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Summary.  Selection of  test locations, representat ive of  
condit ions and practices o f  an area  can be a chal lenging 
process in a breeding  program.  Data  from two groups 
o f  sugarcane (trispecies hybrids  of  Saccharum sp.) 
cult ivar exper iments  in Flor ida  were analyzed to deter- 
mine i f  relative cult ivar response at any two of  six 
current  locations was sufficiently similar so that  at least 
one location could be replaced by a location with a 
different environment .  The pa ramete r  analyzed was 
metric tons per  ha of  sugar (THS). To determine  
similari ty between locat ion pairs for all cultivars within 
each group of  cultivars, an unbiased  stabi l i ty-variance 
pa ramete r  ( ~ )  deve loped  by Shukla was used. After 
b-~ identif ied similar  locat ion pairs, single degree of  
freedom interactions were calculated for impor tan t  
cultivars to de termine  which o f  the locat ion pairs 
identif ied by 6"~ contained the two most similar loca- 
tions. Use o f  the above procedure  can assist in making 
opt imum locat ion assignments in a breeding  program.  

Key words: Cult ivar  X envi ronment  interactions - 
Stabi l i ty-variance  paramete r  - Single degree o f  f reedom 
interact ion - Saccharum sp. 

Introduct ion 

Selection o f  test locations for cult ivar evaluat ion can be 
a chal lenging process in a sugarcane (Saccharum sp.) 
breeding  program.  The pr imary  criterion in choosing a 
locat ion should be that  the locat ion is representat ive o f  
condit ions and practices o f  the area served by the 
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cultivar-testing program. As suggested by Busey (1983), 
genotypes may respond differently across locations, 
thus it is impor tant  to select locations which represent  
all major  condit ions and practices being served by the 
program. In many cult ivar-evaluat ion programs,  
economic constraints do not permit  such a complete  
location representation.  

Organizations may try to initiate a cultivar-evaluation 
program by selecting locations with as wide a range as 
possible of representative environmental conditions, cultural 
practices, and hence, yield levels. However, after data become 
available, location assignments should be refined by making 
overall location yield level a secondary consideration and 
relative cultivar performance among locations the primary 
consideration. It may be more valuable for a cultivar-evalua- 
tion program to include two locations with similar overall 
yield levels but with differences in relative yields among 
cultivars than to include two locations with different overall 
yield levels but similar relative yields among cultivars. Brown 
et al. (1983) indicated two ways of improving the efficiency of 
large-scale breeding programs; viz., 1) to classify nursery 
environments into homogeneous groups for germplasm 
exchange, and 2) to make selections based on data from 
environments that are optimal for selection. They described 
such an environment as one in which: 1) the trait is expressed, 
2) genetic variance is maximized, 3) environmental and geno- 
type x environmental variance is minimized, 4) the growing 
region of the entries included in the test is accurately repre- 
sented, 5) the environment is accessible for efficient and in- 
expensive testing of entries, and 6) conditions 1 through 5 are 
consistent over years. 

The Florida sugarcane industry has recently expanded 
into areas with environmental conditions different from the 
current locations used in the cultivar-evaluation program. 
Thus, to include locations which are representative of a large 
portion of the areas and practices being served by the 
program, we felt that a location change may have been 
needed. We wanted to discover if we could replace at least one 
of six of our current locations where relative cultivar perfor- 
mance was similar to that of another location. 

The purpose o f  this study was to identify a proce-  
dure which could evaluate locations in a breeding 



23 

program relative to each other. A recent  s tudy by  Kang 
and Mil ler  (1984) compared  three methods  o f  part i -  
t ioning genotype • envi ronment  interact ions into 
stabil i ty-variance components  assignable to each 
cultivar in sugarcane. We felt that  the unbiased stabili ty- 
variance pa ramete r  (~i) of  Shukla (1972) could be used 
as a first step to evaluate  s imilari ty among  locations. 
Thereafter,  single degree o f  f reedom interact ions could 
be used to de termine  the locat ion pairs identif ied by 
b~ with the most  s imilar  informat ion for the tested 
cultivars. 

