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Abstract:
The relationship of grain yield, growth rate, harvest index and other agronomic characteristics of wheat
(Tricicum aestivum L.) in disease and disease free conditions was examined using three crosses each of
spring and winter wheat with two generations in each, i.e., (Formula not captured by OCR),
respectively. Effects of stripe rust (Puccinia striiformis West.) on plant traits and their relationships in
control and inoculated hill plots were studied using ratios (inoculated/ control), phenotypic
correlations, multiple regression, path coefficient analyses and heritability estimates.

The wheat lines from five of the six crosses used in these studies were developed previously
emphasizing only the accumulation of additive genes for stripe rust resistance. This resulted in a
decline in grain yield and other agronomic traits in subsequent generations. Concurrent selection for
both agronomic characteristics and disease resistance is suggested to avoid erosion of variability for
important agronomic characteristics.

Disease affected the expression of most of the traits studied, with effects being progressive with the
increasing disease intensity. Disease effects, however, varied depending upon the time of infection.
Infection reduced the growth of the plants and significantly lowered biological yield in infected lines.
Maximum effects of infection in both experiments were noted on yield. Kernel weight was less
affected by the infection compared to the other traits.

There was little effect of disease in changing the correlations of grain yield with other traits. Kernel
weight, however, showed higher correlations with growth traits and grain yield in the inoculated than in
the control plots. Harvest index was correlated with growth traits in the inoculated plots but not in the
control plots.

The high correlation of harvest index (H.I.) with grain yield in these studies and the known association
of hill plot (H.I.) with row plot grain yield is important. This relationship suggests that harvest index
could be used with hill plots to help identify high yielding wheats with disease resistance.

Biological yield and harvest yield were the main determinants of yield in these experiments but had
low heritabilities. 
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ABSTRACT
The relationship' of grain yield, growth rate, harvest index and 

other agronomic characteristics.of wheat (Tricicum aestivum L.) in 
disease and disease free conditions was examined using three crosses 
each of spring and winter wheat with two generations in each, i.e., 

and FyF^-, respectively. Effects of stripe rust (Puccinia 
strixfdrmis West.) on plant traits and their relationships in control 
and inoculated hill plots were studied using ratios (inoculated/ 
control), phenotypic correlations, multiple regression, path coeffi
cient analyses and heritability estimates.

The wheat lines from five of the six crosses used in these studies 
were developed previously emphasizing only the accumulation of additive 
genes for stripe rust resistance. This resulted in a decline in grain 
yield and other agronomic traits in subsequent generations. Concurrent 
selection for both agronomic characteristics and disease resistance is 
suggested to avoid erosion of variability for important agronomic 
characteristics.

Disease affected the expression of most of the traits studied, 
with effects being progressive with the increasing disease intensity. 
Disease effects, however, varied depending upon the time of infection. 
Infection reduced the growth of the plants and significantly lowered 
biological yield in infected lines. Maximum effects of infection in 
both experiments were noted on yield. Kernel weight was less affected 
by the infection compared to the other traits.

There was little effect of disease in changing the correlations 
of grain yield with other traits. Kernel weight, however, showed 
higher correlations with growth traits and grain yield in the inocu
lated than in the control plots. Harvest index was correlated with 
growth traits in the inoculated plots but not in the control plots.

The high correlation of harvest index (H.I.) with grain yield in 
these studies and the known association of hill plot (H.I.) with row 
plot grain yield is important. This relationship suggests that 
harvest index could be used with hill plots to help identify high 
yielding wheats with disease resistance.

Biological yield and harvest yield were the main determinants of 
yield in these experiments but had low heritabilities.



Chapter I

INTRODUCTION

Millions of tons of wheat are lost annually to diseases and pests 

throughout the world. An estimated 20 percent is lost to plant dis
eases, with approximately one-half in the storage and the other half 
in the field. A major part of this loss is attributed to rusts.

After discovery of Mendel’s Laws earlier this century, the work 

initiated for understanding host-pathogen relationships led to breeding 
for disease resistance in crop plants. Genes for rust resistance in 
tirheatwere sought from near relatives, land races and other genera. 

However, the prolific nature of the pathogen defeated most of these 

efforts and the resistance in wheat varieties has lasted only 4 - 5  

years in many instances.
Initially, breeding for disease resistance was aimed at producing 

immune varieties. Such reactions, as we now know, are determined by 
a few major genes which succumb to new races of rust organisms which 
originate soon after the new varieties are developed. The use of 
horizontal resistance has been advocated more recently. This resis

tance has a wider base due to many additive minor genes. Horizontal 
resistance represents a middle of the road approach where both host, 
and pathogen coexist without seriously jeopardizing each other’s 

existence, i.e., "live and let live."



Advocacy of such philosophy suggests an understanding of the 
interaction of the host with the pathogen, and, an understanding of 
how disease affects the expression of the characteristics of the 
wheat plant and their relationships. The objective of my research, 
therefore, included a study of the relationships of grain yield, 
growth rate, harvest index and other agronomic characteristics of 
wheat in disease and disease-free conditions.

2



Chapter 2

I REVIEW OF LITERATURE

Most host-pathogen studies involve a particular natural or green
house disease situation. The results, therefore, relate to a kind of 
local situation of the host-pathogen relationship. Obviously, the 

pathogen affects the plants and therefore causes a deviation in the 
expression of their normal potential. But in the dynamic system both 
the pathogen and the host present an endless combination of virulence 
and resistance which are further compounded by the environment. In 
the pages that follow both the effect of disease on wheat, and the 

effect of resistance on disease development are reviewed.

The Disease and the Pathogen .
Stripe rust, caused by the Basidiomycete Puccinia striiformis West, 

(syn. P. glumarum Ericks, and Henn.)~was the disease chosen as a tool 

for the study reported herein. Stripe rust occurs in cool, moist 
climates. In the United States.stripe rust is mainly confined to the 

Pacific Northwest (15, 48) though its existence has. been reported in 
other states (51). It is also a serious threat to the cereals in 
Northwest Europe-.(29) . Epidemic out-breaks of the disease have been 
reported in many countries (29, 45, 49, 64). The physiology, spread, 

epidemiology of the disease and genetics of the pathogen have been 

discussed by many authors (10, 26, 38, 29, 49, 50, 56).

(
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The life cycle of the fungus is similar to the stem and leaf 

rusts of wheat except the sexual stage is lacking. The fungus, there
fore, overwinters through asexual spores or mycelium (27, 54). High 
temperatures and drought discourage the growth of the pathogen (7, 21, 
47). The pathogen survives these periods in cooler areas where spring 

planted wheat and native grasses provide the oversummering host 
(30, 52). In intermountain valleys of Montana, the infection is endemic 
and fungus overwinters as dormant mycelium in the leaves of winter 
wheat seedlings (54).

Climatic factors are important at each stage of the fungal growth 
(20, 23, 49, 53). In a water saturated environment the germination 

and leaf penetration of germ tubes occur in the temperature range of 

2 - 15C (53) with an optimum of 7C. The germination decreases with 

exposure to sunshine (38) and decreases to almost nil after one day of 

exposure (49). The germination and growth of fungus is also dependent 
on the temperature at which the plants are grown (53).

While low temperatures are important for germination of the 

spores, once the disease is established higher temperatures may not 

necessarily be detrimental to the growth of the fungus, as long as night 
temperatures are below 15C (53). The changes in the reaction type 

from one temperature regime to another were due to the activation of 
minor genes at higher temperatures (50, 55).
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Effectg of Stripe Rust on Wheat Plant

References to yield losses due to stripe rust are numerous and 
well documented in the literature. In 1965, Zadoks (65) listed the 
years of stripe rust epidemics and the damages caused in 14 countries 
in Europe. Nagarajan and Joshi (44) similarly gave an account of rust 
epidemics in the Indo-Pakistan subcontinent. The situation in other 

countries has been reviewed by other workers (6, 9, 19, 31, 36),
The pathogen causes a progressive damage to the plant which 

usually is proportional to the degree and duration of infection (12). 
Generally the early infection causes more injury and therefore, the 

plants suffer more yield loss. Agrios (I) summarized the way cereal 

rusts, including stripe rust, affect plants. In his words:
"Rust may debilitate and kill young plants, but more 

often they reduce foliage, root growth, and yield by reducing 
the rate of photosynthesis, increasing rate of respiration,

. decreasing translocation of photosynthates from infected 
tissue and, instead, diverting materials into the infected 
tissue. The quantity of grains produced by rusted plants may 
be reduced greatly and the grains produced may be devoid of 
starch and may consist mainly of cellulosic materials that 
are of low or no nutritional value to humans."

Many workers have reported the effects of stripe rust on wheat. In
greenhouse studies. Sever (5) reported that infection in early stages
of growth greatly reduced plant growth, reduced root production, grain

and straw yield, reduced plant height, kernel size, and number.
'

Infection at the first leaf stage reduced root weight of the susceptible 

wheat variety by 87.6 percent, reduced dry matter production 55.7

)
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percent and reduced the grain yield 65.1 percent. The quantity of 
water used per unit of dry matter was greatly increased. Delayed 

inoculation, on the contrary, had much less effect. The amount of 
injury was found to be related primarily to the time of inoculation 
with reference to. the stages of development of the host plant. Infec
tion was found to have similar though less effect on the resistant 
varieties even though very few rust pustules appeared on the plants.
Root weight of resistant plants was reduced 24.5 percent; dry matter, 
18.2 percent; and grain yield, 31.0 percent. Although every part of 

the plant was more or less affected, roots were most sensitive to the 

rust infection.

Batts (4) reported a 50 percent reduction of yield in a susceptible
Ivariety under natural infection. .Under similar conditions. Nelson (46) 

found a reduction of 32.2 percent in a susceptible line and 14.5 
percent in a line, with intermediate resistance.

Allan, Vogel and Purdy (3) reported highly significant differences 
in yield based on infection types. In an earlier greenhouse study, 

the two senior authors (2) reported similar results between yield and 
infection types. The authors also noted the detrimental effects of 
the disease on test weight and tillering capacity of the plant.

McNeal and Sharp (42) studied the combined effects of severity 

and infection type on spring wheat under natural epidemic of stripe
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rust in Montana. They found a highly negative correlation between- 
yield and disease index (a product of severity and response symbol 
based on infection type). Lemhi, with high disease index (D.I. = 60) 
had maximum grain loss. Sunderman and Wise (61) reported significant 
differences caused by the rust in number of seed per head, kernel 
weight and the yield in susceptible Lemhi derivatives compared to 
resistant ones. The average yield of susceptible plants was reduced to 

37.5 percent; kernel weight and number of seed per head were reduced 
to 19.9 percent and 17.6 percent, respectively. Susceptible plants 

also had lower percent protein. Similar results were obtained by 

Stewart and Hehn (60) in a comparison of the performance of four winter 

wheat varieties with disease and nondisease conditions. Susceptible 

varieties suffer heavy losses from infection. Protection of the 

crop with fungicide was found to increase yield many fold (33).
Doling and Doddson (11) explained the rust infection-yield loss 

relationship on a quantitative basis. They showed that loss was equal 
to three times the square root of the rust infection assessment when 
plants completed flowering. Mundy (43) showed that the amount of 

infection on the flag leaf at growth stage 11.1 (35) had a significant 
negative correlation with yield; the loss in yield was 0.022 ton/ha 

for each one percent increase in the level of yellow rust on the flag 
leaf. King (32) reported that severity of infection on the flag and 

second leaves at milk ripe stage was negatively correlated with grain
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weight per ear and mean weight of single grain. The coefficients of 
regression of percentage loss on flag leaf rust severity were 0.41 and 
0.39 for equations based on single grain weight and total yield per 
ear, respectively. I

Hendrix and Fuchs (22) found that heavily infected plants had 
fewer leaves than the ones with lesser infection. Infection reduced 
the growth, number of tillers per plant and the number and size of 
leaves. In another study, the same authors (23) reported a reduction 

of 18.6 - 24.0 percent in tillers, 19.6 - 25.4 percent in straw and 

18.3 - 30.8 percent in the number of kernels per head.

Disease effects are accentuated considerably under dry conditions 

(24). Stripe rust alone, water stress alone, and stripe rust plus 

water stress gave 31.6, 33.7 and 77.0 percent, respectively, less 
yield than uninfected plants grown with ample soil moisture. Rust 
infection also reduced the diameter and breakage strength of the 
stem (21). The reduction varied from a negligible level to more than 
60 percent, depending upon the susceptibility of the variety. The 
reduction in the growth, especially roots, was due to the reduction 

in the diameter of stelar cylinders, number of the phloem cells and 

the mitotic index of the roots (25).
By selectively infecting the different parts of the plants at 

different times, Doodson, Manners and Myers (12) demonstrated that late 

infection affects the plants directly by reducing the number of grains
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per ear, percentage fertility and weight of the grain. Early infection 
causes appreciable losses indirectly. Early infection is jnore extensive 

and reduces the number of tillers, number of spikelets per ear, number 
of flowerets per ear and grain weight. Regardless of the time of 
infection, rust decreased yield, the reduction being proportional to 
the degree of infection. The infection also caused a marked reduction 
in general growth and vigor, the growth of the leaves and their final 

length and breadth. The roots were affected more seriously than any 

other part of the plant with reduction in dry weight of as much as 

78 percent in fully infected plants. Infection of the glumes reduced 

yield only half as much as the infection of the leaves. In a separate 

experiment (14) the same authors found that rust infection decreased 

CO uptake by 43.5 percent. Translocation of phytosynthates was
Z

similarly affected. Reduced translocation was accompanied with 
accumulation of alcohol insoluble compounds in the infected leaves. 

Movement of photosynthates to the roots was reduced more noticeably 
and as a result the authors suggested that the primary role of rust 
infection was to impede translocation either by a disruptive process 
and/or by conversion of material into insoluble compounds (13). Livne 
(37) reported similar effects of stem rust infection on photosynthe

tic processes in wheat.

Manners (39), investigating the pattern of distribution of trans-
14locates in infected plants using C, showed that a greater proportion
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of the translocates went to the shoot, and in particular, in the case 
of upper leaves, to the grains and smaller proportion to the roots and 
the tillers than was the case in healthy plants.

Stripe rust significantly reduced the rate of photosynthesis (18). 
Dark respiration showed an initial increase, reaching a peak at 

sporulation and then declined. The photochemical system, otherwise, 
was not affected by rust infection. Chloroplasts isolated from 

infected plants performed both the Hill reaction and photophosphory
lation as well as the chloroplasts from the healthy plants. Continued 

infection, however, enhanced senescence differently from that occurring 

in healthy senescing leaves. Senescence was rapid and chloroplast 

breakdown pattern in infected leaves was different. Mares (40) and 

Mares and Cousen (41) reported similar results of rust infection on 
host tissue senescence. Cytologically, apart from the presence of 
collars around the neck of some haustoria, they observed little 
evidence of host cell injury. Cytoplasmic contents and golgi apparatus 

of the host increased, suggesting a stimulatory effect of the rust on 

the host cells.

Concurrent Selection for Yield and Disease Resistance Under Disease 

Conditions
Comeau and Barnet (8) investigated the effects of barley yellow 

dwarf virus (BYDV) infestation on harvest index (H.I.). The H.I.
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proved to be a rather stable parameter under varied environmental 
ranges but was highly dependent on BYDV tolerance. They suggested the 
use of H.X. for estimating tolerance to BYDV and foliar diseases 
including rust diseases. For this purpose a "tolerance index" based 
on the ratio of H.I.(infected): H.I. (control) could be used (8) which ■ 

would give a value independent of varietal differences and environmental 
variations. Simons (57), on the other hand; found a variable effect 

of crown rust of oats on harvest index. In some oat strains rust 

infection increased the harvest index while in others it decreased.
He, however, states, "From the practical standpoint, these results 

suggest that there should be no problem in selecting for high yield 

combined with rust resistance in breeding programs."
Several workers investigated.the predictive value of harvest 

index as an indirect selection criteria in control conditions. 
Frederickson (16) and Taylor et al. (62) found in a total of six 
experiments that harvest index (H.I.) in hill plots, was postively 
correlated with grain yield in row plots. Harvest index in hill plots, 
then, was a good predictor of grain yields in row plots.

This body of literature supports the previously stated research 

objective: to study the relationships of grain yield, growth rate,
harvest index and other agronomic characteristics of wheat in disease 

and disease free conditions.



Chapter 3

MATERIALS AND METHODS

The study was conducted during the 1980-81 crop season at the 

Montana State University. Fort Ellis Field Research Laboratory, near 

Bozeman, Montana on a well drained silt loam soil. The climate was 
favorable for stripe rust during the early phase of crop growth with 

maximum temperature in the 15-24C range during May and 3/4 of June. 
Mild weather, coupled with plentiful precipitation, gave luxuriant 
crop growth and rapid spread of the pathogen, especially on fall 

planted winter wheat. The weather in late June changed to hot and 
dry which slowed the fungal growth and spread. Spring wheat, which 

was approximately in stage 6-7 on the Feekes growth scale (35), had 

lower infection than the winter wheat plots.

Experimental Materials
Two experiments were planted, one with winter wheat and the other 

with spring wheat. A spring wheat experiment planted in the 1980 crop 

season was destroyed previous to harvest. The winter wheat experiment 

was planted on 27 September, 1980 and spring wheat on 22, 23 April, 

1981. Each experiment consisted of populations derived from three 

separate crosses. The populations, in turn, were comprised of a 

variable number of entries of F^ arid F , and, and F^ generations of 

winter and spring wheat, respectively (Table I). The populations
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Table I. Number of lines in various generations of 
spring and winter wheat experiments.

Crosses Spring wheat 
F4 F6

Centana/Polk 75 19
Sheridan/Centana 75 17
Shortana/Centana 75 20

Winter wheat
F F3 5

Centurk/Itana 98 23

McCall/Itana 98 25
MT6928/ID103 94 -

I
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were obtained by advancing and plants selected from Krupinsky's 
(34) minor gene lines derived from crosses involving parents listed 
in Table 2. A range of reaction to rust from susceptible to resistant 

should exist among these spring and winter wheat lines, One cross 

(MT6928/ID103), however, was added from another source because the 

seed of the winter wheat cross involving a resistant parent was not 

available in sufficient quantity from original Krupinsky's seed.

The spring wheat lines were advanced a generation each from F^ 
to F^ and F^ to F^ by planting at the University of Arizona Agricultural 
Research Farm, Mesa, Arizona in fall 1979. The spring wheat experiment, 
therefore, comprised of F^ derived F^ and F^ derived F^ generations 

while the winter wheat experiment had F^ derived F^ and F^ derived 

Fj. lines.

