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Research Note No. 6 September 1, 1983

Stem analysis procedures for use in

obtaining time series forest growth data.

Greg 5. Biging

Introduction

Califernia's forest economy has been changing as the land base of young-growth
trees has burgeoned. Along with the increased land base of young-growth trees
has emerged the need for more precise knowledge concerning the amoung as well
as rate of forest growth. In 1978 the Northern California Forest Yield
Cooperative was formed to keep pace with this trend. These models are needed
to predict development of forest stands under alterpnative management regimes

and to assess the impact of legal regulation on forest production.

Data requisite for construction of empirical models of forest growth include
multiple measurements over time to obtainm growth estimates of diameter, height
and crown development. When it is not feasible to wait to remeasure trees for
growth, whole tree stem analysis may be employed. in this technique individual
trees are felled and sections rounds are cut at equal intervals throughout the
stem. From age and radial increment measurements taken on each round the pricr
growth development (height, and taper) can be constructed. However, a major
drawback to this technigue is that it is expensive and labor intensive. Many
methods have been proposed to reduce the bulk of materials to be taken from the
woods for further laboratory analysis. This paper documents an alternative
method of recording the data (age and growth) from the section rounds based
upon photographing the rounds and digitalizing the ring locations from the
resulting photographs. This method provides reliable and accurate measurements
of age and growth on individual sections. |In addition there are dramatic
reductions in the time for field data collection, elimination of bulk transfer
of wood to the laboratory and associated problems of shrinkage and molding,

and the photographic transparencies provide a long term record that is readily

accessed should the section reguire reanalysis.

This method has received extensive field testing by forest industries in northern

California and takes approximately 13.5 man-days per cluster.



Table of Lontents Page

I. Stem analysis procedures

A. Plot selection 3
B. Plot measurements 4
C. Choosing trees to be felled 4
D. Measuring growth and ingrowth P
E. Photographing section rounds 18
F. Foliage collection for nutrient analysis 18

i1. Addendum Number 1.

A guide to recegnizing the position of annual nodes for the 22
estimation of tree height growth and the location of 5, 10
and 15 year cuts.

I11. Addendum Number 2.

Guidelines for photographing section rounds for the NCFYC 23
Stem Analysis Project,

IV. Field procedures for stem analysis 27

V. Data forms for the stem analysis project 35

This document incorporates adaptations evolving from the field trials

at Blodgett Forest and Champion International in the Fall of 1979. In
addition, the definition of site index trees has been reconsidered and
refined subseguent to consultation with the select committee. This document
is mainly comprised of materials previously circulated under the title

"Expended Stem Analysis Procedures' from June &, 1980,

To aid in comparing the procedural text of this version with the previous
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column to indicate that a sentence (or paragraph) has been added or changed.

Minor text changes have not been marked, nor have changes to the data forms.
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selection The following c¢riteria should De usz2d To

3

alec

T plois.

1. The stand saould be large snough %o include a cius-

ot

1,
- Il - N .
tar of three 1/5 acre olots, (52.67 £t. in radius)

gach without edge effects.

The plot centers for each cluster should be located at
the wvertices of an equilateral triangle with side

lengths equal to 198 feet (three chains).

=198

Z. Clusters are located to ensure being in oanly one
distincet soil series. Other factors such as aspect and
g¢levation should be unifora for any gilven cluster.

3. Each cluster will ve located in a density, =site, and
size class of importance to the land holder. (Refer to
letter dated April 1&, 1980 concerning placement of
stem analysis plots.)

4. Avoid plots thinned within the last ten years.

5. Within the chosen stand the clusters should be ran-

domly placed.



Plot deasurements

1. General descriptors : =2levation (f£t.), asvect ({(deg),
siope (»), lccation, Dbrusn cover (%) and average brusn
height (£t.). Record log leugth by species.

pefore Falling Any Tres

2. 3tarting from north and working clockwise on the 1/5th
acre plot record on Plot Card 1 the 1istance and aziwmuth

from the plot center to trees 5.6 inches and greater in DBH.
Record the position of stumps and de2ad trees and the stump
diamster or the DBH of the dead tree when greater than 5.5
inches. Paint the ftree number at eye level toward the plot
center. Also record species, DBH, Dunning and deenes crown
classes. Record damage and/or disease codes when appropri-
ate. If the tree falls within the 1/10°? acre plot (radius
37'5"), circle the free number.

5. Choosing Trees to be Felled

a. Site Trees to be Felled Y
Jite “trees are defined to be nealthy dominants receiv-
ing full light from above and partily from the side with
well-developed crowns, =although they may be sonmewhat
crowded on %the sides (SAP definition of dominant). In
an all-aged stand "site" trees need to extend above the
general lavel of their group but not necessarily

above the general level of %he stand to ve dominant.

Addifionally ‘M"site" +tree should have minimal past

1/ . . , L
—J_ The tern "site tree" i3 used as an abbreviaition for
"gite index tree’.

[
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damage to tops and npinizal asight-growth reductlion due

.

50 extremes of density. Boring to inspect tihe pattern

diameter growth will give some 1ndication of past

H

o]
stand density/suppression. Tais wmay help ia judging
whether or not there was significant height growta

suppression.

Four to six dominants (two to three for each of the two
most prevalent species in the overstory) should be
chosen randomly wnen possible from among the trees on

. .th - . -
the 1/5% zcre plot. That is, when there are more than

Fh

three dominants of each o the two wmost prevalent
species in the overstory, cnoose randoaly oetween
them. Random nunber tables are provided and should be
used to select among "site" trees by picking a randonm
number and seeing 1% any "site" tree has that sane

numoer. If not, choose a new random number. Repeat as

necessary. wWhen possible choose six dominants.

If only one species is present, only measure three dom=-

inants 1in <otal. Where possible choose young growth
trees. o outsids the plet doundaries if necessary 1o
find suitable dominants adjacent to the piot. [n rare

cases wnen there are no dominants 1a the proximity of
the plot, co-dominants can be used. Refer %o thnese
trees as DU and CU (Dominants Unsuppressed, =2nd Co-

dominants Unsuppressad).

et

=



Proolems with the use of “traditional site ftree defini-

tions in all-azed stands

Prejuently, there are cases wherse many (if not all)

trees cn a plot exhibhit either abrupt a2nd prolonged or )
A——entire

gradual radial growth reduction. In this case no trad- bage

itionally defined site frees exist. 3done the legss, we

would like to select the best available trees to iadi-

cate the potential growth performance on the site.

Thus choose dominant trees (or codominant if dominants

are not available) that have all the other atiributes

of site trees (full crowns, receiving light from above

and partly from the side, witha mininal damage %o tops).

Refer %to these ftrees as D3 and C3 (Doainant Suppressed

and Jo-deominani Suppressed)

Because of the aany potential cunoices in finding suit-

able trees, the =selection priority is established as

follows:
1. "Site" tree on the plot (DU--Dominant Unsuppressed)
2. "Site" trees adjacent to the plot (DU)
3. Codominants on the plot (CU -- Co-dominant Unsuppressed)

4. Radially suppresssd '"'site" trees
i} Dominants (DS -- Dominants 3uppressed)

ii) Codominants (C3 -- Co-dominants Suppressed)

Jor ail subseguent reference a "site" Tree will be con-

sidered as any trese from the four classificatbtiouns above



{9U, JU, DS, C3) chosen to indicate site potential.

Paint these trees with a single stripe around the bole
at 1.5' and breast height (4.5'). Faint =a couple of
4
L

"I'a"™ on the ree to indicate it iz =2 "site" Tres.

Indicate on the plot form that 2 "site" tree will be

felled by writing "site/DU", "site/CU", "site/DS", or
"site/CS" next to the tree number. If tne "site" iree
is off the plot use the Off Plot Site Tree fora". Fall

the tree, and write"off” in the column "on/off plot" on
!

the 3tem Analysis porm.

Paint a vertical arrow with the letier 9YN" at the
breast neight stripe and a vertical arrow with the
letter "8" to indicate the two cardinal direciions.
Affer the tree 1z 7felled, these refarence arrows will
allow the locaticn of the north arrow on =zach section
dick. Use a template with a moderateiy sized north
arrow (see Supplement TI) t0 trace the north cardinal
direction on each disk with an indelible pen (such as a
Sharpie) that writes small enough that the arrow would
not hinder or prevent measuring annual rings on another
part of the disk. Trace the north arrow on the outer-

most part of the disk.

The purpose of the north arrow is two-7fold. First it
allows realignment of the disk in rslation to the ori-
2inal orientation and sscond it provides data to study

sfem cross-section eccentriczisy in relation to cardinal
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directions, slope and aspect.

The stem analysis data Tfrom "szite" trees will be used
to obtain site index curves. Thig information, com-
pined with data Irom +the felled dominants and co-
dominants, intermediates and suppressed ftrees (noted as
others in part 3¢ below), will provide the data to
estimate height and diameter increment for all portions
0f the stand.

