year period of testing 
commercial varieties in Minnesota (258 to 263.361), 
there was no obvious association between yield and 
percentages of broken stalks. Thus, in 1961 some 
varieties with 20 to 40% stalk hreakage out yielded 
those \\'ith 15~f or less, and vice versa. Similar results 
Were also apparent in other years. It should he em· 
phasized, however, that On small trial plots all the 
ears are picked by hand, and such tests do not neces
sarily represent a fair comparative yield trial when 
the same varieties are mechanicallv harvested. In tests 
of the latter type. the amount o(hroken and lodged 
stalks and dropped cars might materially alter the 
harvested yield. 

Resistance to Pythiu111 stalk rot and bacterial stalk 
rot is often hased on the percentage of plants that 
topple over at the ground line. In this instance stalk 
breakage appears to he entirely adequate and charac
teristic for the diseases. 

RESISTANCE 

Resistance of corn to stalk rot involves many physio
logical. morphological, and perhaps functional char
acteristics, which arc in turn influenced by many 
factors. As far as we know, no inbred or hybrid of 
corn is immune to stalk rot. Some arc considered 
highly resistant to certain pathogens. at least to cer
tain biotypes of the pathogen. Certain hybrid varieties 
are now grown in the corn belt that appear to be 
fairly resistant to stalk rot. How long: these will re
main resistant is unknown, and whether they will be 
resistant in othcr areas remains to be seen. . 

Artificial epidemics are usually more comparable 
from year to year than natural infections. It is. there
fore. highly desirable to have an efficient, convenient. 
and reliable method of producing an artificial infec
tion. 1n recent years much progress has been made On 
techni4ues for testing lines and varieties of corn. 
Therc is no mutual agreement on the method of 
selecting for resistance. Pam mel et al. (139) were 
perhaps the first to suggest that development of vari
eties resistant to stalk rot was the desirahle method 
for controlling this disease. Since then many investi
gators have reported pronounced variation in inbreds 
and hyhrids. Jugenhcimcr (150) found that thero Was 
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a tremendous variation among inbreds that were ex
posed to natural infection. In 1934, the infection 
ranged from a disease rating of 1 (very resistant) to 
4.9 (very susceptible). In 1935 differences were al
most as great. The differences in disease ratings in 
crosses ranged from 1.4 to 4.4. Koehler and Boewe 
(164) found that during the severe epidemic of stalk 
rot in 1946, the worst on rccord, all susceptible in
breds and single-crosses were completely killed, and 
all the stalks were broken as early as September. Cer
tain inbreds and crosses had relatively little internal 
rot, and were either resistant or moderately resistant. 
The difficulty of obtaining resistant hybrids may be 
illustrated by the work of Wiser ct aI. (397), who 
reported that inbreds vary tremendously in their re
sistance to ear rot; some transmit a high degree of 
resistance, whereas others impart susceptibility to 
their progenies. Russell (289) stated that ability of an 
inbred to contribute to stalk resistance can bc mea
sured satisfactorily only by testing hybrid combina
tions in the field. Taylor (352) found that, when 
inbreds were artificially inoculated with Cephalospor
ium acremonillll1, they were more susceptible than 
the hybrids. 

Resistance to basal stalk rot and stalk rot involves 
resistance to several pathogens. While resistance to 
one or more pathogens has been frequently reported, 
there is no evidence that any variety is resistant to 
all stalk-rotting organisms. Varieties considered resis
tant to Diplodia stalk rot are very susceptible to bac
terial stalk rot in Egypt (294). 

Sprague (334) stated that reaction of corn to 
Diplodia zeae provided a measure for resistance to 
stalk rot in general. There can be no question that 
a great many inbreds and hybrids can be eliminated 
by testing either with D. ze(1e or Gibberella zeae, but 
varieties resistant to one pathogen are not necessarily 
resistant to other pathogens, and resistance in one 
part of a plant does not insure resistance in other tis
sues (126). Young (403) and Reece (274) found 
that certain inbreds and hybrids reacted differently 
to different pathogens Some were susceptible to Gib
berella zeal'. hut strikingly different in their reaction 
to Diplodia zeae. DeVay et a1. (62) inoculated more 
than 100 inbreds and hybrids with Diplodia zeae and 
Gihherella zeae on toothpicks. and the disease rating 
was based on amount of necrosis of the stalk 3 weeks 
after inoculation. They found tremendous differences 
in the degree of susceptibility. Some inhreds were 
resistant to Gibberella zeae, but highly susceptible to 
/)iplodia ::.('(/('. The reverse ;1lso occurred infrequently. 

Wood (398) obtained marked differences in reac
tion of 24 single-cross dent-corn hybrids to root rot 
and basal stem rot in Ohio when they were grown in 
soil previously cropped to corn. All 14 crosses except 
one involving the two parental inbreds, IIl.A and 
WF9, had more than 50% diseased roots. The other 
10 crosses with the inhred, Oh45, had a lower disease 
rating than did other crosseS. 

Open-pollinated corn varieties also dilfcr in SllS

ceptibility to stalk rot. Some think that open-pol
linated corn is more susceptible than hybrids derived 
from inbrcds of a given vj.riety. All open-pollinated 
varieties are obviously made up of a population of 

plants different from one another not only in agro
nomic characters, but in disease reaction to different 
pathogens. The plants in hybrid populations are obvi
ously morc or less uniform in genetic constitution, 
including disease reaction. All discase reactions in
cluding stalk rot often appear much more uniform 
and conspicuous, therefore, in hybrid varieties than 
in open-pollinated varieties. 

Sidorov et a!. (324) tested 38 inbreds, hybrids, and 
varieties of corn for resistance to Diplodia zeae in 
Russia. They reported marked differences in suscep
tihility. Flint corns were generally more resistant than 
dent corns, and certain inbreds from Argentina and 
the USA were resistant. Sansom (300) reported that 
Diplodia zeae was prevalent in Rhodesia. All the 
local varieties were susceptible to stalk rot, but im
provement has been made by hybridization and selec
tion. Elliott (90) found varieties of corn resistant to 
Pythium sp. The Egyptian workers considered many 
local varieties resistant to bacterial stalk rot (294). 

]n important corn-growing areas of the USA there 
are hundreds of hybrid varieties of corn available for 
planting. Thcse varieties differ greatly in many char
acteristics, including their tendcncy to lodging and 
stalk breakage, and their susceptibility to internal 
necrosis \vhich may reduce grain yield without break
age of stalks. The performance of hybrids in particu
lar regions or states can, fortunately, he ohtained 
from the various experiment stations (71, 72, 231, 
258 to 263). 

Some hybrids vield hctter than others when in
fected with either.' Diplodia zeae or GibherelJa zeae 
(218, 3X5, 387); this suggests a certain amount of 
tolerance to stalk-rot infection. There is a need for 
much more testing of hybrids for this valuable char· 
acter under different field conditions. 

According to Sprague (334), there are marked dif
ferences in frequency of genes for resistance to stalk 
rot in ditTerent varieties. In one variety the incidence 
of genes for resistance is low, but much higher in a 
synthetic variety made up of many stiff-stalked in
breds. It should be remembered that stiff-stalked 
varieties are not neeessarilv resistant to stalk rot. 

