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Crown and slash weights from 405 lodgepole pine t rees  i n  pure, 

even-aged stands were ssmpled. Graphical analysis showed tha t  individual 

crown weights are di rec t ly  proportional t o  diameter (b.h.). Slash weight - 
merchantable volme ra t ios  varied inversely as average stand diameter f o r  

stands up t o  7 inches and remained constant f o r  stands of 7 t o  9 inches 

diameter. Surface area per pound of s lash is  direct ly  proportional t o  

the average diameter of the original stand. 
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LODGEPOLE PIBE LOCGIEJG SLASH' 

(project B.C. 603) 

Introduction 

Of the 51.3 million acres of fores t  land i n  the Prince George-, 

Kmloops-, and Nelson Forest DPstrfcts, 14.2 million acres, o r  28 per cent, 

% ~ e  lodgepole pine (pinus contbrta Dougl, var. l a t i f o l i a  ~ngelm.) stands (1). 

Harvesting these stands f o r  pulpwood will r e su l t  i n  extensive areas o f  

logging slash i n  the dry b e l t  regions o f t h i s  province. 

The data f o r  t h i s  study were gathered i n  the summer of 1960 i n  

conjmcDion with an investigation of the lodgepole pine fuel  complex south- 

ewt of Merrit t ,  B. C. This report presents the analysis of these data f o r  

the purpose of predicting s lash accumulations resul t ing from various inten- 

s i t i e s  of cutting. 

In t h i s  report the te rn  tlcrown weightf1 applies to  the weight of 

al l  l iv ing  and dead components of the t ree  crown including needles, branch- 

wood and cones, but excluding the w e i a t  of any part  of the bole. tern 

"slash weightN applies t o  the weight of a l l  components which constitute 

crown weight in addition t o  the weight of the non-merohantable bole. 

It is generally conceded that  a measure of the l ive  crown weight 

of exis t ing t rees  i s  the best method of assessing the quantity of s lash which 
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wi l l  r e su l t  from a future cuttlng operation. In 1960 Fahnestock (5) kolhpiled 

orown weight tables f o r  dminaYrt and CO-dominant t rees  of seven intermountain 

conifem including lodgepole pine, In  the stme year Chandler (4) furnished 

slttsh weight tables fo r  mixed conifer stands of the western California region. 

During haardoue f i r e  periods the l iv ing  crowns of t rees  are an 

iasport;ant par t  of the fue l  csomplex, consti tuting the fuel  eolllponents i n  whioh 

, E i r e  *read is  the most rapid %be ltlcrst d i f f i c u l t  t o  eonterin. To sccur- 

a te ly  assess the t o t a l  fue l  complex, the spa t ia l  dis t r ibut ion of l iv ing  

and dead crowns must be considered. Ih 1960 Wendel (9) memured the orown 

weights of pond pine ( ~ i n w  serotina ~ i c h x . )  i n  the southeast, and i n  1963 

Brown ( 2 )  measured crown weights i n  red pine (Finus resinoaa bit.) plantatiolla 

fs t3-m W e  States,  both f o r  the purpose of detemining the contribution of 

crown fue l s  t o  the t o t a l  fue l  0omplex. 

Description of Area 

The study area is i n  the t ransi t ion zone between the ponderosa 

pine - Douglas f i r  Section M.1 and the i n t e r i o r  subalpine Section SA.2, Rowe 

(?) ,a t  an elevation of 4,000 t o  5,000 fee t  M,S.L, Lodgepole pine is the 

major forest  type. The glateau was glaoiated during Pleistocene time, 

depositing g lac ia l  d r i f t  of variable depths over the land surface, ?he 

coarse-textured outwaeh t o  the west of Paradise Lake, and the bedrock 

controlled gravelly sandy loam till plain t o  the north of the lake are  the 

two major land types, Spilsbury, e t  al. (8). 

Plot Description 

Data were collected from 405 t rees  on 18 p lo ts  i n  pure lodge- 

pole pine stands co~llnonly found i n  Br i t i sh  Columbia   able I). 



