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XCELLENT  S T A N D S  O f  yd~OW-~3Opbr  grow o n
fertile, well-drained coves, lower slopes, and

bot,tom  lands in the Southern Appalachian moun-
tains. These elite stands make up only a small
portion of the mountain forest, but, because of
their productivity, they are of great import,ance
to the mountain economy.

Foresters and timber owners need information
that will  help them plan the intensive manage-
ment the.se  stands should have. This paper pre-
sents the diameter distributions found in pure,
unthinned stands of yellow-poplar. These distri-
butions represent the natural de\-elopment,  of the
number of trees in specific size c?asses  in re!ation
to stand age, site index, and tot-al number of stems
per  acre. If what  h,,..-q  !:appe;?ed  in the past is a
gmd indicator of what will  happen in the future,
the stand  descriptions nhuuld  k~?  very \,aJuabJe  for
answc:-iing  questions  that must be decided in hnd
rnanagenlent  planning. For instance, wiJl  it pay
to thin a yellow-poplar stand on a m0derat.e sit,e
at age 30, or will the trees to be thinned be too
small to make a merchantable cut? Of course, in
yellow-poplar st antis the producf ion of high-value
veneer Jogs outweighs mo~;t  every other considera-
lion. Therefore,  another im;-),;iri  ant q:res:tion  is,
wiJ1  there be enough veneer-size sterns on the site
at age 60 to justify a harvest cut, or wi!l  the num-
ber of veneer-size trees inc.rfase enough to .b\y?rrant
~vvailing  until age 70?

Admit,tedly,  these data wilJ  not answer aiJ  ques-
tions, and someday more accurate criieria  based
on remeasurement of managed st.ands  wiJl  proba-
bly become available. hfeamvhile, the value of
these diameter distributions is already being
proved.

Methods
Plot &/iecfion

Dat,a  for this  st.udy  were obt.ained  from 141
circukilr  I.;-acre  plots esiablkhed  in the Appa-
lachian h~ountains  of Xorth  C’;;rc?fira  (93 plots),
Virginia (31 plots),
Sndex,  s!snd  xge,

and GsorgTa  (17 plots). Site
iil>d numfer  of tzes  per acre,

b y  l - i n c h  dja:i~eter  classes,  were  oI,tainf+d on
each plot.

TO be  ii?rklllded  in ? he study,  a stand had to
hsive  75 percent OY  more of its ovcrstory  in yeJlow-
poplar. .411  the s?ands \vere  even-aged and ranged
from 17 to 76 yea.rs  of age. Site index at age 50
ranged from 7.5 t.o  150 feet: and basal area varied
from 44 to 205 square feet per acre. The maxi-
mum and minimum number of yellow-pop!ar trees
per acre, by st.and  age and site ind?s,  are shown
in table 1.

Sampled stands were free of dBase  and insect,s
.and  showed no evidence of past cutting. Trees
~~c-re  well  distributed over the plot.
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TAELLE I.--Jfinimum  and maximum obserwd  num- The basal area in any l-inch diameter class
bers of yellorc-poptcu  trees per acre by age and site was convert.ed  to number of trees  per class  per

index classes. acre by the relationship:
- - - ~
Site index Age (years)

(Feet at
age 50) < 21 21-30 31-40 41-50 51-60 61-70 > 70

__.-._~-

j&li=pi  BA
B i

where,

<81 2 2 0
2 2 0

Ni =number  of trees in the i’b  diamet.er
class;

81-90 2 2 8 240 140 72
2 2 8 320 168 196

91-100 160 2 5 6 100
380 256 172 2% 2;; 1::

101-110 176 136 84 100
364 2 5 2 2% 2 7 2 192

111-120 152 152 136 132 88
2 5 2 332 212 156 176

121-130 216  236 124 96 152 136
216 396 256 188 152 136

131-140 164 140
3 2 8  2 0 4

> 140 184
184

An.alysis
Analysis of the data to determine diamei.er

distributions followed procedures developed by
Clutter and Bennett for planied slash pine.*

Our  objective was to present a table of the
number of trees per acre by l-inch diameter
classes for various combinations of age, site index,
and t.ot.al  number of trees per acre. Basal area per
acre was used in the initial computations, rather
than number of trees, because basal area allowed
a more accurate description of the number of
trees in the larger diameter classes.