Field Design and Layout
The experimental lines, together with parents, were sown in hill 

plots in a randomized block design in which crosses were randomized 

in blocks and the entries randomized within crosses. The hills were 

planted in a 30.5cm grid using I.Og seed in each hill containing 

approximately 30 seeds (16,17). The number of F^ or F^ and F^ or F^ 

lines in each cross are given in Table 2. Populations, parents and 

filler cultivars, totaled 300 entries in the spring wheat experiment 
and 360 entries in the winter wheat experiment. The experiments
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Table 2. Disease reaction of parents to stripe rust.*

Cultivar C.!.Number Reaction type#

Spring wheat
Centana 12974 3

Shortana 15233 3
Sheridan 13586 2

Polk 13773 I

Winter wheat
Itana 12933 3

McCall 13842 3

Centurk . 15075 2

ID103 - l“**

MT6928 - 2 **

Source:
* Krupinsky (34).
** Field observations.
# Scale = 0-4, 4 = susceptible.
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were divided into control and inoculated treatment sections. Each was 
a duplicate of the other in regard to entries, number of replications, 
lay-out and randomization. Each treatment consisted of six replications 
planted adjacent to each other.

Disease Control and Inoculation

Control plots were maintained disease free by spray application 

of the fungicide, Bayleton (Triadimefon) Q. I kg/ha. Bayleton is a 

systematic fungicide available as a wettable powder and provided 
excellent protection against fust. The fungicide was applied weekly 

starting 24th April and 15th May, 1981 on the winter and spring wheat 
plants, respectively. Later, however, the interval was increased, 

to two weeks because the dry, hot weather slowed development of stripe 

rust.
Disease plots were inoculated on 15th May, 1981 with a field 

collection of stripe rust uredospores mixed with talc powder in 
1:50 on a volume basis. The mixture was uniformly dusted on the plants 
late in the evening with a hand pump dust applicator. At the.time of 
inoculation the winter wheat plants were at growth stage-6 (35), with 

the spring wheat plants only .three weeks old. Cold and wet early 

spring weather facilitated rapid fungal spread and by anthesis most 

of the susceptible winter wheat lines were fully covered with rust.

This facilitated two disease readings on winter wheat; one at the flag
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leaf stage on 23, 24, and 25 June, 1981 and another at anthesis on 
6, 7, and 8 July, 1981. Readings were taken on severity and Infection 
types using a 0^4 and X scale for infection and 0-100 for severity (3, 

59).
Dry hot weather in late June and early July slowed rust develop

ment. The severity of disease was much less on spring wheat resulting 

in one reading at the milk stage on 27, 28, and 29 July, 1981. Due to 

excessive drought conditions 8cm of water were applied to all treat
ments through sprinkler irrigation oh 15 and 16 July, 1981 to facilitate 

infection. '

Data Sampling and Analysis
Data were collected on plant height, heading date, number of 

tillers per hill, biological yield (grain + straw), harvest index and 

grain yield. Harvest index (H.I.) was calculated as seed weight/bundle 
weight, and expressed as a percentage. Growth rate (G.R.) was (bundle 
weight - seed weight)/days to heading. In addition, disease index was 

calculated on infected plots for each disease reading. Disease indices 

were obtained by multiplying the response symbol times severity.

Response symbols were obtained by assigning numerical values to 

infection type as follows: 4 = 1.0, 3 = 0.8, 2 - 0.4, and 0 = 0.0 (3).

The few mesothetic infection types (X) were assigned a value of 0.6. 
Height was measured in cm from ground to the tip of the tallest tiller
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in the hill excluding awns. Heading date in winter wheat was recorded 
as the number of days from January I until anthesis occurred in the 

main tiller of the hill. For spring wheat, heading was recorded from 
the planting date of 22 and 23 April, 1981. The number of tillers per 
hill was obtained by counting seed bearing tillers. Kernel weight 

was determined from the weight of 250 seeds selected at random from 

the plot yield. The count was taken using an electronic vibrator 

counter. The whole sample was counted to avoid bias due to large seed 

selectivity of the vibrating system.
For yield and biological yield determinations individual hills 

were cut at ground level, tagged and stacked on the raised pipes for
I

drying. After ten days, when the straw was completely dry, the 
individual hill plot bundle was weighed to obtain biological yield.,, 

and threshed, using a single plant thresher to obtain grain yields.

The winter wheat experiment was cut on 13, 14 August, 1981 and the 

spring wheat on 27 August, 1981.
The variable number of replications used for trait measurement

were:
_____ Traits ______ Number of reps_____

Number of tillers/hill 2
Plant height 3
Heading date 3
Growth rate 3
Kernel weight 3
Grain yield 6
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Biological yield 6 
Harvest index 6 
Straw weight 6 
Disease index 6

Disease effects were examined via ratios obtained by dividing 

the inoculated plot values by the control plot values (10). Individual 

crosses and ratios were analyzed as a completely randomized design.

This was necessitated by the missing plots which resulted in an unequal 
number of entries in each replication. Although the results are 

slightly more conservative, the overall effect should be negligible 
due to the small degree of freedom for replications. Yield was 

analyzed as a test case according to both randomized block and com
pletely randomized design. The results were similar for both cases.

The differences between the generations were tested using the. 

t-test (58). Since the ratios of the inoculated/control should be 

one if disease had no effect, the ratios were tested against one.
The data were averaged across the replications for all the traits and 
the means were used to calculate phenotypic correlation coefficients 

for each generation of each population in control and inoculated 

plots.

The direct and indirect effects of these traits on yield were 

partitioned by path analysis (63). The path coefficients were cal

culated using phenotypic correlation coefficients of various traits 
on grain yield and simultaneous solution of equations on page 22.
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Figure I is the pattern of relationships in path analysis and 

phenotypic paths. The variables are (I) heading date, (2) plant 
height, (3) biological yield, (4) growth rate, (5) harvest index,
(6) straw weight, (7) tiller number, (8) kernel weight, and (9) grain 

yield.
Heritability estimates were computed on a plot basis by using the 

general formula:

Heritability = Vg / Vg + Ve

where Vg and Ve are the genetic and error variance components 

respectively, for a trait obtained by equating observed mean squares 

to their expectation and solving for the variance components.



r4
5

Figure I. Pattern of relationships in path analysis and phenotypic paths.



Path coefficient equations.

1. T19 = P19 + r12̂ >29 + r13P39 + r14P49 +

2. r29 = P29 + rIapIg + r23P39 + r24P49 +
3. r39 = P39 + r13P19 + T23B29 + T34P49 +

4. T49 = P49 + T14P19 + T 24P29 + T34P39 +
5. T59 = P59 + T15P19 + T25P29 + T35P39 +
6. T69 = P69 + T16P19 + T26P29 + T36P39 +

7- T79 = P79 + T17P19 + T27P29 + T37P39 +
8. T89 = P89 + T18P19 + T28P29 + T38P39 +
Residual 2 2 2 2 2
9. I - p x9 + P 19 + p 29 + P 39 + p 49

+ ZP19T12P29 + ZP19T13P39 
+ ZP19T14P49 + ZP19T15P59 + ZP19T16P69 

+ ZP29T23P39 + ZP29T24P49 + ZP29T25P59 

+ ZP29T28P89 + ZP39T34P49 + ZP39T35P59 

+ ZP39T38P89 + ZP49T45P59 + ZP49T46P69 
+ ZP59T56P69 + ZP59T57P79 + ZP59T58P89

r15P 59 + r16P69 + r17p79 + rISpSg 

r25P59 + r26P69 + r27P79 + r28P89 
r35P59 + r36P69 + r37P79 + r38P89 
r45P59 + r46P69 + r47P79 + r48P89
r45P49 + r56P69 + r57P79 + r58P89 
T46P49 + T56P59 + T67P79 + T68P89
T47P49 + T57P59 + T67P69 + T78Pg9

r48p49 + r58p59 + r68P69 + r78P79 
2 2 2 2 

+ p 59 + p 69 + P 79 + P 89

+ ZP19T17P79 + ZP19T18P89 
+ ZP29T26P69 + ZP29T27P79 
+ ZP39T36P69 + ZP39T37P79 
+ ZP49T47P79 + ZP49T48P89

+ 2p69r67p79 + 2P69r68P89 + 2P79r78P89

Figure I.(Continued)



Chapter 4

RESULTS AND DISCUSSIONS

The results of the spring and winter wheat experiments are sum

marized in separate sections. Differing disease severities in the 

two experiments resulted from infection at different growth stages. 

The plants in the winter wheat experiment were inoculated in the 
stem extension stage and in the spring wheat experiment in the early 

tillering stage. By late June or early July when hot dry weather 
arrested the rust growth, the winter wheat had headed and the spring 
wheat was only in the stem extension stage. The effects of rust 

were confined to later growth stages in winter wheat and were severe 

because all the foliage had developed during the favorable period for 

rust growth. The infection on spring wheat was, on the other hand, 

of longer duration, starting at about tillering and leveling off at 
stem extension stage. Although spring wheat had a low disease 
severity, the continued infection caused considerable loss. The 

spring wheat lines, even with low infection, suffered grain yield 

losses comparable to winter wheat.

Section I: Spring Wheat Experiment

Variability and Disease Influence

Significant differences between lines were detected in many traits
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of the three crosses in control and inoculated experiments (Table 3) 
although error mean squares were high. In the central plots, lines 

frequently differed for plant height, biological yield, grain yield, 
harvest index, kernel weight and tiller number. In the inoculated 

plots frequent significant differences were shown by heading date, 

plant height, biological yield, grain yield and kernel weight (Table 
3). The variation among lines for the traits tended to change from

I
the control to the inoculated plots due to disease. The differences 

among lines increased in inoculated plots if they were low in the 

control plots and vice versa. The Centana/Polk cross, however, 

involving a resistant parent showed fewer significant differences 
among lines in the inoculated experiment than in the control experi

ment. The significant differences in control plots of this cross 

probably occurred because the two parents differed more from 
each other than the parents in the other two crosses. The decrease 
in variability in the. inoculated plots is difficult to explain since 
the cross involved Polk, a highly resistant parent (Table 3), and 

should be less prone to disease effects . In the inoculated plots, many 

significant differences among lines were observed in the Shortana/ 

Centana cross which perhaps resulted from the severe effects of 

infection,
. The differences among lines for disease index, were significant 

in all crosses (Table 3). Ratios of the inoculated/control.values



Table 3. Mean squares for agronomic and growth characters of population of various 
crosses in spring wheat experiment.

Source d . f .  __________ H eading d a te  __________ P la n t  h e ig h t  _______
C o n tro l In o c u la te d  R a tio  C o n tro l In o c u la te d  R a tio

C ro sses
C en tan a /P o lk

F4 74 2.80** 4 .11**
F6 18 4 .7 6 8 . 01**

S h e rid an /C en tan a
F4 74 1.88 2.76**
F6 16 4 .9 8 9 .90**

S h o rte n a /C e n ta n a
F4 74 2.01 2 .25
F6 19 4 .2 8 6 .25**

E x p erim en ta l e r r o r  
C en tan a /P o lk

W/F4 150 1 .53 1 .3 0
w/F6 38 3 .0 3 1 .2 4

S h e rid an /C en tan a
w/F^ 150 2.86 1 .38
w/Fg

S h o rtan a /C en tan a
34 3 .27 2 .17

w/F4 150 2 .29 1 .79
w/F6 40 2 .71 0 .9 8

0003
0003

6 0 .0 3 * *  . 
4 3 .8 0 *

52.50**
46 .72*

.0021

.0015

0003
0006

122.40
3 3 .90*

42.67**
36.12*

.0096

.0012

0003
0003

180.39**
4 9 .0 5 *

136.44**
45 .57*

.0030

.0015

0005
0007

23 .44
17.75

19.60
20.03

.0034

.0029

0007
0008

96.06
14 .04

18.19
14.60

.0159

.0020

OOO6
0006

22.78
23.51

20.35
20.26

.0035

.0034

N>
Ln

+, *, **, significant at .10, .05, .01 levels respectively.



Table 3 (Continued)

Source d . f . H a rv e s t in d ex Straw  w eigh t
C o n tro l In o c u la te d R a tio C o n tro l In o c u la te d R a tio

C ro sses
C en tan a /P o lk

F4 74 19.20** 21.22 .0174 306.36+ 174.66 .0564
F6 18 64 .08 29.28 .0444 446.46+ 178.08 .0780

S h e rid an /C en tan a
F4 74 22.17** 29.49+ .0240 256.88 240.53** .0660
F6 16 49 .5 8 * 66.59** .0198 596.58* 184.08 .1626+

S h o rtan a /C en tan a
F4 74 44 .28** 37.12** .0204 308.82** 152.25** .0438
F6 19 12 .30* 37.64** .0330 701.40 235.01** .0756

E x p e rim e n ta l e r r o r  
C en tana/P o Ik

w /F4 375 13.49 25.97 .0369 244.04 159.36 .0770
w /F6

S h e rid an /C en tan a
95 53 .48 19.07 .0514 240.43 117.87 .0929

w /F4 375 124 54 22.66 .0285 257.64 109.14 .0675
w /F6

S h o rtan a /C en tan a
85 24.75 26.43 .0421 303.08 125.17 .0800

w/F4 375 10.48 19.89 .0212 197.81 86.22 .0418
w /F6 100 6 .13 16 .44 .0188 240.85 72.37 .0429

ro
O N

+, *, **, significant at .10, .05, .01 levels respectively.



Table 3 (Continued)

Source d . f . ___________ Growth r a t e __________  ______  K ern e l w e ig h t_________
C o n tro l In o c u la te d  R a tio  C o n tro l In o c u la te d  R a tio

C ro sses
C en tan a /P o lk

F4 74 .0462 .0254
F6

S h erid an /C en tan a
18 .0603 .0213

n 74 .0413 .0224 .
F6 16 .1026+ .0198

S h o r te n s /Cen tan a
F4 74 .0511 .0183
F6

E x p erim en ta l e r r o r
19 .0975+ .0324**

C en tana/P o Ik
w /F4 150 .0400 .0202
w /F6

S h erid an /C en tan a
38 .0359 .0132

W/F4 150 .0437 .0167
w /F6

S horta n a /C enta n a
34 .0476 .0175

w /F4 150 .0313 .0142
w /F6 40 .0498 .0098

.0567 .4143** .3566** .0051**

.1245 .1140** .3091** .0039 .

.0720 .4171** .4707** .0093**

.2061* .5200** .3758** .0012

.0411 .1903** .1988** .0039

.0795 .1557 . 2011** .0018

.0697 ,0628 .0773 .0027

.0980 .0416 .0796 .0024

.0694 .0486 .1989 .0052

.0873 .0705 .0938 .0032

.0396 .0505 .0852 .0032

.0495 .2478 .0391 .0016

4-, *, **, significant at „10, .05, .01 levels respectively



Table 3 (Continued)

Source d . f . B io lo g ic a l  y ie ld G rain  y ie ld
C o n tro l In o c u la te d  R a tio C o n tro l In o c u la te d  R a tio

C ro sses  
C en tan a/P o lk

F4 74 725.82** 394.85 .0564 111.60** 60.85 .0708
F6

S h e rid an /C en tan a
18 947.70** . 388.32* .0720 151.87** 57.48** .0882

F4 74 571.03 582.53** .0624 90 .71* 95.04** .0732
Fe

S horta n a /C enta n a
16 1230.36* 561.12* .1398+ 180.12 139.65** .1200

F4 74 555.00 312.79** .0342 93.96 49 .13* .0330
Fe

E x p erim en ta l e r r o r  
C en tan a/P o Ik

19 1462.68** 545.08** .0660+ 153.78** 83.11** .0738+

w/F4 37.5 488.95 324.89 .0698 57.94 47 .04 .0865
w/F6

S h e r id a n /C entana
95 395.71 213.41 .0700 52.04 25.14 .0888

w/F4 375 535.15 259.75 .0615 66.28 43.00 .0719
w/F6

Shor ta n a /C en tan a
85 683.14 260.93 .0705 107.99 39.53 .0806

w/F4 375 456 .02 208.59 .0374 71.50 .3 6 .5 0 .0427
w/F6 100. 519.56 151.72 .0368 60.00 24.59 .0384

NS
CO

+ , * , ** , s i g n i f i c a n t  a t  .1 0 , .0 5 , .01  l e v e l s  r e s p e c t iv e ly .



Table 3 (Continued)

Source d . f . ________  T i l l e r  number ________
C o n tro l In o c u la te d  R a tio

d . f . D isease  index  
In o c u la te d

C ro sses
C en tan a /P o lkv e n te n e / ru.LK

n 74 109.18** 76.46** .0550 74 228.06**
F6

S h e rid an /C en tan a
18 105.26 25 .10 .0780 18 86.50**

F4 —. . 74 81 .36* 51.68 .0744 74 98.98**
F6

S h o rtan a /C en tan a
I 6 165.004- 4 6 .1 2 .1242+ 16 339,71**

F4 74 73.74 39.04+ .0424 74 63.65**
F6

E sroerim ental e r r o r  
. C en tan a /P o lk

19 178.44* 5 3 .34 .0470 19 53.02**

75 66.77 43.46 .0567 375 52.42
w/Eg

S h erid an /C en tan a
19 76 .85 33.47 .0765 95 23.62

w/F4 75 49.99 40 .45 .0695 375 27.74
v /f6

S h o rtan a /C en tan a
17 84 .62 28.09 .0559 . 85 57.75

w/E4 75 81 .02 28.27 .0391 375 31.31
-------- w/Fg . . 20 .. 78 .33 4 2 .48 .0431 100 18.40

+, *, **, significant at .10, .05, .01 levels respectively
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showed non-significant differences for most of the traits.
Error mean squares and coefficients of variations (c.v.) were 

higher in this experiment (Tables'3, 4) than are usually found in row 
experiments, Differences among genotypes are not effectively 
detected if the error variances are large. Few significant differences 
in straw weight, tiller number, biological yield and grain yield in 
this experiment, therefore, might have resulted from the large error 
mean squares. Large error mean squares in hill plots have been 

reported in literature (17, 18) and result, in part, from inter- 
genotypic competition among the hills. The c.v. values in this 

experiment, however, were comparable to.c.v. values reported in the 
literature for hill plots (17) although the block effects were not 

separated.

Performance of Genotypes in Control and Inoculated Experiments and 

Their Comparisons

Means of the traits, their ratios and comparisons are shown in 

Tables 5-8 for the three spring wheat crosses. The lines in the 

three crosses were earlier selected for stripe rust resistance without 

regard for agronomic traits (34). Previous selection for additive 

stripe rust resistance was effective in two of the three crosses 

(Table 8). These F^ lines showed deterioration for many traits, 

including grain yield, when compared to the F^ lines.



Table 4. Coefficients of variation of agronomic and growth characteristics in 
spring wheat control and inoculated experiments.

