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Abstract:
The type of information attainable in early generations of a cereal breeding program is limited, in part,
by the amount of seed and land available. An evaluation of several small-size plots was undertaken to
determine their suitability as alternatives to conventional row plots in winter wheat research.
Twenty-three winter wheat (Triti-cum aestivum L.) cultivars were evaluated in hill, micro-, mini-, and
row plots grown under dryland conditions in 1978. In addition, the hill and microplots were irrigated
three times during the growing season in nurseries separate from their dryland counterparts.

Comparisons of these small plots versus the row plots were made using overall means, phenotypic
correlations between row and small plots, ranges, coefficients of variation, and the percentage of
entries that were common in the extreme 10, 25, and 50% of the population. All small plots provided
satisfactory results for discriminating among cultivars for heading date, plant height, seed weight, and
harvest index. The hill and microplots were as efficient as the row plots in identifying winter wheat
cultivars for percent flour protein and mixogram characteristics (peak distance, peak height, and curve
pattern). Based on phenotypic correlations between row plot grain yield and small plot harvest index
and biological yield, small plot harvest index provided a better indication of row plot grain yield than
did small plot grain yield. No advantage using irrigated hill and irrigated microplots versus their
dryland counterparts was detected.

Correlation coefficients were calculated between the agronomic and quality characteristics within plot
types to determine if the kinds of inter-relationships that occurred in the row plots also existed in the
small plots. Cultivars grown in each of the small plot types showed within plot correlations not
exhibited by cultivars grown in the row plots, indicating differential ability of cultivars to compete
within and between experimental units.

The relative importance of harvest index and biological yield in determining grain yield of winter
wheat cultivars was studied using multiple regression analysis. Harvest index and biological yield
accounted for 95 to 99% of the variation in grain yield across plot types and the ratios of their standard
partial regression coefficients indicated that harvest index was more important than biological yield in
determining grain_yield. except in the dryland hill and microplots, where both harvest index and
biological yield were of equal importance. 
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ABSTRACT

The type o f  in form ation  a tta in a b le  in  e a r l y  gen era tion s o f  a c e r ­
e a l  breeding program i s  l im ite d ,  in  p a r t , by the amount o f  seed  and 
land  a v a i la b le . • An e v a lu a tio n  o f  s e v e r a l s m a ll- s iz e  p lo t s  was under­
taken to  determ ine t h e ir  s u i t a b i l i t y  as a lte r n a t iv e s  to  con ven tion al 
row p lo t s  in  w in ter  wheat r e se a r c h . Tw enty-three w in ter  wheat (T r i t i -  
c urn aestivum  L .)  c u lt iv a r s  were eva lu a ted  in  h i l l ,  m icro-, m in i- , and 
row p lo t s  grown under dryland co n d itio n s  in  1978. ' In a d d it io n , the  
h i l l  and m icrop lots were ir r ig a te d  th ree  tim es during th e growing s e a ­
son in  n u rser ie s  sep ara te  from th e ir  dryland co u n terp a r ts .

Comparisons o f  th ese  sm all p lo ts  versus the row p lo t s  were made 
u sin g  o v e r a ll  means, phenotypic, c o r r e la t io n s  between row and sm all p l o t s , 
ra n g es , c o e f f i c ie n t s  o f  v a r ia t io n , and the percentage o f  e n tr ie s  th a t  
were common in  the extreme 10, 25 , and 50% o f  the p o p u la tio n . A ll  sm a ll 
p lo ts  provided s a t is f a c t o r y  r e s u lt s  fo r  d iscr im in a tin g  among c u lt iv a r s  
fo r  heading d a te , p la n t h e ig h t , seed  w eigh t, and h arvest in d ex . The 
h i l l  and m icrop lo ts were as e f f i c i e n t  as the row p lo ts  in  id e n t ify in g  
w in ter  wheat c u lt iv a r s  fo r  percent f lo u r  p ro te in  and mixogram ch a ra cter - ■ 
i s t i c s  (peak d is ta n c e , peak h e ig h t , and curve p a tte r n )„ Based on pheno- ■ 
ty p ic  c o r r e la t io n s  between row p lo t  gra in  y ie ld  and sm all p lo t  harvest  
index and b io lo g ic a l  y ie ld ,  sm all p lo t  h arvest index provided a b e tte r  
in d ic a t io n  o f  row p lo t  grain  y ie ld  than d id  sm all p lo t  gra in  y ie ld .  No 
advantage u sin g  ir r ig a te d  h i l l  and ir r ig a te d  m icrop lots versus th e ir  
dryland' counterparts was d e te c te d .

C o rre la tio n  c o e f f i c ie n t s  were c a lc u la te d  between the agronomic 
and q u a lity  c h a r a c te r is t ic s  w ith in  p lo t  typ es to  determ ine i f  the kinds 
o f  in te r -r e la t io n s h ip s  th a t occurred in  the row p lo ts  a ls o  e x is te d  in  
the small- p l o t s . C u ltiv a rs  grown in  each o f  the sm all p lo t  types show­
ed w ith in  p lo t  c o r r e la t io n s  not e x h ib ite d  by c u lt iv a r s  grown in  the  
row p l o t s , in d ic a t in g  d i f f e r e n t i a l  a b i l i t y  o f  c u lt iv a r s  to  compete w ith ­
in  and between experim ental u n i t s .

The r e la t iv e  importance o f  h arvest index and b io lo g ic a l  y ie ld  in- 
determ ining gra in  y ie ld  o f  w in ter wheat c u lt iv a r s  was s tu d ied  u sin g  
m u ltip le  r e g r e ss io n  a n a ly s is .  ' Harvest index-and b io lo g ic a l  y ie ld  - 
accounted fo r  95 to  99% o f  the v a r ia t io n  in  grain  y ie ld  across plot.- 
typ es and the r a t io s  o f  th e ir  standard p a r t ia l  r e g r e ss io n  c o e f f i c ie n t s  . 
in d ic a te d  th a t har v e s t  index was, more im portant. than b io lo g ic a l  y ie ld  
in  determin in g  g r a in _ y ie ld . excep t in  the dryland h i l l  and m icroplots , ' 
where^bothTharvest index^and b io lo g ic a l  y ie ld  were o f  equal im portance,-



INTRODUCTION

C ereal breeders must screen  la r g e  numbers o f  experim ental l in e s  

in  t h e ir  search  fo r  optimum gene com binations. .This p rocess req u ires  

r e l a t iv e l y  la r g e  amounts o f  lan d , tim e, and exp en se . R ecent in te r e s t  

in  recu rren t s e le c t io n  methods as a means o f  o b ta in in g  new com binations 

o f  genes in  s e l f - p o l l in a t e d  sp e c ie s  has p laced  a premium on rapid  and 

accurate tech n iq u es to  eva lu a te  many gen o ty p es.

S ev era l in v e s t ig a to r s  have shown th e s u i t a b i l i t y  o f  s m a ll- s iz e  

p lo t s  in  e a r ly  gen era tion  t e s t in g  o f  s e v e r a l cro p 's p e c ie s  where c o s t s , 

lan d , and seed  are l im it in g ,  and where la r g e  numbers o f  p la n ts  must be 

screened  e f f i c i e n t l y .  The h i l l  p lo t  and i t s  v a r ia t io n , th e  l in e a r  h i l l  

p lo t  or m icrop lo t, have been su ggested  as a lte r n a t iv e s  to  the conven­

t io n a l  row p lo t  in  t e s t in g  sm all g r a in s . Many workers have shown th a t  

h i l l  p lo t s  provide as much p r e c is io n  as row p lo ts  in  t e s t in g  for  head­

in g  d a te , p la n t h e ig h t , percent p r o te in , harvest in d ex , and the compon­

en ts  o f  y ie ld .  They have a ls o  been used in  g en e tic  s tu d ie s  and fo r  

scree n in g  la r g e  p op u la tion s fo r  r e a c t io n  to  c e r ta in  d is e a s e s . The use 

o f  h i l l  p lo ts  as p r e c ise  in d ic a to r s  o f  comparative y ie ld s ,  however, has 

met w ith  l i t t l e  s u c c e s s .

The o b je c t iv e s  o f  t h is  in v e s t ig a t io n  were: l )  compare the perform­

ance o f  23 w in ter wheat c u lt iv a r s  grown in  con ven tion a l row p lo ts  w ith  

t h e ir  performance in  h i l l ,  m icro -, and m in ip lo ts; Z) analyze the r e la ­

t iv e  importance o f  h arvest index and b io lo g ic a l  y ie ld  in  determ ining '
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gra in  y ie ld ;  and 3 ) ev a lu a te  the ten-gram  mixograph as a rapid  scree n ­

in g  techn ique fo r  c e r ta in  q u a lity  c h a r a c te r is t ic s  o f  w in ter w heat.



LITERATURE REVIEW

The A p p lica tio n  o f  Sm all P lo ts  to  W inter Wheat Research

The need fo r  sm aller  p lo t  s iz e  in  agronomic re sea r ch , e s p e c ia l ly  as  

i t  r e la t e s  to  p lant, b reed ing , was recogn ized  as e a r ly  as I907 , when J .B .  

Norton (2?)  su ggested  th e use o f  1 7 -fo o t rows to  rep la ce  the h a lf-a c r e  

and acre p lo t s  then  used fo r  c u lt iv a r  t e s t in g .  Norton found t h i s  system  

o f  y ie ld  e s tim a tio n  gave much b e tte r  com parative v a lu es  on a uniform  

f i e l d  than d id  th e much la r g e r  p lo t  s i z e s . He a ls o  noted  the p o s s i b i l i t y  

o f  r e p l ic a t io n ,  which was im p ra ctica l w ith  h a lf -a c r e  p lo t s .  Row p lo ts  

are now w id ely  accepted  as a p r e c ise  method o f  conducting crop resea rch  .

( 1 7 ) .

Bonnett and Sever ( 6 ) rep orted  th e use o f  a h e a d -h il l  procedure fo r  

e v a lu a tin g  wheat and o a t s . D irec t comparisons o f  p la n t development in  

h e a d -h il ls  and head-rows grown in  the same year were not made„ Ross and 

M iller  ( 3 l )  compared rod rows' and h i l l  p lo t s  fo r  y ie ld  in  o a ts  and b arley  

and concluded th a t  h i l l  y ie ld  t e s t s  w ith  sm all gra ins "have value on ly  

as a supplement to  p resen t t e s t in g  methods when la rg e  numbers o f  l in e s  

are to  be screen ed , seed  supply i s  s c a r c e , and land i s  l im ite d ."  S ev era l 

crop s, e s p e c ia l ly  the sm all g r a in s , have been te s te d  in  h i l l  p lo t s ,  in ­

c lu d in g  durum wheat ( 3)1 o a ts  ( 6 , 17» 1 9 , 2 0 , 2 9 , . 3 0 , 3 1 » 3 9 » 4 8 ) ,  sp r in g  

b a rley  (28 ,  3 l )»  sp rin g  wheat (3> 6 , 11, 2 3 ) ,  and soybeans (32)'. Perhaps 

the most e x te n s iv e  e v a lu a tio n  o f  h i l l  p lo t s  has been by 'Frey, w ith  o a ts

Many v a r ia t io n s  o f  the h i l l  p lo t  d esign  (6 )  have been introduced as '■

( 17) . ' '
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a r e s u l t  o f  the p e c u lia r  com p etitiv e  r e la t io n s h ip s  in h erent in  the h i l l  

p lo t s  due to  s e v e r a l p la n ts  growing in  a small, sp ace . Jensen and Robson 

(20 )  in troduced  th e  l in e a r  h i l l  p lo t  (m icro p lo t) because th ey  b e lie v e d  

th a t the s p a t ia l  arrangement in  h i l l  p lo t s  m odified th e in te r -p lo t  com­

p e t i t i v e  r e la t io n s h ip s  e x i s t in g  in  row p lo t s .  Smith e.t a l .  (39 ) d e te r ­

mined th a t  in te r -g e n o ty p ic  com p etition  among h i l l  p lo t s  i n .o a ts  had a 

major e f f e c t  upon y ie ld .  Schutz and Brim (3 2 ) design ed  a n in e - h i l l  p lo t  

which s u c c e s s fu l ly  removed "70% o f  th e com p etition  b ia s  e x h ib ite d  by an 

unbordered h i l l  o f  soyb ean s." Jellum  e t  a l .  ( 19) in te r -p la n te d  h i l l  p lo t s  . 

w ith  rows o f  sp rin g  wheat to  "promote uniform com p etition  between h i l l s ."

In  a d d itio n  to  a l t e r in g  th e p lo t  d es ig n  i t s e l f , s e v e r a l in v e s t ig a ­

to r s  have v a r ied  the amount o f  seed  per h i l l  and the d is ta n c e  sep a ra tin g  

each p lo t  (11 ,  17, 28,  3 l ) .  In most c a s e s ,  15-30 seed s per h i l l  and 30 

cm sp acin gs were found to  be s a t is fa c to r y ;  although sp acin g  X genotype 

and seed  number X genotype in te r a c t io n s  were s ig n i f i c a n t ,  comparisons w ith  

the con ven tion a l p lo t s  were not. g r e a t ly  a f fe c te d .

D iffe r e n t  p la n tin g  .methods were a ls o  ev a lu a ted . Bohnett and Bever ■

(6). used a corn p la n ter  to  p la n t h i l l  p lo t s  o f  o a ts  and sp rin g  wheat.

They were a b le  to  p la n t 7,^94 h e a d -h il ls  o f  o a ts  in  34 man-hours, Frey  

(17)  compared the use o f  a hand hoe, a corn p la n te r , and a stovep ip e  fo r  . 

p la n tin g  h i l l  p lo t s  o f  o a t s . He found a l l  th ree  methods accep tab le  fo r  

measuring the y ie ld in g  ca p a c ity  o f  oat c u l t iv a r s , but ob ta in ed  a h igh  

c o e f f i c ie n t  o f  v a r ia t io n  w ith  th e corn p la n te r . The hand hoe method was ■
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p referred  and two men could  p la n t p lo t s  and borders in  a 2500- h i l l  ex ­

perim ent in  e ig h t  h ou rs.

- '■ H i l l  p lo t s  are va lu ab le  a lt e r n a t iv e s  to  rod rows because o f  th e ir  \ 

s u i t a b i l i t y  as a techn ique o f  o b ta in in g  many kinds o f  agronomic inform a­

t i o n .  Bonnett and Sever (6 )  found h e a d -h il ls  conven ient fo r  gen era l n o te ­

ta k in g . Other workers have emphasized t h e ir  use where land and seed  were 

l im it in g ,,  such as in  e a r ly -g e n e r a tio n  scree n in g , or where la rg e  numbers 

o f  e n tr ie s  must be eva lu ated  (3 , 6 , 11, I? , 19, 20 , 23 , 3 l ) .  H i l l  p lo ts  

are comparable to  row p lo t s  fo r  o b ta in in g  data, on heading d a te ,. p lan t  

h e ig h t , p ercent p r o te in , heads per u n it  a rea , seed s per head, and seed  

w eight in  wheat ( l l ,  2 3 ); heading d a te , p la n t h e ig h t, heads per u n it a rea , 

seed s per head, seed  w eigh t, d a te -o f -p la n t in g ,. f e r t i l i z e r  resp on se , p la n t  

m atu rity , and h arvest index in  o a ts  ( 17 , 19, 2 9 ); and seed s per head and 

seed  w eight in  b a r ley  ( 2 8 ) .  In a d d it io n , h i l l  p lo t s  have.been used fo r  

g e n e tic  s tu d ie s  in  wheat ( 3 ) ;  p u r if ic a t io n  o f  v a r ie t ie s  o f  oa ts  and w heat; 

and screen in g  fo r  d ise a se  r e s is ta n c e  in  wheat ( 6 ) .

. H i l l  p lo t s  were not found s a t is f a c t o r y  by some in v e s t ig a to r s  fo r  

the ev a lu a tio n  o f  lo d g in g  ( 1 9 , 3.1 ) ,  heading date ( 3 l ) ,  t e s t  w eigh t, and' 

number o f  heads per p la n t (28 ,  31) in  o a ts  and sp rin g  b a r le y . Baker and 

L e is ie  (3.) rep orted  th at, few breeders use h i l l  p lo ts  and su ggested  th a t  .■ 

t h is  was due to  the poor co rr e la tio n s , or the- d if f e r e n t  rankings between  

y ie ld s, o f  h i l l  and row p lo ts .. However, Frey ( 17) found th a t h i l l  p lo ts  

were as accu rate as row p l o t s .fo r  y ie ld  d eterm ination  in  o a ts  arid su g g es-
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ted  th a t p r e c is io n  may he in creased  by u sin g  more r e p l ic a t io n s .  Ergun 

( l l )  proposed th e use o f  more genotypes to  in crea se  p r e c is io n . Baker and 

L e is le  (3 )  and Frey ( 17) used genotyp ic ra th er  than phenotypic c o r r e la ­

t io n s  to  compare performance o f  c u lt iv a r s  fo r  s e v e r a l t r a i t s  in  h i l l  and 

row p lo t s  and found genotyp ic c o r r e la t io n s  were h igher than phenotypic  

c o r r e la t io n s .  Frey (17)  argued th a t  genotyp ic c o r r e la t io n s  were more 

appropriate than phenotypic c o r r e la t io n s  "because gen otyp ic ex p ression  

i s  what the p la n t breeder w ishes to  m easure," and phenotypic c o r r e la t io n s  

may be m is le a d in g .

Comparison o f  Row and Sm all P lo ts  fo r  E va lu ation  o f  
H arvest In dex , B io lo g ic a l  Y ie ld , and Grain Y ield

Improving one t r a i t , such as gra in  y i e l d , by s e le c t io n  fo r  o th e r , 

a lte r n a t iv e  t r a i t s  i s  r e fe r r e d  to  as in d ir e c t  s e le c t io n  ( 3 3 ) .  The r e ­

quirem ents o f  any in d ir e c t  s e le c t io n  c r i t e r io n  a r e : l )  th e  a b i l i t y  to  ' 

measure many p la n ts  in  a sh ort tim e; 2 )  th e  g e n e tic  v a r ia b i l i t y  th a t e x ­

i s t s  fo r  th e ch aracter  ( i . e . ,  i t s  h e r i t a b i l i t y ) ;  3 ) the r e la t io n s h ip  i t  

shows w ith  gra in  y ie ld ;  and 4 )  i t s  r e p e a ta b il i t y  ( 16, 33) -

P resent h ig h -y ie ld in g  c u lt iv a r s  o f  c e r e a l crops are la r g e ly  the r e ­

s u l t  o f  two ty p es o f  breed ing programs: d e fe c t  e lim in a tio n  and d ir e c t  s e ­

le c t io n  fo r  y ie ld  ( 9 ) .  D efect e lim in a tio n  has reduced or e lim in ated  th e  

s u s c e p t ib i l i t y  o f  a crop to  d is e a s e ,  in s e c t s , f r o s t ,  drought, h igh tem­

p era tu re , and lo d g in g . The r e s u l t  has. p r im arily  been y ie ld  m aintenance. 

In d ir e c t  s e le c t io n  fo r  y ie ld  p o te n t ia l  has g e n e r a lly  been lim ite d  to  th e



s e le c t io n  o f  y ie ld  components ( i . e . ,  number o f  heads per u n it' a rea , num­

ber o f  seed s per head, and seed  w e ig h t) . However, th e  m anipulation o f  

th e se  components has not been s u c c e s s fu l b ecau se, in  sm all g r a in s , an 

in crea se  in  one component i s  o fte n  fo llo w ed  by a d ecrease in  one or more 

o f  the o th e r s , a r e la t io n s h ip  known as component com pensation ( lO ) .

Many p la n t breeders r a r e ly  p r a c tic e  u n r e s tr ic te d  d ir e c t  s e le c t io n  

fo r  y ie ld  ( l ) „ R e s tr ic t io n s  are g e n e r a lly  p laced  on c e r ta in  agronomic 

t r a i t s ,  such as m aturity  and p la n t h e ig h t , before s e le c t io n s  fo r  y ie ld  

are made. This p rocess i s  c a l le d  r e s t r ic t e d  d ir e c t  s e le c t io n  (2 9 , 3 0 )„

In o a ts  ( 3 0 ) r e s t r ic t e d  d ir e c t  s e le c t io n  fo r  y ie ld  was found to  be on ly  

51% as e f f i c i e n t  fo r  im proving gra in  y ie ld  as u n r e s tr ic te d  d ir e c t  s e l e c ­

t io n  fo r  y ie ld .

Donald and Hamblin (10)  and Evans and Wardlaw .(12) proposed th a t s e ­

le c t io n  emphasis should be p laced  on v e g e ta t iv e  c h a r a c te r is t ic s ,  p a r t i ­

c u la r ly  as th ey  r e la t e  to  th e p h o to sy n th etic  c a p a c ity  o f  th e  crop canopy 

and the com p etitiv e  a b i l i t y  o f  th e  p la n ts .  N ic ip o ro v ic  ( 5 ) recogn ized  

th a t a g r ic u ltu r e  i s  a system  o f  e x p lo it in g  p h o to sy n th es is . He d efin ed  

the " c o e f f ic ie n t  o f  e f f e c t iv e n e s s  o f  form ation o f  the econom ic,part  o f  

the t o t a l  y ie ld "  as the fr a c t io n  o f  photosynthate th a t i s  c o r r e c t ly  d i s -  

t r ib u te d . a t  th e  r ig h t  tim e to  usefu l, .pa r ts  o f  the p la n t . I t  i s  d e te r -  \ 

mined as th e r a t io  o f  economic y ie ld  to  b io lo g ic a l  y ie ld  and_can be e x ­

p ressed  as a fa c to r  l e s s  than u n ity , or as a percentage ( l O ) . The econ­

omic y ie ld  o f  a. crop i s  th a t p o rtio n  which i s  harvested  by the farm er fo r

7
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l a t e r  s a le  ( e . g . ,  g ra in , f i l e r ,  o i l ,  or tu b er) and b io lo g ic a l  y ie ld  i s  

d efin ed  as the t o t a l  above-ground dry m atter accum ulation  o f  a p la n t  

s y s t em ( 5 ) .  Donald (8 )  proposed the term "harvest index" fo r  the r a t io  

o f  grain  y ie ld  to  b io lo g ic a l  y ie ld  in  c e r e a l crops . This term i s  id e n t i ­

c a l  in  meaning to  the c o e f f i c ie n t  o f  e f f e c t iv e n e s s ,  but w ithout i t s  phys­

io l o g ic a l  or t e le o lo g ic a l  overtones ( 1 0 ) .  Ha r v e s t  index i s  a d ir e c t  in ­

d ica to r  o f  the e f f ic ie n c y  w ith  which a -p la n t  popula t io n  p a r t it io n s  uho -  

to sy n th a te  in to  economic y ie ld  and any environm ental or g e n e tic  fa c to r  

which a f f e c t s  t h is  p a r t it io n in g ,  a lso  a f f e c t s  the magnitude o f  the h ar- ■ 

v e s t  index (1 0 ) ,

S ig n if ic a n t ,  p o s it iv e  c o r r e la t io n s  have been found to  e x i s t  between 

h arvest index and y ie ld  fo r  s e v e r a l c r o p s„ Values rep orted  in  the l i t e r ­

ature are: a phenotypic c o r r e la t io n  o f  0 .54 and a gen otyp ic c o r r e la t io n  

o f  0 .60  in  l e n t i l s  (3?)> a phenotypic c o r r e la t io n  o f  0 .5 0  ( 3 8 ) and geno­

ty p ic  c o r r e la t io n s  o f  0 .42  ( 2 9 ) and 0 .54  (48 ) in  o a t s 5 a phenotypic c o r ­

r e la t io n  o f  0 .66  in  sp r in g  b arley  ( 38)5 phenotypic c o r r e la t io n s  o f  O.56 . 

( l 6 ) ,  0 . 6 2 , and 0 ,75  ( 2 6 ) in  sp r in g  w heat; and a phenotypic c o r r e la t io n  

o f  0 .62 in  w in ter  wheat (3 8 ) .

Singh, and S tosk op f (3 8 ) found a h igh  degree o f  v a r ia b i l i t y  in  t h e . 

h a rvest in d e x e s . o f ■ w in ter  wheat, sp r in g  b a r le y , w in ter b a r le y , w in ter r y e , 

and o a t s . W inter wheat showed the g r e a te s t  v a r ia tio n  (range = 18$) and ' 

sp r in g  b a r ley  showed the h ig h est  mean (51%),. R o s ie l le  and Frey ( 2 9 ) found 

th a t  the mean h a rvest index o f  o a ts  in  Iowa had a range o f  28$ among
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1200 Fg l in e s  and a cro ss  s i x  environm ents„ H arvest index had a h igher  

standard u n it  h e r i t a h i l i t y  than y ie ld  in  o a ts  (60 versu s 53%), but var­

ia t io n  in  h e r i t a h i l i t y  e s t im a tes  was noted depending upon the method.used  

to  c a lc u la te  i t .

Takeda and Frey (4 9 ) su ggested  th a t  harvest, index in  o a ts  i s  near  

optimum in  the Midwest, but th a t y ie ld  in cr ea se s  cou ld  a ls o  be ach ieved  

by in c r e a s in g  b io lo g ic a l  y ie ld .  H arvest index and b io lo g ic a l  y ie ld  have 

a p o te n t ia l  fo r  m anipulation  th a t  i s  u n ava ilab le  when u sin g  th e heads 

per u n it  a rea , seed s per head, and w eight per seed  o f  a sm all g ra in . For 

in s ta n c e , in c r e a se s  in  the y ie ld s  o f  o a t s ,  sp rin g  b a r le y , and sp rin g  

wheat in  A u str a lia  have been accom plished by an in crea se  in  h arvest in ­

dex w ithout a s ig n i f ic a n t  change in  b io lo g ic a l  y ie ld  (10 ,  3 6 , 4 6 ) .  In 

e f f e c t ,  c e r e a l breeders have ap p lied  in d ir e c t  s e le c t io n  pressure fo r  

h a rvest index w ithout p u rp o siv e ly  doing s o , by s e le c t in g  d ir e c t ly  fo r  

y ie ld ,  sh o r ter  straw , and e a r l in e s s  ( lO ) .

S ev era l workers ( l 6 ,  26 , 4y)  have in v e s t ig a te d  the p r e d ic tiv e  value  

o f  h arvest index as an in d ir e c t  s e le c t io n  c r i t e r io n . F isch er  and K ertesz  

( l 6 )  showed th a t  sp aced -p lan t h arvest index was su p er io r  to  sp aced -p lan t 

y ie ld  as a p re d ic to r  o f  y ie ld in g  a b i l i t y  in  la rg e  p lo t s  o f  sp rin g  w heat. 

Syme (4y)  found th a t the h arvest index o f  p otted  p la n ts  in  a g lasshouse  

accounted fo r  71.7% o f  th e v a r ia b i l i t y  irt' th e  F i f th  In te r n a tio n a l Spring  

Wheat Y ie ld  Nursery y i e l d s , and recommended h arvest index as an in d irect, 

method o f  p r e d ic tin g  r e la t iv e  mean y ie ld s  o f  wheat gen o ty p es.
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E valu ation  o f  Q u ality  in  Winter Wheat 

Wheat q u a lity  i s  d efin ed  in  terms o f  the w heat’s s u i t a b i l i t y  fo r  a • 

given  product (1 5 ) .  Q u a lity  in  a s o f t  w hite wheat i s  d efin ed  in  terms 

o f  m il lin g  c h a r a c te r is t ic s  and s u i t a b i l i t y  in  the manufacture o f  ca k es , 

c o o k ie s , and c r a c k e r s . On the other hand, q u a lity  in  hard red wheats 

i s  d efin ed  in  terms o f  p ro p er tie s  th a t  determ ine u t i l i t y  fo r  hard wheat 

m illin g  and.bread p rod u ction . For bread-baking p urposes, a f lo u r  o f  

good q u a lity  should  have a h igh  water a b sorp tion , a medium to  medium- 

lon g  m ixing requirem ent, a sm all to  medium o x id a tio n  requirem ent, s a t -  ' 

is fa c to r y  m ixing to le r a n c e  and dough-handling p r o p e r t ie s , good lo a f - v o l ­

ume p o t e n t i a l i t i e s ,  and good in te r n a l crumb grain  and c o lo r  ( 1 5 ) .  The 

amount and q u a lity  o f  p r o te in , e s p e c ia l ly  g lu te n , i s  used as a measure 

o f .s t r e n g th  in  bread wheats ( 4 ) .

S u c c e ss fu l tech n iq u es fo r  the m il l in g  and baking o f  wheats and f lo u r s  

were developed  b efore the estab lish m en t o f  wheat and f lo u r  t e s t in g  la b ­

o r a to r ie s  . As p la n t breeders developed  new c u l t i v a r s t h e y  were te s te d

by the m il lin g  and baking in d u stry  a g a in s t  com m ercia lly-accep tab le s ta n -
: ■ . f  ■■

dards ( 4 l ) . Johnson and Swanson (21)  and Swanson (4 1 , 4 2 ) review ed the  

many m echanical d ev ic e s  developed in  f lo u r - t e s t in g - la b o r a t o r ie s . fo r  e v a l­

u a tin g  the p h y s ic a l p ro p er tie s  o f  dough in  com m ercially a ccep tab le  hard 

red  wheat c u l t i v a r s . Two o f  th e se  m achines, th e  Brabender Farinograph  

and th e Swanson, and Working R ecording Dough Mixer (m ixograph), grew .in  

importance a t  about the same tim e (3 4 , 45)«
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The fa r in o graph i s  a h ig h ly  stand ard ized  instrum ent and one o f  the  

most w id e ly  used p h y s ic a l dough t e s t in g  instrum ents in  th e world ( 15) .