WLE I. Stand Parameters by P lots  

Datnsi?iy 
A V O  - 

Plot  Height Site C r m a  S t a d  Wxab. PI& m. af fadex* 
Bo. A g e  hv.' Dm. In&4x Prodnet. L e w h  d.b.h. Vol . Lm@h Tmea . - 

t+k 10Q %tbg* ex 
yre. ft. ft.  - Y* ft .  in. Cc,~./w. "ft. kc= 

Poor 
Poor 
Poor 
Poor 

Pair 
Fair 
h i r  
#air 
h i r  

bd. 
ma. 
Med. 
Hed . 
Hed. 
Ned. 

Good 
Good 
Good 

* Productivity cagabil ity ratings were provided by D. S. Lacate, l'orest Besearch Officer, Canada, 
Dept . of Forestry,- -Victoria, B. C I - 

d 

U* Bensity Index = ESumber of trees per 1/10 acre x average d.b.h. 



Seventeen plots  of variable s ize each containing 20 l iv ing  t rees ,  

and one 1/10-acre plot containing 65 t rees ,  were located i n  representative 

stands of lodgepole pine. The "20 t reen  sarapling method involves a plot 

width of 13.2 f e e t ,  random orientation and a length necessary t o  include 

-20 l i v ing  t rees  within its boundaries. Each foot of plot length (Taale 1) 

is equal t o  1/3300 of an acre and t o t a l  plot length i n  f ee t  is a re la t ive  

measure of stand density, 

After fe l l ing ,  average d i m e t e r  (b.h.), height t o  the lower 

margin of the green crown, length of @;reen crown, t o t a l  height, and the 

weight of bridge fue ls  and green crown on each 5' length of bole were 

measured and recorded f o r  each tree. The length and weight of the un- 

merchantable top from a l l  t rees  4 inches d i a~ le t e r  (b.h,) and larger  were 

d s o  recorded. Spring balances, calibrated i n  kilograms, and fabricated 

s l ings were used t o  weigh the fue l  components. A l l  weights were recorded 

t o  the nearest one tenth kilogram. 

Branches fron each 5' section of the f i r s t  and last t r ee  

fe l led  on each plot  were separated and tagged according t o  t h e i r  origin 

and allowed t o  dry, t o  f a c i l i t a t e  needle removal f o r  the quantitative 

comparison of crown fue l  compofients. A t  the end of the season, although 

drying had occurred, the removal of needles was so time consuming tha t  

data on proportion of fue l  components are  scanty. 

The drying rat= of needles and 1/10", 4n, $ I ,  and 1" branchwood 

i n  freshly lopped s lash were measured a t  weekly intervals  by replicated 

sampling and oven drying, 



Analysis and Disguseion 

Kilogr8~ps were converted to  pounds, and moisture content 0orreotionB 

made t o  express all weights i n  pounds of dry fuel. Green foliage was assumed 

t o  have a aois ture  content of 100 per  cent ( 5 ) ,  end the average moisture 

content of bridge fue ls  was approximatad a t  15 per w n t  using E.M.C. Tatlee 

and spot checks. MerchanOable voluaes were conpiled fro& B. C. Forest 

Service cubic foot volume tables  (3) using the merohmtability ferertors f o r  

a 4 inch inside baak top d ia~ le t e r  and a 1 foot s t w p  height. 

Crown Weibts  

The variation of crown weight with t r ee  diameter (b.h.) on each 

of the 18 plots  w a s  independently balanoed on double logarithmic pager 

(Figure 1). A double l o g a r i t b i o  trant8Yomation w a s  neoeasary t o  represent 

the relat ion between the two variables as s s t ra ight  line. Data fo r  regcbner- 

s t ion  stands are from plo ts  16, 17 and 18; f o r  suppressed stands froa plot  

12;  and f o r  mature stands from the reaa5nille; 14 plot$. The variation of 

C M ) ~  weight with diameter, sYtown by tlSe s i n i l a r  slope of the three l ine$,  

is nearly the same i n  each of the three stands. However, f o r  a t ree  of the 

same diaiaeter, i n  each of the s'tands a great variation in orown weight i s )  

evident, being leas t  i n  mature stands and heaviest i n  the regeneration 

stands. The broken l ines  i n  Figure 1 are the limits f o r  plus and minus 

20 per cent of the estimated crown weight i n  s mature stand. O f  the 305 

values used t o  balance the l i n e  f o r  the mature stand, 67 per cent of the 

actual values were within these limits. Thita apparent wide dispersion of 

values is par t ia l ly  a r e su l t  of the large number of abnonatally heavily 

crowned ttschool m a m s n  and par t ia l ly  because of minor stand differences. 





