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ABSTRACT 

A detailed twelve-month study of 1 i t ter fa l l  , 1 ive fol iage biomass, 

and seasonal nutrient (nitrogen, . phosphorus, potassium, calcium, sodium, 

and magnesi um) dynamics in tree components was performed for forest  

types on Walker Branch Watershed, Oak Ridge, Tennessee. Biomass and 

nutrient content of foliage, reproductive parts.and branches were examined 

for ten dominant trees in order to assess the relative importance of 

l i t t e r f a l l  in returning nutrients t o  the forest floor in four different 

forest types. Li t terfal  1 , measured in pine, pine-oak-hickory, oak- 

hi ckory , and mesophyti c hardwood forests,  was separated i nto three com- 
. . 

ponents (1 eaves, reproductive parts, and branches). Seasonal compari- 

.sons of those forest types were made for biomass and nutrient inputs 

for each component and for total 1 i t ter fa l l  . Each forest type was 
. . 

characterized by total 'annual input to the forest floor of biomass and 

individual nutrients .for each component as well as total l i t t e r f a l l .  

Canonical analysis was performed on the yearly totals to t es t  for signifi-  

cant differences among the forest types. 

Live foliage from the ten predominant species of trees on the 

watershed, determined by urdei. of total basal area, was analyzed for 

biomass, nutrient concentration, and changes in nutrient content through 

the growing season. Seasonal trends for these variables, incl uding the 

ranking of nutrient concentrations for spring versus f a l l ,  were discussed 

in relation to differential.  growth, trans.location, and 1 eaching factors. 

Most of the l i t t e r f a l l  in al l '  forest types ( 77 -851 )  was in leaves with 

fal l  maximum. Reproductive parts (8-14% with spring and fa l l  maxima) 

and branches (8-1 1 % with no seasonal trend) contributed the remainder. 

v 



The ranking of nutr ient  content in .  l i t t e r f a l l  was s imilar  in spring and 

f a l l ,  except for  the replacement of nitrogen by calcium i n  autumn as the 

predominant nutrient (followed by K > Mg > .P > Na). 

Comparisons were made between weight and nutrient content fo r  
. . 

l iving leaves and leaf l i t t e r  i n p u t  i n  l i t t e r f a l l .  The ranking of total  

nutr ient  content per leaf in spri,ng foliage was N > K > Ca > Mg > P > Na. 

The autumn foliage ranking was the same as tha t  for  autumn leaf l i t t e r -  

fa  1.1 (Ca > N > K > Mg > P > Na) , the change being due tn differ ing 

behavior uf the par t icu lar  nutrients (trans1 ocation, bfomass di 1 ution 

and removal by leaching) . 
In the four fores t  types analyzed, s ignif icant  differences 

occurred i n  the biomass and individual nutrients recycled to  the fores t  

f loor .  The greatest  l i t t e r f a l l  and amounts of nitrogen input occurred 

i n  the pine fores t  type. Oak-hickory forests  had the greatest  1 i t t e r  

inputs of magnesium and potassium. Calcium return was greatest  in  the 

mesophytic hardwood fores t .  No marked differences i n  the amounts of . . 

'sodi um and phosphoru.~ return-.in 'the fores t  f loor  occurred among meso- 

phytic hardwoods and oak-hickory fores t  types, which were consistently 

higher than pine and pine-oak-hickory forest  values. 
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CHAPTER I 

INTRODUCTION 

Development of the Problem . . 

L'i t t e r f a l l  i s  one of the  most important processes i n  f o r e s t  eco- 

systems, because i t  i s  a major pathway f o r  both nu t r ien t  and energy 

recyc.1 ing to  the fo r e s t  f loor  (Bray and Gorham 1964). L i t t e r '  i s  the  ... 

substrate;  upon which nu t r ien t  mineralization i n  the upper so i l  horizons 

i s  based (Car l i s le ,  Brown and White 1966); biological re turn  of e'le- 

ments ' i s  particularl 'y important t o  the nu t r i t ion  of woodlands .on s o i l s  

of low nutr ient  s t a tu s  where t r e e  growth depends t o  a g rea t  extent .  upon 

the short-term o r  annual recycling of nu t r ien t s .  Tree growth can be 
, . 

decreased by removing 1 i t t e r  from beneath fo r e s t s  growing on poor so31 s 

(e.g. ,  Van Goor and Tiemens 1963). Fal.len leaves and other l i t t e r  com- 

ponents a r e  important sources of nutr ients  and organic material i 'n for-  

e s t  s o i l s  f o r  f o r e s t  nu t r i t ion  'and continued productivity.  + 

Many chemical elements a r e  contained i n  woodland plants and have 

we1 1 -defined biogeochemical cycles.  Some elements , such as  'carbon, 

c i r cu l a t e  i n  large quan t i t i es ;  o thers ,  f o r  example, nickel and cobal t ,  

a re  present only i n  t r ace  amounts (Warren and Delavaul t 1954, 1957). 