C o e f f ic ie n ts  o f  v a r ia t io n *

C ro sses  ______________ __________________  T r a i t s

Heading
d a te

P la n t
h e ig h t

B io .
y i e ld

Growth
r a t e

H a rv e s t
in d ex

Straw
w eigh t

T i l l e r
number

K ernel
w e ig h t

G ra in
y ie ld

Centa n a /P o lk  
F4 1 ,56 4 .3 5 23.46 24.30 11.39 24.46 20.73 3 ,6 4 34.01

1 ,43 4 .1 0 25.01 21.89 16.47 25.40 20.69 4 .4 6 30.66

F6 2 ,18 3 .7 8 23 .48 26.68 23.03 26.74 25.30 2.99 34.81
1 ,39 4 .0 9 21 .34 18.79 14.42 22.74 19.98 4 .4 8 24.20

S h erid an /C en tan a
F; 2 ,13 8 .46 24.51 25.92 10.37 25.80 18.60 3 .22 25.304 1 .48 3 .8 7 23 .92 22.11 15 .34 22.60 21.91 7 .22 30.89

F6 2 .25 3 .2 0 27.21 26 .94 14.97 27.23 23.75 3 .86 31.79
1 .82 3 .4 1 24.97 23.25 16.53 25.27 18.48 4 .8 4 30.72

S horta n a / Centana
F4 1.88 4 .3 4 20.81 14.86 8 .8 3 21.61 21.42 3 .50 22 .54

1 .65 3 .8 1 22.26 21.85 13 .95 21.12 17.92 4 .91 28.89

F6 2 .05 4 .4 2 22.25 26.09 -7 .3 2 22.88 21.10 8 .16 22.47
1.22 4 .4 6 18.71 17 .24 13.65 18.86 21.67 3 .43 25.12

* Upper values relate to control and lower to inoculated plots.



Table 5. Means of parents, F4 and Ffi lines of the spring wheat cross -
Centana/Polk and their comparisons.

G eneration!- H eading d a te P la n t  h e igh t(cm ) B io lo g ic a l  v i e l d f e /o l o t )
C o n tro l In o c u la te d  R a tio s# C o n tro l In o c u la te d R a tio s C o n tro l !In o c u la te d  R a tio s

p I 80 .22 80.47 1.0014 112.78 108.00 .9576 104.33 67.78 .6515

P2 79.11 79.06 1.0029 102.67 103.33 1.0072 80.33 67 .54 .8482

MP 79.67 79.77 - 107.73 105.67 - 92.33 67.66 . -

p4 79.09 80.39 1.0092** 111.28 107.95 .9705** 94.26 72.06 .7710**

n 80.02 80.63 1.0046** 111.33 109.25 .9814** 84.73 68.47 .8193**

F4 -F 6 -0 .9 3 * *  -0 .2 4 - -0 .0 5 -1 .3 0 - 9 .53** 3.59++ 0
MP-F4 0 .5 8 * -0 .6 2 * - -3 .5 5 * * -2.28++ - -1 .9 3 -4 .4 0 -

MP-F6 -0 .3 5 =0 . 86* - -3 .6 0 * -3 .5 8 * 7.60++ -0 .8 1

+ P j ,  ?2 and MP r e p r e s e n t  p a r e n t  I ,  p a r e n t  2 and mid p a re n t  r e s p e c t iv e ly .  
-H-, * , ** s i g n i f i c a n t  a t  .1 0 ,  .0 5  and .01 l e v e l s ,  r e s p e c t iv e ly .
# O b ta in ed  by d iv id in g  in o c u la te d  v a lu e  by c o n tro l  v a lu e .



Table, 5 (Continued)

G eneration Growth r a te  (e /dav) H arvest index Straw w e ig h t(g /p lo t)
C ontro l In o cu la ted  R atios C ontrol 'In o cu la ted R atios C ontrol In o cu la ted  R atios

? ! .8568 .6159 .7192 35.17 32.10 .9132 67.72 45.98 .6810

P2 .6391 .6514 .9722 33.84 30.11 .8950 53.01 46.88 .8890

MP .7480 .6337 - 34.51 31.11 - 60.37 46.43 -

F4 .8229 .6483 .8020** 32.25 30.95 .9611** 63.87 49.69 .7843**

f6 .7101 .6088 .8919** 31.75 30.28 .9596** 57.99 47.75 .8352**

f 4“f 6 .1128** .0395++ - 0.50 0.67 - 5.88** 1.94 -

MP-F4 -.0749 -.0147 - 2 ; 26** 0.16 - -3 .50 -3 .26 -

MP-F6 .0378 .0249 - 2.76** 0.83 C 2.38 -1 .32 -



Table 5. (Continued)

G e n era tio n  T i l l e r  number_______ _______K ernel w e ig h t*  G ra in  y i e ld ( g /p lo t )
C o n tro l !In o c u la te d R a tio s C o n tro l In o c u la te d R a tio s C o n tro l In o c u la te d  R a tio s

pJL 4 3 .33 30.67 .7192 6 .65 6 .1 7 .9271 36.66 21.80 .5977

P 2 35.17 28.50 .8753 7 .6 2 6 .3 3 .8304 27.32 20.68 .7754

MP 39.25 29.59 7 .1 4 6 .2 5 -  ' 31.99 21.24 -

F4 39 .42 31.86 .8251** 6 .87 6 .2 3 .9066** 30.39 22.39 .7444**

F6 34.63 28 .94 .8705** 6 .8 2 6 .3 0 .9236** 26.73 20.72 .7888**

f4 =F6 4 .7 9 * . 2.92++ - 0 .05 -0 .0 7 -  " 3 .66** 1 . 66* -

MP-F4 . -0 .1 7 -2 .2 8 - 0 .27** 0.02 - 1 .60 -1 .1 4
u>4S

MP-F6 4.62++ 0 .6 5 - 0 .32** -0 .0 5 - 5 .26** 0 .52

* g/250 kernels.



Table 6. Means of parents» and Fg of the spring wheat cross - Sheridan/Centana
and their comparisons.

G eneraticm+ Heading date P la n t height(cm ) B io lo g ica l v ie ld fg /o io t )
C ontrol In o cu la ted R atios C ontrol In o cu la ted R atios C ontrol In o cu la ted R atios

pI .79.11 79.61 1.0015 111.44 107.00 .9576 99.11 75.78 .7689

p2 80.22 80.47 1.0014 112.78 108.00 .9576 104.33 67.78 .6515

MP 79.66 80.04 - 112:11 107.50 - 101.72 71. 78 =

F4 79.46 79.26 .9975 115.87 110.14 .9529** 94.37 67.38 .7175**

F6 80.31 80.90 1.0073** 117.00 111.94 .9569** 96.37 64.65 .6472**

4? I -0 .85** -1.64** - -1 .13 -1 .80** - - 2.00 2.73 “

MP-F4 0.20 0.78** - -3.76++ -2*64* - 7.35++ 4.40 -

MP-F6 —0. 64 - . 86* - 4.84* -4.44** — 5.35 7.13* -

+ P f , Po and MP re p re se n t p a ren t I ,  p a ren t 2 and mid p a ren t re s p e c t iv e ly . 
-H-, * , ** s ig n i f ic a n t  a t  .1 0 , .05 and .01 le v e ls ,  re s p e c t iv e ly .



table 6.(Continued)

G eneration Growth r a te  (g /day) H arvest index Straw w e ig h t(g /p lo t)
C ontro l In o cu la ted  R atios C ontrol In o cu la ted  R atios C ontrol In o cu la ted  R atios

pI .8536 .6311 .6785 36.84

P2 . 8568 .6159 .7192 35.17

HP .8552 .6235 - 36.01

F4 .8066 .5845 .7399** 34.15

F6 .8098 .5691 .7502** 33.91

f 4"F6 -.0032 .0154 - 0.24

HP-F4 .0486 .0390 - 1 . 86**

MP-F6 .0454 .0544 - 2 . 10**

32.39 .8977 62.62 50.81 .8155

32.11 .9132 67.72 45.98 .6810

32.25 - 65.17 48.40 -

31.04 .9173** 62.21 46.22 .7474**

31.10 .9171** 63.69 44.28 .7160**

=0.06 = -1 .48 1.98 -

1.21 - 2.96 2.18 -

1.15 = 1.48 4.11*



Table 6. (Continued)

G eneration  ______ T i l le r  number______  ______ K ernel weight*_____  ______Grain v ie ld (g /o lo t'>
C ontrol In o cu la ted  R atio s C ontrol In o cu la ted  R atio s C ontrol In o cu la ted  R atios

pI 34.50

43.33

,MP 38.92

F4 38.00

F6 38.74

-0 .7 4

MP-F4 0.92

MP-F,O
0.18

29.33 .8634

30.67 .7192

30.00 -

29.03 .7777**

28.68 .7850**

0.35 -

0.97 -

1.32

7.06 6.53

6.65 6.17

5.86 6.35

6.83 6.18

6.88 6.33

-0 .05 e 0 .15*

0.03 0 .17-H-

r 0.02 0.02

9236 36.49

9271 36.66

- 36.58

9059** 32.17

9210** 32.69

- -0 .52

- 4.41**

- 3.89**

24.97 .6916

21.80 .5977

23.39 -

21.23 .6629**

20.46 .6345**

0.77 -

2.16++ -

2.93* -

* g/250 kernels



Table 7. Means of parents, F. and Fg lines of the spring wheat cross <-
Shortana/Centana and their comparisons.

Generatic>n+ Heading d a te P la n t height(cm ) B io lo g ica l y ie ld (g /p lo t)
C ontro l In o cu la ted R atios Control. In o cu la ted R atios C ontrol In o cu la ted R atios

pI 80.00 80.36 1.0070 109.89 85.89 .8626 90.05 61.05 .6761

P2 80.22 80.47 1.0014 112.78 108.00 .9576 104.33 67.78 .6515

MP 80.11 80.42 - 107.34 96.95 - 97.19 64.41 -

F4 80.29 80.73 1.0118* 109.80 100.16 .9130** 102.59 64.88 .6356**

F6 80.00 80.30 1.0079+ 109.60 100.88 .9207** 102.32 65.82 .6518**

f 4"f 6 0.29 0.43* - 0.20 -0 .7 2 0.27 -0 .9 4 -

Mp-P4 -0 .1 8 -0 .3 2 - -2 .47 -3 .22** - -5 .4 0 -0 .47 -

MP-F6 0.11 0.12 -2 .6 5 -3 .94** - -5 .1 3 - 1 .40

•+ P j , Po and MP re p re s e n t p a ren t I ,  p a ren t 2 and m id -paren t re s p e c t iv e ly , 
-H-, * , ** s ig n i f ic a n t  a t  ,1 0 , .05 and .01 le v e ls ,  re s p e c t iv e ly .

38



Table 7. (Continued)

G eneration Growth r a te  (g /dav) _______ H arvest index ______ Straw w e ig h tfe /p lo tt
C ontrol In o cu la ted  R atio s C ontrol In o cu la ted  R atios C ontrol In o cu la ted  R atios

pI .6795 .4927 .7372 40.34 34.91 .8654 53.96 39.43 .7294

p2 .8568 .6159 .7192 35.17 32.10 .9132 67.72 45.98 .6810

HP .7682 .5543 - 37.76 33.51 - 60.84 42.71 -

F4 . .8402 .5616 .6586** 36.63 31.97 .8742** 65.08 43.97 .6803**

F6 .8555 .5811 .6930** 33.83 29.70 .8784** 67.83 46.08 .6899** WVO
F4 -F6 -.0153 .0195 - 2.80** 2.27** - -2.75++ 2 . 11* -

MP-F4 -.0721 .0073 - 1.13* 1.54* - -4.24++ -1 .27 -

MP-F6 -.0874 -.0268 - 3.93** 3.80** -■ - 6 . 88** -3.38++ -



Table 7. (Continued)

G eneration T i l l e r  number K ernel weight* Grain v ie ld fe /o ln t 'i
C ontrol In o cu la ted R atios C ontrol Inocu la ted R atios C ontrol Inocu la ted R atios

pI 39.00 31.50 .8206 6.41 5.74 .8971 33.76 21.61 .5962

P2 43.33 30.67 .7192 6.65 6.17 .9271 36.66 21.80 .5977

MP 41.17 31.09 - 6.53 5.96 - 35.21 21.77 -

F4 42.03 29.87 .7244** 6.41 5.94 .9263** 37.51 20.92 .5603**

F6 41.92 30.08 .7422** 6.10 5.77 .9458** 34.48 19.74 .5780**

F4-F6 0.11 -0.21 - 0.31** 0.17** - 3.03** 1.18++ -

MP-F4 - .8 7 1.22 0.12 0.02 - -2 .3 0 . 0.79 -

MP-F6 - .  76 1.01 - 0.43** 0.19* - 0.73 1.97++

* g/250 kernels
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Table 8 IMean disease indices*of the parents, and Fg of the three 
crosses in spring wheat experiment.

Generation+ Centana/Polk
Crosses

Sheridan/Centana Shortana/Centana

Pl 9.44 6.72 11.61

P2 3.87 9.44 9.44
MP 6.65 8.08 10.52

f4 11.72 8.57 10,19

f 6 6.72 11.45 6.93

f4“f6 5.00** -2.88** 3.26**

MP-F4 -5.07** -0.49 0.33
MP-F6 -0.07 -3.37** 3.59** .

+ Pj, ?2 and MP represent parent I, parent 2 and mid parent 
respectively.

*, ** significant at .05 and .01 levels, respectively.
! Disease index = severity x infection type.
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Evidently the accumulation of minor genes for stripe rust
r e s i s t a n c e  w i th o u t  s e l e c t i o n  f o r  a g ro n o m ic  t r a i t s  r e s u l t e d  i n  n e g a t i v e

correlated response for other traits. It appears that some selection

for agronomic traits, especially grain yield, should be practiced if

generations are advanced under disease conditions, thus protecting

against possible erosion of variability for these traits.

The Fg g e n e r a t i o n s  show ed i n c r e a s e d  r e s i s t a n c e  i n  t h e  C e n ta n a /

Polk and Shortana/Centana crosses but decreased in the Sheridan/Centana
cross. The differences in resistance observed in F, vs F, in the4 6
crosses agree with the results reported by Krupinsky (34). The plants

in the Centana/Polk and Shortana/Centana.crosses, in KrupinskyrS study
r e s p o n d e d  m ore r e a d i l y  t o  t h e  m in o r  g en e  s e l e c t i o n  . S e l e c t i o n  f o r

m in o r  g e n e  a c c u m u la t io n  i n  t h e  F^ an d  F^ r e s u l t e d  i n  d i s c e r n i b l e

i n c r e a s e s  i n  r e s i s t a n c e  i n  t h e  F , l i n e s  o f  t h e s e  two c r o s s e s . The4
response to selection in the Sheridan/Centana cross, however, was 
slower. This cross showed transgressive segregation for susceptible 

reaction. The F^ lines, from which the Fg lines for this study were . 
derived, showed the reaction type of the susceptible parents (34).
These changes caused by minor gene selection explain the increased 
resistance shown by the lines in Centana/Polk and Shortana/Centana 

crosses

C e n ta n a /P o lk . In  t h e  c o n t r o l  p l o t s  o f  t h i s  c r o s s  th e  F^ e x c e e d e d
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the Fg for all the traits except for heading date and plant height.
i

Stripe rust infection in inoculated plots of this cross (Table 5) 
reduced the differences between the and Fg for heading, date and 
plant height to non-significant levels. Biological yield was reduced 
considerably in the parents and the F^ and Fg generations. Other 

traits suffered similar reduction and showed fewer significant 
differences among generations Gmid parent, F^ and Fg). Evaluation of 
inoculated/control ratios showed that stripe rust reduced the expres

sion of all the traits in both, the F^ and Fg significantly GTable 5). 

Heading date was delayed in the F^ and Fg in inoculated plots, giving 

a ratio over one. All other traits registered a decrease ranging from 

2 percent in plant height to over 20 percent in grain yield.

The susceptible parent (Centana) showed more reduction in 

grain yield and other traits than the resistant parent. The reduction 
in the grain yield was approximately 15 percent in Polk and 40 percent 
in Centana. The results, therefore, agree with the findings of Sever 
and Nelson (5, 46) that resistant plants are also affected by disease 

but to much lesser degree than the susceptible plants.

Sheridan/Centana. Most of the traits in this cross showed non

significant differences between F^ and Fg arid between these genera

tions and the mid parents (Table 6). Heading date was the only trait 

which showed a significant difference between the two generations in
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the control plots. For plant height and grain yield both and Fg 

were significantly different from the mid parent. In inoculated 
plots, significant differences were observed between F^ and Fg and the 
mid parent for heading date and plant height. Biological yield and 
straw weight showed significant differences between the mid parent and 
the Fg, Disease effects (ratios) on the expression o£ all the traits 

were significant both in the F^ and Fg except for heading date in F^ 

(Table 6). Maximum reduction was observed in grain yield and minimum

i n  h e a d in g  d a t e .  The r e s i s t a n t  p a r e n t , S h e r id a n ,  show ed l e s s .
)

Shortana/Centana. In this cross significant differences were noted 

for kernel weight, harvest index and grain yield for the F^-Fg. 

Additionally, significant differences for harvest index and straw 
weight were noted between the two generations and the mid parent 
(Table 7). Effects of the disease on the expression of the traits 
were similar to the other two crosses. Grain yield suffered maximum 
reduction and heading date minimum. The two parents involved in this 

cross were equally susceptible to stripe rust and consequently had 

similar reduction in grain yield and biological yield.
C o m p ariso n s  o f  m ean d i s e a s e  i n d i c e s  show ed s i g n i f i c a n t  d i f f e r e n c e

IE f f e c t s  d u e  to  d i s e a s e  co m p ared  t o  t h e  p ro g e n y  l i n e s .
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between mid parent and of Centana/Polk but not in the other two 
crosses. The mid parent vs Fg differences were not significant in 
Centana/Polk, but were significant in the other two crosses. The 
mean disease indices of F^ generation in the Sheridan/Centana and 
Shortana/Centana crosses were similar to the mid parent indicating 
additive gene action (34). The F^ disease index in the Centana/Polk 
cross, however, was higher and implied a possibility of non additive 
gene action.

The disease effects summarized in Tables 5, 6, and 7 reflect the 
inherent resistance of the parents used in the original crosses. Even 

the parents, however, showed a reduction in the expression of some 

traits under disease conditions. The disease effect on lines of the 
three crosses reflected the level of parental resistance. The 

Centana/Polk, Sheridan/Centana and Shortana/Centana crosses had a 
resistant, intermediate and susceptible parent, respectively. The 

ratios in the three crosses were highest in the Centana/Polk cross, 

lowest in the Shortana/Centana cross and intermediate in Sheridan/ 

Centana. !
Both heading date and plant height of the F^ and Fg- populations 

in the three crosses showed little disease effects. Consequently 

some of the highest ratios were observed in these traits (Tables 5,
6, 7). Heading date was delayed due to slow growth in infected 

plants (5, 12, 22,. 25). This explains ratios larger than one.



