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Initial Results of Slash Pine Progeny Tests 
Replicated in Time and Space 

values, too many progenies can hardly be estab-
l ished and observed. However,  progeny test ing is 
expensive and involves much met iculous work and 
careful  observat ion. From a pract ical  s tandpoin t ,  
test ing beyond the point  of  reasonably accurate  
es t imates  o f  the breeding value of  the var ious 
selected parents cannot be jus t i f ied. As resul ts  
come in from early tes ts ,  they w i l l  es tab l ish a basis  
for compromise between the requirement for  
accurate evaluat ion and the expense of tes t ing.  

DESCRIPTION OF TESTS 

To aid cooperators in the Un ivers i ty  of  F lor ida
forest t ree improvement program, progeny test ing 
gu ide l ines were d rawn severa l  years  ago.  As is so  
of ten the case, no fu l l y proven procedures were 
establ ished and m e t h o d s  were n e e d e d which 
appeared to f i t  the ex i s t i ng  c i rcumstances.  
Orchards were beginning to produce cones but some 
trees produced cones sooner and in much greater  
quant i ty than others.  A lso,  most  cooperators had 75 
or more selected clones and simultaneous test ing of  
such large numbers of  l ines would be qui te 
unwie ldy,  even i f  progenies were ava i lab le  from a l l
of  them. Delay un t i l  a l l  c lones became product ive 
was not warranted; for progeny tests would not be 
started yet i f  we had waited. Thus,  a test ing plan 
was needed to u t i l i z e  seed as i t  became ava i lab le
and avoid excessive tes t ing of  the ear ly and h igh ly
product ive c lones. 

The plan provided for the inc lus ion of progeny 
of  each clone in a minimum of  three tes ts . Tests 
were to be establ ished on contrast ing s i tes and 
dur ing more than one establ ishment year.  The plan 
suggested, for example, the in i t i a t ion of two tests in  
one year on d i f ferent  s i tes and p lant ing a thi rd test  
a year or more later.  No two tests needed,  
necessar i ly ,  to include exact ly the same set of  

Progeny tes ts  are  essent ia l  features  o f  the  
southern p ine improvement  programs cur rent l y in  
progress.  Most  o f  the  parent  t rees used in  the pro-
grams were  se lec ted  in  wi ld  s tands.  As d iscussed in 
deta i l  by Squ i l lace2  these se lec t ions were made on  
phenotyp ic  appearance  wi th  l i t t l e  knowledge of  the 
breeding va lue o f  t rees chosen.  Such in format ion 
as was ava i lab le  on genet ic  var iances was  
obta ined f rom p lanted tes ts  under  env i ronmenta l  
cond i t ions hav ing l i t t l e  s im i la r i t y  to  those in  
natura l  s tands.  Se lect ions were made on the bas is  
o f  educated guesses as to  the i r  des i rab i l i t y fo r  
inc lus ion  in  an orchard.  F ina l  dec is ions concern ing 
the va l i d i t y  o f  each se lec t ion must  res t  upon the  
va lue o f  progenies produced.  

The ob jec t ive  o f  progeny tes t ing is  qu i te  
s imple .  Tests  should  be  des igned  to  show the  
b reed ing  va lue o f  the var ious se lec t ions used in  an  
orchard p rogram.  That  is ,  tes ts  should  demonst ra te  
the extent  that  the des i rab le  character is t ics  o f  the 
parent  t rees are passed on to  the i r  o f fspr ing.  Wi th  
the ar rangement  o f  c lones in  our  cur rent  orchards,  
genet ic  improvement  depends on add i t ive  genet ic  
var iance and the ab i l i t y  o f  se lec t ions to  combine 
wel l  wi th  numerous o ther  se lec t ions.  C lones are  
scat tered more or  less randomly over  an orchard;  
thus the c ross ing  o f  any two  s pec i f i c  c lones  wh ich  
combine t o  produce except iona l ly  f ine o f fspr ing  
can be expec ted  to  occur  on ly  occas iona l ly and can 
have but  l i t t l e  impact  on the mean per formance of  
orchard progeny.  On the o ther  hand,  use of  c lones  
in  an orchard that  produce outs tand ing progenies  
a lmost  regard less o f  po l len parent  w i l l  mean sub-
s tant ia l  improvement  in  genet ic  qua l i ty . Progeny 
tes ts  w i l l  s u p p  I  y in format ion needed to  rogue 
o rchards  or  es tab l ish  new ones wi thout  the guess-
work  unavoidab le  when. .  cur rent  p r o g r a m s  w e r e  
in it iated. 