Smith et al. (329) fou~d hybrids of resistant and 
susceptible inbred lines to be fairly resistant to cor
tical sprcad of Diplodia zeae when artificially inocu
lated. This indicatcd that dominant factors imparted 
resistance to D. zeae. Jugenhcimer (150) studied re
sistance to 412 inbreds, 93 single-cross. and 63 top
cross hybrids over a period of years. He found that 
24 top-crosses were decidedly more resistant than the 
24 inbrcds involved. The rotted internodes of inbreds 
had an average disease rating of 3.2, and top-crosses 
only 2.2. 

Young (403) compared the pathogenicity of 6 
species of fungi: Diplodia zeae, GihberelJa zeae, 
Fusarium moniliforme, Penicillium oxaJicltm, Pyrh
iUlH hutleri, and HelmilltlwsporiulH sp., on eight 
inbrcds and four single-crosses of corn. Tests were 
made on both seedlings and adult plants. On the seed
lings, Gihberel/a zeae was most virulent, followed in 
order of decreasing virulence by Helminthosporium, 
Pythilllll hlltleri, Diplodia zeae, Fusarium l1loflili
forme. and Penicillium oxalicllIJl. Differences among 
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the pathogens were statistically significant. All in
breds were susceptible to Gibberella zeae and He!
mimhosporillln sp. The inbreds were gcnerally sus
ceptible to the other four pathogens, although in some 
cases an inbred was susceptible to one pathogen and 
resistant to another, and vice versa. With the adult 
corn, Young (403) likewise found differences in the 
reactiuns of the adult plants to the six pathogens. 
McKeen (199) found that certain inhreds were sus
ceptible to Gibherl'lla zeae and resistant to Pythium 
sp .. and vice versa. 

lugenheimer (150) studied six inbreds and nine 
single-crosses. The average Dip/ollia disease rating 
for the susceptible inbreds was 5.6 (amount of pith 
rotted in the internodes), and the resistant inhred 
averaged 3.1, whereas the single-crosses averaged 3.5. 
Resistance in crosses thus approached the resistant 
parental inhreds. In the matter of cortex rot similar 
results were ohtained. He also found that some 
crosses were less resistant than the parental inhred 
line. He concluded that, although resistance to stalk 
rot was complex and partially dominant, it appeared 
to be due to many factors. He also concluded that 
some inbrcds werc more potent in transmitting rcsis
tance than others. Taylor (52) studied the inheri
tance of corn to stalk rot caused by Diplodia zeae. 
He concluded that inheritance was complex, and rc
portcd that the Fl hybrids between moderately resis
tant and susceptible inbreds approached the resistant 
parent. The F:! hybrids and backcrosses were inter
m:::diate between the two original parents. 

Sprague (334) concluded, on the basis of inocula
tions with Dipfodia zeae, that resistance of the Fl was 
intermediate bctween two parental inbreds, one sus
ceptible ano the other resistant. The F2 had a little 
more resistance than the Fl' while back crosses 
tended to approach the reaction of their recurrent 
parent. 

Reece (274) studied the inheritance of stalk-rot 
reaction in the field to two specific organisms, 
f)iplodia Zl'lll' and Cibberdlll zeae, and also to a mix
ture of stalk-rotting organisms. including Dip[odia 
zeae, Gibberdla zeal', Fllsarium monili/orl1ll). Hel
mintilosporillm ('arbonum, Penicillium oxalicllm, 
Nif!,rospom oryzae, and Pythium butleri. He studied 
inheritance of stalk-rot resistance between two crosses 
grown at St. Paul and Waseca, Minnesota, for 2 
years. The type of inheritance was quantitative in 
nature. He also obtained a high correlation between 
stalk-rot reactions of F:~ and F~ plants to general field 
infection and to GibhereJla zeae inoculations. hut this 
was not true for Dip/mlia zeal' inoculations. He found 
highly significant dilTerences among Fa and F 4 lines 
to Diplodia ::.eae and general field stalk rots. 

Zuber et al. (409) obtained good agreement be
tween the reaction of inbred parents, F, and F, prog
enies, and backcrosscs when inoculated with Di
plodia zeae and Gihherella zeae. They concluded, 
therefore, that the reaction of the inbrcus gave as 
much information on resistance as the Fl and F2 
crosses. 

Hooker (unpublished) has studied in 11linois the 
inheritance of resistance to Diplodia Zl'lle in numer
ous inhred lines through inoculation of inbred. Fl' F;!, 
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and backcross populations. The data indicate that re
sistance is a quantitative character. and inherited on 
a multiple-factor basis. Heritability values were quite 
high. Although rcacting similarly as lines, some in
bred lines were more effective than others in trans
mitting resistance in hybrid combinations. 

Most workers agree that resistance is inherited in 
a quantitativc manner and that the degree of resis
tance in hybrids is usually proportional to the num
her of resistant inbreds used in the cross. There is a 
strong tendency for corn hybrids to respond similarly 
to the stalk rot caused by different pathogens. The 
hybrjd plant, whether a single- or doubJe-cross hybrid 
will tend usually toward resistance or susceptibility, 
depending upon the genetic makeup of the parental 
material. It is, of course, important to choose parents 
adapted to a particular region. 

According to Koehler (169), hybrids once con
sidered resistant have been discarded because of their 
susceptibility. It is reasonable that this should happen, 
because stalk rot is a complex disease involving many 
pathogens which consist of many races and biotypes 
of differing parasitic ahility. 

Since seedling blights and ear rots are often related 
to stalk rot, some information about resistance to 
these di:)eases will be presented. Holbert ct a1. (J 22) 
showed that strains of corn differed in their resistance 
to root rot when the kernels were inoculated with 
G ibberella zeae before planting. Mel ndoe (197) 
studied thc inheritance of Seedling blight due to Gib
here/la zeae. He found that crosses between resistant 
and susceptible inbreds gave different results in the 
Fl generation. The hybrids were sometimes resistant 
and somctimes susceptible. Two parents intermediate 
in susceptibility sometimes produced resistant prog
eny; crosses between two very resistant parents 
sometimes produced progeny that wcre intermediate 
in resistance. Haycs et a1. (110) obtained variable 
results and concluded that reaction of seedlings to 
Gibherella zeae was of little value in a corn-breeding 
progrnm. Blaak (21) obtained somewhat similar re
sults. Barnes (14), however, found that seedlings 
from parents resistant to stalk rot were much less 
severely infected than those seedlings from parents 
susceptible to stalk rot. He concluded, however, that 
many unrelated crosses should be made before defi
nite conclusions arc drawn regarding the relation
ship of seedling resistance to stalk-rot resistance. 
Such a test should be made with a number of different 
species and isolates of pathogens. 

Young (403) found that the resistance of a cross 
to seedling infect jon was Illways more or less c"lual 
to the more resistant parent. Although in some cases 
this relationship held true for the reaction to stalk 
rot, there was no general or consistent relationship 
between reactions of parents and progeny. Since in
breds did not usually react the same to seedling hlight 
and stalk rot. he concluded that the same genetic fac
tors do not control the I'caction to both seetIling 
blight and stalk rot. The disea<;e reactions of certain 
inhrcds were. moreover, specific to only certain races 
or hiotypes of the pathogen. Tests for resistance 
should, therefore, not be based on single isolates but 
on many isolates from different sources. 