I t  was design ed  to  measure the development tim e o f  th e  dough ( 4 l )  and 

to  provide in form ation  on f lo u r  ab sorp tion  and m ixing to ler a n c e  ( 15) .

Shuey (34)  su rveyed .the l i t e r a t u r e  on th e farinograph and found th a t  

farinogram  ab sorp tion  agreed w ith in  one p ercent o f  th a t  determ ined by a 

baker; peak tim e was c o r r e la te d  (r  = 0 . 88**) w ith  crude p ro te in  but not 

w ith  baking m ixing tim e (r  = 0 .2 7 ); farinogram  s t a b i l i t y  was found to  

g iv e  some in d ic a t io n  o f  th e  m ixing to le r a n c e  o f  a f lo u r ; and farinogram  

va lo r im eter  v a lu es  were c o r r e la te d  w ith  lo a f  volume (r  = 0 .5 ? * ), f lo u r  

p r o te in  (r  = 0 .6 ? * ) ,  and sed im en tation  va lue (r  = 0 .8 4 * * ),

The mixograph i s  a h igh -speed  record in g  dough m ixer (1 5 ) .  Swanson 

(42)  s ta te d  i t  was "designed to  measure and record a u to m a tica lly  the r a te ,  

o f  dough developm ent, the du ration  o f  r e s is ta n c e  a g a in s t  m echanical a c tio n , 

and the r a te  and ex te n t o f  in crea se  in  m o b ility  o f  dough as a r e s u lt  o f  

m echanical a c t i o n ," The main d if fe r e n c e  in  the a c t io n  o f  the fa r in o -  . 

graph and the mixo graph i s  th a t the mixo graph dough treatm ent i s  much 

more severe  ( 4 l ) . U n til r e c e n t ly  ( l 4 )  the mixo graph has not been a h igh ­

l y  standard ized  apparatus (1 5 ) .  Swanson and Johnson (44)  recogn ized  the  

need fo r  a b a s is  o f  d e sc r ip t io n  and in te r p r e ta t io n  o f  th e  mixogram, and 

developed  a system  u sin g  the angular t r a i t s  o f  the cu rve. S evera l var­

ia t io n s  on t h is  techn ique have been rep orted  (2 1 , 2 5 , 5 0 ); but d ista n ce  

to  peak and curve h e ig h t remain the most im portant mixogram c h a r a c te r is ­



12

t i c s  ( 2 1 ) .  Morris e t  a l .  ( 2 5 ) developed  a s in g le - f ig u r e  score fo r  a 

mixogram based on th e area under the cu rv e , but Z a lik  and O stafichuk  

( 5 0 ) found th a t  t h is  method obscured some o f  the r e le v a n t data on t h e ' 

q u a lity  o f  th e  doughs b ein g  s tu d ie d .

Johnson e t  a l..  (22 )  review ed the l i t e r a t u r e  on th e in te r p r e ta t io n  

o f  curve c h a r a c te r is t ic s  in  a mixogram. They rep orted  th a t  dough de­

velopment tim e in d ic a te d  the amount o f.m ix in g  req u ired  to  develop  a dough 

to  optimum c o n s is ta n c y . The curve h e ig h t  in creased  d ir e c t ly  w ith  in -  ' 

c r e a s in g  p r o te in  con ten t and in c r e a s in g  a b sorp tion . The w idth o f  the  

curve a t  th e  peak was thought to  in d ic a te  e l a s t i c i t y ,  but Swanson (43 )  

l a t e r  m odified  t h is  in te r p r e ta t io n  because he found th a t  a starch -w ater  

m ixture a ls o  gave a wide band.

Johnson and Swanson (21)  attem pted to  stan d ard ize  c e r ta in  tech n iq u es  

in  the m ixograph's op era tion  by stu d y in g  the e f f e c t s  o f  gr in d in g , tem­

p er in g , and ab sorp tion  upon the typ es o f  curves produced„ Shuey and 

G ille s  (3 5 ) ev a lu a ted  th e e f f e c t  o f  sp r in g  s e t t in g s  and d if f e r e n t  ab­

so rp tio n s  on th e mixogram c h a r a c te r is t ic s  o f  s e v e r a l d if f e r e n t  f lo u r s .  

They found th a t f lo u r s  rea c ted  d i f f e r e n t ly  to  d if f e r e n t  co n d itio n s  and 

recommended th e use o f  th e  two sp r in g  s e t t in g s  and ab sorp tion s fo r  each  

f lo u r  t e s t e d .  Finney and Shogren (14)  d escr ib ed  a h ig h ly  standard ized  

ten-gram  mixograph "for determ ining m ixing requirem ent, m ixing to le r a n c e , 

w ater a b so rp tio n , and fo r  p r e d ic t in g  o x id a tio n  requirem ent, dough-han­

d lin g  c h a r a c t e r is t ic s ,  and lo a f  volume," where f lo u r  p r o te in  con ten t i s
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known. Bruinsma e t  a l .  ( 7 ) in troduced  a rap id  method o f  determ ining  

•wheat q u a lity  hy u s in g  tempered {13.5% mb) s ie v e d  wheat meal in  a te n -  

gram mixograph. They obtained  a c o r r e la t io n  c o e f f i c ie n t  o f  0.92 between  

f lo u r  mix peak and meal mix peak, and found the a s s o c ia t io n  between ab­

so r p tio n  o f  f lo u r s  and meals to  be very  c lo s e  (r  = 0 . 9 9 ) .

S ev era l authors (2 2 , 2 4 , 34) have eva lu a ted  com parisons between 

baking r e s u l t s  and th e v a lu es  a s so c ia te d  w ith  the f a r in o gram and mixo- 

gram. Johnson e t  a l .  (22)  found a b e t te r  c o r r e la t io n  between p ro te in  

con ten t and l o a f  volume than w ith  any c h a r a c te r is t ic s  o f  the mixogram and 

l o a f  volum e. M ille r  e t  a l .  (24)  compared the r e la t iv e  co n tr ib u tio n s  o f  

farinogram , mixogram, and sed im en tation  c h a r a c te r is t ic s  to  baking d a ta . 

The on ly  c o r r e la t io n s  la r g e  enough to  have p r e d ic t iv e  va lue were between  

baking and mixogram m ixing t im e , f lo u r  p r o te in  and sed im en tation  v a lu e , 

and va lo r im eter  va lue and sed im en tation  v a lu e , Mixogram m ixing tim e was 

shown to  be su p er io r  to  farinogram  m ixing tim e in  p r e d ic t in g  baking mix­

in g  t im e , and th e mixogram weakening an g le  was a b e t te r  in d ic a to r  o f  the  

s e n s i t i v i t y  o f  a f lo u r  to  m ixing tim e than the farinogram  m ixing t o l e r ­

ance in d ex .



SECTION I i  THE APPLICATION OF SMALL 

PLOTS TO WINTER WHEAT RESEARCH



INTRODUCTION

The s iz e  o f  the f i e l d  p lo t s  used by a p lan t breeder d eterm in es, to  

a g rea t e x t e n t , th e  amount o f  m a ter ia ls  he i s  ab le  to  e v a lu a te . This 

i s  e s p e c ia l ly  tru e  o f  e a r ly  g en era tion  m a ter ia ls  which in clud e te n s  o f  

thousands o f  u n tested  gen otyp es. The h i l l  p lo t  and i t s  v a r ia t io n , the  

l in e a r  h i l l  p lo t  or m icroplot req u ire  l e s s  land and seed  and have been • 

su ggested  as a lt e r n a t iv e s  to  con ven tion a l row p lo t s  fo r  o b ta in in g  com­

parable agronomic in fo r m a t io n .■ The o b je c t iv e  o f  t h i s  in v e s t ig a t io n  was 

to  determ ine the s u i t a b i l i t y  o f  s m a ll- s iz e  p lo ts  as a lt e r n a t iv e s  to  con­

v e n tio n a l row p lo t s  in  w in ter  wheat re sea rch .



MATERIALS AND METHODS

E stab lishm ent o f  F ie ld  P lo ts

T his study was conducted a t  the F ie ld  Research Laboratory near 

Bozeman, Montana during th e 1977-78 growing season . Twenty-two hard red  

w in ter  wheat c u lt iv a r s  and one s o f t  w hite w in ter wheat c u lt iv a r  (Appen­

d ix  Table l )  were grown in  con ven tion a l row p lo t s  and th ree  typ es o f  

sm all p lo t  on an Amsterdam s i l t  loam, Typic G ryoborall s o i l .

S ix  f i e l d  n u rse r ie s  were e s ta b lis h e d , one each fo r  row p lo ts  and 

m in ip lo ts , and two each ( ir r ig a te d  and dryland) fo r  h i l l  and m icrop lots  

(Table l ) .  A l l  n u r s e r ie s , excep t th e m in ip lo ts , were seeded 1 .3  cm 

deep w ith  a cone seed er  equipped w ith  s ix  furrow openers spaced 30 cm 

a p a rt. P rior  to  se ed in g , th e  h i l l  p lo t  experim ental areas were marked 

in  30 cm squares w ith  a hand-drawn marker. The m in ip lo ts  were seeded  

0 .6  cm deep w ith  a cone seed er  equipped w ith  12 double d isk  openers 

spaced 15 cm a p a rt. The p la n tin g  d a tes  were 29 Sept ,  and 5 Oct. '1977 

fo r  the row p lo t s  and the o th er  f iv e  p lo t  n u r se r ie s , r e s p e c t iv e ly .

The row p lo t  nursery c o n s is te d  o f  fou r 3 m rows per p lo t  ,with 30

cm sp acin gs between rows seeded  a t  a r a te  o f  8 g per row. Two rows o f  .
- -  . ■ . 1 . '

border were p lan ted  on each s id e  o f  th e  n u rsery . Both h i l l  p lo t  nur- ■

s e r ie s  c o n s is te d  o f .o n e  h i l l  p e r .experim ental u n it and were p lan ted  w ith  

I g seed  per p lo t  (approxim ately  28 s e e d s ) .  H i l l  p lo t s  were spaced 30  

cm apart in  perpend icu lar d ir e c t io n s . Two r e p l ic a t io n s  a t  a tim e were, 

surrounded by two "rows" o f  border h i l l s ' ,  and each s id e  o f  th ese  n u rse f-



Table I .  D e sc r ip tio n  o f  th e  f i e l d  n u r se r ie s  used in  th e comparison o f  row and sm all 
p l o t s . *

N ursefyt

• T ota l 
r e p l ic a t e s  

used

S eed / 
30 cm 
o f  row

Seed
req u ired  

per en try
Rows/

p lo t
D istance  

between rows
Row

length .
Harvest 
■ s iz e #

Nursery 
s iz e  §

. g g cm. m ' ■ m2 - m2"

Row-D 6 0 .8 192 4 ■ .30 3 .0  • 199 . 497
H i l l - I 12 1 .0 12 . 1 30 0 .3  . ■ 25 25
H ill-D 12 1 .0  . 12 1 39 0 .3  ' '2 5 25
M icro-I 12 1 .0  , • 12 . 1 30. 0 .3 25 ’ 52
Micro-D 12 1.0 . 12 1 30 0 .3  " 25 52
Mini-D 6 0.-5 72 . . 6. 15 1 .2 . 75 149
t  The l e t t e r s  D and I  fo llo w in g  n u rser ie s  are a b b rev ia tio n s fo r  dryland and ir r ig a te d ,  

r e s p e c t iv e ly .
* H arvest s i z e s  in c lu d e 23 e n tr ie s  and a l l  r e p l ic a t e s  used in  p lo t  type con sid ered .
§ N ursery s iz e s  g iv en  do not in c lu d e a l l e y s  and b o rd ers. Nursery s i z e  fo r  the m icroplots  

in c lu d e the 10 cm spaces between p lo t s  w ith in  the row and the 36 cm borders capping  
each end o f  th e  row.
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i e s  were "bordered by two s o lid -p la n te d  row s. Each m icrop lot nursery  

c o n s is te d  o f  fou r m icrop lo ts  p lan ted  in  a row 2 .4  m lo n g . M icroplots 

w ith in  th e row were 30 cm lon g  w ith  a 10 cm space "between p lo t s .  A 36 

cm "border m icrop lot capped each end o f  th e  row. M icrop lots were p lan ted  

a t  a r a te  o f  I g seed  per 30 cm. Two rows o f  m icrop lo ts were p lan ted  

on each s id e  o f  the n u rse r ie s  a s  "border„ The m in ip lo ts  c o n s is te d  o f  

s ix  1 .2  m rows w ith  15 cm "between row s. Each row was p lan ted  a t  a r a te  

o f  2 g seed . Four-row "borders were p lan ted  on each s id e  o f  th ree para­

l l e l  runs o f  th e  p la n te r .

I r r ig a t io n  w ater was ap p lied  to  th e ir r ig a te d  h i l l  and ir r ig a te d  

m icrop lot n u r se r ie s  th ree  tim es during th e  growing season  (Table Z) 

v ia  a g r a v ity  f lo w , f lo o d -ty p e  system . S o i l  m oisture was brought to  

f i e l d  ca p a c ity  as determ ined by a s e r ie s  o f  e l e c t r i c a l  r e s is ta n c e  b lock s  

p laced  w ith in  th e experim ental a r e a . Weeds in  a l l  n u rse r ie s  were hand 

hoed .

Methods o f  Sampling

■ Days to  em ergence, c o lo r  and growth h a b it in  th e f a l l  and sp r in g , 

heading d a te , p la n t h e ig h t , number o f  heads/9 0 0  cm2 , number o f  seeds  

per head, 100-seed  w eigh t, and y ie ld  data  were taken on th e row p lo t s ,  

dryland h i l l ,  dryland m icro-, and m in ip lo ts . Only p la n t h e ig h t , number 

o f  heads/9 0 0  cm2 , number o f  seed s per head, 100-seed w eig h t, and y ie ld  

data were taken  on th e ir r ig a te d  h i l l  and ir r ig a te d  m icro p lo ts , s in c e  

th ey  were not con sid ered  to  be d if f e r e n t  from t h e ir  dryland cou n ter-



Table 2 , D ate, p la n t a v a ila b le  m oistu re, and amount o f  water ap p lied  
t o ■the ir r ig a te d  h i l l  and m ic r o p lo ts .

Date (1978)

P lant
a v a ila b le
m oisture

Water
added

% cm

19 June • 24 14.8

21 June ■ 5 9 8 .2
30 June 25 . 14.7
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p a rts  u n t i l  a f t e r  the f i r s t  ir r ig a t io n .  P ercent culms lodged  and p er­

cen t heads damaged by h a i l  were taken  on te n  e n tr ie s  o f  a l l  n u r s e r ie s .

Days to  emergence was determ ined as the number o f  days from p la n t­

in g  u n t i l  50% o f  th e p o s s ib le  c o le o p t i le s  in  a 30 cm le n g th  o f  row or 

in  a h i l l  p lo t  were emerged. S e e d lin g  c o lo r  was recorded  on a s c a le  o f  

one to  f i v e , w ith  a one equal to  the p a le s t  green and a f iv e  equal to  

the dark est green . S eed lin g  growth h ab it was estim ated  on a s c a le  o f  

one to  f i v e , w ith  a one a ssig n ed  to  the most e r e c t  s e e d lin g s  and a f iv e  

to  the most p r o s t r a te . Heading date was recorded as th e  number o f  days 

from January I u n t i l  50% o f  th e heads in  a p lo t  were f u l l y  out o f  the  

b o o t. P lan t h e ig h t was measured as the h e ig h t in  cm from th e s o i l  su r ­

fa ce  to  the t ip  o f  th e  main s p ik e , ex c lu d in g  awns. The number o f  heads
p

per 900 cm was ob tained  by cou n tin g  the number o f  head-producing t i l ­

l e r s  in  a 900 cm  ̂ a rea  in  a l l  p lo t  t y p e s . 100-seed  w eight was d e te r ­

mined by cou n tin g  100 seed s from a p lo t  and o b ta in in g  t h e ir  w eight in  

grams. The number o f  seed s per head was determ ined by d iv id in g  p lo t  

y ie ld  by th e product o f  th e  number o f  heads/9 0 0  cm  ̂ and 100-seed  w e ig h t . 

P rior  to  measuring y i e l d , the cen ter  two rows o f  the row p lo t s  were 

trimmed to  2 .4  m and the cen ter  four rows o f  the m in ip lo ts  were trimmed 

to  0 .9  m. Y ie ld  was determ ined from each h i l l  p lo t ,  each m icrop lo t, th e  

cen ter  two rows o f  each row p lo t ,  and from the cen ter  fou r rows o f  each  

m in ip lo t. On 16 J u ly  1978 a h a i l  and wind storm damaged the e x p e r i­

mental a r e a s . On 24 J u ly  1978, p ercen t culms lodged and percent heads
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damaged were measured to  provide an in d ic a t io n  o f  the nature and ex ­

te n t  o f  th e  damage. P ercent culms lodged  was estim ated  as the r a t io
2

o f  the number o f  lodged  culms in  a $00 cm area to  th e t o t a l  number o f  

culms in  th a t  a rea , tim es 100. P ercent heads damaged was estim ated  as  

the r a t io  o f  the number o f  heads showing a t  l e a s t  damage ( i . e  „, 

m issin g  s p ik e le t s  or s p ik e le t s  th a t  were o therw ise v i s ib l y  damaged by 

h a i l )  to  the t o t a l  number o f  heads in  a $00 cm a rea , tim es 100.

S t a t i s t i c a l  Methods '

S ix  r e p l ic a t io n s  o f  row p lo t s  and m in ip lo ts  and 12 r e p l ic a t io n s  

o f  h i l l  p lo t s  and m icrop lo ts were p lan ted  in  a randomized com plete 

block  d e s ig n . G u ltiv a rs  were a ssig n ed  to  experim ental u n its  by use o f  

a random number t a b le . An a n a ly s is  o f  variance fo r  a two-way c l a s s i ­

f ic a t io n  and an F - t e s t  were used to  determ ine i f  c u lt iv a r s  gave eq u i­

v a le n t  ex p ress io n s  fo r  each o f  th e  11 t r a i t s  s tu d ie d . C u ltiv a rs  were 

tr e a te d  as random e f f e c t s  in  the two-way model. A t e s t  fo r  homogeneous 

error  varian ces  between agronomic data  obtained  from th e  row p lo ts  and 

th a t  ob ta ined  from th e sm all p lo t s  was c a lc u la te d  (Appendix Table 2 ) .

A t - t e s t  was used to  compare the mean o f  a l l  c u lt iv a r s  in  each sm all 

p lo t  type w ith  th e mean o f  a l l  c u lt iv a r s  in  the row p lo t s  fo r  each o f  

th e  t r a i t s  s tu d ie d . The t - s t a t i s t i c  was w eighted fo r  non-homogeneous 

error  va r ia n ces  (4-0); when error va r ia n ces  were homogeneous t h e ir  v a lu es  

and r e s p e c t iv e  degrees o f  freedom were pooled  and S tu d e n t's  t - d i s t r i ­

bution  was fo llo w e d . Phenotypic c o r r e la t io n s  based on c u lt iv a r  means
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were computed fo r  each ch aracter  "between row p lo ts  and sm all p lo ts  and 

w ith in  p lo t  t y p e s . The p ercent o f  sm all p lo t  e n tr ie s  common to  the top  

10, 2 5 , and 50% o f  e n tr ie s  fo r  the row p lo t s  was c a lc u la te d  fo r  each  

t r a i t .  The number o f  r e p l ic a t io n s  used fo r  each t r a i t  in  each p lo t  

type i s  p resen ted  in  Table 3 .



Table 3• T ra it measured and r e p l ic a t e s  used in  th e a n a ly ses  o f  row and sm all p l o t s .

P lo t  T y p e t '
T ra it Rowr-D H i l l - I H ill-D M icro-I Micro-D Mini-D
Days to  emergence 3 * 0 12 O 12 6
F a l l  co lo r 3 0 ■ 3 O 3 3
Spring co lo r 3 o ■ 3 O 3 ■ 3
F a l l  growth h a b it 3 0 3 O 3 3
Spring growth h a b it 3 0 3 O 3 • 3
Heading date 6 0 12 O 12 6
P lant h e ig h t 6 12 12 12 12 6
Number o f  heads/900  cm^ 3 5 5 5 . 5 3 ■
Number o f  seed s/h ead 3 5 5 5 5 3
100-seed  w eight 3 5 5. 5 ■ 5 3 ■
Y ield 6 12 12 12 12' 6
P ercent culms lodged 4 4 4, 4 4 2
P ercent heads damaged 4 4 4 4 4 2

t  The l e t t e r s  D and I  fo llo w in g  p lo t  typ es  
r e s p e c t iv e ly .

a r e ■a b b rev ia tio n s fo r  dryland and ir r ig a te d ,

t  Numbers in  body o f  ta b le are the number 'o f r e p l ic a t e s used to  measure each t r a i t .



RESULTS AND DISCUSSION

E valu ation  o f  H ail and Wind Damage 

T h e .f ie ld  n u rse r ie s  used in  t h i s  in v e s t ig a t io n  were damaged .by 

wind and h a i l  on 16 Ju ly  1978, s ix  days a f t e r  the l a s t  c u lt iv a r  had 

headed. Ten o f  the 23 e n tr ie s  in  th ese  n u rser ie s  were s e le c te d  to  r e ­

p resen t - the range o f  p la n t ty p es and used to  eva lu a te  th e nature and 

■ ex te n t  o f  the damage. A comparison between row and sm all p lo ts  fo r  

h a i l -  and w ind-induced lo d g in g  and h a il-in d u ce d  head damage was made.

S ig n if ic a n t  d if fe r e n c e s  fo r  p ercen t culms lodged  e x is te d  among the  

c u lt iv a r s o f  th e  row, ir r ig a te d  h i l l ,  ir r ig a te d  m icro -, and dryland  

m ic r o p lo ts . S ig n if ic a n t  d if fe r e n c e s  among the c u lt iv a r s  o f  the dryland  

h i l l  p lo t s  and m in ip lo ts  were not d e te c te d  (Table 4 ) .  S ig n if ic a n t  

d if fe r e n c e s  among c u lt iv a r s  fo r  p ercen t heads damaged were d e tec ted  

for. a l l  p lo t  n u r se r ie s  excep t the m in ip lo ts  (Table 5 ) .

A t - t e s t  was used to  determ ine i f  th e  mean o f  the sm all p lo t  ex ­

perim ents d if fe r e d  from the mean o f  the row p lo ts  fo r  p ercent culms : 

lodged  and p ercent heads damaged (T ables 4 and 5 ) .  For p ercent culms 

lo d g ed , on ly  th e means fo r  th e dryland h i l l  and dryland m icrop lots were 

s ig n i f ic a n t ly  d if f e r e n t  from the mean o f  the row p lo t s .  Both sm all 

p lo t  n u rse r ie s  e x h ib ite d  low er o v e r a l l  means and t h e ir  c o r r e la t io n  co ­

e f f i c i e n t s  fo r  p ercen t culms lodged w ith  the row p lo t s  were n o n s ig n if i­

ca n t, in d ic a t in g  th ese  two n u rser ie s  su ffe r e d  r e l a t iv e l y  l i t t l e  from 

h a i l -  and w ind-induced lo d g in g . Because o f  the p e c u lia r  s p a t ia l  arrange 

ment o f  c u lt iv a r s  grown in  h i l l  and m icro p lo ts , the mass o f  Iod g- .



25

in g -s u sc e p t ib le  c u lt iv a r s ,  which occurred in  the row and m in ip lo ts ,  

may not have teen  grea t enough to  fo rce  o th er  lo d g in g -su sc e p t ih le  as 

w e ll as n o n -su scep tib le  c u lt iv a r s  to  lo d g e . Although c u lt iv a r s  grown 

in  the two ir r ig a te d  n u rser ie s  shared the s p a t ia l  arrangements o f  t h e ir  

dryland co u n terp a r ts , the fa c t  th a t  th ese  c u lt iv a r s  were ir r ig a te d  p re­

sumably in creased  t h e ir  r e la t iv e  s u s c e p t ib i l i t y  to  lo d g in g . This may 

have been e s p e c ia l ly  tru e in  the ir r ig a te d  m icroplots s in c e  the c u l t i -  

v a fs  grown in  th a t p lo t  type had a g rea ter  mean p la n t h e ig h t than the  

c u lt iv a r s  grown in  the row p lo ts  (Table ? ) .

A ll  sm all p lo t  means fo r  p ercen t heads damaged were not s t a t i s t i ­

c a l ly  d if f e r e n t  from the row p lo t  mean (Table 5 ) .  The c o r r e la t io n  co ­

e f f i c i e n t s  between the row p lo t  nursery and each sm all p lo t  nursery  

fo r  p ercen t heads damaged were p o s it iv e  and h ig h ly  s ig n i f ic a n t ,  in d ic a ­

t in g  th a t  th e c u lt iv a r s  grown in  th e sm all p lo ts  rea c ted  to  h a il-in d u ce d  

head damage .in  a manner s im ila r  to  row p lo t  c u lt iv a r s .

The amount o f  v a r ia b i l i t y  fo r  p ercen t lodged culms and percent heads 

damaged w ith in  each p lo t  type was h igh  ̂ The range o f  ex p ressio n  a cro ss  

p lo t  ty p es  fo r  p ercent culms lodged  was 2 0 .0  to  81,3% (Table 4 )  and fo r  

p ercent heads damaged, 7 .5  to  .17.0% (T a b le •5 ) . The number o f  c u lt iv a r s  

in  a l l  p lo t  typ es e x h ib it in g  a la r g e  e f f e c t  from h a i l  were sm all fo r  

both p ercent culms lodged  and p e r c e n t, heads damaged (Appendix Tables 3 

and 4 ) .  The range in  c o e f f i c ie n t s  o f  v a r ia t io n  (C .V .) a c r o s s .p lo t  typ es  

fo r  percent lodged  culms was 41 to  293% (Table 4 ) .  Because the o v e r a ll
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Table 4 .  Summary s t a t i s t i c s  fo r  p ercen t culms lodged  measured on ten  
c u lt iv a r s  grown in  the row and sm all p l o t s .

S t a t i s t i c
P lo t  Typet

Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D
MS (C)* 3496.0** 1824.0* 222.8 651.1* 355.8* 1425.0
MS (E)§ 3 5 .1 724.4 321.7 217.8 120.3  . 478.3
d f  (C) 9 9 9 9 9 9
d f  (E) 27 27 27 27 27 9
X..(#)TT 14 .4 2 1 .3 6.1* 8 .5 4 .3 * 2 2 .5 .
C. v .  ( % ) 4 1 .1 126.4 293.9 173.6 255.1 97.2
Range(%) 81 .3 52 .5 20 .0 42 .5 27 .5 80.0
r  # 0,72* 0 .4 5 0.73* 0 .30 .0.83*
* ,* *  S ig n if ic a n t  a t  the 0 .0 5  and 0 .0 1  l e v e l s , r e s p e c t iv e ly ,  
t  The l e t t e r s  D and-I  fo llo w in g  p lo t  ty p es are a b b rev ia tio n s  fo r  dry­

land and ir r ig a te d ,  r e s p e c t iv e ly .
t , §  MS (C) and MS (E) are c u lt iv a r  and error mean sq u a res, r e s p e c t iv e ­

l y .
cIT Numbers are o v e r a ll  p lo t  means and a s te r is k s  In d ica te  a s ig n i f ic a n t  

d if fe r e n c e  e x i s t s  between the mean o f  the row p lo t  and th e mean o f  
the sm all p lo t  under c o n s id e r a tio n .

#  C o rre la tio n  c o e f f i c i e n t  between row and sm all p lo ts  fo r  percent 
culms lod ged .
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Table 5 . Summary s t a t i s t i c s  fo r  percent heads damaged measured on ten  
c u lt iv a r s  grown in  the row and sm all p l o t s .

P lo t Type t
S t a t i s t i c Row-D H i l l - I H ill-D E ic r o -I Eicro-D E ini-D
ES (C)* ? 2 .4** 56.2* 9 0 . 8** .23 .9** 1 6 .5 * . 40 .0
ES (E)§ 8 .4 21 .9 1 9 .1  . 5 .3 5 .7 8 ,6
d f  (C) 9 ' '9 9 ■ 9 ■ 9 9
d f  (E) 27 27 27 . 27 27 27
X..(#)TT 7 .6 7 .7 7 .6 6 .3 6 .0 6 .6
C.V. (# ) 3 8 .1 61 .7 57.5 36.5 . 3 9 .8 4 4 .4
Range (%) 1 5 .8 . 1 3 .3 1 7 .0 8.2 7 .5 1 4 .5  •
r  # 0.89** 0 . 96** 0.93** 0 . 98** 0.88**

* ,* *  S ig n if ic a n t  a t  the 0 ,05  and 0 .01  l e v e l s , r e s p e c t iv e ly . 
t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es are a b b rev ia tio n s  fo r  dry­

land and ir r ig a t e d , r e s p e c t iv e ly .
t ,§  MS (C) and ES (E) are c u lt iv a r  and error  mean sq u a r e s , r e s p e c t iv e ­

l y .
cH Numbers are o v e r a l l  p lo t  means.
#  C o rre la tio n  c o e f f i c ie n t s  between row and sm all p lo t s  fo r  percent 

heads damaged.
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means fo r  each sm all p lo t  were e i th e r  not s ig n i f ic a n t ly  d if f e r e n t  or 

sm a ller  than the mean o f  the row p lo t  n u rsery , the la r g e r  G .V.' s  o f  

th e sm all p lo t s  can be a t tr ib u te d  to  la r g e r  standard e r r o r s . The G .V . 's  

fo r  p ercent heads damaged in  the two m icroplot n u r s e r ie s .and the m ini­

p lo t  nursery were s im ila r  to  th a t o f  the row p lo t  n u rsery . The G .V.' s  

in  th e two h i l l  p lo t  n u rse r ie s  were con sid era b ly  la r g e r  than th a t o f  

the row p lo t  nursery (Table 5 ) .  The o v e r a ll  means o f  th e  h i l l  p lo t  

n u rser ie s  fo r  t h i s  t r a i t  were not s ig n i f ic a n t ly  d if f e r e n t  from the row 

p lo t  mean, but the standard errors  o f  the former p lo t  typ es were about 

tw ice  as la r g e  as th a t  o f  the l a t t e r .

