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INTROflPCTION

The economic loss in crop plants due to plant diseases is

often underestimated in many areas cf the world today. This

is due in part to a continued small endemic disease loss that

occurs but does not receive the attention that losses do

with epidemic proportions. However, there are several methods

available for disease control that can be used to minimize

such endemic crop losses. With wheat soilborne mosaic (WSBM)

,

a virus disease of wheat (Triticum a,estivum L. em Thell),

the only effective control measure is through the use of

resistant varieties. Resistant varieties, when grown in

infested areas, have provided an adequate and inexpensive

means of disease control.

As early as 1923 McKinney (8) began reporting the need

for resistant varieties as a control measure for this disease.

Tn 19^9. WSBM was reported in eleven places in Kansas

by Fellows and King (k) . Since this first reported occurrence

in Kansas the virus now infests over 2,000,000 acres of wheat

-

land. The increased WSBM incidence contributed to an estimated

yield loss of $% to the 1977 Kansas wheat crop; accounting

for the major yield loss for wheat diseases detected in Kansas

that year.

Breeding resistant varieties by growing breeding material

in WSBMV infested areas is our best protection in controlling

this disease.



Several authors have investigated the effect of WSBM on

grain yield and yield components. This study is an effort to

provide additional information on losses due to WSBM.
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LITERATURE REVIEW

Several researchers have conducted numerous experiments

with different designs to study the effect of wheat soilborne

mosaic virus (WSBMV) on the yield of winter wheat varieties

(If 3» 6 * 7, 10, Ik). Similar experiments also were used

to evaluate the effect of WSBM on specific agronomic traits

other than yield (3» 5» 12). The results of these experiments

indicated that WSBM was causing significant losses when winter

wheat is sown in infested soils and resistant varieties are

not used.

A.n early investigation into the effect on yield of WSBM

was conducted in Oklahoma in 1953 by Wadsworth and Young (1*0 .

Their results compared several varieties in the same field in

infested and uninfested areas. These paired plot tests of

diseased and healthy areas staked out in several fields showed

losses approached 5Q/o. A similar plot design in Virginia

with Atlas 50, Roane c_£ gl. (11) produced an average yield of

49 and. 13, 5 bushels per acre, respectively, on uninfested and

infested areas.

In 1953 i Bever and Pendleton (1) compared the yields of

several varieties when grown in areas heavily infested with

the virus and in virus-free soil. Twenty-five varieties were

grown in each area and. percent yield loss ranged from to 85#.

Those wheat plants showing rosette symptoms had a mean crop

loss of SO. 7%, while those showing severe leaf mottle reflected



a mean percent loss of 18.5#»

McKinney (8) reported a kO?<> yield loss due to green

mosaic virus infection. Crop losses attributed to the yellow

mosaic virus infection are of primary importance in Kansas as

the green mosaic virus had not been observed in Kansas (12).

Fellows, Sill and King (4) estimated losses between 8-13$ of

yield in the 1952 epiphytotic of yellow virus in Kansas.

A study on the damage caused by WSBM in Florida in 1970

showed losses in grain weight varied from 42$ to 52.5$ in

diseased areas of commercial fields (7). "Yield was measured

by harvesting the plants in rod-row plots within infected

areas and within normal appearing areas of a commercial field"

(7). Palmer and Brakke (10) conducted a 3-year disease

survey (1972-74) on 13 fields. Their results revealed crop

losses as high as 44$, and an average of 20$ over the entire

length of the study. Campbell al. (3) used 13 varieties

and their known response to WSBMV for their investigation.

Their results showed a depression in grain yield up to 48$.

Although WSBMV is not controlled with soil fumigation, crop

loss estimates were minimal in fumigation as reported by

Pacumba el aJU (9) •

Reductions in grain yield occurred as a result of fewer

seeds per spike and lower test weight (Campbell e_t aJL . , 1977).

The primary factor listed by Kucharek and Walker (?) also was

fewer seeds per spike. Research in Illinois showed plants to

be severely stunted along with a reduction of stems and heads

per unit area (6). Koehler et al. (6) also found a good



correlation betv/een rank in yield and the extent of mottling.

Finney and Sill (5) reported that the WSBMV infested wheat

had (a) milling properties that were inferior, (b) the protein

quality and mixing properties that were unchanged, and (c) other

baking properties were superior to those of the control. They

further reported that although the quality of forage would be

reduced, no reduction would be observed from a livestock

nutritive standpoint (5).