Other Irees to be Felled On the 1/5°% acre plot count

the number of trees in each c¢lass nct chosen as "site"
trees to be felled. Record tne plot +tree number by
diameter classes on S3Stand Table Form 1. Diamster

classes are:

Diameter Class CBH-0.b.(in. )
4 5.6-10.9

2 11-12.8

3 13-14.9

4 15-16.9

> 17-18.9

6 19-20.9

7 21 .0+

4 maximum of seven other non-site ftrees (other than zs

in 3a,b) will be felled on the 1X5th acre plot.
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When all classes (1-7) are representsd, randoaly cnoose
3 2 =1 ) 5 I"d - H
one tree per class to fell. Otherwise taks 1/3 Of the
trees per diameter c¢lass randomly chosen <from the
nealthy trees in the class. That is, whenever possible
avold choosing ftrees with broken tops or severe crook
for example. If this requires that more than seven (7)
X th ~-th
trees are be felled, take 1/4°" (or 1/5°") of the trees
ver diameter class. However, whenever a diameter class
is represented, no less fthan one tree should be taken.
A maximum of four trees will be felled Zfrom any one
diameter class (excluding "site" trees). This allows
for proportional representation by diameter class simi-

lar to Dolf (1979) while still insuring that all

classes with trees are represented.
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ror example take tne following tally for trees greater

-~

than o" DBd excluding site inex trees:

Diameter Class Tally/fifth acre 1/3 rule 1/4 tulz
1 3 1 1
2 S 2 1
3 4 1 1
4 4 1 1
5 _ _ _
6 2 1 1
7 5 2 1
Total 25 8 5
Diameter Class Tally/Tifth acre 1/3rule 1/4rule 1/5rule
1 20 S 5
Z 6 2 l 1
5 1 1 1 1
4 _ _ _ _
5 _ _ _ _
4 _ _ _ _
7 3 1 i 1
Total 30 10 3 7

1Diameter Class Tally/fifth acre 1/3rule
b e

2 2 1

3 — -

4 _ -

2 1 i

6 _

7 - _

Total 9 4
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After determining the number of trees to be selected in each
diameter class, the irses should be cnosen randomly without
ragard To sSpecies and savoiding trses witn obvious defects
unl=ss tnere are no ovher trees that can be taken in that
class., A table of random numbers is included. Randomly

choose a starting point from the table from which to begin

3electing numbers. Numbers can %bBe seguenced wvertically,
norizontally, or diagonally. Selesct a tree in a diameter
class 1in accordance with the random number. This can be

done easily by associating the random number reference on
the Stand Table Form 1 with the plot ftree anumber on the saume
Torm. If there is no ftree in the diazmeter class to match
the random number simply reselect the random number until a
match occurs. Repeat the procedure for =ach diameter class

choosing as many trees as indicated in Stand Table Form 2.

Mark the selected trees with 2 single paint stripe around
the bele at stump height (1.5'} and breast height (4.5').
Indicate on the plot card next to the tree number that the

tree will be felled.

Measuring Growth and Ingrowth

4. One crew msmber will measure helght and crown height for
all trees greater than 5.5" DRBd. Additionally, 5, 10, and 15

¥year neight growth is to be measursd for all dominant trees

o be felled, with the exception of Incense Cedar. This
includes all types of "site" trees and off-plot "site" irees

(3a,b) and other dominants on the 1/5 acre plot that are



to be felled. These measurements are o be racorded on Plot
Card 2. To facilitate measuring the correct trees, species,
tree numver, DB4 and totzal height are copied from Plot Card

I prior to measuring dominant tree height growin.

A palr of field bincculars should be used to locate 5, 10,
and 15 year whorls. Use a c¢linometer to measure the height
at those points. The binoculars are alsc effective in iden-

tifying trees with broksn tops and other abnormalities.

5. While a crew member is doing "4", another can measure 5,
10 and 15 year radial increment on trees 3that will not be
felled and are over 5.5" in DBI in the 1/10%" acre plot.
rRecord the information on Plot Card 3. These trees are num-
bered and have a circle around the tree number. Also they do
not have any paint at stump height or 2t breast height. In
addition, =211 "site" <rees will be bored %o ensure that
growth 1is reasonably regular with no abrupt periods of
growth reduction (see part 3(b) for exceptions). Prior to
measuring radial iancrement the %ree number, species and DBHA
of all non-fell %trees greater than 5.5" DBi within 37.2 feet
of the plot center should be copied onto Plot Card 3 %o
facilitate location of those trees and %o ensure that the

preper trees ars measured.

- ~Th . X
6. On a 1/20 acre supplot count the number of trees by



- 13-

species in l1-inch diawmefter classes from 2" to %". Use Plot
Card 4
Felling Traes (Stem Analysis Fora)

1. Fell the tree so that the entire cross section, 1.e. a
level cut, can be obtained at 1.5 feet (called cut #1).
Measure tne true stump height from the ground on the uphill
side of the tree. Measure diameter inside bark along the
major axis and wminor axis referred to as stump diameter 1
and stump diametsr 2, respectively. Record the average bark
thickness for the stump.

2. Using a staff wmarked at 5, 10, and 15 feet place it
along the side of the tree bole and wark with paini points
5, 10, and 15 feet from the top 1iesader or the tip of the
tree. If this proves inconvenient, wuse a loggesrs tape to
locate these points. These will be convenient points from
which to reference rounds to be %taken in the upper crown.
In some cases 1t will be necessary to reconstruct the top if

broken during falling.

-+
v

3. Measuring back from the butt of the 1°° log cut a thin
disk {(1-1.5" wide) at 1.5' (already marked on the tree).
This is cut #1. Mark the north cardinal direction on the
disk and 1leave it at the base of the tree. Do the same for
the breast-aeight round {cut #2). Sincs the portion below

the breast height is no longer usable, start from the breast
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¢! nt cut {aow zero feet) and measure out and mark & log

)
O

ngth {(market requirements wmay necessitate various log

-
{

lengths between speciss 1.e. 15.5 feet for conifers and
cedar and 20.5 feet for firs). Cut the disk from the base of
the next log before mezasuring out another log. Repesat the
procedure until reaching the live crown. The person record-
ing the data tallies the number of disks cut excluding 75,

T10 and T15 as disks are bveing cut. Record the tally on the

sten analysis fora.

After tne bucker makes his first buck in the live crown, he
nust stop to iet a crew member measure the crown radius just
above the buck on the left and right sides of +the Dbole
{measured from the center of the bole). At the same time one
pergon records the data and measures froum the base of the
bole (breast height cut) to the Tfirst buck in the live
crown. This will be done for all felled %rees regardless of

crown classg.

The bucker then proceeds to limb up the bole to the next cut
reint and measurements outlined above are recorded. The
bucker should continue limbing and cutting sections even if
a mercnantible log cannot be odbtained. However, he should
stop before 015 is reached. This will allow good crown pro-

file information to be obtained.
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40 to the tip and count % whorls down the stem from the

ok
-
o

o}

and take a section immediately above the node. Determine th
agze of the section by starting at the section pita and
counting spring wood as you move outward Soward tue cir-

cunfarence.

in some cases a hand lens must be used to count the rings
where the rings are very close together or are apparently

indistinguishable.

In some cases false rings a@ay be present usually due to
abnormal weather conditions which temporarily halt the nor-
mal growth process. Often these false rings do not encircle
the tree. TFalse rings show no abrupt borders bpetween early
and late wood as true rings do, but rather a light-dark-

light gradient.

If the ring count is not a full five rings, make another cut
down the stem at about a 12-inch interval (or simply move
down and cut above the next whorl) until the ring count
shows a full five rings (Dolf,1979). Measure from the
closest paint mark reference (5 or 10 feet) to this point.
Determine and record the distance from the tip. Call this
point TS5 for five years from the tip (7). Repeat the sane
procedure for 13 and 15 year whorls down the stem from the

tip. Call these locations T10 and Ti5. daks sure there are
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the correct numosr of rings per szction. Be sure to g2t
these cuts for all felled t%trees regardless of crown class.
Measure and record distance from the last cut in the crown

to T15.

Because of the difficulty in counting rings on incense
cedar, simply make cuts at 5,10, and 15 feet from the tip
for this species. Refer to Supplement I.

4, Store 75, 710 and 15 in a small plastic bag such as a
vaggie in order not to loose them in the field. Write clus-

ter, plot, tree number and species on the bag.

In cases where thne stem is gquifte small near the tip, a key
hole saw (small hand saw) may be more appropriate to use

than a chain saw in obtaining 75, T10 and T15.

5. Lop and scatter dranches.

6. Measurs with a loggers tape the distance from the breast
height cut to the tip. Add 4.5' to get total height (tip to
ground) and record it on the stem analysis form.

7. Collect the rounds starting at the tipzg and working to

ck

he base of the tree. UHake sure that a paint mark is put on
the bark indicating one of the cardinal directiong Yvefore
the disk is taken from the ftree. Use a template tc¢ trace
the N cardinal direction onto the disk. Draw a pair of
cross-lines (see drawing at the end of supplement II) on the
disk. However, do not extend fhe cress-lines all the way to
pith - as this would coscure the measuremenfs at the center

of' the roundc.
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Staple a card to the bottom of szach ssction. It should con-
tain:
a. Cluster .Jumoer
b. Plot .Jumber
c. Tree dumber {(Same as on the 1/5° acre plot card)
d. Cut Humber (1,2,3...,T15,710,79)
2. 3peciles
. Total number of disks cut excluding 7%, T12, and
TI5.,

also write this information in indelibvle ink on the other

s3ide of the round in case the card is lost.