The curve form used to determine the propor-
tion of basal area for trees  in any l-inch diameter
class 11’2s:

Pi =proportion  of the total basal aria  per
acre that Iies  in the ifh  diameter class
(i =5,  6, . _ . 27);

BA = total basal area per acre;

Bi =basal  area per tree for the midpoint
tree in the ith  diameter class (i =5,  6,
. - . 27).

The predicted values of a, 8, and Dnzar  were
obtained from the following equation:

AP = 13.02839 -0.02546 (Age) - 66.84692-____
Age

-4.43671 (Logarithm of number of trees)

Site index X number of trees-----.----.i~~o-.--

R2  = 0.476 Standard error =0.582

& 1.21499 -0.12504  (kg%$;;;*)

R’  =0.129  Standard error =0.450

.Anax  = 9.38123  +2.41398
Age X site index
--TG6is--)

-0 .35928  -----ITiijG---
(
Age X number of trees

1
R’  =0.700  St.andarh error 22.09

Act.ual  values of 01, 8, and Dmax were plotted
over calculated values. No bias was apparent in
any ca,se.

The expected  number of trees by l-inch diame-
, - ter  clc~ses  v.zs  calculated for vaiio,s combina-

\i  here,

Dx;ox  -maximum diameter of trees in the
st.and;

Dmin  -minimum diameter of trees in the
s!and  (LI:nin ~v‘as  set at 4.5 inches, the
sma!lcst  trees mvwred).

tinns of age, site  index, and total number  of trees
per acre. These values are presented in t-ables  2
through 6. -4lthough  the tables are useful, they
have sc\wal limitations. Neither the tables ilor
the F-qustions in-b-olved in their development  de-
scribe changes  in basal area and number of trees
that  occur on a gisen ,cii.e  with  time. Such changas
<‘an  be determined only by periodic remeewre-
merits  of permanent plots. To apply the fables,
one must assume that a certain number of trees
per acre will be present at a given time.
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Because of these Limitations the use of the
tables for predicting ihe performance of any par-
ticular managed yeJJow-poplar  stand is restricted.
Nevertheless, the growth of these stands is the
best available indicat,or  \ve have of future stand
behavior, and the availabihty of diameter distri-
butions will aJJow much more sophisticated stand
management pIarming  than has been possible in
the past. The choice of future thinning schedules
and rotation ages can now be based on stem size
as weJ.J  as on total volume and basal area.

Careful study of the tables provides consjder-
able information relevant to thinning certain types
of yeUow-poplar stands. For inst.ance,  should the
owner of a yellow-poplar stand on site 100 land
pian  on thinning at age 30? For this example we

will  assume a stand density of 250 stems per
acre.2 Under these site and stand StipuJations,  a
thinning from below would consist mostly of 5-
and 6-inch trees and would reduce the basal area
of the stand below 87 square feet per acre. The
decision whether or not to plan on a 30-year
thinning in this stand must be left with the indi-
vidual landowner, but we do recommend further
study of the 40-year diameter distribution before
a final decision is made.

z McCarthy, E. F. Yellow  poplar (Liriodendron
tulipifera  L.) characteristics, growth, and manage-
ment. U.S. Dep. Agr. Tech. Bull. 356, 58 pp., illus.
1933. Table 17 in this publication supplies average
number of yellow-poplar stems found in natural
stands in relation to age and site  index.

TABLE  2.~  -Dianzetm  disiributfons  {Gr pure nahral  yellou*-poplar  stands by age and stand density per acre
on site i7zden  90.