The r e s u lt s  o f  t h is  ev a lu a tio n  in d ica te d  a l l  but th e dryland h i l l  

and dryland m icroplot n u rser ie s  were a f fe c te d  by h a i l -  and wind-induced  

lo d g in g  and by h a il- in d u ce d  head damage in  a manner s im ila r  to  the row 

p lo t s .  The dryland h i l l  and m icro p lo ts , however, were not as se v e r e ly  

a f fe c te d  by h a i l -  and wind-induced lo d g in g  as the row p l o t s , a lth o u g h • 

h a il- in d u ce d  head damage was s im ila r  to  the row p lo t  nursery .

Comparison o f  Row and Sm all P lo ts  fo r  S e le c t io n  Purposes 

A n a ly sis  o f  Variance

E leven  c h a r a c te r is t ic s  o f  23 w in ter wheat c u lt iv a r s  were compared 

in  row and sm all p l o t s . S ig n if ic a n t  d if fe r e n c e s  among c u lt iv a r  means 

across  p lo t  typ es were d e tec ted  fo r  heading d a te , p la n t h e ig h t , 100- 

seed  w eigh t, and y ie ld  (Table 6 ) .  S ig n if ic a n t  d if fe r e n c e s  among the  

c u lt iv a r s  fo r  days to  emergence were d e te c te d  in  the row and m in ip lo ts;
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fo r  f a l l  c o lo r  in  the row, dryland m icro -, and m in ip lo ts ; fo r  f a l l

growth h a h it in  the dryland h i l l ,  dryland m icro-, and m in ip lo ts; fo r

sp r in g  growth h a b it in  the dryland m icro- and m in ip lo ts ; fo r  number o f
}•

heads/9 0 0  cm  ̂ in  th e row, dryland h i l l ,  ir r ig a te d  m icro -, dryland m icro-  

and m in ip lo ts ;  and fo r  the number o f  seed s per head in  the row, i r r i ­

gated  m icro-, and m in ip lo ts . Of the s ix  p lo t  typ es s tu d ie d , s ig n i f ­

ic a n t  c u lt iv a r  F- t e s t s  fo r  a l l  t r a i t s  were d e tec ted  o n ly  in  the a n a l­

y s i s  o f  the m in ip lo t nursery .

Because th e h yp o th esis  o f  equal c u lt iv a r  means in  th e an a ly ses  o f  

s e v e r a l t r a i t s  ( i . e . ,  sp r in g  c o lo r , f a l l  growth h a b it , and sp rin g  growth 

h ab it measured in  the row p lo t s ;  days to  emergence, f a l l  c o lo r , sp rin g  

growth h a b it , and number o f  seed s per head measured in  the dryland h i l l  

p lo ts .; number o f  heads/9 0 0  cm  ̂ and number o f  seeds per head measured in  

the ir r ig a te d  h i l l  p l o t s ; and days to  emergence and number o f  seeds per 

head measured in  the dryland m icro p lo ts) was not r e je c te d  by an F - t e s t  

(Table 6 ) ,  comparisons o f  in d iv id u a l c u lt iv a r  means between row and 

sm all p lo t s  were made w ith  ca u tio n  ( 1 8 ) .

Comparison o f  O vera ll Means

The o v e r a ll  means o f  the c u lt iv a r s  grown in  the sm all p lo ts  fo r  

f a l l  c o lo r , f a l l  growth h a b i t ,s p r in g  c o lo r , sp rin g  grow th .h a b it , head­

in g  d a te , 100-seed  w e ig h t, and number o f  seed s per head were not s i g ­

n i f ic a n t ly  d if f e r e n t  from the o v e r a ll  means fo r  th ese  . t r a i t s ; in  the row 

p lo t  nursery (Table 7 ) .



Table 6 . G u ltiv a r  (C.) and erro r  (E) means squares (MS) from th e a n a ly s is  o f  var­
ia n c e  f o r . 11 t r a i t s  measured in  row and sm all p l o t s .

P lo t  Typet
. Row-D H i l l - I H ill- -D

.T rait MS d f MS d f MS d f
Days to  emergence c 0 . 90** 22 — — — 3 .1 1 22

(E) 0 .30 HO — — — 2 , 0 5 . 242
F a l l  c o lo r (G) 0.52** 22 — — — — . 0 .22 22

(E) 0 .12 44 — — — . 0 .19 44
Spring c o lo r 0 .19 22 — — — ' 0 .32** 22

(E) 0 .2 3 22 — — — 0.15 44
F a l l  growth h a b it (C) O M 22 — — — — 0.72** 22

(E) . 0 .2 6 22 — — — 0.32 44
Spring growth 0 .8 6 22 — — — 0.31

44 (Gon- 
22 tin n ed )

h a b it
Heading date

(E) . 
(C)

0 .22
4 4 .80**

22
22

— 0.4 5
83.51**

(E) 0 .3 0 HO — — -— 1 .2 0 242
P lan t h eigh t (C) 8 6 9 .90** 22 1365.51** 22 965.46** 22

p (E) 1 1 .2 0 44 ■ 15 .22 242 1 6 .31 242
Heads/900 cm (c 2 6 6 . 70** 22 166 .35 22 163.74** ' 22

Seeds/head
(E) 99 .60 44 126 .02 88 ' 75 .24 88
(c.) 1 7 . 67* • 22 2 7 .19 22 4 7 .5 7 .22
(E)'. 9 .7 0 44 3 0 .7 7 88 4 5 .4 1 88

100-se e d  w eight O.25** 22 0.48** 22 0.39** 22
(E) 0 . 03 . 44 0 .0 6 88 0 .02 88

Y ield (G) 1 7 0 . 70** 22 5 1 3 . 71** 22 . 338.97** 22
(E) 1 8 .0 0 HO 9 2 .3 7 242 71.51 242

* ,* *  S ig n if ic a n t  a t  th e  0„05 and 0 .01  l e v e l s , r e s p e c t iv e ly ,  
t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es  are a b b rev ia tio n s fo r  dryland and 

ir r ig a te d ,  r e s p e c t iv e ly .



Table 6 . (C ontinued).

P lo t  Typet
Micro--I Micro--D ‘ Mini--D

MS d f MS d f MS d f
Days to  emergence (C) — — — 0 .5 9 22 1 .6 0 * 22

(E) — — 0 .5 0 242 0 .62 HO
F a l l  c o lo r (C) — — — 0.46** 22 . 0 .47** 22

(E) — — — 0 .0 8 • 44 0 .11 44
S p rin g  c o lo r (C) — — — 0.43** 22 0 .27** 22

(E) — . --- 0 .13 44 0 .07 44
F a l l  growth h a b it (C) '--- --- 0 ,80** 22 0 . 74** 22

(E) — — — 0.1 7 44 0 .2 6 44
S pring  growth (C) —— — 0.84* 22 1 .10** 22

h a b it (E) — — — 0.41 44 0 .27 44
Heading date (C) — — — 66.10** 22 3 8 .32** 22

(E) . — — — — 1 .5 1  ' 242 0 .36 HO
P la n t h e ig h t (C) 1591.16** 22 1140.02** 22 668.60** 22

(E ) 27.04- 242 2 6 .6 6 242 15 .54 HO
Heads/900 cm^ (C) .3 0 8 .7 4 * 22 194.44* 22 470;27* 22

Seeds/head
(E) 162.13 88 119.03 88 225.92 44
(C) 51 .69* 22 . 3 1 . 5 9 22 21.04** 22
(E) . 29 .02 88 2 0 .3 5 88 9 .1 1 44

1 0 0-seed  w eight 0.45** 22 0.53** 22 0.22** 22H 0.03 88 0.04 88 0.03 44
Y ield (C) 692.13** 22 410 .71** 22 1 9 5 . 79** 22

(E) ' • 172 .89 242 103 .69 242 3 8 .9 4 HO

■*,** S ig n if ic a n t  a t  th e  0 .0 5  and 0 .01  l e v e l s , r e s p e c t iv e ly ,  
t ■The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es are a b b rev ia tio n s fo r  dryland and

ir r ig a t e d , r e s p e c t iv e ly .
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A lthough p la n tin g  date in  the sm all p lo ts  was seven  days la t e r  than  

in  th e row p lo t  n u rsery , days to  emergence in  the dryland h i l l  and dry­

land m icrop lo ts were not s ig n i f ic a n t ly  d if f e r e n t  than  in .th e  row p lo t s .  

Growing c o n d it io n s , as exp ressed  by tem perature and p r e c ip ita t io n ,  d id  

not change to  a grea t e x te n t during the period  from p la n tin g  the row 

p lo ts  to  s e e d lin g  emergence in  the sm all p lo t s , .  The mean days to  emer­

gence in  the m in ip lo ts , however, was e a r l ie r  than in  th e row p lo ts  and 

t h is  was a t tr ib u te d  to  sh a llow er p la n tin g  depth in  th e m in ip lo ts .

Mean p la n t h e ig h t in  th e dryland m icro- and m in ip lo ts  were s im ila r  

in  magnitude to  p la n t h e ig h t in  th e row p lo t s .  G en era lly , p la n ts  were 

t a l l e r  in  th e ir r ig a te d  n u r se r ie s , a lthough  on ly  the dryland h i l l  and 

ir r ig a te d  m icrop lp ts exp ressed  s ig n i f ic a n c e . Throughout the growing 

se a so n .th e  c u lt iv a r s  grown in  the dryland h i l l  p lo t s  appeared l e s s  v ig ­

orous., in  terms o f  amount o f  t i l l e r i n g  and p lan t h e ig h t , than those  

grown in  th e  o th er n u r s e r ie s , This ob serv a tio n  was ev id e n t in  a te n ­

dency for. dryland h i l l  p lo t  c u lt iv a r s  to  be sh o r te r ,-o n  th e a verage , ■ 

than th ose  in  the row p lo t s .

The s i g n i f i c a n t l y . g rea ter  number o f  head-producing t i l l e r s  ex p ress ­

ed in  th e m in ip lo ts  was the r e s u l t  o f  sam pling both rows in  the 30 cm '. 

sp a c in g , thus doubling  the number o f  heads/900 cm^, The 10 cm spaces  

between th e e n tr ie s  in  th e m icrop lo ts ( p . .18) had no s ig n i f ic a n t  e f f e c t  

on the number o f  heads/900 cm  ̂ (Table 7 )•  This may be a ttr ib u ta b le  to  

an apparent la c k  o f  border e f f e c t .■ During the p la n tin g  op eration  some ■



T a b le  7 .  Mean o f  a l l  e n t r i e s  f o r  e a c h  p l o t  t y p e  an d  t e s t s  o f  s i g n i f i c a n c e  b e tw e e n  t h e
m eans o f  row  a n d  s m a l l  p l o t s  f o r  1 1  t r a i t s .

T ra it
P lo t Type+

Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D
Days to  emergence t 1 7 ,3 — 1 6 .4 — 1 6 .0 15.1**
F a l l  c o lo r  § 3 A  ■ ---- 3 .3 — 3 .4 3 .5
Spring c o lo r  § 3 .2 — 3 .5 — ' 3 .3 3 .5
F a l l  growth h a b it SI 2 .7 — 2 .9 — . 2 . 8 . 2 . 9
Spring growth h a b it SI 2 .8 — 3 .2 — 3 .4 3 .1
Heading d ate  # 1 7 1 .0 ■-- 1 7 1 .5 — 171 .2 171 .0
P lan t h e ig h t (cm) 1 1 0 .7 1 1 2 .8 1 0 5 . 5** 114 .8* 1 0 7 .6 108 .1
Heads/900, cmr 67 A  ■ 5 3 .8 4 2 .1 * * 81 .1 62 .2 96.2**
Seeds/head 1 3 .7 1 7 .5  ' 1 7 .8 ■ 20 .1* 1 8 .9 14.-8
100 -seed  w eigh t (g ) 3 .0 3 .2 3 .0 3 .1 3 .0 3 .1
Y ie ld  (q /h a ) 2 7 .O .3 5 .4 * * 3 0 .8 5 1 . 6** 43 .5** 46 .9**
* ,* *  S ig n i f i c a n t ly  d i f f e r e n t  from the row p lo t  mean a t  the 0 ,05  and 0 .01  l e v e l s , 

r e s p e c t iv e ly .  ^
t  The l e t t e r s  D and I .fo llo w in g  p lo t  ty p es are a b b rev ia tio n s fo r  dryland and ir r ig a ­

te d , r e s p e c t iv e ly .
* ,§ 1̂ »# Days from p la n tin g  u n til 50% o f  p o s s ib le  c o le o p t i le s  emerged, s c a le  1 -5  (5  = 

d ark est g r e e n ) , .sc a le  1 -5  ( 5 , = most p r o s tr a te ) ,  and days from January I ,  r e sp e c ­
t i v e l y  .

V)V)
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seed  landed In th ese  10 cm spaces and the p la n ts  were allow ed  to  grow 

u n t i l  heads/ 900 cm2 was measured, a t  which tim e th ey  were cut a t  har­

v e s t  l e v e l  and not in clud ed  in  th e co u n t.

Another in d ic a t io n  o f  the reduced v ig o r  o f  the c u lt iv a r s  grown; in  

the dryland h i l l  p lo t s  was e x h ib ite d  by th e s ig n i f ic a n t ly  low er mean 

number o f  heads/9 0 0  cm2 than occurred in  the row p l o t s . The'reduced  

v ig o r  o f  the c u lt iv a r s  grown in  th e dryland h i l l  p lo t s  was a scr ib ed  to  

th e  in tr a -p lo t  com p etition  fo r  n u tr ie n ts  and l e s s  growing space a v a i l ­

ab le  per p la n t as noted by oth er workers (20 ,  32,  39)„ C onversely , 

in tr a -p lo t  com p etition  may not have been a s .s e v e r e  in  th e ir r ig a te d  

h i l l  p lo t s  due to  an assumed la c k  o f  w ater s t r e s s .

G enera lly , c u lt iv a r s  grown in  th e sm all p lo ts  y ie ld e d  more gra in  

per u n it  area o f  land than c u lt iv a r s  grown in  the row p lo t s  as shown b y . 

t h e ir  s ig n i f ic a n t ly  g rea ter  means (Table 7 ) .  This tendency was not ex ­

p ressed  by the c u lt iv a r s  grown in  the dryland h i l l  p l o t s , which had a 

mean y ie ld  s im ila r  to  the row p l o t s „

C o rre la tio n  Between Row and Sm all P lo ts  1

Phenotypic c o r r e la t io n s  between th e  t r a i t s  measured in  the row p lo t s  

and th o se  same t r a i t s  -.,measured in  th e sm all p lo ts  were c a lc u la te d  (Table 

8 ) .  C o rre la tio n  c o e f f i c ie n t s  between th e sm all and row p lo ts , fo r  days ■ 

to  em ergence, number o f  heads/9 0 0  cur ,  and number o f  seed s per head 

were not s ig n i f ic a n t ly  d if f e r e n t  from z e r o , in d ic a t in g  th a t none o f  the  

sm all p lo t  ty p es s tu d ied  wo.uld be s a t is f a c t o r y  fo r  e v a lu a tin g  th ese
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c h a r a c t e r is t ic s .  C o rre la tio n  c o e f f i c ie n t s  between sm all and row p lo ts  

fo r  heading d a te , p la n t h e ig h t , and 100-seed  w eight were p o s it iv e  and 

h ig h ly  s i g n i f i c a n t , ' su g g estin g .a n y  o f  th e  p lo t  typ es considered  would 

be expected  to  g iv e  s a t is f a c t o r y  r e s u l t s  in  e v a lu a tin g  w in ter  wheat ' 

c u lt iv a r s  fo r  th e se  c h a r a c t e r i s t ic s . Only the dryland, m icrop lots ex ­

h ib ite d  a s ig n i f ic a n t  a s s o c ia t io n  w ith  th e  row p lo t s  fo r  f a l l  growth 

h a b it and o n ly  the m in ip lo ts  e x h ib ite d  a s ig n i f ic a n t  c o r r e la t io n  w ith  ■ 

th e row p lo t s  fo r  sp r in g  growth h a b it ; a lthough s ig n i f ic a n t ,  th ese  co r ­

r e la t io n s  may be m eaningless s in c e  s ig n i f ic a n t  d if fe r e n c e s  among c u l t i ­

vars in  th e row p lo t s  fo r  th ese  t r a i t s  were not d e te c te d  (Table 6 ) .

C o rre la tio n s  fo r  y ie ld  in  the ir r ig a te d  h i l l  p lo t s  and dryland  

m icrop lo ts  were s ig n i f ic a n t  but low . Y ield  o f  m in ip lo t c u lt iv a r s  show­

ed a h ig h ly  s ig n i f ic a n t  c o r r e la t io n  w ith  y ie ld  in  row p lo t s ,  su g g estin g  

th a t  m in ip lo ts  cou ld  be used as an a lte r n a t iv e  to  row p lo t s  fo r  measur­

in g  y ie ld .  ■ However, m in ip lo ts  were not considered  to  be a su ita b le  a l ­

te r n a t iv e  to  row p lo t s  because o f  the d i f f i c u l t y  in  p la n tin g  and the  

g rea ter  land and seed  requirem ents r e la t iv e  to  the o th er  sm all p lo t  

ty p es (Table l ) . .

Common E n tr ie s  1 ■

S ev era l in v e s t ig a to r s  (12 ,  21 ,  23 ) have used the number o f  e n tr ie s  

in  h i l l  p lo t s  common to  the top  10, 20 , and 50% o f  th e e n tr ie s  in  row 

p lo t s  as a c r i t e r io n  o f  com parison. . For comparison o f  row and sm all 

p lo t s  in  t h i s  in v e s t ig a t io n ,  I  arranged th e means o f  th e  11 t r a i t s



Table 8 . Phenotypic c o r r e la t io n s  between row and sm all p lo ts  fo r  11 
t r a i t s ,

P lo t  Type t
T ra it H i l l - I H ill-D M icro-I Micro-D Mini-D
Days to  emergence —: 0 .2 0 — 0.09 0 .10
F a l l  co lo r 0 . 61** — 0.72** 0.75**
Spring co lo r — - 0 .0 4 — - 0 .3 5 - 0.23
F a l l  growth h ab it — 0.38 — 0.52* 0.28
Spring growth h ab it — 0.40 — 0 .30 0.46*
Heading date — —  . 0 . 97** — — 0.96** 0 .96**
P lan t h e ig h t 0.95** 0 .97** 0.94** 0 . 96** 0 . 96**
Heads/900 cm^ 0.10 0.23 0 .06 0.34 0.28
Seeds/head 0.23 - 0 .1 6 -0 .1 4 0 .11 0.29
100-seed  w eight 0.83** 0.84** 0 . 81** 0 . 73** 0.81**
Y ield 0.44* 0 .30 0.36 0 .41* 0.62**
* ,* *  S ig n if ic a n t  a t  the 0 .05 and 0.01 l e v e l s , r e s p e c t iv e ly ,  
t  The l e t t e r s  D and I fo llo w in g  p lo t  typ es are a b b rev ia tio n s fo r

dryland and . ir r ig a te d , r e s p e c t iv e ly .



from high to  low so th a t e n tr ie s  common in  both row and sm all p lo ts  

cou ld  be compared a t  th ree  s e le c t io n  in t e n s i t i e s  (Appendix Tables 5 to  

15) .  The p ercent o f  e n tr ie s  in  sm all p lo t s  in  common w ith  row p lo t s  a t  

each s e le c t io n  in t e n s i t y  are p resen ted  in  Table 9 .

S e le c t io n  on th e b a s is  o f  e n tr ie s  in  th e top  1C% o f  sm all p lo ts  

common to  th e row p lo t s  c o r r e c t ly  id e n t i f ie d  th ose  c u lt iv a r s  ex p ress in g  

th e h ig h e s t  v a lu es  fo r  f a l l  c o lo r  in  the dryland h i l l  p l o t s , sp rin g  

growth h a b it in  th e dryland m ic r o p lo ts , heading date in  th e m in ip lo ts , 

and p la n t h e ig h t in  a l l  sm all p l o t s . Although on ly  two' e n tr ie s  in  the  

■10% ca tegory  were p o s s ib le  fo r  s e le c t io n  purposes, none o f  the sm all 

p lo t s  had c u lt iv a r  means ranked in  th e same order as the row p lo t s  fo r  

a l l  11 t r a i t s  and s ig n i f ic a n t  r e v e r s a ls  were d e tec ted  in  even the most 

h ig h ly  c o r r e la te d  t r a i t s  ( i . e . ,  f a l l  c o lo r ,  heading d a te , and 100-seed  

w eight)., in d ic a t in g  th a t  t h i s  s e le c t io n  in t e n s it y  was not too  se v e r e . 

S e le c t io n  o f  th e  top  25% o f  e n tr ie s  common.to the row p lo t s  reduced the

number o f  c o r r e c t  c l a s s i f i c a t io n s  to  heading date in  a l l  sm all p lo ts  and
• ' . ■

100-seed  w eight in  th e ir r ig a te d  h i l l  p l o t s . .S e le c t io n  o f  the top  0̂% 

o f  c u lt iv a r s  common to  the row p lo t s  reduced p e r fe c t  c l a s s i f i c a t io n  to . . '  

heading date and p la n t h e ig h t in  th e dryland h i l l  p l o t s .

. . This c r i t e r io n  o f  comparison provided an indication" o f  the s u i t a - '

b i l i t y  o f  sm all p lo t s  fo r  s e le c t io n  purposes s im ila r  to  th a t  obtained
I;. ■ ’ -

by the use o f  phenotypic c o r r e la t io n s .  Because the amount o f  land and

seed  used in  th e se  sm all p lo t s  was from on e-ten th  to  one-third'' o f  th a t
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T a b le  9 .  P e r c e n t  o f  s m a l l ,  p l o t . e n t r i e s  common t o  t h e  t o p  1 0 ,  2 5 ,  a n d  50% e n t r i e s  grow n
i n  t h e  ro w  p l o t s  f o r  11 t r a i t s .

______________ __________ ;_____ P lo t  T ypet._____________________________
H i l l - I  H ill-D  M icro-I Micro-D Mini-D

T ra it 10 25 50* 10 25 50 10 25 50 10 25 50 10 25 50
Days to  emergence 0 0 50 50 33 58 0 17 . 50
F a l l  c o lo r 100 83 67 50 67 75 50 67 75
Spring c o lo r 0 ■ 33 50 0 0 42 0 17 42
F a l l  growth h a b it ■ 0 17 58 0 50 58 5 0 . 50 33
Spring growth habit 50 50 67 100 33 67 50 67 50
Heading date 50 83 100 50 83 92 100 83 92
P lan t h eigh t 100 100 92 100 100 100 100 100 92 100 100 92 100 100 83
H eads/900 cirr 0 I? 58 0 17 67 0 33 42 50 50 50 0 33 58
Seeds/head 0 50 67 0 17 58 0 33 50 0 . 50 58 0 50 58
100-seed  w eight 50 100 83 50 67 83 50 67 75 50 83 83 50 50 83
Y ield 50 50 67 50 50 67 50 67 67 50 67 75 50 83 ' 75
t  The l e t t e r s  D and I  fo llo w in g  p lo t  typ es are a b b rev ia tio n s  fo r  dryland and ir r ig a te d ,  

r e s p e c t iv e ly .
* S e le c t io n  in t e n s i t i e s  used in  the comparison o f  row and sm all p lo t s .
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used in  the row p l o t s , a p la n t breeder would be ab le  to  save a la r g er  

p rop ortion  o f  the e n tr ie s  in  th e f i e l d  and eva lu a te  more genotypes than  

when u sin g  row p l o t s , th ereb y  in c r e a s in g  the accuracy w ith  which s e l e c -  ' 

t io n s  were made. Depending on the s e le c t io n  in t e n s it y  a p p lied , the use 

o f  common e n tr ie s  in d ica te d  th a t the sm all p lo t  typ es s tu d ied  could be 

adopted fo r  s e le c t io n  o f  c u lt iv a r s  w ith  th e h ig h est v a lu es  fo r  heading  

d a te , p la n t h e ig h t , and 100-seed  w eigh t. Only th e dryland m icro- And 

m in ip lo ts  gave s im ila r  r e s u lt s  when s e le c t in g  fo r  y i e l d , e s p e c ia l ly  a t  

th e low er s e le c t io n  i n t e n s i t i e s .

R e la t iv e  V a ria tio n  W ithin P lo t -S iz e  Experiments

Other workers ( l ? )  have complained o f  the g rea ter  range in  ex p ress io n  

o f  a g iven  t r a i t  measured on c u lt iv a r s  grown in  h i l l  p l o t s . However, 

s in c e  th e number o f  r e p l ic a t io n s  used in  the a n a ly s is  o f  an agronomic 

ch aracter  in  h i l l  p lo t s  i s  u su a lly  g rea ter  than when row p lo ts  are used , 

an in cr ea se  in  th e  range i s  exp ected  ( 4 0 ) .  In t h i s  in v e s t ig a t io n  th e ' 

range in  performance fo r  the 11 t r a i t s  o f  the c u lt iv a r s  grown in  row 

and sm all p lo t s  were s im ila r  (Table 10) .  The magnitude o f  the c o e f f i c ­

ie n t s  o f  v a r ia t io n  (C.V .)  in  sm all p lo ts  r e la t iv e  to  row p lo ts  were sim ­

i l a r  fo r  days to  em ergence, f a l l  c o lo r ,  f a l l  growth h a b it , sp rin g  c o lo r ,  

sp r in g  growth h a b it , heading d a te , p la n t h e ig h t, the number o f  heads per  

900 cm^, and 100 -seed 'w eigh t (Table 10) ,  Both h i l l  and both m icroplot 

n u rse r ie s  e x h ib ite d  somewhat h igher G .V . ' s  fo r  the number o f  seed s per 

head than d id  th e row p l o t s .. Because the p lo t  means fo r  t h is  t r a i t  were
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Table 10 . C o e f f ic ie n t s  o f  v a r ia t io n  (C. V . ) ,  standard errors ( s ) , 
o v e r a ll  means ( X ) , and range o f  performance (R) fo r  11 t r a i t s  mea­
sured in  row and sm all p l o t s .

P lo t  Typet
T ra it Row-D ■ H i l l - I H i l l - •D M icro-I Micro-D Mini-D
Days to  emergence*

c . v .  (# ) 3 . 2 — 8 .7 — 4 . 4 5 . 2
S 0 .6 1 . 4 — 0 .7 0 .8
X 17.3 — 1 6 .4 1 6 .0 1 5 .1
R

F a ll  c o lo r  §
1 .7 2 .2 — 0 .8 1 .7

c . v .  (# ) 1 0 .2 — 1 3 .1 —  — 8 .2 9 .6
S 0 .4 — 0 .4 — 0 .3 0 .3
X 3 .4 — 3 .3 — 3 .4 3 .5
R 1 .3 —  — 0 .8 — 1 .1 1 .0

Spring c o lo r  § ■
C.V. (%) 1 5 .1 — — 1 1 .0 — 10 .3 7 . 7

S 0.5 — 0 .4 -- , 0.4 0 .3
X 3 .2 — 3 . 5 — — 3 . 5 3 . 3
R 1 .0 — — 1 .0 — 1 .0 1 .0

F a l l  growth HabittU
O.V. (# ) 1 8 .7 — — 19.2 — — 1 4 .6 1 7 .8

S 0 .5 — 0 .6 — 0.4 0 .5
X 2 . 7 — 2 . 9 — — 2 .8 2 . 9
R 1 .3

Spring growth HabittH
. 1 .8 1 .7 , 1 . 7

C.V. (* ) 1 6 .7 — — 2 0 .8 — 1 9 .0 1 6 .7
S 0 .5 — 0.7 — 0 .6 0 .5
X . 2 .8 — — 3 . 2 — 3 . 4 3 . 1
R

Heading date #
2 .0 1 .0 — — 2 .2 2 .0

C.V. (# ) 0 .3 — . 0 .6 — 0 .7 0 .4
S 0 .5 ■-- 1 .1 — 1 .2 0 .6
X 171 .0 — 1 7 1 .5 — 171 .2 1 7 1 ,0
R

P lant h e ig h t (cm)
9 . 5  ■ 9 . 6 9 .1 8 .8

C.V. ( # ) 3 . 0 3 . 5 3 . 8 4 . 5 4 . 8 3 . 7
S 3 . 3 3 .9 4 . 0 , 5 . 2 5 .2 3 . 9
X 1 1 0 .7 112 .8 105 .5 114 .8 1 0 7 .6 108 .1
R 5 1 .2 4 3 .8 4 0 . 0 , 4 6 .8 4 3 .1 4 5 . 5

(C ontinued)
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Table 10 . (C ontinued).

