PRELIMINARY REPORT ON WHEAT BREEDING
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A ' Wheat Rust in Taiwan

kThev"leaf rust caused by;PdéCim'a‘ yubigo-vera tritici is the most destructive

that of the stem rust caused by Puccinia graminis Whlch is of second 1mportance
in- Talchung Area. ‘Though the annual loss caused by the rusts d1ffers from

- year to year depending upon the degree of its development Whlch is affected
greatly by the climatic conditions, it is estimated to ‘be no less than 10/ of
the total production in average.

When hot and windless weather lasts for a con31derable number of days

f December and very foggy nights follow it, serious damage
th eaf, rust may be expected In such years approximately twenty
1 productlon may . be lost.

The measures for

_,ntrol/now being recommended by the government
in Taiwan are: (1) Sowmg at proper txme, i

from over-application of nitrogen, proper Quantlty of potassmm should be used
(3) Do not irrigate at the last stage of growmg period; 4) Av01d too dense
: ntmg and keep good ventilation of wheat field; (5) Apply proper funglcxdes
: suchf es “dithifte” or “limesulphur mixture” whenever there is indication of its
outbreak.

Though these recommended controlling methods are effective to some extent,
their efficacies are not ‘satisfactory when the rust is very prevalent. 'Somey of
the control measures are not quite economical owing to the high cost of the
chemicals. , o e

Therefore, developing wheat varieties immune from or highly resistant to
rust is no doubt the most reasonable approach towards a solution of the‘problem
though it ' may take a long time because of the Wlde physiological spec1ahzat10n
‘of rust races.

In analyzing wheat varieties in Taiwan, they have proved themselves to be
good varieties of having most of desired agronoinic characters, such as high

productivity, good quality and espec1ally early maturlty to Stllt our spec1a1 L

(1) Senior Specialist and former Specialist of Taxchung Agrxcultural Improvement Station. :
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‘ disease in Taiwan. The damage is usually more than tW1ce as much as

ly not too late, (2) Reframmg ;
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cultivating system, since wheat is planted as a winter crop during the short
period after the harvest of 2nd crop paddy and before the transplanting of the
first crop paddy on paddy fields of Thichung Area. But none of these is
resistant to rust.

The authors started the studies on this particular problem in 1953 and have
put their effort on the improvement of rust-resistant varieties.

The authors desire to acknowledge their indebtedness to Dr. S. H. Ou and
Dr. C.F. Cheng of JCRR for their valuable suggestions and criticisms in con-
nection with this work as well as on preparation of this paper.

Varietal Resistance to Rust

Material and Method

Observational tests of the rust resistance on a total of 346 varieties and
strains introduced from different localities of the world, mostly from the U.S. A.
and Japan and some from Canada, Australia, Russia, China Mainland, and Taiwan,
were carried out at Taichung, Taiwan in 1952 and 1953.

To make the tests easier, these varieties were sown and observed at the
fields located near sea-coast, where the environmental conditions are favorable
for rust development. Then the following means were employed to accelerate
the development of the pathogen: (1) Seeds were sown 15 days later than the
regular sowing time. (2) Heavy nitrogen was applied by using twice as much
as the standard amount of ammonium sulphate as basic dressing and top dressing
during the vegetable growing period. (3) The test field was kept as wet as
possible by frequent irrigation.

Twenty plants were planted in a row with two replicates for each variety
and the rust infection was observed on row basis on March 1 and 10, 1954 and
1955.

Classification of Rust Resistance

The following five classes were used to classify the degree of resistance to

Tust. -
(1) HR-Highly Resistant

No uredinia formed, small flecks, chlorotic or necrotic areas frequent.
(2) R-Resistant

Uredinia few, small, always in small necrotic spots, also many necrotic

areas without development of uredinia.
(3) MR-Moderately Resistant

Uredinia of moderate size, fairly abundant, always in necrotic or chlorotic

spots.

4) MS-Moderately Susceptible




- Uredinia of moderate size, fairly abundant, no necrosis produced, sometimes
slight chlorosis immediately st unding the uredinia.
HS-Highly Susceptlble e ;k s S
i Ui'edlma abundant, Iarg\ fs:ze, no' necroms or chlorosxs 1mmed1ately sur-
roundmg the uredinia. ‘
Exp,erzmental‘ Results

The results of two years’ observation are pfesen‘ced in the following tables:

Table 1. Number of Wheat Varieties in Different Classes of Res‘isytaknc‘ek

HR | R | MR | Ms HS |, TOTAL
% | e | s | e us |36
22, 18 12| 76 |78 |

The result shows that there are wide. vanetal differences in rust res1stance
among those 346 varieties tested.