The success achieved in using resistant varieties as a

control measure has been demonstrated in several investiga-

tions. The selection of suitable varieties on infested areas,

displaying good resistance has been a design of several

breeding programs. In order to injure the success of these

breeding efforts, studies of the type reported on in this

paper are important in contributing information regarding

losses due to IVSBM.
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MATERIALS AND METHODS

Six near-isogenic populations and two commercial varieties

showing resistance vs. susceptibility to WSBMV were selected

and grown at four locations in 1^+ defined environments. An

environment rated diseased or disea.se-free based on observa-

tions obtained in previous years when susceptible varieties

were grown at that location. Eight locations were WSBMV

-

infested and 6 were uninfested soil sites in Kansas during

1972 to 1976. Table 1 lists the wheat populations studied and

their WSBMV disease rating.

The wheat populations were derived originally from

crosses made witn resistant and susceptible parents. The

near-isogenic populations were constituted by bulking resistant

and susceptible lines as suggested by Burton (2), except that

F-j-resistant and F^-susceptible lines were used instead of

seed from F
g

plants. Soil sites were classified as silt loam

to silty clay loam mostly found in losses and were representa-

tive of the wheatlands at each location in Kansas. Seeding

was done with the same nursery seeder at all locations using

a 30 cm spacing in four-row plot 3.9 meters long. Seeding

rates were 67 kg/ha at Hutchinson and Newton and 81 kg/ha at

Manhattan and Powhattan. The plots were trimmed to 2.8 meters

before harvest and the two center rows harvested at all the

locations except at Newton (in 1975) and Manhattan (1976),

when a combine was used to harvest all four rows. A split-plot
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Table I. Populations studied in 1972-1976; their disease
response, and number of F2 families bulked in''

isogenic population.

No. Population Response Families per
n . Numoer of F?
Disease r. • i • 2families per

Population

1 Concho/2* Triumph,
Ks6kk R 6k

2 Triumph 6k MS 1

3 Concho/3* Triumph MR-R 2

k Concho/3* Triumph MS-MR 2

5 Cohcho/Triumph//2*Kaw R 16

6 Concho/Triumph//2*Kaw MS 16

7 Concho/2* Triumph//
Scout R 9

8 Concho/2* Triumph//
Scout S 9

9 Scout*5/Agent//Shawnee R 20

10 Scout*5/Agent//Shawnee S 20

11^ Tascosa/Scout R 21

12 Tascosa/Scout S 21

13 Centurk MR-MS

lk Eagle VS

^All populations below this number added in 1975

•

R = resistant; MR = moderately resistant; MS - moderately-
susceptible ; S = susceptible; VS = very susceptible.
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design with populations as main plots and disease reaction as

sub-plots was used. Four replications were seeded at all test

sites except Powhattan in 1975 which included only 3 replica-

tions. Entries and environments were assessed to be random

effects. Yield was recorded as total grams of grain from the

harvested area. Tiller number was determined by counting the

spike bearing culms in a randomly selected 6l-cm section of

plot. Test weight of grain was determined by the standard

method using a bulked sample from k replications. Kernel

weights were obtained by the number of kernels in a 5-gram

sample converted to grams per 1000 kernels. Plant height

measurements were obtained by averaging three random readings

per plot of the distance from soil line to tip of spike.

Number of kernels per spike was obtained by the following

equation:

Mo. of kernels per spike = x 1000 f Xt

Where Xn = weight in grams of grain from 2-foot section} Y =

weight of 1000 kernels; Xt = number of tillers per 2-foot

section, all figures derived from same plot.

Early spring forage yield was measured in the WSBMV in-

vested environment at Newton (in 1972). The vegetation was

harvested (30, March) and fresh weight recorded. Dry weight

was obtained after drying the samples for 10 days at 120° F.

Data from all 14 environments were combined for computation

of means and analysis of variance. In cases where exact F-tests
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were not available, the method suggested by Snedecor and

Cockran (13) defining approximate F-tests was substituted.
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RESULTS

Observations made over the entire length of this study
.

(l972-"6) r revealed good disease symptoms on susceptible wheat

plants grown on all infested sites. There was considerable

variation in the amount of stunting and mottling of the

leaves, however. Considerable variation resulted in losses

reflecting damage due to WSBMV.

Data collected from the five near-isogenic populations

during the entire length of the study at all locations are

presented in Table 2.

The analysis of variance (Table 3) indicated that environ-

ment; population, and environment x resistance interaction

were significant for all traits investigated with the exception

of number of kernels per spike. Yield was the only trait

studied exhibiting significance over the environment x popula-

tion x resistance interaction.

