
iyzed. for th~ee nltrcgen Cractiocs (total Nt scl:3'oiie 
prote in ,  arid soiuble amino acids) a d  three carbcb:dre*t- frlc-i,;or.i 
( re i l~c ing  s-ears, t ~ t a i  soluble sways, and t~tal nonstr~ztu~al 
carbohydrates-T3iC ) . I- s2dition, nwserj-grorm green ssZ and 
silver maple, f ield-grofi"~~ bZg"i~Lh and "keyn'blil-kg asZen, and 
gr3w"t-rcsum-reased east  em ~~Ltonwoillsd were m s v z e d  f o~ cora?sriscan, 
m7 iae m s m t s  of the v a ~ i o u s  chemical frscti~ns raged v6dely arxzg 

clones:: k t a i  N frm 2,l4 Lc, 3*86% 2.p' me?gi.,-t, s,l;~FLe 
to 5.@2%, soluble A4 .09 to .2L$? reducing E X ~ S T  3.57 

to 12,L2%, tota.1 soluble sugar 9-61 to 21,&3$, and. THC 16,!32 tc 
26,49$, hel.cer,tage rec~ve~fes for the chemical l"..ac.tTons ~ z "  
con~parison species fell vxidhlc these ranges; the c~tlcnv~osd leaf 
m~.lerial ,  hs~t~ever, coctafned higher levels o f  $s"ca?_ M and saluble 

than t h e  athey planhaterial, The high Zes~els of" E! 2nd 
carboh3~drates in the leaf materizl indicate a potentid for 
u%iliza";ian as a high qua2i"cy livestock feed s~~pplexer:l, C e r % s i ~  
clones combined rapid grovdh rates with high M and c a r 3 ~ 1 1 y d ~ ~ i e  
levels S F  the leaves, If leaf d i l i z a t i o n  shoz.22 became part c f  
the LoL::"harvesting plan, these clones wcsrald make d e s - i ~ a b l e  
s e l e s t i ~ ~ ~ s  f cr intensive cult1ne plantations, 

Brith present methods of v~hole tree utilization, leaves or lea-ves ~ 2 . : ~ s  
small brmches and bark constZtute a zostly chip cantmin%zt, Leaves and 
%ark ic chips usually decrease pulp yields snd paper strength, an5 iccrease 
the chemicals used in pulping and bleaching (Crisi 19176). Methods of 
segarating such contaminants from 6'170od chips are presently be5.r~~ developmi 
(~rol-a, Sturos, and Mattson 1976). 

Separatirg foliage b a ~ k  from chips tvau2d not only reduce the cost 
cf p ~ 1 p  a41d paper production, but would also free this materid for scaz 
potentially profitable uses, With %he rising c o s " c f  oil-, coal, 0 t 5 e ~  
er,eT,q sources, the utiliza"sti,on of leatres, bark, and c-ther mill rind forest 
residues Cgr power production is not, snly increasing but it is exyez te t  to 
greatly expand in the future (~rola 1975, Neil1 1976). Leaves could a l s s  
Se used (1) to produce chemicals such as essential oils, chloropkiyll- 
caroter?e paste, and other pigment concentrates (~eays 1975 ); ( 2 )  Co pro- 
&dce fuels, such as ethanol, methanol, and methane; ( 3 )  as e scurce of 
p l a t  protein either for livestock or for hum= consmption (StaFmmn 
1968, P i r i e  1971); m d  (4) to produce (~ea-rs and Bart~r. i975), 