Table 2. Highly Rust-Resistant Varieties in Taichung, Taiwan

Resistant to ’ B Varieties

i HSHg 4603, SH,
Thatcher

7 . (Frontana. X Thatcher), (Txmstem X
T Yuma

el No. 2 No. 60, No-lin No. 61, Gabo, Chabo, Whedt
., el3, Stanhalsor, KP 4108, KGP: 4508 KGP 4521, Aawrence; :
. Anrore, Extralation, Shie-non No. 5, No. 24, and'No.: 56

Kinai No. 63, Kis 4608, Wheat P.B. 591, Sea Poam, S

As shown in Table 2, varieties resistant to both leaf and stem rust are
all those introduced from forelgn countnes, and none of the local varieties shows
" re31stance 1o rusts.

S Physiologic Specialization of Puccinia rubigo-vera tritici : Cut

Leaf-rust reaction of 20 varieties was observed. in. ‘Taichﬁng and: reported
in Table 3. Companson was made with the results tested at five d1fferent'
;Iecahtxes in Wheat Region of U.S. A. (Ausemus, 1951). R

~It- can’ be: seen- from Table 3 that a same. variety may show d1fferent'
‘reaction to leaf rust at different localities and it is conmdered to be-due to the
different composition of leaf rust races. V ~

The . distribution -of physwlogm races -of -leaf rust, Pucczma rub;go-vem
tritici, in Tmchung Area of Taiwan has been observed by usmg several spring
wheat varieties. -whose reactions to 45 physmloglc races of leaf rust was si;udled
by Levine et al (1951) , . b

.
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Table 3. Leaf-rust resistance of wheat varieties in different
localities in U.S. A. and Taichung

. Rose- . . .
Vasietis |Waditon] moue | Langdon Wighmore Lincon, | Tachuns

Lee R R R — 3% R

Rival 3025 3224 4025 252 702 S

Rushmore 4025 4524 — 3022 63% R*

Henry 202 1% — — 8425 S

Thatcher 7025 1002 402 402 75% S

Henry X 1907 —_— 025 — — — S*

Henry X Cadet R R — 0% — S

Lee X 3175 — 1% 5% — — S*

Thatcher X Surpresa - R R 0% —_ R

Hope X Timstein — — — 0% — S*

A.M. 10 X New Thatcher _ _ R _ = g*

(N. S. 3780)

Timstein X NowThcher|  — | 1% | - | - | - | =R
(11-46-3) — HR — — — HR
(11-46-5) —_ HR — — — HR
(11-46-13) - HR — — —_ HR

Carleton — R —_ — L e S*

Mindum - R 0% 0% R HR

Stewart - 0% 02 02 — S*

Nugget — R 0% 0% — R

Taichung Wheat No. 31 —_ — — — — S

Remarks: (2) the percentage of leaf rust infection.
(*) indicating the variety showing different reaction to leaf rust at spring
wheat region of U.S. A. and Taichung, Taiwan.

The observation results indicate that a part of the physiologic races of
leaf rust found in Taichung Area, Taiwan, may consist of some races which
do not exist in the Spring Wheat Region of the U.S.A.

Inheritance of Rust Resistance

According to the test of varietal resistance to rust reported in former paragraph,
the strain of “Timstein X Newthatch” was recognized as the most suitable
rust-resistant material for the wheat breeding program of Taiwan because of
its high resistance to both leaf and stem rusts and its relatively early heading
time which makes the cross with wheat varieties of Taiwan highly possible.

The cross combination of “Taichung Wheat No. 31 X (Timstein X Newthatch)”
was used as the material for genetical study.

The F,; plants obtained from the above mentioned cross showed complete
resistant to leaf rust but susceptible to stem rust.




80 Fz plants were tested for their rust reactions at the diseased field under
favorable environmental condltlons for rust development Observatlon was made
and the degree of rust mfectmn on each plant was recorded according to the
class1ﬁcation of rust resmtance descrlbed above.. The result _is shown in. the

. following table:

Reaction

Namber of Plants

Resistant to leaf rﬁst‘ ’l‘)iitsfuécéptilﬂe' to,'stern' rust
Resxstant to’ both leaf and stem rusts
‘ oth leaf and stem rust

: Suaéépt to leaf rust but resistant to stem rust

43
- 23
11

- The: resuIt shows evidently that the resistance to leaf rust is governed by o
_ one- pair of dominant genes, then another pair of independent recessive gene
controls the resistance to stem rust. Resistance to leaf rust showed 3:1 ratio

to susceptible with 30-5027 probability of X2 (1 06), and on the contrary, 1:3
ratio was obtained for resistant against susceptible to stem rust with 30-5025
probablhty of X2 (2 40) The result of further study in Fg conforms thlS con-

clusion.