46
Infected plants had reduced growth rate, biological yield, tiller 
number and grain yield. Plant height is reduced by the infection (.5). 
Plant height in this experiment was recorded on the central tiller in 
each hill which apparently was able to grow to normal height under 
the low infection of the spring wheat experiment. The reduced tiller
ing in the infected plants perhaps was compensated by near normal 
height in the other tillers. Other traits such as biological 

yield, straw weight, growth rate, tiller number and grain yield were 
affected by the disease (.1, 2, 3, 4, 5, 11, 12, 22, 32, 43, 60, 61). 

The maximum effect of infection on grain yield developed from the 

cumulative reduction shown by its components.

Kernel weight and harvest index were less affected by the 
disease compared to grain yield and growth traits. Compensation in 
favor of kernel weight may have resulted under disease stress. This, 
is obvious from the ratios in the three crosses. The three crosses 

had minimum ratios for biological yield, growth rate, tiller number 

and grain yield, but maximum ratios for kernel weight. Reduced 
effects of infection on kernel weight is supported by reports that a 

greater proportion of photosynthates in infected plants go to grains 
than other parts of the plants (.14, 39). Low vulnerability. of kernel 

weight suggested that the decline in yield did not come so much from 

reduction in kernel weight as from reduced growth (I, 5, 12), general
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weakening of the plants (low biological yield and straw weight) .(23), 
few tillers per plant (12, 23), and few kernels per head (23, 60, 61).

The data in the Tables 5, 6, and 7 show that the grain yield 
in wheat can be reduced considerably even by low infection which occurs 
early in crop growth (4, 12). From the comparison of the ratios in the 

three crosses, it is obvious that the grain yield was affected maxi

mally. Other traits showed proportionately less reduction compared 

to the grain yield.

Association of Agronomic, Growth and Disease Characteristics

Heading date was correlated with a few traits (Tables 9, 10, 11). 

Significant correlations were shown in some cases with plant height 

and disease index. Heading date showed no change in its relationships 
with other traits in the inoculated plots compared to the control 
plots, with the exception of straw weight and kernel weight in the 

Sheridan/Centana cross.
Plant height was positively correlated with growth traits, i.e., 

for biological yield, growth rate and straw weight in many,control 
and inoculated plots (Tables 9, 10, 11). Plant height was generally 

negatively correlated with harvest index. Grain yield showed no 

relationship with plant height. The relationship of plant height 

with other traits generally changed in inoculated plots, i.e,, from 

significant to non significant and vice versa.



Table 9. Correlatidn coefficients of agronomic and growth characters -of F^ and Fg generations
of spring wheat cross- Centana / Polk in control and inoculated plots.+

Characters H.D, P 0H 0 B.Y. G.R. H 0I0 S0W 0 T.N. K0W 0 G 0Y0 D0I0
Heading date(H„D„) 1.00 .44* -.43 -.39 .05 -.42 -.53* -.11 -.35

1.00 .45* .07 -.10 -.22 .12 -.53* -.03 -.02 -. 48*
Plant height(P.H.) .48** 1.00 .17 .06 .14 .15 -.13 .04 .16

.43** 1.00 .24 .29 -.38 .33 -.19 .18 .04 -. 30
Biological yield(B0Y0) .15 .25* 1.00 .76** .08 .95** .59** .43 .86**

.12 .18 1.00 .86** .19 .97** .30 .29 .90** .04
Growth rate(G0R.) .05 .36** .78** 1.00 -.38 .84** .74** .37 .45*

-. 14 .20 .82** 1.00 -.09 .81** .51* .27 .68** OOO6

Harvest Index(H0I0) -.03 -.29** .31** .02 1.00 -.22 -.13 .01 .57**
.11 .06 .23* -.04 1.00 -.06 -.02 -.13 .60** .06

Straw weight(S.W„) .16 .32** .98** .80** .11 1.00 .61** .42 .67**
.08 .16 .97** .73** -.02 1.00 .32 .31 .76** .03

Tiller number(T0N.) -.01 .04 .62** .76** .18 .61** 1.00 -.07 .44
-.14 -.03 .53** .64** .12 .51** 1.00 -.18 .23 -.04

Kernel Weight(K0W 0) .18 .27* .10 .02 -.08 .13 -.25* 1.00 .36
.01 .22 .15 .26* -. 24* .22 -.17 1.00 .22 .54*

Grain yield(G0Y 0) .13 .11 .93** .65** .62** .83** .58** .05 1.00
.16 .17 .91** .64** .60** .77** .50** .02 1.00 VDO

Disease Index(DoI0) .01 .09 -.12 I O VO .21 -.18 O 00 -.24* _ . 0 0 _ 1.00
+ I. Values below diagonal relate to F^ and above to Fg.

2. Upper values relate to control and lower to inoculated plots.
*, ** Significant at .05 and .01 levels respectively.



Table 10.Correlation coefficients of agronomic and growth characters of and generations
of spring wheat cross- Sheridan / Centana in control and inoculated plots.+

Characters H.D. P.H, B.Y. G.R. H,I. S0W 0 T.N. K.W. G.Y. D.I.
Heading date(H.D.) 1.00 .67** .30 .30 -.71** .48* .04 -.32 -.08

1.00 .52* -.46 -.32 -.60* -.30 -.10 -. 50* -.58* .84**
Plant height(P.H.) .06 1.00 .61** .65** -.54* .72** .23 -.02 .28

.13 1.00 -.06 .19 -.23 .01 -.13 .18 -.12 .58*
Biological yield(B.Y.) .21 -.07 1.00 .91** -.08 .96** .65** -.01 .86**

-.10 .28* 1.00 .59* .62** .95** .46 .38 .93** -.62**
Growth rate(G.R.) .15 -.15 .73** 1.00 -.14 .89** .73** -.09 .76**

-.18 .44** .80** 1.00 .12 .66** .56* .44 .43 -.45
Harvest index(H.I.) -.36** .09 .11 -.06 1.00 -.35 .23 .51* .42

-.31** -.03 .43** ..34** 1.00 .36 .15 .46 .83** -.59* ’
Straw weight(S.W.) .30** -.09 .96** .74** -.16 1.00 .55* -.15 .69**

-.02 .32** .97** .77** .23* 1.00 .49* .27 .78** -.52*
Tiller number(T.N 0) .12 -.16 .47** .60** .14 .43** 1.00 -.20 .70**

-.12 .03 .43** .53** .15 .42** 1.00 -.18 .36 -.33
Kernel weight(K0W 0) -.19 .21 -. 02 -.08 .56** -.17 -.17 1.00 .25

-.23* .17 .28* .32** .42** .20 -.09 1.00 .45 -.37
Grain yield(G0Y0) .00 -.03 .89** .59** .55** .73** .46** .25* 1.00

-.20 .21 .94** .75** .70** .83** .38** .36** 1.00 -.66**
Disease Index(D0Io) .12 -.12 -.11 -.14 „,07 ,,,-.12 .03 -.14 -.06 1.00
+ I. Values.below diagonal relate to F^ and above to Fg.

2. Upper.values relate to control and lower to inoculated plots.
*, ** Significant at .05 and .01 levels respectively.



Table 11, Correlation coefficients of agronomic and growth characters of and Fg generations
of spring wheat cross- Shortana / Centana in control and inoculated plots.+

Characters H oD 0 P.H. B 0Y 0 G 0R. H. I. • S0W. T0N 0 K.W. G.Y. D0I0
Heading date(H.D.) 1.00 .27 -.22 -.40 -.30 -.18 -.10 -.05 -.32

1.00 .58** -.43 -.38 -.14 -.43 -.25 -.20 -.38 .71**
Plant height(P.H.) -.11 1.00 -.01 -.10 .05 -.02 -.20 .21 .02

-.05 1.00 -.20 -p.:ll .43 -. 23 -.03 .01 -.05 .49*
Biological yield(B,Y„) -.29** .19 1.00 .93** -.31 .99** , 84** -. 03 . 96**

-.17 .18 1.00 .82** .42 . 97** .84** .49* .92** -.48*
Growth rate(G.Re) -.31** .49** .74** 1.00 -.36 .93** .85** -.13 .88**

-, 20 .28* . 64** 1.00 .19 .92** .85** .35 . 77** -.33
Harvest Index(HcI0) -.01 -.76** -.15 -.44** 1.00 -. 42 -.35 .51* .05

.01 -.58** .06 -.24* 1.00 .21 .39 .50* .73**

.0O<nD

Straw weight(S0W.) -.25* .42** .93** .82** -,50** 1.00 ,85** -.10 . 92**
-.15 . 36** .95** .79** -.24* 1.00 . 81** .42 .81** -. 44*

Tiller number(T0N 0) -.21 -. 20 .45** .50** .14 .35** 1.00 -.18 .78**
-.15 -.28* ,44** .41** .23* .35** 1.00 .23 .81** -.29

Kernel Weight(K0W 0) -.07 -.03 -.07 -.19 .29** -.17 -.13 1.00 .12
.05 .16 .11 .21 .13 . .07 -.01 1.00 .55* -.42

Grain yield(GoY 0) -.25* -.39** .74** .33** . 54** .45** .46** .14 1.00
-.16 -.17 .85** .45** .57** .64** . .51** .16 1.00 -. 48*

Disease index(D.I.) .12 -.15 .18 .09 .11 .15 .16 -.06 00 1.00
+. I,- Values below diagonal relate to F4 and above to Fg

2. Upper values relate to control and lower to inoculated plots.
*, ** Significant at .05 and ,01 levels respectively.
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Biological yield depends on the growth and productivity of the 

plants and therefore are highly correlated with growth rate, straw 
weight and grain yield in the control and inoculated plots of all 
three crosses. Tiller number showed a significant positive correla
tion with biological yield in all control plots and in some inoculated 

plots. Harvest index showed only one significant correaltion with 

biological yield in the control plots (Table 9). In. the inoculated

plots, however, harvest index and kernel weight were positively
'

correlated with biological yield in most cases. The lack of relation

ship of biological yield with harvest index and kernel weight in the 
control plots is due to strong dependence of the former on vegetative 
growth (65 to 80 percent by weight) which tended to have an inverse 
relation with harvest index (H.I. = grain yield/grain yield + straw) 

and kernel weight.
Growth rate, straw weight, tiller number and biological yield are 

all interdependentIy related traits and exhibited similar associa- . 
tions with other traits such as plant height, kernel weight and 

grain yield.
Harvest index showed a significant high correlation with grain 

yield in all inoculated plots and in four of the six control plots 

(Tables 9, 10, 11). Kernel weight was also generally related with 
grain yield in the inoculated plots. The mutual relationship of 

kernel weight and harvest index, however, was more frequent in the
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control than in inoculated plots which probably had its basis in the 
common inverse relationship of the two" with growth traits.

Grain yield rhad few- significant correlations with plant height and 
heading date but was correlated in most cases with biological yield, 
straw weight, harvest index, tiller number and growth rate in control 
and inoculated plots (Tables 9, 10, 11). Kernel weight showed a few 

significant positive correlations with grain yield in control and 
inoculated plots of-this experiment (Tables 10, 11).

Correlation coefficients of the combined analysis of all the 
populations in control and inoculated plots are given in Table 12, The 

results sum-up the trends of individaul correlation analyses from 

the three crosses. Heading date had a positive correlation with, 
plant height but negative with harvest index. Heading date showed no 
relationship with any other trait in the control plots but expressed 
negative correlations with growth rate, kernel weight and grain 
yield in the inoculated plots. The negative correlations- of heading 
date with growth rate, kernel weight and grain yield in the inoculated 
plots resulted from the differential effects of disease on these 
traits. Heading date was delayed due to slow growth caused by 

infection (5, 12, 22, 25). Other traits showed a decrease due to 

infection (I, 4, 5, 11, 12, 22, 32, ,43, 60, 61) explaining the 

negative correlations noted among these traits in inoculated plots.



Table 12. Combined correlation analysis of populations in control and inoculated experiments
of spring wheat.+

Characters H 0D0 P .H. B.Y. G .R0 H . I. S.W. T.N. K.W. G.Y. D.I.
Heading date(H.D.) l o0 0

I0OO
Plant height(P.H.) .1 5*

„ 2 1**
1 . 0 0
1 . 0 0

Biological yield(B0Y 0) - . 0 2
-oil.

.1 2*
*.1 6**

1 . 0 0
1 . 0 0

■'

Growth rate(G.R0) - . 0 8
-.2 0**

.21**

.31**
.79**
.75**

1 . 0 0
1 . 0 0

Harvest index(H0I0) “.1 6** 
-.1 5*

-.3 4**
-.2 2**

. 0 3

.3 0**
-.2 0**
.04

1 . 0 0i.oo S

Straw weight(S.W0) . 0 3  
- . 0 8  .

.2 1**

.2 3**
.9 6**
.9 7**

.8 2**

.7 7**
-.2 5** 1 . 0 0

. 0 5  i.oo
Tiller number(T0N 0) - . 0 8

-.1 6**
- . 0 9
- . 1 1

.5 8**

.4 8**
. 1 0
.5 7**

. 0 9 .5 4**

.1 6** . .4 5**
1 . 0 0
1 . 0 0

Kernel Weight(K0W 0) - . 0 4
-.1 3*

.1 2*

.1 5*
. 0 2
.2 4**

. 0 6

.2 9**
.2 6** - . 0 5  
.1 6** .2 1**

-.1 8** 1 . 0 0  
- . 0 6  1 . 0 0

Grain yield(G.Y.) - . 1 0
-.1 6**

- . 0 8
. 0 4

.8 7**

.91**
.5 9**
.6 1**

.5 0** .7 0**

.6 5** .7 7**
.5 4** .1 5*
.4 5** . , 2 5**

1 . 0 0
1 . 0 0

Disease Index(DoI0) .1 7** . 0 0 — . 1 2* - . 1 0 . 0 0 -.1 3* . 0 3 -.1 6** -.91** 1.00
+ Upper value's relate to control and lower to inoculated plots. 
*, ** Significant at .05 and .01 levels respectively.
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Plant height generally had a high positive correlation with growth 
traits and a negative correlation with harvest index. Plant height 
showed positive correlations with kernel weight and growth traits.

The latter traits, in turn, showed littjle association among themselves* 
The significant positive correlation of plant height with kernel 
weight probably resulted from the low negative correlation of plant 

height with tiller number. Increases in plant height tended to be 
associated with a decrease in the number of tillers and, consequently, 

the number of seeds per plant. This, in turn, resulted in the 
positive correlation of plant height with kernel weight. It is, 
however, interesting to note that the increase in plant height was 
associated with an increase in foliage, rather than an increase in 

the number of tillers per plant. Grain yield showed the same associ

ations as in individual analyses. It additionally showed significant 
high correlations with kernel weight and tiller number in both control 
and inoculated experiments. Harvest index showed low or negative 
correlations with growth traits in the control experiments, but tended 
to be more related with these traits in the inoculated experiments. 

Kernel weight showed nonsignificant relationship with growth traits 
in the control plots but a significant positive correlation in many 

instances in inoculated plots.

Unlike individual correlation analyses where disease index showed
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few significant correlations with other traits, disease index in the 
combined analysis showed many associations with other traits:- The 
correlation of disease index with heading date was positive and 
significant, and, reflected the delaying effect the disease had on 
heading date. Kernel weight, biological yield, straw weight and grain 
yield, on the other hand, showed a negative association with disease 
index (2, 3, 42, 43). Grain yield showed the highest negative correla
tion with disease index which was consistent with the maximal effect 
of disease on grain yield (Tables 5, 6 . 7).

The relationships among characteristics changed from control to 

the inoculated experiments. The changes, however, were not always 

consistent. Harvest index showed some changes in its relationship 
with biological yield and tiller number. The negative relationships 

shown by these traits in the control plots changed to nonsignificant 
in the inoculated plots. Kernel weight, however, showed consistent 
changes in its relations with other traits from control to inoculated 
plots. It showed low correlation with biological yield, growth rate, 
straw weight and grain yield in control plots and high correlation 

in inoculated plots. Other traits including biological yield, growth 
rate, straw weight and tiller number generally showed similar . 
associations with grain yield in both control and in inoculated plots.

The high significant correlation of harvest index (H.I,) with 

grain yield in these studies is important. It is documented that the
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hill plot H. I. has a significant positive correlation with row plot 
grain yield (16, 62). The high positive correlation of H.I. with 
grain yield in both control and inoculated plots of this experiment, 
therefore, points to the possibility of its use together with hill
plots in identifying high yielding wheat lines carrying resistance.

i

Path Coefficient Analysis
The expression of a trait is the result of interaction of the 

genotype with the environment. Biological traits in many cases are 

complex and result from the sum total of a large number of interacting 

characters, each influencing the expression of the other directly as 

well as indirectly. Yield is an example of a trait of this sort, 
dependent on many interacting traits which show compensatory influences 

with each other. Simple correlation coefficients which measure only 
the association of the two traits may not give a complete picture of 
the rather complex situation. Consequently, correlation coefficients 
of each trait were partitioned into direct and indirect effects through 
path coefficient analysis in an attempt to understand the nature of 

the cause and effect system (63).
Direct and indirect effects were calculated using equations on 

page 22 in the MATERIALS AND METHODS section. Path coefficients of 

each trait with grain yield are tabulated in Table 13 for the control 

experiment and in Table 14 for the inoculated experiment. The direct
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Table 13.Estimates of direct and indirect path coefficients between 
grain yield and its components in spring wheat control 
experiment.