Several elements, including ca lc i  um, magnesium, potassium, nitrogen,  

and phosphorus, a r e  essent ia l  t o  plant  nu t r i t i on .  Others such a s  

sodium, a r e  not required i n  plant  biochemistry, but  a r e  physiologically 

essent ia l  to  othcr fo r e s t  organisms i n  higher tr.ophic 1 eve1 s . 

Objective 

The objective of t h i s  study was t o  quantify the  seasonal dynamics 

of biomass and nutr ients  i n  l i t t e r f a l l  components f o r  four f o r e s t  types 

1 
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on Wal ker Branch Watershed, ERDA' Reservation, Oak Ridge, Tennessee. 

Leaf weights and nutr ient  contents of the ten dominant. trees in those 

fores t  types were analyzed in order to  re la te  changing nutrient values 

. in  fol iage during the growing season t o  observed values in l i t t e r  input 

to the fores t  f loor .  Data were collected on the growth ra t e  of leaves 

of deciduous and coniferous t rees ,  and the seasonal variation i n  ele- 

mental concentrations and to ta l  amount for nitrogen, phosphorus, calcium, 

sodi urn, potassi urn and magnesl urn. Concornl tan t  measurerr~enls weve . iilade . of 

t ~ t a l  l i t t e r  inputs t o  the fores t  f loor  for  the four forest  types which 

characterize the watershed. Seasonal biomass and nutrient contents of 

1 i t t e r f a l l  and i t s  components of leaves, reproductive parts and branches, 

were determined on a uni t  area basis. ,Sunmlaries o f  the to ta l  biorr~ass 

and element return to the fores t  floor were developed for  the ent i re  

watershed, based upon the contribution of area of each fores t  type to  

the to ta l  watershed. The relat ive importance o f  nutrient return in 

l i t t e r f a l l  . i n  each fores t  .type was addressed, as was the importance of 

biological inputs of elements through '1 i t t e r f a l l  i n  the recycling of 

elements from .vegetation' to  soi l  in forest  ecosystems 



CHAPTER I 1  

MATERIALS AND METHODS 

S i t e  Desc r ip t i on  and Locat ion  

The study was conducted on the 97.53 hec tare  (ha) Walker Branch 

Watershed on the ERDA Reservat ion i n  Oak Ridge, Tennessee (F igure  1 ) .  

The watershed i s  under la in  by Knox dolomite, and s o i l  s formed over  t h i s  .: 
subs t ra te  a re  w e l l  dra ined and have .a h igh  i n f i i t r a t i o n  capac i ty .  Mean 

annual p r e c i p i t a t i o n  i s  135 cm/yr, and temperature averages 13.3"C 

(Cur l  i n  and Nelson 1968) . 
De ta i l ed  c h a r a c t e r i z a t i o n  of the  composit ion and s t r u c t u r e  o f  

f o r e s t  types on Walker Branch Watershed has been repor ted  by C u r l i n  

and Nelson (1968) and Gr iga l  and Golds te in  (1971). The f o l l o w i n g  i s  

a b r i e f  summary t o  c l a r i f y  the general character is t - ics o f  each f o r e s t  

type. The p ine  f o r e s t  cons i s t s  o f  r e l a t i v e l y  pure p ine  stands o f  

p lan ted  l o b l o l l y  (Pinus -- taeda) and na tu ra l  stands o f  s h o r t l e a f  p ine  

(Pinus echinata)  w i t h  few o the r  arboreal  species. The unders tory  i s  

poo r l y  developed, and honeysuckle (Lonicera japon i  ca) i s  t he  predomi - 
nant ground cover. The pine-oak-hickory f o r e s t  has codomi nants o f  

Pinus echinata, Carya sp. (main ly  Carya --.- tomentosa) and Quercus sp. 