Material and Method™

Breedmg of Rust Resiétance ,

l"(’l‘lmstein X Newthatch) has been used as the resistant parent to cross with
-~~~ the local wheat varieties, Taichung No. 31 and No. 32 since 1953. - The methods
of testmg ‘resistance . ahd its classification used were the same as explamed:

o above

Pechgree and back-cross methods have been used in thls breedmg program.
In pedtgree method, 1,500 individuals: were planted in' F; generation in 1955,
then. lines ‘were established after F, generation.  Thereafter, the plants which
showed high:tust-resistance and possessmg desirable agronomic characters were

selected from each generation.

Back-cross- method, in which Taichung No. 31 was used as the ‘recurtent

: parent, was employed alternately with selfing. At least more than ﬁftjr seeds

were obtained from each back cross. Three times of back-cross was completed
in the year of 1958 and the progemes were tested for res:stanoe ‘

Stram Selectzcm

Two strains from pedxgree program and ten from back-cross program have
been selected in then‘ homozygous. They are all of h1gh rust- res1stance thhk

-excellent agrononnc characters
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Regional Test at Taichung Area

Local test, in which five-row plots with three replicates design was used,

was carried out in 1959 in order to study the local adaptability and rust-resistance

of 4 newly established strains, the progenies of (Timestein X Newthatch), in

different localities. The results are given in Table 5.

Table 5. Test of adaptability and rust-resistance in different
localities of Taichung Area, Taiwan

Varicty ‘ I‘;gl‘;gg Ne[ipu Fuhéingf Hoito | Yuanli |,/ ¢ yigrq
Lo|sa) L | s LiS;LlS L]s in Average
Taichung Strains ‘ ‘ i
No. 137(a) HRHRHR;HRHRHR;HRHR HR HR 100.4
No. 138(2) HRHRHRHRHRHRHRHRHRHR 1046
No. 140(a) HRHRHRHRHRHRHRHR HR HR 95.9
No. 141(a) HRHRHRHRHRHRHRHRHERHR 108.4
Taichung Wheat ‘ ‘
No. 23(b) MSMS/HS MR/HSMS MSMRMSMS 87.0
No. 31(b) MR MR MS!MR HSMS MSMR MS}MS 100.0
No. 32(b) MR MRHS}MRiHSMSlMS MRMSMS 90.6

Remarks: (a) Newly established resistant strains from pedigree method.
(b) Common commercial varieties in Taichung Area, Taiwan.
(¢) Reaction to leaf-rust.
(d) Reaction to stem-rust.

The above table indicates that these newly established strains are highly

resistant to both leaf and stem rust at all tested localities in Taichung Area,

and consequently the yield was higher than local commercial varieties compared.

¢!

(2

3)

Summary

Great difference in resistance to leaf and stem rust was found among the
346 wheat varieties introduced from the United States and other countries
in Taichung area of Taiwan. Among the introduced resistant varieties,
Timstein X Newthatch, which has a relatively early heading date, was
selected to cross with two local leading wheat varieties, Taichung No. 31
and No. 32 to develop new resistant wheat for growing in Taichung area,
Taiwan.

Resistance to rusts was tested under natural condition. Rust epidemics
were induced by planting in a special locality where rust outbreaks were
most frequent and by late sowing, heavy nitrogen fertilizer application and
frequent irrigation.

Through pedigree selection and selfing and back crossing of the progenies
of the crosses, four new strains in homozygous state were selected. The

&




)

(5)

1

3

%8

four strains were highly resistant to both leaf and stem rust in 5 locahtles o

tested in Taichung area. The four new strains are stable, early maturing
to suit local rotation system ‘and yield better than old varieties.
Reaction of the test varletles used in spring wheat region of America in

- Taichung indicated that some physiological races exist in Taichung area

are absent in the States,

Genetical analysis of the resistance in the progemes indicated that resistance
to leaf rust is governed by a smgle paxr of dominant genes and to stem
rust, by a single pan' of recessxve genes. Combination of back crossmg and
selfing. of the progemes is therefore employed to introduce the rust resistance

“to estabhehed Varieties.
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