... .-;,A

Components Path . r -values
coefficients

Grain yield vs. Heading date 
Direct effect P19

rI ?
-.000020

Indirect effect
via plant height P29 r12 .000004
via biological yield P39 r13 -.056765
via growth rate P49 r14 -.000002
via harvest index P59 r15 -.000021
via straw yield P69 r16 -.044705
via tiller number P79 r17 -.000001
via kernel weight P89 r18 -.000001

Grain yield vs. Plant height 
Direct effect P29

r29 .000030
Indirect effect

via heading date Pl9 r12 -.000003
via biological yield P39 r23 .296865
via growth rate P49 r24 .000006
via harvest index P59 r25 -.000044
via straw yield p69 r26 -.372818
via tiller number P79 r27 -.000001
via kernel weight P89 r28 .000001

Grain yield vs.Biological r39yield
Direct effect P39 2.556980
Indirect effect

via heading date Pl9 tU .000001
via plant height P29 r23 .000003
via growth rate P49 r34 .000024
via harvest index P59 r35 .000004
via straw weight p69 r36 -1.683891
via tiller number P79 r37 .000006
via kernel weight p89 r38 .000001

-.1016

-.0760

.8730
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Table 13 (Continued)

Components Path
coefficients

Grain yield vs. Growth rate 
Direct effect P4 9

^ 4 9
.0 0 0 0 3 0

Indirect effect
via heading date Pl9 r 1 4 „ 0 0 0 0 0 1
via plant height p 2 9 r 2 4 „ 0 0 0 0 0 6
via biological yield

P 3 9 r 3 4 2 ,0 3 2 7 9 9
via harvest index P 5 9 r 4 5 - „ 0 0 0 0 2 6
via straw yield p 6 9 r 4 6 -1 .4 4 1 9 5 7
via tiller number P 7 9 r 4 7 „ 0 0 0 0 0 7
via kernel weight p 8 9 r 4 8 „ 0 0 0 0 0 1

Grain yield vs. harvest index 
Direct effect P5 9

r 5 9
„ 0 0 0 1 3 0

Indirect effect
via heading date PX9 r 15 „ 0 0 0 0 0 3
via plant height P 29 r 25 -,000010
via biological yield P 3 9 r 3 5 „ 0 7 1 8 5 1
via growth rate P 4 9 r 4 5

- „ 0 0 0 0 0 6
via straw yield P6 9 r 5 6 „ 4 2 9 6 9 5
via tiller number P / 9 e 57 „ 0 0 0 0 0 1
via kernel weight p 8 9 r 5 8 „ 0 0 0 0 0 1

Grain yield vs. straw yield 
Direct effect P6 9

r 6 9 '-1 ,7 5 3 1 4 0
Indirect effect

via heading date p 19 E16 - . 0 0 0 0 0 1
via plant height p 29 r 26 „ 0 0 0 0 0 6
via biological yield P39 r 36 2 .4 5 5 9 7 9
via growth rate p 4 9 r 4 6 „ 0 0 0 0 2 5
via harvest index P 5 9 r 5 6 - . 0 0 0 0 3 2
via tiller number P 7 9 r 6 7 „ 0 0 0 0 0 5
via kernel weight p 8 9 r 6 8 „ 0 0 0 0 0 1

r-values

„ 5 9 0 9

„ 5 0 1 7

.7 0 3 0
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Table 13 (Continued)

Components Path r-value's
coefficients

.Grain yield vs. Tiller number 
Direct effect 
Indirect effect

via heading date 
via plant height 
via biological yield 
via growth rate 
via harvest index 
via straw yield 
via kernel weight

Grain yield vs. Kernel weight 
Direct effect 
Indirect effect

via heading date 
via plant height 
via biological yield 
via growth rate 
via harvest index 
via straw yield 
via tiller number

P79
r 7 9

H 9 r 17P 29 r 27
p 39 r 3 7P4 9 r 4 7P59 r 57
p 6 9 r 6 7
p 8 9 r 7 8

P8 9

P19

r 8 9

r 1 8P2 9 r 2 8P 39 r 3 8P49 r 4 8
p 5 9 r 5 8
p 6 9 r 6 8P7 9 r 7 8

„000010

„000001
.0 0 0 0 0 3

1 .4 8 1 0 0 3
.000020
.000012

- . 9 3 9 8 5 8
„000001

„000001
.000001
. 0 0 0 0 0 4
.0 5 3 9 5 2

-.000002
. 0 0 0 0 3 4
„ 0 9 2 2 1 5

-.000002

.5 4 1 2

.1 4 6 3

5 7 1 8 Residual 4 2 8 2
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Table 14,Estimates of direct and indirect path coefficients between 

grain yield and its components in spring wheat inoculated 
experiment.

Components Path r-values
coefficients

Grain yield vs. Heading date r19
Direct effect P19 -.00131
Indirect effect

via plant height P29 r12 „00130
via biological yield P39 r13 -.21210
via growth rate P49 r14 „00060
via harvest index P59 r15 -.02350
via straw yield P69 r16 ,07826
via tiller number P79 r17 „00028
via kernel weight P89 r18 „00069

Grain yield vs. Plant height r29Direct effect P29 „00620
Indirect effect

via heading date Pl9 r12 -.00027
via biological yield P39 r23 „30861
via growth rate P49 r24 -.00186
via harvest index P59 r25 -.03346
via straw yield P69 r26 -„23385
via tiller number P79 r27 „00019
via kernel weight 

Grain yield vs.Biological
P89 r28

r39

-.00082

yield
Direct effect 
Indirect effect P39 1.87040

via heading date Pl9 r13 „00015
via plant height P29 r23 „00102
via growth rate P49 r34 -.00454
via harvest index P59 r35 „04524
via straw weight P69 r36 -1.00111
via tiller number P?9 Tyj -.00084
via kernel weight P89 r38 r„00130

-.1551

.0448

„9090
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Table 14 (Continued)

Components Path r-values
coefficients

Grain yield vs. Growth rate 
Direct effect P4 9

r 4 9
- . 0 0 6 0 7

Indirect effect
via heading date Pl9 r 1 4 .0 0 0 2 6
via plant height P 29 r 2 4 .0 0 1 9 1
via biological yield P39 r 3 4 1 .3 9 8 6 9
via harvest index P59 r 4 5 .0 0 6 3 6
via straw yield P6 9 r 4 6 - . 7 9 3 2 8
via tiller number P 79 r 4 7 - . 0 0 0 9 9
via kernel weight P8 9 r 4 8 - . 0 0 1 5 8

Grain yield vs. harvest index 
Direct effect P5 9

r 5 9
.1 5 2 7 9

Indirect effect
via heading date p 1 9 r 1 5 .0 0 0 2 0
via plant height P 29 r 2 5 - . 0 0 1 3 6
via biological yield P39 r 3 5 .5 5 3 8 3
via growth rate P49 r 4 5 - . 0 0 0 2 5
via straw yield P6 9 r 5 6 - . 0 5 5 2 2
via tiller number P7 9 r 5 7 - . 0 0 0 2 8
via kernel weight P8 9 r 5 8 - . 0 0 0 8 6

Grain yield vs. straw yield 
Direct effect P6 9

r 6 9 -1 .0 3 6 5 6
Indirect effect

via heading date P%9 r 16 .0 0 0 1 0
via plant height P 29 r 26 .0 0 1 4 0
via biological yield P3 9 r 3 6 1 .8 0 6 4 3
via growth rate P4 9 r 4 6 - . 0 0 4 6 5
via harvest index P59 r 5 6 .0 0 7 7 0
via tiller number P79 r 6 7 - . 0 0 0 7 9
via kernel weight p 8 9 r 6 8 - . 0 0 1 1 4

.6 0 5 3

.6 5 1 7

.7 7 2 5
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Table 14 (Continued)

Components Path
coefficients

r-values

Grain yield vs. Tiller number r79 .4497 ’
Direct effect M o -.00174
Indirect effect

via heading date P%9 r17 .00021
,via plant height P29 r27 -.00067
via biological yield P39 r37 .90041
via growth rate P49 r47 -.00345
via harvest index P59 r57 „02469
via straw yield p69 r67 -.47018
via kernel weight p89 r78 .00036

Grain yield vs. Kernel weight r89 .2487
Direct effect P89 r„00540
Indirect effect

via heading date Pl9 r18 .00017
via plant height P29 r28 .00094
via biological yield P39 r38 .45020
via growth rate P49 r48 -.00177
via harvest index P59 r58 .02428
via straw yield p69 r68 -.21985
via tiller number P79 r78 „00011

8329 Residual 1671
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and indirect effects of most of the traits were very small and 
revolved around biological yield and straw weight. In the control 
experiment (Table 13) biological yield was the only trait that showed 

a high positive contribution to grain yield. . Straw weight had a high 
but negative influence.

In the inoculated experiment (Table 14) biological yield and 
straw weight again had a high positive and negative influence, 

respectively, on grain yield. Harvest index was an additional 
trait influencing yield.

Standard partial regression coefficient (P) are a measure of the 

relative importance of thfese traits. These coefficients are given 

in Tables 13 and 14 for the control and inoculated experiments, 

respectively. These coefficients show that harvest index was the 

next most important trait following biological yield as a determinant 
of yield in the inoculated plots. Both its direct and indirect 

effects were positive. The data, therefore, suggest that breeding 
for high biological yield and harvest index should be the approach to 
increase grain yield in wheat.

Heritability Estimates

The estimates of heritability in and Fg generations of the 
three crosses are summarized in Table 15. Since error mean squares



Table 15. Heritability estimates of various agronomic and growth characters of
and generations of the three crosses in spring wheat experiment.

___ _____ Crosses ____ _ _________
Centana/Polk Sheridan/Centana Shoetana/Centana

Control Inoculated Control Inoculated Control Inoculated
Charaters F4 F6 F4 F6 F4 F6 F4 F6 F4 F6 F4 F6

Heading date .22 .16 .41 .63 -.13 .15 .25 .54 -.04 .16 .11 .64
Plant height .34 .33 .36 .31 .08 .32 1—1CO .33 .70 .27 .66 .29
Biological yield .07 .19 .03 .12 .01 .12 .17 .16 .03 .23 .08 .30
Growth rate .05 .18 COO .17 CMO9 COCM OtrH .04 .09 .24 .09 .43
Harvest index .07 .03 -.03 .08 .11 .14 .05 .20 .35 .14 .13 .18
Straw weight .04 .12 .02 .08 .00 .14 .17 .07 .o9 .24 .11 .27
Tiller number .24 .16 .28 -.14 .24 .32 .12 .24 -.05 .39 .16 .11

Kernel weight .65 .37 .54 .49 .72 .68 .31 .50 .48 .64 .31 .58
Grain yield .13 .24 .05 COr-t .06 .10 .17 .30 .05 .21 .05 .28
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were high (Table 3), most of the estimates were small or even negative. 
Heading date, plant height and kernel weight, however, had compara
tively high heritability values. Stripe rust appeared to have little 
influence in changing the heritability values and the estimates were 
similar across the crosses. Some traits, however, showed changes in 

the heritability values from control to inoculated plots (heading 

date and kernel weight) which were dependent on changes in their error 

mean squares.

Biological yield and harvest index were the main determinants of 

yield in the path analysis (Tables 13, 14). However, low heritability 

of these traits in this experiment (Table 15.) indicated their exploit

ation would be difficult and progress in breeding programs based on 

these traits slow.

Section 2: Winter Wheat Experiment

Variability and Disease Influence
Error mean squares were larger in the winter wheat experiment 

than in the spring wheat experiment except for heading date (Table

16) . The coefficients of variation in this experiment were greater 

(Table 17) than those reported in the literature for hill plots (16,

17) . Large error variances and coefficients of variation arose, in 

part, from intergenotypic competition among the hills and lodging.

In addition, the block effect was not separated from the error



Table 16. Mean squares for agronomic and growth characters of populations of various 
crosses in winter wheat experiment.

Source d. f. Heading date Plant height
Control Inoculated Ratio Control Inoculated Ratio

Crosses
Centurk/Itana

F 97 5.29* 3.61** i0003* 58.62** 145.99 .0120
Fe 22 3.74** 3.03** .0000 73.68 121.20 .0096

McCall/Itana
F3 97 1.47 35.92 .0012 45.83* 61.59* .0057Fe 24 2.17* 5.34** .0000 26.45 98.59* .0072

MT6928/ID103
93 0.99** 1.00+ .0000 136.47** 187.49** .0069

Error
Centurk/Itana

F3 196 3.99 1.12 .0002 31.32 134.13 .0113
F3 46 1.26 1.01 .0001 49.56 130.20 .0138

McCall/10103 
F3 196 1.50 36.10 .0011 30.96 44.71 .0052Fe 50 1.20 1.58 .0001 34.16 55.90 .0062

, MT6928/ID103
F3 188 0.61 0.77 .0000 32,27 48.26 .0062

+,*, ** Significant at .10, .05 and .01 levels respectively



Table 16. (Continued)

Source d.f. Biological yield Grain yield
Control Inoculated Ratio Control Inoculated Ratio

Crosses
Centurk/Itana

F3 97 2903.74+ 1529.25* .0858 365.19** 147.29** .3204
Fs 22 2268.23 1514.73** . 1380+ 203.47 136.11** .5526*

McCalI/Itana
F3 97 4714.60** 1569.70** .0876 333.96** 112.73* .2982
f5MT6928/ID103

24 3570.46* 1464.06* .0672 446.24** 184.05** .3528

w F3Error
93 4216.22** 2907.31** .1146 403.03** 251.95** .2454+

Centurk/Itana
F3 490 2232.52 1134.51 .0743 255.11 -83.00 .2536
F 5McCall/Itana

115 1896.75 749.70 .0848 144.22 45.98 .3179
F3 490 2139.72 1072.18 .0801 214.97 84.86 .3471
F5MT6928/ID103

125 1970.02 878.87 .0698 175.62 60.73 .2199

F3 470 2234.18 1701.59 .1099 200.79 110,85 .1958



Table 16. (Continued)

Source d. f. ______  Harvest index_______ Straw weight
Control Inoculated Ratio Control Inoculated Ratio

Crosses
Centurk/Itana

F3 97 63.63 75.16
A 22 52.78 67.82+

McCall/Itana
F3 97 134.44** 76.97
Fe 24 49.01 308.30*

MT6928/ID103
F3 93 53.23** 67.33

Error
Centurk/I tana

F3 490 52.36 71.14
FZ 115 48.68 46.23

McCall/Itana
F3 490 89.20 85.59

MT6928/IDl53
125 52.87 161443

F3 470 32.83 59.94

4284
4572

1733.84
1611.77

879.74
990.79*

.0726

.1422+
5796
9420

3302.47**
1635.30

1009.39+
852.57

.0888

.0624
1788 2461.37** 1718.84** .1140

5354
5611

1547.04
1444.35

843.42
593.36

.0776

.0908
7291
7969

1559.63
1523.94

837.28
683.02

.0852

.0749
2183 1386.15 1183.15 .1189



Table 16. (Continued)

Source d. f. Growth rate
Control Inoculated Ratio

Crosses
Centurk/Itana

F3 97 .0430 .0254 .0675
Fs 22 .0331 .0319* .1470*

McCall/Itana
F3 97 .0837** .0231 .0738
Fs . 24 .0432 .0189 .0339

MT6928/ID103
93 .0514** .0375 .0942

Error
Centurk/Itana

F3 196 .0498 .0248 .0866
F5McCall/Itana

46 .0405 .0171 . .0872
F3 196 .0372 .0215 .0714.

MT6928/ID1^3
50 .0331 .0214 .0484

F3 188 .0337 .0297 .0972

Kernel weight
Control Inoculated Ratio

4356** .8408** .0153**6900** .5221 .0171
3115** .5491* .0125+3600** .6723** .0114*
5599** .6907** .0129**

01738 .2879 .00952651 .3457 .0118
.1369 .3034 .0092
.1580 .2189 .0064

.2356.1294 0069



Table 16. (Continued)

Source d. f. ________Tiller number
Control Inoculated Ratio

d.f. Disease index
Inoculated

• Crosses
Centurk/Itana

F3 97 326.86 207.12 .2078 97 1361.58**
, F5McCall/Itana

22 208.22 302.06+ .1672 22 932.88**
F3 97 270.68* . 189.05 .1344 97 2416.63**
F 24 221.62 211.96* .1236 24 2462.07**

MT6928/ID103
w F3Error

93 243.11** 287.72+ .1732 93 2967.15**

Centurk/Itana
F3 98 257.59 176.61 .1746 490 133.39
F5McCall/Itana

23 134.63 164.61 .1167 115 127.92
F3 98 186.78 186.96 .1245 490 235.56
f5MT6928/ID103

25 196.40 107.24 . 1423 125 202.83
F3 94 148.20 211.83 .1902 470 161.13



Table 17. Coefficients of variation of agronomic and growth characteristics in 
winter wheat control and inoculated experiments.

_____ ____ _____ Coefficients of variation*
Crosses _____________ ________ Traits

Heading
date

Plant
height

Bio.
yield

Growth
rate

Harvest
index

Straw
weight

Tiller
number

Kernel
weight

Grain
yield

Centurk/Itans
F3 1.10 4.69 28.18 28.87 41.72 28.42 28.29 5.95 54.89

0.58 9.94 35.26 35.47 49.26 36.61 35.02 8.68 55.69
Fs 0.61 6.04 30.11 28.33 49.97 30.58 22.63 7.39 57.76
D 0.55 9.78 30.59 29.21 46.96 31.91 31.59 9.50 52.24

McCall/Itana
F3 0.69 4.60 29.14 24.77 60.46 29.50 25.70 5.44 58-93

3,28 5.58 36.16 32.22 56.90 52,05 36,69 -9.05 62.16
F5 0.60 4.86 28.86 23.34 45.67 30.30 27.57 5.61 53.16

0.68 6.29 34.62 35.17 78.48 36.15 29.62 7.59 58.37MT6928/ID103
F3 0.43 4.95 28.45 25.18 27.03 28.51 23.44 4.96 39.650.48 6.09 38.03 36.33 36.94 40.02 33.33 7.31 46.61

* Upper values relate to control and lower to inoculated plots.

H
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variance which tended to increase the error mean squares.

In the control plots, the Centurk/Itana cross showed nonsignificant 

genetic differences in most of the traits. Significant differences were 
found for heading date and kernel weight in the F3 and F5 generations. 
Grain yield and plant height showed differences in the F^ only. In the 
McCall/ltana cross, all the traits except for heading date showed 
significant genetic variation in the F3. The F^ lines showed differences 
for heading date, biological yield, grain yield, and kernel weight. 

MT6928/ID103 with only one generation (F3) gave highly significant 
differences for all traits.

Significant differences also existed among lines within the crosses 
for disease index (Table 16). In the inoculated plots of the Centurk/ 

Itana cross, biological yield and grain yield showed significant 
differences in both F3 and F3 generations. Kernel weight was signifi

cantly different only within the F3, and growth rate and straw weight 
within the F3. In both the F3 and F^ of the McCall/ltana cross signifi

cant differences existed for plant height, biological yield, kernel 
weight and grain yield. Tiller number and harvest index showed 
differences only in the F3. Trait variability in the MT6938/ID102 

cross was reduced in the inoculated plots and only plant height, kernel 
weight, straw weight, biological yield and grain yield expressed 
significant differences.

Ratios (inoculated/control) showed a few significant differences.
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Differences were noted in ten of 45 ratios involving three winter wheat 
crosses•

Performance of Genotypes in Control and Inoculated Experiments and 
Their Comparisons

Means for the traits, their ratios and comparisons are summarized 
in Table 18 for the Centurk/ltana cross. Disease had significant effects 
(see inoculated/control ratios) on most of the traits. Heading.date 
and plant height were less affected with significant differences noted 

only in the F^. Harvest index showed no influence of disease on its 

expression.