Smith and Trost (332) obtained no correlation 
between the amount of Diplodia zeae ear rot in in
bred lines and their progenies. Wiser et aL (397) con
cluded that inheritance of corn ear-rot resistance was 
quantitative. The inbreds which have essentially simi
lar resistant reactions to ear rot differed widely in 
their ability to transmit the resistance. Savulescll and 
Rayss (303) reported that Nigrospora oryzae did not 
attack Romanian maize. Zea mays var. vulRata, but 
attacked severely Z. mays var. dentiformis grown on 
the Danube plains. 

Holbert et a1. (121) concluded that corn resistant 
to ear rot was also resistant to root aOlI stalk rot. 
Koehler and Holbert (161) reported that resistance 
to ear rot was dominant. 

Since inbred and hybrid corn varieties differ greatly 
in resistance to stalk rot, it is important to know the 
nature and cause of these differences. For plant 
breeders to make rapid progress and to utilize inbred 
lines most effectively and effiCiently, they should 
understand the nature of resistance. It would be ex
tremely important to learn whether there is a general
ized type of resistance against the major stalk-rotting 
organisms. ]t would be desirable to learn why one 
inbred or hybrid is resistant to Diplodia zeae but sus
ceptible to Gibberella zeae, and vice versa. In recent 
years many attempts have been made to account for 
differences in susceptibility among corn varieties. 
These studies involved physiological, biochemical, 
and morphological tests. 

It is well established that corn stalks inoculated at 
about silking time are much more susceptible than 
when the plant is growing rapidly. Corn stalks at this 
time are more susceptible in the upper internodes 
than in those near the ground. This difference in resis
tance tends to disappear in 2 or 3 weeks. Although 
early-maturing varieties tend to be more susceptible 
than late varieties, sometimes the reverse is true. 
These differences in resistance and susceptibility sug
gest that physiological changes and differences must 
occur in the host. Studies on the differences in resis
tance among inbreds and hybrid crosses which are in 
the same maturity class also indicate that these differ
ences arc primarily physiOlogical. It is true, however, 
that certain types of standability may be morphologi
cal rather than phYSiOlogical; stand ability of a variety 
is not necessarily an indication of resistance to rot 
within the stalk. 

There are conflicting reports on the morphological 
nature of resistance. Durrell (76, 77) indicated that 
resistant inbred lines contained more lignified tissue, 
especially in the lower nodes, than did susceptible 
inbreds. This was determined by recording with a 
spring balance the pressure required to hreak the 
stalk. It required about twice as much pressure to 
break the stalk of a healthy node as a diseased one. 
Hunter and Dalbey (137) observed an association 
between anatomical structure of inbred lines and the 
tendency to lodge. Loesch et a!. (184) concluded that 
rind thickness was not affected by Diplodia zeae in
fection, but that the crushing strength of the stalk in 
lodged and susceptible crosses was reduced. On the 
basis of histological studies, Magee (189) concluded 

that resistance to stalk breakage probably involved 
both morphological and physiological factors. Stiff
stalked inbred lines generally had greater stalk diame
ter, thicker cell walls in the cpidermis, fewer vascular 
bundles in the rind, and a higher percentage of sheath 
per bundle than the weak-stalked inbreds. Certain 
weak- and strong-stalked inbreds, however, did not 
differ morphologically. Boothroyd (27) determined 
the stalk diameter, thickness of rind, number of vas
cular bundles in the rind and the pith of inbreds with 
poor and good standability, but found no association 
between these characters and standabilitv of corn. 
Hoadley (116) failed to find any indication~ that stalk
rot resistance was associated with mechanical barriers. 

Fusarium moniliforme is retarded in the corn seed
ling by the endodermis of the radicle (373). Blaak 
(21) made extensive histological studies of tissues of 
primary and secondary roots, mesocotyl, and coleo
rhiza. This work involved 18 varieties of corn differ
ing in resistance to stalk rot. He concluded that there 
was no correlation between the histological properties 
and resistance to the seedling blight caused by Gib
berella zeae. He concluded that stand ability of corn 
was associated with a high number of vascular bun
dles in the fourth node above the soil. Even when 
the plants were partly rotted by Gibberella zeae, the 
number of vascular bundles appeared to give strength 
to the stalks. 

Johann and Dickson (146) found that certain in
bred and hvbrid lines contained a substance in the 
stalks which-, when extracted and introduced into a cul
ture medium, retarded the growth of several organ
isms. This test involved 11 inbreds and five single
crosses that differed markedly in susceptibility to stalk 
rot. Extracts obtained before the silking period of plant 
maturity, from aH materiaL retarded the growth of 
Dipladia zeae, Gihherella zeal', and Ni[!,rospora 
oryzac in a nutrient culture. They found that the in
hibitory suhstance was less abundant as the plant ap
proached maturity: the decrease in the amount of the 
suhstance was slower in the resistant stalk than in the 
susceptible one. This was related to the greater sus
ceptibility of the plants as they matured. Defoliation 
and the prevention of pollination did not modify the 
growth-retarding effect of the substance. Whitney and 
Mortimore (382) obtained a crude ether extract from 
two-months-old. corn plants which proved to be in
hibitory to Gibherella zeae and Fusarium monili
forme. At first they thought that the high degree of 
stalk-rot resistance in young corn plants might be due 
to a high level of this compound, hut later considered 
it unimportant when they found about egual amounts 
in resistant and susceptible hybrids. Barnes (15, 16). 
using G ibbl'rella Zl'ae as an assay organism, concluded 
that there is an inhibitory substance in resistant stalks 
that is present in significantly higher concentrations 
than in susceptible stalks at the early stages of kernel 
development. After silking, the toxic substance de
creased in all inbreds and crosses. He considered the 
substance to be fungistatic rather than fungicidal to 
Gibberella zeae. His results indicatcd the substance, 
6-methoxy benzoxozolinone. did not occur in a free 
state in the corn plant, but existed as a glucoside 
precursor. He postulated that the invading fungus 
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caused an irritation of the host cell which stimulated 
the release of the antifungal compound. 

Pappelis (240,241) found that, at the end of the 
growing season, the spongy pith tissue of lodged and 
stalk-rot-susceptible varieties was dead, whereas simi
lar tissue from non-lodged, but resistant varieties, was 
alive. He suggested that living cells continuously 
form a phenolic compound, and when wounded they 
release sufficient toxic substance to inhibit the invad
ing fungi. 

Foley (95) reported that cellulase occurred in corn 
plants susceptible and resistant to Fusarium monili
forme. He suggested that resistant plants might con
tain a cellulasc inhibitor. 

Barnes (15, 16) also isolated an indole-containing 
compound from the corn stalks which stimulated the 
growth of Gihberella zeae. Sub.stances that stimuJate 
growth of fungi might, therefore, he as important as 
inhibitory substances. Taylor (351) obtained similar 
results. He found that the plant juice from resistant 
plants supported the growth of Diplvelia Z('ac some
what hetter than juice from susceptihle plants. He 
also incorporated juices from nodes and internodes 
into agar and grew Diploelia :_cae on them. These 
gave no indicntion of differences in resistance among 
inhred lines or parts of host involved. 