ITable 2 represents and compares a list of isoline

populations grown in different environments and compares four

yield components: total grain yield, tiller number, kernel

and test weight. Each comparison involves the bulk of re-

sistant isoline populations compared to a bulk of the suscepti-

ble isoline populations.

In five of the seven comparisons conducted in infested

environments, the resistant isoline populations yielded

significantly higher than the susceptible populations. In



p CO

o +>
H c
Pi\
V) 1
P. o

U
N •H

>
T) c
I-! w
O
•H

a)

•H
U

C
00

MD
in

A
w
rH

O
CsJ On CN.

1—

1

-V- O On
•H H

A
o rir»

u UN *

n CO

UsJ
r- CM o
l—

1

H

o CM 4.

I—' o rH CM „*
rH O^N CM CO

On NO
On -3* CM

Q
to

rH
Ct

)

\U

CO CO CO
M co o V-

CM rH CO
CM o

CM ON <

—

1

o- £N- GO o
Q -"^ rH\\

•P
>

O-
.

CM
M no cc i—

1

CN CM T
j£

CM i—

1

rT «1 C°N CN Ci)

Q -3 -3- c
A)

NO CM o
Q C^A IN

cn CM
H

On CM
cn CM 0~N

a VT* W>

CM rH NO
Q C\! rH

-V .=*

rH C^-

H CM
o -=}•

-P
c

-t
5

CO

CO

ai

•p

o
m

CO

CO

o
rH"

CO

p
0)

e
c
o

•H

g

n

Q

n

CM CO
CM CO i—

l

rH • •

H O NO rH
r> CNJ rH

CM
CN- —

(

00
0^ CM rH

Ox CO
CD CM O-

C"N *

rH O ;>- H
C^v CM rH

r-i CO
CM

CM
H o

C-N

MD NO
CO

O
rH CO 0^ O-

CM CM H
CM >o
CO CC

o\
MD NO
CM eg

rH

iH CAm
rH

ir

C°v
NO

O
p> r> rH

vO o
co On
CN. r^

o 00 *
C\) o

-cr

C^N rH NO
CO C^N

0^
O

OD Cn
CM CNJ

On *
rH rH On

CNJ

00 VO NO
CM CM

rH On
vn

H
On o
CJ

I

CO +>
•H C
co

C) 43



c
o
•H
P
O

EQ

B
o

H
NO\
CO

rH

0)

rH
HH
P
V.
O

O

0)

H
rH
•H
EH

tfl

-p

c

o

•H
>

P o
H

PH ON
P

Ph
p

Ph vo
P

P -3"

Ph co
P

P CM

Pn h
p

VO
•

o
H
P
CO
M

rH "J 1

•

o rH o
CO CN. CM

0^ CO r*>

H
CO VO CO

CO On
W P

c

U"> O- s
C

CM o
CM H P rH

H rH •H
*

CO rH C
• CO Ph"

1% rH -=} o
r>_ VT\ C*"N Eh

J"

VO NO
O o
H H
CM VO \&

IN
VO •

CO 00

--->- IN

CO rH
o H
H rH

CO H
CO IN OA
o o 1

H H
o* tN

CM
O

tani
1

P. u:

co 4) O co

•H O rH o
cc- CO ,C Hi
u 3 *H
01 C/J +'

p -d-

P co
rH

Ph CM
P rH

P rH

P O
H

pH ON
P

P CO

Ph O-
p

P NO

pH vo,

p

p -3-

Ph co
P

P CM

Ph H
P

rH
vO
*

II

A
C/3

>H

\j >

NO ON
• • co

-3"

(X. 1

VO On
On VO

• CM
CO vo

C>_

Q CO
«o NO

•

o o
CO CO

CO •

CM CO
On

On NO CO

CM rt

O- if CO

CN if. •rH

CM p
NO co

tv. II

-V it p
H rH

[s_ O- 0)

co vO Ph
CN *

CM CD

CO CO

fx, r>_ CM cc1

c:

CM CO CO

ts On •H
P

On On
[n. ||

VO NO Ph
O^ r>_ * Q
co NO
c%_ CM

nO cn
CO

CN co rH
CO 00 CO

NO Q v 0)

tv rH H
-3"

NO NO O- VO
o

On
vo CM

aJo O
fx_ CO

JH; CO S
rH NO o

NO •H
NO <H
rv_ •H

6
NO VO •H

CD CO

On ON CO

C*

—

CO

p
I crj

1 P, CO t>

CO Q) o CO •H
•H P O rH TJ
CD C CO £> p C
a> n M
K P r/3 p



13

Table 3. Analysis of variance of resistant and susceptible
populations 1-5 for yield, kernel weight, tiller
number, number of kernels par spike, plant height
and test weight,

Source of
M.S. 2/ M.S. M ,S.

