
Theoretical and Applied Genetics 38, 197--201 (1968) 

Preliminary Testing of Eastern Cottonwood Clones 
ROBERT E.  FARMER, JR., 1 and JAMES R. WILCOX 2 

Southern Forest Experiment Station, Forest Service, U. S. Department of Agriculture 

Summary. Broad-sense heritabilities were 0.44 to 0.47 for height, 0.24 to 0.28 for diameter, 0.26 to 0.29 for 
volume, 0.69 to 0.70 for specific gravity, 0.36 for fiber length, and 0.83 to 0.89 for resistance to ~elampsova rust 
in a breeding population of 100 eastern cottonwood clones from central Mississippi grown for 1 year on Commerce 
loam and Sharkey clay in 10 • 10 triple lattice designs. 

The effect of site was statistically significant for growth and Melampsora rust, but not for wood properties. On 
the heterogeneous Commerce loam site, the lattice design was more efficient than randomized blocks for evaluating 
growth but not other characters. Both genetic and phenotypic correlations between characters were low and, with 
the exception of height • diameter (~;~ = 0.52 to 0.65), of no practical significance in selection. Major variation 
in form was observed. Large-diameter cuttings elongated significantly faster than small ones through August, after 
which the effect of cutting diameter was not statistically significant. 

Introduct ion  

Eastern cottonwood (P@ulus deltoides Bartr.), 
an important forest tree species in the Mississippi 
Valley, is being bred to increase its genetic potential 
for good growth, form, wood properties (relatively 
high density and long fibers), and pest resistance 
(FARMER, 1966). Since cottonwood is propagated 
vegetatively on a commercial scale (MAIsENH:ELDER, 
1960), clonal testing is an important phase of the 
species' genetic improvement program (LIBB'Z, 1964; 
WILCOX and FARMER, t967). Long-term testing of 
numerous clones is expensive; therefore it is desirable 
to screen clonal breeding populations formally prior 
to rotation-length tests. This screening includes 
brief tests to detect clones with relatively high early 
performance capabilities. The l-year s tudy of t00 
clones reported here was designed to provide data 
on juvenile variation and inheritance and to develop 
methods of preliminary testing. 

Meth od s  

1. Material 

Ninety-eight of the clones evaluated were from 
2-year-old ortets that  exhibited outstanding growth 
on Commerce loam in an open-pollinated progeny 
test of material from central Mississippi. The other 
two clones were from ortets of unknown parentage 
which had performed well in a nursery. Before they 
were tested, all clones were stored together in a nur- 
sery clone bank for one growing season. The popula- 
tion is believed to include a wide range of genotypes 
and to be typical of material available to the breeder 
in the Lower Mississippi Valley. 

1 Formerly stationed at the Southern Hardwoods 
Laboratory, which is maintained at Stoneville, Mississippi, 
by the Southern Forest ]Experiment Station, Forest 
Service, U.S. Department of Agriculture, in cooperation 
with the Mississippi Agricultural Experiment Station 
and the Southern Hardwood Forest Research Group; 
presently plant physiologist, Division of Forestry Devel- 
opment, Tennessee Valley Authority, Norris, Tennessee. 

Formerly stationed at the Institute of Forest Gene- 
tics, Forest Service, U.S. Department of Agriculture, 
Gulfport, Mississippi; presently research geneticist, Crops 
Research Division, Agricultural Research Service, Purdue 
University, Lafayette, Indiana. 

2. Site 

Clones were tested for one growing season on two 
sites 3 miles apart in the Mississippi River flood plain. 
One site was recently cleared forest land. Its soil 
was a uniform Sharkey clay, which is dark and poorly 
drained with a montmorillonite clay content of 
74--85% (BRucE et al., t958). Trees growing on 
Sharkey clay are subject to severe moisture stress 
in late summer; this soil is among the poorest being 
planted to cottonwood. 

The second site was a forest nursery with a 
Commerce loam soil, which is one of the best soils in 
the Lower Mississippi Valley for growing cottonwood. 
The quality of the site varied somewhat due to scatte- 
red presence of clay beneath the plow layer. 