Other canopy species i n c l  ude b lack  gum (Nyssa s y l  v a t i c a )  and sourwood 

(Oxydendron arboreum). The pine-oak-hickory fo res t  has a developed 

understory o f  dogwood (Cornus f l o r i d a )  , r e d  bud (Cerc is  canadensis), 

and sassafras (Sassafras =--  - -  a1 bidum) . The oak-hickory f o r e s t  has t h e  same 

composit ion o f  t r e e  species as t h e  p ine-oak-h ickory f o r e s t  t ype  except 

t h a t  p ines are  absent. The mesophytic hardwood type i s  charac ter ized 

by t u l i p  pop lar  ( L i  r iodendron t u l  i p i f e r a )  - . -- and red  map1 e (Acer - rubrum) ...= - 

3 
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with a well-developed canopy of deciduous hardwood character is t ic  of 

the deciduous hardwood forest  (Braun 1964) . Other infrequently occurring 

t ree  species tha t  a r e  indigenous to  streams and valleys are  classif ied 

in the mesophytic hardwood fores t ,  e.g. ,  sycamore (Pl atinus occidental i s )  

and beech (Fagus grandifolia) . The ground vegetation stratum i s  well 

developed with perennial , herbaceous vegetation (Taylor 1974). 

Sample Plot Location 

On the. basis of variance estimates calculated from fores t  manage- 

ment data coll ected on the Oak Ridge Reservation, prel iminary analyses 

(Curl in and Nelson 1968) determined tha t  300 ,081 -ha p lo t s  distributed 

among the four fores t  types were'needed for  dimension analyses t o  e s t i -  

mate stand composition and.productlvity within - 15% accuracy on the 

watershed. Within t h e  core study plots 80 1 i . t t e r  t raps were a1 located - 

according to  the range of . s i ze  cl~asses,  .age and. hei g h t  categories for  

each fores t  cover type (Table 1 ) .  

Because. pine forest  types exhi'bi ted greatest  cons i s  tency among 

plots for  the above character is t ics ,  fewest l i t t e r  traps were allocated 

to that  categary. Mesophytic hardwood and oak-hickory fores t  types, 

w i t h  greatest  range i n  composition and s t ructure,  received the l a rges t '  

al location of l i t t e r  traps.  The cr i ter ion for  the number of traps 

allocated to  a single forest  type was tha t  of maintaining a coeff ic ient  

of variation (C.V.) for  l i t t e r  biomass estimation - < 25%. Actual varia- 

tion (expressed as C.V . ) associated with estimates of annual 1 i t t e r  

input fo r  each fores t  type using t h i s  experimental design (Table 1 )  

was: 28% for  pine, 20% fo r  pine-oak-hickory, 24% fo r  oak-hickory, and 

26% for  mesophyti c hardwoods. 



Table 1. A1 l o c a t i o n  of 1 i t t e r  t raps  based on percentage 
covcr o'f t he  f o u r  f o r e s t  types on Walker Branch 
Watershed 

~ i s t r i b u t i o n  o f  
Forest  Types 

Fores t  . L i t t e r  Trap 
TY pe Acr.es % Area A l l o c a t i o n  

. . - . . "-. ..,. ,, 

1 Pine 17 7 6. 

2 Pine-Oa k-Hickory 3 5 14, 14 

3 Oak-Hi ckory 143 6 0 3 5 

4.. Mesophy t i  c Hardwood . 46 19 2 5 



L i  t t e r f a l l  Coll ection and Chemical Analyses 

L i  t t e r f a l l  col lect ions  began on July 1 ,  1969 and continued fo r  

one year. Collections were made monthly during the  summer, biweekly 

during the autumn, and once during the winter.  Nine col lect ions  were 

made during the year (Table 2 ) .  L i t t e r  t raps  (Figure 2) were one meter 

square w i t h  25 cm high redwood s ides  and bottoms of bronze wire mesh 

(6 mesh per cm). The l i t t e r  t r aps  were. leveled a t  approximately 60 cm 

above the  ground t o  prevent input of resuspended windblown mater ia ls .  

Pr ior  exatnination indicated t h a t  a l l  material caught i n  the  t raps  came 

d i r ec t l y  from aboveground vegetation and was not blown in  from the  for-  
. . 

e s t  f loor .  

The l i t t e r  col lected from the traps was separated i n to  three  

components: (1)  leaves and needles, (2) branches and bark, and ( 3 )  

reproductive par ts .  The material was separated in to .each  component 

a t  the  t rap  s i te . ,  'brought i n t o ' t h e  laboratory,  dried f o r  24 hours a t  
. . 