Disk Diameter is measured and recorded on tne Steam Analysis
Form as 1s the average thickness of the disk. This 1is a
check to make sure all sections are with the correct tre

after snipping, or that photographs match the measursments.

The diameter is needed in properly reconstructing thz tree
Py y g

neight.

The identification card should appsar as follows:
1/1/8/3/wf/6

for Cluster 1, Plot 1, Tree number 8, Cut number 3, species

white fir, and a total of & disks were cut other than 75,

T10 and T15.

-~
¥

is suggested %o print headings on cards to faciliiate

b=t

completing them in the field.

(]
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2. Photograpn the section rounds.

—

i

, 119, and T15) must

T

Zvery section, =xcspt the 3 tip cuts

-

oe photographed. Zes supplement IL for detalls.

9. RQetain the oregast height cut as w=ll as tip cuts for
shipment to Berkeley. Ihe breast neight cut will be used as
a check on our pnotographic measurements.

13. Keep all disks from one tree sogether in a heavy gauge
plastic bag. Mark +the bag with tape indentifying ploft,
cluster and tree number. Place 1/8th of 2 cup of napthelene
flakes in the bag to prevent mold and splitting. Alterna-
tively, spray or wipe the disks with a 4 or 5 X solution of
watar soluble sodium pentachloraphenate to prevent nolding.

Also treat the breast height section that will be sent %o

Berkeley.

11. Folliage Collection Instructions

a. Collect folliage from a felled dominant tree of each
Species. If a doaminant tree of the species has not
been felled, collect the folliage from the wmost

vigorous felled tree of the species. Combine the plot
samples Tfor each species into 2 cluster sample.

b. Yake separate samples of current year foliage and last
years JLoliage. List 1 or 2 on the bag for current or
last years growth (see instruction 11d for labeling)-

¢. Sample ponderosa pine by taking foliage bvearing twigs
from the center of +the lower third southside of the
crown. Strip a small handful of current year growth

needles from 1 twig and places in the bag. Then sirip a

2



handful of needles from last years' growth Zfrom the
twig. Keep needle bundles intact.

1. Take a duplicate set from the upper third southside of
the crown. Label the bags as follows: (see next page)

Cluster number/species/t! or 2/upper or lower

e. Use the same procedure for other specles of pines.

£f. For Douglas fir and other firs clip twigs Just below
the node and needles representing current and 2nd years’
growth.
12. Sometimes visibility of rings in a section that is
roughly cut or has very c¢lose rings can be improved by using A
a sharp knife zo cut a2 small clean swath. This may enhance

photographic interpretation.



Example
f
Cluster [05

Species pp
Foliage | 1 - current year

Positionlupper

Label:

05/pp/1/upper
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Supplement I
4 Guide to Recognizing the Position of Annual Nedes for
the Estimaticn of Tree Helght Growth
and the Location of 5,10, and 15 ¥Year Cuts

June 11, 1980

Tnis guide 1s the result of analysis of the tips of 30 trees felled

during the course of stem analysis by Champion International Timber Com-
pany in the fall of 1979. Only those species felled in the stem analy-
sis were avallable for study. They include ponderosa pine, douglas-fir,
white fir, and incense cedar. 3Since the analysis 1s vased on trees from
only two clusters, deviaticons from these findings in different locations
and sites can be expected. Any corroborative or contradictive experi-
erices reported will be appreciated and passed on to the other cooperators.

1.

Ponderosa pine: In the samples brought from the MeCloud area every
location in the tip where branching occurred indicated the start of
annual height growth. While this may not be the case for every loc-
ation, when this is not true 1t would be expected that branch sizes
may be a helpful indicator. Branches much smaller than those above
or below would be expected to be infternocdal branches. Since there
were no apparent bud scars, tranch locations should be counted to
find 5, 10, and 15 year neight growth on felled trees.

White fir: Nodal branching in white fir is indicated by a whorl of
4 or 5 pranches. TInternodal branching is common in this species,
but generally in clusters of 3 or less. Bud scars are easily dis-
tinguished on felled trees as a line or crease encircling the stem
at a whorl.

Douglas~fir: The start of annual height growth in douglas-fir was
indicated by a whorl of 3 or more branches. Internodal branching
is commeon in this species also, but not usually in wheorls. Branch

size was also a good indicator in distinguishing internodal branch-
ing.

Tncense cedar: 1t was impossible to determine the location of annual
nodes on incense cedar. While an estimation of height growth on in-
cense cedar has never been requested, finding the 5, 10, and 15 year
cuts on incense cedars felled in stem analysis 1s very time consuming.
We would like to change the procedure for incense cedar to, 'Remove
secticons at 5, 10, and 15 feet from the tip of the tree'.
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Supplement L1

Juidelines for Photographing Section Rounds for HCFYC Stem Analysis

June 3, 1980

Intent

Much of the time, and thereforecost, 1in stem analysis 1is
spent in recording ring measurements in the field. 1In try-
ing %o avoid these costs some experimentors have measursd 5
or 10 year groups of rings. Others have attempted to make a
transparency of the section using clear or Irosted acetate.
Carefully done, photographing <%he sections provides the
fastest and most accurate record of the rounds, but enlarg~
ing costs and problems with distinguishing the rings have

outwelghed these benefits.

aowever, indications from an experimental plot on Blodgett
Porest and from stem 2nalysis by Champion Tiamber Co. are
that photo slides can be used in conjunction with a "ball
and point spectral densitometer" a2t the Remote Zensing
Research Center (UCB) to efficiently measure and record

individual section ring widihs on magnetic tape.

Eguipment
77 35um Camers

2) 50-55 mm lense (a macro lense is TDest, but not
Necessary )

3) Kodak ASA 64 Zktachrome 5lide film and Kodak mailer
4) Avery labels and pen

5) A thin, white 6" scale that will lie flat on zhe
section

o) Lightweight +tripod and shutter release cable
(Optional)

7) Dark, thin marking pen {such as a Sharpie)
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Juidelines

. : . \ _-%n
sunlizht. 4 shutver speed not slower than 1/230Y" of 2

(i

1

second should be used. I[f a +tripod and saut
th

£

ter release
cable are available speeds down to 1/60 of a second may be

used.

-~

senerally, it is advisable to use an f-stop of not less than
5.6 to allow a great snough depth of field to provide sone
margin of error in the focus. If 1iight conditions do not

allow the use of both an f-stop of at least 5.6 and 3

shutter speed not slower than 1/250th of a second, reduce
The f-stop as low as 2.8 , taking special care to get the
best focus possible. If it is too dark to photograph the

sections at these specifications, lsave the rounds and come

back when there ig more light.

'ne photos should be taken with the camera held as close to
the gsection as possible while including the entire section
in the photo. However there is a threshold of resolution,
depending on the ring widths, beyond which some of the rings

will not be clearly distinguishable.

The following is a rule of thumb for finding the maximum
distance from a section given 2 minimum ring width.
Measure the smallest 5 year radial increment in the
section. The maximum distance from the section 1is

given by:
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distance (fest)= 12U 4 Syr radial growth (inches)

oor

example, if the smallest 5 year radial incrsment is

.15 inches, the maximum distance from thne camera 0 ths

section should be 1.5 feet.

#for many sections there will be no problem photograph-

ing the sgsections at these specifications. Some of the

problens wnich may occur are:

1)

2)

There may be btrees for which the smallest 5 year
radial increment 1is less than .14 inch. Since
nost camera lenses do not focus cleoser tanan 1.4
feet, it would be impossible to follow the rule.

If the section is small, 1%t should be sent in with
the 5, 10, and 15 year cuts (any section can be

F

sent %o ws, but sending wany large sections
involves more work for you).

If the section is large, divide the section into 2
photos. Be sure to photograpn the section in
direct sunlight ({(direct sunlight increases the
contrast Dbetween <the spring and summer woods,
allowing a siightly greater distance between the
scction and the camera).

“he rule for determining maximum distance between
the camera and the section may require the camera
to be so close to the section that the entire sec~
tion 1s no longer contained in the photo.

1

The sesction should be divided into two or amore
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Pnosos.  Zach phcto must g ideatifisd and o

a 3calie, and each palir oI photos @usy con

wvell-marked common poin’t (3uch a3 ths vith, or a

pen mark).

, 710, and 715 cufs need not be photographed. Test

e

ot ]
b

photos show that these seciicns do not photograpn well.

fizld and will be meas-

Fy

[0}

They should be taken from th

ured in the lab at Berkeley. However, all otaer sec-

tions should be photographed whether taken from zhe

field or not.

Example: Dividing a section into 3 vhoios.

Common Poryts ::::L‘ Cammon Pis.
Photes 1€ 2 et Phatos 243

Photos
l | Photo 3
Ny d
( \ A B Scale
K CAuULZRA Y

! -y

CASES - LIMES Phote 2
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HORTHERY CALIFORNIA FOREST YIELD COOPERATIVE

FIZELD PROCEDURES FOR 3T=M ANALYSIS

June,

1980

Choice of Clusters and Plots

Ses the expanded stem analysis procedures for choice of clusters and plots.

