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[Abstract]
um graminearum w as investigated T he incidence of corn stalk rotw as closely related to sucrose content in the pith

The relationship betw een sucrose content and corn resistance to corn stalk rot caused by Fusari-

tissues of the second internode above the ground at the physiological maturity stage Corn hybrids resistant to stalk
rot had higher sucrose contents in thepith tissuesof the second internode above the ground than hybrids suscepti-
ble to the disease In addition, disease incidencew as negatively correlatedw ith sucrose content in the pith tissuesof
the second internode above the ground at the physiological maturity stage T he results suggested that sucrose con-
tent oould be used as an indicator of corn stalk rot resistance and for selecting corn hybrids for resistance to corn

stalk rot
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Corn stalk rot, caused by Fusarium gramin-
earum Schwabe is a serious disease that affects
corn worldw ide The disease has been studied ex-
tensively but there have been fenv reports of rela-
tionships betw een sugar content in corn tissues and
resistance to corn stalk rot Craig and Hooker
found that a decrease in the total sugar content
(sucrose and reducing sugars) within the stalk
caused senescence of pith tissue which increased
the plant’s susceptibility to corn stalk rot'™. In the
sane study, total sugar content within the stalk
wasmore closely correlated w ith stalk rot reaction
than the quantity of individual component sugars
(sucrose and reducing sugars). M oretimore and
W ard reported that under any condition of stress
w hich restricts corn plant’s photosynthesis or al-
ters any of the subsequent processes of carbohy-
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drate metabolisn of corn plant, the anount of car-
bohydrate produced is not enough to satisfy the
plant'sphysiological denands A reduction in sugar
content in the stalk caused an increase in the inci-
dence of corn stalk rot The ranoval of stress fac-
tors resulted in the maintenance or an increase of
sugar in the stalk and the disease did not occur in
either resistant or susceptible hybrids They al®
found that marked and consistent differences in the
total sugar of the tissues (leaf, internode rind, in-
ternode pith) betw een resistant hybrid and suscep-
tible hybrid w ere only evident at physiological ma-
turity (kernel moisture 35%- 37%) of the plant

Reducing sugars and sucrose alone did not show
this consistent relationship'®. Timti concluded that
corn stalk rotw as asociated w ith nitrogen, potas
sium and the sugar content of stems'®. V arious
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workers have shown that resistance to corn stalk
rotw aspositively correlatedw ith the sugar content

of stalk tissues* ”

. However Czaplinska et al
found that therew as no relationship betw een sugar
content and intensity of corn stalk rot They con-
cluded that sugar content could not be used asa re-
liable indicator of resistance to corn stalk rot or to
predict severity of infection'®. Zhu and L iu show ed
that the effects of sugar content on incidence and
severity of stalk rot varied at different grow ing
stages®. Long et al found that during the grain
filling stage resistant hybrids had higher reducing
sugar levels than hybrids that were susceptible to
corn stalk rot A t the physiological maturity stage,
total sugar content in the resistant hybrids was
higher than that in susceptible hybrids Their re-
sults alo show ed that therew as a significant nega-
tive correlation betw een the incidence of corn stalk
rot and content of reducing sugars in the second in-
ternode above the ground at the grain filling stage
And they also concluded that incidence of corn
stalk rot had a significant negative correlation w ith
total sugar content in the second internode above
the ground at the physiological maturity stage!™’.

A Ithough relationships betw een total and re-
ducing sugars and plant resistance to corn stalk rot
have been studied, the role of sucrose in stalk rot
resistance has not been defined This study investi-
gated relationships betw een sucrose content in the
pith tissuesof corn stalks and corn plant resistance
to stalk rot