Andrew (6) thought that hybrid corn resistant to 
one agent might be susceptible to another. and this 
might he due to different chemicals present in the 
various hybrids. 

Considerahle evidence has been obtained that the 
level of sugar in the stalk may greatly innuencc the 
severity of staJk rot. Dickson (64) and Dickson and 
Holbert (65) reported that high pentose sugar in 
corn seedlings renders them susceptible to blight; 
whereas, corn high in hexose sugars was resistant. 
Cell walls of the highly resistant inbreds were more 
highly suberized than those of susceptible inbreds. 
Plants, when grown at higher temperatures, 24° C or 
above. were more highly suberized (249). Peterson 
found no relationship oetween sugar content of plants 
and resistance to seedling hlight (257). 

Morris (228) and Sayre et aL (305) found that 
total sugar in corn stalks reaches a peak ahout one 
week before fertilization of ears, and then decreases 
with maturity. These changes were in concentration 
of sucrose rather than in the level of free reducing 
sugars. They also found that removing the ears from 
the stalks caused 3 to 5 % increase in sucrose over 
that of fruiting stalks. Barren plants are usually resis
tant to stalk rot. The removal of some of the leaves 
of the corn plant reduced sucrose content of the 
stalks; this explained the increased susceptibilty to rot 
when plants were defoliated. 

Holhert et al. (125), from experiments in which 
pollination was prevented and which involved partial 
defoliation, concluded that low carbohydrate content 
of the stalk increased susceptibility to Diploelia stalk 
rot. De Turk and associates (60,61) found that. dur
ing Septemher, susceptible hyhrids had less total sugar 
in stalks and shanks than did the more resistant 
crosses. Differences in sugar contents were also 
greater, or at least as great, in the lower part of the 
stalk as higher up. They also found that removing 

about 30% of the leaves during J 0 days after pollina
tion increased susceptihility to Dip/velia stalk rot. 
There was an equal amount of reducing sLigar in both 
the resistant and susceptible varieties. Messiaen (213) 
found in France that hybrid corn was more resistant 
when the sLigar content was higher than 59% in the 
basal portion of the stem. Craig's studies (53,55) in
dicated that sugar contcnt of susceptible inhrcds de
creased the first 4 weeks after pollination, whereas 
it increased in resistant inbreds. 

Zuber et al. (409) found a high correlation be
tween stalk rot caused by Diplodia zeac and Gih
berel/a zeae, and high nitrogen content of the stalk. 
There Was a negative correlation with content of cel
lulose. crude fiber, lignin, and ash. They believed that 
infection of stalks by hoth D. zeae and G. Zl>ae might 
interfere with translocation of substances as weB as 
with their elaboration and utilization. 

The mode and nature of action of fungi are im
portant as they relate to availahle food in the plant. 
DUffell (76) pointed out that Diploelia Zl'ae was an 
omnivorous feeder and grew well on most standard 
media; it even grew well and fruited profusely on 
pure cellulose agar. Since it can readily utilize cel
lulose, it is easy to understand why it grows well on 
the nodes and weakens the stalk. Because D. zeae 
grew on a great variety of substances he concluded 
that it produced many diITcrent enzymes. 

Stevens and Wilson (343) reported that Diplvelia 
zeae produced a biotin-like substance, but Dip/()(lia 
macrospora, a less common species of Diploelia on 
corn, did not. Both species require the biotin-like 
substance for growth. Apparently the corn plant pro
vides this vitamin for Diplodia macrospora, and a 
similar situation may prevail for other more impor
tant pathogens. 

Kent (] 54) found that Diploelia zelle prOduced a 
substance during normal growth which inhibited its 
own growth and retarded spore germination. McNew 
(202) had previously shown that an extract of old 
Diplodia zeae cultures not only inhibited the fungus 
in culture but also prevented seedling blight. It is also 
possible that substances released by fungi may make 
corn more susceptible to stalk rot. Wilcoxson and 
Sudia (384) found that gibberellic acid made corn 
seedlings more susceptible to seedling blight. 

Johann (142) showed that Penicillium oxalicum 
produced lesions on seedlings of corn in advance of 
the hyphae. By killing the tissue in advance of 
growth, the fungus paved the way for its ingress and 
perhaps that of other fungi. According to McNew 
(204), Diplodia zeae also produced lesions on the 
mesocotyl of corn in advance of the mycelium. 
Roberts (278) noted marked discoloration of vascu
lar tissue in corn stalks hy Diplodia Zl'ae in advance 
of the mycelium. Similar discoloration of vascular 
bundles is also caused by Gibberella z(;'((e, Fusarium 
sp., and Cephalosporium sp. The killing of cells and 
tissues in advance of the fungus may be important in 
the physiological damage to the host. 

Craig and Hooker (54) made histological examina
tions of adventitious roots and stalks infected with 
Diplodia zeae. They observed browning and deposi
tion of granular material in the roots. The vessel cle-
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ments of the infected roots and stalks were occluded 
with a lignin-like material, as indicated by s taining 
with phloroglucinol. In many cases tbere apparently 
were no hyphae present in the occluding substances. 
They believed tbat the most damaging aspect of the 
infection was the plugging of the vascular system. 
Johann and Dickson (146) reported tbat discolora
tion of tissue by fungi was darker in resistant than in 
susceptible tissues. The spread of Dip/odia zeae was 
limited to the dead cells. Also the inherent suscep
tibility to stalk rot was associated witb the prevalence 
of dead parenchyma cells in the stalk pith. Pappelis 
(240) and Pappelis and Smith (24 1,246) found that 
talks with wbitish pith tended to be susceptible to 

Dip/odia zeae. Cells containing air were low in 
specific gravity, non-liv ing. and more susceptible to 
attack. Pith with higb density had a higb percentage 
of living cells and was associated with re istance to 
s talk rot. Craig (53) and Craig and Hooker (55) 
Obtained similar results on specific gravity of pith 
tissue in rel::ttion to susceptibility to s talk rot. There 
also was a tendency for the specific gravity to dimin
ish wi tb time after silking. The data indicate an in
ver e association between specific gravity and sus
ceptibility to stalk rot. Wcrnham (380) recorded a 
positive association between susceptibility to s talk rot 
caused by Gibberella zeae aod the percentage of dry 
pith in the tnlk internodes. More attention should be 
given to this as oeiation, :IS Pappelis bas made the 
same ob ervation in connection with Dip/odia :eae 
and Gibberella zeae (242.246) . 

Bijl ( 19) stated that the mycelium of Dip/odia 
zelle is confined to the cell lumen, and the hyphae 
grev. from cell to cell through the pits in the cell 
wails. Hyphae were never observed to bore directly 
through the cell wal1. Pear on (249) studied tbe para
silism of Gibberella zeae on seedling. 

A lthough stalk rot of corn has been studied exten
sively during tbe past 50 years, little is known about 
what bappens to cells as necrosis develops. The size 
and color of the lesions are usually described along 
with the observation that the pith disintegrates, leav
ing only the vascular bundles and the sclerous outer 
tissues of the stalk (169, 200). Darkened vascular 
bundles (Figs. 7B. ) 2) extending from the necrotic 
lesion have been mentioned by several workers (54, 
76.204,217,273). but no explanation of their origin 
has been given. 