76OC, weighed, and mil led t o  pass a number 40 screen.  Samples weighing 

approximately one.gram were then ashed f o r  8 hrs a t  525OC, dissolved i n  

2.5 ml of 2 - N HCl, f i l t e r e d  through whatman No. 42 f i l t e r  paper, and 

brought t o  volume with 100 ml d i s t i l l e d  water. Calcium, potassium, 

magnesium, and sodium determinations were made by the  Analytical Chem- 

i s t r y  section of the Oak Ridge National Laboratory using a Perkin- 

Elmer Model 403 Atomic Absorption Spectrophotometer. Strontium was 

used t o  reduce anion in terference.  The procedures used t o  determine 

each element a r e  described in  Kahn (1971). Phosphorus determinations 

were made by the sulfuro-molybdate method on a Technicon Auto Analyzer. 

The d e t a i l s  of the  method used f o r  the phosphorus determinations a r e  



Table 2. Dates and i n t e r v a l s  o f  l i t t e r  t r a p  
. c o l  l e c t t o n s  on Wal k e r  Branch Watershed 

Col l e s t i o n  
. . Days between 

Number. Ua t e  Cal l e c t l o n s  ' 

1 J u l y  31, 1969 3 1 

2 September 2, 1969 33 

3 October 15, 1969 4 3 

4 October 30, 1969 15 

5 ~ovember. 12, 1969' 13 

6 December 2, 1969 20 

7 March 5, 1970 9 3 

8 June 1, 1970 

9 J u l y  1 , '1970 



Figut-e 2. A one meter square 1 itter trap on a study p l o t  used 
to  col lect 'I 4 tterf a1 1 cmp~nents. 



avai 1 abl e i n  Lundgren (1 960) . Total nitrogen was determined . by the 

semi -micro Kjel dahl procedure described by Black (1 965). 

A l l  calculations of chemical contents of sample materials were 

based upon the mean of rep1 icate analyses of two homogeneous subsamples 

of 'L 1 g each taken from the dried and hwnogenaterl 1 itter component. 

Precision of chemical determinations (maximum percentage deviation from 

Lhe mean) based upon National Bureau of Standards orchard leaf stan- 

dards f a r  the respectlye analytical procedures was: calci um, 2%; 

nitrogen, 2%; sodium, 4%; phosphorus, 4%; magnes ium 2%; and patassium, 

2%. These percentages are the maximum ranye o f  individual r~easurements 

from mean values and incorporate errors associated w i t h  both analytical 

procedures and variances between subsamples. 

Leaf Sampling 

The abjectives of separate analyses of leaf material were: (1) 

t o  determine growth rates of leaves of major species from bud break 

until abscission and (2)  to  quantify the seasonal change i n  concenlra- 

tion of major nutrients i n  living leaves. Ten tree species, which con- 

t ~ i b u t e d  88% of the basal area (Table 3) of the watershed, were sampled 

beginnir~g May 2, 1969 and continuing through May 4, 1970 (phenologically 

from cessation to cessation u f  dogwood flowering) on a maxfmum of 17 

different  sampling dates (Table 4). Forty trees were sampled across 

the ten species studied; the same trees weve sampled a t  each collection 

date. Table 3 sumnarizes the number of trees, age, and range of diame- 

t e r  a t  breast height (DBH) of each species. 

Canopy foliage was sampled by shooting leaves (25 leaves were 

sampled) off the trees w i t h  a shotgun. On each sampling date 25 conifer 



Table 3. Major  t r e e  species s t u d i e d  on Walker Branch Watershed w i t h  
DBH range, age, number o f  t r e e s  sampled and basal  area o f  
each 

Species b 

Number o f  
DBH Age Trees Basal ~ r e a ~  

(cm) ( yea rs )  Sampl ed (m2/ha) 

Pinus taeda L .  -- 21.1-29.0 20-21 3 0.52 
( L o b l o l  l y  P ine)  

P i  nus echi  na t a  M i  11. 
m t l e a f  P ine )  

L i r i o d e n d r o n  t u l i  i f e r a  L. - 22..4-37.9 30-52 -P- 5 
(Ye l low Pop la r  