Disease was associated with increased heading date and decreases 

in other traits. Biological yield, straw weight and growth rate 
showed the most reduction, and, harvest index and kernel weight the 
least under disease conditions (Table 18). The generation was 
generally superior to the F for many traits in control plots. Signifi
cant differences existed between the two generations (F^-F^) for bio

logical yield, growth rate, tiller number and grain yield. The 
disease reduced the F^-F^ differences in growth r a t s t r a w  weight 

and tiller number in the inoculated plots. The F^ was superior to the 

mid parent for many traits but the F^ was comparable or less than the 
mid parent (Table 18).

The McCall/ltana cross showed significant differences between the



Table 18. Means of parents, F3 and F5 lines of the winter wheat cross - Centurk/ 
Itana and their comparisons.

Generation+ Heading date _____ Plant height(cm) Biological yield(g/plot)
Control Inoculated Ratios# Control Inoculated Ratios Control Inoculated Ratios

Pl 182.00 181.89 .9994 119.00 112.44 .9510 126.89 78.33 .6249

P2 182.67 184.22 1.0085 126.33 113.83 .9013 163.17 74.66 .4694
MP 182.33 183.05 122.66 113.14 - 145.05 76.49 -

F3 181.84 182.30 1.0026 119.26 116.46 .9774* 167.63 95.53 .5789**

F5 182.09 182.26 1.0010 116.64 116.72 1.0016 144.63 89.51 .6320**

eT f 5 -0.26 0.04 - 2.52** -0.26 - 23.00** 6.02* 0
MP--F3 0.49 0.75** - 3.40* -3.32 0 -22.6* „19.03** =
MP-F5 0.24 0.79** 6.04* -3.58 - 0.4 -13.01* . -
+ P̂ , Pg and MP represent parent I, parent 2 and midparent respectively. 
*,'** Significant at .05 and .01 levels respectively.
++ Significant at .10 level.
# Obtained by dividing inoculated values by control values.



Table 18. ( Continued )

Generation
Control Inoculated Ratios

Harvest index Straw weightCg/olot')
Control Inoculated Ratios Control Inoculated Ratios

pI .5637 .3696 .6566 19.17

P2 .7873 .4289 .5474 15.19

MP .6755 .3992 ** 17.18

F3 .7729 .4439 .5875** 16.94

F5 .7103 .4477 .6509** 13.95

F3-P5 .0626* -.0068 - ' 2.99**

MP-F3 -.0974-H- -.0446 - 0.24
MP-F5 -.0348 -.0484 - 3.23*

22.25 1.1483 101.38 60.14 .6030
13.95 .9469 137.42 64.55 .4777
18.10 119,40 62.34 -
17.12 1.0425 138.39 79.32 .5809**
14.48 1.0611 124.26 76.33 .6277**
2.64** 14.13** 2.99 -
0.98 ~ ■ -18.99** 16.97** -
3.62* CO -4« 86 13.98*



Table 18. ( Continued )

Generation Tiller number Kernel weight*
Control Inoculated Ratios Control Inoculated Ratios Control Inoculated Ratios

pI 46.50 . 41.00 .8895 7.31 6.13 .8397 25.51 18.19 . .7047

P2 51.83 33.50 .6508 6.56 5.51 „8413 25.74 10.10 „4390
MP 49.16 37.25 = 6.94 5.64 25.62 14.14 0

F3 56.74 . 37.95 .7242** 7.00 6.19 .8845** 29.10 16.36 „5982**

F5 51.28 40.65 .8283** 6.97 6.19 .8913** 20.38 12.98 „6809**
F3-F5 6.46* -2.70 - 0.03 0.00 - 8.72** 3.38** -
MP-F3 -7.57 -0.70 -0.06 -0.55** - -3.47 -2.21 63

MP-F5 -2.11 -3.40 - -0.03 -0.55** 5.24++ 1.16

* g/250 kernels.
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Fg and the for heading date and kernel weight in control plots 
(Table 19). The two generations were comparable for the other traits 
and exhibited similar differences with the mid parent. The biological 
yield, growth rate and grain yield were higher in the F^ inoculated 
plots. The reduction in biological yield, straw weight and grain yield 
due to disease infection was less in the F^ and F^ than in the mid 
parent» This resulted in additional differences among these generations, 

and the mid parent in inoculated plots than were found in control plots.

The MT6928/ID103 cross showed differences between the Fg and the 

mid parent for biological yield and straw weight in the control plots

but not in the inoculated plots (Table 20). The Fg and mid parent

values were significantly different for heading date and plant height 

in the control and in the inoculated experiments. Harvest index values 

of the Fg and the mid parent were similar in both of the experiments.

High stripe rust infection in the inoculated winter wheat experi
ment resulted in very high disease indices compared to the spring 

wheat experiment (Table 21). In the Centurk/Itana and McCall/Itana 
crosses the Fg vs F^ differed significantly for disease index but not 
the Fg, Fg-mid parent comparisons. Significant differences between the

mid parent and F^ for disease index occurred in the MT6938/ID103
cross.

The selection for minor genes in the F^ and F^ of the Centurk/

Itana cross resulted in increased stripe rust resistance. In the



Table 19. Means of parents, and lines of the winter wheat cross-McCall/Itana and 
their comparisons.

Generation+ Heading date Plant height-(cm) Biological vieldCg/nlot)
Control Inoculated Ratios Control Inoculated Ratios Control Inoculated Ratios

P1 183.44 183.22 .9988 122.34 113.89 .9318 131.89 64.66 .5066

P2 182.64 184.22 1.0085 126.33 113.83 .9013 163.17 74.66 .4694
MP 183.04 183.72 “ 124.33 113.86 " 147.53 69.66 -

F3 183.32 183.22 .9995 120.90 119.74 .9912 158.75 90.56 .5821**

F5 182.87 183.78 1.0050 120.23 118.18 .9885 153.79 85.64 .5644**°°
F3-F5 0.45** -0.56 - 0.67 0.94 - 4 : 9 6 4.92++ -
MP-F3 -0.28 0.50 3.43* -5.88** -11.22 «20* 90**
MP-F5 0.40 -0.06 4.10** -4.94* - -6.26 -15.98** 0

+ Pi, Pg and MP represent parent I, parent 2 and midparent respectively. 
*, ** Significant at .05 and .01 levels respectively.
4+ Significant at .10 level.



Table 19. ( Continued )

Generation Growth rate(g/dav) Harvest index Straw weight(g/plot)
Control Inoculated Ratios Control Inoculated Ratios Control Inoculated Ratios

pI .5371 , 2888 .6682 19.90

p2 .7873 .4289 .5474 15.19
MP .6622 .3588 17.54

F3 .7787 .4551 .6068** 15.62

F5 .7796 .4160 .5408** 15.92

F3"F5 -.0009 .0391* -0.26

MP-F3 -.1165* -.0962** 'T 1.92

MP-F5 -.1174* -.0571 " 1.62

17.26 .8546 105.46 51.93 .5203
13.95 .9469 137.42 64.55 .4771
15.60 - 121.44 58.24
16.26 1.0938 133.88 75.88 .5792**
16.19 1.0225 .128,85. 72.29 .5672**
0.07 5.03 3.59 -
-0.65 - -12.44++ -17,64** -
-0.58 -7.41 -14.05*



Table 19. ( Continued )

Generation Tiller number Kernel weight* Grain vield(g/olot')
Control inoculated Ratios Control 'Inoculated Ratios Control Inoculated Ratios

Pl 39.67 33.00 9979 6.64 6.08 .9163 26.43 12.73 .4557

P2 51.83 33.50 6508 6.56 5.52 .8413 25.74 10.10 .4390
MP 45.75 33.25 = 6.60 5.80 - 26.08 11.41

F3' 53.16 37.27 7344** 6.81 6.08 .8948** 24.88 14.82 .6323**

F5 50.85 34.96 7113** 7.09 6.16 .8696** 24.93 13.35 .5662**
F3-F5 2.32 2.31 -0.28** -0.08 -0.05 1.47++
MP-F3 -7.41 -4.02 - -0.21* -0.28++ 1.20 -3,40* 0

MP-F3 -5.09 -1.71 -0.49** -O.36* 1.15 -1.93
* g/250 kernels.



Table 20. Means of parents and Fg lines of winter wheat cross“MT6928/lDl03 and their 
comparisons.

Generation+ Heading date Plant height(cm) Biological vield(g/plot)
Control InoculatedS Ratios Control Inoculated Ratios Control Inoculated Ratios

pI 180.78 181.00 1.0012 106.55 113.56 1.0663 172.14 132.87 .7862

P2 181.00 181,11 1.0006 106.44 102.45 .9624 127.44 89.09 .7099
MP 180.89 181.05 - 106.49 108.00 - 149.79 110.98 CO

F3 181.21 181.49 1.0015 114.71 113.99 .9942 166.12 108.46 ,.6618**
MP-F3 -0.324+ -0.43++ -8.21**' -5.98** «o -16.33** 2.52 -
+ Po and MP represent parent Ij parent 2 and midparent respectively. 
*, Significantly at .05 and ,01 levels respectively.
++ Significantly at .10 level.

oo
H



Table 20 . ( Continued )

pI . 8 3 1 4 .6504

CM
CL* .6113 .4560

MP .7213 .5532

F3 .7291 .4743

MP-F^ -.0077 .0789-H-

22.09 23.04
22.09 22.98

22.09 23.01
.6646** 21.20 21.21

0.89 2.05

Control Inoculated Ratios

133.71 106.86 .8149
98.06 68.90 .7123
115.88 87.88
130.59 85.94 .6671
-14.70* 1.94

Generation Growth rate(g/dav)
Control Inoculated Ratios

.8085

.7586

Harvest index 
Control Inoculated Ratios

1.0458 

1.0422

1.0005



Table 20. ( Continued )

Generation Tiller number
Control Inoculated Ratios

pI 70.33

P2 48.33
MP 59.33
F3 51.92
Mp=Fg 7.41

* g/ 250 kernels.

58,83 .8735 

41.33 .8620 
50.08
43.67 .8712** 

6,41 -

Kernel weight* 
Control Inoculated Ratios

Grain vield(g/plot) 
Control Inoculated Ratios

6.55 6.49 .9918 38.44 31.63 .8620
7.70 7.63 .9904 29.39 20.19 .7106
7.12 7.06 “ 33.91 25.91 -
7.25 6.64 .9178** 35.74 22.59 .6544**
“0.12 0.42** «* -1.82 3.32++
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Table 21. Mean disease indices*of the parents, Fg and Fg of the 
three crosses in winter wheat experiment.

Generation+ MT6928/ID103

pI 38.78 27.53 24.15

P2 96.22 96.22 0.67
MP 67.50 61.87 12.41

F3 69.17 57.24 21.51

F5 64.81 .62.45 -
F3-F5 4.36** -5.21** - -
MP-Fg -1.67 4.63 -9.1*

MP-F5 2.69 -0.57 -

+ P p  P2 and MP represent parent I, parent 2 and mid parent 
respectively.

*, ** significant at .05 and .01 levels, respectively.
! Disease index = severity x infection type.
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McCall/ltana cross, however, no such response to selection for minor 

genes was noted (34). The increase in resistance produced the same 
effects on agronomic traits as were noted in the spring wheat experi
ment , i.e., a declining trend in agronomic traits with increased 
resistance. This differential response of the two crosses to selection 
for minor genes explains the differences in disease indices in the 
Fg vs Fg generations in the Centurk/Itana vs McCall/ltana crosses;

The parental expression of the disease effects did not follow 
the pattern of inherent resistance of the parents. IDlO3 was the 

most resistant parent. The inoculated/control ratios expressed by 

ID103, however, were generally lower than the ratio of MT6928 which had 

only intermediate reaction (infection type = 2) to stripe rust. This 

probably resulted from the high yield potential of MT6928 and the 
buffering provided by even intermediate resistance to relative, late 

infection. The grain yield ratios for IDlO3 and Centurk were similar. 

For other traits, IDlO3 excelled Centurk, perhaps as a result of its 
high resistance. The susceptible parents, McCall and Itana, had lower 
ratios than the other parents involved in the three crosses.

Heavy infection in the winter wheat experiment affected the traits 
severaly (3, 5, 11, 12, 32, 42). Ratios in many cases were lower than 
in the spring wheat experiment. Although effects were in the same 
general direction, some interesting departures from the spring wheat 

experiment were noted. The highest ratios in this experiment were

r
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found for harvest index, followed by heading date and plant height. 
Reduced disease effects on plant height is probably related to delayed 
infection rather than compensatory effect believed to be operative in 
the spring wheat experiment.

Maximum ratios in harvest index stemmed from the effects of 
disease on its two components, i.e. , grain yield and biological yield. 
Biological yield consisted of more than 80 percent straw weight in 
this experiment. Low infection in spring wheat caused proportionately 
more reduction in grain yield than in straw weight (Tables 5, 6 , 7). 

The situation was different in the winter wheat experiment. Severe 

infection caused equal or even higher reduction in vegetative matter 

compared to grain yield. This point is obvious from the harvest index 
ratios in the two experiments. In the spring wheat experiment the 

harvest index ratios were less than one, indicating proportionately 
higher reduction in grain yield than in straw weight. In the winter 
wheat experiment, on the other hand, proportionate reduction in straw 

weight was higher, giving ratios over one. The comparisons of grain 
yield ratios in adjacent planted spring and winter wheat experiments 
showed that increased infection in the winter wheat experiment had 

little extra effect on grain yield. Additional infection, therefore, 
affected mostly the vegetative growth.

From the relationship above, it may be conduced that stripe rust 

infection had a direct effect on grain yield. This effect developed
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in a positive manner until the point yield was maximally affected. 
Beyond this point effects increased on other growth traits. Yield 
was maximally affected by disease in both spring and winter wheat 
experiments. In the winter wheat experiment biological yield, growth 
rate and straw weight were additionally affected.

A comparison of the yield ratios in the two experiments suggested 
that reduction in growth and other traits found in the spring wheat 

experiment could also account for the yield reduction found in the 

winter wheat experiment. The spring wheat plants had early infection 

which can have widespread effects (5, 12). But the infection was 
quite low and rather short lived, with later growth having less 

infection. Consequently, the differences in the two experiments cannot 

be explained simply by the time of infection alone. The important 
dimension is intensity of infection (2, 3, 5, 12, 32).

Association of Agronomic, Growth and Disease Characteristics
The winter wheat experiment showed more significant correlation 

coefficients than the spring wheat experiment although the variability 
was lower in the latter (Tables 22, 23, 24). Biological yield, growth 

rate and straw weight were still central to many of the significant 
correlatiLnn coefficients in the winter wheat plots. The generation 

showed more significant r values than the F^. This Was, in part, due

to more degree of freedom in the F„.J



Table 22. Correlation coefficients of agronomic and growth characters of Fg and Fe generations
of winter wheat cross- Centurk / Itana in control and inoculated plots.4

Characters H 0D0 P.H. B.Y. G.R. H.I. s.w. T.N. K.W. G.Y. D.I.
Heading date(H.D.) 1.00 .52* -.36 -.28 -.03 -.36 -.47* -. 34 -.18

1.00 .44* .01 - .12 .23 -. 08 - .1 2 -.43* .18 - .1 2

Plant height(P.H.) .02 1.00 .03 .23 .18 - .0 2 -.14 -.16 .16
.07 1.00 .04 - .11 .26 -. 06 .10 -. 16 .22 -.23

Biological yield(B0Y„) .08 .32** 1.00 .59** .23 .96** .22 .57** .63**
-.16 .23* 1.00 .88** .32 .96** .48* .43* .78** -.10

Growth rate(G.R.) -.05 .32** . 70** 1.00 -.14 .65** .43* .10 .12
-.22* . 27** .71** 1.00 .20 .87** .47* .35 .62** -.09

Harvest index(H.I.) .01 .23* .40** .08 1.00 -. 04 .04 .07 . .87**
-.13 .17 .35** .20* 1.00 .08 .09 .10 .79** .03

Straw weight(S.W.) .08 . 27** .95** .75** .10 1.00 .21 .57** .40
-.14 .21* . 97** .71** .14 1.00 .47* .43* ,60** -.05

Tiller number(T.N.) -.07 .09 .45** .47** .25* .41** 1.00 .23 .14
' -.26* .23* .51** .61** . 32** .45** 1.00 .27 .32 -.04

Kernel weight(K.W c) - .11 . 35** - .0 2 - .01 .06 -.03 -.13 1.00 .30
-.25* .07 . 39** .27** .33** .33** .16 1.00 .23 -.16

Grain yield(GcY 0) .04 .31** .74** .34** .89** .50** .36** .02 1.00
-.13 .18 .82** .48** .76** .66** .48** .43** 1.00 -.14

Disease Index(DcI6) .19 -.15 -.32** -.17 -.47** -.22* -. 23* c o56** -.48** 1.00
+ !.Values below diagonal relate to Fg and above, to F5‘

2.Upper values relate to control and lower to inoculated plots. 
■ *, *.* significant at .05 and .01 levels respectively.

OOoo



Table 23. Correlation coefficients of agronomic and growth characters of and generations
of winter wheat cross- McCall / Itana in control and inoculated plots.+

Characters H.D. P.H. B.Y. G eRe H.I. S.W. T.N. K.W. G.Y. H*n”i

Heading date(H.D.) 1.00 -.05 -.39 -, 48* -.37 -.38 - .2 2 -«42* -.38
1.00 -.29 .27 -.35 -.24 -. 26 -.35 -.16 - .22 .12

Plant height(P.H.) -.15 1.00 .47* .43* .14 .54** .50 - .1 0 .30
-.25* 1.00 .58** .60** .52** .43* .47* .27 .70 -.43*

Biological yield(B.Y.) -.23* .37** 1.00 .80** .85** .98** .44* .18 .94**
- .01 .56** 1.00 .81** .22 .95** .43* .35 .77** -.32

Growth rate(G.R.) -.26** .35** .83** 1.00 . 58** .84** .51** .27 .66**
-.09 .45** .74** 1.00 .07 . 80** .36 .26 .54** .31

Harvest index(H.I.) - .0 2 .22* .11 -.03 1.00 .75** .34 .26 .96**
-.07 .40** .33** .13 1.00 -, 04 .37 .51** .70** -.28

Straw weight(S.W.) -. 22* .33** .97** .84** - .1 0 1.00 .45* .16 .87**
.00 .49** .97** .77** .15 1,00 .33 .24 .54** -.18

Tiller number(T.N.) -.13 .25* .50** .59** .18 .46** 1.00 .04 .38
- .1 0 .42** . 50**' .51** .23* .50** 1.00 .20 .50* .41*

Kernel weight(K„W.) -.22* .24* .26* .23* .24* .21* .08 1.00 .20
-.14 ,50** .53** .46** .33** .49** .37** 1.00 .48* -. 44*

Grain yield(G.Y.) -.16 .37** .68** .40** .73** .49** . 40** .31**1,00
-. 06 .54** .77** .41** . 78** .62** .36** .52**1 .00 -.52**

Disease index(D.I.) .0,2 °,41**-.46** -.23* -.29** -.42** -,27** -.52**-.49**
+ I. Values below diagonal relate to Fg and above to Fe.