P lo t  Typet
T ra it Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D
Heads/900 cm^

C.V. (# ) 14 „9 20.9 20 .6 1 5 .7 1 7 .5 1 5 .6
S 1 0 .0 1 1 .2 8 .7 12 .7 10 .9 .15.0
X 67.4 53 .8 4 2 .1 81 .1 62.2 96.2
R . 32 .6 23.2 2 1 .8 28.8 2 4 .6 58.0

Seeds/head
c .v ,  0&) 2 2 .6 3 1 .6 . 37 .8 26.8 23.9 20 .4

S 3 . 1 5 .5 6 .7 5 .4 4 . 5 3 . 0
X 1 3 .7 17 .5 1 7 .8 20 .1 18 .9 . 1 4 .8

. R 9 .8 8 .4 1 4 .8 13 .0 8 .4 10 .5
100-seed  w eight

C.V. (# ) (s )- ‘ 6 .1 7 .5 4 . 9 5 .5 6.4 5 .4
S 0 .2 0 .2 0 .1 0 .2 0 .2 0 .2
X 3 . 0 3 .2 3 . 0 3 .1 3 . 0 3 .1
R 1 .3 1 . 4 1 . 4 1 .4 1 . 7 1 .3

Y ield  (q /h a )
C .v. c&) 1 5 .7 27.2 27 .4 25.5 23.4 13 .3

S ' 4 . 2 9 .6 8 .5 13 .1 10 .2 6 .2
X 27 .0  . 35 .4 30 .8 5 1 .6 4 3 .5 46 .9

■ R . 1 9 .8 25 ,7 19 .3 29.1 23 .0 23.7
t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es  are a b b rev ia tio n s fo r  dry­

land and ir r ig a te d ,  r e s p e c t iv e ly .  .
* r § i #  Days from p la n tin g  t i l l  Ôfo o f  p o s s ib le  c o l e o p t i l e s . emerged, 

s c a le  1 -5  (5  = dark est g r e e n ) , s c a le  1 -5  (5  = most p r o s tr a te ) ,  and 
days from January I ,  r e s p e c t iv e ly .
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not s ig n i f ic a n t ly  d if f e r e n t  from th a t in  the row p lo t s  (Table ? ) , the  

la r g e r  'C1W s  were a t tr ib u te d  to  g rea ter  standard erro rs  in  the h i l l  

and m icro p lo ts . The C .V . ' s  fo r  y ie ld  in  a l l  sm all p lo t  typ es were l a r ­

ger than th a t o f  th e  row p l o t s , e s p e c ia l ly  in  the h i l l  and m icro p lo ts . . 

A sso c ia t io n s  Between T ra its  W ithin P lo t  Types

C o rre la tio n  c o e f f i c ie n t s  between a l l  p o ss ib le  com binations o f  the  

11 t r a i t s  measured w ith in  each p lo t  type were computed to  determ ine i f  

the ty p es o f  r e la t io n s h ip s  e x is t in g  between the agronomic ch aracters  

in  th e row p lo t s  a ls o  occurred in  the sm all p lo ts  (Table l l ) .  Only 

th ose  a s s o c ia t io n s  ex p ress in g  s ig n if ic a n c e  in  a t  l e a s t  one p lo t  type are  

g iv e n . The tran sform ation  from r  to  a q u a n tity  z ,  as g iven  by Snedecor ■ 

and Cochran ( 4 0 ) , was used to  " te s t  the h yp oth esis  th a t  two sample v a l­

ues o f  r  were drawn a t  random from the same p op u la tion ."

C o rre la tio n  " c o e ff ic ie n ts  c a lc u la te d  w ith in  th e row p lo t s  showed 

th a t  sp r in g  c o lo r  and f a l l  c o lo r  were n e g a t iv e ly  a s s o c ia te d , and f a l l  

c o lo r  and sp r in g  growth h a b it , f a l l  c o lo r  and heading d a te , f a l l  c o lo r  

and p la n t h e ig h t , f a l l . growth h a b it and p la n t h e ig h t , sp r in g  growth ha­

b i t  and heading d a te , number o f  seed s per head and 100-seed  w eigh t, and 

number o f  seed s, per head and y ie ld  were a l l  p o s i t iv e ly  c o r r e la te d . There 

were a ls o  low, but s ig n i f ic a n t  n eg a tiv e  a s so c ia t io n s  between the number 

o f  heads/9 0 0  cm  ̂ and both heading date and number o f  seed s per head.

In th e sm all p lo t s  the c o r r e la t io n  c o e f f i c ie n t s  between heading . 

date and sp r in g  h a b it in  the dryland h i l l  and m in ip lo ts , f a l l  co lo r  and
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p la n t h e ig h t in  th e m in ip lo ts , number o f  heads/9 6 0  cm  ̂ and number o f  

seed s per head in  the m in ip lo ts , and number o f  seed s per head and y ie ld '  

in  th e dryland m icro- and m in ip lo ts  were a l l  p o s i t iv e ly  r e la te d . A 

t e s t  o f  th e  h yp o th esis  o f  equal c o r r e la t io n s  was not r e je c te d . Nega­

t iv e  r e la t io n s h ip s  in  the row p lo ts  fo r  sp r in g  co lo r  and f a l l  c o lo r ,  

and fo r  heads/9 0 0  cm  ̂ and seed s per head were p o s it iv e  in  th e dryland  

h i l l ,  dryland m icro -, and m in ip lo ts  fo r  th e  form er, and p o s it iv e  in  the  

dryland h i l l  and dryland m icrop lots fo r  the l a t t e r  a s s o c ia t io n .  The 

r e la t io n s h ip  o f  number o f  seed s per head and 100-seed  w eight was p o s i­

t iv e  in  the row p lo t s  but n eg a tiv e  in  the ir r ig a te d  m ic r o p lo ts .

Each o f  the sm all p lo t s  e x h ib ite d  s ig n i f ic a n t  c o r r e la t io n s  among 

th e 11 agronomic t r a i t s  th a t  were not d e te c te d  in  the row p l o t s . These 

a s s o c ia t io n s  were a ttr ib u te d  to  th e  in t e r -  and in tr a -c u l t iv a r  com peti­

t iv e  r e la t io n s h ip s  in  sm all p lo ts  noted by other workers (2 0 , 3 2 , 4 9 ) .  

Although h i l l ,  m icro-, and row p lo t s  were a l l  spaced 30 cm ap a rt, the  

proxim ity  o f  one c u lt iv a r  to  another in  the sm all p lo t s  was much g r e a t­

er  than e x is te d  in  the row p l o t s . In th e h i l l  and m in ip lo ts , se v e r a l  

p la n ts  were grown in  a very con cen trated  a rea , in c r e a s in g  com p etition  

fo r  su n lig h t  and n u tr ie n t s .



Table 11 . C o rre la tio n s  between t r a i t s  w ith in  p lo t  ty p e s .

P lo t  Typet
A sso c ia t io n Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D
Days to  emergence 
• vs-, f a l l  c o lo r  ■ -0..07 • _ _ - 0 . 0 6 0 .39 0.53**

v s . f a l l  growth h ab it 0 .02 — - 0 . 2 ? — — - 0 .51* -0 .6 4 * *
v s .  heads/ 900 cm^ - 0 .0 3  ■ — -0 .2 9 — -0 .4 5 * -0 .1 0  "
v s . y ie ld 0 .00 . --- - 0 . 4 0 — -O.54** -0 .3 4

F a l l  c o lo r
v s .  sp r in g  c o lo r - 0 . 52** — 0 . 63** — 0.76** 0.63**
v s .  f a l l  growth h ab it 0 .30 — -0 .1 4 — — -0 .1 7  ■ - 0 .50*

■ v s . sp r in g  growth h ab it .0.66** — 0 .28 — — 0 .2$ 0 .34
v s . h ea d in g ■date ■ 0 . 50* — 0 .34 — — 0 .24 0.40  •
vs., p la n t h e ig h t 0 . 62**. — — 0.03 — 0 .2 8 0 .49*
v s .  y ie ld - 0 . 2 0  . —  — - 0 . 3 7 — -0 .4 7 * - 0 .57**

Spring c o lo r
v s . sp r in g  growth h ab it ■ -0 .1 ? _ _ 0 .28 _ _ 0.24 0 .47*
vs', heading date -0 .2 1 . 0 .48* —— 0.20 0 . 59**

F a l l .growth h a b it  
■ v s .  p la n t h eigh t 0.-44* ' • „ 0 .03 0 .19 - 0 .07
Spring growth h ab it  

Vs.. heading date 0.60** 0.50* _ _ ■ 0.24 0.49
Heading date

v s . p la n t h e ig h t 0 .40 0.46* . 0 .42* 0.28
v s . heads/9 0 0  cm2 . -0 .4 3 * — -0 .3 5 — - 0 .15 - 0 .09

. v s . y ie ld -0 .2 1 — - 0 .47* ■------ -0 .43* -0 .3 4
P lan t h e ig h t ' _

v s .  heads/9 0 0  cm- 0.02 0.02 0.07 0.41 0.44* 0 .19
v s . seed s/h ead -0.04- 0.02 - 0 .13  ■ -0 .1 1 -0 .2 1 . -O.45*

(C o n t in u e d )



Table 1 1 . (C ontinued).

P lo t Typet
A sso c ia t io n Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D
H eads/900 cm2- 

v s . seed s/h ead - 0 A 5* 0.43* 0.42* - 0 .02 0 .50* - 0 . 6?**
v s .  100-se e d  w eight - 0 .12 - 0 .1 ? - 0 .02 0.33 0 .2 1  ' -0 .4 3 *

■ v s .  y ie ld 0 .2? 0.69** 0 . 69** 0.50* 0.71** - 0 .21
Seeds/head

v s .  100-seed  w eight 0.75** 0.02 -0 .2 4 - 0 .45* - 0 .1 5 0.04
v s .  y ie ld . 0 .62** 0.36 0.13 0.27 0 . 60** 0.69**

* ,* *  S ig n if ic a n t  a t  th e  0 .05  and 0 .0 1  l e v e l s , r e s p e c t iv e ly .
t  The l e t t e r s  D and I  fo llo w in g  p lo t  typ es are a b b rev ia tio n s  fo r  dryland and ir r ig a t e d ,

r e s p e c t iv e ly .



SUMMARY

A comparison was made between con ven tion a l row p lo t s  and three  

typ es o f  sm all p lo t s  u t i l i z i n g  23 w in ter  wheat c u lt iv a r s  and 11 agro­

nomic c h a r a c t e r is t ic s .  In  a d d it io n , th e  h i l l  and m icrop lo ts  were 

grown in  two environm ents, ir r ig a te d  and dryland.

■ A ll  p lo t  n u r se r ie s  were damaged by wind and h a i l  s i x  days a fter-  

th e l a s t  CifLtivar had headed. An ev a lu a tio n  o f  t h i s  damage showed 

th a t c u lt iv a r s  grown in  th e sm all p lo t  n u rser ie s  rea c ted  to  h a i l - i n ­

duced head damage and wind- and h a il- in d u ce d  lo d g in g  in  a manner sim­

i l a r  to  the c u lt iv a r s  grown in  the row p lo t s .

Four c r i t e r ia  o f  comparison between row and sm all p lo t s  were used  

in  t h i s  in v e s t ig a t io n .  These in clud ed  a comparison o f  row and sm all 

p lo ts  fo r  each t r a i t  u s in g  o v e r a ll  means, phenotypic c o r r e la t io n s  be­

tween row and sm all p lo t s  fo r  each t r a i t , an e v a lu a tio n  o f  the number 

o f  e n tr ie s  o f  sm all p lo t s  common to  th e e n tr ie s  o f  row p lo ts  a t  th ree  

s e le c t io n  i n t e n s i t i e s , and an ev a lu a tio n  o f  sim ple c o r r e la t io n s  between ' 

t r a i t s  w ith in  each- p lo t  t y p e .

The r e s u l t s  o f  t h i s  in v e s t ig a t io n  in d ic a te  th a t any o f  t h e ■sm all 

p lo t s  t e s te d  were u s e fu l in  s e le c t io n  for' heading d a te , p la n t h e ig h t, . 

and 100-seed  w eight w ith  reasonab le assurance th a t th e b est c u lt iv a r s  

were id e n t i f i e d .  The r e la t io n sh ip s ' between row p lo ts , and dryland m icro-  

and m in ip lo ts  fo r  th ese  t r a i t s  were g e n e r a lly  c lo se r  than between the ■ 

row and o th er  sm all p lo t s ,  a s shown "by t h e ir  h igher c o r r e la t io n  c o e f f i c ­

ie n t s  and. a g rea te r  p ercen t o f  common e n t r ie s ,  e s p e c ia l ly  a t  the lower
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s e le c t io n  i n t e n s i t i e s . The c u lt iv a r s  grown in  the dryland h i l l  p lo ts  

appeared to  he l e s s  v ig o r o u s , in  terms o f  p la n t h e ig h t , number o f  heads 

per 900 'cm^, and y ie ld ,  than th ose  grown in' the o th er sm all p l o t s . 

R ela tio n sh ip s  between agronomic ch a ra cters  w ith in  sm all p lo t  types  

d if fe r e d  s u b s ta n t ia l ly  from th ese  r e la t io n s h ip s  in  the row p lo t  nur­

se r y . This was a t tr ib u te d  to  the d i f f e r e n t ia l  a b i l i t y  o f  c u lt iv a r s  to  

compete w ith in  and between experim ental u n i t s .

Although the in form ation  ob tained  fo r  t h is  in v e s t ig a t io n  was de­

r iv e d  from one lo c a t io n -y e a r , data  fo r  heading d a te , p la n t h e ig h t , 100- 

seed  w eig h t, and y ie ld  agreed c lo s e ly  w ith  the r e s u l t s  o f  o ther in v e s t i ­

g a to r s . Inform ation  on th e number o f  heads/900 cm  ̂ and th e number o f  

seed s per head d id  not su b s ta n tia te  the r e s u l t s  o f  p rev ious w orkers, 

e s p e c ia l ly  in  w heat. These r e s u l t s  may have been r e la te d  to  the h a i l  

and w ind•damage th a t  occu rred .



SECTION H s. COMPARISON OF ROW AND SMALL PLOTS''FOR EVALUATION 

OF HARVEST INDEX, BIOLOGICAL YIELD, AND GRAIN YIELD



INTRODUCTION

H arvest index i s  the r a t io  o f  economic to  b io lo g ic a l  y ie ld  and 

' prov id es an in d ic a t io n  o f  the e f f ic ie n c y  w ith  which a p la n t p op ulation  

p a r t it io n s  photosynthate in to  economic y i e l d .

H arvest index and b io lo g ic a l  y ie ld  len d  them selves to  a r t i f i c i a l  

m anipulation  in  a manner u n a v a ila b le  u s in g  the number o f  heads per 

u n it  a rea , number o f  seed s per head, and seed  w eigh t, because they  do 

not appear to  s u f fe r  from component com pensation. Thus, an in crea se  ■ 

in  e i th e r  th e b io lo g ic a l  y ie ld  or h arvest index o f  a crop should r e ­

s u l t  in  a d ir e c t  in cr ea se  in  i t s  economic y ie ld  w ithout a f f e c t in g  the  

magnitude o f  the o ther component.

The purpose o f  t h i s  in v e s t ig a t io n  was to  determ ine the r e la t iv e  

importance o f  h a rvest index and b io lo g ic a l  y ie ld  to  g ra in  y ie ld  and to  

provide in form ation  on the use o f  sm all p lo ts  as a techn ique o f  e v a l­

u a tin g  w in ter wheat c u lt iv a r s  fo r  h arvest in d ex , b io lo g ic a l  y ie ld ,  and 

gra in  y ie ld .



MATERIALS AND METHODS

E stab lishm ent o f  F ie ld  P lo ts

This study  was conducted a t  the F ie ld  R esearch Laboratory near 

Bozeman, Montana, during the 1977-78 growing sea so n . Twenty-two hard 

red  w in ter  wheat c u lt iv a r s  and one s o f t  w hite w in ter wheat c u lt iv a r  

(Appendix Table l )  were grown in  both con ven tion a l row p lo t s  arid th ree  

ty p es  o f  sm a ll p lo t  on an Amsterdam s i l t  loam, Typic G ryoborall s o i l .  

S ix  f i e l d  n u rse r ie s  were e s ta b lis h e d  by th e methods d escr ib ed  in  S ec ­

t io n  I .

Methods o f  Sampling

Ten t r a i t s  were measured in  most p lo t  t y p e s . Days to  em ergence, 

f a l l  and sp r in g  s e e d lin g  c o lo r , heading d a te , p la n t h e ig h t , number o f  

heads/9 0 0  c In ,̂ number o f  seed s per head, and grain  y ie ld  were d e te r ­

mined by th e  methods d escr ib ed  in  S e c tio n  I .  Days to  emergence, f a l l  

and sp r in g  s e e d lin g  c o lo r ,  and heading date were, not measured in  the  

ir r ig a te d  sm all, p lo t s ,  s in c e  th e y  were n o t considered  to  be d if f e r e n t  

from t h e ir  dryland counterparts u n t i l  a f t e r  the f i r s t  ir r ig a t io n  (Ta- 

: b le  2 ) .  At m atu rity , p la n ts  in  a p lo t  were harvested  a t  ground le v e l  

and- f i e l d  d r ie d . B io lo g ic a l  y ie ld  was determ ined as .the w eight o f  the  

t o t a l  aboverground dry m atter o f  th e  harvested  p o rtio n  o f  the p lo t  (p . 

20) and exp ressed  as q /h a .' H arvest index was c a lc u la te d  as the r a t io  

o f  gra in  y ie ld  to  b io lo g ic a l-  y ie ld  and expressed  as a fa c to r  l e s s  than  

u n ity .
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S t a t i s t i c a l  Methods

S ix  r e p l ic a t io n s  o f  row p lo t s  and m in ip lo ts  and 12 r e p l ic a t io n s  

o f  h i l l  p lo t s  and m icrop lo ts were p lan ted  in  a randomized com plete 

block  d e s ig n . G u ltiv a rs  were a ssig n ed  to  experim ental u n its  by use o f  

a random number t a b l e . An a n a ly s is  o f. variance fo r  a two-way c l a s s i ­

f ic a t io n  and an F- t e s t  were used to  determ ine i f  c u lt iv a r s  gave eq u i­

v a le n t  ex p ress io n s  fo r  h arvest in d ex , b io lo g ic a l  y ie ld ,  and grain  

y ie ld .  C u ltiv a rs  were tr e a te d  as random e f f e c t s  in  th e two-way model.

A t e s t  fo r  homogeneous error varian ces between agronomic data obtained  

from th e row p lo t s  and th a t ob ta ined  from th e sm all p lo t s  was c a lc u ­

la te d  (Appendix Table 2 ) .  A t - t e s t  was used to  compare th e mean o f  a l l  

c u lt iv a r s  in  each sm all p lo t  type w ith  th e mean o f  a l l  c u lt iv a r s  in  th e  

row p lo t s  fo r  h arvest in d ex , b io lo g ic a l  y ie ld ,  and gra in  y ie ld .  The 

t - s t a t i s t i c  was w eighted fo r  non-homogeneous error v a r ia n ces  (40 ) ; 

when error  va r ia n ces  were homogeneous, t h e ir  va lu es and r e sp e c t iv e  de­

grees o f  freedom were pooled  and S tu d e n t's  t - d is t r ib u t io n  was fo llo w ed . 

Phenotypic c o r r e la t io n s  based on c u lt iv a r  means were computed fo r  each  

ch aracter  between row and sm all p lo t s  and w ith in  p lo t  t y p e s . The p er­

cen t o f  sm all p lo t  e n tr ie s  common to  th e top  10, 2 5 , and 50% o f  e n tr ie s  

fo r  th e row p lo ts  was c a lc u la te d  fo r  each t r a i t .  E xp ecta tion s o f  mean 

squares were equated to  t h e ir  num erical va lu es and gen otyp ic (Vg) and 

error  (V0 ) variance components were computed. Narrow sen se  h e r i t a b i l -

\
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i t i e s  on an en try  mean b a s is  were determ ined by the form ula: h e r ita -  

b i l i t y  (h^) = Vg/[Vg + Ve/ r ] ,  where r  = the number o f  r e p l ic a t io n s  in  

the experim ent. The r e la t iv e  c o n tr ib u tio n s  o f  h a rvest index and b io ­

lo g i c a l  y ie ld  to  gra in  y ie ld  were determ ined u sin g  m u ltip le  r e g r e ss io n  

a n a ly s is  w ith in  each p lo t  ty p e .



RESULTS AND DISCUSSION

Comparison o f  Row and Sm all P lo ts  fo r  S e le c t io n  Purposes 

A n a ly s is  o f  Variance

S ig n if ic a n t  d if fe r e n c e s  among c u lt iv a r  means w ith in  each p lo t  type  

were d e te c te d  fo r  h arvest in d ex , b io lo g ic a l  y i e ld , and gra in  y i e l d . 

(Table 12 ).

Comparison o f .O v e r a ll  Means

For h arvest in d ex ,' ir r ig a te d  h i l l  an d . ir r ig a te d  m icr o p lo t■means 

d id  not d i f f e r  s ig n i f ic a n t ly  from the row p lo t  mean, but in  th e dryland  

h i l l ,  dryland m icro-, and m in ip lo ts , means were s ig n i f i c a n t ly  g rea ter  

than th e row p lo t  mean (Table 1 3 ). Only the dryland h i l l  p lo t  nursery  

e x h ib ite d  a n o n -s ig n if ic a n t  d if fe r e n c e  in  b io lo g ic a l  y ie ld  from the  

o v e r a ll  ex p ress io n  in  th e row p lo t s .  As d iscu sse d  e a r l ie r  (p . 3 4 ) ,  

c u lt iv a r s  grown in  th e dryland h i l l  p lo t s  were not as v igorous in  t h e ir  

growth, in  terms o f  p la n t h e ig h t , number o f  heads/9 0 0  cm^, and grain  

y ie ld ,  as were c u lt iv a r s  grown in  th e o th er p lo t  ty p e s . There was a 

tendency in  th e  s m a ll .p lo t s  fo r  g rea te r  y ie ld  per u n it  land  area than  

occurred in  th e row p lo t s  as shown by t h e ir  s ig n i f i c a n t ly  g rea ter  means 

This tendency was not exp ressed  by th e c u lt iv a r s  grown in  th e dryland  

h i l l  p lo t s ,  which had a mean y ie ld  s im ila r  to  the row p lo t  y ie ld .  An 

exam ination o f  th e  mean c u lt iv a r  ex p ress io n s  fo r  h a rv est index and b io ­

lo g i c a l  y ie ld  in  the dryland h i l l  p lo t s  su g g e s ts , s in c e  mean y ie ld  be­

tween •th e row and dryland h i l l  p lo t s  was not d i f f e r e n t , th a t  the en -



Table 12 . C u ltiv a r  and error  means squares (MS) from th e a n a ly s is  o f  
variance fo r  h arvest in d ex , b io lo g ic a l  y i e l d , and gra in  y ie ld  mea­
sured in  row and sm all p l o t s .
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P lo t  Typet
. Row-D H i l l - I H ill- -D'

T ra it  ' . MS d f MS d f M3 d f
H arvest index

C u ltiv a r 0 . 01** 22 0 . 01** 22 0 . 01** . 22
Error 0.001 HO 0.002 242 0.002 242

B io lo g ic a l  y ie ld
C u ltiv a r 2 9 7 . 00** 22 2283.10** 22 1147.64** 22

. Error 
Grain y ie ld

' 91.40 110 570.80 242 573.82 242

C u ltiv a r 1 7 0 . 70** 22 ■ 513.70** 22 338.97** 22
Error 1 8 .0 0 HO 92 .40 242 71.51 242

P lo t  Typet
Micro - I Micro -D . Mini-D

T ra it MS d f MS d f MS d f
H arvest index

C u ltiv a r 0 . 01** 22 ' 0 . 01** 22 0 , 01** 22
Error

B io lo g ic a l  y ie ld
0.002 , 242 0.001 242 0.002 HO

■ C u ltiv a r 3999.29** 22 • 2413.66** 22 710.25** 22
Error

Grain y ie ld
1142.65 242 6 03 .42 242 . 287 .48  ■ HO

C u ltiv a r 692 .13** 22 410.71** .22 . 195.79** 22
Error 172 .90 .242 103 .69 242 38.94 • HO

S ig n if ic a n t  a t  the 0 .05  and 0 .01  l e v e l s ,  r e s p e c t iv e ly ,  
t  The l e t t e r s  D and I fo llo w in g  p lo t  ty p es  are a b b rev ia tio n s  fo r  dry­

land and ir r ig a te d ,, r e s p e c t iv e ly  I '
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Table 13 . Mean o f  a l l  e n tr ie s  fo r  eatih p lo t  type and t e s t s  o f  s i g n i f ­
ican ce  betw een-the means o f  row and sm all p lo t s  fo r  h arvest in d ex , 
b io lo g ic a l  y ie ld ,  and gra in  y ie ld .

P lo t  ty p e t
H arvest

index
B io lo g ic a l  y ie ld  

(q /h a )
Grain y ie ld  

(q /h a )
Row-D 0.26 105 .2 27.00

H i l l - I 0.2? 131.4** 35.40**

H ill-D 0.2?** - 105.4- 30 .81

M icro-I 0.26 1 9 6 . 0** 51.62**

Micro-D 0.29** 152.3** 43.50**

Mini-D: '• 0.30** 157.5** 46.91**
** S ig n if ic a n t ly  d if f e r e n t  from th e row p lo t  mean a t  0 .0 1  l e v e l , 
t The l e t t e r s  D and I fo llo w in g  p lo t  ty p es  are a b b rev ia tio n s  fo r  dry­

land and ir r ig a t e d , r e s p e c t iv e ly .



t r i e s  grown in  the. l a t t e r  p lo t  typ es were more e f f i c i e n t  in  p a r t i t io n ­

in g  photosynthate to  the d ev e lo p in g  k ern e ls  than th ose  grown in  the • 

row p l o t s . An exp la n a tio n  fo r  t h is  e f f e c t  i s  tendered "by the concept 

th a t  in  a dense community o f  p la n t s , upper le a v e s  are o v er -illu m in a ted  

and low er le a v e s  are shaded ( 8 ) .  S in ce few er head-producing t i l l e r s  

per p lo t  were found in  the dryland h i l l  p lo t s  (Table 7 )» more sun­

l i g h t  was ab le  to  p en etra te  the crop canopy, p o s s ib ly  in cr ea sin g  

p h o to sy n th etic  e f f ic ie n c y .

R e la t iv e  H e r i t a b i l i t i e s  in  Row and Sm all P lo ts

H e r it a b i l i t y  on an en try  mean b a s is  fo r  h arvest in d ex , b io lo g ic a l  

y i e l d , and gra in  y ie ld  were computed u s in g  the components o f  variance  

fo r  a l l  p lo t  ty p es (Table 1 4 ). H e r ita b i l i t y  fo r  h arvest index ranged  

from 0 .6 4  to  O.8 7 , fo r  b io lo g ic a l  y ie ld  from 0 .5 0  to  0.75» and fo r  

gra in  y ie ld  from 0 .7 5  to  O.89 a cro ss  p lo t  ty p e s . Because the value  

o f  th e h e r i t a b i l i t y  fo r  a ch aracter  depends on t h e 'magnitude • o f  a l l  

th e components o f  v a r ia n c e , a change in  any one o f  th e se  w i l l  a f f e c t  

i t .  Sm all plot" gen otyp ic  varian ces were te s te d  fo r  homogeneity w ith  

row p lo t  gen otyp ic v arian ces  u s in g  an F -r a t io  (4 0 ) .  D egrees o f  freedom  

fo r  t h i s  t e s t  were, probably in f la t e d  which may have caused too  many geno 

ty p ic  v arian ces  to  he accepted  as homogeneous, In a l l  sm all p lo t  ty p e s ,  

except th e ir r ig a te d  h i l l . p l o t s ,  gen otyp ic v a r ia n c e s 'fo r  harvest index ' 

were s ig n i f ic a n t ly  d if f e r e n t  than th a t  o f  the row p lo t s  (Table .14).

For b io lo g ic a l  y ie ld ,  o n ly  the dryland h i l l  p lo t  gen otyp ic variance
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was homogeneous w ith  th e row p lo t  gen otyp ic v a r ia n ce . In a l l  sm all 

p lo t  ty p e s , gen otyp ic varian ces  fo r  gra in  y ie ld  were homogeneous w ith  

row p lo t  gen otyp ic v a r ia n ce . In  a l l  sm a ll p lo t  ty p e s , excep t the  

ir r ig a te d  m ic r o p lo ts , error  va r ia n ces  fo r  h arvest in d ex , "biological 

y ie ld ,  and gra in  y ie ld  were s ig n i f ic a n t ly  la r g e r  than th ose  o f  the  

row p lo t s  (Table 1 4 ). These r e s u l t s  in d ic a te  th a t d if fe r e n c e s  in  

th e  e s tim a tes  o f  h e r i t a h i l i t i e s  "between th e row and sm all p lo ts  were 

due to  environm ental ( e . g . ,  p lo t  ty p e ) and sam pling erro r  (n o te: s in c e  

one environment was used in  the c a lc u la t io n  o f  th e  v a r ia n c e . components, 

no estim a te  o f  a gen otyp ic X environment in te r a c t io n  was a v a ila b le ) .

The r e la t iv e  magnitude o f  the e s tim a te s  o f  h e r i t a b i l i t y  fo r  the  

th ree  t r a i t s  w ith in  each p lo t  type were s im ila r , excep t in  the i r r i ­

gated  m icro-, dryland m icro -, and m in ip lo ts . In  th e ir r ig a te d  m icro-  

p lo t s ,  a l l  h e r i t a b i l i t y  v a lu es  fo r  th e th ree  t r a i t s  were n early  the  

same. In th e dryland m icro p lo ts , h e r i t a b i l i t y  o f  h arvest index was 

g rea ter  than e i th e r  b io lo g ic a l  y ie ld  or gra in  y ie ld ,  w h ile  in  th e m in i­

p lo t s ,  h e r i t a b i l i t y  o f  gra in  y ie ld  was grea ter  than e i th e r  harvest  

index or b io lo g ic a l  y ie ld  (Table 14 ).

