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CHMPARATIVE  FERFORMANCE ©OF EREAD WHEAT
CULTIWARS IN PURE AND MHXED STANDS: RESPONSE GF
YitlD COMPONENTS AND STRIPE RUST SEVERITY
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AESTRACT

Ta caanune the perenlizl of wneal (Tabicum aesitoum L0 cubivar mivures in
siabiizing vield and reducing  stnps rust  (Puccinia striifornis West) seventy, five
Envplian wheat cuilivars (Sakha 69, Sakha 8, Sfgs 7. Sids 1 and Giza 164} were
clanted in pure stands and in 1'1 mixwres at Sakha Aancuiturzl Experimentat Station
in o successive seasons 1597/1988 and 1058/1985. Stripe rust severity and yield
commizubing tradta. i e, stem lengih, cpike lencin, number cf spikeintsispike weight of
rarmeisspike, 1000-kernel weiait and orain wiela were measured vizlding bty or
ures refaive 1o hgpest 2ad i companents and cornashiove dolity S the
Coavars N the metures wele estmated. Gunerally yeid compenents wers higher in
beosecond season compaed o lne first one due te acseice of sirne rustin ihe .
zegson The mixturs (Sakha €5 + Swwe 71 wnnroved Jrain yield obtaned by 71 7% and
E48%  rulalve to t‘w fngh componenls and 31.5% and 83.4%  relative 10 mid
companents inthe 17 apd 27 seascrs, respeclively 7nis mixture had relatively lower
stripe rust severily rating comparec 1o clher mixtures, Lul not significantly lower than
e components. In holh seasons Szkha 69 was lhe besl competior for number of
heags and grain vield A aegalive correlation tboth phenaolypic and genotypic) was
found between both  numiber of heads and grain vield wilh aptke l2ngth, number of
kemels per soike and 1000 kernet weight in both seasons. Gurng the 1 season,
siripe rus! severity was negalively correlaled with numper ol soikelels/spike, number
of kemels/spike and number of heads In generai, the resuits of this study show the
importance of prior testmy tor culiivar potential for blending and the advantages that
can e g.:i“nn "r’Jm mivlures in stabilizinn yield and redecing slripe rugt severily
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Vwhea! oceoupicd zd minen =1 Toypt aunnn fhe wibder of 2007
{Stanstical Look 2001} when wizded aroiC.3 aibion ns Large adresije
ana continuous  nonocuildre of genetcally uniform crops not only provide a
pathogen with = crlhq'ratﬂ in bnh area and time, but also result in rapid
< o7en. Itis a major challenge to wheat
var for a given location is often
Levmes @ etepliisle W ooy 'wudm croduction hazarg such as disease or
insect. Releasing wheat cultivars with single, race —specific resistance
genes have proved to be short-lived in manv host pathogen systems (Mundt
and Browning, 1585) Several stratepies were suggested to prolong the live
tirie of newly released cuitivars with race speciic resistance. Among these
sirategies are the use cf durable resistance (Xianming 2002), multilines or
culgvar mixture {Mundt and Browrd 5. 1985 and  Woife, 1385} Muttilines
cultivars  have had significant commercial success (Browning and Frey, 1969
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and  Mundt ana Browning, i925) bowever, cufvar miaos .o aré more easily
deployed,  Culivar mMixtures o0 bz prepéred - oM existing,

anrcnomically supenar cuiivars =il fegure ro addi - Hing (Wil gans
eind Mundt, 1994). b sodiben he dreniiy Creserd : Mivare in lhe
ruxiure can provide csddiora g Lot wnainst g A cecondary
ciceases. Several sludies o Gierenh crops MG o Liending or
Foang cultivars within or amonuy speces (o stabmze anc - T Taximize
prnduction (Kannenberg ang Hunter, 1972, Fenran: = -~ o 1974 and
F.sieswara Rac and Prasad 1384}

fany epidemiological siLes ~ain culbvar mixturs o . nenstraied
raduction in disease severity i ~ovme nalonens el ~an of thewr
c~mpenent cullivars {(Mcdornals & 3, " zé Brophy woo L0 89T and
Imoreases in o yield (Finchk ana Maset, 1792 teavicus - - 0 ot mixing of
v:-heat cuttivars in Egypt also showed siymiicart inc 2ass o v compared Lo
tz mixture components (Salam 1925) tfiviures gy L Lease yield in
3 absence of disegse (nhalid Lno ualesn 13740 5 hute 1o yield
stabiity  (Akanda and Mungt, 19971 in, babar gt e mmalition in
reed standzs of wheat genolypes o ovlani e e 10 M CLgaun
eha [2ducing genolype-envirant &n riaractions, ool T ngrant
to the agronomists as genolypes witd high compelitive 5.0 e Useful lc
combat the weed problem. Tnsy  sise imoorant o - sreeders 1Gr
pedicting the fate of genotypes with low comuatitive 4n.t sercaenecis

rooulations {Rajeswara Rao and Frasad, 1984)