-___~--- - - -
Total Number of trees per diameter class (inches)
trees Basal  area -~-_.~--_----- - ----.---~ - - - - - - - - ----_-

(Number) (Square feet) 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
-----~..--

Age 20
1 0 0
150
200
250
300
350

33

4338
2:
61

1 0 0
150
200
250
300
350

50
1 0 0
150
200
250
300
350

ii::
82

:;
106
113

50
1 0 0
150
2 0 0
2 5 0
3 0 0

55
829s

1 1 0
117
123

5 0
100
150
2@0
2.50

!8”
116
1 2 5
730

5 0 8 0
100 114
150 132
200 141
‘50 1 4 6

- -  - - -

15 21 19 16 12 9 5 3
48 37 25 17 11 7 4 I
95 47 26 15 iI 5 i i

1 4 5 5 3 2 6 1 4 7 4 1-m
194 57 26 13 6 3 1 __
242 61 26 12 6 2 1 __

Age 30
3 8 13 14 15 14 12 10 7 4

1 2 2 3 2 5 2 4 2 1 1 7 1 3  9  5  1
29 39 36 30 24 18 13 8 3 __
51 56 46 35 26 18 11 6 1 __
7 7 7 2 5 4 3 9 2 7 1 7 1 0  4___-

305 87 62 42 28 17 8 1 __ __

Age 40

-i -4 8 12456677642 10 12 12 12 12 11 9 6 3__
5 14 18 20 20 18 16 14 11 8 5 1 -~

14 27 30 29 26 22 19 15 10 6 2 _- 1:
25 42 42 37 31 25 19 14 9 3 _. ._ _ _
44 59 53 44 35 27 19 13 6 _ _ -_ _ _ _ _
6 ‘ 2 75 64 51 39 28 19 10 2 -_ __ __ -_

.4ge  50

‘i ‘3 5 1123455666542 7 9 1071111010 9 7 5 2--
4 10 14 16 17 17 16 14 13 11 9 6 3 -_ -_

10 21 25 25 24 22 19 17 14 I1 s 4 -_ _. _.
21 34 36 34 30 26 22 18 14 10 5
34 49 48 42 36 3 0 23 18 12 7 1 1: _I 11 :I

Age 60

_ _ _- _ _ 1 2  2 3 3 4 4 5 5 5.5 5 4 2

; 8 246789999987642__  12 14 14 14 14 14 13 12 10 9 7 5 1-_ -_
9 19 22 22 22 20 19 16 14 12 70 S 5 2 _- _- -_

19 31 33 31 2s  25 22 18 15 12 9 6 1 ._ __ __ __
Age 70

_- _- -_ 1 1 2 2 3 3 3 4 4 4 4 5 4 4 4 2
1 2 4 5 6 7 7 7888 7 7 76 5 4 1-s
3 s 11 12 13 13 12 12 11 11 10 9 s 7 5 4 1 __ _-
9 18 20 20 19 18 17 15 14 12 11 9 S 6 4 _ _ -_ -_ _-

19 3 0 3 0 28 2 6 23 20 17 15 13 11 9 6 3 _ _ _ _ _ _
--.- .- ..-



Pot,entiaI  stem sizes can have a definiie  bearing
on selecting rotation ages. Tables 2 through 6
show how stem sizes are distributed in older nat-
ural st.ands. For example, land with site index 100
and 100 stems per acre produced 15 trees 19 inches
d.b.h.  or larger in 60 years. In 70 years, 27 trees
larger than 18 inches were produced. Each owner
can decide whether the increase in veneer-size
trees is worth wait,ing  10 years t,o  harvest.

The information presented here describes the
development, of yellow-poplnr  stands under nat-
ural unmanaged conditions. The stands described
in the tables represent the last opportunity for-
esters will have t.o observe nat.ural stand develop-
ment over a wide range of conditions, because
most yellow-poplar stands in the future will  come
under management at an early age.

TABLE 3.--Diameter  distributions for pure natural yellox-poplar  stands  by age and starzd  density per acre
on site index 100.