' Because h e r i t a h i l i t i e s  were computed u sin g  variance components 

from th e a n a ly s is  o f  homozygous gen otyp es, th ese  v a lu es  are e stim a tes  

o f  narrow sen se  h e r i t a b i l i t y .  H e r it a b i l i t y  e stim a tes  fo r  y ie ld  and 

h a rv est index were o f  s im ila r  magnitude and r e l a t iv e l y  h igh  across  

a l l  p lo t  typ es and ample g e n e tic  v a r ia b i l i t y  e x is te d  fo r  th ese  t r a i t s



T a b le  1 4 .  H e r i t a b i l i t i e s  ( h 2 ) ,  g e n o t y p ic  (V g ) , an d  e r r o r  (V g ) v a r i a n c e s  f o r  h a r v e s t
i n d e x ,  b i o l o g i c a l  y i e l d ,  a n d  g r a i n  y i e l d  m ea su red  i n  row  a n d  s m a l l  p l o t s .

P lo t  Typet
T ra it Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D
H arvest index -

(h2 )

B io lo g ic a l  y ie ld

0 . 8?
0 .0015
0.0.014

0 .86
o .o o lo
0 , 0019**

0.83
0 . 0083**
0 . 0021**

0.75
0 . 0006*
0.0024**

0.84
0 . 0053** 
0.0012 ■

0.64
0 . 0006*
0 . 002**

(h2 )

( v f i
Grain y ie ld

0.69
3 4 .2 7
91 .40

• 0 .7 5  '
1 4 2 . 69** 
5 7 0 . 80**

0 .5 0
4 7 .8 2

573.82**

0 .71
2 3 8 . 05** 

1142 . 65**.

0.75
1 5 0 . 85**
630.42**

. 0 .60  
70.46*  

287.48**

(h2 ) ; 0.89
25.45
1 8 .0 0

0 .82
35.11-
92.37**

0.79
22.29
71.51**

0.75
43.27  '• 

172.89**

0.75
25.59

1 0 3 . 69**

0.80
26 .14
38.94**

* ,* *  S ig n i f ic a n t ly  d if f e r e n t  from th e  row p lo t  variance component a t  the 0 ,0 5  and 0 .01  
l e v e l s ,  r e s p e c t iv e ly .

t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es are ab b rev ia tio n s fo r  dryland and ir r ig a t e d , 
r e s p e c t iv e ly .
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even in  t h is  s e t  o f  e l i t e  c u l t iv a x s .

C o rre la tio n  between Row and Sm all P lo ts

Phenotypic c o r r e la t io n s  between th e t r a i t s  measured in  the row 

p lo t s  and th ose  measured in  the sm all p lo t s  were c a lc u la te d  (Table 15) .  

C o rre la tio n  c o e f f i c ie n t s  between the sm all and row p lo t s  fo r  h arvest 

index were s ig n i f ic a n t  and p o s it iv e  in  a l l  sm all p lo t s  excep t the i r r i ­

gated  m ic r o p lo ts . The. c o r r e la t io n  between h arvest index in  the row 

p lo t s  and ir r ig a te d  m ic r o p lo ts , however, was not d if f e r e n t  from z e r o , 

su g g e stin g  th a t the ir r ig a te d  m icrop lo ts  would not be s a t is f a c t o r y  fo r  

s e le c t io n  o f  h a rv est in d ex . C o rre la tio n  c o e f f i c ie n t s  between the sm all 

and row p lo t s  fo r  b io lo g ic a l  y ie ld  were not d if f e r e n t  from zero , excep t  

in  th e m in ip lo ts , where i t  was h ig h ly .s ig n i f i c a n t . The ir r ig a te d  h i l l ,  

dryland m icrot , and m in ip lo ts  gave, s ig n i f ic a n t ,  p o s it iv e  c o r r e la t io n s  

w ith  th e row p lo t s  fo r  gra in  y ie ld ;  o n ly  th e c o r r e la t io n  c o e f f i c ie n t  

computed fo r  the m in ip lo ts  was con sid ered  high enough fo r  s e le c t io n  

p u rp oses.

Phenotypic c o r r e la t io n s  between row p lo t  grain  y ie ld  and sm all p lo t  

h arvest index and b io lo g ic a l  y ie ld  were a ls o  computed (T able 16 ). Cor­

r e la t io n  va lu es between h i l l  and m icrop lot harvest index and row p lo t  

gra in  y ie ld  were la r g e r  than th e c o r r e la t io n s  between h i l l  and m icroplot 

grain  y ie ld s  and row p lo t  gra in  y i e l d . Although a t e s t  fo r  equal c o r r e la  

t io n  c o e f f i c ie n t s  (4 0 ) between the gra in  y ie ld -g r a in  y ie ld  and grain  

y ie ld -h a r v e s t  index c o r r e la t io n s  from the row p lo ts  and th e ir r ig a te d
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Table 15 . Phenotypic c o r r e la t io n s  between row and sm all p lo ts  fo r  
h arvest in d ex , b io lo g ic a l  y ie ld ,  and gra in  y ie ld .

P lo t  Typet
T ra it H i l l - I H ill-D M icro-I Micro-D Mini-D
Harvest index 0.59** 0.4?* 0.34 0 .47* 0.49*

B io lo g ic a l  y ie ld 0.14 . 0.12 . 0 .1 7 0.23 . 0.58**

Grain y ie ld 0.44* . 0.30 0.36 0 .41*  . 0.62**
* ,* *  S ig n if ic a n t  a t  the 0 .05  and 0 .0 1  l e v e l s , r e s p e c t iv e ly ,  
t  The l e t t e r s  D and I  fo llo w in g  p lo t  typ es are a b b rev ia tio n s  fo r  dry­

land and ir r ig a te d ,  r e s p e c t iv e ly .

Table 16 . Phenotypic c o r r e la t io n s  between row p lo t  gra in  y ie ld  and 
sm all p lo t  h arvest index and b io lo g ic a l  y ie ld .

Sm all p lo t  t r a i t
P lo t  ty p e t  ■ H arvest index B io lo g ic a l  y ie ld
H i l l - I O.56** 0.01

H ill-D 0.50* 0.02

M icroti 0.44* 0.05

Micro-D 0.57** 0.11

Mini-D 0 .59** 0 .16  .

*,*•* S ig n if ic a n t  a t  th e  0 .0 5  and 0 ,0 1  l e v e l s ,  r e s p e c t iv e ly ,  
t  The l e t t e r s  D and I fo llo w in g  p lo t  ty p es are a b b rev ia tio n s  fo r  dry­

land and ir r ig a te d ,  r e s p e c t iv e ly .
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h i l l  and dryland m icrop lots was not r e je c te d ,  the gra in  y ie ld -h a r ­

v e s t  index c o r r e la t io n s  were accepted  a t  a h igher l e v e l  o f  p ro b a b il­

i t y .  T h erefore, in d ir e c t  s e le c t io n  o f  h i l l  and m icrop lot h arvest in ­

dex fo r  row p lo t  gra in  y ie ld  should provide more' s a t is f a c t o r y  r e s u lt s  

than d ir e c t  s e le c t io n  o f  gra in  y ie ld  in. th ese  p lo t  t y p e s . A t e s t  

fo r  equal c o r r e la t io n  c o e f f i c ie n t s  between the gra in  y ie ld -g r a in  y ie ld  

and gra in  y ie ld -h a r v e s t  index a s s o c ia t io n s  from row p lo t s  and m in i- ' 

p lo t s  was not r e je c te d ,  th u s , no advantage would be ach ieved  by in ­

d ir e c t  s e le c t io n  o f  h arvest index in  th e m in ip lo ts  fo r  row p lo t  grain  

y ie ld .  The c o r r e la t io n  c o e f f i c ie n t s  between row p lo t  gra in  y ie ld  and 

sm all p lo t  b io lo g ic a l  y ie ld  were not d if f e r e n t  from z er o , th ere fo re  

none o f  the sm all p lo t s  used in  t h is  in v e s t ig a t io n  would be s a t i s f a c ­

to r y  fo r  in d ir e c t  s e le c t io n  o f  row p lo t  gra in  y ie ld  u s in g  sm all p lo t  

b io lo g ic a l  y i e l d .'

Common E n tr ie s  .

S ev era l in v e s t ig a to r s  (1 2 , 21 , 2 j )  have used the- number o f  en­

t r i e s  in  h i l l  p lo t s  common to  the top  10, 20 , arid 50% o f  the e n tr ie s  

in  row p lo ts  as a c r i t e r io n  o f  com parison. For comparison o f  row and 

sm all p lo t s  in  t h is  in v e s t ig a t io n ,  ■. I  arranged the means o f  the th ree  

t r a i t s  from h igh  to  low so  th a t  e n tr ie s  common in  both row and sm all 

p lo t s  cou ld  be compared a t  th ree  s e le c t io n  in t e n s i t i e s  (Appendix Ta­

b le s  15 to  I?) .  The percent o f  e n tr ie s  in  sm all p lo t s  in  common w ith  

row p lo ts , a t  each s e le c t io n  in t e n s i t y  are p resen ted  in  Table 17.
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At the 10% s e le c t io n  in t e n s i t y  on ly  50% o f  the e n tr ie s  in  the  

ir r ig a te d  and dryland h i l l  p lo ts  were common to  the top  10% in  the  

row p lo t s  fo r  h arvest in d ex . The dryland m icrop lots were 'u sefu l in  

c la s s i f y in g  83% o f  the top  25% e n tr ie s  in  the row p l o t s . The other  

p lo t  typ es had from 58 to  75% o f  th e e n tr ie s  in  common w ith  the row 

p lo t s  a t  the 25 and 50% s e le c t io n  i n t e n s i t i e s .

For b io lo g ic a l  y i e l d , the m in ip lo ts  c o r r e c t ly  id e n t i f ie d  50% o f  

th e c u lt iv a r s  a t  the 10% s e le c t io n  in t e n s i t y .  The b e s t  s e le c t io n  

a cro ss  sm all p lo t  typ es fo r  b io lo g ic a l  y ie ld  d id  not occur u n t i l  the  

50% s e le c t io n  in t e n s i t y  was used , where from 50 to  75% o f  the e n tr ie s  

common to  the row p lo t s  were s e le c t e d .

For gra in  y i e l d , a l l  sm all p lo t s  were u se fu l in  id e n t ify in g  h a lf  

o f  th e e n tr ie s  common to  th e row p lo t s  a t  the 10% l e v e l . With 25% s e ­

l e c t io n  in t e n s i t y ,  the range a cro ss  sm all p lo t  typ es was 50 to  83%, 

w ith  the m in ip lb ts  e x h ib it in g  the h ig h e s t  value and the two h i l l  p lo t  ■ 

n u rser ie s  showing th e .lo w e s t .  At the 50% s e le c t io n  in t e n s i t y ,  the  

ir r ig a t e d .m icrop lots arid the dryland h i l l  p lo ts  were u s e f u l . in  co r ­

r e c t ly  id e n t ify ir ig  67% and the drylarid m icrop lots an d .m in ip lo ts  were 

u s e fu l in  c o r r e c t ly  id e n t ify in g  75%.o f  the e n tr ie s  in  common w ith  th e ■ 

b e st  50% in  th e row p l o t s .

This c r i t e r io n  o f  comparison between row and sm all p lo t s  gave a 

b e tte r  in d ic a t io n  o f  the s u i t a b i l i t y  o f  sm all p l o t s . fo r  s e le c t io n  pur­

p oses than d id  the use o f  phenotypic c o r r e la t io n s , e s p e c ia l ly  fo r  s e -



63

Table 17.. P ercent o f  sm all p lo t  e n tr ie s  common to  th e top  10, 25 , and 
5Q& e n tr ie s  grown in  th e row p lo t s  fo r  h arvest in d ex , b io lo g ic a l  
y ie ld ,  and gra in  y i e l d .

(

T ra it

P lo t  Typet
H i l l - I H ill-D M icro-I

10 25 50# 10 25 50 10 25 - 50
Harvest index 50 50 67 50 67 75 • 0 67 58

B io lo g ic a l  y ie ld 0 0 67 0 0 . 50 0 17 50

Grain y ie ld 50 50 67 50 50 - 67 50 67 . 67

P lo t  Typet-
Micro-I) Mini-D

T r a it 10 25 50 10 25 50
H arvest index 0 83 . 58 0 ■ 50 67

B io lo g ic a l  y ie ld  • 0 33 58 50 33 75

Grain y ie ld 50 67 75 50 83 75
t The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es are a b b rev ia tio n s fo r  dry­

land and ir r ig a te d ,  r e s p e c t iv e ly .
* S e le c t io n  in t e n s i t ie s '  used in  the comparison o f  row and sm all p lo t s .
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l e c t io n  o f  h igh  "biological y ie ld ,  where c o r r e la t io n s  in  a l l  but the ■ 

m in ip lo ts  were n o n -s ig n if ic a n t  (Table 1 5 ).

R e la t iv e  V aria tion  W ithin P lo t -S iz e  Experiments

The range in  performance fo r  h a rvest index o f  the c u lt iv a r s  grown 

in  th e row and sm all p lo t s  was s im ila r  (Table 1 8 ) . For b io lo g ic a l  

y ie ld ,  the range among c u lt iv a r s  grown in  the ir r ig a te d  h i l l  and i r r i ­

gated  m icr o p lo ts , and th e dryland m icrop lo ts  was two to  th ree  tim es 

g rea ter  than in  th e  row p l o t s . The range in  performance among the  

c u lt iv a r s  grown in  the ir r ig a te d  h i l l  and ir r ig a te d  m icrop lots was 

somewhat g rea ter  than th a t  e x h ib ite d  in  the row p lo ts  fo r  grain  y ie ld ,  

a r e s u l t  a t tr ib u te d  to  d i f f e r e n t ia l  c u lt iy a r  response to  ir r ig a t io n .

The oth er th ree  sm all p lo t  n u r se r ie s , however, were not g r e a t ly  d i f ­

fe r e n t  than the row p lo t  nursery fo r  gra in  y ie ld .

The c o e f f i c ie n t s  o f  v a r ia t io n  (C , V .) in  sm all p lo t s  and.row p lo ts  

fo r  h arvest index were s im ila r ,  as were th e ir  standard errors  (Table 

1 8 ). The C .V .'s  and standard errors  fo r - gra in  y ie ld  in  both typ es o f  

h i l l  and m icrop lo ts were about tw ice  as la r g e  as in  th e row p l o t s .

S ince th e C . V. ' s  and standard erro rs  fo r  h arvest index were e s s e n t ia l ly  

th e same, a cro ss  p lo t  ty p e s , t h i s  suggests' another advantage fo r  u sin g  , 

sm all p lo t  h arvest index to  p r e d ic t  row p lo t  grain  y i e l d . Both h i l l  

and m icroplot n u rser ie s  had C . V. ' s  about tw ice  as la r g e  as those in  

the row and m in ip lo ts  fo r  b io lo g ic a l  y i e l d . These d if fe r e n c e s  were 

a ttr ib u te d  to  the g rea te r  standard erro rs  o f  the former p l o t ■types than
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Table 18 , C o e f f ic ie n ts  o f  v a r ia t io n  (C ..V .), stan d ard -errors ( s ) ,  
o v e r a ll  means (X ) , and range o f  performance (R) fo r  h arvest in d ex , 
b io lo g ic a l  y i e l d , and gra in  y ie ld  measured in  row and sm all p l o t s .

P lo t  Typet
T rait* Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D
Harvest index  

C.V. {%) 15.38 14 .81 17.24 19.23 1 0 .3 4  ■ 16.67
S 0.04 0.04 0.05 0.05 0.03 0.05
X 0.26 0.2? 0.29 .0 .2 6 0.29 0.30
B 0.1 5 0.14 0.13 0.11 0 .1 0 0.11.

B io lo g ic a l  y ie ld
C.V. (%) 9 .1 0 1 8 .1 8 22.73 17.25 16 .13 10 .77

S 9 .56 23.89 23.95 33.80 . 24 .56 1 6 .9 6
X 105.20 131 .40 105.40 196.00 152.30 157 .50
R 4 3 .4 0 4 8 .6 0 37.66 77.70 56.80 48.80

Grain y ie ld
c .v .  (# ) 1 5 .7 0 27.20 27.43 25.51 2 3 .4 0 13 .31

S 4 .2 0 - 9 .60 8.50 13 .10 10.20 6.20
X 27.00 35.40 30.80 51 .60 . 43 .50 . 46 .90
B 1 9 .8 0 25.70 19.30 29.10 23.00 23.70

t  The l e t t e r s  D and I  fo llo w in g  p lo t  typ es are a b b rev ia tio n s fo r  dry­
land and ir r ig a te d ,  r e s p e c t i v e ly .■ 

t  U n its fo r  b io lo g ic a l  y ie ld  and grain  y ie ld  are q /h a ,
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occurred in  the row -and m in ip lo ts .

The g rea ter  v a r ia t io n  shown in  a l l  sm all p lo t  typ es fo r  b io lo g i­

c a l  y i e l d , and in  t h e 'h i l l  and m icrop lots fo r  gra in  y i e l d , i s  an in ­

d ic a t io n  o f  the broader range o f  ex p ress io n  among c u l t iv a r s . which has 

been exp la in ed  by th e d i f f e r e n t ia l  co m p etitive  r e la t io n s h ip s  o f  c u l­

t iv a r s  grown in  h i l l  p lo t s  by o th er  workers (2 0 , 32 , 3 9 )• However, 

a g rea ter  range i s  a ls o  expected  as the number o f  r e p l ic a t io n s  used  

to  measure a t r a i t  i s  in creased  (4 0 ) .

A sso c ia t io n s  Between T r a its  W ithin P lo t  Types

C o rre la tio n  c o e f f i c ie n t s  between a l l  p o s s ib le  com binations o f  the  

te n  t r a i t s  measured w ith in  each p lo t  type were computed to  determ ine 

i f  the typ es o f  r e la t io n s h ip s  between h arvest in d ex , b io lo g ic a l  y ie ld ,  

and th e  o ther agronomic ch a racters in  th e  row p lo t s  a ls o  occurred in  

th e  sm all p lo t s  (Table 1 9 ). Only th ose  a s so c ia t io n s  ex p ress in g  s i g ­

n if ic a n c e  in  a t  l e a s t  one p lo t  type are g iv en . The transform ation  

from r  to  a q u a n tity  z_, as g iven  by Snedecor and Cochran (4 0 ) ,  was used  

to  " te s t  the h yp oth esis  th a t two sample v a lu es  o f  r  were drawn a t  ran­

dom from the same p op u la tion ,"

C o rre la tio n  c o e f f i c ie n t s  c a lc u la te d  w ith in  the row p lo ts  showed 

th a t  the number o f  seed s per head and- h arvest in d ex , gra in  y ie ld  and . 

h arvest in d ex , and b io lo g ic a l  y ie ld  and grain  y ie ld  were p o s i t iv e ly  . 

c o r r e la te d . Only th e dryland m icr o p lo ts •ex h ib ite d  a l l  th ree  o f  th ese  . 

r e la t io n s h ip s ,  and a t e s t  o f  the h yp oth esis  o f  equal c o r r e la t io n s  was
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not r e je c te d . A ll  p lo t  typ es expressed  the s ig n i f ic a n t ,  p o s it iv e  

a s s o c ia t io n  between gra in  y ie ld  and the two s e le c t io n  c r i t e r ia  ( e . g . ,  

h arvest index and b io lo g ic a l  y ie ld )  and a t e s t  o f  th e  e q u a lity  be­

tween the row p lo t  c o r r e la t io n s  and th o se  o f  the sm all p lo ts  was not 

r e je c te d .

Each o f  the sm all p lo t s  e x h ib ite d  s ig n i f ic a n t  c o r r e la t io n s  be­

tween th e two s e le c t io n  c r i t e r ia  and th e o ther agronomic t r a i t s  th a t  

were not d e te c te d  in  the row p lo t s , .  Harvest index in  th e dryland h i l l  

and dryland m icrop lo ts  was n e g a t iv e ly  a s so c ia te d  w ith  f a l l  se e d lin g

c o lo r  and heading d a te , B io lo g ic a l  y ie ld  and the number o f  heads per
2

900 cm in  both typ es o f  h i l l  and m icrop lot n u r se r ie s ;  b io lo g ic a l  

y ie ld  and h arvest index in  the dryland, h i l l  and dryland micro p lots.;  

th e number o f  seed s per head and h arvest index in  the two m icroplot • 

n u r se r ie s ;  b io lo g ic a l  y ie ld  and the number o f  seeds per head in  the  

dryland m icrop lo ts  and n iin ip lo ts ; and b io lo g ic a l  y ie ld  and p la n t ' 

h e ig h t in  th e ir r ig a te d  ■ m icrop lo ts  were a l l  p o s i t iv e ly  c o r r e la te d .

The dryland m icrop lo ts e x h ib ite d  s ig n i f ic a n t  c o r r e la t io n s  between th e .. 

two s e le c t io n  c r i t e r ia  and each o f  th e  other agronomic ch a ra c te rs , e x ­

cep t fo r  b io lo g ic a l  y ie ld  and p la n t h e ig h t . These d if fe r e n c e s  be­

tween row and sm all p lo t s  were a t tr ib u te d  to  the. in t e r -  and in tr a ­

c u lt  iv a r  com p etitiv e  r e la t io n s h ip s  in  sm all p lo ts  noted  by other work­

e r s  (.20, 32* 3 9 ) .  A lthough the c u lt iv a r s  grown in  th e h i l l ,  m icro-, 

and row p lo t s  were eq u a lly  spaced. 30 cm a p a rt, the p roxim ity  o f  one



Table 19. C o r r e la t io n s 'between th e in d ir e c t  s e le c t io n  c r i t e r ia  and other agronomic 
ch a ra cters  w ith in  p lo t  t y p e s .

P lo t Typet
A sso c ia t io n • Row-B H i l l - I H ill-D  ■ M icro-I Micro-D Mini-D
H arvest index  

v s . f a l l  c o lo r - 0 .1 2  . _ _ -0 .4 ? * _ _ - 0 .$$** -0 .3 5
v s .  sp r in g  c o lo r 0 .1 8 — -0 .3 3 ------ -0 .4 4 * - 0 . 2?
v s . heading date . - 0 .11 — -0 .4 3 * — ' - 0 .$ 6** ^0.33
v s . . p la n t h e ig h t - 0 .2 2  - - 0 .02 -0 .2 3 -0 .3 ? -0 .4 8 * -0 .3 7
v s .  seed s/h ea d  . 0 . 62** 0 .29 0 .0 2 0 .42* -0 .30* 0 .39
v s .  g ra in  y ie ld  ' . . 0 .89** 0 . 8?** 0 . 8$** 0.79** 0 .?$** 0 . 7$**

B io lo g ic a l  y ie ld
v s . days to  emergence 0 .1 6 -0 .3 2 -0 .4 $ * 0 .13  .
v s .  p la n t h e ig h t , 0 .0 0 0.31 . 0 .11 0 .42* . 0 .00  ■ - 0 .11
v s . h ea d s/9 0 0 .cm^. 0 .34 . 0 . 79** 0.84** 0 .?$** 0 . 91** - 0 .3 0

. v s . seed s/h ea d .0 .3 9 0 .2 ? 0 .2 ? 0 . 0$ 0.48* o .$ 6**
v s .  g ra in  y ie ld 0 . 6$** 0 . 76** 0 . 8$** 0 . 68** 0.81** 0.$9**

* ,* *  S ig n if ic a n t ,  a t  th e  0 .0 $  and 0 .01  l e v e l s , r e s p e c t iv e ly .
t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es are a b b rev ia tio n s  fo r  dryland and ir r ig a t e d , 

r e s p e c t iv e ly .  "



c u lt iv a r  to  another in  th e sm all p lo t s  was much c lo s e r  than e x is te d  

in  the row p l o t s . In the h i l l  and m in ip lo ts , s e v e r a l p la n ts  were 

grown in  a very  concentrated  a rea , thus, in c r e a s in g  com p etition  for. s o i l  

n u tr ie n t s .
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C ontributions o f  H arvest Index and 
B io lo g ic a l  Y ield  to  Grain Y ield  .

The co n tr ib u tio n s  o f 'h arvest index and b io lo g ic a l  y ie ld  to  gra in  

y ie ld  w ith in  each p lo t  type were determ ined u sin g  m u ltip le  r e g r e ss io n  

a n a ly s is  (Table 2 0 ) . The v a r ia t io n  in  gra in  y ie ld  w ith in  each p lo t  

type was alm ost com p lete ly  accounted fo r  by h arvest index and b io lo g ­

i c a l  y ie ld .  T heir r e sp e c t iv e  c o e f f i c ie n t s  o f  d eterm ination  ranged from  

0 .95  in  the row p lo t s  to  0 .9 9  in  th e dryland m ic r o p lo ts . The standard  

p a r t ia l  r e g r e ss io n  c o e f f i c ie n t s  o f  h a rvest index to  gra in  y ie ld  and 

b io lo g ic a l  y ie ld  to  gra in  y ie ld  were s ig n i f ic a n t ly  d if f e r e n t  from zero 1 

a t  the 0 .01  l e v e l .  The r a tio s ’ o f  the standard p a r t ia l  r e g r e ss io n  'co­

e f f i c i e n t s  o f  h arvest index to  th ose  o f  b io lo g ic a l  y ie ld  in d ica ted  

th a t  the r e la t iv e  co n tr ib u tio n  o f  h arvest index to  grain- y ie ld  was 

g rea te r  than th a t  o f  b io lo g ic a l  y ie ld  a cro ss  a l l  p lo t  ty p e s . However, 

th e  r a t io s  measured fo r  th e  dryland : h i l l  and dryland m icrop lots were 

not much g rea te r  than 1 . 0 ,  in d ic a t in g  th a t both h arvest index and b io ­

lo g i c a l  y ie ld  were o f  equal importance in  determ ining gra in  y ie ld  in  

th e se  two p lo t  t y p e s .

These r e s u l t s  in d ic a te  th a t s e le c t io n  fo r  h arvest index would ,
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te n d 'to  in crea se  gra in  y ie ld  in  most o f  the p lo t  ty p es  more than would 

s e le c t io n  fo r  b io lo g ic a l  y ie ld .  R o s ie l le  and Frey (2 9 ) showed th a t  

in d ir e c t  s e le c t io n  fo r  gra in  y ie ld  in  o a ts  through h a rvest index had 

l i t t l e  va lue when compared w ith  u n r e s tr ic te d  d ir e c t  s e le c t io n  fo r  

gra in  y ie ld .  F isc h e r  and K ertesz (1 6 ) have shown th a t  sp aced -p lan t 

h arvest index i s  su p er io r  to  sp aced -p lan t gra in  y ie ld  as a p red ic to r  

o f  y ie ld in g  a b i l i t y  in  la r g e  p lo t s  o f  sp r in g  wheat. This in v e s t ig a ­

t io n  has shown th a t  h arvest index in  h i l l  and m icrop lots was a b e tte r  

p red ic to r  o f  row p lo t  gra in  y ie ld  than gra in  y i e l d . measured in  th ese  

two p lo t  t y p e s .
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Table 20 . C o e f f ic i e n t s .o f  d eterm ination  (R^)1 standard p a r t ia l  r e ­
g r e s s io n  c o e f f i c ie n t s  fo r  the m u ltip le  r e g r e ss io n s  o f  gra in  y ie ld  
on h arvest index and b io lo g ic a l  y i e l d , and the r a t io  o f  harvest in ­
dex standard p a r t ia l  r e g r e s s io n  c o e f f i c ie n t s  to  b io lo g ic a l  y ie ld  
standard p a r t ia l  r e g r e ss io n  c o e f f i c i e n t s .

P lo t  Typet R2 b !2 .3 t M 3 .2  § R atio
Row-D 0.95 O.77** 0.4-1** 1 .8 6

H i l l - I . 0.98 0.69** 0 .51** ' 1 .3 6

H i l l - D ' 0.97 0.58** 0.57** 1 .0 3

M icro-I . 0.98 0 . 72** 0 . 60** 1 .2 0

Micro-D 0:99 . 0 . 61** .0 . 60** 1 .0 2

Mini-D 0.96 0 . 79** 0 . 63** 1 .2 6

** S ig n if ic a n t  a t  th e  0 .01 l e v e l  fo r  Ho:

OIlS

t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es are a b b rev ia tio n s  fo r  dry­
land and ir r ig a te d ,  r e s p e c t iv e ly .

* ,§  b l2 .3  and b !3 .2 = standard p a r t ia l  r e g r e s s io n  c o e f f i c ie n t s  o f  
gra in  y ie ld  on h arvest index and b io lo g ic a l  y ie ld ,  r e s p e c t iv e ly .



SUMMARY

H arvest. in d ex , b io lo g ic a l  y i e l d , and grain  y ie ld  were obtained  

from 2 3  w in ter  wheat c u lt iv a r s  grown in  con ven tion a l row and three  

typ es o f  sm all p l o t s . The co n tr ib u tio n s  o f  harvest index and b io lo g ­

i c a l  y ie ld  to  gra in  y ie ld  w ith in  each p lo t  type were determ ined u sin g  

m u ltip le  r e g r e s s io n  a n a ly s is .  The v a r ia t io n  in  gra in  y ie ld  w ith in  

each p lo t  type was alm ost com p lete ly  accounted fo r  by h arvest index  

and b io lo g ic a l  y ie ld .  The r e la t iv e  co n tr ib u tio n s  o f  h arvest index  

and b io lo g ic a l  y ie ld  to  gra in  y ie ld  w ith in  p lo t  ty p e s , as g iven  by 

th e r a t io s  o f  t h e ir  standard p a r t ia l  r e g r e ss io n  c o e f f i c ie n t s  ( i . e . ,  

b ! 2 .3 /b l3 .2 ) ,  showed th a t h arvest index was more im portant than b io ­

lo g i c a l  y ie ld  in  determ ining gra in  y ie ld  in  the c u lt iv a r s  s tu d ie d . 