- bjsiologisd; P, R e  Larson, Chief P l m t  
i.Qiisic-iag?s North Central Forest Eqerimen-t; Sta%i~on, 'ilSi),4 Forest Servicey 
8hinelmder, Wisconsin 54501 



hhuka Ls an animal feed 2nd vitan.in siip3lement made of finely ground leaves, 
bark, acd small branches. Although nvt presently used in -this colmtrg, 
current r a d a  producticr in the USSR i s  spproximatel-y 199,000 tons PPP yeer 
( Keajrs 1975 ) . Depending on the amow-t of branches and bark material in the 
mix -id the  t ree  species, a7L~a ca2 be a satisfactory suhs t i iu te  for a equal 

sf alfalfa or clover meal, 

r-7 ihe foliage biomass of a s t and  varies (from 5 to 25% o f  the dry 
weigh: of stem wood plus bark) depending on such factors as tree species, 
s tand  density, age, E~(! season [Lsebrafids 1973, Keays 1975). Comnercial 
fc l iage,  a ~ixtxre o f  leaves, s ~ a i l  b~anches,  bark, usually has a bio- 
mass double t ha t  o f  f o l i s g e  alone ( b a y s  1975). However, all the coxmereial 
i 'oliage 33n the s i t e  i s  not hariiested-abou",1(;' o f  the dry oieight o f  stem 
wood plxs bxrk i s  considered econo~ically recsae~*abZe, Natural stands 
yield doout 2.2 rnetric tons (mt),O!a/j: o f  wcod or chips when harvesieo with 
%eta1 t ree ha~ves%i.ng rfie.;hods, OT aq~cnu-t 0,2 n~tJi?a/y comercial  f sliage, 

Hard:#;niood p!ultations grown under short-rotation, intensive-culture 
systems can y i e l d  11 or more mt/ha/y per year dry weight o f  wood (Saucier, 
C l a ~ k ,  8.a.d McAlpine 19172; Dav~san, Isebrands, and Gislrdozl 1975; DeAell 
1975). A c t u s i  yield o f  commercial fol iage in star.ds g r m  under intensive- 
euli;?irre methods v~ouPd p ~ ~ b a b l y  be much higher than %hat c ? f  natural  stands 
because of "I,e gseatcr 5310mass in leaves 3nd ~1~811 branches; estimates go 
as high as 20% or 22 nt/hz after 13 years. in addit,ion, such plantations 
may be more efflclently hsrvesteci thsn natural stands, thus increasing the 
yield  of coJmercial fo l i age ,  

As part of the infomation base necessary for the u t i l i za t ion  sf 
fol iage from trees gromm u d e r  intensive culture, we determined the major 
chemical corsti-cuents o f  leaves from 2; Populus P;.$brid clones. In addit ion,  
we malgzed the chenfcal constituents of leaves frm blgtaoth  aspen, 
tredi?lfng aspel;., si.Suer m~ple, and codtonwood f a r  compa.r"%son, 

F l m t  Material 

1 s  an maple ( E,  ) 
at Blnelader, Viisc6nsin, trees were p a ~ t  02 the 
maxim-aii fiber yie ld  c i m a l  s tc~cks  end spacing t r ia ls  and mere grown under 
near-optimun! f er.til1 zer  and water regimes. These clones ( table 1) were 
selected for  f a s t  gruwth, disease resfstance, or 80ae ~ S h e r  c r i t e r i a  ( see  
Darnson 1974 f ~ r  t h e  c l o l ~ a l  or igin) .  They were derived from parents  fro^ 
several taxonolidc sections (Aegeiros, Taczz~nahaca, ~euce) within the genus 

(Bopdmov 1968, ldu/luhle Larsen 1970). The bigtooth aspen ( 
(~f ichx.  1 and treinbling i-spen (Pooulus tremuloides 3 
d root sprouts  fro^ nnat~nal at 
r. ) vss grown from seed in a growth ~ 0 0 ~  in sand-nut 
iclison and  L a r s c ~  1975 f o r  a description o f  the grow5ng 

condi~ions). Recently matured le-ves o f  all trees were collected in July 
and freeze-dried. The .?ridveins ar.d petioles were removed, and the remainder 
was g ~ a - ~ d  -t;o 20 mesh in a Wiley m i l l  and s tored  In a freezer a% --2Q36 
q m L i l  welyzed,  