For  very accurate  determinat ion o f  breeding
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years.  Thus, each progeny lot  would appear in two 
5-block tests  per year for three years — 6 tests for 
each lo t .  Th is  var iat ion of  the general  plan provided 
a broader sampl ing of  s i tes than the or ig inal
proposal  but establ ished essent ia l l y  the same num-
ber of  seedl ings for  the evaluat ion of  indiv idual
c lones. 

In addi t ion to the uni form check lot  used by al l  
cooperators and the check lot  drawn f rom seed used 
in the company nursery,  s ince 1964 a third check lot ,
seed from a company seed product ion area, were 
included in a l l  tes ts .  

Data on certain progenies in Brunswick Pulp and 
Paper Company Tests 3,  4,  6,  7,  8,  9,  10, 11,  
establ ished 1963 through 1966, are d iscussed in 
t h i s  paper.  The d iscuss ion is l im i ted  to growth as 
indicated by total  seedl ing height  one and three 
years af ter f i e l d  p lant ing. Al though a number of  
progeny lots were included in each of  the several  
tests , only s ix were common to al l  four tests  
estab l ished in 1963 and 1964 for which th i rd year 
measurements were ava i lab le .  In the six tests  
es tab l ished 1964 through 1966,  there were 24 lots  
common to al l  tes ts . For these lots  data were 
ava i lab le  on height  af ter  one growing season in the 
f ie ld .  

A l l  tests were establ ished on previously wooded 
s i tes.  The normal s i te preparat ion procedures of  
Brunswick Pulp and Paper Company were fol lowed. 
After the stands were harvested, remaining t rees 
were removed wi th K-G blades and the si tes were 
raked, harrowed,  and bedded. 

The si tes were t yp ica l of  the lower coasta l  
p lains in southeastern Georgia.  Soi l  s i te  est imates,
soi l  p ro f i le descript ion, and drainage classes at  each 

clonal  progenies.  
Prov is ion was made for use of any one of three 

types of  progenies — open-pol l inat ion in the seed 
orchard, poly-mix,  or contro l led crosses using tester 
po l lens .  For open-pol l inated and poly-mix progenies,  
ten randomized b locks  of  10-t ree row-plots were 
suggested. Fo l l ow i ng  th is  procedure, 100 seedl ings 
of  a c lone would be establ ished per test ,  and a 
minimum of  300 seedl ings in combined tests for the 
evaluat ion of  a c lone. 

The Flor ida progeny tes t ing plan proposed the 
repet i t ion of  at  least  two check sources in each test .  
Seed for one check lot ,  used by al l  cooperators in  
the Flor ida program, was from a seed product ion 
area in Long County,  Georgia,  establ ished by Con-
t inental  Can Company.  In addi t ion, i t  was suggested 
that each cooperator draw suf f ic ient  seed f rom thei r  
current nursery supply for repeated use as a second 
check lot .  Each check lot  was estab l ished in at  least 
two plots  in each block of  each test .  

Tentat ive ly scheduled were measurements at  
one, three, f i ve ,  ten and f i f teen years of  age. Most  
tests were recent ly establ ished and only a few are 
over two years old.  Among the older tests are those 
establ ished by Brunswick Pulp and Paper Company.  