II is difficult to study the development of stalk-rot 
Ie ions occurring naturally on planls in the field be
cUU 'c one does not know where lesions will he and 
they arc often large before they are discovered. 
Roberts (178) and Littlefield and Wilcox on (l80, 
J 8 1) s tudied this problem by following the develop
ment of lesions on inocula~ed plants. They think that 
the development of lesions resulting from natural 
infection and inoculation is imilar. Roherts (278) 
found that the necrosis spreads upward and down
ward from the point of inoculation: in 2 week the 
necrotic area reached the nodes from the point of 
inoculation located midway in the internode. Some 
necrolic vascular bundles also pas ed through the 
node and may extend as far as the fourth internode 
above the inoculation si te . The intensity o f the colora-

Figure 12. Dark. v:1scular bundles extending (rom a 
s\.a\k-rol \e~'lon produced 'by i(locuhning with FlIsarium 
g ralllinearlllll. 

tion of the pith tis ue and bun~les may vary, even 
with a single pathogen . froro hght lO dark brown, 
and there may be a dark band th~t encircle~ th~ en
tire rotted area. I n a few days the lO(ccted pith tissue 
of the inoculated internode begins to deteriorate. and 
give rise Lo the dry rot so chara~teristic of Dip/odia 
::;eac. Roberts fount.! that t(1e discolored cells sur
rounded the bundles. extending from onc bundle to 
anotber. These cells collapsed and were irregular in 
shape. The parenchyma cells outside this band were 
only slightly diseo.lored. and some were not necrotic 
a t all. Hyphae of Dip/odill zcne were observed to ,be 
intracellu lar adjacent to the da rkencd band of pith 
ti~sue. 1 hey were al 0 observed to a limited extent. in 
ce lls slightly discolored. The number of hyphae vaned 
from a [ew strand to a ball of mycelium. Dark mate
rial in the infecled cell incrca ed in intensity as the 
amount of mycelium increased. Wherever discolora
tion of the pith cells occurred. the intercellular space~ 
were filled with a dark-colored sub 'lance. Necrosi!> 
\\ ithin the bundle was u ually confined to the xylem 
and phloem tis ues: the -phloem was more ioten el! 
discolored than the xylem. Tbe hyphae were observed 
in the lumen of the sieve tube~ in the phloem, and the 
vessels in the xylem were often plugged with a mass 
of the dark brown hyphae of Dip/odia zeae. The 
hyphae observed in the phloem were much smaller 
than those found in either the pith or xylem. Necro is 
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of bundles did not decrease as they passed through 
the node. After a few weeks, deterioT at ion frequently 
had begun in the internode above the one inoculated. 
Necrotic bundles oftcn extended to the fourth inter
node above the inoculated internode. Diplodia zeae 
was isolated from the bundles in the third internode 
above the point of inoculation. Furthermore, most of 
the upper internodes were necrotic at the end of 4 
weeks. Strands of necrotic tissue extending from the 
site of the inoculation into the node and the next 
internode arc not uncommon. These strands were 
associated with chlorotic streaks in the rind tissue. 
Five weeks after inoculation, the rind was almost 
completely necrotic, and quickly lost rigidity. Spo,ula
tion was abundant 4 weeks after inoculation. 

Results of Littlefield and Wilcoxson (180, 181) 
were similar to those just mentioned, but present more 
details on lesion development. They studied two stalk
rot susceptible inbred lines and two tesistant lines 
inoculated in the second internode above the soil 
with Fusarium graminearum during anthesis on 9 
August, 1961. Inoculated internodes were collected 3, 
6, 9, 12, and 15 days after inoculation, and fixed in 
formalin-alcohol-acetic acid solution. Free-hand sec
tions of the internodes were made with a razor blade, 
and mounted in glycerin-jelly or lactophenol. The sec
tions were made across the central portion of the ne
crotic area close to the point of inoculation (the A 
zone), across the margin of the necrotic lesion (the 
B zone), across the tissues outside the necrotic area 
but containing darkened vascular bundles (the C zone). 
In this paper the different parts of the lesion will be 
referred to by the A, B, or C designation. Except 
where specified, all sections were taken from the 
central (pith) vascular system rather than from the 
peripheral (rind) vascular system. NOlle of the sec
tions was stained, and all were cross sections except 
where it was necessary to have longitUdinal sections. 
Approximately 22,000 sections were examined. The 
development of lesions in the several inbred lines was 
similar. The lesions in resistant lines differed from 
those in susceptible ones only in size, not in the way 
they developed. 

The first noticeable change in the tissues of zone A 
was darkening of cell walls in the pith surrounding 
vascular bundles and the occluding of intercellular 
spaces of the pith with an amber to brown substance 
of dried resinous appearance (Fig. 2A). Walls of the 
sieve tubes and companion cells also began to darken. 
About 10% of the bundles had vessels and tracheids 
that were partialfy to completely occlUded. Six days 
after inoculation the lesions were usually large 
enough to be divided into the A, B, and C zones. 
On the sixth day, the walls of pith cells surrounding 
the vascular tissue in zone A were very dark, and 
heavy intracellular occlusions had begun to form. 
Phloem cell walls were more intensf!ly discolored 
than on the third day and, in about 50% of the 
bundles, sieve tubes and companion <::ells were oc
cluded. The protoplast collapsed in many of the sieve 
tubes. The vessels were occluded in about 10% of the 
bundles. Nearly all phloem in zone C bundles was 
normal except that a few cell walls had darkened. 
About 25% of the darken~d bundles Were occlud~d 

(Fig. 2B and C). By the ninth day after inoculation 
the discoloration and occluding of the pith paren
chyma was much more intense than on the sixth day. 
Essentially all vascular bundles in zone A had 
heavily discolored and occluded phloem, and about 
50% had occlusions in the vessels. The occlusion 
and discoloration of the pith cells in zone B was 
much less intense than in zone A. The phloem 
cell walls in zone B were discolored, but there was 
less plugging than in zone A. Nine days after inocu
lation none of the sieve tubes or companion cells of 
zone C contained occlusions, but most had discolored 
walls. Approximately 25 % of the bundles had par
tially occluded vessels. Pith cells appeared healthy 
in zone C. Twelve days after inoculation the occlu
sion and discoloration of parenchyma cells surround
ing the vascular bundles was very pronounced. Oc
clusion of xylem and phloem in zone A was less 
prcvalent than at 9 days. This might have been due 
to translocation of the substance into the B zone 
where about 25% of the bundles had occluded 
phloem, and 25-40% occluded xylem. In zone B the 
pith discolorations were less intense than in zone A. 
In zone C, 12 days after inoculation, no phloem oc
clusions were found, and less than .-=;0% of the 
darkened bundles had discolored phloem cell walls. 
About 50% of the darkened bundles contained oc
cluded vessels, and all were surrounded by ;lealthy 
pith cells. The tissues infected for 15 days were 
essentially the same as those infected for 12 days. 