92k6 usa of Lhe reppropriate l ine  i n  Ip&me 1 allowa a estimation of 

iadiviItls1 t m e  orom wei&te o r  the t o t a l  c;r~u~n w i g h t  per wait of P a d  

caws i f  the 8wBar of tmea  in  earah d i a e t e r  e l m a  i s  b o w .  'Fhia aaph 

does not inolude tbe weight of the ~ e r e l u a t a b l e  p ~ d i o n  of the bole, 

If slash weight is desired, the wei@t of cu l l  a a t e r i a l  =st be added t o  

tho mown weight. 

A alwh-ml-e r a t i a  Pox %a& p l o t  WM esilotslated by d i e  

the t O t d  s1869h weight fma dl t k e d ) ~  Uvlag OL d-haeter (b.ho) of 4 Srrchm 

@ 1wpr by t h e i r  ~er~h&tltsSble V ~ l t l f p e e  fie vBWl_istion @f t U B  =t i0 With 

r9t-d a i a e t e ~  i o r  arhom in  figtam ~(a ) .  

Slash wi&t ges aare is easi ly  detersine4 by ~&ul t ip ly in$  fhe 

appropriate slash-valrzlse r&i# by the merabantabla ~ o l a n e  per aere ia C 

0.9, If the u t i l i s a t ion  rjltandasd we= l ~ ~ r ~ d  t o  inelude only tree$ 6I 

6 isahee i3~8ted of 4 inohw (Eianeter (B,he), the nslope would reaain 

essent ial ly  the ~ a a e  but the 6 w ~ )  would be shif ted t o  the right, 

Because of ~ r i lv i au l tu ra l  treatment o r  ~ l e z r i n g  f o r  iatgrove~eata, 

the a t a d  my be c leaawatc  I3-i auch @We8 all tree0 aro fe l led  bsUt only 

thoe6 of merehaatable s izo er t rmted ,  Por %his setndition s l rah weight@ 

me detemined i n  the aslae 1w.r ae abeve extsept that  s lash-VO~UIQ~ ratis0 

shown i n  figure 2(b) are assdo The diff'%reracm in weight of a l w h  r e ~ u l t -  

i n g  f m  the two i n t g n s i t i e ~  sf eutting i s  inversely proportional t o  the 

average stand diameter, If na t rees  w e  below the u t i l i s e t ion  standard9 

the two c u m o  w i l l  give the atme reab$ta. 





- - 6 -  

Slash h e 1  Cmponente 

An investigation of' 18 f lm-fos t  orown eeetione Eraea six trees  

intiicated tha t  the proportion of needle weight to  branchwood weight igcreaaed 

tolr- the t i p  of the t ree,  The more vigoroue t rees  on all  s i t e s  had a 

greater proportion of needles than t rees  of poor vigour. Bleedle weight 

varied from 33 t o  47 per cerlt 6f me t o t a l  green mown weight, the arerage 

being 39 per cent. Bipproxiaa€elg 2 per oent of the t o t a l  green orown 

weight consisted of cones, while the remaining 59 per cent wea brhnchwood. 

me eoaposition of lodgegcale pine e l m h  (Pigare 3) shows the variation i n  

pemmtarge of t o t a l  r lash weight of the three fue l  components wit5 average 

ot-8 diameter. 