Variation Yield d.f. Kernel
Wt.

d.f. Tiller
No.

Environment 12 1

,

yol ,o3^ It a ** y J.X (Hi.

Population k 159,655** 4 322** 5 3923**

Res. vs Sus. 1 386,488 i 362 1 2143
*

Env. x Pop. 62 37,390** 81 16 ** 55 9^7*

Env. x Res. 12 84,953** 12 65** 8 1230**

Pop. x Res. i* 14,413 28** 4 182

Env. x Pop.
x Res

.

48 7,840* 48 344 32 266

M.S. M.S. M.S.

d.f. No. Ker. /Spike d.f. Plant
Ht.

d.f. Test Wt.

Environment 8 <£-JJ 3
It Pnt# -L3

Population 5 42* 4 150** 4 18**

Resistance 2 • 36 1 36 1 14

Env. x Pop. 81 15 18 5

Env. x Res. 8 5 3 4* 13

Pop. x Res. 4 8 4 2 4

Env. x Pop.
x Res. 32 8 12 1

1/d.f. = degrees of freedom

»M.S. = mean square

* and ** indicates differences are significant at Sf» and 1%
level, respectively.



14

the infested environments the reduction of yield was 3.4 to

45. 2#. No significant differences occurred between the re-

sistant and susceptible isoline populations in disease-free

environments.

Kernel weight of the susceptible populations was signi-

ficantly reduced in all seven diseased infested environments.

The range in reduction of kernel weight was 6.9 to 17.?^.

There was no difference in kernel weight in the disease-free

environments between the resistant and susceptible isoline

populations.

Significant differences in tiller number occurred in

only two of the four diseased environments. The range of

reduction was -3 to 34.1^. No significant differences were

found in the disease-free environments.

Test weight was significantly (P=.05) reduced in 5 of the

7 diseased environments. The range of reductions were -.34

to 4.2^5. Plant height was measured in one diseased environ-

ment and 3 disease-free environments. There was a significant

(F-.05) difference between the resistant and susceptible

isoline populations in the diseased environment. The reduction

in plant height was 4.7?S. There was no significant difference

in the disease-free environments.

Early forage growth data were collected in one diseased

environment (data not shown) and resistant populations pro-

duced more forage than the susceptible populations (P=.01).

Table 4 gives the results of combined data for the five

paired isoline populations in all environments and are
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illustrated in Fig. 1 to Fig. 4. Comparisons are made for

yield, kernel weight, tiller number, test weight and plant

height. The percent loss column in Table *f represents the

average reduction obtained when data for the entire study-

were combined. Yield was reduced an average of 22%, kernel

weight and tiller number each had an 11. 8# reduction and test

weight exhibited the least loss of only 3«*$« Observations

made on total performance of all WSBMV infested soils com-

pared to uninfested soils can be found in Table k also. All

traits observed exhibited a superior performance when measured

in uninfested environments for both resistant and susceptible

isoline populations. A breakdown of comparisons between

environments is found in Fig. 1 to Fig. 3. The ranking of

environments indicated that performance was superior in most

cases in uninfested environments. Any variation from this

trend may reflect significant environment and genotype inter-

action.

The near-isogenic populations from the cross Tascosa/

Scout showed the same trends established by the five near-

isogenic populations in the three years (k locations) they

were grown (data not shown).

Comparisons made between Eagle, a very susceptible culti-

var, and Centurk, a moderately resistant cultivar, that

exhibits recovery after infestation are presented in Figure 5-

Extensive tests in Kansas as reported by Ted Walter (15)

indicated that yield of Eagle and Centurk was similar under

WSBMV free conditions. Test weights are similar but Centurk
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Figure 3

•

Rank of average tiller number performance of
each environment with resistant and sus-
ceptible isoline populations bulked.
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Trait Yield Kernel Tiller Plant Test Wt.
Wt . No . Ht

.

Figure ^. Average % loss of susceptible isolines for yield,
kernel weight, tiller number, plant height, _ and
test weight when compared to resistant isolines
(100^)

.
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ig. 5- Comparison of Eagle {S) vs. Genturk (MR) in infested
and disease free environments for kernel weight,

- tiller number, test weight and yield.
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possesses a smaller kernel and a 'greater number of tillers.