Narrow sen se  h e r i t a b i l i t i e s  on an en try  mean b a s is  were c a lc u la te d  

from the components o f  varian ce; th e se  va lu es showed th a t  h arvest in ­

dex was a t  l e a s t  as h e r ita b le  as gra in  y ie ld  in  a l l  p lo t  typ es except 

th e m in ip lo ts' and b io lo g ic a l  y ie ld  was not as h e r ita b le  as grain  y ie ld  

o r -h a rv est in d ex , excep t in  the ir r ig a te d  m icroplots and m in ip lo ts .

A comparison o f  row and sm all p lo t s  fo r  h arvest in d ex , b io lo g i­

c a l  y ie ld ,  and gra in  y ie ld  in d ic a te d  th a t  ir r ig a te d  h i l l  and dryland  

m icrop lo ts provided s a t is f a c t o r y  r e s u l t s  when used to  s e l e c t  c u lt iv a r s  

fo r  h arvest in d ex . Only th e dryland m icror and m in ip lo ts  were, found 

u s e fu l in  s e le c t io n  o f  h ig h -y ie ld in g  c u lt iv a r s  and on ly  the m in ip lo ts  

provided s a t is f a c t o r y  r e s u l t s  when s e le c t in g  fo r  h igh  b io lo g ic a l  y ie ld



SECTION I I I :  THE EVALUATION OF.WINTER WHEAT

QUALITY IN ROW AND SMALL PLOTS



INTRODUCTION'

The mixograph and fa r in o graph- are w id ely  accep ted  t o o ls  fo r  scree n ­

in g  wheat c u lt iv a r s  dr e a r ly  gen era tion  l in e s  when in form ation  on "bak- ■ 

in g  q u a lity  i s  needed . The ten-gram  mixograph, u sin g  tempered (13.5%  

mb) s ie v e d  wheat m eal, has been proposed as a rap id  method o f  o b ta in ­

in g  in form ation  on wheat q u a lity  when th e amount o f  gra in  i s  sm a ll, - 

such as when s m a ll- s iz e  p lo t s  are used in  a breeding program. The ob­

j e c t iv e s  o f  t h is  in v e s t ig a t io n  w ere: I )  compare the q u a n tity  o f  f lo u r  

■protein obtained  from c u lt iv a r s  grown in  row and sm all p lo t s ;  2 ) com­

pare th e curve c h a r a c te r is t ic s  and c u lt iv a r  p a ttern s  obtained  from th e  

ten-gram  mixograph run on samples o f  wheat grown in  row and sm all p lo t s ;  

and 3 ) compare the r e la t iv e  a s s o c ia t io n s  o f  percent f lo u r  p r o te in , m ix- 

ogram d a ta , and farinogram  data ob tained  from row and sm all p l o t s . ■



MATERIALS. AND METHODS 

E stab lishm ent o f  F ie ld  P lo ts  .

This study  was conducted w ith  m a ter ia ls  grown a t  th e  F ie ld  Re­

search  Laboratory near Bozeman, Montana, during the 1977-78 growing 

season . W inter wheat gra in  sam ples were obtained  from 22 hard red  

w inter wheat c u lt iv a r s  and one s o f t  w hite w in ter wheat c u lt iy a r  (Appen­

d ix  Table l )  grown in  co n ven tion a l row p l o t s , h i l l  p l o t s , and m icro- ' 

p lo t s  on an Amsterdam s i l t  loam, Typic G rybborall s o i l .  The three  

f i e l d  n u rseries' were e s ta b lis h e d  by t h e ■methods d escr ib ed  in  S e c t io n •

I  fo r  th e row, , dryland h i l l , and dryland m icr o p lo ts .

Laboratory Procedures

Q u a lity  measurements were made a t  th e  C ereal Q u a lity  Laboratory, 

Montana S ta te  U n iv e r s ity . Q u ality  a n a ly ses  included  th e measurement 

o f  f lo u r  p ro te in  q u a n tity  and mixograph data on sam ples from a l l  th ree  

p lo t  experim ents. In a d d itio n ,-  f a r in o graph ab so rp tio n , peak t im e , 

s t a b i l i t y ,  an d .va lo r im eter  measurements were taken on f lo u r  samples 

from c u lt iv a r s  grown in  the row p lo t  experim ent.

• . ' The percent- f lo u r  p r o te in  (p ercen t p r o te in )  was determ ined w ith  

an In fra  Red R eflec ta n ce  A nalyzer, manufactured by Technicon In d u str ia l.  

System s, on 4 g sam ples from each p lo t  typ e; The gra in  samples used ■ 

,to  obtain-m ixograph in form ation  .were tempered to  13.5% and ground in  

a Udy Cyclone M ill with, a I mm s c r e e n . . A•Strand s i f t e r  w ith  a 250 

p i  screen  was.-used, to  ob ta in  10 g . of  s ie v e d  wheat meal ( 7 ) .  The m ix- ■'



ograph was operated accord in g  to  the procedures g iven  "by Finney and 

Shogren ( l 4 ) . Method 5^-21 o f  the A.A.0 . 0 .  (2 )  was used to  ob ta in  the  

fa r in o graph data on the row p lo t  sam ples.

F ig . I i l l u s t r a t e s  th e  manner in  which mixogram in form ation  was 

ob ta in ed . Time o f  dough development (h e r e a fte r  r e fe r r e d  to  as peak 

d is ta n c e )  was determ ined by the d is ta n c e  in  cm from th e s t a r t  o f  the  

mixogram to  th e p o in t o f  minimum m o b ility , or peak (A).  This value  

cou ld  a ls o  have been exp ressed  in  m in u tes, where th e  tim e to  pass be­

tween two curved l in e s  was about one m inute. Peak h e ig h t was obtained  

as the d is ta n c e  in  cm from the base o f  th e  mixogram to  th e top  o f  the  

curve a t  th e  peak (B) .
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S t a t i s t i c a l  Methods

A standard a n a ly s is  o f  variance fo r  a two-way c l a s s i f i c a t io n  and 

an F- t e s t  were used to  determ ine i f  c u lt iv a r s  gave eq u iv a len t exp res­

s io n s  fo r  p ercent p r o te in , mixogram peak d ista n ce ,, and peak h e ig h t .  

C u ltiv a rs  were tr e a te d  as random e f f e c t s  in  the two-way model. A t e s t  

fo r  homogeneous erro r  variances' between, q u a lity  data obtained  from the  

row p lo t s  and t h a t .obta ined  from th e sm all p lo ts  was c a lc u la te d  (Appen­

d ix  Table 2 ) .  A t - t e s t  was used to  compare the mean o f  a l l  c u lt iv a r s  

in  each sm all p lo t  ty p e .w ith  the mean o f  a l l  c u lt iv a r s  in  th e row p lo t s  

fo r  p ercent p ro te in ,- mixograph peak d is ta n c e , and peak h e ig h t . The 

t - s t a t i s t i c  was w eighted when error varian ces  were non-homogeneous 

(40 ) ;  when error  varian ces  were homogeneous, t h e ir  v a lu es  and r e sp e c -
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F ig . I .  Schem atic diagram showing mixogram measurements. Line 
A d e sc r ib e s  the d is ta n c e  in  cm from the s t a r t  o f  the mixogram 
to  the p o in t o f  minimum m o b ility , or peak ( e . g . ,  peak d is ta n c e ) .  
Line B d e sc r ib e s  peak h e ig h t in  cm.



t iv e  d egrees o f  freedom were pooled  and S tu d en t's  t -d is t r ib u t io n  was 

fo llo w ed . Phenotypic c o r r e la t io n s  based on c u lt iv a r  means were com­

puted between row and sm all p lo t s  fo r  each c h a r a c t e r is t ic . The per­

cen t o f  sm all p lo t  e n tr ie s  common to  th e top  10, 2 5 , and 50#  o f  en­

t r i e s  fo r  th e row p lo t s  was c a lc u la te d  fo r  each t r a i t i A ll  p o ss ib le  

c o r r e la t io n s  among the th ree  t r a i t s  measured in  a l l  p lo t  experim ents 

and the four fa r in o graph t r a i t s  measured in  the row p lo t s  were a lso  

computed based on c u lt iv a r  me ans . . .
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RESULTS AND DISCUSSION

Comparison o f  Row and Sm all P lo ts  fo r  S e le c t io n  Purposes 

A n a ly sis  o f  Variance
:

S ig n if ic a n t  d if fe r e n c e s  among c u lt iv a r s  fo r  p ercen t p ro te in  and
'  I

mixogram peak d is ta n c e  were d e te c te d  in  a l l  p lo t  t y p e s . S ig n if ic a n t  

d if fe r e n c e s  among th e c u lt iv a r s  fo r  mixogram peak h e ig h t were d e tec ted  

in  the row and h i l l  p lo t s  on ly  (Table 2 1 ) .

Comparison o f  O vera ll Means

A t - t e s t  was used to  compare the means fo r  p ercen t p r o te in , mixo­

gram peak d is ta n c e , and peak h e ig h t o f  a l l  c u lt iv a r s  grown in  the sm all 

p lo ts  to  a l l  c u lt iv a r s  grown in  the row p lo t s  (Table 2 2 ) .  A ll  means 

fo r  a l l  t r a i t s  were eq u iv a len t excep t p ercent p r o te in  in  th e h i l l  p lo t s ,  

where i t  was s ig n i f i c a n t ly  g rea te r  than th a t  in  the row p lo t s .

Phenotypic c o r r e la t io n s , based on c u lt iv a r  means, between t h e ■ 

t r a i t s  measured in  th e row p lo ts  and th o se  measured in  th e sm all p lo ts  

were c a lc u la te d  (Table 2 3 ) .  C o rre la tio n  c o e f f i c ie n t s  between the sm all 

and row p lo t s  fo r  each o f  the th ree c h a r a c te r is t ic s  were s ig n if ic a n t  . 

and p o s it iv e - . ■ The r e la t io n s h ip  between sm all and row p lo t  c u lt iv a r  

ex p ress io n s  fo r  p ercen t p ro te in  and mixogram peak d is ta n c e  were very  

h ig h , in d ic a t in g  th a t  e i th e r  o f  th e  sm all p lo ts  might s u c c e s s fu l ly  be 

employed to  c l a s s i f y  w in ter  wheat c u lt iv a r s  fo r  th ese  c h a r a c te r is t ic s .  

The a s s o c ia t io n  between c u lt iv a r s  grown in  row and sm all p lo t s  fo r  m ix- ' 

ogram peak h e ig h t was s ig n i f ic a n t  but accounted fo r  o n ly '23% o f  the • 

v a r ia t io n  shown in  th e row p lo t s  fo r  t h i s  t r a i t .  S in ce s ig n if ic a n t
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Table 2 1 . .G u lt iv a r  (C) and error (E) mean squares (ES) from the  
a n a ly s is  o f  variance fo r  p ercent p r o te in , mixogram peak d is ta n c e , 
and peak h e ig h t measured in  row and sm all p l o t s .

P lo t  Type
Row H i l l  Micro

T ra it MS d f MS d f MS d f
P ro te in  ■(C) 2.68** 22 3.20** 22 2.08** 22

(E) 0.09 HO 0.09 n o - 0.08 HO
Peak d is ta n c e  ( c ) 0.81** 22 0.89** 22 0.64** 22

(E) 0.08 44 0.13 44 0.11 44
Peak heig h t (C) 0.81* 22 0.93** 22 0.49 22

(E) 0.39 44 . 0 .42 44 ‘ 0 .34 44

* ,* *  S ig n if ic a n t  a t  the 0 .05  and 0.01 l e v e l s ,  r e s p e c t iv e ly .

Table 22. Mean o f  a l l  e n tr ie s  fo r  each p lo t  type and t e s t s  o f  s i g n i f ­
icance between the means o f  row and sm all p lo ts  fo r  percent p r o te in ,  
mixogram peak d is ta n c e , and peak h e ig h t .

__________________  P lo t  Type______
T r a i t . Row H i l l  Micro
P ro te in  {%) ■13.5 1 3 .8 * . . 1 3 ,6

Peak d is ta n c e  (cm) 3 . 6 ' 3 . 7 3 .9

Peak h e ig h t (cm) 5 . 9 . . 5 . 8 6 .2

* S ig n i f ic a n t ly  d if f e r e n t  from the row p lo t  mean a t  th e  0 ,05  l e v e l .
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d if fe r e n c e s  among m icrop lot c u lt iv a r s  fo r  mixogram peak h e ig h t were 

not d e te c te d , the in te r p r e ta t io n  o f  comparisons between row and m icro-  

p lo t  c u lt iv a r  means must be made w ith  ca u tio n  (1 8 ) .

Common E n tr ie s

The mean ex p ress io n  fo r  percent p r o te in , mixogram peak d is ta n c e ,  

and peak h e ig h t o f  c u lt iv a r s  grown in  th e th ree p lo t - s iz e  experim ents 

and th e ir  r e la t iv e  ranking are p resen ted  in  Appendix Tables 18 to  20. 

S ev era l in v e s t ig a to r s  (12 ,  21 ,  23) have used the number o f  e n tr ie s  in  

■hill p lo t s  common to  the' top  10, 20 , and o f  the e n tr ie s  in  row 

p lo t s  as a c r i t e r io n  o f  com parison. The p ercent o f  e n tr ie s  in  sm all 

p lo t s  in  common w ith  row p lo t s  at, s e le c t io n  in t e n s i t i e s  o f  10, 2 5 , and 

50% are p resen ted  in  Table 24 fo r  the th ree  q u a lity  c h a r a c t e r is t ic s .

S e le c t io n  on th e b a s is  o f  th e  top  10% e n tr ie s  common to  the row 

p lo ts  c o r r e c t ly  id e n t i f ie d  100% o f  th e c u lt iv a r s  ex p ress in g  th e h igh ­

e s t  v a lu es  in  th e row p lo t s  fo r  p ercen t p r o t e in . ' S e le c t io n  o f  the top  

25% e n tr ie s  fo r  p ercen t p ro te in  c o r r e c t ly  id e n t i f ie d  83% o f  the high  

p ro te in  c u lt iv a r s .  in 'b o th  sm all p l o t s . F i f ty  p ercen t s e le c t io n  in te n ­

s i t y  c o r r e c t ly  c l a s s i f i e d  83 and 92% o f  th e e n tr ie s  in  h i l l  p lot's and 

m icro p lo ts , r e s p e c t iv e ly ,  f o r  p ercen t p r o te in . On th e b a s is  o f  common 

e n t r i e s , both h i l l  and m icrop lo ts should  provide s a t is f a c t o r y  r e s u l t s ' 

i f  used in s te a d  o f  row p lo t s  to  ob ta in  inform ation  on p ercent p r o te in .

The m icrop lo ts  showed the g r e a te s t  s e le c t io n  p o te n t ia l  fo r  mixo­

gram peak d is ta n c e  and peak h e ig h t , e s p e c ia l ly  a t  th e  50% s e le c t io n
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Table 23 . Phenotypic c o r r e la t io n s  between row and sm all p lo ts  fo r  
p ercent p r o te in , mixogram peak d is ta n c e , and peak h e ig h t .

P lo t  Type
T ra it H i l l Micro
P ro te in O.96** 0.93**

Peak d is ta n ce O.79** 0 . 78**

Peak h eigh t 0.48* 0.49*
* ,* *  S ig n if ic a n t  a t  th e  0 .05  and 0.01 l e v e l s , r e s p e c t iv e ly .

Table 24. P ercent o f  sm all p lo t  e n tr ie s  common to  th e  top  10 , 25, 
and 5 Q̂  e n tr ie s  grown in  the row p lo t s  fo r  percent p r o te in , mixo- 

. gram peak d is ta n c e , and peak h e ig h t .

T ra it

P lo t Type
H i l l  ■ Micro

10 25 50t 10 25 30
P ro te in . 100 83,. . 83 100 83 92

Peak d ista n ce ■ 0 33 83 . 0 67 83

Peak h eigh t • 0 33 38 0 ' I ? 67
t  S e le c t io n  in t e n s i t i e s  used in  the- comparison o f  row and sm all 

p l o t s .



in t e n s i t y .  C o rre la tio n s  fo r  peak h e ig h t between the row and sm all p lo t s  

were p o s it iv e  and s ig n i f ic a n t  but low er than th ose  fo r  p ercent p r o te in  

and peak d is ta n c e  (Table 2 3 ) .  However, s e le c t io n  e f f ic ie n c y  in  sm all 

p lo t s  fo r  t h i s  t r a i t  cou ld  be improved by s im u ltan eou sly  con sid er in g  

p ercent p r o te in , s in c e  both peak h eigh t and percent p r o te in  provide an 

in d ic a t io n  o f  baking ab sorp tion  ( 1 3 , 2 2 ) .

R e la t iv e  V aria tion  W ithin P lo t -S iz e  Experiments

The range in  performance fo r  p ercen t p r o te in , mixogram peak d i s ­

ta n c e , and peak h e ig h t were s im ila r  fo r  the h i l l  and row p lo t s ,  but the  

range o f  th ese  t r a i t s  was n o tic e a b ly  low er in  the m icrop lo ts  (Table 25).. 

Other in v e s t ig a to r s  have shown the range in  performance fo r  agronomic 

t r a i t s  measured in  h i l l  p lo t s  was wider than when th o se  t r a i t s  were 

measured in  row p lo ts  ( 3 2 , 3 9 ) .

The s iz e  o f  th e  c o e f f i c ie n t s  o f  v a r ia t io n  in  th e  two sm all p lo t  

ty p es fo r  th e th ree  q u a lity  t r a i t s  were s im ila r  w ith  th o se  obtained ■ 

from th e row p lo t s  (Table 2 5 ) .  Error varian ces fo r  a l l  o f  the t r a i t s  

were homogeneous between .the sm all and row p lo ts  (Appendix Table 2 ) ,  and, 

excep t fo r  p ercent p r o te in  measured in  the h i l l  p l o t s , a l l  means were 

e q u a l. between th e row and sm all p lo t s  (Table 2 2 ) .

Comparison o f  C u ltiv a r  Mixogram P a ttern s Between P lo t  Types

In a d d it io n  to  p rov id in g  in form ation  on baking m ixing requirem ents 

and m ixing to le r a n c e , the mixogram p a ttern  has q u a lita t iv e  ch aracter­

i s t i c s  th a t  are fu n ctio n s  o f  c u lt iv a r  d if fe r e n c e s  (2 2 ) .  P attern s from ■ 

f lo u r s  o f  known baking q u a l i t i e s  can be compared w ith  p a ttern s produced
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Table 25 . C o e f f ic ie n ts  o f  v a r ia t io n  (C. V . ) ,  standard errors  ( s ) , 
o v e r a ll  means (X ) , and range o f  performance (R) fo r  percent pro-
t e i n ,  mixogram peak d is ta n c e , 
sm all p l o t s .

and peak h eigh t measured in  row and

P lo t Type
T ra it Row H il l Micro
P ro te in  {%)

C.V. (#) 2 .20 2.10 2 .10
■ S 0.30 0.29 0.29

. X . 13 .50 13.80 13.60
R 3 .48 3 .61 3.05

Peak d is ta n c e  (cm)
C.V. (# ) 7.80 . 9 .70 8.50

S 0.28 0.36 0.20
X 3 .60 3 .70 3 .90
R 2 .10 2.00 1 .60

Peak h e ig h t (cm)
C.V. (# ) 10 .60 11 .10 9 .40

s ■ 0.63 0.64 0.58
X 5.90 5.80 6.20
R 1.90. 2.30 1 .20
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by experim ental l i n e s , and the d if fe r e n c e s  between p a ttern s  can be 

used as a c r i t e r io n  fo r  s e le c t io n  (1 4 ) .

F ig . 2 shows mixograms produced from four c u lt iv a r s  grown in  the  

th ree  p lo t  t y p e s . 'W in a lta ,' 'G enturk ,'' and 'MT 6928' are hard red

w in ter wheats o f  s im ila r  p r o te in  c o n ten t. They d i f f e r  in  d ista n ce  

to  peak, w ith  'Genturk' showing th e sm a lle s t  and 'MT.6928' the la r g e s t  

v a lu es a cro ss  p lo t  ty p es (Appendix Table 1 9 ), and peak h e ig h t , w ith  

'MT 6928' showing th e sm a lle s t  va lue a cro ss  p lo t  typ es (Appendix Table 

2 0 ) .  'W in a lta ' i s  a q u a lity  standard in  Montana, and p a ttern s  from

c u lt iv a r s  or experim ental l in e s  are compared to  the 'W inalta' p a ttern  

fo r  s e le c t io n  p u rp oses.

'N ugaines' i s  a s o f t  w hite w in ter  wheat w ith  low p r o te in  con ten t  

.and low a b so rp tio n , c h a r a c te r is t ic s  s u ita b le  in  the manufacture o f  p as­

t r i e s  and r e la te d  products (1 5 ) .  I t s  mixogram p a ttern  i s  included  in  

F ig . 2 to  show the s im i la r i t i e s  a cro ss  p lo t  ty p es .

A sso c ia t io n  o f  Mixogram Data With Other Q u a lity  T ra its

C o rre la tio n  c o e f f i c ie n t s  between a l l  p o s s ib le  com binations o f  the  

th ree  q u a lity  c h a r a c te r is t ic s  measured in  a l l  p lo t  ty p es p lu s the four  

fa r in o graph t r a i t s  measured in  th e row p lo t s  were computed to  determ ine 

i f  th e  typ es o f  percent p r o te in , mixo graph, and farinograph  in t e r - r e ­

la t io n s h ip s  in  th e row p lo t s  a ls o  occurred in  the sm all .p lo ts  (T ables 

26 to  2 8 ) .  The tran sform ation  from r  to  a q u a n tity  z ,  as g iven  by 

.Snedecor and Cochran (4 0 ) ,  was used to  " te s t  the h yp oth esis  th a t two
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F ig . 2 . E f fe c t s  o f  tempered (13.5% mb) s iev ed  wheat meal on 
dough development u sin g  four w in ter wheat c u lt iv a r s  grown 
in  row, h i l l ,  and m icro p lo ts . V alues under curves are the  
mean percent p ro te in  fo r  each p lo t  ty p e .
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sample v a lu es  o f  r  were drawn a t  random from the same p op u lation

W ithin th e row p lo t  experim ent, p ercen t p ro te in  was s ig n i f ic a n t ly  

c o r r e la te d  w ith  fa r in o gram ab sorp tion  and va lor im eter  va lue (Table. 26) 

Mixogram peak h e ig h t was p o s i t iv e ly  and s ig n i f ic a n t ly  a s so c ia te d  w ith  

farinogram  a b so rp tio n , s t a b i l i t y ,  and va lor im eter  v a lu e . Shuey (34) 

rep orted  th a t  farinogram  peak tim e was h ig h ly  c o r r e la te d  w ith  crude 

p r o te in  (r  = 0 .8 8 ) ,  but t h i s  r e la t io n s h ip  was not ob served , p o s s ib ly  

■due to  th e narrow range in  p r o te in  co n ten t o f  c u lt iv a r s  used in  t h is  

stu d y . The s ig n i f ic a n t  p o s it iv e  a s s o c ia t io n  between p ercent p ro te in  

and farinogram  v a lo r im eter  va lue has been reported  in  th e  l i t e r a tu r e  

(3 4 ) .  H ighly s ig n i f ic a n t  p o s it iv e  c o r r e la t io n s  between s e v e r a l f a r ­

inogram t r a i t s  were a ls o  found, but because th ese  measurements are 

g e n e r a lly  eva lu a ted  se p a r a te ly  by th e c e r e a l ch em ist, no fu rth er  in ­

v e s t ig a t io n  o f  th e se  r e la t io n s h ip s  was made. The c o r r e la t io n s  among 

q u a lity  t r a i t s  in  sm all, p lo t s  common to  th ose  in  th e row p lo ts  w ere, 

homogeneous (T ables 27 and 2 8 ) .

Q u a lity  in form ation  obtained  from the sm all p lo t s  e x h ib ite d  r e la ­

t io n sh ip s  not exp ressed  by row p lo t  q u a lity  in fo rm a tio n , such as the  

h igh , p o s i t iv e  c o r r e la t io n  between h i l l  p lo t  mixogram peak h eigh t and 

farinogram  s t a b i l i t y .  This r e la t io n s h ip  in d ica ted  th a t  mixogram peak 

h e ig h t would provide some in d ic a t io n  o f  the f lo u r 's  to ler a n c e  to  mix­

in g  (Table 2 7 ) .  The p o s it iv e  r e la t io n s h ip s  .between p r o te in  'content 

and farinogram  peak tim e and s t a b i l i t y  were s im ila r  to  v a lu es  'repbr-:



TatxLe 26. Correlations among seven quality characteristics of winter wheat grown in
row plots.

C h a r a c te r is t ic PRO " PKD PKH FAB FPT • FST FVA
P ercent p r o te in 1 .0 0

(PRO)
Mixogram peak d is ta n c e - 0 .1 6 1 .0 0

(PKD)-
Mixogram peak h eigh t 0 .3 8 . -0 .1 9 1 .0 0

(PKH)
Farinogram ab sorp tion 0 . 51* -0 .2? 0 .58** 1 .0 0

(FAB) .
Farihogram peak tim e 0 .4 0 0.39 0.39 0.28 1 .0 0

(FPT)
Farinogram s t a b i l i t y 0.38 0.2? • 0 .45* 0.1? 0 . 70** 1.00

(FST)
Farinogram va lb rim eter 0.52* - 0 .11 0 .$4** 0.40 0.6$** 0.57** 1 .0 0
' (FVA)

Significant at the 0.0$ and. 0.01 levels, respectively.



Table 27. Correlations among seven quality characteristics of winter wheat grown in
hill, plots.

C h a r a c te r is t ic  PRO PKD
P ercent p ro te in  

(PRO)' .
1 .0 0

Mixogram peak d is ta n c e  
(PKD)

-0 .09 1 .0 0

Mixogram peak h e ig h t - 
(PKH)

Farinogram ab sorp tion  
(FAB) '

0 .48* 0.20

0.52* -0 .12

Farinogram peak .tim e  
(FPT)

0.44* 0.31

Farinogram s t a b i l i t y  
(FST)

0.42* 0.32

Farinogram v a lo r im eter  
(FVA).

0 . 56** -0 .13

PKH FAB FPT FST

1 .0 0

0.43* 1.00

0.55** 0.28 1 .0 0

0.52* 0 .1 ? 0 . 70** 1 .0 0

0 .65** . 0 .40 0.65** 0.57**

*,** Significant at the 0.05' and 0.01 levels, respectively.



Table 28. Correlations among seven quality characteristics of winter wheat grown in
microplots

C h a r a c te r is t ic PRO PKD PKH FAB FPT FST FVA
P ercent p r o te in 1 .0 0

(PRO)
Mixogram peak d is ta n c e 0 .11 1 .0 0

(PKD)
Mixogram peak h e ig h t 0 . 0? 0 .0 8 1 .0 0  ■

(PKH)
Farinogram ab sorp tion 0 .3 8 - 0 .3 0 0 ,2 5 1 .0 0

(FAB)
Farinogram peak tim e 0.33 0 .3 8 0 .40 0 .2 8 1 .0 0

(FPT)
Farinogram s t a b i l i t y 0 .31 0 .4?* 0 .39 0 .17 0 . 70** 1 .0 0

(FST)
F arinogram ,valorim eter . 0 .44* 0 .0 8 .. 0 .56** 0 .4 0 0.65** 0 . 57* * - I.PO

(FVA)

*,** Significant at the 0.05 and 0,01 levels, respectively.
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te d  in  th e l i t e r a t u r e  ( 3 4 ) .  C o rre la tio n  c o e f f i c ie n t s  obtained  from 

m icroplot q u a lity  data d id  not agree as c lo s e ly  w ith  th o se  obtained  in  

th e row p lo t s  as d id  th e h i l l  p lo t  data  (Table 2 8 ) .

. R ep lica ted  Versus Bulk Mixogram Data

The mixograph in form ation  (peak d is ta n c e  and peak h e ig h t)  u t i l i z e d  

in  t h is  in v e s t ig a t io n  was ob tained  from r e p lic a te d  gra in  samples from 

each p lo t  ty p e . . A bulk o f  the r e p l ic a t e s  was a ls o  used to  ob ta in  m ix- 

ogram peak d is ta n c e  and peak h e ig h t and c o r r e la t io n  c o e f f i c ie n t s  were 

computed w ith in  p lo t  ty p es  between the r e p lic a te d  and bulked va lu es  

fo r  th ese  t r a i t s  (Table 2 9 ) .

C o rre la tio n  c o e f f i c i e n t s  were p o s i t iv e  and h ig h ly  s ig n i f ic a n t  fo r  

both peak d is ta n c e  and peak h e ig h t fo r  a l l  but the m ic r o p lo ts . These 

r e s u l t s  in d ic a te  the s u i t a b i l i t y  o f  u s in g  bulked gprain sam ples from 

row and h i l l  p lo t s  when in form ation  on mixogram peak d is ta n c e  and peak 

h eig h t are needed . Inform ation on peak d is ta n ce  ob tained  from the  

m icrop lot gra in  sam ples in d ic a te d  th a t  r e p l ic a t io n  o f  mixograms fo r  

t h i s  p lo t  type would be n ecessa ry  to  ob ta in  s im ila r  r e s u l t s  when de­

term in in g  peak h e ig h t .