-

Tota l Number of trees per diameter class (inches)
trees Basal area -~__

(Number) (Square feet) 5 6 7 8 9 1 0 11 12 13 1 4 1 5 1 6 1 7 18 19 20 21 22 23 24 2 5 2 6 2 7
-~-

Age 20

100
150
200
250
300
350

100
150
200
250
300
350

50
100
150
200
250
300
350

50
100
150
200
250
300

SO
100
150
200
250

50
100
150
“00
250

35
4 1
46
52

E

6":

ii;
94

103

Et
91

104
113
122
131

zz
113
127
137
147

76
115
137
150
159

92
136
157
169
179

13 20 19 16 12 9 6 4 1
4 3 3 6 2 6 1 8 1 2  8  5  2-m
8 4 4 8 2 9 1 8 1 1  6  3  1-v

129 56 30 17 10 5 2 1 __
173 63 31 17 9 5 2 __ __
214 71 34 17 9 4 1 __ __

Age30

2 7 11 13 14 14 12 11 8 6 2
9 20 23 22 20 18 14 11 8 4 1

2 3 3 5 3 4 3 0 2 5 2 0 1 5 1 0  6  2-w
40 50 44 36 28 21 15 10 5 1 _-
60 66 54 42 31 22 15 8 2 -_ __
7 9 81 64 48 34 23 14 7 ____ __

Age40

-i -4
1 2 3 4 5 6 6 6 6 6 4 1
6 9 10 11 11 11 11 9 8 6 3 __

4 11 16 18 18 17 16 15 13 10 8 4 __ __
11 2 2 2 6 2 7 2 5 2 2 2 0 16 13 10 6 2 __ __
21 3 5 3 8 3 5 31 27 2 2 17 13 8 3 __ __ __
32 49 49 43 37 30 24 18 12 6 __ __ __ _-
44 63 60 52 43 34 25 1 7 10 2 __ __ __ __

Age 50

1 1 2 2 3 4 4 5 5 6 6 5 4 2
- i -i 4 6 7 8 9 16 16 10 9 8 7 6 3 __
3 8 12 1 3 1 5 1 5 15 1 4 1 3 12 10 9 7 4 __ __
8 17 2 1 22 22 2 1 19 17 15 13 11 8 5 1 __ _ _

14 2 8 31 31 2 9 2 6 2 3 20 17 14 10 6 1 __ __ __
23 39 42 39 36 3 1 2 7 22 18 1 3 8 2 -- -- -_ __

Age 60

_- -_ __ 1 1 2 2 3 3 4 4 4 5 5 5 4 4 3

-i
2356778888887654_-
6 10 11 12 13 13 13 12 11 11 10 9 7 6 4 - - __

6 1 4 18 1 9 1 9 1 9 3 8 1 6 15 14 12 10 9 7 4 __ _- __
13 24 2 7 27 2 6 24 22 20 17 15 13 10 8 4 __ __ -_ -_

Age 70

_- __ -- 1 1 1 2 2 2 3 3 3 4 4 4 4 4 4 4 3 1

-Yi 6  2 9 3 10 4 11 5 11 5 11 6 11 6 11 7 10 7 IO 7 9 7 9 7 8 7 7 6 6 6 6 6 5 3 - 4-e-e  _- __
7 7 4 1 6 17 17 17 76 75 14 13 12 10 9 8 7 6 2 __ __ __ __

13 2 3 2 5 25 23 22 20  1S 16 15 73 11 10 8 6 2 __ -- -- -- --
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TABLE J.--Diameter  distributions for pure natural yellow-poplar stands by age and stand density per acre
on site index  110.

~____ .-
Total Number of trees per diameter class (inches)
trees Basal area ~ ~.~--

[Number) (Square feet) 5 6 7 8 9 10 1 1 12 13 1 4 1 5 16 17 18 19 2 0 21 2 2 2 3 24 25 2 6 2 7
-~-~~---

Age 20

100
150
200
250
300
350

300
150
200
250
300
350

50 54
100 83
150 104
200 117
250 129
300 142
350 154

50 70
100 109
150 131
200 148
250 161
300 175

50
100
150
200
250

50
100
150
200
250

60

2
97

107
117

89
133
161
177
190

109
359
is4
209
220

11 18 18 16 13 10 7 5 2
38 35 26 19 13 9 6 3 1
74 48 30 20 13 8 5 2 r_

113 58 34 20 12 7 4 2 __
1 5 0 6 8 3 7 2 1 1 3  7  3  1-w
184 78 41 23 13 7 3 1 __