The progeny test ing plan adopted by the Bruns-
wick Pulp and Paper Company was reasonably c lose 
to the suggested out l ine.  Open-pol l inated progenies 
of ind iv idua l  c lones in the company slash pine 
orchard were used for test  establ ishment.  In 1963,  
two si tes were planted wi th ten blocks at  each si te.  
In 1964 and subsequent  years,  two si tes were 
planted wi th only f i ve  blocks per s i te wi th the pro-
v is ion that t es t  establ ishment would be cont inued 
un t i l  progeny of  each clone had been planted three
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TABLE 1. DESCRIPTION OF TEST SITES Test 

Year 
Planted 

Soil site index 
at age 25 

Drainage Class Soil Description 

3 1963 60 Well drained Sand over sandy clay at 4 to 5 feet 
4 1963 65 Moderately well 

drained 
Sand over sandy clay at 
2½ to 3 feet 

6 1964 65 Well drained Loamy sand over sandy loam 
at 4 to 5 feet 

7 1964 60 Moderately well 
drained 

Sand over loamy sand with 
cemented hardpan at 18 inches 

8 1965 70 Imperfectly 
drained 

Loamy sand over sandy clay at 5 
to 6 feet 

9 1965 70 Imperfectly 
drained 

Sand over loamy sand with 2 uncemented 
hardpans-one at 12 inches and one at 5 feet 

10 1966 65 Imperfectly 
drained 

Sand over loamy sand with uncemented 
pan at 18 inches 

11 1966 65 Moderately well 
drained

Loamy sand over sandy clay at 4 feet 



 

 
DATA ANALYSIS 

A n a l y t i c a l  p r o c e d u r e s  p l a n n e d  f o r  t h e s e  
a n d  o t h e r  t e s t s  w e r e  a n a l y s i s  o f  v a r i a n c e  
c o u p l e d  w i t h  a  m u l t i p l e  r an g e  t e s t  t o  
d i s t i ng u i sh  p r o g e n i e s  pe r f o r m i n g  s i g n i f i c a n t l y  
b e t t e r  t h a n  c h e c k  l o t s .  E a c h  t e s t  i s  a  
c o m p l e t e  exp e r i m e n t  a n d  w i l l  s t a n d  a l on e .  
A l s o ,  l o t s  c o m m o n  t o  two  o r  m o r e  t e s t s  c a n  
b e  i n c l u d e d  i n  c o m b i n e d .  a n a l y s e s .  A  
c o m b i n e d  a n a l y s i s  i s  i l l us t ra ted  i n  (T ab le  2 )  
conce rned  w i th  f i r s t  ye a r  h e i g h t s  o f  2 4  l o t s  
w h i c h  w e r e  e s t a b l i s h e d  i n  s i x  separa te  tes ts .   

e v e r y  t e s t .  A d d i t i o n a l  c h e c k  p l o t s  we r e  
i n c l u d e d  in s e v e r a l  t e s t s  t o  s q u a r e  o f f  t h e  
b l o c k s .  T h e s e  c h e c k  l o t s  s e r v e  a s  a  c o m m o n  
ya r d s t i c k  f o r  t h e  e v a l u a t i o n  o f  c l o n a l  
p r o g e n i e s  o n l y  i f  t h e y  h a v e  s u f f i c i e n t l y  
b r o a d  g e n e t i c  a d a p t a t i o n  n o t  t o  i n t e r a c t  w i d e l y  
w i t h  t h e  v a r i o u s  e n v i r o n m e n t a l  c o n d i t i o n s .  
P l o t s  o f  a  c h e c k ,  w i t h i n  a  b l o c k  w i l l  v a r y  d u e  
t o  w i t h i n  b l o c k  d i f f e r e n c e s ,  l a c k  o f  g e n e t i c  
i d e n t i t y  o f  s e e d l i n g s  i n  t h e  s e v e r a l  p l o t s  a n d  
o t h e r  c h a n c e  c i r c u m s t a n c e s .  I f  t h e  c h e c k  
p l o t s  v a l i d l y  i n d i c a t e  r a n d o m  v a r i a b l e s ,  t h e  
v a r i a n c e  o f  c h e c k  l o t s  p r o v i d e s  t h e  b e s t  

TABLE 2. ANALYSIS OF VARIANCE OF FIRST YEAR HEIGHTS 

 Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Progeny lots 23 3.0762 0.1337** 

Environments 5 66.0564 13.2112** 

Sites planted 1964 1 11.2200 11.2200** 
Sites planted 1965 1 13.2605 13.2605** 
Sites planted 1966 1 8.4429 8.4429** 
Years and Sites 2 33.1331 16.5665** 

Interaction (L x E) 115 9.2686 0.0805** 
L x 1964 sites 23 0.8585 0.0373 
L x 1965 sites 23 3.5325 0.1535** 
L x 1966 sites 23 0.3753 0.0163 
L x sites and years 46 4.5023 0.0978** 

Variance of checks (error) 310 9.2702 0.0299  

* *  S i g n i f i c a n t  a t  t h e  1 %  l e v e l .  