1 M aterials and methods

1 1 Expermental design

Four corn hybridsw ere selected to study their
differences in resistance or susceptibility to corn
stalk rot These were Shanda 931 (high resis
tance, with an average stalk rot incidence of
4 55%); Shanda 9 (moderate resistance, w ith an
average stalk rot incidence of 25 00%); X inong 11
(moderate susceptibility, w ith an average stalk rot

incidence of 45 00%) and H4vb x 9372 (high sus-

ceptibility, with an average stalk rot incidence of
55 50%). D isease resistance or susceptibility (ex-
pressed as incidence of stalk rot) of each of these
hybrids had previously been assessed by Long et
al"™. Field experimentsw ere carried out over sum-
mer in 1998 at the Northw est Sci-T ech U niversity
of A griculture and Forestry, Yangling, Shaanxi
The four hybrids were planted in random ized
blocks design using three replications Each plot
was 10 m long X 3 m wide Planting density is
675 000 plant/hm? (T he distance betw een row sw as
0 67m and the distance between plants within
each row was Q 33m).
1 2 Sampling and determ ination of sucrose con-
tent

Samples for sucrose analysisw ere collected at
three separate stages of plant development These
were tassel emergence stage (TE), grain filling
stage (GF, about 4w eeks after TE) and physiolog-
ical maturity stage (PV , about 8w eek s after TE).
At each stage three pecimensof each hybrid were
collected Sucrose contentw asmeasured in the pith
tissues, from the first internode below the ear and
the second internode above the ground, using the
Shaffer-Somogyi (SS) micro-analysis method as
described in L i HE™! The resultsw ere expressed
as percentage of sucrose in pith tissue on a dry
w eight basis
1 3 Dataanalysis

A nalyses of variance (ANOVA ) of all data
w ere perfomed using Statistical A nalysis System
oftware, version 8 1 forW indow s (SA'S Institute
Inc , Cary, NC). For sucrose contents were per-
centage data, statistical analysisw ere based on an-
gular or inverse sine (arcsin) transformation

2 Results

Sucrose contents in pith tissue at the first in-
ternode below the ear and at the second internode
above the ground w ere obtained (T able 1). Results
of analysis of variance (ANOVA ) were shown in
Table 2
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2 1 Sucrose content in pith tissue at the first in-
ternode below the ear

At the tassel anergence stage, sucrose content
was very low in the pith tissues at the first intern-
ode below the ear in all four hybrids The highest
sucrose content wasmeasured in Xinong 11 (mod-
erate susceptibility) (Fig 1). A nalysis of variance
showed that there were highly significant differ-

Table 1 L evelsof sucrose in the pith tissues of corn stalk internode

ences (P< Q 01) between hybrids (Table 2) and
Duncan'’s test confimed that the sucrose content of
Xinong 11w as significantly (P< Q 05) higher than
the other three hybrids Shanda 931 (high resis-
tance), Shanda 9 (moderate
H4vb x 9372 (high susceptibility). How ever, dif-
ferences between Shanda 931, Shanda 9 and
H4vb x 9372w ere not significant (Fig 1).

resistance) and

%

Sucrose content

V arieties Sa;r:gég'lg First internode below ear Seoond internode above ground
1 2 3 M ean 1 2 3 M ean
TE 4 29 5 59 3 67 4 52 375 4 56 6 06 479
Shanda 931 GF 25 96 22 97 25 17 24 70 7 46 8 13 8 62 8 07
21 35 00 42 58 46 05 41 21 37 43 3775 36 87 3735
TE 3 66 2 86 471 374 4 54 4 98 2 48 4 00
Shanda 9 GF 26 30 23 79 24 46 24 85 8 27 9 05 8 67 8 66
21 3771 36 72 36 43 36 95 3175 31 67 32 13 31 85
TE 8 24 8 34 10 19 8 92 4 56 4 57 4 55 4 56
Xinong 11 GF 27. 93 27 59 26 66 27. 39 13 19 12 98 13 28 13 15
2 2798 25 60 19 70 24 43 9 99 16 73 11 86 12 86
TE 4 40 4 72 4 49 4 54 5 57 477 5 47 527
H4vb x 9372 GF 25 19 25 38 25 67 25 41 6 72 5 87 6 68 6 42
A 21 52 21 94 22 06 21 84 941 8 13 9 30 8 95

