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Figure 3 - Ten-year peflod;c cross sectional 
Incremen t (CSIJ o ( indiVIdual C'CD trees In 

thmned and unlhmned plOIS In relation to 
CSA64-cross ·sec tional area at breast height 
In 1964 
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�\ �' �o �l�u�r�n �~� I nerCOlent of Crup T rees 

�~�I �l�'�r�d�l�l�l �n �t�a�h�l�l�'� and total cubic \'olume incrCllll'nlS of in 
dividu'li nap trees w('re �s�i�~ �n �i �r�i �c�3 �n�t�l �y� greal £'r 10.05 level I 
in thinned than in unthinnpd plots. This ..... as determined 
with rcgressions filled to: (al merchantable cubic \'olu01(' 
growth fo r the 10·year peri od. 196·1- 74 Wg. oil : II)) tOlal 
cubic: \'olul11e growth for t he 25·year period. 19 -1 9- 74 (fig . 
51: and ICI total cubic �v�o �l�u�m �~� growth for the I Q·year 
per iod. 196·1- 7.1 (fig . 61. Although stati sticall y signifi · 
cant. t hese greater crop-trl'e volume increments in 
thinned plots wcre not greatl y diff erenl in absolute units 
of measurement (figs. 5 and 61. To get an idea of the 
trend of crop·tree volume growth in thinned plots vcrsus 
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the unthinned plot. t he �r �c�g �r �e�s�s �i �o �n �~� of figures 5 and ti 
were !oOoh'ed for H typical t ree of �~� inches d.h.h. 150 in21 
and converted to an annual growth basis. The absolute 
difference in t hinned and unthinnl'fi condi t ions was 0.11 
f t I . yr for the enrall 25-year growth period. but only 
0.0.1 ft :'fyr for the last 10-year growth peri od. Although 
these diff erences indicate a declining volume·growt h 
t rend of crop trees_ t hey should not Le �~ �r �a �n �s �J�l �o�s�e�d� to 
volume per acre dirferenct's. To aSSl'SS volume per acre 
response of the thinning rules. direct ..:o:-npiJr isons of 
merchantable and total cubic volumes pH acre of the 
thinned and unthinned plots are more aprropriate. 

�~ �t�e �r �l�' �h�a�n�t�a�b�l�e� cubic volumes to a -I ·i nch top and lotal 
cubic volumes of crop trees are summari;-.('d on a per
acre basis in Lahle 2. At last O1e<.lsurement. standing 
merchantable ami l otal volumes per �" �I�(�"�r �~� of nop trees 
wer£> greater in three of t he four lIun'led plots than in 
the unt hinned plot. And growth in all the lhi nnl>d plot!ii 
in the last 10 years exc t>ded the unthinned plot by an 
average of 64 fV 'acre [or both merrhantuhle and total 
volumes. But diff erences in standing volume and ren'nl 
volume increment of crop t rees. attributilble to thi!ln lll g. 
might be more apparent t han real- part icularl y in reg.Jrd 
to merchantoble volume. Th:s i : suggested by table 3 
which summari7.es differencl' .. in numhl' r . si7.c. monaJitv. 
ingrowth. merchantable volu me growth. and �s �t �a�n�d�i�n�~� . 
merchantable volume of crop t rees of thi nned \'E'rsus un· 
thinned plots. 

Crop-tree mortality am.: ingrowth was higher in 
t hinned plots in the last 10 years Itabl(' 31. Rut. when 
the �e �f�f �e�c�t�~� of dissimilar SLocking and ingrowth diff er
ences arC' remo\-ed. ' hE" apparent thinned plot growt h 
9.dvanl uge of 6-1 ft I acrE" is reduced to a relatively 
insignifkant 20 ft I acre. Becnuse of t hes£' problems in 
using absolu te u:l its of comparison. recent volume· 
growth trends a: r �c�o �n �s �i�d �~ �r �e�d� to be less ambiguous for 
assessing thinning ro!sponsc. 
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Figure 6. - Ten-year periodic volume incre· 
ment (PVI, of crop trees in th inned and un· 
thmned plots In relation to CSA64-cross
sectIonal area at breast height in 1964. 

