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Original Research Article

SCREENING FOR STEM RUST(Puccinia graminis f.sp tritici, Eriks. are-& E. Henn.)
RESISTANCE IN MUTANT BARLEY (Hordeum wulgareL.) LINES

ABSTRACT
Stem rust is a devastating disease in barleyithaaused by a fungPlccinia graminis f.sp tritici,

Eriks. and E. Henn).The disease has been contrfiledquite some time due to the presence of cukiva
carrying the resistant gen@@l .It has been effective in controlling the varioases of stem rust. This was so
until the emergence of the race Ug99 from Ugandheényear 1998. This race did break all the resisganes
that were there hence the need to get new soufeesistance. In the current study, mutation bnegavas used

to create variation for stem rust resistance (UgS@gds of barley (Nguzo variety-oMwere sent to Vienna in
Austria for irradiation at the International Atomimergy Agency at a dosage of 250gray.Theskbkds were
multiplied in University of Eldoret experimentalefd. Thousand plants were randomly selected fromMhe
population, two ears were harvested of each plaitwere subsequently divided within two groupsie@roup
was planted at University of Eldoret experimenieldf while the other group of a thousand ears vpéaated at
KARI Njoro as M,. Each ear formed a row/line. A susceptible linendfeat was planted as a spreader and
inoculated with stem rust -Ug99 in both sites. fat@f 183 lines were selected from the two sifdeese lines
were again replanted in university of Eldoret ag iM a RCBD design with three replicates in thedfiéb
determine adult plant resistance and in the greersénin a CRD design to determine the seedlingtessie.
The non mutated parent,Nguzo was used as a chdek.fallowing lines did show resistance both at the
seedling level and adult plant level (1,2,9,21,96,8,58,59,69,76 and 78). Mutational breeding erefore

recommended for continual screening of these ksethis race may mutate further.

Keywords: Stem rust (Ug99), Mutation.

Introduction
Barley Hordeumvulgare L.), is one of the most important cereal cropKémya. Currently about 30,000 ha of

land is used for the crop but potential for expansiemains [1]. Rust fungi, responsible for disedse stem
rust, yellow rust and leaf rust is a major conttdsuo the sub optimal yields realized by farm@&eeeding for
resistance has been used as the main method afcpoot against the fungi. The rust fungi can howeve
overcome host resistance genes and spread nemsdtiedugh wind dispersal of spores [2]. Stem ofistarley
and wheat, (caused Muccinia graminis f.sp tritici Eriks. ard-& E. Henn.) is historically one of the most
important plant diseases. Devastating stem rusteegics often result in major grain losses [3].le turrent
study mutation breeding has been utilised to creatiation for resistance.The use of mutagens ssojamma
rays for inducing variation is well establisheduiced mutations have been used especially by th@/IP&£A
division of nuclear techniques in Agriculture.Matigan 1800 cultivars obtained either as direct nistam
derived from their crosses have been released winlddin over 50 countries [4].The induced mutatiaitsin

development of many agronomic important traits iajon crops such as wheat ,barley rice and peamilts [

| [Barley{HeFdeum#ulgaFe—l:)—is one of the founder crops of Old World agricituGenetic markers point to the

origin of barley being the Fertile Crescent esfbcihe Israel-Jordan area in the southern parhef Fertile
Crescent where there is the highest diversity efsihecies [5]. This is the area that has the higitebability of
being the geographical area within which wild banleas domesticated about 8000 B.C. [6].The Agrigelt



43
44
45
46
47
48
49
50
51

52

53
54
55
56
57
58
59
60
61
62
63

64

65
66
67
68

69

70
71
72
73
74
75
76

Sector, which is the backbone of Kenya's economyits growth is dependent on increasing barlegpcton

amongst other crops and livestock|[7]. The imparéaof barley as a major crop in Kenya cannot belogked - { Comment [R1]: Put these as the introductory }
sentences at the top.

because it is the fourth most important cereal @amya and the world after maize, wheat and rice$8me of

the Major barley producing areas in Kenya includBspau, Moiben, Nakuru, on the wetter escarpment of
Samburu District near Maralal Town, Molo, and Maardk[ 9].| The total land area that is deemed sltédy
barley production in Kenya is 85,000 hectares. Gailput 20,000 hectares of this total land arealslgtfor

barley production is under barley production, tB6s000 hectares has not been utilized [l]. Bapleyuction - [ Comment [R2]: This is redundant of lines 27-28 ]

resistance (Ug99) in mutant barley lines atavid M.

the yield reduction in barley due to Puccinia
graminis infestation in Kenya.

