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　　[Abstract]　T he rela t ionsh ip betw een sucro se con ten t and co rn resistance to co rn sta lk ro t caused by F usari2
um g ram inearum w as investigated. T he incidence of co rn sta lk ro t w as clo sely rela ted to sucro se con ten t in the p ith

t issues of the second in ternode above the ground at the physio logical m aturity stage. Co rn hybrids resistan t to sta lk

ro t had h igher sucro se con ten ts in the p ith t issues of the second in ternode above the ground than hybrids suscep ti2
ble to the disease. In addit ion, disease incidence w as negatively co rrela ted w ith sucro se con ten t in the p ith t issues of

the second in ternode above the ground at the physio logical m aturity stage. T he resu lts suggested that sucro se con2
ten t cou ld be used as an indicato r of co rn sta lk ro t resistance and fo r select ing co rn hybrids fo r resistance to co rn

sta lk ro t.
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　　Co rn sta lk ro t, cau sed by F usa rium g ram in2
ea rum Schw abe. is a seriou s disease that affects

co rn w o rldw ide. T he disease has been studied ex2
ten sively bu t there have been few repo rts of rela2
t ion sh ip s betw een sugar con ten t in co rn t issues and

resistance to co rn sta lk ro t. C ra ig and Hooker

found that a decrease in the to ta l sugar con ten t

( sucro se and reducing sugars ) w ith in the sta lk

cau sed senescence of p ith t issue w h ich increased

the p lan tπs su scep t ib ility to co rn sta lk ro t [1 ]. In the

sam e study, to ta l sugar con ten t w ith in the sta lk

w as mo re clo sely co rrela ted w ith sta lk ro t react ion

than the quan t ity of individual componen t sugars

( sucro se and reducing sugars ). M o ret imo re and

W ard repo rted that under any condit ion of st ress

w h ich rest ricts co rn p lan tπs pho to syn thesis o r a l2
ters any of the sub sequen t p rocesses of carbohy2

drate m etabo lism of co rn p lan t, the amoun t of car2
bohydrate p roduced is no t enough to sat isfy the

p lan tπs physio logica l dem ands. A reduct ion in sugar

con ten t in the sta lk cau sed an increase in the inci2
dence of co rn sta lk ro t. T he removal of st ress fac2
to rs resu lted in the m ain tenance o r an increase of

sugar in the sta lk and the disease did no t occu r in

either resistan t o r su scep t ib le hyb rids. T hey also

found that m arked and con sisten t d ifferences in the

to ta l sugar of the t issues ( leaf, in ternode rind, in2
ternode p ith) betw een resistan t hyb rid and su scep2
t ib le hyb rid w ere on ly eviden t a t physio logica l m a2
tu rity (kernel mo istu re 35% - 37% ) of the p lan t.

R educing sugars and sucro se alone did no t show

th is con sisten t rela t ion sh ip [2 ]. T im ti concluded that

co rn sta lk ro t w as associa ted w ith n it rogen, po tas2
sium and the sugar con ten t of stem s[3 ]. V ariou s
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w o rkers have show n that resistance to co rn sta lk

ro t w as po sit ively co rrela ted w ith the sugar con ten t

of sta lk t issues[4～ 7 ]. How ever Czap lin ska et a l.

found that there w as no rela t ion sh ip betw een sugar

con ten t and in ten sity of co rn sta lk ro t. T hey con2
cluded that sugar con ten t cou ld no t be u sed as a re2
liab le indica to r of resistance to co rn sta lk ro t o r to

p redict severity of infect ion [8 ]. Zhu and L iu show ed

that the effects of sugar con ten t on incidence and

severity of sta lk ro t varied at d ifferen t grow ing

stages[9 ]. L ong et a l. found that du ring the gra in

filling stage resistan t hyb rids had h igher reducing

sugar levels than hyb rids that w ere su scep t ib le to

co rn sta lk ro t. A t the physio logica l m atu rity stage,

to ta l sugar con ten t in the resistan t hyb rids w as

h igher than that in su scep t ib le hyb rids. T heir re2
su lts a lso show ed that there w as a sign if ican t nega2
t ive co rrela t ion betw een the incidence of co rn sta lk

ro t and con ten t of reducing sugars in the second in2
ternode above the ground at the gra in filling stage.

A nd they also concluded that incidence of co rn

sta lk ro t had a sign if ican t negat ive co rrela t ion w ith

to ta l sugar con ten t in the second in ternode above

the ground at the physio logica l m atu rity stage [10 ].