Table 3.-Comphcating facto rs in comparing merchantable vo lume growth per acre and standing volume per acre of crop 
trees In thinned and unthinned plots 

Average Submerchanlable Merchanta ble volume 
d.b.h. Stocking !. Iocking Ingrowth' Mortality Stocking Growth2 Standing 

Treatment 1949 1949 1949 1974 1949·74 1964-74 1949·74 1974 1964·74 1974 

Inches --_._. __ ... _ ... _ .. _ ... _ ....... Trees per acre· ._ ....... _-_._ .... _ ... _.-._-_ .. .... · .... FtJlacre· .. 
Th inned 5.6 182 72 50 10 16 166 414 1.515 
Unth lnned 6.0 ' 64 66 11 48 0 6 158 350 1.468 

' Number 01 trees per acre 1('1 Ihe penod altalnlng the 5 Inches d b.n. minimum used tor compulatlon 01 merchan l able cubic volume to a 
li ' InCh top 

2MerchanlaDle CubiC volume 10 a 4·tncn lOP wa s calculaled lor all crop trees 5 Inches d b h and larger. and e~pressed 01'1 a per·acre baSIS 

Trends of periodic merchantable and total cubic 
volu."e increment were compared for t hinned versus un
thinned plots. These were determi ned from table 2 by ex
pressing the average annual b'Towth of t he last 10 years 
as a ratio of the average ann ual growth for t he ove rall 
25·year per iod. The ratio for merchantable volu me 
growth was 0.97 in thinned p lots and 0.91 in the un· 
thinned control: but. when the merc hantable volume 
ingrowt" effect was removed. the ratio fo r t hinned plots 
was also 0 91 . Therefore. the trend of annual merchan t
ab le volume growth was the same in both the thinned 
and unthinned plots in the las t 10 years of the s tudy. 
both d ::clining to about 91 percent of t hei r overall 
25-year averages. Like merchantable volume increment. 
the t rend of total cubic volume increment of crop trees 
declined in the last 10 years in both thinned and un 
th inned plots. The trend rat io ..... as 0.73 for thinned plots 
and 0.84 ror the unthinned plot. T he lower rati o of the 
t hinned plots indicates that recent crop-tree growth in 
total cubic volume per acre is declin ing fas ter. relative to 
its earl ier rate. in thinned plots than in the unthinned 
plot. 

The observa t ion t hat growth in total cubic volume per 
acre for crop t rees is dec lining fa s ter than merchantable 

volume per acre and that. both measures of gro ..... th are 
declining from earlier levels is consistent ..... ith general 
thinning experience. Thinn ing can redistribute volume 
growth per ac re among different numbers of crop trees 
but t:anr;ot increase it unless growth is measu red in mer
chantable vol ume instead of total cubic volume. There
fore. although the greater volume growth of thinned 
crop t rees in this study was s tati s tically s ignificant. the 
apparent per-acre growth advantage is not prac tically 
significant. This is so because. when equal numbers of 
t rees. growth t rends. and ingrowth are considered. rii f· 
ferences in both mercha ntable and total cubic volume 
per acre of t hinned versus unthinned plots were not 
large enough to be of much practical importance. 

Total Stand Response 
After 25 years of total stand development. the 0+ ·, 

and Crown th inn ing plots continue to trail the unthinned 
control in net total basal area per acre. in net total 
volume per acre. and in net 25-year periodic volume in · 
crement. as s hown in tab le 4_ Nearly all noncrop trees 
~ere sub merchantable. so net merchantable volumes per 
ac re of all t rees in the plot.s were not relevant. 
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Table 4.-Average net stand values 25 years alter crop· tree thinning by Ihe 
0-4 and Crown Rules. compared 10 an un lh inned conlrol 

Average basa l Average volume 2S'year net volume 
Treatment area per ac re per acre increment per acre 

Pet. of Pct. of Pet. of 
Ft' cuntrol FtJ con trol FtJ contrOl 

D· , 89 55 2.198 52 1.462 84 
Crown 110 68 2.719 64 1.556 90 
Unlhinned 

cont rol 162 100 4.257 100 1.730 100 

Table 5.-Normal YIeld volume table for western larch In 10lai cubl,: feet per acre 
of all trees 0.6 inch d b h. and larger ' '1 J 

Site index -----
Age 30 40 50 60 

._ ..... Total cubic feel per acre · 

20 165 2· 5 ~ 434 
30 548 819 1 1.118 1.443 
40 999 1.494 2.040 2.632 
50 1.433 2.142 2.926 3.775 
60 1.823 2.724 3.721 4.801 
70 2.164 3.235 4.419 5.701 
80 2.462 3.680 5.026 6.484 
90 2.721 4.067 5.555 7.167 

100 2.948 4.407 6.019 7.765 
110 3.148 4.705 6.427 8.292 
120 3.325 4.970 6.788 e 757 
130 3.482 5.205 7.109 9172 
140 3.623 5.4 15 7.397 9.543 