Record elevation, aspect, slope, location, brush cover and average brush height -on
the cluster card. Record log lengths by species.

For the lfSth acre plot record on Plot Card 1 distance and azimuth from the plot
center to trees greater than 5.5" in DBH. Also record the position and diameter
of stumps and dead trees greater than 5.5", write "dead” or "stump” in the com-
ments column of Plot Card t (no other measurements need to be taken on these
trees). Paint the tree number at eye level toward the plot center. If the tree
falls within the 1/10 acre plot paint a cirecle around the number.

On a lX2Oth acre subplot count the number of trees by species in 1 inch diameter
classes from 2" to 5" D3BH. Use Plot Card 4.

Before Felling any Tree

Plot Measurements

1.

2.

3.

1. S3ite Index Trees

Choose 6 dominants 3 each of the two most prevalent species in the overstory.
Where possible choose young growth trees. Take only trees with healthy tops.
When possible choose unsuppressed dominants (DU) on the plot or less preferably
adjacent to the plow. When this is not possible choose unsuppressed codominantis
(CU) on the plot. Take an increment boring to check for past suppression. Uhen
no iraditional site trees {DU) exist on or near the plot znd when no unsuppressed
codominants are on the plot (CU)} choose trees that otherwise have all the other
attributes of site trees {full crowns, receiving full 1ligh% from above, etc.).
That is, in this case select dominants that display significant radial suppression
(DS) or less preferably codeminants that are suppressed (CS). Refer to any tree
chosen to represent site potential {whether DU,CU,DS or CS) as "Site"” trees.
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Paint a stripe at 1.5 and 4.5 feet above the ground as well as an "S" on the
trees. Paint the north and south cardinal dirsctions on the bels. Writs Site/DU,
3ite/CU, Site/DS or S5its/CS next to ithe tree number on Plet Card 1.

2. ilake a stand table for trees greater than 5.5" DBH excluding "Site” trees (of any
kind). Record the plot tree number on Stand Table Form 1.

2. Measure total height, crown height, Dunning and Kesne's Crown Class for all traes
greater than 5.5" in DBH. GRecord damage and disease code where appropriate.

4. Determine the number of non-"site” trees to be felled from Stand Table Form 2.
Take a maximum of 7 of these nen-"site" %rees, they too should have full healthy
tops,

5. Randomly choose the trees to be felled from each diameter c¢lass. Paint a stripe

at 1.5 and 4.5 feet above ground as well as a north and south arrow on the bole.
Record on Plot Card 1 that the tree is to be felled by writing "felled” next to
the iree number. Even though at wost 7 trees are taksan, 7 1is a target number.
Only in rare cases are 2-% non-'site” trees an acceptable number.

6. Additional Measurements {Plot Cards 2 and 3)

h. “Site”Trees & Dominants. For Dominants (SAF definition) and "Site" trees
{(whether Site/DJ,CU,DS,or CS) record 5,10, and 15 year height growth on Plot
Card 2. This applies to the entire 1/5°" acre. If a 'site” tree is off the
plot use the off plot site tree form. Write "off" in the column "on/off
plot” on the Stem Analysis Form.

B. Hon-fell Trees over 5.5". Tor all non-fell trees greater than 5.5" in DBH on
the 1/10th acre Sub§15% (Plot Card %) wmeasure 5,10 and 15 year radial growth.
These trees have a c¢ircle around the tree number, but do not have any paint
at stump or breast height.

Felling Trees (Stem #Analysis Form)

1. Fell the ftree with a level siump. Record true stump height and diamerer inside
bark along the major and minor axis inside bark of the stump as well as average
bark thickness.

2. Paint a mark on the bole 5, 10 and 15 feet from the tip of the tree.

3. Hake 1-1.5" section cuts at 1.5 and 4.5 feet (already marked on the tree). Before
cutting any section mark a cardinal direction on the bark (North only on sections
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T8, D10, and T15).

Starting from the 4.5' mark make a section cut at log lengths untili reaching the
first bucx in ths live crown. As you progress, tally the number of disks cut
excluding the tip cuts (75, T10, and T15).

At the first buck in the live crown record the radius of the crown on both sides
of the bole in the column marked 15% Buck in the live crown {measure from the
center of %he bole). Measure the distance from the breast height cut to the first
buck in the live crown.

Continue cutting log lenghts in the live crown even if they are non-merchantable.
Record the radius of the crown at each buck point. Do not buck past the paint
mark 15 feet from the tip (approx. at T15).

Count 5 whorls down the stem from the tip and make a section cut above the whorl.
Resection if necessary until the ring count shows a full five rings. Record dis-
tance from the tip. €all this section TI5. This is done for all felled free
regardless of crown class. For incense cedar simply cut sections at 5, 10, and 15
feet from the tip.

Repeat as in 7 for locating sections at 10 and 15 year ring counts (T10 and T15).
This is done for all felled tress. {Cedar is cut at 10 and 15' from the tip).

Measure and record the distance from the last cut to T1H.

Store the sections cuts from the tip (75,T10,Tt15). Write Cluster, Plot, Tree
number and species on the bag teo identify the %ip cuts.

Folliage Analysis Instructions

a. Collect folliagze from a felled dominant iree of each species. If a dominant
tree of the species has not been felled, collect the folliage from the most
vigorous felled tree of <the species. Combine the plot samples for each
species into a cluster sample.

b. Take separate samples of current year folisge and last years foliage., List 1
or 2 on the bag for current or last years growth (see iamstruction 11d for
labeling).

¢. Sample ponderosa pine by taking foliage bearing twigs from the center of the
lower third southside of the crown. Strip 2 small handful of current year
growth needles from 1 twig and place in the bag. Then sirip a handful of
needles from last years' growth from the twig. Keep needle bundles intact.

d. Take a duplicate set frow the upper third scuthside of the crown. Label the
bags as follows:

Cluster number/species/i or 2/upper or lower
¢. Use the same procedure for other sovecies of nines.
For Douglas fir and other firs clip twigs Jjust below the node and needles

—
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representing current and 2nd ysars zrowih.

Lop and scatter branches,

Jsing a tape, measure and record distance from breast height cut to tip and total
heignt (Breast height cut to tip + 4.5').

Begin collection of section rounds. Remove the disk from the bole znd mark the
north cardinal direction on the disk (excludingz sections T%5, T10, and T13). Draw
a pair of cross-lines on the disk (see example in Photographic Procedures). Meas-
ure disk diasmeter and average disk thickness and record them on the 3tem Analysis
Form. See the Stem Analysis Form for preparing identification cards. Also write
the idenvification in indelible ink on the opposite side of the round.

Photograph each section (excluding 5, T1Q0, and T15}. Make sure a scale 1is
included in the picture. See attached photographic instructions for details.
Be sure that the photo contains a north arrow.

Bring tip sections TS5, T10, and Ti% as well as the ‘breast height section ocut of
the woods for all felled trees.

Store the other rounds in an wuntied heavy duty plastic bag after being sprayed
with a 4 or 5x solution of water soluble socdium pentachloraphenate. Also spray
the brest height section.
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rhotegravhic Procedures

1.

(93]

O

Lahel %tne tree sections and draw a norih arrow and cross-lines
as ig the Stem fnalysis Procedures.

Move the rounds to an aresa receiving direct sunlight.

Calculate the maximum distance between the section and the
camera. Determine the number of photos needed to cover the
section. TUark poilnts common to each pair of photos and check
i0 be certain there is a scale in the picture. Make sure that
at least one photo contains a north arrow.

Set the shutter speed znd f-stop.

Take the picture while holding the camera directly above the
section. To aveid distortion it is important fto keep the
focal plane parallel to the plane of the section when faking
the photograph.

Spray the sections with a 4 or 5x solution of water soluble
scdium pentachloraphenate and store in labeled plastic bags,
50 that if some of the piciures do not turn out you can easily
find and rephotograph the seciions.

Send completed rolls of film to the Kodak processing center in
San Jose by means of a Kodak mailer {available at mosi photo
centers).

For a return address usge:

Robin L. Filien

145 Mulford Hall
University of California
Berkeley, Ca. 94720

Send a letter to Robin indicating the number of rolls of film
to expect., Make arrangements to deliver the dbh cutas, foliage
samples, and tip cuts to Berkeley. Please give us notice as
te when you will be sending these down.

Example: Dividing a section inte 3 photos.

1 Comamon PoiuTs :‘:’r“ﬂ Commean Pts.
Photos, 142 ov Photes 243

Photos

_—— Photo 3

Scale
LAvLER)

CRsS - LINES Phots T




NOHTUERN CALTECRNIA FORESY VIRLD COOPERATIVE

FIBLD PROCEDORES PO STEM ANALYSES

June, 1930

Choice of il | Flats
Gee tha expanded stem sualysls proceduroa for choice of clusters and ploks.

Plob Mensuws

i. ferord elovution, mapect, slopa, location, brush cover and aversge brush height on
the clusler cari. Heeord log lengtha by species.

2. For Lhe I/"j';h were plot record on Plel Card ) diatance and aximuth from the plok
center to Lreeg grester than 5.5" in P, Also record Lhe position and dismelor
of stunpg sod dead trees greater than 9.57, wrile "dead” or "stump" in the oom-

1 menta colunn of Flob Catd 1 {(ne other mesmsurements need to be taken on these

~ trees). Psinlh the tres number abt aye level toward the plot center. If the tree

~Ay fmily wikhan tho 1/10°" sere plot paint a circle around the numbar.