To identify chemically the substance occluding 
the tissues, histochemical studies were made. Tests 
for lignin, lipids, proteins, and starch were all nega
tive. Resorcin blue stained the majority of the oc
clusions on which it was tested, but anal in blue did 
not. When the tissues were placed in ruthenium red, 
the occlusions in xylem were stained in more than 
90% of the bundles. The occlusions in phloem and 
pith tissues were, however, not stained. Solubility 
tests were also made to further characterize the 
occluding material. The substance was insoluble in 
hot water, ethanol, formalin-alcohol-acetic acid solu
tion, saturated copper oxide ammonia, and 1 % 
NaOH. The substance thus appeared to be pectin or a 
substance containing pectin. It did not appear to be 
callose, lignin, lipid, protein, or starch. 

Sections were also studied from lesions of 10 
plants inoculated with Diplodia zeae since Craig and 
Hooker (54) reported finding lignin in occluding 
substances occurring in xylem of plants infected with 
that pathogen. Some sections were treated with 
ruthenium red, a stain for pectic compounds, and 
others with phloroglucinol, a stain specific for lignin. 
The occluding material in the xylem was stained with 
ruthenium red, but in the phloem and pith it was not. 
None of the substance was stained with lignin stain. 
When sections of tissue from lesions were placed in 
pectinase to detcrmine whether the enzyme could 
remove the occluding substances, the pectinase failed 
to remove any occlusions in the cells, and it caused 
no dissolution of the parenchyma tissues located in 
necrotic lesions, particularly older lesions. In healthy 
tissues, pith immediately around the vascular bundles 
was dissolved and all of the hundles were left free of 
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the parenchyma tissue. In 2-day-old necrotic lesions 
about 80% of the vascular bundles were separated 
from the parenchyma tissue. In 4-day-old lesions 
practically none of the parenchyma tissue was dis
solved by pectinase. and only one or two per cent of 
the vascular hundles were separated from the pith 
cells. At this time large quantities of the dark-colored 
materials werc present in the pith cells. The paren
chyma cells surrounding the dark vascular hundles 
extending out of the necrotic areas were frequently 
dissolved by the pectinase. but if the cell walls had 
begun to darken or if the dark substances had begun 
to accumulate. the pectinase did not affect the tissues. 
In all sections. when necrotic or healthv tissue was 
treated with pectinase. the phloem parti~1I1y to com
pletely disintegrated. Tn healthy tissue treated with 
pectinase. the parenchyma and the phloem tissues 
disintegrated. and the vascular hundles were left free. 

Littlefield and Wilcoxson (181) also studied the 
development of necrosis in plants naturally infected 
with stalk-rot fungi. Naturally occurring stalk rot 
llsually is not detected in Minnesota until after mid
September. The stalks selectcd for sectioning had 
dark lesions on the nodes. werc heginning to soften 
slightly, or were quite soft when squeezed hetween 
the thumb and fingers. The sections were made with 
a razor blade and mounted in glycerine-water solu
tion. The most noticeable macroscopic characteristic 
of the tissue was the disintegration of pith paren
chyma surrounding the vascular hundles. The dis
integration of the parenchyma tissue began immedi
ately around the vascular bundles in the outer areas 
of the central vascular system, and the parenchyma 
around the more internally located bundles later 
began to disintegrate. Most of the parenchyma in the 
stalk gradually disintegrated. and finally produced an 
outer shell (the peripheral vascular system) with 
loose vascular bundles of the central vascular svstcm 
extending between the nodes v,:ithout supp~)rting 
ground parenchyma (Fig. 2G and H). The result of 
this decay was a loss of stalk strength and an in
creased susceptihility to lodging. All bundles in the 
central vascular svstcm were free from discolora
tion and no occluding substances were present in 
any of the tissues. The phloem had complctely dis
integrated in all hundles observed. Blackened bundles 
wer~ present only in the necrotic areas of the periph
eral vascular system of these naturally infected plants. 
Approximately 5% of the bundles in the necrotic 
peripheral vascular system had xylem vessels partially 
to completely occluded. The occluding substance 
appeared to be similar to that described from inocu
lated plants, and it also stained with ruthenium red. 
There was darkening of cell walls and accumulation 
of intercellular hrown suhstances in the sclerenchy
matous tisslle making lip the nonvascular tissue of 
the rind. The mo~t consistent effect of natural infec
tion observed in peripheral vascular bundles was the 
complete disintegration of phloem tissue. Mycelium 
was often observed in the area formerly occupied by 
phloem. 

It has often been questioned whether the lesions in 
corn stalks resulting from inocubtion are essentially 
like those resulting from natural infection. The evi-

dence by Roberts (278) and Littlefield and Wilcox
son (180, 181) indicates that the development of 
lesions in both naturally-infected and inoculated 
plants is essentially the same process. In hoth kinds 
of plants, the pathogen generally first acted on the 
parenchyma cells surrounding the vascular bundles, 
then the phloem cell walls were either discolored or 
disintegrated. and finally many xylem cells were oc
cluded with a dark colored substance. When lesions 
were found in the pith of naturally infected plants, 
the plants Were senescent; the phloem and paren
chyma cells had disintegrated, and there was no oc
clusion of xylem. The senescent cells were not capa
hIe of forming the dark substance before they 
disintegrated. The difrerences noted may also result 
hecause lesions in inoculated plants are not usually 
more than 15-30 days old, whereas in naturally in
fected plants they may be much older. 

The importance of pectic-enzyme activity in the 
devc\opment of lesions should be investigated further. 
The growth of Flls(/riulIl gramillcarlllll and Fusarium 
lIlollifijurme on pectin in vitro, and the similarity of 
healthy tissLies treated with pectinase and those in 
naturally infected plants. suggest that pectinase is 
involved in the formation of lesions. As indicated by 
staining reactions. pectin was present in the occlu
sions in xylem of inoculated plants, although the 
occluding material was not hydrolyzed by pectinase. 
The pectin component of the occlusions may have 
hecn chcmically or physically united with other com
ponents in sllch a way as to render them resistant to 
the action of the pectic enzyme. A similar resistance 
to pectinase in lesions produced hy tobacco-mosaic 
virus was reported hy Weintrauh and Ragetli (377). 
While in vitro studies indicated that pectinase caused 
the disintegration of tisslles within the stalk and pre
sumahly decreased stalk strength and increased lodg
ing. more work is needed before it will be understood 
ho"'w enzymes may he important in the development 
of necrotic lesions in corn stalks. 

CONTROL 

Thl: control of stalk rot should be a major objec
tive in the corn-producing areas of the USA, if not 
of the world, hecause of the tremendous loss each 
year. Although production of corn for grain without 
stalk-rot losses is unlikely at prescnt, damage has 
been reduced. No one of the procedures discussed 
here will, hy itself, control stalk rot. hut it is widely 
held that various com hi nations of these procedures 
often produce good results (147, 169,331). 

Planting Sound .S·('('(l.-Many investigators attrib
uted slow and unthrifty growth of corn to the in
fluence of seed-borne pathogens (162). Jehel et al. 
(140) found that root rot. car rot and stalk rot. pre
mature death, and broken shanks were usuallv less 
pronounced in plots planted with seed from ears' with
out internal cob discoloration. The differences were, 
furthermore, greater on poor than on good soil. 
These observations suggest that control of stalk rot, 
in general. must also involve control of seedling blight 
and root rot. The selection of sound disease~free seed 
is therefore necessarv. This is sometimes dil1icult 
because several pathogens, such as Fusarium nwnjli· 
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forme and Cephalosporium acremoniul1/. are carried 
internally in the seed. Seed may be infec~ed internally 
with several fungi without showing external symp
toms. 