Age 30

2 6 10 12 13 13 12 11 9 7 4 1
8 2 7 2 0 2 1 2 0 1 8 1 5 1 2 1 0  6  3-y

1 8 3 0 3 2 2 9 2 5 2 1 1 7 1 3  9  5  l--
31 44 42 36 30 24 18 13 8 4 __ __
45 59 52 43 35 26 19 13 7 1 __ __
59 72 63 51 39 29 20 12 5 __ __ __

Age 40

1 2 2 3 4 5 5 6 6 6 5 4 1
-i -3  5 7 9 10 10 11 10 IO 9 7 5 3 -_
3 9 13 15 16 16 16 15 13 12 10 7 4 1 __
8 18 23 24 24 22 20 18 15 12 9 6 1 __ -_
15 29 33 33 30 27 24 20 16 12 8 3 __ __ __
23 40 43 41 37 32 27 22 17 12 6 __ __ __ _-
30 51 53 50 44 38 31 24 17 10 2 __ -_ -_ __

Age 50

-- _- -- 1 1 2 3 3 4 4 5 5 5 5 5 4 3
2 3 5 6 7 8 8 9 9 9 8 8 7 6 4 1

-i 6 9 12 13 13 14 13 13 12 11 10 9 7 5 1 __
5 13 17 19 20 20 19 17 16 14 13 11 8 6 2 __ __

10 22 26 27 27 25 23 21 19 16 14 11 7 2 __ _ _ __
16 30 35 35 34 31 28. 24 21 18 14 10 4 _- _- __ __

Age 60

-- -_ -_ 1 1 1 2 2 2 3 3 4 4 4 4 5 4 4 4 2

-i 5 124566777887776642-e 8 9 10 11 11 11 11 11 11 10 9 9 8 7 5 2__ -_
4 11 15 16 17 17 16 16 15 14 13 12 10 9 8 6 1 __ __ _-
9 19 22 24 23 22 21 20 18 16 15 13 11 9 7 1 __ __ __ __

.4ge  70

_- __  __  __ 1 1 1 1 2 2 2 3 3 3 4 4 4 4 4 4 4 3

‘i 5 12345566666676666553 -s  7 8 9 9 10 10 10 10 9  9  9  8  87 7 6 5 2 __ __
4 10 13 14 15 15 14 14 13 13 12 11 10 10 9 8 7 6 2 _ _ __ __
9 17 20 21 21 20 19 18 16 15 14 13 12 11 9 8 6 1 __ ._ ._ __



6

TABLE 5.-Diameter  distributions {or  pure natural  vekw-pophr  stands by age and siand  density per acre
on site  k&x  120.

Total Nwnber of trees per diameter class  (inches)
trees Rasal  area --~_____~------- - - -~-..--- - - - - - -

(Number) (Square feet) 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

100
150
200
250
300
350

100
150
200
250
330
350

1%
350
200
250
300
350

50
100
150
200
250
300

1;:
150
200

50
100
150

10 17 17 16 13 10 8 5 3 1
333326201510 7 4 2....
64 47 32 22 15 10 6 3 1 __
9759372315 9 6 3 1-m

128 70 42 26 16 10 6 2 -_ __
154 82 48 29 18 11 6 2 __ __

Age 30

iz
95

108
121
134

1 5 8 10 12 12 12 11 10 8 6 4 1
6 15 18 19 19 18 16 13 11 8 5 2 __
14 26 29 28 25 22 18 15 11 8 4 __ ._
24 38 39 35 31 26 21 16 11 7 2 __ __
34 50 49 43 36 30 23 17 11 6 1 __ __
42 62 59 52 43 34 26 18 11 3 _- _- __

Age 40
59

1::
133
148
163
180

1 1 2 3 3 4 5 5 5 6 5 5 4 1
-i-s 4 6 8 9 91010 9 9 8 7 5 3-m
2 8 11 14 15 15 15 14 13 12 11 9 7 4 __ _-
6 15 19 21 22 21 20 18 16 14 12 9 6 1 __ __
11 23 28 29 29 27 24 22 19 15 12 8 3 ._ __ __
16 32 37 38 36 32 29 25 21 16 12 6 __ __ __ __
20 40 46 46 43 39 34 29 23 17 11 2 __ __ __ --