Comment [R3]: Include some information on

_ - Comment [R4]: Was this screening carried out
Sitedescription 7 | attwosites?

The study was conducted at the University of EltjoFbe geographical coordinates aPe30 0" North, 3% 15

0" East. The site is located 10 Km of Eldoret townUiasin Gishu county of Kenya. It is located ataétiiude

of 2180m above sea level; it consists primarilyaofagro-ecological zone LH3 [11]. The site is amarajor
wheat growing regions in Kenya. University of Eldbreceives a unimodal rainfall which begins in bkarThe
average annual rainfall range is between 900 mm14® mm and mean annual temperature of°C5The
soils are shallow, ferralsol, well drained, non legambisols with low nutrient availability and mtise
storage[11].

The study was also conducted at Kenya Agriculti®akearch institute, Njoro in Nakuru county, (0°20'S
35°56'E),located in the lower highlands (LH3),atadtitude of 2166 meters above sea level. The teatpe
ranged between 18-38 during the period of study, while the averageumhmainfallis-wasabout 1,000 mm.

The soils are deep, well drained, fertifieric Mollic Andosols[11]

Irradiation

Six hundred grams of Mseeds (non mutated seeds) of the barley varietzdgobtained from East African
Maltings in Molo, Kenya and were sent to InternaéibAtomic Energy Agency in Vienna and subjected to
gamma radiation at an iradiation dose of 250 gpypto obtain M(mutated seed that gives rise to the first
generation of mutants).

Seed M ultiplication and Selection

The land to be planted was disc ploughed and haddw fine tilth suitable for barley planting. Tieadiated
M; seeds were planted in University of Eldoret faedsenultiplication. The mutated seed were drilledagpiot
measuring 125 m by 40 m. Drills were 5 cm apart.té agronomic practices like insect pest contlideases
control and weed control were done up to harvest tio ensure good crop establishment. Thousandsplare
randomly selected from the jMpopulation and two ears harvested from each sslgoant and divided into
two corresponding groups. One group planted at é&msity of Eldoret experimental field while the

corresponding group of a thousand ears was plait&@RI| Njoro. Each ear formed a line/row.
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Planting and field management

The M, seed from each entry were sown in 1M rows. The éxm@atal units were separated by 0.3m and 0.5m
wide alleyways within and between the blocks, retigely. Sowing was done at an equivalent seedatg of
125 kg/ Ha. At planting time, Di-ammonium phosphiilizer was applied at an equivalent rate obkdha.
Weeds growth was restricted by applying both prand post - emergent herbicides.Stomp® 500 EC
(pendimethalin) a broad spectrum, pre-emergenti¢idebwas applied at an equivalent rate of 2.5.1/k&
tillering stage (Zadoks’ Growth stage 20-29) [12he plots were sprayed with Buctril MC (bromoityn
MCPA) at an equivalent rate of 1.5l/ha to contradil-leaved weeds. The trial was top dressed wétlei@m
Ammonium Nitrate (CAN) at stem elongation staged@s’ GS 30).

Preliminary data collection and selection

Rust development was closely monitored on theptlestts and response to rust infection at the guatit stage
was termed “infection response”. According to tliee sof the pustules and associated necrosis oragito
infection responses were classified into four catieg; R = resistant, MR = moderately resistant, MS
moderately susceptible and S = susceptible [1&8nSust severity was assessed using the modifiéd Scale
[14]. Entries were evaluated for response to imbecnd stem rust severity between heading aadtpl
maturity and resistant lines selected and harvestdse advanced to M74 lines were selected from Njoro
whereas in University of Eldoret 109 lines wereestdd. These showed acceptable levels of resistasssl on
infection type and severity. Each harvested lins Warvested and kept in a separate bag to avoittanial

mixture. The rest of the materials were bulked toge

Experimental Procedure

A field experiment was established on land previpuader wheat and was disc ploughed and harroovéahe
tilth suitable for barley planting. Each entry vsasvn in double rows measuring 0.2 x 0.75m. The gxeatal
units were separated by 0.3m and 0.5m wide allegwethin and between the blocks, respectively. Sgwi

was layed out in RCBD replicated three times. Txmeement was managed as described above for agiono izl

management and inoculation done as described élinpnary evaluation.