The c o r r e la t io n s  o f  mixo gram in form ation  ob tained  from bulked 

sam ples o f  wheat w ith  p ercent p r o te in  and row p lo t  faririogram data  

w ith in  each p lo t  type are p resen ted  in  Table 30 . A comparison o f  th ese  

q u a lity  r e la t io n s h ip s  w ith  th e r e la t io n s h ip s  e x h ib ite d  u sin g  r e p l ic a ­

te d  gra in  sam ples (T ables 26 to  28) showed th a t  most q u a lity  in t e r -  '



r e la t io n s h ip s  were maintained-. The d if fe r e n c e s  th a t  d id  occur were: . 

row p lo t  mixogram peak h e ig h t and farinogram  peak tim e were' u n rela ted  

in  the r e p lic a te d  sam ples, but a s ig n i f i c a n t , p o s i t iv e  r e la t io n s h ip  

was d e te c te d  fo r  th e se  t r a i t s  u s in g  bulked grain  sam ples; in  the h i l l  

p l o t s , p o s i t iv e  a s s o c ia t io n s  between mixogram peak h e ig h t and farin o ,-  

gram peak tim e and s t a b i l i t y  were- d e te c te d  u sin g  r e p lic a te d  sam ples, 

but not in  the bulk sam ples; and r e la t io n s h ip s  between mixogram peak 

d is ta n c e  and farinogram  peak tim e and mixogram peak h e ig h t and fa r in o ­

gram ab sorp tion  were not d e tec ted  in  r e p lic a te d  m icroplot sam ples, but 

s ig n i f i c a n t ,  p o s i t iv e  c o r r e la t io n s  were obtained  from th e bulk sam p les.

92
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Table 29 . C o rre la tio n s  between bulk and r e p lic a te d  data  fo r  mixogram 
peak d is ta n c e  and peak h e ig h t taken from row and sm all p l o t s .

Mixogram C h a r a c te r is t ic
P eak . Peak

P lo t  Type D istance H eight
Row 0.78** 0.73**

H i l l O.78** 0 . 76** '■

Micro 0.82** 0.49*

* ,* *  S ig n if ic a n t  a t  the 0 ,0 5  and 0 .01  l e v e l s , r e s p e c t iv e ly .



T a tle  3 0 . C o rre la tio n s  between bulked mixogram in form ation  and o th er  q u a lity  ch a ra cter­
i s t i c s  o f  w in ter  wheat c u lt iv a r s  grown in  row and sm all p l o t s . ■

'______________________ P lo t  Type ________________
______Row________ ________H i l l_______ ______ Micro______
Peak • Peak Peak' Peak Peak Peak

T ra it D istan ce H eight D istance H eight D istance H eight
P ercent p r o te in  ■ -0 .3 5 0 .2 ? -0 .1 2 0.50* .0 .0 8 0 .3 0

Farinogram ab sorp tion -0 .3 9 O.54.** -0 .1 5 0.43* -0 .2 3 0.37**

Farinogram peak tim e 0.21 0 .45* 0 .2 7 0 .40 0.51* 0 .51*

Farinogram s t a b i l i t y 0 .11 0 .44* 0 .32 0 .3 6 0.62** 0.33

Farinogram v a lo r imete r . -0 .3 0 0.68** 0.01 0.52** 0.10 0 .4 0

* ,* *  S ig n if ic a n t  a t  the 0 .0 5  and 0 .01 l e v e l s , r e s p e c t iv e ly .



SUMMARY

Flour p r o te in  con ten t and mixograph in form ation  (peak d ista n ce  

and peak h e ig h t)  were obtained  from' w in ter  wheat c u lt iv a r s  grow n'in  

co n ven tion a l row p lo t s  and two ty p e s . o f  sm all p lo t  and a comparison 

was made, between them. A ten-gram  mixograph, u sin g  s ie v e d  wheat m eal, 

was adopted to  determ ine d is ta n c e  to  peak and peak h e ig h t and to  com­

pare c u lt iv a r  curve p a t te r n s .

This in v e s t ig a t io n  has shown th a t  e i th e r  h i l l  or m icrop lo ts would 

provide s a t is f a c t o r y  in form ation  on p r o te in  con ten t and mixogram char­

a c t e r i s t i c s ,  e s p e c ia l ly  when th e number o f  e n tr ie s  i s  la r g e  or when 

th e amount o f  seed  and land a v a ila b le  i s  l im ite d , such as in  e a r ly  

gen era tio n s o f  a breed ing program.



OVERALL SUMMARY

Tw enty-three w in ter wheat c u lt iv a r s  were eva lu ated  in  h i l l ,  m icro-, 

m in i- , and row p lo t s  grown under dryland co n d itio n s  in  1978. In  add i­

t io n ,  th e  h i l l  and m icrop lo ts were ir r ig a te d  three tim es during the  

■growing season  in  n u r se r ie s  sep arate  from th e ir  dryland co u n terp a rts . 

Comparisons o f  th ese  s m a ll .p lo t s  w ith  th e row p lo t s  were made u t i l i z i n g  

th ir te e n  agronomic and fou r q u a lity  c h a r a c te r is t ic s  as c r i t e r ia  fo r  

determ ining t h e ir  s u i t a b i l i t y  as a lt e r n a t iv e s  to .t h e  row p lo t s  in  win­

t e r  wheat re sea rch .

A ll  p lo t  n u rser ie s  were damaged by wind and h a i l  s ix  d a y s .a f t e r  the  

l a s t  c u lt iv a r  had headed. An ev a lu a tio n  o f  t h is  damage, u sin g  ten  o f  

the 23 c u l t iv a r s , determ ined th a t c u lt iv a r s  grown in  the sm all p lo t  

n u r se r ie s  rea c ted  to  h a il-in d u ce d  head damage and wind- and h a il-in d u ced  

lo d g in g  in  a manner s im ila r  to  the c u lt iv a r s  grown in  th e row p lo ts ,.

Comparisons o f  th e  sm all p lo t s  versu s the row p lo t s  u sin g  o v e r a ll  

means, phenotypic c o r r e la t io n s  between row and sm all p lo t s ,  fa n g e s , 00- .  

e f f i c i e n t s  o f  v a r ia t io n , and th e percentage o f  e n tr ie s  that.' were com­

mon in  th e extreme 10, 2 5 , and 50% o f  the pop u lation  in d ic a te d  th a t ■ 

the h i l l ,  m icro-, and m in ip lo ts  were su ita b le , a lt e r n a t iv e s  to  row p lo t s  

to  d iscr im in a te  among c u lt iv a r s  fo r  heading d a te , p la n t h e ig h t , seed  

w eigh t, and h arvest in d ex . The h i l l  and m icroplots were as e f f i c i e n t  

as the row p lo t s  in  id e n t ify in g  w in ter  w heat. c u lt iv a r s  fo r  percent 

f lo u r  p ro te in  and mixogram c h a r a c te r is t ic s  (peak d is ta n c e , peak h e ig h t ,
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and curve p a t t e r n ) . No advantage u s in g  ir r ig a te d  h i l l  and ir r ig a te d  

m icrop lo ts  was d e te c te d .

The' c u lt iv a r s  grown in  the dryland h i l l  p lo ts  were l e s s  v ig o r o u s , 

in  terms o f  p la n t h e ig h t , number o f  h ea d s/900 .cm2 , and g r a in .y i e ld , 

than th o se  grown in  th e  row p lo ts .. . R e la tio n sh ip s  between agronomic 

and q u a lity  c h a r a c te r is t ic s  w ith in  sm all p lo t  typ es d if f e r e d  substan­

t i a l l y  from th e se  r e la t io n s h ip s  in  th e row p lo t  nursery and t h is  was 

a ttr ib u te d  to  th e d i f f e r e n t ia l  a b i l i t y  o f  c u lt iv a r s  to  compete w ith in  

and between experim ental u n i t s .

The r e la t iv e  importance o f  h arvest index and b io lo g ic a l  y ie ld  to  

grain  y ie ld  w ith in  p lo t  ty p es was determ ined u sin g  m u ltip le  r e g r e ss io n  

a n a ly s i s . H arvest index and b io lo g ic a l  y ie ld  accounted fo r  95 to  99% 

o f  th e v a r ia t io n  in  gra in  y ie ld  a cro ss  p lo t  types and th e r a t io s  o f  

t h e ir  standard p a r t ia l  r e g r e ss io n  c o e f f i c ie n t s  in d ica te d  th a t harvest  

index was more im portant than b io lo g ic a l  y ie ld  in  determ ining grain  

y ie ld  excep t in  th e dryland h i l l  and m icro p lo ts , where both .harvest 

index and b io lo g ic a l  y ie ld  were o f  equal im portance.
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Appendix Table I .  W inter wheat c u l t Iv a x s » e n try , and a c c e ss io n  numbers' 
used to  compare row and sm all p lo t s .

Entry
number G u ltivar

A ccession
number

I W inalta Gi 13670
2 Genturk Gi 15075
3 Cheyenne Cl 8885
4 Warrior Gi 13190
5 Winoka Cl 14000
6 H ip la in s Cl 17262
7 Sundance c i  15327
8 Trapper ' Cl 13990
9 Lancer Cl 13547

10 Nugaines Cl 13968
11 Wanser ' -Cl 13844
12 Froid ■ c i  13872
13 O rest Cl 13880
14 Roughrider c i  17439
15 Advanced l in e (TX 55-391-56-D8/WMT n - 4 - 3 ) . MT 6928
16 Advanced l in e (YG/CNN 11-5-5//YG SS 4662 2 0 -4 -1 -1 ) 'MT 7216
17 Advanced l in e (LCR/WLT 1 0 2 -4 -1 4 ) MT 7244
18 . Advanced l in e (MT 6319 *2/LCR) MT ■ 7420
19 . Advanced l in e (rg/ cnn 39-18-7//W LT) MT 7431
20 . Maria's I I MT 7801
21 Bohls S e le c t io n MT 7802
22 NAPB 1289 NA .1289
23 Rocky NA 1316



Appendix Table 2. Comparison of error mean squares between row and small plots for 16
traits.

T ra it
P lo t Typet

Row-D . H i l l - I H ill-D M icro-I Micro-D Mini-D
Days to  emergence 0 .3 0 — 2.05 ** — 0.50 * 0.62 **
F a l l  c o lo r 0 .1 2 — 0 .19  . — 0.08 0.11
S pring  c o lo r 0 .23 — 0.15 0.13 0.07 **
F a l l  growth h a b it 0 .2 6 ‘--- 0.32 — 0.17 0.26
Spring growth h a b it . 0 .2 2 — 0.45  * — 0.41 0 .2 7
Heading date 0 .3 0 1 .2 0  ** — 1 .5 1  ** 0.36
P la n t h e ig h t 1 1 .2 0 1 5 .2 2 ** 16 .31  ** 27.04 ** 2 6 .6 6  ** 15 .54  *
H eads/900 cm^ 99.60 126 .02 75.24 162 .13  * 119.03 225.92 **
Seeds/head 9 .7 30.77 -X-X- 4 5 .4 1  ** 29.02 ** 20.35 * 9 .1 1
1 0 0-seed  w eight 0 .03 0 .0 6 * 0.02 * 0.03 0 .04 0.03
Y ield 18.0,0 92.37 -X-X- 71.51  ** 172.89 ** 103 .69  ** 38.93 **
H arvest in d e x ' 0 .001 0.002** 0.002** 0.002** 0.001 0.002**
B io lo g ic a l  y ie ld 9 1 .4 570 .80 -X-X 573.82 ** 1142.65  ** 603.42 ** 287 .48  **
P ercent p r o te in 0.09 ----------- 0.09 0 .08 —  —

Mixogram peak d is ta n c e 0 .0 8 — 0.13 — — 0 . 1 1  , — —

Mixogram peak h e ig h t 0.39 — 0.42 — 0.34 —

* ,* *  S ig n if ic a n t ly  d if f e r e n t  from th e row p lo t  error  mean square a t  the 0 .05  and 0 .01  
l e v e l s ,  r e s p e c t iv e ly .

t  The l e t t e r s  D and I  fo llo w in g  p lo t  typ es are a b b rev ia tio n s fo r  dryland and ir r ig a te d ,  
r e s p e c t iv e ly .



Appendix Table 3 • Ranked cultlyar means for percent culms lodged measured in row and
small plots.

P lo t  Typet
Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D

Mean Cult.-* ■ Mean C u lt. Mean C u lt. Mean C u lt. Mean C u lt. Mean C u lt .

. % ■ • % % ... % ■
8 1 .3  . 12 5 2 .5 12 2 0 .0 2 0 ' 4 2 .5 I 2 7 .5 14 80 .0 12
5 7 .5 ' I , 4 7 .5 ,v l 1 5 .0 • 12 ■ 1 5 .0 12 1 5 .0 12 4 5 .0 I

5 .0 14 . . 3 5 -0 . 3 . 1 1 .3 12 7 .5 '15 0 .0 2 3 5 .0 3
0 .0 2 . 3 5 .0 14 1 0 .0 3 5 .0 21 0 .0 .21 3 0 .0 2
0 .0 21 3 2 .5 . 21 5 .0 2 4 .9 3 0 .0 10 3 0 .0 20
0 .0 10 1 0 .0 2 0 .0 21 . 4 .9 14 0 .0 15 5 .0 14
0 .0 15 0 .0 10 0 .0 . 10 4 .9 20 0 .0 3 0 .0 21
0 .0 3 0 .0 15 0 .0 15 0 .0 2 0 .0 I 0 .0 10
0 .0 ■. 20 0 .0 20 0 .0 14 0 .0 10' 0 . 0 . 20 0 .0 • 15
0 .0 16 ' - 0 .0 16 0 .0 16 0 .0 16 ■ 0 .0 16 0 .0 16
8 .6  § 3 9 .1 2 6 .0 2 1 .4 1 5 .9 4 9 .5

t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es are a b b rev ia tio n s fo r  dryland and ir r ig a te d ,
r e s p e c t iv e ly .

$ R efer to  Appendix Table I  fo r  c u lt iv a r  names. 
§ L .S .D . a t  0 .0 5  l e v e l .



Appendix Table 4. Ranked cultivar means for percent heads damaged measured in row and
small plots.

P lo t  Typet
Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D

Mean C u lt . t  Mean C u lt. ■ Mean C u lt . Mean C u lt. Mean C u lt . Mean C u lt.

$  ■ % % % % %
1 9 .3  ' 21 ' 1 7 .0 21 2 0 .5 21 ■ 1 2 .8 21 1 1 .5 21 1 7 .5 21

8.0 14 . 1 0 .8 10 8.3 20 ■■ 7 .5 16 6 .3 10 1 0 .0 12
. 7 .0 2 7 .5 12 ' 7.8 16 6 .3 2 6 .3 14 7 .5 10 -

6.8 12 7 .5 16 7 .3 14 6 .0 14 5 .8 3 7 .5 14
6.8 • 16 6.8 3 6 .5 2 5 .3 10 5 .5 12 5 .5 I
6 .5 . 10 6.8 20 6 .5 10 5 .3 15 5 .5 16 4 .5 3
6 .4 I 6.0 14 6 .0 12 5 .3 20 5 .3 I 4 .0 20
6 .0 20 5 .9 I 5 .5  ■ 3 5 .0 12 5 .3 20 3 .5 2
5 .8 3 5 .0 2 4 .3 15 4 .8 3 5 .0 2 . 3 .0 15
3 .5 15 3 .8 15 3 .5 I 4 .5 I 4 .0 15 3.0 16
4 .2  $ 6 .8 6 .3 3 .3 5 .8 6.6

t  The l e t t e r s  'D and I  fo llo w in g  p lo t  typ es are a b b rev ia tio n s fo r  dryland and ir r ig a t e d , 
■ r e s p e c t iv e ly .
$ R efer to  Appendix Table I  fo r  c u lt iv a r  names.
§ L .S .D . a t  0 .0 5  l e v e l .  '



Appendix Table 5. Ranked cultivar means for days to emergence measured in row and
small plots.

P lo t  Typet
Row-D H ill-D Micro-D Mini -D

Meant ■C u lt .§ Mean C u lt . Mean C u lt. Mean C u lt.
1 8 .3 16 1 7 .4 21 1 6 .4 9 1 6 .0 3
1 7 .8 23 1 7 .3 9 1 6 .3 16 ■ - 1 5 .8 5 -
1 7 .7  . 6 : 1 7 .0 5 1 6 .2 3 1 5 .7 ' 12
1 7 .7 .10 1 7 .0 8 1 6 .3 11 . 1 5 .7 21
1 7 .7 15. . 1 6 .8 18 1 6 .3 14 1 5 .5 1 6 .
1 7 .7 17 1 6 .6 4- 1 6 ,1 15 1 5 .3 I
1 7 .7 21 1 6 .6 16 1 6 .0 . 4 1 5 .3 4
1 7 .5 1 . 1 6 .5 I 1 6 .0 5 1 5 .3 9
1 7 .5 ' 5 1 6 .5 . 3 1 6 .0 8 1 5 .3 17
1 7 .3 l l 1 6 .5 14 1 6 .0 10 1 5 .2 8
1 7 .3 18 ' • 1 6 .5 20. 1 6 .0 . 18 ' 1 5 .2 11
1 7 .3 . 20 1 6 .5 22 1 6 .0 21 1 5 .2 13
1 7 .2 22 1 6 .4 7 ■ 1 5 .9 22 . 1 5 .2 15
1 7 .0 ' 3 1 6 .4 12 '1 5 .8 I 1 5 .2 18
1 7 .0 4 1 6 .3 6 1 5 .8 6 1 4 .8 14
1 7 .0 7 . 1 6 .3 ' 15 1 5 .8 13 1 4 .8 22
1 7 .0 8 1 6 .3 23 1 5 .8 19 1 4 .7 10
1 7 .0 9 1 6 .2 17 1 5 .7 2 • 1 4 .7 19

,1 7 .0 12 1 6 .1 10 1 5 .7 20 1 4 .7 20
1 7 .0 13 1 6 .1 11 1 5 .7 23 1 4 .5 2
1 7 .0 14 1 5 .8 2 1 5 .6 7 1 4 .5 6
1 7 .0 19 . 1 5 .4 .13 1 5 .6 12 1 4 .2 23
1 6 .7 . 2  ■ 1 5 .3 19 . .. 15 .6 . 17 1 4 .0 7

0 .6  SI 1 .2 0 .6 0 .9
t  The l e t t e r  D fo llo w in g  p lo t  ty p e s  i s  an ab b rev ia tion , fo r  d ry lan d .
t  Days from p la n t in g  u n t i l  50% o f  th e  c o le o p t i le s  were emerged. 
§-R efer  to  Appendix Table I  f o r  c u lt iv a r  names.
SI L .S.D  a t  0 .0 5  l e v e l .



Appendix Table 6. Ranked cultivar means for fall color measured in row and small plots.

P lo t  Typet
Row-D H ill-D Micro-D Mini-D '

Meant C u lt .5 Mean C u lt . Mean C u lt. Mean C u lt .
4 .2 5 3 .7 I ■ 4 .0 5 4 .0 I
4 .0 ■ I 3 .7 5 . 4 .0 12 4 .0 4
4 .0  • 14 3 .7 12 4 .0 14 4 .0 5
4 .0 16 3 .7 ■ 14 4 .0  . 15 4 .0 12
3 .8 12 3 .7 16 4 .0 16 4 .0 14
3 .8 19 3 .6 17 3 .8 9 3 .8 9
3 .7 7 . 3 .5 6 3 .7 I 3 .8 16
3 .7 17 3 .5 10 3 .7 3 3 .8  • 17
3 .5  • 3 3 .5 11 3 .5 19 3 .7 18
3 .5 9 3 .4 13 3 .5 20 3 .5 3
3 .3 4 3 .3 15 3 .3 13 3 .5 21
3 .3 6. 3 .3 19 3 .3 17 3 .3 .6
3 .3 18 3 .3 21 3 .3 18 3 .3 7
3 .3 20 3 .2 . 18 3 .2 . 4 3 .3 8
3 .0 2 3 .1 . 3 3 .2 3 3 .2 6 .
3 .0 ■ 8 3 .1  . ' 4 3 .2 . 7 3 .2 10
3 .0 11 . 3 .1 7 3 .2 11 3 .1 19
3 .0 13 . 3 .1 9 3 .2 21 3 .0 2
3 .0 15 3 .1 23 3 .0 8 3 .0 11
3 .0 21 3 .0 8 3 .0 10 .3 .0 .13
3 .0 23 3 .0 20 2 .9 2 3 .0 15
2 .9 1 0 .  - .2 .9 2 2 .9 22 3 .0 22
2 .9 22 : : 2 .9 . 22 2 .9 23 3 .0 23
0 .6 . TI ■ o .7  - 0 .5 0 .6

- t  The l e t t e r  D fo llo w in g  p lo t  ty p es  i s  an a b b rev ia tio n  fo r  dryland .
$ S c a le  1 -5  ( 5 =  d ark est g r e e n ) .
§ -Refer t o 'Appendix Table I  fo r  c u lt iv a r  names„

" IT. L .S .D . a t  0 .0 5  l e v e l .  . ' . " '
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Appendix TaixLe ?. Ranked cultivar means for spring color measured in row and small
plots.

P lo t  Typet
Row-D H il l -D Micro -D Mini-D

Meant C u lt .§ Mean C u lt . Mean C u lt. Mean C u lt .
3 .8 11 4 .0 14 4 .0 I 4 .0 I
3 .8 13 3 .8 I 4 .0 5 4 .0 5
3 .7 4 . 3 .8 10 4 .0 14 3 .7 10
3 .3 2 3 .8 16 . 4 .0 15 3 .7 14
3 .3 6 . 3 .8 •17 4 .0 16 3 .5 7 .
3 .3 10 3 .7 6 3 .8 20 3 .5 8
3 .3 18 3 .7 7 3 .7 12 3 .5 16.
3 .3 20 3 .7 12 3 .7 13 3 .5 18
3 .3 21 3 .7 18 3 .7 17 3 .3 3
3 .3 22 3 .7 19 3 .7 18 3 .3 4
3 .2 ' I 3 .7 20 3 .5 7 3 .3 6
3 .2  . 7 3 .5 5 3 .5 9 3 .3 9
3 .2 8 3 .5 I l  . 3 .3 4 3 .3 .17 '
3 .2  . . 1 6  . ■ . 3 .3 4 3 .3 8 3 .3 - 21
3 .2 19 3 .3 8 3 .3 11 3.2 13
3 .2 23 3 .3 21 3 .2 3 3 .2 20
2 .8 3 3 .3 22 3 .2 21 3 .1 12
2 .8 5 3 .2 13 3 .2 22 3 .0 2
2 .8 9 3 .0 2 3 .0 2 3 .0 11
2 .8 12 3 .0 3 3 .0 6 3 .0 15
2 .8 14 3 .0 9 . 3 .0 10 3 .0 19
2 .8  . 15 3 .0 15 3 .0  . 19 3 .0 22
2 .8 17 . 3 .0 23 3 .0 23 3 .0 23
1 .0  cH . 0 .6 0 .6 0 .4
t The. letter D following plot types is an abbreviation for dryland,
+ Scale 1 - 5  ( 5  -  darkest green).
§ Refer to Appendix Table I for cultivar names.
tU L.S.D. at 0 .0 5  level.



Appendix Table 8.. Ranked cultivar means for fall growth habit measured in row and small
plots.

P lo t  Typet
Row-D H ill-D Micro -D Mini-D

Meant C u lt .S Mean C u lt . Mean C u lt . Mean C u lt.
3 .3 I 3 .8 13 3 .7 22 3 .7 2
3 .3 7 .3 .8 22 3 .5 - 6 3 .7 7
3 .3 13 3 .7 7 3 .5 ■ 7 3 .3 6
3 . 0 - 2 3 .3 14 3 .5 23 3 .3 13
3 .0 3 3 .2 5 3 .3 12 3 .3 18
3 .0 6 3 .2 8 3 .3 13 3 .3 23
3 .0 12 3 .2 10 3 .0 I 3 .2 14
3 .0 17 3 .2 23 3 .0 4 3 .2 15
3 .0 20 3 .1 17 3 .0 9 3 .0 8
3 .0 22 3 .0 I 3 .0 14 3 .0  . 20
2 .7 4 . 3 .0 2 . 3 .0 20 3 ,0 21
2 .7 5 3 .0 . 4 2 .9 17 2 .9 19
2 .7 14 3 .0 . 9 2 .7 5 2 .9 22
2 .7 18 2 .9 6 ■ 2 .7 21 2 .7 I
2 .7 19 2 .8 3 2 .3 2 2 .7 4
2 .3 8 ■ 2 .7 12 2 .3 3 2 .7 11
2 .3 9 2 .7 15 2 .3 8 2 .3 3
2 .3 11 2 .7 19 . 2 .3 10 2 .3 5
2 .3 ' 15 2 .3 H 2 .3 15 2 .3 9
2 .3 . = 16 2 .3 16 2 .3 18 2 .3 16
2 .3 21 2 .3 18 2 .3 19 2 .3 17
2 .3 23 2 .3 20 2 .0 11 ■ 2 .0 10
2 .0 10 2 .0 21 2 .0 16 2 .0 12
0 .8  tH 0 .9 - . . ______ _______ 0/7____ • 0 .8
t The letter D following plot types is an abbreviation for dryland.
$ Scale 1 - 5  ( 5  = most prostrate).
§ Refer to Appendix Table I for Cultivar names.
H L.S.D. a t  0 .0 5  l e v e l .
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Appendix Table 9. Ranked cultivar means for spring growth habit measured in row and
small plots.

P lo t  Typet
Row-D F i l l -D Micro -D Mi ni .-D

Meant C u lt .§ Mean C u lt. Mean C u lt. Mean C u lt.
3 .8 I 3 .7 5 ' 4 . 5 14 4 .0 5
3 .8 5 3 .7 18 4 .3 6 4 .0 14
3 .8 14 3 .5 I 4 .0 9 4 .0 18
3 .8 16. . 3 .5 7 3 .8 2 3 .8 . I
3 .5 7 . 3 .5 12 3 .8 5 3 .8 7
3 .3 .1 9 3 .5  : 13 3 .8 18 3 .7 12
3 .2 . 4 3 .5 16 3 .7 7 3 .7 22
3 .2 8 3 .3 2 3 .5 12 3 .3 2
3 .2 18 3 .3 8 3 .4 . 16 3 .3 8
3 .0 • 10 3 .3 14 3 .3 I 3 -3 23
2 .8 6 3 .3  . . 17 3 .3 8 3 .2 17
2 .8  . 21 3 .3 21 3 .3 13 3 .0 3
2 . 7 . 9 3 .3 22 3 .3 22 3 .0 10
2 .7 . 12 3 .2 3 3 .2 3 2 .9 21
2 .7 22 3 .2 11 3 .2 17 2JB 13
2 .5 17 3 .0 4 3 .2 20 2 .8 15
2 .3 2 , 3 . 0 9 3 .2 23 2 .7 9
2 ,3 11 , 3 .0 10 3 .1 10 2 .7 19
2 .3 23 3 .0  . 20 2 .9 15 2 .6 16
2 .2 3 2 .7  . 6 2 .8 19 2 .3 4
1 .8 1 3 . 2 .7 15 2 ,7 4 2 .3 6
1 .8 15 2 .7 19 2 .7 11 2 .3 20
31.8 20 2 .7 23 2 .3 21 2 .0 11
1 .0  SI . i a 1 .1 0 .9
t The letter D following plot types is an abbreviation for dryland „
* Scale 1 - 5  ( 5  = most prostrate).
§ Refer to Appendix Table I for cultivar names.
IT L..S.D. at 0 .0 5  level. .



Appendix Tatle 10. Ranked cultivar means for heading date measured in row and small -
plots.

P lo t  Typet
Row-D . H ill-D Micro-D Mini-D

Meant C u lt .5 Mean C u lt. Mean C u lt. Mean C u lt.
1 77 .3 7 178 .2 7 1 7 7 .5 7 1 7 6 .8 7
1 7 5 .9 10 1 7 5 .1 12 174 .1 12 1 7 4 .5 10
1 7 4 .2 . 12 . . 1 7 4 .1 ■10 1 7 3 .9 10 1 7 4 .2 12
173 .3 ' 3 .1 7 3 .9 3 1 7 3 .5 14 1 7 4 .0 3
173.2 14 173.7 5 1 73 .1 3 1 73 .3 5
1 7 3 .0 5 1 7 3 .5 I 1 7 2 .7 18 173.0 18
172.8 16 173.5 14 1 7 2 .6 16 1 7 2 .8 I
1 7 2 .8 - 18 1 7 3 .3 18 172.5 5 172.8 14
1 7 2 .5 I 1 7 3 .1 16 1 7 2 .5 11 172.3 16
1 7 2 .5 19 . 172.5 11 1 7 2 .1 I 1 71 .3 11
172.0 8 . 172.3 8 1 7 1 .7 . 8 1 71 .2 8
1 7 1 .8 11 1 7 0 .6 19 1 7 0 .7 4 1 7 0 .0 4
1 6 9 .5 4 1 7 0 .5 4 170 .1 6 169.8 19
1 6 8 .8 6 1 6 9 .8 9 170 .1 19 169.2 17
1 6 8 .8 17 1 6 9 .5 6 1 6 9 .5 22 1 6 8 .8 6
1 6 8 .7 9 1 6 9 .2 22 169.3 9 1 6 8 .8 9
1 6 8 .5 15 1 6 9 .0 . 17 169.2 20 168.8 13
1 6 8 .5 20 169.0 20 169.2 21 168.8 21
1 6 8 .5 22 1 6 9 .0 ' 23 1 6 9 .1 17 1 6 8 .8 22
1 6 8 .5 23 1 6 8 .9 15 168.8 15 168.7 15
1 6 8 .0 13 • 1 6 8 .9 21 168.7 13 168.7 23
1 6 7 .8 2 ■ 1 6 8 .6 2 168.6 23 . 168 .2 20
1 6 7 .8 21 , 1 6 8 .6 13 1 6 8 .4 2 1 6 8 .0 ' 2

0 .6  5TT 0 .9 1 .0 0.7
t  The l e t t e r  D fo llo w in g  p lo t  ty p es i s  an a b b rev ia tio n  fo r  d ry lan d . 
* Days from January I .
§ R efer to  Appendix Table I  fo r  c u lt iv a r  names.
IT L . S . D. a t  0 .0 5  l e v e l .
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Appendix Table 11. Ranked cultivar means for plant height measured in row and small
plots.