Age 50
79

122
149
172
158
206

-1112  3 3 3 4 4 5 5 5 5 4 31
1 3 4 5 6 7 8 8 8 8 8 8 7 7 6 5 1 -- _

-i 5 8 10 11 12 12 12 12 12 11 11 10 9 7 5 2 __ __
4 10 14 16 17 18 17 17 16 15 14 12 11 9 7 3 __ -- --
7 17 21 24 24 23 22 21 19 18 16 14 11 8 4 __ __ __ --
10 23 29 31 31 29 28 26 23 20 18 15 11 6 __ __ __ __ __

Age 60
98 -_ -- -- 1 1 1 1 2 2 2 3 3 3 4 4 4 4 4 4 4 3

154 1 2 3 4 4 5 6 6 6 7 7 7 7 7 7 6 6 5 4 - w
185 -i 4 6 8 9 10 10 10 10 10 10 10 9 9 9 8 7 6 4 __ __
208 3 8 12 14 14 15 15 15 14 14 13 12 11 11 10 8 7 4 __ __ __

Age 70
121 __ _- -- __ -_ 1 1 1 1 2 2 2 3 3 3 3 4 4 4 4 4 4 4
189 1 2 2 3 3 4 4 5 5 5 6 6 6 6 6 6 6 6 6 5 5 2
223 -i357788999998888877651-..

Age 20



TABLE 6.--Diameter  distributions for pure natural yellow-poplar stands by age and stand density per acre
on site index 130.

Total Number of trees per diameter class  (inches)
trees Basal area ---~ -_____- - ---.~-

(Number) (Square feet) 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

100
150
200
250
300
350

300
150
200
250
300
350

50
100
150
200
250
300
350

50
100
150
200
250

50
100
150

50
100

41

2i

7677
89

Age 20

9 16 16 15 13 11 8 6 4 2
29 31 26 20 15 11 8 6 3 1
55 45 33 23 17 11 8 5 2 1
825839271812 8 4 2--
106 71 46 31 20 13 8 4 1 _-
1258354362315 9 4 1-b

Age 30

2
105
121
137
154

1 4 7 9 11 11 11 11 10 9 7 6 3
4 12 16 18 18 17 16 1 4 1 2 10 7 5 1

11 22 26 26 25 22 19 16 13 10 7 3 __
18 32 35 34 3 1 27 23 19 14 10 6 1 __
24 42 45 42 37 32 26 2 1 16 10 5 -_ ._
29 51 54 50 44 38 31 24 17 10 2 __ __

Age 40

1%
128
150
170
190
211

__ -_ -- 1 2 2 3 3 4 4 5 5 5 5 5 4 1
-ii!
245688999988753--
6 9 12 13 14 14 14 13 12 11 10 9 7 4 __ __

4 12 16 19 20 20 19 18 17 15 13 11 9 6 1 __ __
8 18 24 26 26 26 24 22 20 18 15 12 8 3 -_ __ __

11 25 31 33 33 32 29 27 24 20 16 12 7 _- __ _- _-
13 30 38 41 40 38 36 32 28 23 18 11 2 __ -_ _- __

Age 50

1;:
171
195
221

__ -_ __ -- 1 1 2 2 2 3 3 4 4 4 5 5 5 4 4 1

-i
123456777888777652..-
4 6 8 10 10 11' 11 11 11 11 11 10 9 9 8 6 3 __ __ -

3 8 12 14 15 16 16 16 15 15 14 13 12 11 9 7 4 __ __ __
5 13 17 20 21 21 21 20 19 18 17 16 14 12 10 6 -- __ __ __

Age 60 4

116 __ 111112 2 2 3 3 3 4 4 4 4 4 4 4 2
176 1 2 2 3 4 4 5 5 6 6 6 6 6 7 6 6 6 6 6 5  2  - -
217 -i35678999999999987762----

Age 70

125
206

_ _ - _ - - - - - - 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5
__ 1 1 2 3 3 3 4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6
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