.To i l l u s t r a t e  Ohe use and ilaportmee of the data furnished i n  

Hgmrea 3 a d  2(a), aaewe tha t  two stande, B and B, are out t o  the same 

~tiii=.tim stmciard. me o a u r d t ~ i s t i ~ r  o i  the o r i g ~ ~ ~ a ~  a d  the 

reaul t ing fue l  complexee ard ehom i n  Table 11, In both cases there i 6  

essent ial ly  the aerne t o t a l  w e i e t  of slash; however, the fuel colraposition 

factors from Figure 3 reveal differencee i n  the distribution of thier 

weight between the three fue l  oompomente, The importanoe of these differ- 

ences is il1l;zstrated by approximating the to ta l  fue l  surface m a  of the 

two 81aah complexes, In  the course of thiql study it wars detenained tha t  

one pound of d w  needlee presenta approxiaately 37.2 square f ee t  of surface 

ma.  Pnterpretation of r e su l t s  from a previous report by -am (6) 

showed tha t  one pound of branchwood presented about 5.2 aquare fee t  

of eurfaae area. Because a l l  tepa haw a large end diameter of 4 inchee, 

the surfme area, weight and volume are a l l  direct ly related t o  t h e i r  



Figure 3. 
Average Stand Diameter (d.b.h) 

Corn posit ion of Loduepole Pine Slash 



* 
ZABLE 11. Comparison of the Slash Fuel Coerplex 3kom Two LodgepoIe'Pim~ Stand8 
. - -  . -  - - 

- - -% - , - ,. 
s a a d $ '  Stend B 

Aver- a tend d i m e  t er  (measured) 8.0incBes - 
- - 4.8 inaBeaa - - 

Merchmtable volume ( m e k r e d )  - 

Slash weiat-volume r a t i o  (Fig. 2a) 830-lbs./C c.f. 
. . 

Slash weight per  acre 830 t 56 ; 46,500 lba. 28 x 1,700-2 47,600 lbs. 

Weight of needles (Fig. 3) 

Weight of tops ( ~ g .  8 j  - 

Total s lash  weight 

2% of 46,500 = 10,700 lbr. 1s of 47,500 = 6,200 lbs. 

49$ of 46,500 = 22,800 lbe, 30$ of 47,600 = 14,300 lbs. 

281Q of 46,500 L. 13,000 lbd. 57$.of 47,600 = 27,100 lbs,  

46,500 lb r ,  47,600 lbs. 

Surface area of needlea = 10,700 lbs. r 37.2 P 398,000 sq. ft. 6,200 lba. x 37.2 = 231,000 sq. ft. 

Surface area of branchwood = 22,800 lbe. x 5.2 = 118,500 sq. ft. 14,300 Ibe. x 5.2 E 74,400 sq. f t .  

Surface area of tops = 13,600 lbs. x 18.5 = 8,700 eq. ft.  27,100 lbs*  x 18.5 = 17,300 8% ft. 
29 29 

Surface area of t o t a l  weight of 46,500 lbr.  = 526,200 aq. ft. of 47,600 1b8, e 322,700 sq. ft. 

it 
Weights and stzrface areas have been rounded t o  the neareat 100 lbs. and 100 sq. ft., m a ~ o t i v e l y .  



length. !be surface area of a conical-shaped sol id  haviag a base diameter 

cvf 4 h h e s  is  approximated by the product of the volume of €he so l id  i n  

t3ubit3 f e e t  and the constant 18.5. Be~ause the t o t a l  volume of tops may be 

bl Letendaed from 5 i f  W 18 the weigtlt i n  pounds and D i s  the ciensi* of wood 

i n  pound~r per cubic foot ,  appr6fimation of the eqsivaleat eurface ama 

W encompassing t h i s  voltme c a ~  be detemined from the expression - 18.5. 
D 

%is expression and the OonvePsion factors  previouely note'd f o r  needles 

mil branohwood are used t o  i l l u s t r a t e  the difference i n  fue l  surface area 

af the two slash complexefit i n  Table 11. 

!be, greater  surface of fue l  presented by s lash from Stand A w i l l  

m s u l t  Pnr 

( a )  The a b i l i t y  t o  burii d~rTmbg periods of marginal burning Conditions 

t o  the larger  quantiw of  f ine  fue ls  which drg at a fae ter  r a t e  then 

the larger fue ls  from Stand B. 