I n  comb ined  tes t s  w i t h  common  p ro gen y  
l o t s ,  i t  i s  p o s s i b l e  t o  p a r t i t i o n  t h e  
e n v i r o n me n t a l  v a r i a n c e .  T h i s  i s  no t  a  ma j o r  
ob jec t i ve  o f  p rogen y  te s t i ng ,  f o r  the  pu rpose  
i s  tes t i ng  l o t s ,  no t  p lan t i ng  s i t es .  Howe v e r ,  b y  
l o o k i n g  a t  e n v i r o n m e n t a l  v a r i a t i o n ,  i m -
p r o v e d  t e s t i n g  p r o c e d u r e s  m a y  b e  i n d i c a t e d .  

V e r y  p e r t i n e n t  t o  p r o g e n y  t e s t i n g  i s  t h e  
i n t e ract ion between progeny lots and the 
var ious envi ronm e n t a l  c o n d i t i o n s .  P r e f e r a b l e  
a t  t h e  p r e s e n t  s t a g e  f  d e v e l o p m e n t  w o u l d  
b e  l o t s  w h i c h  a r e  s u p e r i o r  i n  a l l  t e s t  
e n v i r o n m e n t s  r a t h e r  t h a n  t h o s e  w h i c h  r e -
s p o n d  w e l l  u n d e r  s o m e  c o n d i t i o n s  b u t  n o t  
u n d e r  o t h e r s .  E f f e c t i v e  p r o g e n y  t e s t i n g  
m u s t  p o i n t  o u t  s u c h  p o s s i b l e  i n t e r a c t i o n s .  

O f  s p e c i a l  n o t e  i s  t h e  e r r o r  t e r m  u s e d  i n  
t e s t i n g  f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
a n a l y s i s  o f  v a r i a n c e  an d  i n  m u l t i p l e  r a n ge  
t e s t s .  A t  l ea s t  t wo  p l o t s  o f  e a c h  c h e c k  l o t  

i l d d i h b l k f

m a t e  o f  e xp e r i m e n t a l  e r r o r  f o r  g e n e r a l  
c o n c lu s i on s .  T h e  b l o c k - l o t  i n t e r a c t i o n s ,  
c o m m o n l y  u s e d  a s  a n  e r r o r  t e r m ,  s u p p l y  
i n f e r e n c e s  m o r e  s p e c i f i c  t o  t h e  t e s t  s i t e ,  a n d  
t h e  v a r i a n c e  o f  t r e e s  w i t h i n  p l o t s  i s  
c u m b e r s o me  a n d  p r o b a b l y  o v e r l y  s e n s i t i v e .  
A s  e mp l o y e d  i n  t h e s e  t e s t s ,  c h e c k  p l o t s  
s e r v e  t h e  d u a l  purpose  o f  es t ima t ing  
exper imen ta l  e r ro r  and  o f  p rov i d i n g  a  b a s i s  
f o r  d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  d e s i r a b i l i t y  
o f  s e l e c t  l o t s .  

RESULTS AND CONCLUSIONS 
A s  o n l y  t h e  B r u n s w i c k  P u l p  a n d  P a p e r  

C o m p a n y  i s  d i r e c t l y  c o n c e r n e d  w i t h  t h e  
i n d i v i d u a l  l o t _  d i f f e r e n c e s  i n  t h e s e  t e s t s ,  i t  
i s  s u f f i c i e n t  t o  i n d i c a t e  t h a t  s i g n i f i c a n t  
d i f f e r e n c e s  a m o n g  l o t s  w e r e  a p p a r e n t  i n  b o t h  
o n e  y e a r  a n d  t h r e e  y e a r  h e i g h t s .  P r o g e n i e s  
o f  a b o u t  o n e - h a l f  o f  t h e  s e l e c t  t r e e s  w e r e  
r a t h e r  c o n s i s t e n t l y  s u p e r i o r  i n  h e i g h t  t o  t h e  