Seedling screening of M ; plants for resistanceto stem rust in the greenhouse

Greenhouse experiment was conducted at the UniyestiEldoret greenhouse. It was put in a Compyetel
Randomized Design (CRD) with three replicates aepeated three times. The selected 183 lines were
evaluated for seedling resistance to Ug99 plusr tharent as a check. They were planted in Plastjs c
measuring 4 cm diameter by 6 cm height filled vatrout 200g of a mixture of soil and sand in a rafi@:1.

The plastic cups were placed in a greenhouse thatmaintained at 28 and 60% relative humidity (RH). In
each pot, 3-4 seeds were planted at approximatelgn leep and the cups were then placed in large non
draining trays measuring 60cm x 240cm and wateoefietd capacity. The seedlings were inoculatechwit
urediniospores after 14 days using a hand sprapenvthe first leaf was fully developed and placediark

moist chamber maintained at 100% relative humidigmperature at 8 for 18 hours. Thereafter, the



113 seedlings were then transferred to a growth chanhiaénwvas maintained at abou’@2day and 20 - 2C night

114 | temperature. After tHe disease had developed,raporas done according stakmaret al.[15]. __ - -| Comment [R6]: How old were the seedlings at
s the time of measurements?

116

117 Resultsand discussion.

118 Table 1-Summary of Seedling Resistance I nfection type and Adult Plant Resistance of the mutant barley

119 linesat M.

Mutant lines  Seedling resistance infection type(ITAPR (Severity % and infection type)

1 m ,,,,,,,,,,,,,,,,,,,,,, 5 MR - ‘{ Comment [R7]: What does the numbers 1-4
2 2 20 MR indicate?
5 4 30 S
7 4 20 MS
8 3 20 MS
9 2 15 MR
21 1 20 MR
23 2 20 MS
26 2 10 MR
27 3 40 MS
34 2 35 MS
36 2 15 MS
41 2 20 MS
44 3 10 MS
49 2 10 MR
54 2 20 MS
55 2 25 MR
58 2 20 MR
59 1 25 MR
62 1 5 MR
69 1 10 MR
76 1 5 MR
78 2 20 MR
90 3 45 MS
95 1 5 MR
124 3 20 MS
126 2 30 MS
130 3 25 MS
156 3 20 MS
161 3 15 MS
162 2 35 MS
165 2 20 MR
173 2 30 MS
184 3 40 S
KEY: S-Susceptible, MS-Moderate Susceptible, MR-krade Resistant, R-Resistant

120

121

122 Discussion
123 The germplasms (mutant barley lines) showed varyawgls of resistance to stem rust (Ug99) tableAtl.
124  seedling stage, the infection levels ranged frotm @,whereas at adult plant stage the severityedifigpm MR

125 to S.The resistance at seedling stage may probably teube the germplasm had resistance conferred by one
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single major gene that was broken down at adufiteage The genotypes that showed some resistance at adult
stage may contain a major single gene that remaiegdtant at seedling and at adult plant staghey may
have minor genes that are working together to redoe disease [13].Mutations are used to studpalere and
function of genes which are the building blocks &adis of plant growth and development, therebylpecing
raw materials for genetic improvement of economigps [16]. Mutation has been used to produce many
cultivars with improved economic value and studygehetics and plant developmental phenomena [17118]
the present study gamma rays were used to indutgtiva in barley lines especially for the gene ganing
stem rust (Ug99) resistancBpgl). The induced variations that were brought abguthe gamma rays had
some molecular basis, i.e., change in the baseesequof the DNA molecule coding for the proteineThange
in the base sequence can be through base sulbstjitbfise addition or deletions. This could explasminduced
variations in terms of Ug99 resistance in the lyalitees. There some lines which had low infectigpetin their
seedling screening and were showing resistancg® ih the field at adult plant stage.
Conclusions
Mutation by irradiation was successfully applied @enerated the much needed variability that ieferr
resistance to the mutant barley lines atavid Myat the seedling level and adult plant level. TH®¥ang lines
did show resistance both at the seedling leveleahdt plant level (1,2,9,21,26,49,55,58,59,69,76 &8).
Recommendations
This study recommends the following.