Materials and methods 

Previously published results from two groups of sugarcane 
cultivar trials conducted in Florida were analyzed in this study 
(Glaz etal. 1980, 1981, 1982; Rice 1979). The first group of 12 
cultivars (CP 74 series) was planted in the fall of 1977 at six 
locations and harvested as the plant crop from November 
1978 to March 1979, and as first- and second-ratoon crops in 
the two subsequent harvest seasons. The planting and har- 
vesting of the 12 cultivars in the second group (CP 75 series) 
occurred one year after planting and harvesting of the first 
group of cultivars. Comparisons for locations from the CP 74 
series were only made through the first-ratoon crop, due to 
missing data in the second-ratoon crop. All cultivars between 
groups were different except for 'CP 63-588', the reference 
cultivar used in each group. 

Experiments were planted at A. Duda and Sons (Duda); 
Hatton Bros., Inc. (HT), Gulf and Western Food Products Co. 
at Okeelanta (OK), A. F. Saunders, Inc. (SAU), S. D. Corp. 
(SD), and Wedgworth Farms, Inc. (WED). All experiments 
were conducted on Terra Ceia, Pahokee, or Lauderhill muck; 
all organic soils with the only documented difference being 
depth of organic soil (Snyder et al. 1978). The field plot design 
at each location was a randomized complete block with four 
replications. Each plot consisted of four rows, 9.1 m long with 
1.5 m between rows. A 1.5 m alley separated the end of each 
plot from the beginning of the next plot. 

All cane was burned and then harvested by hand cutting. 
Fifteen full length stalks were taken at random from each plot 
for milling and crusher juice analysis. Total cane weight was 
measured from each plot with a tractor-mounted weighing 
device. Results reported herein are metric tons per ha of sugar 
(THS). All THS values were theoretical and calculated by 
using Arceneaux's modification of the Winter-Carp-Geerlig 
formula (Arceneaux 1935). 

For each cultivar series and crop, data from all six loca- 
tions were combined and analyzed as split plots with locations 
as whole plots and cultivars as subplots. The unbiased stability- 
variance parameter was calculated for each location in the 
plant-cane and ratoon crops according to equation number 11 
of Shukla (1972). The only change made was that of inter- 
changing locations and cultivars. The formula was as follows: 

~ =  [1/ (s-  1 ) ( t -  1 ) ( t -  2)] • It ( t -  1) 
js (Uij -Oi . )  2 - i  g ~ (Uij -Ui . )  2] 

where Uij = Yij - Y.j, Ui = Xj Uij/s; s = number of cultivars, 
th th t = number of locations, Yij is the i location of the j cultivar, 

and Y.j is mean of all locations for the j th cultivar. Significance 
tests of the individual OZ}s for locations were calculated as 
described by Shukla (1972) and Kang and Miller (1984). 

(F* =O]/Og where F* will have an approximate F distribu- 
tion with ( s -1 )  and st ( r - 1 )  degrees of freedom. 0g= Error 
Mean Square (Error b) from the split-plot analysis of variance 
and r = replications.) 

To determine which locations had the most similar 02,, 
locations were compared two at a time in all possible com- 
binations in each crop for each group of cultivars. The 
absolute values of the differences in ~] for each pair were 
then summed for all crops for both groups of cultivars. 

The above method identified three location pairs where 
the locations within each pair yielded similar enough data for 
all cultivars combined to warrant further investigation. To 
determine which of the above three location pairs consisted of 
the most similar locations and to obtain information for 
"important cultivars" isolated from the average of all cultivars, 
single degree of freedom interactions were calculated according 
to procedures described by Steel and Torrie (1960). ("Impor- 
tant cultivars" were those which were already released com- 
mercially or had a good chance of being released.) An 
example of a single degree of freedom interaction analyzed is: 
HT vs. OK•  63-588' vs. 'CP 74-2005'. The Error b term 
from the split-plot was used as the pooled variance in testing 
significance of all single degree of freedom interactions. 