Acer rubrum L. 16.0-26.7 20-32 ' 4 1.44 
(Red- 

N ssa s Ivat j -ca.  Marsh. 
& z k k -  

17.0-33.5 27-53 3 0.95 

Ox dendrum arboreum (L.  ) DC. 7;6-11.7 12-21 * 3 1,09 

Carya tomentosa N u t t .  27.9-38.6 38-88 5 2.31 
(Mockernut ~ i c k o r y )  

a ~ o t a l  basal  area of a l l  o v e r s t o r y  v e g e t a t i o n  on Walker Branch 
Watershed averages 20.8 m2/ha w i t h  a t o t a l  o f  53 t ree species 
represen ted  ( G r i g a l  and Go lds te i n  1971 ) .  

b ~ .  L. L i t t l e ,  J r .  1953. Check L i s t  o f  N a t i v e  and N a t u r a l i z e d  
Trees of  t h e  U n i t e d  S ta tes .  A g r i c u l t u r a l  Handbook No. 41. U. S .  
Government P r i n t i n g  O f f i c e ,  Washington, 1953. 472 p.  



Table 4. Frequency o f  f o l i a g e  c o l l e c t i o n s  
f rom t e n  major  t r e e  species on 
Wal ke r  Branch Watershed 

C o l l e c t i o n  Number Date 

May 2 ,  1969 
May 16, 1969 
June 4, 1969 
J u l y  2, 1969 
J u l y  29, 1969 
August 26, 1969 
September 13, 1969 
September 30, 1969 
October 15, 1969 
October 29, 1969 
November 1 'I , 1969 
November 26, 1969 
December 30, 1969 
February 7, 1970 
March 31, 1970 
A p r i l  15, 1970 
May 4 ,  1970 
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leaves, w i t h  each f a sc i c l e  counting as a s ing le  l e a f ,  were col lected i n  

the same manner as  deciduous leaves.  Conifer leaves were a l so  col lected 

during the  winter months. Leaf col lect ions  were brought t o  the  labora- 

to ry ,  and the same procedures and techniques wer.e used f o r  drying and 

chemical determi nations as f o r  1 i - t t e r  t rap samples . 

Sampling Consideratidns 

Certain sources of e r r o r  must be acknowledged i n  sampling vegeta- 

t ion f o r  determination of seasonal nu t r ien t  dynamics. One type involves 

genetically-based physiological var ia t ions  within a species-population, 

incl  udi ng differences due t o  1 i fe-his tory  phenomena (Manshard 1933). 

For conifers ,  which carry  t h e i r  needles fo r  two of three  years ,  the  

s i t ua t i on  i s  fu r ther  compounded (Hoyle 1965). These fac tors  i n t e r ac t  

w i t h  environmental heterogeneity and the two sources of e r r o r  a r e  often 

d i f f i c u l t  t o  dist inguish . Trees of d i f f e r en t  ages may have experienced 

d i f fe ren t  environmental extremes during t h e i r  ontogenies, and may occupy 

divergent so i l  and atmospheric s t r a t a .  Both age and environmental con- 

di t ions  were variables involved i n  the r e su l t s  of fo l i age  data of Murneck 

and Logan (1932), McClung and Lott (1956), Askew e t  a l .  (1959), and Koo 

and S i t e s  (1956). The s i t ua t i on  . , i s  fu r ther  complicated because growing 

leaves u t i l i z e  nutr ients  stored i n  the  perennial t i s sue  i n  previous years .  

For these reasons i t  i s  r i sky t o  transpose r e su l t s  from one year  t o  the 

next. Irl Ltle present study no attempt was made t o  account f o r  genetic 

va r i ab i l i t y ,  and sampl ' iny  was not biased f o r  age o r  physical condition, 

although extreme conditions were avoided. For conifers  the  newly i n i -  

t i a t e d  fo l iage  was not sampled. The s o i l s  on the watershed a r e  qu i t e  

s imi la r  (Peters e t  a1 . 1970), w i t h  the  main di f ference involving topographic 
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posi t ion and consequent so i l  moisture condit ions.  In regard t o  s o i l s  

and extreme moisture condit ions ( f o r  example sol id  .rock outcroppings 

and swampy areas)  t r e e s  occupying highly atypical  s i t ua t i ons  were not 

consi dered. 

Concerning time of sampl ing, many invest igators  (Frank and Otto 

1891, Mil ler  1926, Chibnall 1929, Mitchell 1936, Biddulph 1941, and 

P h i l l i s  and Mason 1942) found s ign i f i c an t  diurnal changes i n  f o l i a r  

concentrations for a t  1 east some of the  riu.tr.iert l;s s lud  ied. Mitchell 

(1936) and Denny (1933) advocated sampling a t  the same time of t he  

day during each co l lec t ion .  Similar precautions were taken i n  t h i s  

study, w i t h  a l l  samples being col lected w i t h i n  the  same 3-4 hour period 

on each date.  