Teb1e l,--So1xce nunibering code a d  description of parentage 

Popdus alba L, 
P 

Populus x eusmeriema cv, 1-476 

Salsdfera L, ev, Tristis 1, - 
P, deltoides Bartr. 2 P, - North~vest 
P, cv, x P, cv, Berolinensfs - 
P* cv, - x F, cv. BeroZinensis 
P, cv. Angulata x PT cv. Plantierensis - 
Pa cv. Angulkta x F. Torr, & Gray - 

GV, Caudina 

- x P, dektoides 
P a  nigra L a  x P. laurifGlia Ledeb. 

Fi fw-aq  samples of the ground leaf maberial were analyzed for total M 
by -the kmas method. Crude protein values were calculated frcm to-tal N 
(N x 6.25). Soluble protein was extracted from the leaf material (25 mg) 
wi", OO. 05 M T r i s  buffer pH 7.5, precipitated by 10% TCA (equal volunes o f  
Tris extract and 20% trichloroacetic acid), and determined by the Lovny 
method ( ~ o w r j i  -- et ale 1951). The amino acids and soluble carbohydrates 
were extracted from the leaf material ( 50 mg ) with methanol: chloroform: 
water niix (M:C:W, 12:5:3) (Bieleski and Turner 1966) and determined color?- 
mtrically, The mino  acids vpere deLermined co1orimetricall;r 
n i m d r l n  ( ~ e e  and Takahashi 1966); reducing swaps were determined with 
3,5-dinttrosalicylic acid (DNS)  l lark 1963); and total soluble sugars 
were determined with DNS ai"te.r hydrolysis with 0,lN N C l  at 10WC. Tcrtal 
nonstructural carbohydrates v?ere determined with DNS after extraction =d 
hydrolysis with Clarase (~)z/(~mith 1969). 

2/ (R) 1EIes Laboratory Inc., Elkhart, Indiaa. The use of Grade naqes - 
is for the infomation af the reader and does not conslitute an officihl 
endorsement by the U.S. DepartmenOf Agriculture. 



S t a t i s t i c a l  Aaalysis 

All a.r?alyses were run in duplicate to detect any errors in sampling or 
technique. No s t a t i s t i c a l  malyses were run comparing differences between 
A*  hhe icdividual  cl~nes or mcng the clones. The grcrvth-room cottonwood leaf 
ngterial was used as a standard and was analyzed periodically with the 
c l o m l  material, Fovm replications o f  the cottonwood leaf material f o r  
each cf the analyses, along vd%h the standard error of the mean, are given 
in Table 2 to i n d i c a t e  the r e l i a b i l i t y  o f  the mexhods. The confidence 
i n t e v a l  f o r  the malgsis of the her6.aa.l fractions o f  cattonwood leaf 
indicaies the sampling errsr. We ~vould e q e c t  similar errors in the 
malys5s  ~f the clones. For example, the 95% confidence interval f r ~ r  the 
x ~ a i  dedemininh-"eicn i s  0,84$, T h i s  value ind4cates that t o t a l  N mean 
would fall between 4.00-4.84, 95% o f  the time. Thus, if the t o t a l  N f o r  
t w o  clones d i f f e r  by more %ban O.BA% there is probably a real  difference 
in the N @entent, The e ~ ~ o r  values were dete nej, smples fyoa 
a single day's run. Day-to-6ay variation would increase the error. Now- 
ever, even a doubling o f  the given error value would s t i l l  y ie ld  siylificant 
differences between many o f  the clanes for all chemical fractions. 