1

3. On on ]/,'?Ur'h scre anbplet coumt the pumber of irees hy apecies in 1 inch diameter

classes From 27 Lo 9% DAN. Use Plot Card 4.

Before Felling auy Tree

Bite Lndox Troaes
Cheose B odomllieits 5 eanh of the btwe most prevalent spacies in the overstory.
Wihire posmible choona young prowth treea.  Take only trees with hoslthy tops.

When pusaible choose unsupprossed dominants (TU) on ths plot or less preferabiy
adjacent to the plol. When this is not possible choose wnsuppreased colomipanta
(MUY on the plot. "ske an increment boring to eheck for past suppreasior, When
ne traditional aite trees (W) exist on or wear the plot nnd when no unsuppressad
codominuats are an the plot {CU) chooae trees Lhat optherwise have all the other
stiributes of aite trees {full crewna, receiving full light From nbove, etc.).
That 18, in thia cage select dominants that diepley slgnificent radisl auppreasion
(UG} or lesa preferably codominanta that are suppressed (C3). Refer to any tree
chonei to reprezant aite polentiml {whother IH,00,08 or C3) mg "Site” treas,

s

Paint & strips al 1.5 end 4.5 foet Above the ground e@ well w9 on 3" on tho
treen. Faint the north and south cacdiowl directlons on the bole. Write Site/IU,
SitefCU, Site/DS or $ite/CS next Lo the tree numbar on Plot Card 1.

Make & atond table [or trees greater than 5.5" DBH sxeluding "Site” trean {of any
kind). Record the plot tres numbar oo Stend Table Form 1.

Kenaure total height, erewn height, Dunning and Keene'as Cvown Clsaas for all trasa
greaker than 5.5° in DBH. Record dmwngo and diesese code whera appropriata.

Determine the numher of por-"aite” itrees to ba felled from Siand Table Forw 2.
Take a makimuwn of 7 of thess non-"site” ireea, they too should have Tull healthy
tops,

Aondenly choose the trees to be felled from each dismeter clamss. Faint = atripe
at 1.5 end 4.5 feot above grownd as well as a north and south srrow on the bole.
flecord on Flot Csrd 3 that the trae is to be felled by writing “felled” next to
tho tree wnumbor. Even though st wost 7 trees are taken, 7 i3 » tumprget number.
Quly 1n rare cases are /-3 non-"site” trees an acceptable number.

Additions] Messdrementa [Plot Cards 2 and 3)

A, *5ite”Trees & Dominants. For Dominanta (SAF definition) and “"Sits" Lrees
{Mhather S1te/id, 00,06, 0r ©5) record 5,19, and 15 yenr height growth on Plot
Card 2. Thia appliea to bhe enlira 176 aere.  If o 'aste’ tres 1s off the
plot use the off plot sile fres Form.  ¥Write "off™ in ihe column "onfoff
plot” on the 3tem Anslysis Form.

B. Non-Fell Trees over 5.%". VFor all noo-fell trees greater than 5.5 in TBH on
the L/VOLN acre subplot {Plot Card 3) measgre 5,10 amd 15 yerr radinl growlh.
Theze Lreesz have a circls around tho tres oumber, but do not have any paint

at stump or breaal height.

Felling Treaa {Sten Anulysias Form}

Foll the trae with a level atump. Becord trus stunp height and diameter inaide
bark along the mejor and minor exis inaide bark of the atump as well as average
park thickness.

Paiat a merk on the bole 5, 10 snd 15 leet from the tip of the tren.

Muke 1-1.5" section cuts at 1.5 and 4.9 feet {alrealy marked on the tree). PRefore
cutting ony saction mark & eardinal dirvectlion on the bark [Herth enly on seckions



TS, FI0, and Y15},

Starting from the 4.5° murk make a asclbion cut ot lopg lengtha watil reaching Lhy
tirst huck in the live crown. A3 you progress, kailly the numbar of diaks cub
excluding the tip culs (15, P10, and T15].

At the fira® buck wn the live crown record the raliuws of the crown on both sldeg
af the hyle in the eolusn narked 157 buck in the live crown {moasure from the
penter of Lhs bole). Sessure the dinstence from the bresat haight col toe Lhe Tireat
buck to Lhe live cruosn.

tonbinue cubttisg log fenghla in Whe Live crown even i thoy are fon-merchabtable,
Hecord Lthe radiuit of the crown ab cach buck point. Do not buck past the juint
mark 1% Fuel Fiom the tip {approx. at T15}).

Count % whoris down the gblem from the Lip and ik o geclion cul wbovs the whoil.
ferercbinn #F amoesaary untdl Lhe ring counb sbioss o Cull five riugs. Roecord dia~
tange fr-m the bip.  @all this mection 75. Thig ta done for all feliled Lroes
regacdloss af crown clsss. For ingenge ceddr asimply oul asctions =% 5, 19, and 1%
feet from the tip.

Hepent ag o 7 Tor Toentioe sectiong st 10 and 15 year ring counta {T10 and T15).
Phig ie dune for all felled teoes. (Codar i3 cub at 10 and 15" from the tip).

Mewnaurg and record e dislance From the lasb out to Ti5.

Store bhe acctiops cuts from the tip (75,710,T(5),
numper and gpecies gn the bag to ideniify the tip cula.

Write Cluater, Flot, Troe

Fullinge d=sbtysis Inatractiona

a. Lollest follinge feom o felled dominant tree of ecach apecies. I » dominant

tree of the sjeries has not been felled, eollect the lullisge frum the moat
vignpous felled Area of the npscica. Cembine the plot samples for esch
E g oant vluster smample.

b.  Tebkr aep ] smples of curront year foliage ond lwst yoars follage. liat
or ? on ine eag for current or kast yeara growth {sse inatruction 114 for
Intmiing).

oo Uampie rowleroan
] Wi r Liard dh

by taking Tolinge besring twigs from the center of the

wide of the crown., Strip a amall htandful of current year
growbh neetten fron | twig and prarce in the bag. Then atrip a hamiful of
nendles Urom Tant goara’ growth from the Iwig. Keep nowdie bundlea intact.

d. Puke u deplirsds woet from the upper third scubthside of the crown.  label the
Lrpes na Pl Lowa s

Claster pumberfopecies/t or 2/upper or luwer

sman procedure for other apecies of ploes.

Far Lowdisn Tic and other fips olip bwigs Just below the node anid necdies

Uyr the

e

ropresenting currenl nnd 2nd yearn prawth.

Lop und scatter beanches.

Using » taps, meagure and rocord diustnnce [rom breaslt height cul o Llp and totn)
height {Breaat helght cut to tip *+ 4.5').

Begin collection of section rounds. Hemove the disk Crom the bole and mark bthe
north cardinal direction on the diak (oxclud‘lng agctiona T5, T10, and Ti15). Draw
a prir of crosa-)linen on Lhe disk (asee gesmple in Photographlic Procedur
ure disk dismater and averange dis=k thickneas and record them on the ¢

1l.  Mangy-
w Analyyie
Form. @on the Stem Analyais Form lor preparing idemtiflestion carda. Aloa writa
the identification in indeolible ink on the oppuaite nide of the round.

Photograph ench nectlon {exelwling TS, T10, =and T15}). Make sure s 2cale ia
jocluded in the picture. JSee attushed photogrnphic inatructionn for detmils.
Be sure that the pliote contalns a north arrow.

Bring tip sections T5, TIO, and Y15 ea well aa the breast height section ont of
the woudm for all felled treea.

torae the other rouads in wn pntiod heavy duly plagtic hug after being sprayed
with 2 4 or 5% wolution of watar soluble yodiom pantachlovaphenale. Also apray
the brest heighi section.
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1.

Ll i Precodures

Labol tha bree sectionn and draw n north arrow snd croasg-linoz
am in the Stem Analysia Proceduresn.

Move thae rounds to an area receiving direct aunlight.

Calculate the maximum distence between the seclion anl  the

came r . Do ke tha number of pholtos needed to cover Lheg
serlinn.  Fark points commen to nmch pair of photon and check
Ly e rerkaiu thore Ltz a geala 1o the pictyre. Make sure that

at least one photo containg o north arrow.
et the nhuotter spepd snd (-slop.

Tuke the piecture while holding the comera divectly above tho
guetron. VYo svoid distortion 1t im importsnt to keep the
facal plane pavallel to the plane of ths aeclkion when taking
the photograph.

Spray the sections with & 4 or Gx selution of water soluble
aadinm pentachlocaphenats and store in lobeled plastic baga,
9o that (F sowe uf bthe pretures do not turn pul you can eaally
find and rophotograph the ascticna.

Send crmplated rolla of film to the Kodak preceasing center in
Sgu Jose by mesna of & Kodok moller (avmilable at mosk phote
cenlera).

For & roaturn address use:

Robin L. Filion

145 Mulford llall
Univeraity of Cmlifarnia
Berkeley, Ca. 94720

Send n loktor to ftobin indicating the number of rolls of film
ty éxpret.  Meke arrangements to deliver the dbh cuis, Folisge
samplan, and tip euta to Berkoley. Pleagze give wa notice na
to when you wWill be pending thepss down.