« Continual screening of these lines as this race matate further((1,2,9,21,26,49,55,58,59,69,76 and

78).
« Stabilization of these mutant lines through doutaploid techniques and backcrossing to reduce the
effects of mutation.
¢ Agronomic traits should be evaluated on the residiaes to identify superior lines for releasenasv

varieties for commercial purposes.

References

1. East African Breweries Ltd (2005). The Kenyan Beelustry. Nairobi, Kenya

2. Hovmgller M.S. and Justesen A.F, (2007). Rates whlution of avirulence
phenotypes and DNA markers in North-West Europeapulation of Puccinia
striiformisf.sp. tritici. Molecular Ecology 16: 4637-4647

3. CIMMYT (2005). Sounding the Alarm on Global StemdRuAn Assessment of Ug99
in Kenya and Ethiopia and Potential for Impact éghboring Regions and beyond.
29 May 2005. pp 26.

4. Ahloowalia ,B.S. and M.Maluszynski,2001.Induced Btidns-A new paradigm in
plant.Euphytica,118(2):167-173.

5. Badret A., Muller K, Schafer, Pregi,R.E. L , Rab¢y Effgen S, Ibrahim H.H., Pozzi

C, Rohde W., Salamini F (2000).0n the origin anthdstication of barley{ordeum - { Formatted: Font: Italic

Jwulgare). MolucularbBiology andeEvolution, 17; 499-510 _ -~ { Formatted: Font: Italic

6. Zohary, D. and Hopf, M. 1993. Domestication ofmp#ain the Old World, 2nd
edition. Oxford University Press. 278. Pp.



166

167
168
169
170

171
172
173
174
175
176
177
178
179

180
181
182
183
184

185
186

187
188
189
190
191

192
193
194

- [ Comment [R8]: Incomplete reference

8. . FAO,, (2004). Meeting of the Technical Subgrofithe Expert Group on
International Economic and Social Classificatiobkited Nations Department of
Economic and Social Affairs Statistics Division.W&ork, U.S.A.

9. KML.|

- [ Comment [R9]: ????

10. National Cereals and Produce Board, (2007). Coatrdlregulation of cereals
production, marketing, storage,distribution andhdtad measures. A reporton barley.
Nairobi, Kenya

11.Jaetzold, R. and Schmidt, H. (1983). Farm managemmamdbook of Kenya. Vol. Il
Natural condition and farm management informatimistry of Agriculture,

Kenya in cooperation with Germany Agricultural te@®AT) of the GermanyAgency
for technical cooperation (GTZ) Nairobi Kenya.

12.Zadok, J. C., T. T. Chang, and C. F. Konzak. A mieticode for the growth stages of

Cereals‘. Weed Rés 14:415-421. 1974. i0022-0493-3312@rossRef __ - | Comment [R10]: Cite journal names as per

77777777777777777777777777777777777777777777777 journal format.

13.Roelfs AP, Singh RP, Saari EE, 1992. Rust diseafsabeat: Concepts and methods
of disease management, CIMMYT, Mexico City.

14.Peterson, R.F., Campbell, A.B., Hannah, A.E. (1948) diagramic scale for
estimating rust intensity of leaves and stems ter€anadian Journal
Research 26, 496-600.

15. Stakman, E.C. Stewart D.M. Loegering W.Q. (1968gntification of physiological
races of Puccinia graminis var tritici U.S Depfagficulture research service, U.S.A.

16.Adamu, A.K., Aliyu, H., 2007. Morphological effectsf sodium azide on tomato
(Lycopersicon esculentum Mill). Science World Journal 2(4), 9-12.

17.Van, Den-Bulk RW., Loffer, H.J.M., Lindhout, W.HKoornneef, M., 1990.
Somaclonal variation in tomato: effect of explastsurce and a comparison with
chemical mutagenesisheoretical Applied Genetics 80, 817-825.

18.Bertagne-Sagnard, B., Fouilloux, G., Chupeau, 996l Induced albino mutations as
a tool for genetic analysis and cell biology inxfl&inum usitatssimum).
Journal ofExperimental Botany 47, 189-194.