(b) A more rapid r a t e  of f i r &  spread, a higher f i r e  intensi ty  and 

m o r e  miifow disposal of slash b e i h s e  of the greater  quantity of f ine  

f m l a ,  the larger  proporwon afbranchwood and the l e s se r  proportfon of 

the larger  fue ls  consisting of unm6rchantable tope ( ~ i g u r e  3 and Fable 11). 

( c )  A more pronounced change i n  potential  f i r e  behaviour during; the 

th i rd  year a f t e r  cut t ing when the m a t e s t  needle cast  occurs. After 

needle cas t  has occurred, the difference i n  fue l  surface area of the two 

s lash  complexes w i l l  be re la t ive ly  small. 

Drying Rates of Slash 

The r a t e  a t  which slash dr ies  is dependent primarily on the 

type of slash, i.e,, lopped o r  unlopped, and secondly on the macro- and 



dlero-climatic regime of P t s  location. Fahuestock (5) show drgiw curves 

Smr both lopped atad unlopped foliage and twigs i n  Idaho; h i s  data f o r  

lopped s lash  show that  differences of 10-40 per cent moisture content 

result from exposure t o  fill sunlight versus heavy shade. I f  s lash is not 

lopped, a l a g  of about 30 days oecure in f u l l  sun, and negligible drying 

moars i n  the f i r s t  90 days under fill shade. !be moirture content of 

fins lopped slaah i n  f u l l  sun was I0 per cent i n  13 days and about 6 per 

cent i n  18 days. 

!Phis investigation of lodgepole pine also studied the drying 

r a t s  of slash. Sixty d q $  aftQIr cutting, the moisture coatent of needles 

and la rger  branchwood was about 25 per cent and the aaoistnre content of 

f i r re  branchwood w a s  about 18  per cent. B e  variation i n  these r e su l t s  and 

Sham .of Fahnestock (5) probably ref lect  different  climatic regimes. 

The use of e x t e h i v e  stsiiIda of lodgepole pine ih the Br i t i sh  

Csluarbia i n t e r i o r  f o r  pulpwood, w i I l  multigly a s lash h a d  problem th@t 

is already serious. 

Analysis of crown weight data  from 405 lodgepole pine t rees  

show8 tha t  the weight of fndiviaual crowne was di rec t ly  related t o  t ree  

diameter at breast  height. The relationship differed between stands 

where the t rees  were aature,  suppressed o r  regeneration. 

A comparison between similar slash weights from sun 8 inch and 

a 4.8 inch average diameter stand, using a s lash fue l  composition graph, 

showed tha t  the surface area of slash from the larger  stand was about 

double tha t  of s lash from the smaller stand. Composition curves showed 



t ha t  the percentage of t o t a l  slash weight oonaisting of needlee and branch- 

wood varied d i rec t ly  with average stand diameter, and the weigbt of umaerchant- 

able bolo veried inversely aa average stand diameter. 

Conclusions 

Crown weights of lodgepole pine are closely related to  diameter 

(behe) whioh is an integrator  of the e f f e s t s  of s i t e  and density. 

The slaeh weight - merohantaible voltme r a t i o  of stands up t o  

7 inches diameter is inversely related t b  avlhrage atand diameter (beha) and 

constant between 7 to  9 inches diameter. After a fur ther  increase i n  &itmeter 

when deoey is prevalent, a d i rec t  re la t ion  may be expected. 

The weight of needles and 'braaohwo6a per  oubic foot of merchantable 

wood varied direct ly  ae the aver- stend diameter, while the weight of the 

umerohantable bole varied inveriaely with average stand diameter, 

!he relat ion between weight of slag& per cubic foot of mercrheatable 

wood and average stand diameter (behe)  w i l l  h r n i s h  an aocurate estimate of 

, s h a h  weighte. When w e d  i n  conjunation with the slash fuel  conposition 

-graph, the fue l  oharacteristics of ei%e and t o t a l  fue l  surface area can 

also be detemined. 

The infomation presented i n  t h i s  report is useful t o  land managers 

involved i n  logging or  land-clearing operations where dieposal of s lash by 

burning f o r  sanitation, regeneration or  haeard abatement purposes is  of 
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