3- Design and procedure 

In February t964, unrooted 50-cm-long stem cut- 
tings of all clones were treated with a systemic in- 
secticide (MORRIS, 1960) and planted in 10 • t0 
triple lattice designs (CocHRAS" and Cox, t957) on 
both sites. Cuttings were planted in three-ramet row 
plots at a 1.8 • t.8 m square spacing. Mean cut- 
ting diameter by plot was approximately the same 
for all plots of a given clone, but varied from 7 to 
20 mm among clones. Individual cutting diameters 
ranged from 5 to 30 mm. The plots were kept free 
of weeds until early fall by machine cultivation and 
hoeing. 

4. Observations 
In early May, before diameter increment was 

appreciable, diameters of all cuttings on the Commerce 
loam were measured. Total heights were measured 
on June 2, July 16, August 28, and October 27. 
Diameters of stems at 0.3 m above the soil surface 
were measured on October 29. 

On November 2, before natural defoliation, plants 
were rated for their resistance to leaf rust (Melamp- 
sora ~edusae Thtim.) which infects plants around 
mid-August in the Lower Mississippi Valley. Leaves 
were sampled at breast height and rated according 
to the relative abundance of rust sori. A rating of O 
indicated that  the tree was completely free of rust; 
a rating of 5, that  IOO% of the sampled leaf surface 
was rust infected and that some leaves were dying 
from infection. 
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For  wood proper ty  determinat ion,  s tem sections 
were taken 0.3 m above the soil surface from one 
tree in each plot on the Sharkey clay site and from 
two trees per plot on the Commerce loam. Specific gra- 
v i ty  was determined from green volume and ovendry  
weight  of samples t ha t  varied in volume from t0  to 
40 cc. Average fiber length was determined in sam- 
ples taken adjacent  to the cambium on one tree 
per plot. Two t -mm-wide  slivers were cut  from the 
sample and macera ted  in a t : t  mixture  of gIacial 
acetic acid and 30% hydrogen  peroxide at 50 ~ 
for 48 hours. The macerated,  bleached fibers were 
washed in tapwater ,  s tained for t 5 minutes  in Bismark 
brown solution and moun ted  in 1.5% agar solution 
on slides. The lengths of 50 whole fibers from each 
sample were then measured with a modified Ampli-  
scope (WII.COX et al., 1964) at 50 •  and an average 
was computed  for each sample. 

5. Analysis 
Plot  means for final height,  diameter,  volume, 

rust  rating, and wood properties were analyzed by  
computer  at the Univers i ty  of Georgia Computer  
Center, where a p rogram for the t0  X t0  latt ice 
design is current ly  on file. Since the t -year-old  
co t tonwood had a generally conic form, steins were 
assumed to be cones in volume computat ions .  Thus,  
clonal var ia t ion in s tem form, which was considerable, 
was not  accounted for. Clone means were compared  
by  Duncan ' s  new multiple range test ; least significant 
ranges were based on the average s t anda rd  error 
of t r ea tmen t  means. Factors  were tested at the 
0.05 level of probabil i ty.  The error and clone variance 
components  essential to heri tabi l i ty  computa t ions  
were computed  from the average effective error 
variance. Efficiency of the lattice design relative 
to randomized blocks was de termined  by  compar ing  
the error variance from a randomized  block analysis 
with the effective error variance. (For a description 
of procedures see COCI~RAN and Cox, 1957). 

Broad-sense heritabilit ies were calculated on an 
individual  basis f rom the formula :  

h 2 --  4 

where 
~ = to ta l  genetic variance 

a S = envi ronmenta l  variance.  

Response to selection was computed  from tile 
calculated heritabilities with tile formula R = ihcrG 
(FALCONER, 1960): 

where 
R = response to selection in terms of the uni t  

of measurement  
i = in tens i ty  of selection in terms of the s tan-  

dard  deviat ion of the selected group, i.e., 
selection differential in s t andard  measure 

h = square root  of the her i tabi l i ty  
~ = to ta l  genetic s t andard  deviation.  

Pheno typ ic  correlations among characters  were 
computed  from combined clone totals for the two 
sites. Genetic and phenotyp ic  correlations based 
on covariance analyses were also caIculated. 

The relation between cut t ing  d iameter  and  height  
growth  was invest igated th rough  correlation ana- 
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iyses and an analysis of cutt ing diameter effects 
in six clones. 