                                              a v e r a g e  o f  t h e  c h e c k  l o t s .
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planted in 1964 than it was on sites planted in 
1965 and 1966. In these tests,  the effects of site 
and of year of establishment are confounded. It is 
impossible to tel l  whether the better growth in 
1964 should be attributed to superior weather 
conditions that year or, possibly, to the better 
growth condit ions on the s i tes  on which the tests 
were established. Probably, i t  was the combined 
effect of both factors. Similarly, differences noted 
in average growth between tests  established the 
same year may be, in part, influenced by variation 
in local weather conditions. It may be noted that 
neither first nor third year heights were related to 
the several site evaluation factors except, 
possibly, drainage c lass .  It is of possible 
significance that approximately half of the sum of 
squares for environments (Table 2) was 
contributed by the combined effects of sites and 
year of establishment, suggesting a possible 
strong influence of establishment season on first 
year growth. 

Third year data were much more l imited with

in 1963 for seedling growth (see Table 4), the 
effects of weather conditions during the establish-
ment year carried over into subsequent years, or 
local weather conditions at the individual test s i tes
were strongly affecting growth. Again, the 
apparent results were probably influenced by a 
combination of factors. 

The manner in which the various progeny lots 
reacted to these environmental differences is of 
particular interest and special importance. These 
reactions or lack of reactions wil l  have a deciding 
influence on the make-up of second or third 
generation seed orchards. In tests 6 through 11, 
the interaction of 24 lots with 6 environments in 
first year height was highly significant (Table 2). 
The largest portion of the interaction sum of 
squares was contributed by the confounded effect 
of sites and establishment years. Figures 2-4 
i l lustrate the interactions observed. Note 
particularly the shifts in relative heights of lots 
between the two 1965 tests .  
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The ranges in mean height were not large — 0.20 feet 
at one year and 0.66 feet at three years. The 
differences have l i t t le economic significance ex- cept 
as indices of possible future behavior. 

The height growth indicated that the total en-
vironments tested were quite different (see Figure 1). 
The best first year growth was obtained in test 6 and 
first year growth was greater on both sites 

only six lots involved. Height growth was not sig-
nificantly different on sites planted in 1963 (Table 
3). Growth was signif icantly different on s i tes
planted in 1964 and the combined effect of estab-
l ishment year and site was very highly significant. 
It must be remembered that trees in these tests
were growing in 1964 and 1965. Therefore, the 
two sites planted in 1964 were inferior to those 
planted

Mean height at one year of 24 progeny lots 
established in 6 tests. 



 

 

in rates of survival and of d isease.  Unless f irst
year height measurements predict future growth 
potential, the expense of recording and analysis of 
data at this stage is not justified. 

The s i tes  on which these tes ts  were estab-
l ished were by no means identical. Yet they repre-
sent a relatively narrow range of site qualities (60 
to 70 at age 25). The admittedly shaky evidence 
presented here suggests that environmental differ-
ences were too small to differential ly affect growth 
of the various progenies after one year. Repeated 
testing, even in different years, on similar s i tes
would appear to increase the accuracy of 
evaluation of parental clones only sl ightly. 
Assuming that other tes ts  wil l  substantiate this 
conclusion, no more than two well designed tes ts
establ ished on 

In contrast to the vagaries of relative ranking of 
height growth after one year, the interaction of the 
six lots for which third year height data were 
available with sites was not signif icant. As indi-
cated in Table 4, lots 4 and 5 had the greatest 
height and lot 12 had the least height at each loca-
tion. Approximately the same conclusions could be 
drawn concerning the relative value of the lots in-
volved from each individual test as from the com-
bined analys is .  

These data are insufficient for firm 
recommendations, but, i f established tests 
continue to show a decline in the interaction 
between lot and environment with increasing age, 
some changes in test procedures may be 
warranted. First year data are of l i t t le significance 
except for poss ib le  differences 

TABLE 4. MEAN HEIGHT IN FEET AND RELATIVE RANKING OF 6 PROGENY 
LOTS AFTER 3 YEARS IN 4 TESTS. 