2. Upper values relate to control and lower to inoculated plots.
*, ** significant at .05 and .01 levels respectively.

1.00



Table 24-. Correlation coefficients of agronomic and growth characters of F„ generation of
winter wheat cross= MT 6928 / ID 103 in control and inoculated plots.+

Characters H 0D0 P.H. B 0Y0 GoR0 H.I. S0W 0 T0N 0 K.W. G 0Y 0 D0I0
Heading da'te(H.D.) 1.00

1.00

Plant height(P.H0) -.16
-.28**

1.00
1.00

Biological yield(B.Y.) -.38** 
-. 20

.35** 

. 40**
1.00
1.00 >

Growth rate(G.R.) -.47**
-.27**

.37**

.25**
.76**
.72**

1.00
1.00

Harvest index(H.I,) - .0 2
.12

-»07 
.06

.25**

.22*
.15 1.00
.05 1.00

vOP

Straw Weight(S0W 0) -.39**
-.23*

.36**

.36**
.98**
.97**

.77** .06

.77** .04
1.00
1.00

Tiller number(T.N.) -.19
-.27**

.11

.18
.52**
.49**

.68** .29**

.55** .18
.47** 1.00 
.45** 1.00

Kernel weight(K0W o) -.29**
-.14

.32**

.32**
.17
.39**

.25* .02

.29** .13
.17 .05 1.00
.38** .14 1.00

Grain yield(G0Y0) -.26*
?.08

.18

.33**
, 84** 
.86**

.56** ,70**

.53** .63**
.72** .47** .09
.74** .46** .36**

1.00
1.00

Disease Index(D0I0), - .0 2 .02 . 28** r.07 -.36** -.22 -.05 =,29** -.42** 1.00
+ Upper values relate to control and lower to inoculated plots. 
*, ** significant at .05 and .01 levels respectively.
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Heading date in most cases had nonsignificant or negative 
associations with other traits (Tables 22, 23, 24). In the control 
plots heading date showed significant negative correlations with tiller 
numbers, biological yield, growth rate, straw weight and kernel weight 
(Tables 22, 23, 24). In the inoculated winter wheat experiment 
of the Centurk/Itaha cross heading date was negatively correlated 

with many traits. The two other winter wheat crosses exhibited more 

negative associations in the control plots than in the inoculated 

plots.

Plant height showed a positive relationship with biological yield, 

growth rate and straw weight in most control and inoculated plots.
The relationships of plant height with other traits were variable. 

Harvest index was positively correlated with plant height in many 
instances. The winter wheat experiment showed more correlations between 
plant height and harvest index than did the spring wheat experiment.

Biological yield was highly correlated with growth rate, straw 
weight and grain yield in all the populations of control and inoculated 
experiments (Tables 22, 23, 24). Similarly, biological yield was ■ 

generally positively associated with harvest index in both the control 

and inoculated experiments. Kernel weight, however, tended to be more 

associated with biological yield in inoculated plots than in control 

(Tables 22, 23).

Growth rate, straw weight and biological yield were highly
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correlated among themselves In the winter wheat experiment as in the 
spring wheat experiment. Growth rate and straw weight showed positive 
correlations with tiller number and grain yield in the three winter 
wheat crosses.

Kernel weight showed a positive relationship with plant height 
in some cases. Kernel weight was not related with biological yield, 

growth rate, straw weight and grain yield in control plots. In 

inoculated plots, however, kernel weight showed many significant 
positive correlations with these traits (Tables 22, 23, 24).

Harvest index and grain yield had significant positive correlations 
in all the winter wheat crosses. Tiller number and kernel weight had 
few significant correlations with harvest index in the control plots„
In the inoculated plots, however, the association of kernel weight 
with harvest index was frequently significant and positive. Tiller 

number showed a few significant correaltions with harvest index in the 
cqntrol and inoculated plots.

High, stripe rust infection in this experiment gave more significant 
correlations of disease index with other traits than were noted in 

spring wheat experiment. These correlations were in most cases 

negative. Grain yield and kernel weight showed higher significant 
negative correlations with disease index than other traits (2, 3, 23,

42, 43, 60). The negative correlation of biological yield, harvest 

index, straw weight and tiller number with disease index corroborates
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earlier findings (5, 12, 23, 60). Plant height and growth rate 
showed few significant correlations with disease index (5 , 12, 14,
61) (Tables 22, 23, 24).

The combined correlation analysis of all populations in the control 
and the inoculated experiments (Table 25) showed significant relation
ship among most of the traits. Kernel weight was positively 
correlated with growth traits and grain yield in both the control and 

the inoculated winter wheat experiments. The correlations were higher 

in the inoculated plots than in the control plots and differed signifi
cantly. Disease index showed a significant negative relationship with 

all the traits except heading date. High negative correlations were 

found between disease index and both grain yield and kernel weight, 
as in the spring wheat experiment (3, 11, 43, 61). Biological yield 
and harvest index were also negatively correlated with disease index.

Many relationships in the winter wheat experiment were similar 
to those in the spring wheat experiment. The central role of biological 

yield, growth rate and straw weight was quite apparent. However, 
correlations involving other traits were also common. Plant height 

showed positive relationships with growth traits and kernel weight, 
especially in the control plots. However, its association with harvest 

index showed opposite trends in the two experiments. In control plots, 

spring wheat showed a low or negative association between these traits 

but winter wheat showed frequfent positive associations. The association



Table 25". Combined correlation analysis of populations in control and inoculated experiments
of winter wheat.+

Characters H.D. P.H. . B.Y. G.R. H.I. S.W. T.N. K.W. G.Y. D.I.
Heading date(H.D.) 1.00

1.00

Plant height(P.H.) - .0 2
- .1 0

1.00
1.00

Biological yield(B.Y=) -.15**
-.06

.32**

.35**
1.00
1.00

Growth rate(G.R.) ” ,21** 
-.12*

.33**

.28**
.76**
.73**

1.00
1.00

Harvest index(H.I.) -.03
-.06

.10 

. 20**
.26**
.28**

.06 1.00

.11 1.00

Straw weight(S.W.) -.15** 
-.06

. 30** 

.31**
. 97** 
.97**

.79** .03 1.00

.76** .09 1.00
Tiller number(T.N.) -.14**

-.14**
.13*
.24**

.47**

.50**
.56** ,22** .43** 1.00
.54** .24** .46** 1.00

Kernel Weight(KcW 1) -.20**
-.14**

.26**

.23**
.17**
.41**

.17** .11 .16** .01

.32** .27** .37** .22**
1.00
1.00

Grain yield(G.Y„) - .11
-.06

.24**

.32**
.76**
.82**

.43** .77** .58** .39**

.49** .69** .67** .44**
.14**
.40**

1.00
1.00

Disease ihdex(D.I.) . .04 -.16** -.33** -.15** -.32** -.26** -.14** -.42** -.44** 1.00
+ Upper values relate to control and lower to inoculated plots.
*, .** Significant at .05 and .01 levels respectively.



95

of biological yield and harvest index was high in the winter wheat 
experiment. The two traits showed little relationship in the spring 
wheat experiment. The difference observed in the two experiments 
is explainable in terms of the influence of the two components of 
harvest index ratio, i.e. , grain yield and biological yield.

Harvest index ratios were higher in the spring Wheat than in the 

winter wheat experiment. In the spring wheat control plots harvest 

index was influenced more by grain yeid and, therefore, biological 
yield showed no relationship with harvest index. In the winter wheat 
experiment, harvest index was determined more by biological yield and 
consequently a frequent positive association existed between harvest 

index and biological yield.
The same principle guides the changing relations of. kernel weight 

with harvest index from control to inoculated plots in the spring and 

the winter wheat experiments. The spring wheat inoculated plots showed 
a reduced relationship between harvest index and kernel weight compared 
to the control plots. But the winter wheat experiment showed opposite 
trends. The relationship between the two traits was higher in 

inoculated plots than in control plots.

In the winter wheat experiment disease changed the relation

ship between kernel weight and harvest index. Kernel weight fre
quently had more significant correlations with biological yield, 

growth rate, straw weight and grain yield in. the inoculated
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plots than in the control plots. Harvest index showed variable 
correlations with the growth traits. Except for its relations with 

kernel weight, harvest index did not follow any clear patterns of 
shift in associations from the control to the inoculated plots. How
ever, it showed a consistent association with grain yield in all the 
populations both in the control and inoculated experiments.

The pattern of association of harvest index, biological yield 

and kernel weight, therefore, are similar to that observed in the spring 

wheat experiment. The high and positive correlations of harvest index 
with grain yield in the winter wheat experiment support the suggested 
use of harvest index as an indirect selection criteria for identifying 

high yielding stripe rust resistant wheats.

Path Coefficient Analysis
Path coefficient analysis of the control plots (Table 26) shows 

the direct and indirect effects of various traits on yield. Heading 
date had a low and negative direct effect on yield. Its influence 
through biological yield was high and negative. However, it affected 

the yield positively through straw weight. Plant height had similarly 

low and negative direct influence on grain yield but positive effects 
through biological yield and harvest index. On the other hand,, it 

affected yield negatively through straw weight.

Biological yield had a high and positive direct effect on yield
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Table 26.Estimates of direct and indirect path coefficients between 
grain yield and its components in winter wheat control 
experiment.

Components Path r-values
coefficients

Grain yield vs. Heading date r%g
Direct effect P19 -.01247
Indirect effect

via plant height P29 r 12 .00007
via biological yield P39 r13 -.34480
via growth rate P49 r14 .01292
via harvest index P59 r15 -.00684

. via straw yield P69 r16 .23451
via tiller number P79 r17 .00286
via kernel weight P89 ri8 .00405

Grain yield vs. Plant height 
Direct effect P29

r29 -.00369
Indirect effect

via heading date P%9 r 12 .00025
via biological yield P39 r23 .83107
via growth rate P49 r24 -.02018
via harvest index P59 r25 .02390
via straw yield p69 r26 -.47924
via tiller number P79 r27 -.00259
via kernel weight P89 r28 -.00528

Grain yield vs.Biological r39yield
Direct effect P39 2.30333
Indirect effect

via heading date P19 r13 .00187
via plant height P29 r23 -.00117
via growth rate P49 r34 -.04667
via harvest index P59 r35 .05924
via straw weight P69 r36 -1.54205
via tiller number P79 r37 -.00970
via kernel weight Pg9 r38 -.00357

-.1096

.2442

.7613
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Table 26 (Continued)

Components Path r-values
coefficients

Grain yield vs. Growth rate 
Direct effect P49

r49 -.06116
Indirect effect

via heading date Pl9 r14 .00263
via plant height P29 r24 -.00122
via biological yield P39 r34 1.75767
via harvest index P59 r45 .01302
via straw yield p69 r46 -1.26733
via tiller number P79 r47 -.01155
via kernel weight p89 r48 -.00,344

Grain yield vs. harvest index 
Direct effect P59

r59 .22961
Indirect effect

via heading date p19 r15 .00037
via plant height p29 r25 -.00038
via biological yield p39 ?35 .59426
via growth rate p49 r45 -.00347
via straw yield P69 r56 -.04754
via tiller number p79 r57 -.00461
via kernel weight p89 r58 -.00223

Grain yield vs. straw yield 
Direct effect P69

r69 -1.59533
Indirect effect

via heading date p19 r16 .00183
via plant height p29 ?26 -.00111
via biological yield p39 r36 2.22640
via growth rate P49 r46 -.04859
via harvest index P59 r56 .00684
via tiller number p79 x67 -.00891
via kernel weight p89 r68 -.00329

.4287

.7661

.5778
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Table 26 (Continued)

Components Path r-values
coefficients

Grain yield vs. Tiller number X 7 9 .3945
Direct effect P?9 -.02050
Indirect effect

via heading date P M r17 .00174
via plant height P29 r 27 -.00047
via biological yield P39 r37 1.09040
via growth rate P49 r47 -.03445
via harvest index P59 r57 .05166
via straw yield P69 r67 -.69349
via kernel weight p8 9 r78 -.00021

Grain yield vs. Kernel weight r89 .1411
Direct effect P89 -.02040
Indirect effect

via heading date Pl9 r 18 .00248
via plant height P29 r28 -.00096
via biological yield

P 3 9 r38 .40285
via growth rate P49 r48 -.01032
via harvest index P 5 9 r58 .02512
via straw yield p69 r68 -.25749
via tiller number p79 r78 -.00022

6936 Residual 3064
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but negative indirect effect through straw weight. Its effects through 
other traits were small, negative and negligible. The only positive 
and small indirect effect was through harvest index.

Growth rate had a negative direct effect on yield. Its effects 

were positive through biological yield and negative through straw 

weight. Harvest index had a high direct influence on yield. Its in

direct influence through biological yield was even higher and positive. 

Straw weight had high negative direct effect which was offset through 
higher positive indirect effect through biological yield. Tiller- 
number and kernel weight both had low, negative direct influence but 

high and positive indirect effect through biological yield. Their 
effects through harvest index were also positive.

A feature of the path analysis is consistently low but positive 
indirect effects of heading date and comparable but negative effects 
of plant height on yield. Many of the growth traits and components 
of yield such as growth rate, tiller number and kernel weight had 

negative direct and indirect influences on yield. Biological yield 
and harvest index were the only positive contributors to the grain 

yield directly and indirectly.

Path analysis of the inoculated experiment showed features
.1

similar to the control experiment (Table 27). Heading date had a 

negative but small direct influence. It influenced the yield negatively 

through biological yield, growth rate and harvest index but positively



101

Table 27e Estimates of direct and Indirect path coefficients between 
grain yield and its components in winter wheat inoculated 
experiment.

Components Path revalues
coefficients

Grain yield vs. Heading date 
Direct effect P19 r19 -.00077
Indirect effect

via plant height P29 ri2 .00292
via biological yield P39 r13 -.12786
via growth rate P49 r 14 .00488
via harvest index P59 r 15 -.01699
via straw yield P69 r16 .07276
via tiller number P79 r 17 .00236
via kernel weight P89 r%8 .00001

Grain yield vs. Plant height 
Direct effect P29

r29 -.03028
Indirect effect

via heading date Pl9 r 12 .00007
via biological yield P39 r 23 .70351
via growth rate P49 r 24 -.01190
via harvest index P59 r25 .05314
via straw yield P&9 r26 -.38555
via tiller number P79 r 27 -.00420
via kernel weight P89 r 28 - .0 0 0 0 1

Grain yield vs.Biological r 39yield
Direct effect P39 1.98844
Indirect effect

via heading date Pl9 r13 .00005
via plant height P29 r 23 -.01071
via growth rate P49 r34 -.03062
via harvest index P59 r35 .07298
via straw weight p69 r 36 -1.19218
via tiller number P79 T y j -.00876
via kernel weight p89 r38 - .0 0 0 0 2

-.0627

.3248

.8192
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Table 27. (Continued)

Components Path
coefficients

Grain yield vs. Growth rate
Direct effect P49 -.04197
Indirect effect

via heading date Pl9 r 14 .00009
via plant height P%9 r 24 -.00858
via biological yield P39 r34 1.45057
via harvest index P5 9 r45 .02942
via straw yield P69 r46 -.93088
via tiller number P79 ?47 -.00937
via kernel weight p89 ?48 - .0 0 0 0 1

Grain yield vs. harvest index 
Direct effect P59 r59 .26385
Indirect effect

via heading date p19 r15 .00005
via plant height P29 r25 -.00610
via biological yield P39 ^35 .55000
via growth rate P49 r45 -.00468
via straw yield P69 r56 -.11025
via tiller number P79 r57 -.00427
via kernel weight P89 r58 - .0 0 0 0 1

Grain yield vs. straw yield 
Direct effect P69 r69 -1.22905
Indirect effectvia heading date p19 r 16 „00005

via plant height p29 ?26 -.00950
via biological yield P39 r36 1.92879
via growth rate P49 r46 -.03179via harvest index P59 r56 .02367via tiller number P79 r67 -.00812
via kernel weight P89 r68 .00001

revalues

.4895

.6887

.6740
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Table 27. (Continued)

Components Path
coefficients

Grain yield vs. Tiller number r79Direct effect P79 -„01749
Indirect effect

via heading date P&9 r 17 „00010
via plant height P29 r27 -.00727
via biological yield P39 r37 „99621
via growth rate P49 r47 -.02249
via harvest index P59 r57 .06443
via straw yield P69 r67 -.57077
via kernel weight P89 r78 -.00001

Grain yield vs. Kernel weight r89 -
Direct effect P89 -.00004
Indirect effect

via heading date Pl9 r 18 „00011
via plant height P29 r28 -.00682
via biological yield P39 r38 „80770
via growth rate P49 r48 -.01341
via harvest index Ps9 r58 „07153
via straw yield P&9 r68 -.45622
via tiller number P79 r78 -.00378

r-values

„4427

„3991

6317 Residual = „3683
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through straw weight. Plant height also had a negative direct effect, 
but positive effect through biological yield, growth rate and harvest 
index. Its influence through straw weight was quite high and negative. 
Biological yield had a high, positive direct influence on yield and in

direct effect through growth rate. The influence of biological yield 
through straw weight was negative and high. Growth rate had a positive 

direct influence on yield and also affected the yield positively 

through biological yield and growth rate. Harvest index had a positive 

indirect effect and through biological yield and growth rate. Xt 
affected yield negatively through straw weight. Straw weight had a 

negative direct effect on yield. Its indirect effect through biological 
yield was high and positive. Tiller number and kernel weight both had 
negative and low direct effects but indirect effects through biological 
yield and harvest index were high and positive.

The path analysis in this experiment led to the same conclusions 
made in the spring wheat experiment. The only components of importance 
to yield were biological yield and harvest index. Breeding for these 

traits under diseased conditions should help identify high yielding 
disease resistant wheats.

Heritability Estimates

Heritability estimates in the winter wheat experiment were low 

for most of the traits (Table 28). The MT6928/ID103 cross had higher



Table 28. Heretibility estimates of various agronomic and growth characters of Fg and Fg 
generations of the three crosses in winter wheat experiment.*

Crosses
Centurk/Itana McCall/Itana MT6928/ID103

Characters
Control 
F3 F5

Inoculated 
F3 F5

Control 
F3 F5

Inoculated 
F3 F5

Control
F3

Inoculated
F3

Heading date .10 .40 .43 .40 - .0 1 .21 .00 .44 .17 .09
Plant height .23 .14 .03 - .0 2 .14 -.08 ■ .11 .22 .51 .49
Biological yield .05 .03 .05 .15 .17 .12 .07 . 1 0 .23 .11

Growth rate -.05 -.06 .01 .22 .29 .09 .02 -.04 .15 .08 I

Harvest index .03 .01 .01 .07 .08 -. 01 -. 02 .13 .09 ' . .02

Straw weight CMO

.02 .01 .10 .16 .01 .03 .04 .11 .07.
Tiller number .12 .21 .08 .29 00 .06 .01 .33 .24 .15
Kernel weight .33 .35 .39 .14 .30 .30 .21 .41 .53 .39
Grain yield .07 .06 .11 .25 .08 .20 .05 .25 .14 . .18
* Calculated from variance components.
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values than the other two crosses. The relative order of different 
traits, however, was similar in three crosses. Heading date, plant 
height, tiller number and kernel weight showed comparatively higher 
heritabilities. Grain yield and biological yield also had higher values 
in the MT6928/ID103 cross. Estimates for kernel weight frequently 
ranked high.