P lot Typet
Row-D H ill- I H ill-D Micro-I Micro-D Min;L - D

Mean C ult.* Mean Cult. Mean Cult. Mean Cult. Mean Cult. Mean Cult.
cm • cm cm cm cm cm

1 2 8 .7 12 1 3 0 .8 7 1 19 .2 7 1 3 3 .9 7 1 23 .2 12 ' 123.2 12
1 2 6 .2 7 1 3 0 .2 12 1 1 7 .9 12; ' 1 3 3 .4 12 1 2 0 .8 7 120.7 7
1 2 4 .2 18 1 2 3 .2 3 1 13 .4 8 1 2 6 .7 3 116 .9 8 1 1 9 .8 3
1 2 1 .0 5 1 2 2 .2 I 1 12 .2 I . 126 .1 I 115.2 3 1 1 8 .7 8
H 9 .5 I 121.6 18 1 11 .2 5 1 2 4 .8 8 114 .9 18 .1 1 7 .0 I
1 1 7 .3 3 1 2 1 .4 8 1 1 0 .8 18 122.8 5 1 1 4 .8 I 116 .2 5
1 1 7 .0 9 1 1 9 .7 5 1 1 0 .2 3 1 2 1 .4 14 1 1 4 .7 5 1 1 4 .5 18
1 1 6 .7 8 . 1 1 8 .5 14 109.6 20 1 2 0 .9 18 1 13 .5 4 113 .0 20
1 1 6 .0 .1 9 1 1 6 .4 9 109.3 9 1 1 8 .8 9 111 .3 9 1 1 2 .7 11
1 1 5 .8 20 ' 1 1 4 .7 19 1 0 8 .6 19 1 1 7 .3 . 11 1 11 .1 20 111 .3 14
H 5 .3 14 1 1 4 .1 4 1 08 .3 14 117 .2  • 20 1 0 9 .7 11 1 1 1 .0 4
1 1 4 .2 11 1 1 3 .1 11 1 08 .1 11 1 1 6 .7 4 1 0 8 .6 14 1 1 0 .0 16
1 1 1 .7 4 1 1 2 .6 20 1 0 7 .4 4 1 1 4 .7 19 107.2 6 109 .3  - 9
110 .3 16 • 1 1 2 .0 6 1 0 5 .9 ■ 6 ' 1 13 .1 6 1 0 6 .7 17 1 0 7 .0 17
1 1 0 .3 17 1 1 0 .5 I? 1 0 5 .6 16 1 1 3 .0 16 1 06 .2 16 1 0 5 .7 19
1 0 6 .2 22 110 .3 22 103.9 17 1 1 0 .2 17 1 05 .4 19 105 .5 6
1 0 5 .5 23 1 0 8 .6 16 1 0 2 .7 22 108.6 22 1 04 .2 22 105 .0 22
1 0 3 .5 6 1 0 6 .7 2 1 00 .3 23 1 0 6 .7 23 1 0 2 .7 2 102.7 23
1 0 3 .2 2 1 0 5 .5 23 99.6 13 1 06 .1 2 1 01 .1 23 1 0 0 .7 13
1 0 0 .2 13 1 0 1 .8 13 98.3 2 1 0 3 .4 .13 99.0 13 98.5 2

96:8 21 99.2 15 92.8 21 1 0 2 .4 15 95.0 21 96.3 21
88.5 15 . 9 W 21 9 1 .4 15 94.8 21 92.5 15 90.8 15
7 7 .5 10 8 7 .0 10 79 .2 10 87.1 10 80 .1 10 7 7 .7 10
3 .8  5 3 .1 3 .2 4 .2 4 .1 4 .5

t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es  are a b b rev ia tio n s  fo r  d ry lan d .and ir r ig a te d ,  
r e s p e c t iv e ly ,  t  R efer to  Appendix Table I  fo r  c u lt iv a r  names. § L .S .D . a t  O.Oj? l e v e l .



Appendix Table 12 . Ranked cultivar means for number of heads/900 cnf' measured in
row arid small plots.

P lo t  Type+
Row-D H i l l - I H ill-D Micro- I Micro-D M ini-D

Mean C u lt .* Mean C ult . Mean C u lt . Mean C u lt. Mean C u lt. Mean C u lt.
8 6 .7 20 65 .4 13 5 0 .8 I 9 6 .6 8 71 .4 20 123.3 22
85 .3 18 6 1 .8 2 4 9 .2 19 9 2 .2 13 7 0 .6 2 1 09 .0 2
8 3 .7 23 60 .2 12 4 8 .4 6 9 2 .0 18 70 .4 I 1 08 .7 9
8 0 .7 22 5 9 .2 22 4 8 .4 13 8 9 .6 19 6 8 .8 7 1 0 7 .7 18
7 5 .0 17 5 7 .6 7 4 7 .0 18 8 8 .6 3 68 .2 18 107 .0 6 .
7 2 .7 . 8 5 6 .8 15 4 6 .6 15 8 6 .4 5 67 .2 13 105.3 5
6 8 .7 11 5 6 .8 19 4 5 .6 17 8 5 .8 12 6 5 .8 3 104 .0 13
68 .3 9 . 5 6 .2 6 4 5 .2 22 8 4 .8 I 65 .4 8 1 03 .0 12
6 7 .0 15 5 6 .2 8 4 4 .8 20 8 4 .4 7 65 .2 23 102 .0 11
65 .3 .2 5 6 .2 11 4 4 .4 2 8 3 .2 2 6 4 .8 4 100 .7 14
66 .3 4 5 5 .6 4 4 4 .2 5 8 1 .0 17 ■ 63 .0 5 100 .7 19
65 .3 5 5 4 .8 5 4 3 .4 11 7 9 .6 6 6 2 .8 19 9 6 .3 4
65 .3 13 5 4 .6 17 4 2 .4 8 7 9 .6 22 62 .0 22 9 3 .3 17
6 5 .3  . 19 5 4 .2 23 4 2 .2 7 79 .4 4 61 .6 17 92 .3 8
6 3 .7 6 5 2 .6 18 4 0 .8 16 79 .4 11 60 .6 6 9 2 .0 3
6 3 .7 10 5 1 .8 I 3 9 .0 9 79 .2 21 5 9 .4 11 9 1 .0 16
61 .3 14 5 1 .8 9 3 9 .0 21 7 6 .0 9 5 9 .0 15 9 0 .0 20
6 1 .0 3 5 1 .0 14 3 7 .8 14 7 5 .0 23 5 7 .2 21 8 9 .0 10
5 9 .0 I 4 7 .0 20 3 7 .4 23 7 3 .4 15 5 6 .2 14 88 .3 7
5 9 .0 12 . 4 6 .6 . 21 . 3 5 .4 4 73 .2 20 5 5 .6 16 8 2 .7 23
5 6 .3 21 • 4 5 .2 16 3 4 .0 3 6 9 .0 10 5 5 .0 12 80 .3 15
5 4 .3 7 4 4 .6 3 3 2 .8 10 6 9 .0 16 5 3 .6 9 7 9 .7 I
5 4 .0 16 4 2 .2 10 2 9 .0 12 6 7 .8 14 4 6 .8 , 10 65 .3 21
1 6 .4  § 14 .1 1 0 .9 1 6 .0 1 3 .7 2 4 .7
+ The l e t t e r s U arid I  fo llo w in g  p lo t  ty p es ;are a b b rev ia tio n s fo r  dryland and ir r ig a te d ,

r e s p e c t iv e ly .  t R efer to  Appendix Table I  fo r  c u lt iv a r  names. § L .S .D . <i t  0 .05 le v e l



Appendix Table 13. Ranked cultivar means for number of seeds per head measured in row
and small plots.

P lo t  Typet
Row-D H i l l - I  ’ F-m -D Micro - I Micro -D Mt ni -D

Mean C u lt .* Mean . C u lt . Mean C u lt . Mean C u lt . Mean C u lt . Mean C ult.
1 8 .9 2 2 1 .4 ■ . 7 2 8 .0 18 2 8 .4 7 2 3 .4 23 2 2 .4 23
1 7 .1 13 2 1 .0 23 . 2 0 .6 16 2 7 .8 15 2 3 .2 15 1 9 .6 15
1 6 .6 I 2 0 .8 13 2 0 .6 20 2 3 .8 23 2 2 .8 2 1 7 .6 21
1 6 .5  ' 1 0 . 1 9 .6 2 • 2 0 .4 15 2 3 .0 8 2 2 .2 I 1 7 .2 7
1 5 .8 7 1 9 .6 8 • 1 9 .6 2 2 1 .8 2 2 1 .6 5 1 6 .9 2
1 5 .4 12 .1 9 .2 5 1 9 .4 22 2 1 .6 22 2 0 .6 7 1 6 .7 10
1 5 .0 21 1 9 .2 21 1 9 .2 11 ■ 2 0 .4 10 2 0 .2 13 1 6 .1 I
1 4 .8 5 1 9 .0 6 1 8 .6  ■ 5 2 0 .4 18 1 9 .6 18 1 5 .7 16
1 4 .5 16 1 9 .0 . 12 . 1 8 .6 21 2 0 .0 13 1 9 .2 8 1 5 .1 3
1 4 .3 22 1 8 .6 16 1 8 .0 I 1 9 .8 6 1 9 .0 16 1 4 .0 13
1 4 .0 1 4 . 1 8 .6 22. 1 7 .6 7 1 9 .6 4 . 1 8 .4 17 1 4 .0 17
1 3 .6 3 1 8 .0 11 1 7 .6 13 1 9 .6 21 1 8 .4 21 1 3 .8 20
1 3 .2 18 1 7 .0 14 1 7 .4 10 1 9 .2 12 1 8 .2 10 1 3 .6 6
1 3 .1 4 1 6 .4 4 1 7 .0 6 1 9 .2 20 1 8 .2 20 1 3 .4 19
1 3 .0 • 9. 1 6 .2 . I 1 6 .8 4 1 8 .8 16 1 7 .8 3 1 3 .2 "5
1 2 .3 15 1 5 .6 3 1 6 .8 23 ■ 1 8 .8 19 1 7 .8 4 1 3 .1 12 .
1 2 .2 17 1 5 .6 10 1 6 .2 8 1 8 .6 9 1 7 .8 22 1 3 .0 11
1 2 .2 19 1 5 .6 17 1 5 .6 19 1 8 .0 I 1 6 .6 6 1 2 .9 14
1 1 .2 6 1 5 .4 20 1 5 .4 17 1 7 .8 14 1 6 .6 11 1 2 .8 4
1 1 .1 11 1 5 .0 15 1 4 .8 3 1 7 .8 17 1 6 .4  • 19 1 2 .4 9
1 1 .1 23 1 5 .0 19 1 4 .4 12 1 7 .2 3 1 5 .6 9 1 2 .4 18

9 .9 ■ 8 1 4 .6 9 1 3 ,8 9 1 5 .8 l l 1 5 .2 14 1 2 .2 8
9 .1 20 1 3 .0 18 1 3 .2 14 1 5 .4 • 5 1 5 .0 12 1 1 .9 22
5 .1  G 7 .0 8 .5 6 .8 5 .7 5 .0

t  The l e t t e r s  D and I  fo llo w in g  p lo t  ty p es  are a b b rev ia tio n s  fo r  dryland and ir r ig a te d ,  
r e s p e c t iv e ly . * R efer to  Appendix Table I  fo r  c u lt iv a r  names. § L .S .D . a t  0 .05  l e v e l .



A p p e n d ix  T a t l e  1.4. - R anked  c u l t i v a r  m eans f o r  1 0 0 - s e e d  w e ig h t  m ea su red  i n  row  an d
s m a l l  p l o t s .

P lo t  Type t
Row -D ' H i l l - I H ill-D Micro - I Micro -D Mini -D

Meant C u l t .S Mean C u lt. Mean C u lt . Mean C u lt. Mean C u lt. Mean C u lt.
3 .7 5 21 4 .1 6 21 3 .7 7 21 3 .8 7 21 4 .0 3 21 3 .9 9 21
3 .4 2 19 3 .6 0 5 3 .3 3 . 11 3 .5 8 17 3 .3 5 7 3:42 17
3 .4 1 17 3 .5 1  . 17 3 .3 2 I? 3 .4 5 11 3 .3 2 17 3 .4 0 3 .
3 .3 3 11 3 .3 7 11 3 .2 7 3 3 .4 2 I 3 .2 7 11 3 .2 9 20
3 .2 0 7 3 .3 4 7 3 .1 8 . 5 3 .4 1 3 3 .2 4 3 3 .2 4 3
3 .1 4 I 3 .3 2 I 3 .1 6 I 3 .4 1 5 3 .2 3 I 3 .2 3 11
3 .1 0 9 3 .3 2 3 . 3 .1 0 19 3 .2 7 7 3 .1 4 5 3 .2 2 19
3 .0 9 20 3 .2 7 4 3 .0 9 7 3 .2 0 ' 4 3 .1 4 20 3 .1 6 I
3 .0 7 5 3 .2 4 19 3 .0 5 9 3 .2 0 19 3 .1 1 6 3 .1 2 13
2 .9 9 3 3 .1 6 2 3 .0 1 • 8 3 .1 2 8 3 .0 8 9 3 .0 7 6
2 .9 7 10 3 .1 4 9 . 2 .9 4 4 3 .1 2  . 13. 3 .0 6 8 ■ 3 .0 7 9
2 .9 5 14 3 .0 6 14 2 .9 4 14 3 .1 0 14 3 .0 5 19 3 .0 7 14
2 .9 5 23 3 .0 6 20 2 .9 1 13 3 .1 0 20 2 .9 9 4 3.04- 7
2 .8 8 12 3 .0 4 8 2.9.1 20 3 .0 8 9 2 .9 7 13 3 .0 4 23
2 .8 8 13 3 .0 2 10 2 .8 6 6 3 .0 6 2 2 .9 7 14 ■ 3 .0 1 10
2 .8 4 4 3 .0 1 12 2 .8 6 10 3 .0 1 23 2 .9 7 16 2 .9 5 22
2 .8 4 8 2 .9 7 13 2.82. 16 2 .9 7 22 2 .9 6 2 2 .9 3 8
2 .8 4 22 2 .9 6 23 . 2 .7 9 2 2 .9 2 6 2 .8 9 23 2 .9 3 16
2 .8 0 18 2 .9 3 22 2 .7 7 18 2 .9 0 18 2 .8 3 22 2 .9 1 4
2 .7 5 2 • 2 .9 1 6 2 .7 6 22 2 .8 4 16 2 .7 9 18 2 .8 3 18
2 .7 3 16 2 .8 6 18 2 .7 6 23 2 .8 1 12 2 .7 6 12 2 .8 4 2
2 .5 7 15 2 .7 5 16 2 .7 2 12 2 .7 8 10 2 .5 1 10 2 .8 3 12
2 .4 7 6 2 .7 4 15 2 .3 7 15 2 .4 9 15 2 .3 2 15 2 .6 6 15
0 .3 0  <fl 0 .3 0 0 .1 8 0.21 0 .19 0 .2 7
t The letters b.and I following plot types are abbreviations for dryland and irrigated,
' respectively; * grams. § Refer to Appendix Table I for cultivar names,
il L.S.D. at 0,05 level.



Appendix Table 15. Ranked cultivar means for grain yield measured in row and small
plots.

P lo t  Typet
Row-D H il l - I H i l l -D Micro - I Micro -D Mini.-D

Meant C u lt .§ Mean C u lt . Mean C u lt. Mean C u lt. Mean C u lt . Mean C u lt.
3 6 .5 23 50 .2 13 4 1 .3 13 65.2 13 55.2 2 62.2 23
3 4 .4 13 4 7 .1 2 4 1 .2 2 63 .1 19 50 .3 13 57 .0 2
33 .4 2 • 4 2 .3 17 35 .9 22 62 .1 7 5 0 .1 17 5 1 .7 13
33 .2 10 4 0 .5 19 3 5 .6 19 60.9 2 4 8 .8 7 5 1 .4 21
32.3 17 3 9 .6 8 35 .3 17 5 9 .4 23 4 8 .7 I 4 9 .6 7
3 2 .0 21 3 9 .5 7 3 4 .4 20 58.3 21 4 8 .4  ' 23 4 9 .0 17
3 1 .1 5 3 8 .8 23 34 .2 8 5 8 .1 17 4 6 .6 19 4 8 .8 19
2 9 .6 18 3 7 .5 I 3 4 .0 6 5 3 .1 3 4 6 .6 21 4 8 .6 3
29 .0 22 3 7 .4 22 3 4 .0 . 7 5 1 .0 15 ' 4 6 .2 5 4 8 .0 5
28 .9 I 37 .2 20 3 2 .7 5 50 .7 8 4 5 .9 8 4 8 .0 22
2 7 .6 19 3 5 .6 4 3 2 .4 I 5 0 .4 I 4 5 .0 22 4 7 .1 10
26.3 9 35 .3 5 3 1 .0 21 50.3 22 4 4 .0 6 4 7 .0 11
26 .0 12 3 4 .7 9 29 .2 15 4 9 .8 4 4 3 .6 3 4 7 .0 16
2 5 .8 11 3 3 .8 21 29 .2 23 4 9 .4 6 4 2 .9 20 4 6 .9 15
25.2 20 3 3 .7 12 27 .2 18 4 9 .4 18 4 1 .9 4 4 6 .7 20
24 .0 4 32 .3 6 27 .1 4 4 9 .2 12 4 l . l 18 4 6 .4 9
2 3 .6 7 3 2 .0 3 27 .0 9 4 8 .7 14 4 0 .6 15 4 4 .9 I
2 2 .6 3 3 1 .4 11 2 6 .5 3 4 8 .7 20 39 .8 9 4 3 .0 6
21 .9 14 3 0 .0 18 2 6 .0 16 4 7 .3 5 ' 3 6 .8 11 39 .9 18
2 1 .7 16 2 9 .9 15 ' 25 .5 11 4 4 .9 l l 3 6 .4 16 39 .5 8
20 .2 8 2 9 .1 14 2 5 .4 10 4 1 .7 9 3 4 .7 10 ' 39 .2 12
1 9 .1 15 2 4 .8 10 23 .0 14 3 8 .8 10 3 4 .4 14 38 .9 4
1 6 .6 6 2 1 .4 16 22 .0 12 3 6 .1 16 32.2 12 38.5 14
4 .9  SI 7 .7 6 .8 1 0 .5 8 .1 7 .1
t The letters D and I following plot types are abbreviations for dryland and irrigated,
• respectively. . * q/ha. § Refer to Appendix Table I for cultivar names.

IT L.S.D. at 0.05 level.



Appendix Table 16. Ranked cultivar means for harvest index measured in row and small
plots.

P lo t  Typet
Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D

Mean C u lt . t  Mean C u lt . Mean C u lt. Mean C u lt . Mean C u lt . Mean C u lt.
0.33 13 0 .34 2 0.37 2 0.32 23 0.33 17 0.36 9
0.32 10 0.33 13 0.33 13 0.31 2 0.33 23 .0 .3 5 2
0.32 I? 0 .3 0 17 0:33 22 0.31 21 0.32 2 0.35 23
0 .3 0 2 0 .3 0 23 0.31 7 0.30 17 0.32 21 0.33 17
0.29 21 0.29 I . 0 .31 17 0.29 7 0 .3 0 9 0.32 7
0.28 5 0.29 3 0.31 ZO 0.28 13 . 0 .3 0 10 0.32 10
0.27  . 12 0 .29 19 0.31 21 0.28 19 0 .3 0 13 0.32 21
0.27 23 0 .28 4 0 .3 0 23 0.27 4 0.29 1 0.32 22
0.26 I 0.28 9 0.30 I 0.27 15 0.29 6 0 .31 13
0.26 4 0.28 21 0.30 4 0 .2 6 I 0.29 7 0.30 5
0.26 18 0.27 5 0.30 5 0 .26 3 0.29 19 0 .29 3
0.26 22 0.27 8 0.30 6 0.26 6 0.29 22 0.29 19
0.25 9 0.27 20 0.30 19 0.26 20 0.28 4 0.28 I
0.25 19 0.27 22 0.29 8 0 .26 22 0 .2 8 5 0.28 6
0.24 20 0.26 7 0.29 10 0 .2 5 8 0 .28 8 0.28 8
0.23 3 0.26 12 0.27 3 0 .2 5 9 0.28 15 0.28 11
0.23 7 0.25 6 0.27 9 0 .2 5 10 0.27 3 0.28 12
0.23 I l 0.24 10 0.26 15 0 .2 5 14 0.27 16 0.28 15
0.23 14 0.24 14 0.26 16 0 .23 5 0.27 20 0.28 20
0.22 8 0.23 11 0.25 11 0.23 12 0.26 18 0.27 4. '
0.21 16 0.22 18 0.2$ 12 0.23 18 0.23 11 0.27 16
0 .1 8 6 0.21 15 0.25 18 0.22 11 0.24 14 0.25 14
0 .1 8 - J J i - 0 .20 16 0.24 14 0 .21 16 0.23 12 0.25 18
0 .04  5 0.03 • 0.04 0 .04 0.03 0 .05
t The letters D and I following plot types are abbreviations for dryland and irrigated,

respectively. * Refer to Appendix Table I for cultivar names. § L.S.D. at 0.05
level.



Appendix Table I?. Ranked cultIvar means for "biological yield measured in row and small
plots.

' P lo t  Typet
Row-D H i l l - I H ill-D M icro-I Micro-D Mini-D

Meant C u lt .§ Mean C u lt. Mean C u lt. Mean C u lt. Mean •C ult. Mean C u lt.
135 .2 23 1 5 1 .9 7 1 2 5 .2 13 • 232.9 13 172 .5 2 177.7 23
1 1 3 .9 18 1 5 2 .1 13 .118.7  . 19 225.4 19 168 .3 7 1 74 .1 16
1 1 2 .2  • 11 1 4 6 .7 8 1 1 7 .9 8 2 1 4 .8 18 167 .9 I 168 .3 19
1 1 1 .5 22 . 1 4 2 .4 15 1 1 3 .9 1 7 . 214 .1 7 167.7 13 167 .9 11
111 .3 2 1 4 1 .0 1 7 . 1 1 3 .3 6 213.9 12 165 .0 5 1 6 7 .5 15
111 .2 I 1 3 9 .7 19 1 1 2 .3 15 205.7 5 163 .9 8 1 6 7 .6 3
111 .1 5 1 3 8 .5 2 1 1 1 .4 2 204 .2 3 161 .5 3 1 6 6 .8 13
1 1 0 .4 : 19 138.5 22.- 1 1 1 .0 20 204 .1 11 160 .7 19 1 6 6 .8 20
1 1 0 .3 21 . 1 3 7 .8 20 109 .7 7 202.8 8 158.9 20 162.9 2
106 .1 15 1 3 6 .5 11 1 0 9 .0 5 196.5 2 158 .1 18 160.6 21
1 0 5 .2 9 1 3 6 .4 18 : 108 .8 18 1 9 4 .8 14 155.2 22 1 6 0 .4 I
1 0 5 .0 ‘ 20 1 3 0 .7 5 . 1 0 8 .8 22 193.8 .1 151 .8 17 1 6 0 .0 5
104 .2 13 129 .6 12 1 0 8 .0 I 1 9 3 .7 17 1 5 1 .7 6 159.6 18
1 0 3 .8 10 129.3  "■ ■1 . 1 0 2 .0 I l 1 9 3 .5 22 149 .6 4 1 55 .0 7
103.3 16 129.3 2 3 . 1 0 0 .0 9 1 9 0 .0 6 147 .2 11 1 5 4 .0 14
1 0 2 .6 ? 129.2 6 1 0 0 .0 16 188.9 15 146 .7 23 153.6 6 "
1 0 0 .9 I? 1 2 7 .1 4 1 0 0 .0 21 188 .1 21 1 4 5 .6 21 1 59 .0 22

98.3 3 123.9 9 ' 9 8 .1 3 187.3 20 145 .0 15 148.5 17
95 .2 14 1 21 .3 14 . 95 .8 14 1 8 5 .6 23 143 .3 14 147 .2 10
92.3 4  ■ 120 .7 21: . 94.2 23 ' 184 .4 4 140 .0 12 1 4 4 .1 . 4 .
92.3 12 1 10 .3 3 . 90 .3 4 171 .9 16 . 134.8 16 141 .1 8
92 .2 6 1 0 7 .0 16 88 .0 12 1 6 6 .8 9 1 3 2 .7 9 140 .0 12
9 1 .8 8 1 03 .3 10 . 87 .6 10 1 5 5 .2 10 1 1 5 .7 10 128 .9 9
1 0 .9  IT. 1 9 .1 1 9 .2 2 7 .1 1 9 .7 1 9 .4

t The letters D and I following plot types are abbreviations for dryland and irrigated,
respectively. * q/ha. § Refer to Appendix Table I for cultivar names.

I L.S.D., at 0.05 level.
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Appendix Tatle 18. Ranked cultivar means for percent protein measur­
ed in row and small plots.

P lo t  Type
Row H il l Micro

Mean C u lt . t Mean C u lt . Mean C u lt.

% % %
14.60 18 14 .90 18 1 4 .87 12
14 .30 12 1 4 .73 12 1 4 .57 18
14 .22 14 1 4 .4 8 5. 14.23 14
1 4 .1 0 16 1 4 .4 8 14 14 .03 19
1 4 .00 5 14.2? I 14 .00 5
13.90 19 1 4 .2 ? 19 1 4 .00 22
13 .82 7 14 .22 16 13 .93 16
13 .73 8 1 4 .1 0 7 13.88 7
13 .72 22 14 .03 22 13.80 I
1 3 .6 7 3 • 14 .02 2 13 .63 3
13 .63 I 13.92 3 13.57 2
13.62 15 13 .80 23 1 3 .5 0 8
13 .60 2 13.78 21 13 .50 15
1 3 .6 0 13 13 .65 8 13 .47 9
13 .43 6 13.62 4 13.47 21 .
13 .35 21 1 3 .5 7 15 13 .45 11
13.35 23 13 .47 9 1 3 .3 8 23
1 3 .3 0 4 13 .45 11 1 3 .3 7 13
13.27 9 13 .42 13 13.35 4
13.05 11 13.33 6 1 3 .25 20
13 .03 17 13 .15 20 13 .22 6
13 .02 20 . 13 .13 17 13 .07 17
1 1 .1 0 10 1 1 .2 8 10 11 .82 10

OO

* 0 .4 0 0 .40
t Refer to Appendix Table I for cultivar names.
* L.S.D. at 0.05 level.
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Appendix Table 19. Ranked cultivar means for mixogram peak distance
measured in row and small plots.

P lo t  Type
Row H i l l Micro

Mean C u lt . t Mean C u lt. Mean C u lt .

cm cm cm

4 .6 22 4 .8 23 4 .6  . 5
4 .3 4 4 .6 15 4 . 6 12
4 .2 11 4 .5 22 4 .6 15
4 .2 23 4 .3 13 4 .4 22
4 .0 13 4 .3 21 ■ 4 .3 • 4
4 .0 15 3 .9 3 4 .3 13
4 .0 20 ' 3 .9 4 4 .3 . 23
3 .9 I 3 .8 .6 4 .2 11
3 .9 5 3 .8 I l 4 .1 I
3 .9 10 3 .8 12 4 .0 . 8
3 .8 12 3 .8 20 4 .0 21
3 .7 3 ■ 3 .7 I 3 .9 3
3 .7 6 3 .7 8 ' 3 .9 10
3 .7 8 3 .6 5 3 .9 19
3 .7 19 3 .6 .10 3 ,8 20
3 .4 21 3 .6 14 3 .7 18
3 .3 14 3 .6 19 3 .6 6
3 .3 18 . 3 .3 9 3 .4 ,9
3 .2 7 ■ 3 .2 7 3 .4  ■ 14
3 .1 16 3 .1 16 3 .3 2
2 .9 ' 9 3 .1 18 3 .3 ' 7
2 .8 17 2 .8 2 3 .3 17
2 .5 2 . 2 .8 17 3 .0 16
0.5* 0 .6 0 .5
t Refer to Appendix Table I for cultivar names.
* L.S.D. at 0.05 level.
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Appendix Table 20. Ranked cultivar means for mixogram peak height
measured in row and small plots.

P lo t  Type
Row H i l l Micro

Mean C u lt . t Mean C u lt . Mean C u lt .

cm cm cm

6 .9 5 6 .7 19 6 .7 2
6 .5 3 6 .6 23 6 .7 8
6 .5 9 6 .5 2 6 .7 19
6 .5 18 6 .3 3 6 .7 20
6 A I 6 .2 .9 6 .6 4
6 A 8 6 .2 13 ' 6 .6 6
6 .3 14 6 .1 5 6 .5 5
6 .2 21 6 .1 20 6 .5 18
6 .1 11 6 .0 I 6 .4 3
6 .1 22 6 .0 6 6 .4 9
6 .0 2 6 .0 8 6 .3 I
6 .0 4 6 .0 21 6 .3 13
6 .0 20 5 .9 12 6 .3 22
5 .9 19 5 .8 18 6 .3 23
5 .8 6 5 .7 22 6 .0 16
5 .8 16 5 .6 14 5 .9 11
5 .7 23 5 .6 15 5 .9 12
5 .6 17 5 .6 16 5 .9 17
5 .3 12 • 5 .4 11 5 .8 15
5 .3 13 5 .2 17 5 .7 10
5 .2 7 ■ 5 .1 4 5 .6 7
5 .2 15 5 .0 7 5 .6 14
5 .0 10 4 .4 10 5 .5 21
1 .0* 1 .1 1 .0
t  R efer to  Appendix Table I  fo r c u lt iv a r  names„
* L .S .D . a t  0 .0 5  l e v e l .
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