!Slan<l 3rcJ error o f esllmale - 486 'Il. 
'1Values wll h,n the block lines laU Wi th." tne range 0' baSIC daIS. 
3From Schmld l and others 1916 

Another way of looking at the tota l stand growth con
sequences of the age. s it.e. and t hinn ing rule inte raction 
of this study is to compare t.he periodic an nual incre
ment IP A II of t reat.ment volumes to the normal y ield 
table net volumes of Schmidt and others 11976). Thei r 
table (table 5) indicates that mean annual increments 
(MAl' s!. for s ite indices of 50 feet and 60 feet at 50 
yea rs. culminate at stand ages between 70 and 80 years. 
At the age 17 5 years) and site index (521 corresponding 
to I his stud". t heir table indicates tota l stand volumes 
at cu lminati-on of about 5.000 ft l/ac re-equivalen t to an 
~lAI of 6i ft l/acre per year. Allowing for stand·to-stand 
varintion. it appea rs that the unthinned plot cu lminated 
within a couple of yea rs of age 75 years. This is in
dicated by the nea r·corres pondence of the control p lot 
PA l at age 75 years (69 ft l lacre per yea rl wit.h the nor· 
mal yie ld table ~IIA I at cu lmination. The much lower 

70 80 

538 648 
1.790 2.157 
3.':!':5 3.934 
4.6Z2 5.643 
5.955 7.176 
7.071 8.521 
8.043 9,692 
8.890 10.714 
9.632 11 .608 

10.285 12.394 
10.862 13.090 
11 .376 13.710 
11 .836 14.264 

SUMMARY AND CONCLUSIONS 
As in all thinning studie~. we must d istinguish be-

t ween mean growth response of individuaJ crop trees and 
growt.h per ac re. The d istinction is particularly impor
tant here because the thinning rules used in t.his study 
resulted in varying amounts of noncrop tree competition 
le ft on the plots a fter t he crop-t ree th innings. After 25 
yea rs. this amounted to basal areas of about.28 . 49. and 
105 ft2/ac re. and volumes of about 300. 900. and 2.-150 
ft·I'acre for the 0 + 4. Crown. and unthinned plots. 
respectively (table 21. Thus. the statis tically greater 
respo nse of dia.meter . cross-sectional area. and volume in· 
crements of crop trees in thinned versus unthinned plots 
lfigs . 1- 61 must be tem pered with three qualifications: 

PA I:s o f tota l volume for the 0 +-1 and Crown Rule thin
nings 158 and 62 rt l acre per year. respect ively) indicate 
that cu lminatio n of these plots wi ll be delayed unti l age 
110- 120. 

I. Per-ac re growth rates arc declin ing in all plots. 
and-except for merchantable volume growth - declining 
faster in t hinned p lots. 

2. At last measurement. th inned and unthinned plots 
were virtually t he same in t.otal and merchantable crop, 
lree volumes per acre when inequalit.ies in crop-tree 
numbers and ini tial size are considered . 
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J . Basal an'a tlnd lolnl cubic \'olume of the lOtal stand 
wt're 'l till much lower in the thinned plot s after 'li) 
years- lrailinl! the unthinnt_>d plot by 32 to ·18 pernmt 
Itable -u . 

Because there is lillie 'practical difference in the ~ize 
and per·acre \'olume of ..:rop trees on th inned \'ersus un · 
thinned plOLS .. h er :l il years. t he 0 -1- -1 a nd Crown Rules 
ha\'e liN <lchi('\'ed the ohj('cli\'e of nppreciahle growth 
rrdistribUl ion onto the selccted crop trees. Thus. un less 
sib"'Tlificant increases in forage and ...... ater yields han.' 
resulted (t hese w('re not measured hut cou ld occur in 
thinned western larch st.tndsl. crop-tree thinnings of 
western larch stands beyond 50 years of age do not ap
pear to be justified. T imber growth objectivcs for such 
e\'en·aged wes tern larch stands beyond 50 .vc<lrs of age 
are probably better served by uniform. low thinnings to 
stocki ng levels commensurate with the s ize and rotation 
objecti\'es of the manager. SeideI 1l9i7. 1980. 19821 
documented the relationship of western larch h'Towing 
stock leve ls to periodic indiv idual tree growth and 
\,olume-per-acre growth for low thinning of ~oth younger 
and comparable-aged stands on significantly better sites 
I SL~I = 80Ithan invoked in thi s s tudy. It appears that 
the general nature of those relationships and thei r 
management implications wou ld apply to low thinning of 
50- to i5·nar-old stands of lower site Quality 151.-,,1=:>21. 
as invoked here. 1"\ major difference in contemplalin6 
thinnings in o\'erstocked western larch stands older than 
:i0 -"cars \'crsus stands of about 30 to 35 years of age i~ 
the higher probability of some Illerchantable produ('t 
reco\'ery frf m the older stands. Rut t hi s should nOl he 
mi'lconstruloc:1 as a recommendation to delay thin ni ngs in 
o\'l' rs tocked western la rch stands until merchantable 
thinnings arc possihle. The attai nment of adequate 
growth rat es Lo meet the ll ize and merchantable \'o lume 
ohj('c t i\'e~ of managenwnt is normally an overrid ing 
cril l'rion for determi ning I iming and method of thinning. 