(In % dry wt . )  

S&inple : Total : Soluble : mino : Reducing : soluble : nonstrucxural 

2 4-95 337 6,52 11,91 21,OQ 
3 4- 04 5,38 a 336 Q,6o 12,89 21- 25 
4 4.55 5 92 e 337 6,37 12,34 21-26 

b 

Me an 4,L% 54-4 .336 6,47 12,39 21,22 
s5 . 134 ,260 .609 ,055 .201 .@78 
(teO5 s2) .gL 1,28 .a6 rn 34 1,28 .50 
( 95% confidence in% e v a l )  

condilions in nutrient cultwe. The f o u r  samples were analyzed as a group. 
Day-to-dsy varisi;ion. in laboradory procedures would increase %he sdmdard 
e r ror  sanewhat bx-i; probably not more %hm 58%, 

Total N in the leaves o f  ;he Populus clones ( table 3)  ranged fron 2.14 
to 3.86% drg  weight. The average t o t a l  H fQr the elones (3,S2% ) 
was higher than for the aspen s p r ~ l ~ t s  ( table 4) and probably reflects  the 
f r eq~en t  application o f  f e r t i l i z e r  in the nursery. In trembling asper, the 
low leaf N concentration (2.01%) indicates a potential N deficiency in the 
natural stmds. Leaves o f  the s i lver  maple and green ash also contained 



d + - r - d  Ir\ 
d d d N d d N  m n i * m f o d d  a r-i 



less - to ta l  T1J Lhan the average Popzil.us clone, The low l e v e l  of N :in these 
fej-"r,il."ized trees rnag rei"2ec-t a species dif'ference, However, .there were a 

clones wiLh lower M content than. %he maple arnd ash. 

Solx7al';le protein m d  soluble  amino acids also varied among the Populus 
clones and other trees, These fractions were usually directly rjor 
with t~tal N in the leaves. Fsr example, the leaves of Clone 517% contained 
high l eve l s  af total N, scsi_uk?le protein, a d  soluble a~mjno acids, In con- 
trast, Clone 5271 contained i 3 w  levels of total N and extracted prote in  
bur tee of t h e  highest levels of solu3le amino scids. Idmy f ac t c r s ,  su-h 
as stage of maturity, post-harvest ",rea+ment, extracting solution composition, 
"ernperat7~re, or p2 can influence the ex%rac% of leaf  prstein ( ~ ~ t ~ ~ h a ~ t  
2 I S  3 Ucless the tissue is yo and xender, of the 
proteir. in lesf tissue i s  not extracted ' ~ i t h  simple buffer solutions. Thus, 

aalczisxion c f  crude protein (%N x 6.25) is p e ~ h s p s  a better  indication 
of the total protein present in the lesf  tissue and o f  the poten t ia l  for 
muka production than extracted protein. The average crude prote in  value 
f o r  leaves from the Populus clones was 19.5% o f  dry melght. This value 
approximates t ha t  found in alfalfa, one of the matjoy Soyage crops produced 
in th? United States. Chopped and d r i e d  alfalfa contains-about- 203 protein, 
iuhereas g r o ~ z d  and roll-pressed a i f  alf a meal ( some protein and ~igments are 
removed to nake a high protein feed supplement) contains about 19% protein 
tased on dry weight of the meal ( ~ o h l e r  and Bickoff 1971). The best Pspulus 
clone ccntained 24% crude protein. Thus there is a possibility of improving 
the feed value of leaf material through clonal selec-trion, 

CarSoi~jdraLe Fra ctisns 

There mere also x i d e  dif f ererlces in carSol-sdrate contents mow the 
TJopuluz c l o r ~ e s  (table 3 ) .  In the foliage examined in this study, scluble 

storage carbowdrates made up a. large part, of the total leaf dry weight. 
r i o t a l  nonstruct,ural carboQ~drate (soLuble sugar -plus s t a r c h )  averaged about 
22% of the leaf dry weight ir. the Populus clones. Soluble sugar was the 
msjor .arbohSidcate fraction of %he total nonstrirctural car'tom?rates. 