Much work, a g r ea t  deal of i t  cbnfl i c t i n g  i n  r e su l t s ,  has been 

done concerning the  e f f e c t  of position of leaves on the t r ee s  on t h e i r  

nu t r ien t  concentrat ions.  l hese include ver t i ca l  p o s l  t l o n  (Selden 1926, 

Wall ihan 1944, White 1954, and Guha and Mitchell 1966), cardinal posi- 

t ion  (Seiden 1926, Wallihan 1944, Tamm 1951, and White 1954) and posi.- 

t ion  on a twig o r  branch (Wall ihan 1944, and Guha and Mitchell 1965). 

In the  present study those possible e f f ec t s  a r e  in tegrated in to  the 

sampl ing technique. The leaves from whole twigs o r  small branches, 

taken from three  cardinal  posit ions a t  random heights i n  the  canopy, 

were removed and composi ted  f o r  each sample. 

Expression of Data 

Tt~e 1S.l;erature reveals  a general lack of conformity i n  expressing 

data on fo l  i a r  nu t r i en t  dynamics. Olsen (1948) and Hoyle (1965) draw 

a t ten t ion  t o  t he  drawbacks i n  the use of concentration values alone, 

incl  uding reduction. of measurement s e n s i t i v i t y ,  obscuring seasonal 
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gains and losses of nu t r ien t s  and i nab i l i t y  t o  de tec t  differences i n  

to ta l  fol iage nu t r ien t  1 eve1 s .  While ce r ta in  phenomena, such as deter-  

mination of r e l a t i ve  changes among d i f f e r en t  nu t r ien t s  a t  a given time 

fo r  a given species,  can be gleaned from concentration data alone, 

in te r spec i f ic  comparisons and seasonal differences i n  fo l i age  nu t r ien t  

l eve l s ,  even within the  same species,  a re  masked due t o  changes i n  the 

dry weight of the leaf  material .  As such, f a l s e  impressions regarding 

translocation t o  and from the  leaves and leaching e f f e c t s  a r e  possible 

when using j u s t  t h i s  one measure. Since t o t a l  content (weight of nu-  

t r i e n t  per gram dry weight) of a nu t r ien t  can be derived qu i te  readi ly  

from concentration and dry weight data ,  and s ince  the inclusion of a l l  

three  parameters requires no addit ional  f ie1  d work and no s ign i f i c an t  

amount of addit ional  ana ly t ic  endeavor, a1 1 three measures should 

generally be reported. 

S t a t i s t i c a l  Analysis 

Analysis of variance techniques were used t o  compare the c'oncen- 

t r a t i ons  of each nu t r ien t  considering fo r e s t  types and l i t t e r  components 

as f ixed factors  i n  a f ac to r i a l  arrangement of treatments. Nutrient 

concentrations were based on t o t a l s  from those t raps  co l lec t ing  more 

than 3 grams (dry weight) of a par t i cu la r  1 i t t e r  component. The P - < 0.05 

level of s ignif icance was used in the analysis  of variance while Duncan's 

Multiple Range t e s t ,  a l so  a t  the P - < 0.05 leve l ,  was used t o  compare 

means of those fac tors  with s i gn i f i c an t  F r a t i o s .  

The t o t a l  amount of l i t t e r  col lected i n  a pa r t i cu l a r  t r ap  was 

qui te  variable within a fo r e s t  type and extremely var iable  when e i t h e r  

branches or  reproductive par t s  were compared. This v a r i a b i l i t y  i n  the  

to ta l  nu t r ien t  content between 1 i t t e r  traps precl uded rigourous 
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s t a t i s t i c a l  analysis of e i the r  branches or reproductive parts.  Vari - 
abi 1 i ty  f o r  total  nutrients (sum of leaves, branches and reproductive 

pa r t s )  and nutrients i n  the leaf component were less  variable b u t  

differed between the fores t  types. This was especially t rue fo r  Ca, Mg 

and K .  Because of these unequal variances, 95% Confidence Intervals 

were constructed about each mean with non-overlapping intervals  used to  

indicate s ignif icant  differences a t  the P - < 0.05 level .  

The Mu1 t i v a r i a t e  Technique, Canonical Ar~dlysis, was performed to 

t e s t  fo r  differences tha t  may ex i s t  between the four fores t  types 

annually. The to ta l  dry weight and the total  content of the s ix  n u -  

t r i e n t s  in each component of l i t t e r f a l l  'and in total  l i t t e r f a l l  were 

values used in th i s  evaluation. 