Note TE Tassel energence stage, GF. Grain filling stage; M. Physiological maturity stage
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Fig 1 Sucrose content in the first internode below the ear at different grow th stages

Each value represents the average of three replicates

The sane letters above each column indicate that the values at each grow th stage are not significantly different (P= Q 05)

acoording to Duncan'sN ev M ultiple-range test

Table 2 Analysisof variance for sucrose contents

in pith tissues of corn stalk internode

F
SR nirede s FUE Fom
below ear above ground
TE 15 55" ° Q 76
GF 5 28" 102 65" " 4 76 9 78
2 16 41" 112 88" "

Note Data of sucrose contentsw ere analyzed after angular or

inverse sine transformation

Between the tassel emergence stage and the

grain filling stage the sucrose content increased
rapidly in each of the four hybrids At the grain
filling stage therew ere significant differences (P <
Q 05) among the hybrids (T able 2). Xinong 11 had
significantly (P < Q 05) higher sucrose content
than the other three hybrids How ever, differences
anong the other three hybridsw ere not significant
(Fig 1).

The sucrose oontent resistant

in hybrids

peaked at the physiological maturity stage but de-
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creased in susceptible hybrids A nalysis of variance
show ed that there were significant differences a-
mong the hybrids at this grow th stage (P< Q 01)
(Table 2). These differencesw ere significant (P <
Q 05) between all hybrids except for betw een X i-
nong 11 and H4vb x 9372

2 2 Sucrose content in pith tissue at the second

in ternode above the ground

At the tassel an ergence stage the sucrose con-
tent of pith tissues at the second internode above
the ground was low in all hybrids and there were
no significant differences betw een any of the hy-
brids (Table 2 and Fig 2).

Sucrose content increased moderately betw een
the tassel emergence stage and the grain filling
stage A nalysisof variance show ed that at the grain
filling stage differences in sucrose content among
the hybrids were highly significant (P < Q 01)
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(Table 2). The lowest sucrose content was mea-
sured in H4vb x 9372 and the highest sucrose con-
tentwasmeasured in Xinong 11 The sucrose con-
tent in Shanda 931 and Shanda 9w ere significantly
higher than that in H4vb x 9372 However, Xi-
nong 11 had significantly higher sucrose content
than all the other three hybrids (Fig 2).

By the physiological maturity stage sucrose
content in the second internode above the ground
of resistant hybrids had increased significantly. Su-
crose content in the susceptible hybrids increased
only marginally or in the case of Xinong 11 de-
creased slightly. Differences in sucrose content a-
mong hybrids were highly significant (P < Q 01)
(Table 2). Duncan's test show ed that these differ-
encesw ere significant (P< Q 05) betw een each of
the four hybrids (Fig 2).

LT el

lassel emergence stage

Grain filling stage Physiological maturity stage

Fig 2 Sucrose content in the second internode above the ground at different grow th stages

Each value represents the average of three replicates

The sane letters above each column indicate that the values at each grow th stage are not significantly different (P= Q 05)

acoording to Duncan'sN ev M ultiple-range test

2 3 Relationship between sucrose content and
dissase incidence

The results from a linear correlation analysis

show ed that therew as a significant negative corre-

lation (r= - Q 972 6) betw een incidence of corn

stalk rot and sucrose content in pith tissue of the

second internode above the ground at the physio-
logical maturity stage A hypothesis test for r
show ed that thiswas a real linear correlation The
regression equationwas Y= 68 238 5- 1 570 2 X
(Table 3).