A lthough rela t ion sh ip s betw een to ta l and re2
ducing sugars and p lan t resistance to co rn sta lk ro t

have been studied, the ro le of sucro se in sta lk ro t

resistance has no t been defined. T h is study invest i2
gated rela t ion sh ip s betw een sucro se con ten t in the

p ith t issues of co rn sta lk s and co rn p lan t resistance

to sta lk ro t.

1　M ateria ls and m ethods

1. 1　Exper im en ta l design

　　Fou r co rn hyb rids w ere selected to study their

d ifferences in resistance o r su scep t ib ility to co rn

sta lk ro t. T hese w ere: Shanda 931 ( h igh resis2
tance, w ith an average sta lk ro t incidence of

4. 55% ) ; Shanda 9 (modera te resistance, w ith an

average sta lk ro t incidence of 25. 00% ) ; X inong 11

(modera te su scep t ib ility, w ith an average sta lk ro t

incidence of 45. 00% ) and H 4vb × 9372 (h igh su s2

cep t ib ility, w ith an average sta lk ro t incidence of

55. 50% ). D isease resistance o r su scep t ib ility (ex2
p ressed as incidence of sta lk ro t) of each of these

hyb rids had p reviou sly been assessed by L ong et

a l[10 ]. F ield experim en ts w ere carried ou t over sum 2
m er in 1998 at the N o rthw est Sci2T ech U n iversity

of A gricu ltu re and Fo rest ry, Yangling, Shaanx i.

T he fou r hyb rids w ere p lan ted in random ized

b lock s design u sing th ree rep lica t ion s. Each p lo t

w as 10 m long × 3 m w ide. P lan t ing den sity is

675 000 p lan töhm 2 (T he distance betw een row s w as

0. 67 m and the distance betw een p lan ts w ith in

each row w as 0. 33 m ).

1. 2　Sam pl ing and determ ina tion of sucrose con-

ten t

Samp les fo r sucro se analysis w ere co llected at

th ree separa te stages of p lan t developm en t. T hese

w ere tassel em ergence stage ( T E ) , gra in filling

stage (GF, abou t 4 w eek s after T E) and physio log2
ica l m atu rity stage (PM , abou t 8 w eek s after T E).

A t each stage th ree specim en s of each hyb rid w ere

co llected. Sucro se con ten t w as m easu red in the p ith

t issues, from the first in ternode below the ear and

the second in ternode above the ground, u sing the

Shaffer2Somogyi ( SS ) m icro2analysis m ethod as

described in L i H E [11 ]. T he resu lts w ere exp ressed

as percen tage of sucro se in p ith t issue on a dry

w eigh t basis.

1. 3　Da ta ana lysis

A nalyses of variance (ANOVA ) of all da ta

w ere perfo rm ed u sing Sta t ist ica l A nalysis System

softw are, version 8. 1 fo r W indow s (SA S In st itu te

Inc. , Cary, N C ). Fo r sucro se con ten ts w ere per2
cen tage data, sta t ist ica l analysis w ere based on an2
gu lar o r inverse sine (arcsin) t ran sfo rm at ion.

2　R esu lts

Sucro se con ten ts in p ith t issue at the first in2
ternode below the ear and at the second in ternode

above the ground w ere ob ta ined (T ab le 1). R esu lts

of analysis of variance (ANOVA ) w ere show n in

T ab le 2.
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2. 1　Sucrose con ten t in p ith tissue a t the f irst in-

ternode below the ear

A t the tassel em ergence stage, sucro se con ten t

w as very low in the p ith t issues at the first in tern2
ode below the ear in all fou r hyb rids. T he h ighest

sucro se con ten t w as m easu red in X inong 11 (mod2
era te su scep t ib ility) (F ig. 1). A nalysis of variance

show ed that there w ere h igh ly sign if ican t d iffer2

ences (P < 0. 01) betw een hyb rids (T ab le 2) and

D uncanπs test confirm ed that the sucro se con ten t of

X inong 11 w as sign if ican t ly (P < 0. 05) h igher than

the o ther th ree hyb rids Shanda 931 ( h igh resis2
tance ) , Shanda 9 ( modera te resistance ) and

H 4vb × 9372 (h igh su scep t ib ility). How ever, d if2
ferences betw een Shanda 931, Shanda 9 and

H 4vb × 9372 w ere no t sign if ican t (F ig. 1).