The results indicate that Centurk was superior to Eagle in

terms of higher yield and tiller number and better test weight

when grown in infested soil. In only two infested areas were

the kernel weight of Centurk less than Eagle.
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DISCUSSION AND CONCLUSIONS

The use of near-isogenic populations provides a more

accurate measure of crop losses due to a plant disease than

most other conventional methods. The resistant and susceptible

isogenic populations were similar when grown in uninfested

environments indicating the materials selected for the study

were well suited.

Based on this relationship, the interpretation of the

data using resistant and susceptible near-isogenic populations

in virus infested soils as the potential of that environment

gave a method to test the effect of this disease on several

agronomic traits

.

Results obtained during this study (1972-76) allow for

several conclusions to be drawn. In the environments and

locations tested it was found that the virus could cause a

severe reduction of yield, tiller number, test weight, kernel

weight and plant height. Number of kernels per spike and

early forage yield also were depressed. The large variation

in yield reductions (-3 to k$.B$) is attributable to several

factors. Good symptoms of the virus were present in all

diseased environments. Because of the fact that good symptom

expression was evident in all infested soils and yield was

not reduced uniformly indicated that degree of leaf mottling

and extent of losses are not correlated well. The variation

in yield losses was comparable to the other traits investigated
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in that they also exhibited no correlation between amount of

symptom expression and amount of yield depression. Several

factors may contribute to this apparent lack of correlation.

For example, in some seasons the symptoms were present only

a short time (10 days to tv/o weeks) and at other times they

persisted to the blooming stage. Another factor for consider-

ation in failure to obtain good correlation between extent

of mottling and yield reduction is the variation that exists

among genotypes in recovery rates after infestation and also

their simple yield potential regardless of WSBMV infestation.

This evidence allows some flexibility in conclusions that can

be drawn but it is certain that the environmental conditions

favoring high depression of yield may not correspond to

presence of disease symptoms. V/hen the environments were

ranked on the total performance (Fig. 1), diseased environ-

ment lk was second in total yield performance even though it

displayed good disease symptoms. This fact adds evidence to

the assumption that other environmental conditions other than

typical disease symptoms exist which cause losses due to WSBM.

The variation in genotype was observable in the same

environment by the comparison of crop losses among susceptible

isolines to that of reductions by the cultivar Eagle. The

susceptible isolines exhibited a nonsignificant reduction of

3.3/^« In contract, Eagle v/as severely depressed in yield even

though environment 1^- did not appear to cause losses that

great. This variation on production was attributable to

differences in genotypes as the near-isogenic susceptible
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populations generally were classified MS or S while Eagle was

classified VS.

This range of variation in damage due to the disease makes

it necessary that any conclusions drawn must pertain to the

situation at each environment, the genotypes, and the inter-

actions .

When agronomic traits were ranked on the performance at

each environment, the infested sites generally showed the most

reduction. The yield at the diseased sites were lowest except

for the two environments. A similar pattern existed for tiller

number and test weight and suggested that severe reduction in

yield was due primarily to fewer number of tillers and a lower

test weight. Plant height and early forage yield also was

associated with yield depression. Number of kernels per spike

did not respond the same as other traits studied. It was

observed that recovery of susceptible genotypes after virus

infection resulted in reasonable spike development even though

reduced yield per unit area occurred. The surviving plants

(or escapes) produced good but fewer spikes with average or

above average kernels per spike.

During the course of this study it can be concluded that

WSBM caused significant reductions in all traits examined. The

preference of any population after infection by WSBMV is

dependent primarily on the environmental conditions and the

genotype of their population. The use of resistant varieties

in controlling the disease is necessary under Kansas conditions.
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ABSTRACT

Wheat soilborne mosaic (WSBM) is a damaging disease of

wheat in Kansas that causes extensive losses. Losses in 1977

were estimated to exceed 20 million bushels. There are about

two million acres of wheatland infested with WSBMV in Kansas

and the 1977 losses were the highest for all wheat diseases.

Resistant varieties are the best and most economical control

of the disease. This study indicated that losses due to WSBM

varied considerably from season to season and by location.

Five near-isogenic populations showing resistance or suscepti-

bility to the disease were established to estimate damage. Two

cultivars of winter wheat were also studied to determine losses

due to the disease. Yield was reduced an average of 22$

ranging from 3.3 to 45.2$. Kernel weight was reduced 11.8$

ranging from 6.4 to 17.7$ and tiller number was reduced 11.8$

ranging from 3 to 34.1$. Test weight was reduced 3.4$ and

plant height 4.7$. Incidence of infestation in these stud-

ies was not a good guide to the amount of loss that occurred

in any one location or season.