Table 3 L inear correlation analysis between corn stalk rot incidence and content of sucrose in

pith tissue of second internode above ground at physiological matur ity stage

Disease Sucrose

Correlation

- DI a t test for r Regression
V arieties incidence content coefficient egres
v) o)) () lt] to 05 equation
Shanda 931 4 55 37 35
Shanda 9 25 00 31 85 .
. - Q9726 5 92 4 30 Y= 68 2385- 1 570 2X
Xinong 11 45 00 12 86
H4vb x 9372 55 50 8 95
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3 Discussion

During this study, relationships betw een su-
crose content and resistance of corn to stalk rot
caused by F. graminearum were investigated The
results from this study are the first to provide evi-
dence suggesting that there is a strong relationship
betw een sucrose content and resistance of corn to
stalk rot

Different trends of sucrose content occurred
betw een resistant hybrids and susceptible hybrids
in the pith tissues of the second internode above
the ground from grain filling stage to physiological
maturity stage The sucrose content increased sig-
nificantly in the resistant hybrids but only minor
changesw ere measured in susceptible hybrids Su-
crose contents betw een each of the four hybrids at
the physiological maturity stage w ere significantly
different These results are comparable with the
findings of M ortimore et al and Craig et al who
reported similar relationshipsof total sugar content
betw een resistant hybrids (or inbred lines) and
susceptible hybrids (or inbred lines) at physiologi-
cal maturity stage Long et al also demonstrated
that the resistant hybrids used in this study had
significant higher total sugar contents in the pith
tissues of the second internode above the ground at
physiological maturity stage and significant higher
reducing sugar contents in the pith tissues of the
second internode above the ground at grain filling
stage than susceptible hybrids These results could
indicate that sugar (including total sugar, reducing
sugar and sucrose) contents in the pith tissues of
corn stalk varied at different grow th stages There
was a correlation between resistance of corn to
stalk rot and sucrose content only at a suitable pe-
riod in thewhole life of corn plant Thismay ex-
plain why Craig and Hooker found that total sugar
content more closely correlated w ith stalk rot inci-
dence and intensity than sucrose content, and w hy
Czeplinska et al reported that no relation was
found betw een sugar content and intensity of stalk
rot Craig and Hooker took their last measurenent
four weeks after the silking stage Czaplinska et al

exan ined sugar content at 6 weeks and then again
at 13 weeks after inoculation that was carried out
at the silking stage Their sanpling timemight be
not suitable This suggests that the time of sam-
pling for measuring sucrose content isan important
factor in detem ining the resistance of a particular
corn cultivar to corn stalk rot

A nother mportant factor may be the type of
tissue that is sanpled for analysis Previously,
M ortimore andW ard compared six different tissues
and found that the difference of total sugar content
in resistant or susceptible corn cultivars occurred
in internode pith tissues In the present study, al-
though therew ere significant differences in sucrose
ocontent at the first internode below the ear, there
were no significant differences betw een either of
the resistant hybrids or either of the susceptible
hybrids How ever, the greatest differences in su-
crose content were found in the pith tissue at the
second internode above the ground and these dif-
ferences w ere significant betw een each of the hy-
brids

T he greater the resistance of the hybrid had,
the higher the sucrose content w asw hen measured
in the pith tissue at the second internode above the
ground at the physiological maturity stage This
was confimed by a linear correlation coefficient
analysis, which showed that there was a strong
negative correlation (r= - Q 972 6) between dis-
ease incidence and sucrose content A possible ex-
planation for thisphenomenon is that resistant hy-
bridsmay have a low er capacity to metabolise su-
crose into grain than susceptible hybrids M ore su-
crose maintaining in plant stalk could keep plant
cells vigour enough to defend diseases invading
Thismay alo explain why Koehler™ found that
corn hybrids that are susceptible to stalk rot are
the highest yielding in seaons or locationsw here
there isa low incidence of corn stalk rot

This study has demonstrated that sucrose con-
tent can be used as an indicator of resistance to
stalk rot in corn How ever, it must be measured in
the second internode above the ground at physio-
logical maturity stage Then by applying the re-
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gression equation Y= 68 238 5- 1 570 2X (where
Y = expected incidence of stalk rot expressed as a
percentage and; X = sucrose content) resistance to
stalk rot can be assessed However, it is known
that high sucrose content in plant stalk is asciat-

erate resistance may be more economically viable
than highly resistant varieties Further work is re-
gquired to detemine the optimal level of sucrose
content that indicates resistance to stalk rot while
maintaining high yields

ed w ith low er yields T herefore, hybridsw ith mod-
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