Holbert et al. (122) concluded that many seeds 
have only small infections and are mo~t difficult to 
detect, even by a germination test. SuCh seed may 
produce plants that arc severely infect~d with root 
rot and stalk rot. 

Seed Treatment.-AII seed corn should be treated 
with a fungicide that kills the parasites rather than 
with one that merely delays infection. Seed treatment 
may also prevent, to some extent, infection by patho
gens in the soil, such as GibberelJa zeoe, Fusarium 
sp.~ and Cephalosporium m.aydis. The.re. is fairly good 
evidence that seed treatment tcnds to delay mesocotyl 
invasion when the seed is planted in infested soil, and 
that this may reduce crown rot and bLlsal stem rot 
(29, 163). 

Kernels injured during processing are more apt to 
become infected that are sound seeds. Treatment will 
protect such seed against infection. It is practically 
impossible, in the USA, to obtain seed of commer
cially grown hybrids that has not been treated. This 
practice has undoubtedly produced more uniform 
stands of healthy corn. 

Chemical Control.-In contrast to the develop
ments in chemical treatment of seed, there has been 
practically no work to control stalk rot with chemical 
treatment of soil or foliage (31 S, 322), If infection 
through the roots is a common means of stalk inva
sion, spraying to protect plants against stalk rot would 
be fruitless. There is good evidence, however, that 
stalk rot may also result from local infection of the 
stalks. In regions where infection occurS through the 
nodes or leaf sheaths, spraying with fungicides at 
appropriate intervals might be helpful. There is real 
need for studies on effect of spraying with fungicides 
in different geographical regions. 

Britton and Hooker (31) applied tWO protective 
fungicides to corn plants at weekly intervals, begin
ning one week before silking, but failed to reduce the 
amount of stalk rot. They indicated that it was possi
ble that the two fungicides used were non-toxic to 
Diplodia zeae and Gibbl'fclia Zelle, the cause of most 
of the stalk-rot infection in Illinois. It is also possible 
that much of the infection occurred prior to the 
beginning of fungicide application. They thought that 
their experiments indicated that little, if any, infec
tion occurred through the basal nodes. 

We tr\eu to ccntrc~ ':'.t'<\~k rot in 1961 by treating 
soil with chemicals. We selected a nmnber of fun
gicides reported to be effective against soil-borne 
pathogens, and applied them to the soil in different 
amounts just before seed was planted. Some of the 
plots were also fumigated with methyl bromide sev
eral weeks before seeding. The experiment was 
located in a region where stalk rot has been a con
tinuing problem for many years, and included both 
resistant and susceptible hybrids. None of the chemi
cals resulted in control of the disease. 

It is possible that chemical control might be devel
oped if new approaches were made. Bacterial diseases 
are controlled with antibiotics, and Sabet (291) in-

dicated they may have some promise in control of 
these diseases on corn. McNew (202) indicated that 
a filtrate from old cultures of Diplodia zeae pre
vented seedling blight when infected seeds were 
soaked in it. Perhaps the substance would be effec
tive if it were sprayed onto stalks. 

Crop Rotation and Sanitation.-Crop rotation is 
often suggested as a possible method for controlling 
stalk rot (66, 169, 335). Ullstrup (364) probably 
expressed the current opinion held by most persons 
interested in growing corn: "Crop rotation is proba
bly more beneficial in improving soil fertility and 
tilth than in reducing corn diseases. Destruction of 
disease harboring corn refuse is hardly practical 
where many thcm~and~ ot acre'S. are grown." Rotati.on. 
of crops and sanitation, nevertheless, have been sug
gested many times and perhaps more attention should 
be given to the problem (113, 159, 170, 236, 393). 
Such control measures might be useful in some parts 
of the world, or when biological control methods are 
to be preferred. In regions with considerable rainfall, 
especially in those regions in which the soil is not 
frozen a long time, decay is rapid and antibiotic 
action should be greater than in northern regions. In 
addition to possible effects on pathogens, rotations 
may improve plant growth and thus help to offset 
some of the effects of disease (321). 

Crop rotation has little effect on stalk rot incited 
by Pythium spp. No differences in stand were ob
tained when various lines of corn which differed in 
susceptibility to seedling blight were planted in a 
crop sequence at Rosemount, Minnesota. There was 
some evidence that soil previously planted with some 
of the crops in the sequence tended to reduce spore 
germination of Fusarium Rrmnincarum and F. monili
forme, but this did not influence disease ( 191). 

There is very little experimental data on the effect 
of crop rotation in relation to stalk rot of corn. Since 
certain studies indicate that stalk rot of corn may 
arise from root and crown infection, crop rotation 
might well affect the amount of stalk rot. Some in
vestigators think that, when corn is grown on the 
same ground year after year, the pathogen increases 
in abundance. Although this is logical, there is inade
quate experimental data to substantiate it. The con
tinuous planting of corn for two or more years is 
becoming more common in the corn belt of the USA. 
In some fields corn has been grown continuously 20 
or more years, with little indication that disease is 
any more severe because of it. The relationship of 
crop '5.uccG.'5.ion to 'Sta\k rot, 'Stalk bteakage, a'S wdl 
as yield, 1S very important, especially as crop rota
tions become shorter or arc abandoned. 

Williams and Schmitthenner (392, 393) studied the 
effect of crop rotation over a 7-year period, and 
found that root and stalk rot was most severe in plots 
planted continuously to corn for 7 years, and was 
least in plots following soybeans. The crop-sequence 
study involved corn, oats. wheat, alfalfa, and soy
beans. Isolations from infected stalks yielded mostly 
Fusarium roseum, F. cerealis, and a smaller amount 
of F. moniliforme and Diplodia zeae. The average 
yield of corn over the 7-year period showed a nega
tive correlation with the amount of root and stalk rot. 
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Corn yields at the end of the seventh year of con
tinuous corn were about two-thirds of the yield of the 
2-year corn plot and only half of the yield of the plot 
preceded by soybeans. Although it is not known how 
rotation affects the incidence of the rot, it has a 
marked effect on fungus populations (390, 391). An
tagonism may alter the amount of inoculum of root
and stalk-rotting organisms. 

Durrell (76) suggested long rotations for control 
of Diplodia root and stalk rot. A long rotation is 
essential for best results, as the organism can live on 
old corn stalks in the field for at least 3 years. He 
stated that attempts should be made to hasten the 
decay of stalks by covering the material well during 
plowing. Clayton (47) found that crop rotation 
helped to control DipZodia ear rot. Whether it helped 
control stalk rot was not stated. Koehler (169) and 
others (66) think that crop rotation helps to control 
stalk rot. 

Richardson (276) in Canada found that the corn 
crop grown in soil infested with root pathogens was 
influenced materially by the preceding crop. The best 
control was obtained when soybeans immediately 
preceded maize. Corn following timothy was most 
severely infected, even more severely than when 
maize followed maize. 