Table 1　L evels of sucrose in the p ith tissues of corn sta lk in ternode %

V arieties Samp ling
stage

Sucro se con ten t

F irst in ternode below ear Second in ternode above ground

1 2 3 M ean 1 2 3 M ean

Shanda 931

T E 4. 29 5. 59 3. 67 4. 52 3. 75 4. 56 6. 06 4. 79

GF 25. 96 22. 97 25. 17 24. 70 7. 46 8. 13 8. 62 8. 07

PM 35. 00 42. 58 46. 05 41. 21 37. 43 37. 75 36. 87 37. 35

Shanda 9

T E 3. 66 2. 86 4. 71 3. 74 4. 54 4. 98 2. 48 4. 00

GF 26. 30 23. 79 24. 46 24. 85 8. 27 9. 05 8. 67 8. 66

PM 37. 71 36. 72 36. 43 36. 95 31. 75 31. 67 32. 13 31. 85

X inong 11

T E 8. 24 8. 34 10. 19 8. 92 4. 56 4. 57 4. 55 4. 56

GF 27. 93 27. 59 26. 66 27. 39 13. 19 12. 98 13. 28 13. 15

PM 27. 98 25. 60 19. 70 24. 43 9. 99 16. 73 11. 86 12. 86

H 4vb × 9372

T E 4. 40 4. 72 4. 49 4. 54 5. 57 4. 77 5. 47 5. 27

GF 25. 19 25. 38 25. 67 25. 41 6. 72 5. 87 6. 68 6. 42

PM 21. 52 21. 94 22. 06 21. 84 9. 41 8. 13 9. 30 8. 95

　　N o te: T E. T assel em ergence stage; GF. Grain filling stage; PM. Physio logical m atu rity stage.

F ig. 1　Sucro se con ten t in the first in ternode below the ear at differen t grow th stages

Each value rep resen ts the average of th ree rep licates

T he sam e letters above each co lum n indicate that the values at each grow th stage are no t sign ifican tly differen t (P = 0. 05)

acco rding to D uncanπs N ew M ultip le2range test

Table 2　Analysis of var iance for sucrose con ten ts

in p ith tissues of corn sta lk in ternode

Samp ling
stage

F

F irst
in ternode
below ear

Second
in ternode

above ground

F 0. 05 F 0. 01

T E 15. 553 3 0. 76

GF 5. 283 102. 653 3

PM 16. 413 3 112. 883 3

4. 76 9. 78

　　N o te: D ata of sucro se con ten ts w ere analyzed after angu lar o r

inverse sine transfo rm ation.

Betw een the tassel em ergence stage and the

gra in filling stage the sucro se con ten t increased

rap id ly in each of the fou r hyb rids. A t the gra in

filling stage there w ere sign if ican t d ifferences (P <

0. 05) among the hyb rids (T ab le 2). X inong 11 had

sign if ican t ly ( P < 0. 05) h igher sucro se con ten t

than the o ther th ree hyb rids. How ever, d ifferences

among the o ther th ree hyb rids w ere no t sign if ican t

(F ig. 1).

T he sucro se con ten t in resistan t hyb rids

peaked at the physio logica l m atu rity stage bu t de2
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creased in su scep t ib le hyb rids. A nalysis of variance

show ed that there w ere sign if ican t d ifferences a2
mong the hyb rids a t th is grow th stage (P < 0. 01)

(T ab le 2). T hese differences w ere sign if ican t (P <

0. 05) betw een all hyb rids excep t fo r betw een X i2
nong 11 and H 4vb × 9372.

2. 2　Sucrose con ten t in p ith tissue a t the second

in ternode above the ground

A t the tassel em ergence stage the sucro se con2
ten t of p ith t issues at the second in ternode above

the ground w as low in all hyb rids and there w ere

no sign if ican t d ifferences betw een any of the hy2
b rids (T ab le 2 and F ig. 2).

Sucro se con ten t increased modera tely betw een

the tassel em ergence stage and the gra in filling

stage. A nalysis of variance show ed that a t the gra in

filling stage differences in sucro se con ten t among

the hyb rids w ere h igh ly sign if ican t ( P < 0. 01 )

( T ab le 2). T he low est sucro se con ten t w as m ea2
su red in H 4vb × 9372 and the h ighest sucro se con2
ten t w as m easu red in X inong 11. T he sucro se con2
ten t in Shanda 931 and Shanda 9 w ere sign if ican t ly

h igher than that in H 4vb × 9372. How ever, X i2
nong 11 had sign if ican t ly h igher sucro se con ten t

than all the o ther th ree hyb rids (F ig. 2).