R e s u l t s  

1. Growth 

Mean clone height var ied from 2.96 to 4 .57m 
on the Commerce loam site and from 2.90 to 4.24 m 
on Sharkey clay. Material growing on Commerce 
loam was taller than that  on Sharkey clay; the clone- 
site interaction was not statistically significant. 
Da ta  on first-year height and on the other characters 
observed are summarized in Table t. The relative 
efficiency of the triple lattice design, compared to 
a randomized block design, was 198% on Commerce 
loam and 105% on Sharkey clay. The greater  effi- 
ciency of the lattice on the Commerce loam site is 
a t t r ibuted to the presence of a lens of clay which ran 
beneath  par t  of one replication and drastically in- 
creased variat ion within tha t  replication. 

Broad-sense heritabil i ty for height was approxima- 
tely the same on the two sites (0.44, Commerce; 
0.47, Sharkey). About an 8% increase in mean height 
might be expected from 
selecting the best 10 clones 
in the test  and using them 
directly by  vegetat ive pro- 
pagation. 

Mean clone diameter  
ranged from 2.8 to 4.8 cm 
on Sharkey clay and from 
3.3 to 5.6 on Commerce 
loam. As with height, the 
site effects were statistic- 
ally significant, and the 
clone-site interaction was 
not. The relative effici- 
ency of the lattice design 
on the Sharkey clay (104%) 
was approximate ly  the 
same as for height on 
tha t  site. I ts  efficiency 
for diameter  on the Com- 
merce loam site (t62~ 
was less than for height, 
however. Her i tabi l i ty  for 
diameter  (0.28, Commerce; 
0.24, Sharkey) was lower 
than for height, a feature 
observed in other tests 
(WILCOX and FARMER, 

t967). Selection of the top 
10 clones would result in 
a 5 or 6% increase in mean 
diameter.  

Mean ramet  volmne was 
0.0021 m a for the Commerce 
loam and 0.0016 m a for 
the Sharkey clay. Heri t-  
abili ty for volume was ap- 
proximate ly  the same as 
for diameter, as was the 
relative efficiency of the 
lattice design. The predic- 
ted response to selection 
for volume, however, was 
greater  than  for either 

height or diameter  due to the wide variat ion in ob- 
served volumes (0.0008 to 0.0034 mS). 

Because of its complex nature, no a t tempt  was made 
to evaluate tree form quanti tat ively.  However, most  
of the variation in form was interclonal. Figure 1 
shows the observed range in tree form. 

2. Wood properties 

Mean specific gravi ty  of clones varied from 0.32 
to 0.41 g per cc, a range sornewhat less than tha t  
oberserved in field sampling (FARMER and WILCOX, 
1966a) and among individual trees in juvenile open- 
pollinated progenies (FARMER and WILCOX, t966b). 
The mean for the test  (0.36) was slightly below 
other observed means (FARMER and WILCOX,  t966a;  
WALTERS and BRUCtCMANN, t965). There was no 
difference in the specific gravi ty  of the material  
on the two sites, and clone-site interactions were 
not statistically significant. The lattice design did 
not give appreciably greater efficiency than random- 
ized blocks on either site. Broad-sense heritabil i ty 
on both sites was rather  high (0.70). Selection of 

Fig. t. Va r i a t i on  in juven i l e  form a m o n g  four  e a s t e rn  co t tonwood  clones. Two r a m e t s  f rom 
a single clone are  shown  in each  p h o t o g r a p h .  Note  clonal  va r i a t ion  in s t r a i g h t n e s s  and  n u m -  

be r  a n d  fo rm of b r anches  
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Tab le  2. Phenotypic (r~) and genetic (rg) correlation coefficients based 
on covariance analyses 

Relat ionship Site 

Height • diameter 

Height • rust infection percent 

Diameter • rust infection percent 

Diameter X specific gravity 

Diameter • fiber length 

Commerce loam 
Sharkey clay 
Commerce loam 
Sharkey clay 
Commerce loam 
Sharkey clay 
Commerce loam 
Sharkey clay 
Commerce loam 
Sharkey day 

* Statistically significant at the 0.05 level. 

the top 10 clones would give a 7% increase in specific 
gravity over the test mean. 

Clonal variation in fiber length was also about 
the same on both sites (0.7t to t.00), but  fiber length 
was less heritable (0.36) than wood specific gravity. 
One could expect a 4 to 5 % increase in mean fiber 
length in response to selecting the best 10% of the 
tested clones. Clone-site interactions for this cha- 
racter were not statistically significant, and the lattice 
design effected little increase in test efficiency. 