Results and discussion 

For  all crops and both groups o f  cultivars, all F values 
for cu l t iva r •  locat ion interact ion were significant (Ta- 
ble 1). In addit ion,  most  o f  the b~'s for separate  loca- 
tions were significant. The only b~values which were 
not significant in the CP74 series were for D u d a  in 
plant  crop; HT, OK, and SD in first ratoon,  and  HT 
and SD in second ratoon.  The ~ values not  significant 
in the CP75 series were for WED,  SD, and SAU in 
plant  crop, first ratoon, and second ratoon,  respectively. 
Thus, in general,  there was significant different iat ion 
among cultivars at each o f  the six locations. I f  there 
had  been at least two locations that  did  not  have sig- 
nificant 6~ values most o f  the time, then the analysis 
could have ended  at that point,  and  one o f  those 
locations could have been replaced.  Both locations 
would not have been replaced since they would still 
have been representat ive o f  yield levels and  practices 
used by growers in a large por t ion o f  the area  served by 
our breeding program.  

Since all locations had  mostly significant ~i values, 
it was necessary to de termine  which locations had  the 
most s imilar  b~'s. Table  2 shows all locat ion pa i r  pos- 
sibilities and  the sum o f  their  #? differences from all 1 

crops for cultivars from the CP74 and CP75 series. The 
&~ differences for O K  vs. SAU, O K  vs. SD, and HT vs. 
OK were the lowest. 

A logical decision at this point  would  have been to 
have a new locat ion replace O K  because it was one of  
the locations in all three o f  the most  s imilar  locat ion 
pairs. However,  to carry out  this analysis completely,  let 
us assume that it would not  be pract ical  to replace OK. 
Thus, an analysis is needed  to differentiate the three 
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Table 1. Stability-variance parameter ((yi 2) for THS by location 
and crop for two series of sugarcane cultivars 

Location Crop 

Plant First- Second- 
ratoon ratoon 

CP 74 Series 

Duda 2.75 9.14"* 10.57"* 
HT 6.51 ** 2.67 2.58 
OK 7.03"* 1.63 - 
SAU 11.74"* 4.14" 4.94** 
SD 4.43"* 2.48 2.01 
WED 3.27** 15.25"* 8.16"* 
F value for 
Cultivar • location 3.10"* 2.66"* 3.63"* 
Error mean square 1.52 2.26 1.56 

CP 75 Series 

Duda 6.93** 13.78"* 7.97** 
HT 11.21 ** 15.94"* 9.62** 
OK 9.97 ** 6.09 ** 4.90 * 
SAU 9.53"* 8.62"* 1.64 
SD 6.22 ** 4.62 12.33 ** 
WED 3.25 5.77" 9.40"* 
F value for 
Cultivar • location 3_81 ** 3.37 ** 2.95 ** 
Error mean square 2.06 2.71 2.59 

*' ** Significance at the 0.05 and 0.01 levels, respectively. Sta- 
bility-variance parameter significance corresponds to values of 
F which are not shown 

Table 2. Sums of absolute values of Oi 2 differences from all lo- 
cation pairs for the cultivars from the CP 74 series and CP 75 
series 

Location comparison Sum of CP 74 series 
and CP 75 series differences a 
THS 

OK vs. SAU 13.45 
OK vs. SD 16. l0 
HT vs. OK 17.37 
Duda vs. HT 18.32 
Duda vs. WED 19.76 
SD vs. WED 20.98 
HT vs. SD 21.29 
Duda vs. SD 22.57 
HT vs. SAU 23.68 
Duda vs. OK 25.59 
SAU vs. SD 26.97 
Duda vs. SAU 28.08 
OK vs. WED 28.92 
HT vs. WED 34.17 
SAU vs. WED 36.47 

" The differences in plant-crop and first-ratoon crop Oi 2 values 
from each location pair for the cultivars in the CP 74 series 
were summed with the differences in plant-crop, fist-ratoon 
crop, and second-ratoon crop 6~ values from each location pair 
for the cultivars in the CP75 series 

Table 3. Values of  F of  important single degree of freedom in- 
teractions for THS of cultivar and location comparisons from 
the CP 74 series of sugarcane cultivars 