By the physio logica l m atu rity stage sucro se

con ten t in the second in ternode above the ground

of resistan t hyb rids had increased sign if ican t ly. Su2
cro se con ten t in the su scep t ib le hyb rids increased

on ly m arginally o r in the case of X inong 11 de2
creased sligh t ly. D ifferences in sucro se con ten t a2
mong hyb rids w ere h igh ly sign if ican t (P < 0. 01)

(T ab le 2). D uncanπs test show ed that these differ2
ences w ere sign if ican t (P < 0. 05) betw een each of

the fou r hyb rids (F ig. 2).

F ig. 2　Sucro se con ten t in the second in ternode above the ground at differen t grow th stages

Each value rep resen ts the average of th ree rep licates

T he sam e letters above each co lum n indicate that the values at each grow th stage are no t sign ifican tly differen t (P = 0. 05)

acco rding to D uncanπs N ew M ultip le2range test

2. 3 　 Rela tion sh ip between sucrose con ten t and

d isea se inc idence

T he resu lts from a linear co rrela t ion analysis

show ed that there w as a sign if ican t negat ive co rre2
la t ion ( r = - 0. 972 6) betw een incidence of co rn

sta lk ro t and sucro se con ten t in p ith t issue of the

second in ternode above the ground at the physio2
log ica l m atu rity stage. A hypo thesis test fo r r

show ed that th is w as a real linear co rrela t ion. T he

regression equat ion w as Y = 68. 238 5- 1. 570 2 X

(T ab le 3).

Table 3　L inear correla tion analysis between corn sta lk rot inc idence and con ten t of sucrose in

p ith tissue of second in ternode above ground at physiolog ica l matur ity stage

V arieties
D isease
incidence

(Y )

Sucro se
con ten t

(X )

Co rrelation
coefficien t

( r)

t test fo r r

û tû t0. 05

Regression
equation

Shanda 931 4. 55 37. 35

Shanda 9 25. 00 31. 85

X inong 11 45. 00 12. 86

H 4vb × 9372 55. 50 8. 95

- 0. 972 6 5. 923 4. 30 Y = 68. 238 5- 1. 570 2X
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3　D iscu ssion

D u ring th is study, rela t ion sh ip s betw een su2
cro se con ten t and resistance of co rn to sta lk ro t

cau sed by F. g ram inea rum w ere invest iga ted. T he

resu lts from th is study are the first to p rovide evi2
dence suggest ing that there is a st rong rela t ion sh ip

betw een sucro se con ten t and resistance of co rn to

sta lk ro t.

D ifferen t t rends of sucro se con ten t occu rred

betw een resistan t hyb rids and su scep t ib le hyb rids

in the p ith t issues of the second in ternode above

the ground from grain filling stage to physio logica l

m atu rity stage. T he sucro se con ten t increased sig2
n if ican t ly in the resistan t hyb rids bu t on ly m ino r

changes w ere m easu red in su scep t ib le hyb rids. Su2
cro se con ten ts betw een each of the fou r hyb rids a t

the physio logica l m atu rity stage w ere sign if ican t ly

differen t. T hese resu lts are comparab le w ith the

findings of M o rt imo re et a l. and C raig et a l. w ho

repo rted sim ilar rela t ion sh ip s of to ta l sugar con ten t

betw een resistan t hyb rids (o r inb red lines ) and

su scep t ib le hyb rids (o r inb red lines) a t physio logi2
cal m atu rity stage. L ong et a l. a lso demon stra ted

that the resistan t hyb rids u sed in th is study had

sign if ican t h igher to ta l sugar con ten ts in the p ith

t issues of the second in ternode above the ground at

physio logica l m atu rity stage and sign if ican t h igher

reducing sugar con ten ts in the p ith t issues of the

second in ternode above the ground at gra in filling

stage than su scep t ib le hyb rids. T hese resu lts cou ld

indica te that sugar ( including to ta l sugar, reducing

sugar and sucro se) con ten ts in the p ith t issues of

co rn sta lk varied at d ifferen t grow th stages. T here

w as a co rrela t ion betw een resistance of co rn to

sta lk ro t and sucro se con ten t on ly at a su itab le pe2
riod in the w ho le life of co rn p lan t. T h is m ay ex2
p la in w hy C raig and Hooker found that to ta l sugar

con ten t mo re clo sely co rrela ted w ith sta lk ro t inci2
dence and in ten sity than sucro se con ten t, and w hy

Czap lin ska et a l repo rted that no rela t ion w as

found betw een sugar con ten t and in ten sity of sta lk

ro t. C ra ig and Hooker took their last m easu rem en t

fou r w eek s after the silk ing stage. Czap lin ska et a l

exam ined sugar con ten t a t 6 w eek s and then again

at 13 w eek s after inocu la t ion that w as carried ou t

a t the silk ing stage. T heir samp ling t im e m igh t be

no t su itab le. T h is suggests tha t the t im e of sam 2
p ling fo r m easu ring sucro se con ten t is an impo rtan t

facto r in determ in ing the resistance of a part icu lar

co rn cu lt ivar to co rn sta lk ro t.