3. Melampsora rust resistance 

Clone ratings varied from 0 to 5 on both sites, and 
distribution of ratings was roughly normal. Average 
rating for the trees on Sharkey clay was slightly 
(but significantly) higher than for those on the 
Commerce loam; cione-site interactions were not 
statistically significant. No increase in test efficiency 
due to the lattice design was observed. Heritabili- 
ties were high (0-83 to 0.89), and their application 
in selection response prediction indicated that  mean 
rust ratings could be improved about 50% by select- 
ing the test's best t0 clones. These data are similar 
to those of JOKELA (t966) for an Illinois clonal po- 
pulation. 

4. Correlations 

The relationships between growth rate and specific 
gravity, fiber length, and rust infection were investi- 
gated by covariance analyses; the resulting pheno- 
typic and genetic correlation coefficients are presented 
in Table 2. While some of the correlations were sta- 
tistically significant, except for height • diameter, 
all were low and of little practical importance in 
selection. 

5. Cutting-diameter: growth relationships 

Correlations between mean cutting diameter of 
clones in May and mean clone height in June, July, 
August, and October were determined with data 
from the Commerce loam site: 

Date r 

June 2 0.39** 
July 16 o.28"* 
August 28 0.17 
October 28 0. t 4 

** Statistically significant 
at the 0.01 level. 

A significant portion of 
clonal variation in height 

rp rg w a s  thus accounted for 
by clonal variation in cut- 

o.65" o.so ring diameter until July, 
0.52* 0,36 when heights averaged 
o.18 o.18 6 feet. Beyond that  date 
0.30* 0.33 the relationship was not 
0.07 0.04 statistically ~ significant 
o.ot +0.00 (0.0t level). 

-0 .21"  -0.32 In a second analysis of 
- -0 .16  --0.21 

cutting diameter effects, 
o.o3 _+o.oo six clones were chosen 
0.14 -b0.00 

which had equal mean cut- 
ting diameters in May. 
Height growth of one large 

(t9--23 mm) and one small (9--12 mm) cutting in 
each plot of these clones was observed throughout 
the season. The effects of these two cutting diameters 
on height at various dates were determined by split- 
plot analysis of variance. Growth of large cuttings 
was greater than that  of small cuttings through the 
August measurement, at which time mean height 
was 1t feet. Cutting diameter effects were not sta- 
tistically significant in October. Results of these 
two analyses indicate that  nongenetic clonal effects 
("C" effects of LER•ER, t958) associated with cutting 
diameter contributed significantly to variation in 
growth until mid- or late summer. 

D i s c u s s i o n  and Conc lus ions  
Clonal variance in the test population was great 

enough to  improve genetic potential for good early 
performance through selection. Broad-sense herit- 
abilities for height, diameter, and Melampsora rust 
resistance were similar to those reported by  WILCOX 
and FARMER (1967) for six replications of randomly 
selected cottonwood clones. Broad-sense heritability 
estimates for juvenile wood properties have not been 
previously published for cottonwood in the Lower 
Mississippi Valley. The greatest gains could be made 
in clonal selection for Melampsora rust resistance 
and tree volume. Although height and specific gra- 
vi ty  were under stronger genetic control than volume, 
their smaller variance resulted in lower percentage 
gains from selection. The higher gain in tree volume 
than in either height or diameter can be at t r ibuted 
to greater variation in tree volume and to the positive 
correlations between tree height and diameter. The 
general lack of correlations between other charac- 
ters indicates that  gains in these traits will, for the 
most part, be made independently. 

Lack of significant clone-site interaction suggests 
that  preliminary testing and roguing can be done on 
a single site without appreciable loss of valuable clo- 
nes, especially if selection is extensive. This conclusion 
is further substantiated by  the fact that,  except 
for height and diameter, site did not significantly 
affect the traits studied. These results do not mean, 
however, tha t  long-term clonal testing on single 
sites is warranted. Further  work with all stages of 
testing will be necessary before a definitive prescrip- 
tion for standard cottonwood clonal trials can be 
formulated. 