Lxample: Dividing a swection inte 3 photos.

[Cermean Priuts Makih Lommen Pra.
Photes 142 v Phatas ¢4 3

Frotos
| — Fheots 3

| Scale
LRuLER Y

Lo - Lan 4 Flaats &
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CLUSTER CARD

{rew Members Legal Description T R 5 Bo____
; Date Cluster no.
5
b Company
Plotr 1 Plot 2 Plot 3
1
Slope (%)
Aspect {degrees) =1
Elevation (ft)
)
Brush Cover (%) 2 3
Brush Height (ft)
sorms Neesded incliude:
Pz Card 1 - Height,diam.,azimuth,etec. for tTrees on 1/5th T
3 B - acr
=a - . . -
Plot Card 2 - Height growtn for Dominant trees on 1/5 acre
Tlgot Card 2 - Radial growth for non-fellied trzes on 1/10 acre
Plot Cerd & - Stem c¢count by species on 1/20 acre plot
Off Piot Site Trees ~ Off plot "site" trees to be Felled
Stend Table Form 1 - 3tand table excluding “site" Trees onr 1/% acre
Stand Tavle Form 2 - Number of trzses to be felled by diameter class
Stem Lnalysis Forms - Data taken on felled treess
-

tog Lenath | Species

Douglas fir

White fir

ESugar pine

Ponderosa pine

‘ncense cedar

to select

Telled

-
o

r

e

2

[
=
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Comments
and
| Dammage Notes

Plot no.
n

(1/5%" acre plot)

Cluster uno.

Card 1

1+

Plect

|L.|I‘ IR I U IR NN P T B .-IL.I.I U SRy ESpS fpSiy PRI S RGPV Iy I R ..ll.!ﬁ.l. (R AR A (P PN [ EE—

ac |1/20 ac
6
zeran
D

1/10
37'3"

33
33

40 |

39
21
32
b
>4
3
>
37

1
2
3
4
>
5
7
3
e
10
1
12
13
14
5
6
17
13
9
20
23
24
5
6
279
25
29

21
22

| —

7 - Broken or dying top
8 - Other crown damage (note)

9 ~ Other bole damage (note)

10 - Forked top

Mistletoer
ire
- Bole Scar

TS

-

b

o
5
6

- Insect (crown)
- Insect (hole)
- Conks

Damage/Disease Codes:
1
2
3
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Plot Card 2,
Cluster Number Plot Number

*
Height and Ueight Growkth for all Dominant Treas {SAF definition)
and "Site" trees to be fulled on the 1/5th ac-e plot.

Infoermation to be copied frem Plot Card 1 ;.’iei;_:‘r]t at previous aun {(to nearest Foot)
_'_. i el ._I - " P — — —I_._ a S - — e =
|Tres Ho. | Speoien | HH t Total Heizght ! 5 yr 10 yr ih yr
R e = - e~ ol P
I - :__ _{ _IL e - } = e el = ——
1 i Lo | il g
| = s = ——— k- ___:L —" _—|n e T =
i ] ‘_T f _} e = l._._ = ) | -
| . I.H_* m— ! ——— __frm. Y | s -
— = - — - . N & - i — .
1 : L ol [ il e e e ¥ e =
| | | ! [
I T ' I 17 = “‘r—* == 1T it — A
e e
'I‘ “r' |_ T ———— '__l' ———— A —— e p——— —————— —
| = L. B . N W [y o ]
| | | 1 [
T S LS I _"'“——i‘ === -
I f T - s e e

| %
N

Dominant trees are defined to be healthy (rees receiving full light

from above and partly from the side with well-developed crowns, although
they may be somewhat crowded on the sides (SAF def. of dowinant). 1In an
all-aged stand dominants need to extend above the general level of thedr

group but not necessarily above the general level of the stand.
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e e e e e e o T . . . . . S 2 o e .

-t

—d

R el e O e I s B B e e e e e e e - + e -*

1

il WL S I A G 181 W ]

Information to be CopLed_fypm Plet Card

B I O O A A il S S

|mwM|



_39_

Cluster Ho. Plet lo.

Off Plot Site” Trees to be Felled

_ Site/' o e ‘ _ . _ Approz.dist.
IDU,CU’DS,CQ u_pgilej DRI Total Height Crown Height  Dunning Cr*‘own Class lleight al Previous Age to plot center
Z —] (.7") | (1.0%) _ (1.0") Eﬂ_ﬂ_ e 5 yT 10 yrr 15 yr T

Plot Card 4. Tree counl on 1/201;h acre suhplot for trees 1.6-5.5" DBH

— } L I I 4 } T ) — ! [— - §
Diam. | Ol {02 |03 |04 |C5 | 12 | 14 21 122 | 39 42 | 46 | 47 t 50 Sp Code |
f T 3 ' MMisc o UMisc ' I Misc - I
Class | PP | 8P | LP | WP | JP | | DF We | RF | i Ching. B0 To | ) Specien
o | [ Ced. | N | idwd '_E?_f:,_m o
20 [ | | | [ § i T
|~ [ | —f—— - —— e f—p— =
I e C
1.0 ! ] ] 1 1 ] ]
[eo t Tt | =
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Stand _Table Form_ ]

(?/Sth acre excluding‘ﬁite”trees to be felled)

Record Plot Tree Number.

Diameter Clasy

1

2

3

4 5 i 6

Random No.
Reference

DB

6.0‘_10-9

11.0-12.9

13.0-14.9

f 15.0-16.9

17.0-18.9 19.0-20.9

»>20.9

g ol Yo R oS R Fo 8 V) P2 PUCE I P

V]

{

e e

—_—

—_———

Do ] | = | ot o | o ] =
QDR |~y | 2w

%
—

———————

-] _.l e . e ] e e __'-____F__

n
[y

23

USSP PSR MU SR PN WP S SRR P S

—_———

24

25

Total

Mo.

trees/Diam.

class

‘Stand Table Form 2 (& maximum of 7 Lrees are selected, no more than 4 per c¢lass)
. From above table
Diameter Class | MNumber of Trees | 1/3 Rule | 1/4 Rule ! Other Rules
: 1 | !
— i
3 ' s ]
i
5
. 0 | ) |
e~ ! ! : T
R ! L. L. | I
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STEM AHALYSIS FORM

Cluster no.

Flot no.

Card

ol

Fo s

“Clust. Plor Tree Sect, sp. no.djske

|Plot tree number

2/

B / 3700/ 67/

On/oflf plot

|Species Code

osH (1)

True stump height [.1")

Stump diam. | {.1'" i.b.}

Stump dlam,2 (.1 §.b.}

Av. bark thick. (.1'")

Tally of no. of sectlon cuts
excluding T5,Ti0 and T15

Craown Proflle Hotes

Clst. from b.h. cut to Ist
cut in live crown (.1'}

Radius (.5') of crown at:
15t buck In live crown

Left

Right

Left

Right

Left

Right

Left

Right

Left

Right |teft |Right

2nd buck in llve crown

3rd buck In live crown

Lth buck in llve crown

S5th buck 1o llve crown

Dist. from tip to 75 {-1')

Dist. from tip to TIO(.1")

Dist. from tlp Lo Ti5(.1")

Dist, last cut to TI5{.1')

hve dlok diam. (. 1"0. b)Y/
Av, dtsk Lhick, (L1")

&.l'-\\f

L am, /

Av. Thichk

Ay, b am. f

fiv. Thilck.

{}ﬂv.

iam /
Av. Thick

{}ﬁV.Diﬂm‘/

Av. Thichk

{}ﬂv,

niam, /
fy, Thick

{}nv.

cut 43y 1.%"

Cut  #2 Breast helght

iam, / Ao, [Yiam, 7
Av, Thick. &H_ v T ek |

Cut 43

Cot  #h

Cut f5

Cut  #6

Cut #7

Cut 48

Cut f£9

Cut #10

I'sped dist. I to tlp

(L

LBl vo tdp $4.5" (L")