Progeny 
Lot 

Test 
Mean 

3 
Rank 

Test 
Mean

4 
Rank

Test 
Mean

6 
Rank 

Test 
Mean 

7 
Rank 

Combined 
Mean 

Tests 
Rank

4 6.70 2 6.78 1 5.37 1 4.26 2 5.78 2 

5 6.77 1 6.60 2 5.31 2 4.53 1 5.80 1 
6 6.46 4 6.33 4 4.59 5 4.06 4 5.36 5 

12 6.35 6 5.87 6 4.50 6 3.86 6 5.14 6 
13 6.58 3 6.24 5 5.41 3 4.22 3 5.61 3 
14 6.38 5 6.39 3 5.05 4 4.16 5 5.50 4 

Mean 6.53  6.36  5.08  4.13    
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TABLE 3. ANALYSIS OF VARIANCE OF THIRD YEAR HEIGHTS 

     Degrees of 
Freedom  Sum of Squares Mean 

Square 

Progeny Lots 
5 11.1609 2.2321** 

Environments 3 226.9241 75.6413** 

Sites planted 1963 1 1.1628 1.1628 
Sites planted 1964 1 19.4168 19.4168** 
Years and sites 1 206.3445 206.3445** 

Interaction ( L x E) 15 1.6161 0.1077 

Blocks 26 100.3524 3.8597 

Lots X Blocks 130 50.9300 0.3917 

Variance of checks (Error) 78 31.9682 0.4098 



 

 

 

FIGURE 2

FIGURE 3 

FIGURE 4
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s i t e s  t y p i c a l  o f  t h o s e  o f  m o s t  c o m m o n  o c c u r r e n c e  

i n  a n  a r e a  s h o u l d  b e  s u f f i c i e n t  t o  e v a l u a t e  t h e  i m -

p r o v e m e n t  p o t e n t i a l  o f  s e e d  o r c h a r d  c l o n e s  f o r  

p l a n t i n g  a v e r a g e  s i t e s .  F o r  i n d i c a t i o n s  o f  v a r i a -

a t i o n  i n  a d a p t i b i l i t y  t o  e n v i r o n m e n t a l  c o n d i t i o n s ,  i t  

w i l l  p r o b a b l y  b e  n e c e s s a r y  t o  e s t a b l i s h  t e s t s  o v e r  a  

g r e a t e r  g e o g r a p h i c  r a n g e  o n  s i t e s  o f  m o r e  d i v e r s i t y  

t h a n  t h o s e  e m p l o y e d  i n  t h e s e  t e s t s .  

SUMMARY 
H e i g h t  m e a s u r e m e n t s  o n e  a n d  t h r e e  y e a r s  a f t e r  

e s t a b l i s h m e n t  w e r e  a n a l y z e d  f o r  e i g h t  s l a s h  p i n e   

p r o g e n y  t e s t s  e s t a b l i s h e d  o n  d i f f e r e n t  s i t e s  f r o m  

1963 to  1966 .  

G r o w t h  a t  b o t h  a g e s  w a s  s i g n i f i c a n t l y  d i f f e r e n t  

o n  t h e  v a r i o u s  t e s t  s i t e s .  O n e  y e a r  a f t e r  e s t a b l i s h -
m e n t ,  t h e  i n t e r a c t i o n  o f  p r o g e n y  l o t s  a n d  e n v i r o n -
m e n t s  w a s  h i g h l y  s i g n i f i c a n t .  R e s u l t s  s u g g e s t  a  

v a r i a b l e  r e s p o n s e  t o  s e a s o n a l  w e a t h e r  c o n d i t i o n s  
' a n d  t o  s i t e  f a c t o r s  i n  e a r l y  g r o w t h .  

T h e  p r o g e n y  l o t  a n d  e n v i r o n m e n t  i n t e r a c t i o n  

w a s  n o t  s i g n i f i c a n t  f o r  h e i g h t  a t  t h r e e  y e a r s .  P o s -
s i b l y ,  m o r e  d i v e r s e  s i t e s  s h o u l d  b e  t e s t e d  t o  d e t e r -
m i n e  v a r i a t i o n  i n  r e s p o n s e .  
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