Cultivar comparison Location comparison 

HT OK OK 
VS. VS. VS, 

OK SAU SD 

Plant crop Value of F 

'CP 63-588' vs. allother cultivars 1.57 3.39 0.79 
'CP 74-1188' vs. allother cultivars 1.69 2.99 0.02 
'CP 74-2005' vs. all other cultivars 3.43 3.66 1.96 
'CP 63-588' vs. "CP 74-1188' 1.42 0.01 0.48 
'CP63-588' vs. 'CP 74-2005' 0.11 0.00 0.12 
'CP 74-1188' vs. 'CP 74-2005' 2.54 0.01 1.08 

First-ratoon crop 
'CP 63-588' vs. all other cultivars 0.50 0.00 0.00 
'CP74-1188' vs. allother cultivars 2.83 0.97 0.05 
'CP 74-2005' vs. all other cultivars 2.17 2.04 4.01 * 
'CP 63-588' vs. 'CP 74-1188' 0.43 0.51 0.03 
'CP 63-588'vs. CP 74-2005' 0.27 0.85 1.96 
'CP 74-1188' vs. 'CP 74-2005' 0.27 2.67 1.45 

* Significance at the 0.05 level 

s imilar  locat ion pairs. Single degree  o f  f r e edom inter-  
actions were  used for this purpose .  Even  i f  only  one  

locat ion pair  had  been  ident i f ied  by ~ ,  single degree  

o f  f r eedom in te rac t ion  analysis wou ld  still have  been  
advisable  to verify that  the s imilar i ty  ind ica ted  by 

was true on  a cul t ivar  by cul t ivar  basis and  no t  jus t  a 

coincidenta l  s imilar i ty  o f  averages  o f  all cultivars.  
Results  o f  the single degree  o f  f r eedom in terac t ions  

for the CP74 and  CP75 series are shown in Tables  3 

and 4, respectively.  There  were  very  few signif icant  
in teract ions  and  m a n y  values  o f  F were  a p p r o x i m a t e l y  
zero. Thus, the i m p o r t a n t  i nd iv idua l  cul t ivars  ana lyzed  

for each locat ion pair  reac ted  s imilar ly  to the ave rage  
o f  all the cul t ivars  ana lyzed  wi th  #~. There  were  no  

decisive differences a m o n g  the three loca t ion  pairs. H T  
vs. OK,  O K  vs. SAU,  and O K  vs. SD had 6, 4, and  2 

significant  in terac t ions  with cul t ivar  compar i sons ,  
respectively.  These  da ta  show that  a loca t ion  f rom any 

pair  or  even  f rom two of  the pairs could  be  r ep laced  
wi thout  apprec iab le  loss o f  data.  

Before ini t ia t ing this study, we felt r easonab ly  
certain,  based on our  percep t ions  o f  env i ronmen t ,  
fa rming  practices,  and yield levels, that  the choice  for a 
rep laceab le  locat ion wou ld  c o m e  from D U D A ,  HT, SD 
or  W E D .  This emphas izes  the po in t  m a d e  ear l ier  that  
a l though  w h e n  beg inn ing  a b reed ing  program,  loca t ion  
choices  mus t  usual ly  be  m a d e  by using yield level  as a 
ma jo r  cri terion,  after a p r o g r a m  is in place,  loca t ion  
choices should  be ref ined accord ing  to cul t ivar  • loca-  
tion analyses.  
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Table 4. Values of F of  important single degree of freedom in- 
teractions for THS of cultivar and location comparisons from 
the CP 75 series of  sugarcane cultivars 

Cultivars comparison Location comparison 

HT OK OK 
VS. VS. VS. 