Stripe rust (FPuccinia siruformis vest) 1s a majer . o «-52 of wheat in
ool humid climates. Freouent epidemics of stripe rust have - ‘e reparted in
many countries (Ma, el al, 1997) and specifically in iZoyn. {E-Dawoudy,
1297} Infrequent attacks of stnpe rust make the incorporat an of resistance
gznes for this rathogen a wiificult task in wheat >roeding programs.
However, it is more likely for a cuitivar to stand the eliac i a given race of
he pathogen when iH13 in @ mixture than when in pure sizn:

The relationship between yield and its componenis and boih incidence
and Severity of stripe rust has been reported (King, 1376, Sharma et al ,
1985 and Yang and Zing, 1%89)  Eut such relationship was mainly
investigated under monoculiure of wheat and it requires further investigation
under mixtures.

Tne objectives of this study were to (1) estimate the yielding
competitive ability of wheat cultivars in pure and mixed stands, (2} examine
the role of some potential wheat mixtures in stabilizing yield and reducing
disease and (3) estimate the simple genotypic and phenotypic correlations
between yield components under disease siress.

MATERIALS AND METHODS

Wheat cuiltivars

Five Egyptian wheat cultivars | representing different regions and
growth patterns (Sekha €%, Sakha 8, Sids 7, Sids 1 and Giza 164) were
planted in pure stands and In 1.1 mixtures in Sakha Agricyltural
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Experimental Staticn {Kafr El-Sheik governorate) in two successive seasons
1997/1898 and 19981999,

Experimental design and treatments

Experiments were laid out in a randomized compiete  block design
with three replications. Each plot consisted of three rows, 3 meters long and
25 om gpart. Single vacant row separated adjacent plots, Recommended
practices for wheat production regarding fecfilization and weed conirci were
anplied Planting dales for the two seasons were on 29" and 30" of
November in 1997/1998 and 1998/199% seasons. respectively.

[isease inoculation

All plots were uniformiy dusted with a mixture* cf urediospores of F.
striformis by beoinming of March, Spores were mixed in talc powder in a
rafio of approximately 1:.25 {v.v). This procedure was done to get uniform
infestation, though natural nfection later in the seascn was abundant
Si.reader rows of susceplible wheat cultivar Sids 7 were randomly distrbuted
around the expenment borders 10 encourage natural disease spread.

Cae on siripe rust  severily were recorded on 10 random tillers in
middie rows on mud April Disease Severitv was assessed Ly visualiy
estimating the percent of leaf area covered with stripe rust lesions on the leaf
below the flag leaf using a scale of 0,1, 5, 10, 20, 30, 40, 50, 60, 70, 80. 40,
and 100% (Schultz and Line, 1992). Artificial  infestations were attempted
during 1998/1999, but envirgnmental conditions were not conducive and only
weak disease symptams were oblained. At end of avery seasen, 10 random
tlers in the middle row were harvested to be used in the measurement of
yield contributing  trails, ie. stem jength, soke length, number of
spikelelsispike, weight of kerneis/spike and 1000-kerneis weight. Number of
spikes per one meter and their grain yield were also measured.

Data analyses

Collected data were statistically analyzed by analysis of variance
(ANOVA) using PROC GLM (SAS Institute Inc, 1996). Means of cultivars
were separated using Duncan's Multipie Range Test. Homogeneity test of
data variance at both years was performed showing significant differences
between years. Accordingly, combined analyses of variance was not used
and each year was presented separately.