On heterogeneous sites or sites of unknown vari- 
ability, growth evaluation will be appreciably more 



Vol. 38, No. 5 Prel iminary Testing of Eastern Cottonwood Clones 201 

eff icient  w i th  a l a t t i ce  des ign t h a n  wi th  r a n d o m i z e d  
blocks.  Given compu te r  faci l i t ies ,  th is  a d v a n t a g e  
w a r r a n t s  the  l i t t le  e x t r a  work  in design and  layout .  
F o r  p r e l i m i n a r y  tes ts ,  the  t r ip le  l a t t i ce  is pa r t i cu -  
l a r ly  a p p r o p r i a t e  because  a r e l a t i ve ly  large n u m b e r  
of clones can be e v a l u a t e d  on a smal l  a rea  of land.  

"C" effects h inging  upon  the  r e l a t ionsh ip  be tween  
cu t t i ng  d i a m e t e r  and  g rowth  m u s t  be cons idered  in 
p r e l i m i n a r y  t es t ing  un t i l  p l an t s  are well  in to  the i r  
f i rs t  growing season. Resu l t s  of o thers  (HOFFMANN, 
1940; NEC, ISI et  al., t958) wi th  P@ulus i nd ica te  t h a t  
in areas  where  f i r s t - season g rowth  is no t  as good as 
in the  Lower  Miss iss ippi  Val ley,  one mus t  eva lua t e  
cu t t i ng  d i a m e t e r  effects for more  t h a n  one season. 
I t  is des i rable  to begin  tes ts  wi th  cu t t ings  of app rox i -  
m a t e l y  equal  size, even in Mississ ippi  where  r a p i d  
g rowth  m a y  m a s k  the  inf luence of cu t t i ng  d i a m e t e r  
b y  the  end of the  f irst  growing season. 

Z u s a m m e n f a s s u n g  

Zur  Auf f indung  yon Klonen  mi t  r e l a t i v  frt ihzei- 
t iger  E r t r a g s l e i s t u n g  wurden  Vorun te r suchungen  an 
Z u c h t p o p u l a t i o n e n  von P@~thr deltoides, einer  be-  
deu t enden  W a l d b a u m a r t  im Mississ ippi-Tal ,  durch-  
gefi ihr t .  

Der  einj~ihrige A n b a u  e iner  Z u c h t p o p u l a t i o n  von 
t00  Klonen  aus Zen t ra l -Miss i s s ipp i  in 10 • t0  Drei -  
s a t zg i t t e r -An lage  auf Commerce -Lehm und  S h a r k e y -  
Ton ergab  Iolgende Her i t ab i l i t f i t skoef f iz ien ten  im 
wei te ren  Sinne ftir die un t e r such t en  E igenscha f t en :  
H6he 0.44 bis 0.47, Durchmesse r  0.24 bis  0.28, 
U m f a n g  0.26 bis  0.29, spezif isches Gewicht  0.69 
bis 0.70, Faserl~tnge 0.36 und  Res is tenz  gegen Me- 
lampsora-Rostbefall 0.83 bis 0.89. 

Der  EinfluB des S t ando r t e s  erwies sich bezi igl ich 
W a c h s t u m  und  Ros t res i s t enz  als s ign i f ikan t  ver-  
schieden,  n ich t  dagegen  bezt igl ich der  Holze igenschaf -  
ten.  Auf  he t e rogenem Commerce -Lehm zeigte  s ich 
fiir die Bewer tung  des W a c h s t u m s  die GJ t te ran lage  
gee igne ter  als die B lockan lage  mi t  zuf~tlliger Anord -  
hung,  n ich t  abe r  fiir die anderen  Merkmale .  Die 
geno typ i sche  und  pb~inotypische Kor r e l a t i on  zwi- 
schen den E igenschaf t en  war  ger ing  u n d  be i  der  
Se lekt ion  von ke iner  p r a k t i s c h e n  B e d e u t u n g  m i t  
Ausn~hme der  Kor r e l a t i on  zwiscben H6he und  Durch-  

lnesser  (r~ = 0.52 bis 0.65). E ine  gr6Bere Var i ab i -  
lit~it[ konn te  bei  der  W u c h s f o r m  b e o b a c h t e t  werden.  
S tec td inge  mi t  grof3em Durchmesse r  wuchsen  im 
Augus t  s ign i f ikan t  schnel ler  als solche mi t  k le inem,  
sp~it~r war  der  EinfluB des S teck l ingsdurchmesse r s  
n i ch t  s ign i f ikan t .  
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