CHAPTER I11 

RESULTS 

Seasonal Foliage Weight and Nutrient Dynamics 

Weight changes. Loblolly and shortleaf pine leaf weights remained 

relat ively constant throughout the year (Figure 3 ) .  The uniform weight i s  

due to  the f ac t  tha t  newly in i t ia ted  leaves were not sampled a t  any of 

the collection dates. All deciduous species showed sharp increases in 

dry weight during May when f o l i a r  development was most prominent. Some 

species, notably red oak and tu l ip  poplar, showed gradual increases in 

leaf weight a f t e r  the f i r s t  of June whereas leaf weight of other species 

d i d  not change. The oaks and tu l ip  poplar produced the heaviest leaves 

and values are  consistent wlth those of Bray and Gorham (1964). Mitchell 

(1936) reported maximum dry weights of 15.4, 13.4 and 5.6 9/25 leaves for  

red oak, white oak, and red maple leaves, respectively. Corresponding 

weights in th is  study were 17.5, 9.4 and 6.3 9/25 leaves. 

The deciduous species lo s t  an averags of 28% of the i r  maximum 

weight from two to s ix  weeks prior to  abscission. Sampson and Samisch 

(1935) at t r ibuted the 14% weight loss they observed fnr  Quercus gambel l i  

prior to  abscission to  leaching and to translocation o f  nutrients and 

other materials from leaves to  branches. Viro (1955) reported leaf weights 

prior to abscission in four deciduous species to  average 21% less  than 

weights of leaves during the summer when the i r  weights were greatest .  

Timing s f  leaf abscission. Tulip poplar, black gum, and sourwood 

leaves f e l l  ea r l i e s t  ( la te  October), followed by red maple, hickory, 

chestnut oak, and red oak leaves ( l a t e  October-early November). White 

~ a k  leaves f e l l  l a s t  (mid-November) . 
17 
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Figure 3.  Seasonal patterns of the oven dry weights of leaves 
o f  major t ree  species on. Walker Branch Waterstled. 
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Seasonal Foliage Nutrient Changes 

Nitrogen. Although leaves of some deciduous species had higher 

nitrogen conc'entration than did others a t  a given time, a l l  exhibited a 

decrease in nitrogen concentration as leaf development progressed (Figure 

4 ) .  The decrease in concentration was the resu l t  of increases . in leaf 

weight (di lut ion)  as the season progressed. The highest observed con- 

centration on a dry w t  basis was 3.6% nitrogen (sourwood) on the early 

spring collection (May 2). The average nitrogen concentration in the 

early spring collection (May 2 )  was 2.9% while the average of the autumn 

collection (October 29) was 0.5%. Alway, Maki, and Methley (1934) also 

found the average ni trogen concentration of nine deciduous t ree species 

on f ive sampling dates (June 1 ,  July 1 ,  August 1 ,  September 1 ,  October 

11-16) in Minnesota to  range from the high in June of 3.0% to a low in 

October of 0.8%. 

Leaves of the two coniferous species contained generally lower 

nitrogen concentrations than di d deciduous species , and those concentra- 

tions remii ned relat ively constant through the year. Rodi n and Bazi levi ch 
. . 

(1 967) found nitrogen concentrations in deciduous leaves to  be roughly 

twice those i n  conifer leaves. 

Although the actual nitrogen content varied (due to  leaf wei'ght 

differences ) among species, a1 1 deciduous species exhibited similar 

patterns as the year progressed (Figure 5) : 

1.  There was an increase in nitrogen content during the 

period of most rapid growth (May). 

2. The nitrogen content leveled off in June and remained 

rather constant until  the l a s t  of August. 
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F igure  4. . Seasonal pa t te rns  o f  n i t r o g e n  .concent ra t ions  ( %  d r y  
we igh t )  iii leaves o f  ,major t r e e  species on Walker Branch Watershed. 
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COLLECTION NO. 

LoeLoLLy PINE 

SHORTLEAF PINE 

RED OAK 
WHITE OAK . 
CHESTNUTOAK 

TULIP POPLAR 

RED MAPLE 
BLACK GUM 

SOUR WOOD 

HICKORY . 