Phenotypic and genotypic correlation analysis among studied traits
were also performed over pure and mixed stands. The covariance analysis
(Singh and Chaudhary, 1985) was performed for each pair of traits of yield
compeonents in each year separately. Phenotypic correlation (r;), and
genotypic correlation (r;) among yield attributes and stripe rust severity were
calculated from variance and covariance components following Miller et al.
{1958) as:

4 The mixture of apores was kindly provided by Dr. Yousef El-Dawoudy, Dept, of Ceraal
Pathology, ARG, Giza.
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wrere o pi2 IS the phenotyoic covariance beiween trait 1 and 2, a* py and
g, are the phenolypic variances ot traits 1 and 2, raspectively. The
.2nCIypic {fo} correlation was similarly estmated using the genctypic
suvariance between trails 1 oand 2 (v g4 ) and thelr respective genctypic
varlances (0 gy O° g
in addwan, percent of tne ywelding atility cf mixtures reiative to the
- gaest component and ne mio companent were calcinated (Rajeswara Rao
d Rajendra Prasad, 1984) using the lormuiae:
:-sid ability relative lo highest component (%)= (¥ mix ' ¥ mono) x 10C
vield ebiiity relative to mid component ( %6} = (Y mix/ v mid- mono) x 100
“yhere Y mix = Mean performance of mixed stand
YTomeno = Mean performance of highest conponent 'wihen grewn 'n a pure
:".:-uld,
~d-mono = Mid-mono culture perfermance = (Yamenc + Y bmoeng V2
‘Ir‘ere a and Yb = pure siand performance of cultivar & and o, respectively.
Compeattive apilty of each cuitivarin ine mixture was also measured
Ly iis performance in competition comparec with iis performance in pure
ztand Compelitive ability was estimated { Fehr 1973} from the equation:
1Zompetitive ability = { mean perfcrmance of cuilivar in mixture - mean
nerformance of cultivar in mono)/ mean performanoe of cultivar in monc) x
120
RASULTE SO 2ISCLLTION

Yield components were significantly diferent {P<0.001) between the
tvo seasons. This variation between the seascns is probably due to the
asundance of stripe rust in the first seascn and not in the secend one

Mean parformance of yielo cornponents and slripe rust severity in two
sessons are presented in Table (1) and Fig (1), respactively. Sighificant
dirferences among genolypes were detected in all giant cnaracteristics in
toth seasons except number of spikelets/spikes. Generally vield camponents
were higher in the second season compared to the first one, except for
sumber of heads. This is probably due to absence of stripe rust in the 2™
season. In pure stands, Sids 7 was the shortest cultivar in both seasons,
while Sakha 8 and Giza 164 were the tallest. No significant differences were
found in number of spikelets per spike in both seasons. During the 1%
season, Sids 7 in pure stand, scored the highest in spike length, number and
weight of kernels per spike, and 1000 kernel weight. However, it had the
lowest number of heads and grain yield compared to the other cultivars in
pure stands. These results are expected for Sids 7 as is known to have a
single large spike and it is very susceptible to stripe rust. Giza 164 scored
highest yield during 1% season, while Sids 1 was lhe highest in the 2™
scason. No significant differences were detected 1n stripe rust severity in
Pure stands (Fig 1).
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Figure (1): Percent stripe rust severity {% TS! of five wheat cultivars in
pure and mtxed stands dunng 199?!1398 season.
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In mixtures, Sakha 69 + Sids 7 and Sids7 + Sids1 scored relatively
higher grain yieid in both seasons. The grain yield of Sakha 69 + Sids 7
urpassed both its single components in both years and specially during the
2" season. This finding points to the advantage tnatcan be gained from
mixtures in yield gains. Similar results were found by Rajeswara Rao and
Rajendra Prasad, 1984; Sallam, 1395 and Akanda and Mundt, 1996 It is
worth noting that during the 1% season, these two mixtures had relatively
lcwer stripe rust severity rating compared to other mixtures (Fig. 1).
Therefore, the utilization of such mixture can be a good means to stabilize
and improve yield of wheat over years. Sakha 69 + Sids 1 also scored
significantly lower disease severity rating compared to many other mixtures
(Fig. 1). Finchk and Mundt, 1992, reported similar reductions in stripe rust in
some wheat mixtures. However, the grain yield of this specific mixture did not
surpass its single components (Table 1). On the other hand, several other
mixtures were not compatible and resulted in a higher disease severity (Fig.
1}