Clinometer total height (1)
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Tzblas af Random Numbers from 1 to 25 Table A
10 21 4 20 10 17 22 12 9 3 3 22 12 25 14 18 23 14
z 3 g 3 22 13 1¢ 22 15 24 Booqh 1 5 14 3 1% 3
HECTE 2 3 521 11 24 717 22 14 22 112 9 23 14 17 17
20 3 712 21 1192 3012 1% 25 25 10 7 18 3 3
19 11 13 20 9 2 12 10 3 4@ 1 3w 7 13 5 16 2
7 18 12 13 4 3 25 5 4 13 18 17 10 18 190 3 4 21
19 15 12 2 6 24 3 2 21 5 11 25 13 5 23 g 23 13
& 23 10 8 24 2 18 13 17 19 19 10 19D 7 120 21 19
12 22 3 Y 19 24 21 2 5 21 3 15 13 7 13 2 5 19
20 20 12 7 23 7 18 22 T 14 22 y 20 18 5 24 25 3
21 18 7 27 14 25 13 3 5 22 19 4 15 10 11 7 19 17
5 1 1 6 1 5 2 14 4 14 25 1§ 23 15 14 13 21 17
12 24 5 3 7 16 5 14 12 4 3 7 16 20 4 5 25 5
5 11 4 10 3 19 3 23 110 7T 16 18 2 25 25 2 3
17 25 17 9 21 15 1 8 23 14 8 16 4 10 21 19 ¥ 19
22 23 20 13 & 22 15 19 2 7 8 12 2 2 13 10 5 10
5 17 28 22 22 16 21 325 g o148 17 22 24 19 7 18
10 23 15 19 20 g 21 12 2 5 12 8 24 1% 17 6 3 3
21 15 24 24 25 15 12 21 5 15 2 7 18 3 24 18 17 3
13 18 315 12 22 7 17 23 2 19 19 24 20 5 7 7 19
13 16 24 17 18 17 23 27 2 68 25 23 12 19 7 15 4 2
10 2 20 19 23 19 22 5 Y 5 5 12 14 19 20 22 24 22
8 13 14 19 22 25 5 18 11 7 13 8 7 17 20 3 4 5
5 18 1 3 156 5 29 1 22 13 13 12 11 4 15 10 17 18
22 10 3 g 10 25 14 2 11 13 15 4 15 125 22 1% 3
23 8 15 14 15 25 19 24 18 18 25 10 T 13 7 Y 3 10
5 5 5 a 23 1 9 21 7 24 A 17 20 13 3 10 3 i
116 5 3 2 8 5 20 11 3 1 24 23 11 18 14 15 12
5 3 13 5 21 4 7 2 11 13 2 21 18 3 16 23 13 11
10 20 6 g 23 18 9 7 23 1 3 021 21 14 14 16 19 20
19 2 13 21 8 11 21 ¥ 11 25 2 14 7 3 5 Q 7 1
17 23 3 10 11 20 13 22 4 1 23 13 2 21 12 25 8 17
321 9 3 4 3 022 21 16 20 12 12 17 13 5 2 16 13
21 2 14 15 15 10 18 19 23 3 2 3 11 23 2 15 11 2
y g 2 8 20 11% 5 12 13 2% 13 5 12 18 1T 12 11 25
19 20 23 o) 9 13 5 2 22 10 113 A 11 24 8 10
15 23 19 24 6 5 10 13 5 21 5 25 5 12 2 2 21 13
1115 9 324 19 1% 3 7 121 2 21 1 Yy 4 22 11
20 T30 25 24 29 9 19 18 25 5 19 3 7 12 19 8 15
2 17 10 2 13 8 21 11 7 3 5 5 15 16 17 10 16 7
19 9 7 22 18 15 5 15 21 12 121 & 21 20 T 13 19
5 12 8 12 9 3 17 17 16 2 7 2 23 24 3 g 23 12
13 2 22 5 14 15 g 10 3 25 19 22 13 g 11 g 18 25
7 g 1% 15 324 7 12 11 22 17 2 24 21 15§ 3 18 17
g 23 11 10 25 16 5 3022 17 25 23 15 14 23 12 15 25
7 4 ¢ T 1 Y 195 3 3 2 14 22 5 24 14 18 8 3
! 1 13 22 10 it 4 11 20 23 12 11 25 5 A 2 3 3
5 11 23 19 25 11 1) 9 3 3 23 13 321 12 13 17 it
13 1 5 14 5 13 22 13 7 10 g 15 g 12 15 Il 5 21
7 12 10 10 15 7 4 2 24 22 12 21 12 15 5 18 3 a
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Tasles of Randon MNunbers from 1 o 25 Table B

7 ) 2 0%1) 15 2 12 z 2 17 1% 2% 19 23
314 21 3 2 12 1) 23 2 11 15 21 23 13
15 148 150 24 7 25 13 20 21 22 5 22 12 2
5 11 23 23 3 13 15 30023 25 12 14 2 15
21 3 4 15 3 1 2t 112 24 13 u 3 5
13 3 013 7 15 1% 3 15 7 1 2 3 2 17
1 13 10 10 24 22 7 312 15 11 20 21 3
10 12 419 14 12 19 ] 125 1T 11 16 5
24 23 21 22 14 20 5 11 22 1 2 15 3 20
5 15 14 22 18 14 12 20 13 17 S 11 5§ 12
g2 19 23 15 13 25 16 12 3 e 13 5 11 25
15 3 714 17 11 23 10 1% 3021 M 2 11
5 24 1 18 5 190 13 10 15 14 15 13 13 7
2 10 2 3 7T 12 & 3 2 14 i 5 20 21
21 15 1 18 18 24 3 12 22 25 23 24 19 10
2 25 16 21 3 1 14 1 15 125 138 2 22
21 23 2% 11 22 22 2 21 20 1T 25 25 21 13
1 8 21 25 2 23 22 15 9 5 15 13 4 10
24 20 13 11 23 20 1 5 19 12 10 1 7T 017
3 13 25 7 1 & 5 12 2 15 22 15 1% 17
2 10 2 9 1% 1§ g 10 1 e 24 22 5 20
3 7 15 5 23 o 3 2 g9 10 22 23 21 19
11 24 14 2 1 24 13 13 bt 9 22 12 13 23
4 12 24 23 18 13 23 15 20 21 § 22 18 12
24 35  2u 2 o 318 10 28 11 21 13 21 1
21 21 2 14 22 25 22 14 29 1 5 22 5 15
3 20 13 34 16 23 12 12 7 123 7 21 g
S g 20 13 16 7 24 5 10 5 12 10 10
g 14 22 g 4 15 u iz 20 325 17 21 1
23 5 20 1 15 25 10 22 20 25 22 18 5 13
13 28 13 g 20 1 1 2 17 13 23 21 7
12 8 11 10 20 2 4 12 18 21 24 g 11 12
14 16 18 19 3 3 12 13 23 3 22 2 186 25
13 22 38 22 7 11 25 19 g 24 23 14 24 5
15 23 11 25 14 18 19 2 20 17 15 L 1
16 25 19 17 7 10 14 1 3 20 g 4 19 17
4 3 12 b 15 ¥ 10 10 15 20 113 9 5 27
23 13 2 8 13 19 13 17 4 8 15 g 12 24
10 15 3 14 7 3 21 14 13 2 25 3 5 17
22 3 25 23 20 1 1 121 15 1 2 3 7
12 22 22 5 3 g 1 10 22 21 12 18 5 11
3 23 10 2 24 10 4 g 12 3 18 15 12 19
12 25 15 25 22 13 23 14 i 2 ¥ 15 2 14
1 2 12 3 17 122 7 18 12 23 16 20
14 25 2 22 5 15 22 5 17 g 14 19 24 3
1913 b 182 15 13 29 333 7 12 15 14 g
18 1o1s 12 11 14 4 29 5 19 13 10 1@
23 323 3 o1 13 1 1 13 25 13
G 3 24 15 13 g 23 15 15 15 3 1 213
12 3 186 723 17 2 3 12 23 4 223 23
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Tzhles »f Ra=dom ‘tumbers from 1 Lo 25 Tabie €

2) 24 13 15 3 297 21 & 22 7 13 23 19 163 156 20 23
23 145 5 10 13 L 13 2 11 g I 13 9 13 3 25 1 i
15 2 1% 13 12 712 12 12 22 12 15 10 3 23 13 10 195 AT
5 13 10 21 14 3 15 2 3 3 A 3 3 3 22 21 21 1

10 12 23 120 11 14 t7 12 ] 7 13 1Y 1ty 40013 3 24
1T 22 12 15 15 5 12 & 13 21 21 17 123 14 24 2 16 12
25 1% 13 1815 39 3 721 1 22 13 9 i 24 & 14 1y 20
24 12 18 10 g 17 13 24 12 18 18 17 25 1% 14 25 12 24 10
10 3 3 5 21 9 5 14 5 1¢ 19 23 20 13 .7 20 21 20 il
13 320 3 3 5 22 g 17 23 1 17 17 22 25 4 3 14 23
11 7 24 22 4 419 16 9 18 22 b 19 5 1120 1 8 15
10 29 17 2 2 2 15 18 g 17 1 9 7 22 35 2 3 11 a7
22 5 3 7 19 5 17 6 9 5 18 19 9 10 16 7 5 14 19
25 12 4 23 16 9 1 1 9 1 12 25 18 2 14 13 11 14 9
5 15 24 19 3 12 23 1 ] 4 4 1 14 14 20 18 2 5 7

11 7 9 1 1 g 2 18 21 14 19 5 22 13 25 5 1§ 22 10
1% 20 15 4 21 4 g 21 Y 1 20 5 23 2 23 22 14 10 5
20 11 8 23 20 19 10 9 1 11 21 29 11 12 g8 12 18 18 12
23 1% 12 19 1) 2 18 9 2 290 5 18 22 17 314 14 2 23
17 23 14 25 10 22 19 7 2 14 5 24 21 24 253 1 127 1
21 10 25 1% 1% 7 25 12 2 18 10 13 25 5 5 12 g 3 19
3 11 318 10 121 21 12 14 5 13 329 7 14 14 16 16