OK SAU SD 

Plant crop Value of F 

'CP 63-588' vs. all other cultivars 0.46 1.74 0.09 
'CP 63-588' vs. 'CP 75-1082' 3.08 0.65 0.05 
'CP 63-588' vs. 'CP 75-1091' 0.16 1.57 0.00 
'CP 63-588' vs. 'CP 75-1553' 0.30 7.12"* 0.09 
'CP 63-588' vs. 'CP 75-1632' 2.06 0.95 0.39 
'CP 75-1082' vs. 'CP 75-1091' 1.83 0.20 0.07 
'CP 75-1082' vs. 'CP 75-1553' 5.32" 3.46 0.26 
'CP 75-1082' vs. 'CP 75-1632' 0.10 0.45 0.71 
'CP 75-1091' vs. 'CP 75-1553' 0.91 2.00 0.07 
'CP 75-1091' vs. 'CP 75-1632' 1.06 0.08 0.34 
'CP 75-1553' vs. 'CP 75-1632' 3.94 2.87 0.11 

First-ratoon crop 

'CP 63-588' vs. all other cultivars 2.70 2.29 0.28 
'CP 63-588' vs. 'CP 75-1082' 0.15 0.36 0.38 
'CP 63-588' vs. 'CP 75-1091' 0.65 0.20 0.02 
'CP 63-588' vs. 'CP 75-1553' 2.02 5.70* 0.19 
'CP 63-588' vs. 'CP 75-1632' 0.94 0.04 0.91 
'CP 75-1082' vs. 'CP 75-1091' 0.18 1.10 0.23 
'CP 75-1082' vs. 'CP 75-1553' 3.25 8.22"* 1.10 
'CP 75-1082' vs. 'CP 75-1632' 0.35 0.65 0.11 
'CP 75-1091' vs. 'CP 75-1553' 4.97* 3.30 0.33 
'CP 75-1091' vs. 'CP 75-1632' 0.03 0.06 0.66 
'CP 75-1553' vs. 'CP 75-1632' 5.73* 4.24* 1.92 

Second-ratoon crop 
'CP 63-588' vs. all other cultivars 2.83 0.01 1.46 
'CP 63-588' vs. 'CP 75-1082' 11.26 ** 0.03 0.27 
'CP 63-588' vs. 'CP 75-1091' 2.71 0.05 0.21 
'CP 63-588' vs. 'CP 75-1553' 2.90 0.18 1.54 
'CP 63-588' vs. 'CP 75-1632' 5.57* 0.69 0.68 
'CP 75-1082' vs. 'CP 75-1091' 2.92 0.16 0.95 
'CP 75-1082' vs. 'CP 75-1553' 2.73 0.36 3.11 
'CP 75-1082' vs. 'CP 75-1632' 0.93 1.03 0.09 
'CP 75-1091' vs. 'CP 75-1553' 0.00 0.04 0.62 
'CP 75-1091' vs. 'CP 75-1632' 0.51 0.37 1.64 
'CP 75-1553' vs. 'CP 75-1632' 0.43 0.17 4.28 * 

*' ** Significance at the 0.05 and 0.01 levels, respectively 

As the acreage  o f  a c rop  expands  to areas  wi th  

di f ferent  g rowing  condi t ions ,  a b r e e d i n g  p r o g r a m  

serving that  c rop  mus t  be  able  to m a k e  a p p r o p r i a t e  
changes  in o rde r  to con t inue  select ing successful  cult i-  
vars. F o r  b r eed ing  p r o g r a m s  wi th  f ixed resources ,  it is 

of ten  no t  feasible to s imply  add  n e w  loca t ions  as com-  

merc ia l  acreage  increases.  U n d e r  these c i rcumstances ,  

w h e n  it is felt  that  a n e w  test loca t ion  is necessary,  a 
cur ren t  test loca t ion  mus t  be  replaced.  I f  da ta  show that  
cul t ivars  are  be ing  suff icient ly d i f fe ren t ia ted  at all  loca-  

tions, then  it b e c o m e s  necessary  to d e t e r m i n e  i f  the dif- 
fe rent ia t ion  is s imi lar  at at least  two locat ions.  As a last 

step, it m a y  be  necessary  to d e t e r m i n e  at wh ich  loca t ion  

pairs is the cul t ivar  d i f fe ren t ia t ion  a lmos t  s imilar .  To 
assist in m a k i n g  the above  decisions,  the c o m b i n e d  use 

o f  Oi 2 and  single degree  o f  f r e e d o m  c o m p a r i s o n s  is 

useful. 
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