Relative vyielding ability percent for each wheal cultivars mixture
relative to high and mid component are presented in Table (2). Results of the
1* season showed that the blend (Sakha 69 + Sids1) had the highest number
of kernels per spike relative to high and mid component, while {Sakha 8 +
Sids1), (Sakha 8 + Giza 164) and (Sids 7 + Sids 1) were higher during the 2™
season. In the 1% season, performance of the mixtures relative to high and
mid component in weight of kernel per spike was decreased in all mixtures
except for (Sids1 + Giza 164), where it was the same. However, during the
2" season, the mixtures (Sakha 8 +Sids1), (Sakha 8 + Giza 164) and {Sids 7
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v Sids 1) showed an increase in weight ot kernel per spike relative to both
figh and mid components. That increase ranged from 13 to 47 8 % relative to
the highest component and 13 to 51.1% relative to the mid compopent. For
1000 kernel weight, noticeable increase in performance was found in the
majority of mixtures in both seasons. For number of heads, the mixture
(Sakha 69 + Sids7) showed a major increase relative to nigh component and
mid companent {162.2% and 61.8%. respectively) during the 1* season. This
increase in nurnber of heads is probably attributed to the compensation of
Sskha 69 to the lower number of tillers cantributed by Sids 7 n the mixture.

Toule (2): Perceni yielding abiiity of vield components znd stripe rust
saverily  relative ‘v the high and mid components for 1:1
ciitivar mixtures of  wheat in two zeasons 1997/28 (S1)
aind 1995/8% (82).

\ ' ielding ability refative o the high component
{ No.

|
—

ICu'twar!No Kerneis/| Wt kemels/ = Wt 1000

”“‘mre}mﬁ_:_ﬂfh‘]—“]_\z 51 57 | 59 82 |q4| az [ s1 |
i 1f2 189.8 [102.9]90.0 /105.5]131.7[1134] 966 | 74.3 '056] 89.0 *23J

Grain !Dnsaase
pike ! soike | Kernels heads/im : vield/fMm | |

T1+3 700 /8001421 | 765 | 93.4 | 102.7|262.2[124.6 171 7] 154.5
&ma | 91.2 | 106.0[111.7] 95.0 | 46.7 |80.8] 55,6 | 667

| iv4 Msai’aae

\

[ 146 | 76.0 | 674 | 81.8 | 56.8 |122.0] 88.5 | 78.5 [105.5(61.6/116.1 1825
| 2+3 [ 749|861 [421[8267[ 082|941 | 913815 61.0/ 856 | 120.8 |
| 2v4 | 967 {133.5} 72.7 |147.8|114.1|115.0| 829 | 73.8 [63.2] 795 | 842 |
_2+5 |101.0]117.6( 81.8 [122.2[1164,1158| 91.2 | 90.0 [73.5(102.3| 989

| 3+4_ | 60.0 {108.8] 47.4 [113.0] 68.5 | 895 |134.4 310 11157 896 | 74.3

~3+5 1910|6529 | 579 926 | B3.2 [108.1] 85.3 9180 1] 9.3 125;1
4+5 |73.9 [105.3100.0[100.0/103.5| 94.5 | 755 (684 |72.4] 65.4 | 136.4
Yielding ability relative to the mid component :
\_wz 91.1 {1208 94.7 [128.6]131.7]119.2]105.37 60 1_[103.9[ 84.1 [ 1339
1+3 [ 83.0 | 93.2 [ 57.1 | 91.2 (11431078 161%51315188.4 856 |
1+4 |127.3/98.9 | 90.0 |108.8]122.7[112.0[100.9] 63.1 [89.3] 70.7 | 705
1+5 810752 | 500 | 856 (1250 889 | 88.2 |133.2]73.4[126.1] 1432
2-3 186.6,101.9]55.2 | £4.4 [1202] 942 [133 1, 88.8 [1057 99.4 | 121.3
2+4 [1081(138.3| 76.2 {151.1,132.0121.2) 85.3 [ 849 [65.1; 968 | 959
| 2+5 1931 ]128.0] B5.7 1134.7119.3]110.5/ 94.3 | 948 [82.0/1059] 99.0
3+4 [ 76.2 [118.5] 60.0 [113.0| 73.2 | 84.8 [192.8( 86,1 [154.0{ 94.8 | 84.9
3+6 161811003 73.3 1100.0[99.7 [112.9/1266| 963 {112.7[112.5] 126.6 |
A+6 | 96.3 |191.2]100.0]108.0(117.5] 95.2 | 80.2 | 75.2 |78.8 77.8 | 155.2 |

(t) Sakha6®, (2) Sakha 8, {3) Sids7, (d) Sids1 and (5) Giza164.
MNote: For disease severity lower values means batter performance