4 11 13 27 7 19 11 18 13 22 5 7 25 11 16 2 9 16 12

19 5 20 23 12 2 9 19 15 13 21 18 12 25 19 3 12 18

5 11 8 10 19 11 17 15 23 13 7 24 2 14 5 18 i 2 13

11 5 21 14 12 22 15 22 9 2 3 5 17 4 19 10 18 12 16
123 3 5 3 23 3 25 1% 3 14 21 4 17 12 13 3 12 1

17 28 25 23 21 25 11 19 14 21 g 4 23 18 21 20 19 21 10
18 22 20 20 7 22 14 18 23 6 23 23 1 11 29 3 1¢ 4 3
14 5 8 15 6 5 18 Yy 8 7 10 5 19 1% 14 10 16 5 3
17 19 25 2 10 1% 2 9 10 20 20 14 3 13 19 17 21 g 12
9 2 11 1 214 3 13 20 4 13 10 10 11 7 19 311 21

24 24 10 2y 5 o 11 8§ 18 186 117 13 24 14 20 13 ! 7
4 1 3 22 313 18 18 3 2 1 19 17 S 10 3 25 9 24

2 412 13 5 10 3 18 11 4 15 120 5 7 23 19 15 14

322 12 11 18 14 9 18 g 23 9 21 14 6 3 7 5 21 18

7 11 3 15 19 15 2 7 23 22 7 2 19 25 17 9 5 22

3 28 424 21 15 1 13 S 1% 3 21 19 14 19 14 15 25 4

5 320 18 17 24 7 8 13 17 17 25 24 15 Q24 1y 2

17 17 3 314 15 24 290 7 22 3ty 23 7 y 25 12 12 24
9 3 11 11 22 19 12 A 3 20 9 23 14 10 20 1 5 12 4

1114 18 14 17 5 23 17 16 15 12 19 2 123 15 9 18 3
19 24 16 23 14 9 1% 23 15 1 6 22 17 24 4 18 5 14 2
5 5 9 T4 15 19 17 13 24 13 10 15 b 21 A 15 13 tn

13 290 713 33 23 183 18 17 22 5 5 23 A 5 15 20 22 14
5 10 13 3 13 12 4 1 33 23 1% 18 3 17 12 13 1¢ 13

915 16 23 15 23 20 18 5 12 3 1 720 18 22 22 10 21
t3 13 ¢ 3 13 22 2 3 22 23 9 13 10 5 5 5 3 10 15
7153 320 24 13 307 17 21 14 15 3 72 3 1k 5

! Y 123 24 19 14 voo13 22 2 8 15 22 23 12 11 23 7
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Tables of Random Numbers from 1 to 25 Table D
5 11 18 24 110 18 12 o155 220 18 13
21 zZ2 5013 T 18 13 12 3 Z 2 3 3
21 317 1% 15 Q 19 3 13 22 9 14 23
5 T 18 20 22 13 g 15 21 bty 13 U
14 3 u 3 1 13 14 5 4 5 12 3 12
19 2 1 111 7 7 13 19 19 717 8
16 18 18 23 12 15 25 21 17 15 13 6 20
i1 3 18 17 13 18 3 21 3 18 3 4y 24
20 3 9 3 12 23 5 21 10 16 10 11 2
1 13 19 7 21 10 7 3 10 8 15 11 15
22 2 11 2u 17 7 17T 6 13 12 2 17 25
21 13 5 13 8 3 13 2 7 7 20 3 18
3 12 17 2 12 i\ 8 5 9 14 19 12 13
5 22 17 14 16 7 21 23 13 17 18 4 10
15 19 25 18 24 17 1§ 10 3 24 16 18 2u
13 7 13 21 3 8 24 14 11 1 1 8 2
11 3 7 11 20 24 13 23 8 R 23 16 |
17 23 17 22 23 16 15 13 1t 7 8 % 18
3 3 18 20 13 12 3 13 16 22 a 12 6
15 18 25 S 15 12 20 12 15 3 27 5 g
17 7 3 2 14 10 1 2 15 20 22 4 1
] 5 13 24 25 138 9 25 8 3 7 5 13
21 4 7 3 19 11 23 18 313 10 24 11
23 21 513 g 24 21 16 25 3 3 9 4
23 16 22 3 18 14 ) g 18 24 1 3 2
2 10 23 16 17 17 25 18 17 323 1% 13
17 24 19 1 9 7 7 g 24 123 1 u
2 25 13 18 16 25 11 10 14 1 g 15 18
18 23 13 10 3 24 19 24 17 2 13 17 2
24 7 10 13 16 25 9 125 g 21 1 2
8§ 15 15 9 8 2 12 & 20 17 17 10 16
1123 2 8 14 190 8 1 4 g 18 24 18
2 15 19 18 25 3 g 2 1 17 7 6 25
2 25 18 11 18 & 15 15 3 20 18 4 17
10 12 25 16 5 21 14 24 5 3 9 10 1
3 23 24 y 24 18 21 7 4 16 1T 19 11
22 g 23 3 25 11 6 14 1 18 3 1% 10
16 21 24 5 11 13 119 24 25 21 12 2
7 320 4 21 22 3 16 15 9 2 15 19
15 3 7 9 15 2 21 T4 4 25 24 24 12
[ 4 23 20 21 25 5 21 15 15 12 té6 1%
22 319 16 18 12 2 22 5 5 11 18 3
8 156 S 15 25 3 9 12 25 3 19 17 15
7 g 3 1§ 22 28 19 18 22 8 18 3 )
3 14 12 & 21 12 2t 25 13 8 5 10
122 12 19 7 11 1 1 9 9 14 12 14
3 2 1 2 3 7 2 23 12 10 3 3 )
20 17 g4 19 3 21 124 11 3 113 4
12 29 2 13 18 22 1 22 18 22 122 3
2 3 19 5 12 1 b 25 15 4 25 10 10
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Taoles of Randon Numnbers fron 1 to 25 Table E
10 158 3 S 24 17 4 15 1g 3 013 12 21 15
15 3 3 713 1% 11 U 5 21 12 5 15 12
i i 14 22 29 5 3 i 24 13 24 221
24 10 23 g 25 11 13 20 17 ¢ 13 2 9
15 20 21 3 20 5 15 5 10 17 19 21 13 2%
12 11 4 19 12 25 13 15 a 3 1 20 25 4
12 20 g 20 15 13 16 25 25 2% 4 18 22 21
12 13 12 14 12 11 7 t1 18 12 7 17 21 14
2 3 12 2 7 3 3 2 o) 5 12 5 12 22
3 7 5 17 25 7 g 12 13 20 t5 16 1% 20
123 5 18 15 4 7 15 3 15 5 5 12 3
21 22 25 2 15 3 13 25 23 16 21 53 1¢ )
3 3 3 9 17 325 15 1 5 13 u ) 7
413 1% 13 6 22 2 3 4 3 g 1z 25 17
20 1R 321 4 14 5 17 g 5 3 3 3 25
12 15 7 23 11 1T 1% 23 22 13 14 12 13 14
25 13 2 13 89 12 23 17 7 25 9 14 14 23
2 11 1 12 2 12 10 23 13 7 22 T 22 A7
13 15 23 5 18 12 15 4 5 10 3 317 2t
25 22 131 12 5 5 2 3 13 23 3 g 15 23
713 13 12 17 5 5 25 5 15 8 10 5 L
12 5 10 22 2 7 18 22 29 g 3 17 19 1§
17 5 25 1% 14 17 10 22 17 11 A 3 2 13
15 4 T 25 15 23 13 4 13 3 3 4 2 13
10 14 24 24 11 11 2 25 8 22 10 11 21 2
23 15 2 21 13 13 2 (N R ) 2 5 10 12
7 g 5 1 12 24 o) 3 12 1 5 19 112
15 13 25 18 T 11 25 5 12 3 1 i 19 22
15 g 23 23 5 12 2 5 18 9 15 23 138 Y
14 6 21 13 5 4 6 21 22 11 12 15 Y 5
2 10 23 ) 2 15 5 20 13 1 21 8 17 1
9 7 1 1 7 121 23 13 3 14 5 4 10
14 29 1 1% 20 16 3 15 15 23 22 18 20 3
335 % 18 22 5 14 1 3 248 2 22 5 19
14 5 13 1% 5 22 e 12 5 25 5 10 23 1
311 [ 2 10 21 111 ) 3 3 7 11 4
22 21 23 13 24 5 25 16 14 18 19 2 11 23
5 19 22 2 18 21 22 15 2 12 52 21 23 7
15 g 3 15 1214 1% 13 1u 5 17 3 13 20
13 7 21 17 4 15 25 21 2 ¥ 15 14 24 7
18 22 23 23 3 23 2 15 22 10 12 22 18 16
15 10 19 23 24 1 13 21 2 g 9 5 5 3
20 i 13 20 5 24 25 20 10 12 17 23 12 16
14 19 5 13 5 g 20 12 17 11 2 13 24 3
15 5 g 14 21 23 10 24 5 12 3 19 7 1%
2 13 14 319 11 5 5 3 12 12 1 8 3
19 22 3 17 12 2 7 2 24 1 5 23 15 4
15 13 > 3 7 725 4 5 1 g ¥ 18 23
17 14 24 113 5 15 T 10 13 21 4 39 13
16 16 24 8§ 24 20 13 20 2 17T 17 14 G 7
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