To assure acceptable gro ..... th frOIll overstocked western 
larch 'ltands. growing s tock leve ls-appropriatc to the 
'l ile. volume. and rotation objec tins of managemenl 
ISchmidt and others 1 9j61- ~hould normally be obta ined 
by hin ning at an ea rlier age than was done in this 
.. tudy Idea lly ... uch lhinnings should be done in 
o\'erstocked wes tern larch s tands when they are bet ween 
10 and 15 year '! old (Schmidt 19661. Such thinnings are 
oh\'ious ly precommercial thinnings. bu t are a manage
m('nt in\'estment to l!1'catiy increase the amount of 
u .. ahle wood \'olume at future harvest. If overstocked 
we'ltern larch stand .. are older than :;0 years. and are 
not so .. eriou'lly overstocked that merchantable products 
are preduded within a reasonable rotation period . it 
would prohahly he n!'l well to leave them unthinned. 
unle<:<1 increased forage and water " i('lds inSlifv the 
thinnin/{ --

In summary. the 1)-1-4 nnd Crown Rules of crop-tree 
thi nn ing used in thi'l "'ludy did not reduce competition 
enou~h to effectua lly increase gro ..... th rales of crop trees 
... , .. hen compared to 'l imila r tree'! in th(' unthinned stnnd. 

But the l'rop·trcl' thillnings did resu lt in markedly low(' r 
tot.11 cubic stnnd volunll's. Oth t.> r main detriments to 
using thp 0 t -l and Crown Rules to thin W('stern lurch 
pole- s tands similar to those sludil>d hi.' re appt.'ar to h", 
the presence of significant amounts of other than crop 
tr(>t's Icft aftt"r t hinn ing. and higher crop·trc(· mortalit y 
rates r .... r tile thinned pI01S. On the b.lsis of 1h(' :l5 -:n 'a r 
results of thi s s tudv. the 0 + -1 or Cro ..... n Hul l'~ are not 
rt·t:ommended for thinning o\'erstocked 50'year or old t'r 
\\'e~ tern larch stands. Low thinnings. pref('rab l .... at a 
younger age. nrc a'commended for overstocked we~tl'rn 
lan'h stands. 
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A 50·year-old western larch s tand. thinned in 1949 with the 0 +4 and Crown 

Rules of c ro p-tree thinning . showed less than 1 percent more diameter growth 
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volume of the unthinned plot was still 56 percent greater than that of any of the 
thinned plots . Earlier low thinning is recommended for this type stand. 
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The In termountain Station . headquarte red in Ogden , Utah. is one 
of eight regional experiment stations cha rged with providing scien
tific knowledge to help reso urce managers meet human needs and 
pro tect forest and range ecosystems. 

The Intermounta in Statio n includes the States of Montana. 
Idaho. Utah, Nevada. and western Wyoming. About 231 mil lion 
acres. or 85 percent. of the land area in Ihe Station terr itory are 
classified as fo rest and rangeland. These lands include grass
lands. dese rts. shruolands. alpine areas, and 'Nel'-Slocked loresls. 
They supply fiber fo r lorest industries: minerals for energy and In · 
dustrial deve lopment; and water for domest ic and industrIal con
sumption. They also provide recreation o pportun it ies lor millions 
of visitors each year . 

Field programs and research work units ot the Station are main
tained in: 

Boise. Idaho 

Bozeman. Montana (i n cooperation with Montana State 
Un:versity) 

Logan. Utah (i n coopera tion with Utah State University) 

Missoula. Montana (i n cooperation with the University 
01 Montana) 

Moscow. Idaho (in cooperat ion with the University 01 
Idaho) 

Provo. Utah (i n cooperat ion with Br igham Yo ung Univer
sity) 

Reno. Nevada (in cooperation with the University 01 
Nevadal 
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