In t l i e  so luble  sugar frac"cian, ~educ2ng swars and sucrose (the major 
:I:;-reducing sugar i n  Fc-pulus leaves) were present in about equal pro- 
portions, Average eaneentratisns in the clones weye 8,7% reducing s u m r  

V V 

and 7.7% sucrose ( total soluble s y a r s  minus redueTng sugars). The e s t i -  
mated s ta rch  corit,en?; wes Iow cozpared "c the ather carbohy-drate fractions. 
A low s ta~c i l ,  con-lext can be ex-pec-ked in Popu1us because trees of this 
genus store l a rge  amounts of lipids in addition to starch as reserve foods 
( Z i i r m e r m a m  and Brown 1971 ) . 

The percentages of sugars and other carbowdrates in aspen and co%ton- 
wood foliage were similar to those in the Populus clonal foliage (table 4); 
horuever, the estimated percentage of starch was relatively ?ow in bigtooth 
aspen and high in cottonwood, The earboh~rlrate f rac t ions  in s i lver  ma~le 

A 

were different  froni those c ~ f  Populus. In si lver  maple there 'as no dil- 
ference in the analysis Ear s l ~ a r  m d  total soluble  sugar; thus - * 

all the soluble swars present were reducing sugars. Silver maple fo l i age  
also contained the highest estiaated level of s tarch among the trees 
analyzed, 



(IE % dry wt.) 

Scluble protefn 3*25 2.07 3.28 1.36 2,2l 5 e L L  
Soluble mino acids -456 ,118 .212 .205 .053 .335 
Reducing sugar 8,71 6.03 10, 8 loe 9 7/76 5 A 7  
Tokal solu"cle suffar 164 20.0 22,4 la6 12,5 I - ~ ~ L ~  
Total nonstruetwai  21.8 - 23.8 20,7 19-0 21r,2 
car5o23y-drates 

S"i;arce,b 5.36 
(T?!C-total sugar) 

- 
t/ Trembling aspen was not analyzed for nonstructural carbohydrates, 
v 

CONCLUSIONS 

As whole-tree harvesting of natural stands becomes more widespyear! ax2 
the es%abliskmen?; of intensive-culture plantations increases, large T~olurnes 
of leaves, s m d l  branches, m d  bark will become available. If seperations 
a r e  made in the f i e l d ,  it might be preferable to utilize this naterisl 
ratker than siaply returning it to the harvesting site. If nutrient 
depeletion becomes a problem, it can easily be corrected with fertiiiza%ioc. 
The chemical analysis of Populus foliage has shown that the nitrogen and 
ncnstruc%wal carbohjidrate content is more than adequate for the produc%io- 
oi' m&a, a high quality aniqal feed supplement . Although not detemined in 
these analyses on Populus foliage, the content of pigments, vitamins, and 
~ineral nutrients would probably also be adequate for muka production or 
for the production of leaf chemical products. The use of foliage in the 
~ l ' o d u c t i o n  of rnuira in the tonnages necessary to make unit costs competitive 
with present day forage crops could release millions of acres of productive 
farnland to grgw food for man. Assuming that the substitution ratio is I:1, 
every tcn of muka fed to animals could release a ton of grain. 

Chemical properties of foliage such as nitrogen content can be 
ex.;pected to vary depending on fertility of the site and other en~iror~~entsl 
f.ictors.  Nevsrtheless, certain hjb~ids examined in this study combined a 
varle-ta of good clonal characteristics for fiber production with leaf 
ciiemical characteristics desirable for muka production (table 5). For 
e x a ~ p l e ,  the P. nigra hybrid ( 5331) combined rapid growth rate, h2gh 
specific gravzty, low lignin, and lovr extractive conient of the wood 
(Dickson, Larson, arid Isebrands 1974) with high leaf rust resistace 
( Dawson 1971). In addition, the foliage contained high levels oC nitrogen, 
protein, arid total nonstructvral carbohydrates. Clones used for intensive- 
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