High disease incidence in this experiment had decreased both 

genetic and error variances in inoculated plots for many traits but 

the effects of disease in changing the heritabilities were not

pronounced.



Chapter 5

SUMMARY AND CONCLUSIONS
Two experiments, one each for spring and winter wheat, were 

planted during the 1980-81 crop season to investigate the wheat-stripe
irust interaction and its relationship with grain yield and other 

agronomic traits. Each experiment involved three crosses with two 

generations per cross (F^-F^ and F^-F^) for spring and winter wheat, 

respectively. The winter wheat cross MT6928/ID103 included only the 
F^ generation. Disease effects on grain yield and agronomic traits 
were evaluated using ratios (inoculated/control), phenotypic correla
tions, multiple regression and path coefficient analyses. Heritr- 

ability estimates were obtained for both inoculated and contrdl plots 
to examine the effects of disease.

The plants were inoculated at the tillering stage in the spring 
wheat experiment and the stem extension stage in the winter wheat experi 

ment. The infection was, therefore, of longer duration in the spring 
wheat experiment than in the winter wheat experiment. The intensities 

of stripe rust infection were different in the two experimentslow in 
the spring wheat and high in the winter wheat experiment.

The high error mean squares, obtained for most of the traits 

evaluated probably resulted from intergenotypic competition among the 
lines in hill plots and failure to separate the block effects in the 

analysis. Lodging in the winter wheat experiment also increased the
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error variance.

The experimental materials used in the studies, were previously 
developed emphasizing only the accumulation of minor genes. This 
resulted in increased resistance in the later generations (F^ and Fg) 
of some of the crosses. The lines in these generations for which 
selection for minor genes was effective showed deterioration for 

many desirable ' agronomic traits. Evidently, accumulation of minor 

gene resistance without selection for agronomic traits may result in 
negative correlated response for the agronomic traits. Concurrent 
selection for desirable agronomic traits, such as grain yield, and 

for resistance to stripe rust is suggested to avoid the negative 
response in agronomic traits.

Disease affected the expression of most of the traits, with 
effects being progressive with increasing disease intensity. Effects 

of the disease, however, varied depending upon, the time of infection. 
Low levels of infection occurring early in the season were as harmful 
to the productivity of the wheat lines as were high levels of infection 

occurring in the later growth phases. Infection reduced the growth 

of the plants and significantly lowered the biological yield. This 

resulted from fewer tillers per plant and lower straw yield. Further, 

slower growth in infected plants tended to delay flowering. Height 
was reduced in early infected plants. Maximum disease effects in both 
experiments were noted in grain yield. Infection appeared to affect
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grain yield primarily and other traits secondarily.

Kernel weight was less affected by rust infection than other 
traits. This relationship was visible in individual crosses both in 
the spring and winter wheat experiments, indicating a pattern of 
compensation in favor of kernel weight in stress conditions. Counts 
for the number of kernels per head were not taken but it is documented 

(I, 5, 23, 61) that infection reduces grains per head. The photosyn^ 

thates are diverted to the kernels that are produced and an individual 
kernel may be receiving proportionately more photosynthates in 

infected plants than in healthy plants, thus compensating for serious 
effects of the disease. The fact that kernel weight was comparatively 
less affected by infection than grain yield and other growth traits 
suggested that the decline in the yield did not come so much from the 
reduction in kernel weight but most likely resulted from reduced growth, 
fewer tillers per plant and fewer number of kernels per head.

Significant correlations in both the spring and winter wheat 

experiments predominantly centered around biological yield, growth rate 

and straw weight. This was more evident in the spring wheat experiment. 

The central role of biological yield was also obvious in the path 

analysis. Biological yield, straw weight and growth rate were highly 

correlated with grain yield in most cases but showed a few associations 
with harvest index and kernel weight especially in control plots.

Growth traits rarely showed any significant relationship with
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harvest index. The relationship of growth traits with harvest index 
depended on the size of harvest index ratios. High harvest index 
resulted from the high grain yield and tended to show negative 

correlation with growth traits. Low harvest index, as in the winter 

wheat experiment, resulted from low yield or large vegetative mass 
and therefore tended to show positive relationship with growth traits. 
Since harvest index reflects efficiency of the plant in partitioning 
the photosynthates to vegetative and reproductive traits, it showed 

a positive correlation with grain yield. Kernel weight did not show 
frequent associations with H.I., particularly in the winter wheat 
experiment. This probably resulted from lack of relationship between 

kernel weight and grain yield.
The high correlation of harvest index (H.I.) with grain yield in 

the control and inoculated hill plots and the reported association 

of hill plot harvest index with row plot grain yield (16, 62) is 
important. This relationship suggests that harvest index could be 
used in hill plots to identify high yielding wheat possessing 

resistance to stripe rust.

Infection caused changes in the relationships of some traits from 

control to the inoculated plots. These changes could be observed in 

individual crosses, but no trait gave consistent difference across the 

populations and the experiments. Kernel weight, however, showed many 

changes in its relationships with other traits from control to the
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Inoculated plots. It showed little or no correlation with growth traits 
and grain yield in any control plots in the spring and winter wheat 
experiments, but showed frequent correlations with these traits in 

inoculated plots. Harvest index, heading date and plant height showed 

changes in their relations with other traits, the trends, however, were 

not consistent.
Biological yield and harvest index were the main determinants of 

grain yield in the path coefficient analysis of the two experiments. 
Selective breeding for these traits to increase yield is suggested. 
However, low heritability of harvest index and biological yield in 
these experiments indicated their exploitation would be difficult and 

progress in breeding programs slow if based on these traits. Other 
reports of harvest index and biological yield heritability, however, . 

have been high (16).

Low disease index differences between the two generations (F. vs4
and F^ vs F^) in the spring and the winter wheat experiments were 

mainly due to the advancement of generations without selection for 
resistant plants. Resistant plants segregate into resistant and 

susceptible progeny during segregating generatins which, if planted 
together, tend to regress populations back to susceptibilityi

I



LITERATURE CITED



113

LITERATURE CITED
1. Agrios, George N. 1968. Plant pathology. Academic Press, New 

York, 703 pp.

2. Allan, R. E., and 0. A. Vogel. 1962. Influence of stripe rust, 
on yields and test weights of near isogenic lines of wheat, P. 2 
Proc. West. Soc. Crop Sci. Bozeman, MT. (Abstr.).

3. Allan, R. E., 0. A. Vogel, and L. H. Purdy. 1963. Influence of 
stripe rust upon yields and test weights of closely related lines 
of wheat. Crop Sci. 3:564-565.

4. Batts, C. C. V. 1957. The reaction of wheat varieties to yellow 
rust, Puccinia glumarum. j. Natn. Inst. Agric. Bot. 8:7-18.

5. Sever, W. M. 1937. Influence of stripe rust on growth, water 
economy, and yield of wheat and barley. J. Agr. Research 54: 
375-385.

6. Borlaug, N. F. 1965. Wheat, rust and people. Phytopathology 
55:1088-1098.

7. Burns, E. E. and E. L. Sharp. 1975. Stripe rust of wheat.
Montana State Univ., Coop. Ext. Leaflet # 104.

8. Comeau, A. and G. Bamet. 1979. Effect of barley yellow dwarf 
virus on N, P, K fertilizer efficiency and on the harvest index 
of oats. Can. J . Plant Sci. 59:43-54.

9. Cormack, M. W. 1973. Wheat disease in Kenya. P. 306-308* Proc. 
4th FAO/Rockefeller Foundation Wheat Seminar, Tehran, Iran.

10. Dickson, James G. 1956. Diseases of field crops. 2nd ed. 
McGraw-Hill Book Co., Inc., New York. 517 pp!

11. Doling,»D. A. and J. K. Doodson. 1968. The effect of yellow
rust on the yield of spring and winter wheat. Trans Br. Mycol. 
Soc. 51:427-434.

12. Doodson, J. K., J. G. Manners, and A. Mye^s. 1964. Some effects
of yellow rust (Puccinia striiformis) on the growth and yield of 
a spring wheat. Ann. Bot. N. S. 28:459-472.



114

13. Doodson, J. K., J. G. Manners, and A. Myers. 1964. Some effects 
of yellow rust on the yield and physiology of a spring wheat,
P. 27^31.. Proc, Cereal Rust Conf., Cambridge.

14. Doodson, J. K,, J. G. Manners, and A. Myerg. 1965. Some effects
of yellow rust (Puccinia'striiformis) on Carbon assimilation 
and translocation in wheat. J. Exp. Bot. 16:304-317.

15. Emge, R. G. and R. D. Shrurh. 1976. Epiphytqlogy of Puccinia 
striiformis at five selected locations in Oregon during 1968 
and 1969. Phytopathology 6 6: 1406-1412.

16. Fredericks on, L. John. 1979. A comparison of hill,; micro- and 
miniplots with conventional row plots in winter wheat. M.S. 
thesis, Montana State Univ. 122pp.

17. Frey, K. J. 1965. The utility of hill plots in Oat research. 
Euphyticia 14:196-208.

18. Harding, S. C., J. G. Manners, and A. Myers. 1976. The effect 
of yellow rust on some aspects of photosynthesis in wheat leaves, 
p. 15-16. Proc. 4th Europ. and Medit. Cereal Rust Conf., 
Interlaken, Switzerland.

19. Hassan, F. 1968. Cereal rust situation in Pakistan. P. 124-125. 
Proc. Cereal Rust Conf., Oeiras, Portugal.

20. Hassebrauk, K., and J. Schroeder. 1964. Studies on germination
of yellow rust uredospores, Puccinia striiformis. P. 12-18. Proc. 
Cereal Rust Conf., Cambridge.

21. Hendrix, J. Walter. 1972. The influence of stripe rust on the 
strength of wheat straw. P. 131-135. Proc. 3rd Europ. and Medit. 
Cereal Rust Conf., Praha, Ceskoslovenskq.

22. Hendrix, J. Walter, and E. Fuchs. 1970. Influence of fall stripe 
rust infection bn tillering and yield of wheat. P. 8-9. Proc.. 
Cereal Rust Conf., Oeiras, Portugal.

23. Hendrix, J. Walter, and E. Fuchs. 1970. Influence of fall stripe 
rust infection on tillering and yield of wheat. Plant Dis. Reptr. 
54:387-389.



115

24. Hendrix, J. Walter, and Edward H. Lloyd. 1970. Influence of 
stripe rust and water stress on wheat roots as revealed in mist 
culture. Plant Dis, Reptr. 54:387-389.

25. Hendrix, J. Walter, and Neil Martin. 1972. The interaction of 
rust and wheat roots in mist culture. P. 137-140. Proc. 3rd 
Europ. and Medit. Rust Conf., Praha, Ceskoslovensko.

26. Hooker, Arther L. 1968. The genetics and expression of resistance 
in plants to rust of genus Puccinia. Ann. Rev. Phytopathology 
5:163-182.

27. Hungerford, C. W., and C. E. Owens. 1923. Specialized varieties 
of Puccinia glumarum and host for variety tritici. J. Agr. Res. 
25:363-401.

28. Johnson, T. 1961. Man guided evolution in plant rusts. Science 
133:357-362.

29. Johnson, T., G. J. Green, and D. J . Sambroski. 1967. The world
situation of cereal rust. Ann. Rev. Phytopathol. 5:182-200.

30. Joshi, L. M., L. B. Goel, and V. C. Sinha. 1976. Role of western 
Himalayas in the annual recurrence of yellow rust in northern 
India. Cereal Rust Bull. 4:27-30.

31. Khazra, H., A. Bamdadian. 1973. The wheat disease situation in 
Iran. P.- 292-299. Proc. 4th FAO/Rockefeller Foundation Wheat 
Seminar. Tehran, Iran.

32. King, J. E. 1976. Relationship between yield and severity of 
yellow rust recorded on a large number of single stems of winter 
wheat. Plant Path. 25:172-177.

33. Kronstad, W. E., R. L. Powelson, and W. H. Foote. .1966. Influence 
of stripe rust (Puccinia striiformis) on three levels of resistance 
in wheat (Triticum aestivum Vill., host). P. 17. Proc. West
Soc. Crop Sci. Pullman, Washington.

34. Krupinsky, Joseph Michael. 1977. Development of additive resis
tance in wheat,Triticum aestivum L., to stripe rust Puccinia 
striiformis West. Ph.D. thesis, Montana State Univ. 108 pp.



116

35. Large, E. C. 1954. Growth stages In cereals. Illustration of 
Feekes scale. Plant Path. 3:128-129.

36. Ling, L. 1945. Epidemiology studies on stripe rust of wheat 
in Chengtu Plain, China. Phytopathology 35:885-894.

37. Livne, A. 1964. Photosynthesis in healthy- and rust affected 
plants. Plant. Physiol, 39:614-621.

38. Maddison, A. C. and J. G. Manners. 1972. Sunlight and variabil
ity of cereal rust uredospores. Trans. Br. Mycol. Soc. 59: • 
429-443.

39. Manners, J. G. 1968. The mechanism by which attack by Puccinia 
striiformis affects the movement of nutrients in its host. P. 
137-138. Proc. Cereal Rust Conf., Oerias, Portugal.

40. Mares, D. J. 1979. A light and electron microscope study of 
the interaction of yellow rust CPuccinia striiformis) with a 
susceptible wheat cultivar. Ann. Bot. 43:183-189..

41. Mares, D. J., and S. Cbusen. 1977. The interaction of yellow 
rust (Puccinia striiformis) with winter wheat cultivars showing 
adult plant resistance; macroscopic and microscopic events 
associated with the resistance reaction. Physiol. PI. Path. 
19:257-274.

42. McNeal, F.. H. and E. L. Sharp. 1963. Effects of stripe rust on 
yield and test weight of white spring wheat varieties at Bozeman, 
Montana in 1962. Plant Dis. Reptr. 47:763-765.

43. Mundy, E. J. 1973. ■ The effect of yellow rust and its control 
on the yield of joss-cambier winter wheat. Plant Path. 22: 
171-176.

44. Nagarajan, S. and L. M. Joshi. 1975. A historical account of
wheat rust epidemic in India, and their significance. Cereal Rust 
Bull. 3:29-33.

45. Nagarajan, S., L. M. Joshi, and K. D. Srivastava, and D. V. Singh. 
1979-80. Epidemiology of brown and yellow rust of wheat in north 
India IV. disease management recommendations. Cereal Rust Bull. 
7:15-20.



117

46. Nelson, W. L. 1962. The effect of stripe rust CPuccjnia glup- 
arum) on yield and test weight of winter wheat. P, 3. West.
Soc. Crop Sci. (Abstr.).

47. Newton, M. and T. Johnson. 1936. Stripe.rust CPuccinia glum- 
arum) in Canada. Can. J. Res. 14:89-108.

48. Pope, W. K., E. L. Sharp, and H. S. Fenwick. 1963. Stripe rust 
of wheat in the pacific north-west in 1962. Plant Dis. Reptr. 
47:544-555.

49. Rapily, F. 1979. Yellow rust epidemiology. Ann. Rev. Phytho- 
pathol. 17:59-73.

50. Robhelen, G. and E. L. Sharp. 1978. Mode of. inheritance, inter
action and application of genes conditioning resistance to yellow 
rust. Verlag Paul Parey, Berlin and Hamburg. 84 pp.

51. Roelfs, A., P. 1978. Estimated losses caused by rust in small 
grain cereals in the United States - 1918-76. USDA Misc• Publ. 
1363., 88 pp.

52. Shaner, G., and R. L. Powelson. 1973. The oversummering and
dispersal of inoculum of Puccinia striiformis in Oregon. 
Phytopathology 63:13-1#.

53. Sharp, E. j. ' 1965. Prepenetration and postpenetration environ
ment of Puccinia striiformis on wheat. Phytopathology 55: 
198-203.

54. Sharp, E. L., and E. R. Hehn. 1963. Overwintering of stripe
rust in winter wheat in Montana. Phythopathology 53:1239-1240.

55. Sharp, E. L., and R. B. Volin. 1970. Additive genes in wheat 
conditioning resistance to stripe rust. Phytopathology 60: 
1146-1147.

56. Shaw, Michael. 19.63, The physiology and host-parasite relations 
of rusts. Ann. Rev, Phytopathol. I:259-294.

57. Simon, M. D. 1980. Effect of Puccinia coronata on straw yield 
and harvest index of oats. Phytopathology 70:604-607.



118

58. Snedecor, G. W. and W. G. Cochran. 1967. Statistical methods.
6th ed. Iowa State Unlv. Press., Ames. 595 pp,

59. Stakman, E. C., and J, G. Harrar. 1957. Principles■of plant
pathology. Ronald Press, New York. 581 pp.

60. Stewart, Vern R. and E. R. Hehn. 19.6.5. Effect of a stripe rust
epidemic bn yield components and yield of four winter wheat 
varieties at Bozeman and Kalispell, Montana. P. 17. West. Soc. 
Crop Sci., Pullman, Wash.

61. Sunderman, D. W., and M. Wise. 19.64. Influence of stripe rust 
of wheat upon plant development and grain quality of closely 
related Lemhi derivatives. Crop Sci. 4:347-48.

62. Taylor, G. A., J. M. Martin, G. H. Spitler, and L. J. Fredericksoh. 
1980. The use of hill plots in winter wheat breeding. P. 7. Proc. 
West. Soc. Crop Sci., Davis, Calif. (Abstr.)

63. Tewari, S. N. 1976. Path coefficient analysis for grain yield 
and its components in a collection of barley germplasm. IN 
Barley Genetic Symposium III, Verlag Karl Thiemeg, Munchen.
849 pp.

64. Vellaga,. J. 1955. Wheat rust in South America. Phytopathology, 
45:242-246.

65. Zadoks, J. C. 1965. Epidemiology of wheat rust in Europe.
Plant Prbt. Bull. FAO 13:97-108.



M O N T A N A  S T A T E  U N I V E R S I T Y  L I B R A R I E S
stks D378.K526@Theses RL

Association of stripe rust (Puccinia str

3 1762 00115421 8