During the 2™ season, only the mixtures (Sakha 69 + Sids 7) and
{Sakha 69 + Giza 164) maintained an increase in lhe number of heads. The
mixture (Sakha 69 + Sids ?) also improved grain yield obtained by 71.7% and
54.8% during 1% and 2™ seasons, reSpectwer relative to the high
component and 31.5% and 88.4% inthe 1" and 2" seasons, respectively,
relative 1o the rmid component. Also the mixture (Sids 7+ Sids1) showed
better performance relative to high and mid component during 1% season.
For stripe rust severity, the lower severity means better performance and
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consequently, the mixlures {Sakha 69 + Sids 7), {Sakha 89 + Sids 1) and
{Sids7 + Sids1) were the best with reduced disease severity relative to both
the high and the mid compohent. These resuits confirm the value that mixture
can add either in yield improvement or stripe rust reduction. 't can be seen
that during the 2™ season (when stripe rust was absent), different mixtures
from those of the 1*' season were superior in grain yield (particularly relative
ta the mid component) This indicates that cerain combinations of wheat
cultivars can perform better than others when its inoculum of stripe rust is
abundant. - :

Table (3) represents percent competitive ability for five wheat
cultivars in 1:1 mixture relative to the high and mid components for some
yield componenls it two seasons 1997/98 and 1396/99. A good compelitor
cultivar is the one that have greater yield in a competitive situation than it
does in pure stand. During the 1* season, mixtures (Sakha 69 + Sids?) and
{Sids 7 + SHids 1) had the highest competitive ability in the number of heads
and grain yield, which ¢oincided also with relatively low stripe rust severity. [n
the 2™ season only the mixture (Sakha 63 + Sids7) maintained the highest
competitive ability in number of heads and grain yield The compenents of
ihis mixture Sakpa 69 and Sids 7 were the only cultivars with positive values
in the general mean of grain yield in both seasons, referring fo their high
competitive ability. These resulls mean that the mixture of (Sakha 69 + Sids7)
was more stable over the two years and under different envircnmental
cornditions. These results show the ability of some wheat mixtures in
stabilizing yieid over different environments or when stripe rust was present
or absent.

During the 2™ season (with stripe rust absent), although cultivars

Sakha 8, Sids 7 and Sids 1were more competitive in number of kernels per
spike, weight of kernels per spike and 1000 kerne( weight, Sakha 68 and Sids
7 were shil the best comPetitors for grain yield.
In addition, during 1% season, with siripe rust stress. the average
parformance of cullivars showed that Sids 7 was the best comnetitor in
number of heads, grain yield and reduction in stripe rust severity This
maans that the performance of Sids 7 vias improved when mixed with other
cuilivars compared to ils pure stand. I{is knpown that Sids 7 have single large
spike and is highly susceptible to stripe rust. Rust infestation decreases the
performance of Sids 7 and limits the use of this cultivar in several regions,
However, under biended situation, its performance is highly enhanced.
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rable (3}: Competitive ability {%) of yield components and stripe rust

severity for five wheat culfivars in 1:

1 mixture relative to

the high and mid components in fwo seasons 1997/98 and

o 1998/99.
A ‘ 1387 /1998 — N
i‘ﬂ.?i;ar:'No li(:tln;ls:' MSH;;;[\‘:{S” ‘gﬁ‘:’;r:\g?sn o heads!‘!m% )-'iélrc?.‘Tm yseverity
|2 [Teli0r eo oot Tiatylss ] st e faaldse 238
12 ,,‘-?,9 |20.1{-111}57.6472]-66| 17.0 |1622| 56 |717 6.4 [-212]
L 14 1540220 GG [18204558/6.0] 75 . 50| 91 [19.2.33.3 251
12 D154 2407 0o [38.2283220] 07 , 215| 02 }38.4i 557 | 525
. 23 126|-251]-20057¢l548[-1.8) -87 (1452]-29.0[52.1] 218 | 208
T4 |23 225[-200027.2/56.6[14.1; 1711 12.3] 330681581 114
25 i224164] 24 | 88171265 11| -CO
34 13156-21.4241.0] 344 1304157, 257 €9
o3 [1682486| 1452 -147, 801 L199 259 1213
E 3513511144 2451 437276 80C ¢ 264
{eneral mean T T !
I - F R I L
| Eo L2 S0 ata f g 0S92
|5 | 346 ' 026 | 142 1 1734 861 [ 01
L 4, 131 0 188 |06 | L7 n 135 | 184 |
5, 231 1 B 245 74 | 281 & 223
. T 108871999
A R I R
| 7.2 28] 464 | 58 636]13.4/258] 144 1267} 02 biag |
R h) ol 116 | -23.5:13.0/ 2.7 [13.4[1296 24.6 |1406(548
SR NEY RER -85 34812411,7 26 [-533| -30 rd4 4
5326 05 4121250115108 605 | 55 | 350 151
| 23 |28 11 \-136 “1?4 5.7(58| 25 |-185] 186 p144
| 24 [430/339 545 [47.6/28.11150] 00 | 26.2; 237 |20
| 25 |404/ 176|500 :222|58/56| 00 |-100; 61 26
. 34 [215/ 157|130 13.0[10.5[19.5 -82 {-19.C| 0.6 [104
35 |60 71|87 |-74[182/ 811 71| 00 | -0.7 [29.8
45 1178 53 [174 [00[-55[-40]-316]|-166[-346]-39
General mean
1 -15.8 -16.9 42 55.5 439
2| 33 86 | 159 [ 71 | 109
3 0.8 43 38 23 i 101
I 4 207 283 ¢+ 04 ' 325 275 .
HE 11 28 [ 02 52 | 112

(1] Sakhabg, (2) Sakha 8, (3} Sids7, (4) Sids1 and (5] Giza164.
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Table (4) represents the phenotypic and genotypic correiation among
yleld components and stripe rust severity in five wheat cultivars in pure and
mixed stand during 1997/98 and 1998/99 seasons. Data reveal that during
the 1* season, therewasa significant negative correlation (both phenctypic
and genotypic) between both number of heads and grain yield with spike
lzngth, number of kernels per spike and 1000 kernel weight. The same
relationship was also found in the second season, but with less magnitude.
This negative relationship is probably due to the inclusion of iarge spike and

Fighly susceptible cultivars in pure and mixed stands such as Gids 7.
This may have resulted in a negative relationship between yield and spike
sitributes. Number ¢f heads was highly pasitively correlated with grain yield
{rp=0.886 and rg= 0.896).

Alsg, during the 1" season, stnpe rust severily was negatively
correlated with  number of spikelets/spike, number i kernels/spike, and
rumber of heads. The relationship between stripe rust and vield, thought was
nedative, it was not high in magnitude. This is probabiy because stripe rust
was inconsistent among the mixtures (See Fig 1). As a reeult the general
ar'zet of stnipe rust was correfated with yield.

in addition, during the 1% season. the vasiues {and scmetimes the
sicns) of beth genatypic and phenotypic correlation of those related aftritutes
were not matching. This indicates a higher envirenmental influence on these
traits, which can be atiributed to stripe rust stress during the 1* season. On
ihe ather hand, during the 2™ season, such disease stress was uncommon
and the values for phenotypic and genotypic were matching. In several cases
during the 1¥ season, the genotypic correjation coefficient exceeded the
unity. These iregularities  probably resulted from the differences in
magnitude and signs of the environmental and cultivars phenotypic
covariance which affected the estimation of genotypic covariance.

Frcm this study, it was evident that some mixtures performed better
tran others, and one mixture component was influenced differentially by its
companion cultivar. The blending of some cultivars resulted in a compatible
response and a more stable performance aver environmenis with and
without stnpe rust yield (such as Sakha 69 + Sids 7). Howevar, scme
mixtures were incompatible and resulted in less yield or higher rust severity.
Thus, the results of this study clearly reveal the importance of prior testing
for cultivar potential for blending and selecting the compatible and
competitive cultivars that can integrate with each other and produce the
highest yield and express lowest disease incidence. Consequently, such
mixtures can stabilize yield over enviranments and reduce the need for more
breeding efforts. However, the use of mixtures to stabilize yield and /or
control disease requires thorough studies on stability of the compositicn of
the mixture cver years of utilization. This is necessary tao reduce the need for
blending the desired mixture annually, specially under conditions where
certified seed is not available every year.
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Taz@ {4): Fhenotypic a2ad oenotypic correlation zmong vieid
components and stripe rusi  caverily in 5 wheal cultivars
in pure and mixed stand duaring 1227/ 33 | ahove
¢ soonai ) and 13958/99 (balow diagonal).
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