Wilcoxson and Covey (387), between 1955 and 
1962, found no reduction in the size of necrotic 
lesions in stalks of many different hybrids inoculated 
with Diplodia zeae and Fusarium graminearum in 
crop-sequence plots. They found, however, that stalk 
breakage and lodging varied greatly from year to 
year, and in some years some of the hybrids lodged 
more following some crops. It appeared impossible 
to predict which crop would favor the breaking of 
corn stalks when corn was planted in any single year. 
Boothroyd et a!. (26) reported that stalk rot in corn 
following corn was no more prevalent than when 
corn followed grain or a legume. Bijl (19) claimed 
that the spores of Diplodia zeae in Africa came from 
old infected plant debris left in the field. The destruc
tion of all diseased material would, therefore, reduce 
the amount of infection the following season. A sys
tem of crop rotation which excludes maize for 3 or 
4 years from or near the infected fields of corn would 
further assist in controlling the disease. He stated 
that it is generally held that stalk rot is especially 
prevalent and destructive in fields where corn has 
been planted several years in succession. To reduce 
the amount of inoculum, the land must be well 
plowed or else the infected material may prove a 
serious factor, as the spores formed on it will be 
capable of infecting the succeeding crop. Different 
systems for preparing soil for crops will influence 
how crop debris is decomposed and how the soil 
itself is changed (176, 306). The complete removal, 
or plowing under of all the corn debris should help 
reduce root and stalk rots. Koehler and Holbert 
(161) in 1930 encouraged the removing or plowing 
under of corn refuse, even when only a single farm 
was involved. They emphasized, however, that sanita
tion would be most effective if practiced on an exten~ 
sive scale. This is logical, as spores produced on old 
plant refuse may be carried by the wind to the new 

corn crop. They emphasized that if the refuse is 
covered by soil, spores cannot get into the air and 
cause infection. They may have overlooked the fact 
that after each farm operation some of the undecayed 
stalks, roots, and ears are returned to the surface. 
Corn refuse in soil can also induce root rot and crown 
rot, as certain of the stalk-rotting pathogens can 
readily live in soil for 1 year, and some for 2 or more 
years. 

A few workers think that sanitation has little value 
in controlling stalk rot. Parker and Burrows (247) 
concluded that leaving crop residues on the soil sur
face decreased the amount of root and stalk rot. We 
have seen no increase in stalk rot on plots to which 
extra corn debris has. been added during the past 6 
years. Many remedies for control of stalk rot en
courage the practice of sanitation. Such practices in
clude clean plowing, ensiling of corn, or burning of 
all corn refuse, and some also suggest burning of 
Fusarium-infected straw of other cereals. The burn
ing of any plant refuse is not considered good agro
nomic practice, and probably should not be recom
mended. 

When corn fodder or ears are fed to animals, the 
pathogens may remain alive in unconsumed plant 
parts. The manure containing the plant parts may, 
therefore, harbor the pathogen, and should be turned 
well under when the soil is plowed. Bijl (19) stated 
that spores of Diplodia zeae were capable of germina
tion after having passed through the digestive tract 
of mice, but germination was greatly reduced after 12 
hours in the digestive tract. Spores which passed 
through a canary were dead. The presence of bacteria 
in excreta could inhibit the growth of fungi or per
haps kill them. Stiemens (345) found that when 
spores of Diplodia zeae and Gibberella zeae were fed 
to cattle, spores of the former were not viable when 
recovered from the manure, and those of G. zeae 
were not recovered at all, apparently being digested. 
No data are available which indicate how long the 
spores can persist in barnyard manure. It is possible 
that they may even multiply there; it is also possible 
that urea and microorganisms may kill them. Studies 
are needed in this area. 

Use of a Balanced Fertilizer Program.-Over a 
period of years it has been repeatedly observed that 
stalk rot is much more destructive in a field than in 
one nearby, although the same hybrid is grown in 
each. The reason for this is obscure. The availability 
of nutrients could account for the differences. It is 
well established that plants in soils containing a large 
amount of available nitrogen or organic matter are 
more subject to attack by Pythium spp., Diplodia 
zeae, and Gibberella zeae, especially when potassium 
is low. Whenever large amounts of nitrogen fertilizer 
are applied, therefore, a proper amount of potassium 
should be added. Thrifty plants are especially sus
ceptible to infection by bacteria and Pythium. See 
other parts of this paper for a more complete discus
sion of the prohlem. 
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Control oj Diseases and lnsects.-In other por
tions of this paper the influence of insects and 
diseases on severity and abundance of stalk rot has 
been considered. If insects were controlled by the use 



Figure 13. Corn stalks which have been bent over below the ear to hasten drying of the plants to gaIn some 
control of stalk and ear rots as well as insects, birds, and storm damage. (PhOlO courtesy of D. J. Welhausen, The 
Rockefeller Foundation.) 

of resistant hybrids, chemicals applied to soil or 
foliage, or other control measures, the control of stalk 
rot should be made easier in some instances. 

Resistant Hybrids.-The most logical method for 
controlling stalk rot is to grow resistant h)'brids which 
are adapted to the region desired. This has not a lways 
been possible, but growers in certain areas are now 
able to obtain hybrids with published records of per
formancc. Minnesota growers, for examplc, may ob
tain hybrids with a record of less than ] 0% of the 
plants lodged at harvest time (258 to 263). This is 
also possible in other states (251) . Growers should 
contact their agricultural experiment stations for the 
best information available for their region. These 
performance trials provide an excellent record of 
the progress in development of stalk-rot-resistant 
hybrids. 

Miscellaneous Control Measures.- Early harvest is 
highly desirable as it is well known that the longer 
standing corn is exposed to weather, the more sta lk 
breaking is likely to occur. Overmalure corn often 
develops severe breakage and lodging, and malure 
plants often break during strong winds, especially 
when accompanied by rain, snow, or sleet. The a rtifi
cial drying of harvested corn permits earlier harvest
ing than formerly, and growers have found that such 
a practice definitely reduces loss f ronl stalk breakage 
and lodging. 

Melhus (211) stated that Diplodia ear rot in 
Guatemala was most severe in wet regions, and con
trol consisted of bending over the stalk below the ear 
at about maturity (Fig. 13). This exposed the ear to 

drying conditions, accelerated the drying of ears, and 
thus retarded the growth. of the pathogen. This prac
tice also prevented water from accumulating between 
the husk and kernels. The practice also helped to 
prevent lodging and stalk breakage. It requires too 
much hand labor, however, to be important in the 
USA or other areas where labor is expensive. 

Corn should not be planted in cold areas, as this 
predisposes seedlin gs to disease. 

It is possible tha t stalk rot may vary in severity 
because of physical properties of the soi l. although 
Boothroyd et al. (26) obtained as much stalk rot on 
sandy loam soil as on clay loam. Water relations are 
quite different in soils of different types, and this may 
also affect stalk rot (293). Bacterial stalk rot may be 
controlled by growing corn in cool d ry climates where 
soil is alkaline or neutral in reaction. Moist warm air 
favors the disease (293). 

Unusually dense plantings should be avoided be
cause stalk rot and stalk lodging tend to be more 
severe in such situations. At present, growers are 
wise to use those plant populations which experience 
has proved will prov ide maximum yield . 
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