A no ther impo rtan t facto r m ay be the type of

t issue that is samp led fo r analysis. P reviou sly,

M o rt imo re andW ard compared six differen t t issues

and found that the difference of to ta l sugar con ten t

in resistan t o r su scep t ib le co rn cu lt ivars occu rred

in in ternode p ith t issues. In the p resen t study, a l2
though there w ere sign if ican t d ifferences in sucro se

con ten t a t the first in ternode below the ear, there

w ere no sign if ican t d ifferences betw een either of

the resistan t hyb rids o r either of the su scep t ib le

hyb rids. How ever, the greatest d ifferences in su2
cro se con ten t w ere found in the p ith t issue at the

second in ternode above the ground and these dif2
ferences w ere sign if ican t betw een each of the hy2
b rids.

T he greater the resistance of the hyb rid had,

the h igher the sucro se con ten t w as w hen m easu red

in the p ith t issue at the second in ternode above the

ground at the physio logica l m atu rity stage. T h is

w as confirm ed by a linear co rrela t ion coeff icien t

analysis, w h ich show ed that there w as a strong

negat ive co rrela t ion ( r= - 0. 972 6) betw een dis2
ease incidence and sucro se con ten t. A po ssib le ex2
p lanat ion fo r th is phenom enon is that resistan t hy2
b rids m ay have a low er capacity to m etabo lise su2
cro se in to gra in than su scep t ib le hyb rids. M o re su2
cro se m ain ta in ing in p lan t sta lk cou ld keep p lan t

cells vigou r enough to defend diseases invading.

T h is m ay also exp la in w hy Koeh ler [12 ] found that

co rn hyb rids that are su scep t ib le to sta lk ro t are

the h ighest yield ing in season s o r locat ion s w here

there is a low incidence of co rn sta lk ro t.

T h is study has demon stra ted that sucro se con2
ten t can be u sed as an indica to r of resistance to

sta lk ro t in co rn. How ever, it m u st be m easu red in

the second in ternode above the ground at physio2
log ica l m atu rity stage. T hen by app lying the re2
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gression equat ion Y = 68. 238 5- 1. 570 2X (w here

Y = expected incidence of sta lk ro t exp ressed as a

percen tage and; X = sucro se con ten t) resistance to

sta lk ro t can be assessed. How ever, it is know n

that h igh sucro se con ten t in p lan t sta lk is associa t2
ed w ith low er yields. T herefo re, hyb rids w ith mod2

era te resistance m ay be mo re econom ically viab le

than h igh ly resistan t variet ies. Fu rther w o rk is re2
qu ired to determ ine the op t im al level of sucro se

con ten t tha t ind ica tes resistance to sta lk ro t w h ile

m ain ta in ing h igh yields.
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蔗糖含量与玉米对镰刀菌茎腐病的抗病性的关系

龙书生1, 李亚玲1, 时春喜1, 李恩才2, 张宇宏1, 李鸣雷1

(1 西北农林科技大学 植物保护学院 教育部植保资源与害虫管理重点实验室, 陕西 杨陵 712100;

2 宝鸡市植保植检站, 陕西 宝鸡 721001)

摘　要: 就玉米茎秆蔗糖含量与玉米对由禾谷镰刀菌 (F usa rium g ram inea rum ) 引起的茎腐病 (co rn

sta lk ro t)的抗性间的关系进行了研究。结果表明, 在玉米生理成熟期地上第二茎间髓部组织内蔗糖的含量

与玉米对茎腐病的抗性密切相关, 抗病的玉米杂交种的蔗糖含量明显高于感病的玉米杂交种。蔗糖含量与茎

腐病的发病率呈显著的负相关关系。研究结果表明, 在生理成熟期地上第二茎间髓部组织内蔗糖含量可作为

选育抗镰刀菌茎腐病玉米杂交种的生化指标。

关键词: 蔗糖含量; 抗病性; 玉米茎腐病; 禾谷镰刀菌
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