4 
MAY 2 
59.8 

46.8 

,208.0 
90.1 
443.0 

469.0 

. 85.5 
65.8 

23.6 

12.9 

2 
MAY 46 
50.3 

22.4 

242.0 
174.0 

235.0 

228.0 

78.3 
95.8 

57.3. 

85.4 

3 4 5 6 
JUNE 4 JULY 2 JULY 29 AUG 26 

54.7 44.6. ,43.8 37.4 

47.4 29.3 40.3 44.8 

248.0 245.0 245.0 204.0 

449;O 443.0 424:O 437.0 

236.0 222.0 499.0 207.0 

240.0 226.0 243.0 486.0 

92.3 79.4 79.9 79.0 

444.0 402.0 88.6 63.2 

404.0 109.0 84.5 77.9 

422.0 , 89.4 108.0 88.3 

' 7 
SEPT 43 
26.2 

9.2 

496.0 
146.0 

232.0 

457.0 

89.9 
60.5 

74.2 

82.7 

. ORNL- DWG 72- 4498R 

8 9 4 0' 
SEPT 30 OCT 45 OCT 29 

38.0 28.6 33.8 

9.4 40.6 11.4 

230.0 220.0 454.0 
426.0 423.0 409.0 
478.0 482.0 400.0 

435.0 429.0 

73.6 64.3' 25.2 
54.0 30.7 

48.4 46.4 

83.0 57.8 33.4 

Fig,ure 5: -The amounts of nitrogen in leaves of major t ree 
species on Walker Branch Watershed. 

. .  . 
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3. The nitrogen content decreased from September through 

defoliation. 

Both coniferous species exhibited a trend of decreasing nitrogen 

with time. The nitrogen content i n  conifer foliage a t  nearly every 

col lect ion was l e s s  than the nitrogen content i n  leaves of a l l  deciduous 

species . 
Calcium. Other investigators (Alway e t  a l .  1934, Rodin and 

Bazilevich 1967, Gagnon e t  a1 . 1958, Chandler 1939) found tha t  calcium 

concentrations i n  leaves imcrease as the season progress. (Figure - 6 ) .  

Calcium i s  a s t ructural  consti tuent of ce l l  wal Is and, therefore, I s  r ~ o t  

di luted by growth; i t  must be supplied to  the foliage throughout the 

season. Tulip poplar and hickory leaves had higher calcium concentrations 

than d i d  the leaves of other deciduous species. 

Chandler (1939) determined the calcium concentrations in leaves 

of s ix  species tha t  were examined in th i s  study jus t  pr ior  to  leaf f a l l  

(Table 5 ) .  The calcium concentrations in white oak, red oak, and chest- 

n u t  oak leaves were s imilar ,  b u t  tu l ip  poplar and hickory leaf values 

were higher i n  Chandler's study and red maple concentrations were higher 

in t h i s  s t u d y .  

The deciduous leaves had higher calcium concentrations t h a n  did 

conifer foliage a t  nearly a11 collection dates. There was an increase 

i n  calcium concentrations i n  conifer leaves in June and July followed 

by a sharp decrease i n  August and September. Loblolly pine leaves 

exhibited another increase during f a l l  and winter with a decrease again 

in early spring. 

The total  calcium content in foliage o f  a l l  deciduous species 

studied increased as leaf devel opment progressed (Figure 7) .  Some species 



Figure 6.  Seasonal patterns of calcium concentrations ( %  dry 
weight) in leaves of major t ree  species on Walker Branch Watershed. 



Table 5. A comparison o f  calc ium values i n  f o l i a q e  from s i x  deciduous 
species 

Species 

Wal ker  Branch Watershed 
Chandl e r  ' s 1939 Average 1969- 1970 Average 

(% oven d ry  wt.)  (% oven dry  w t  .) 

Tul  i p Pop1 a r  

Mockernut H ickory  

White Oak 

Red Oak 

Chestnut Oak 

Red Maple 



COLLECTION NO. 

0 LOBLOLLY PlNE 

SHORTLEAF PlNE 

A RED OAK 
r WHITE O A K  

0 CHESTNUT OAK 
TULIP POPLAR 

V RED MAPLE 

V BLACK GUM 
0 SOURWOOD 

+ HICKORY 

250 

4 

MAY 2 

44.5 

3.8 

50.3 
24.2 
27.7 
44.3 
45.9 

44.4 
3.4 

25.3 

2 
MAY 46 

9.8 

3.8 
67.7 
54.6 
61.9 
78.6 
33.3 

26.5 
42.4 

58.5 

3 
JUNE 4 

29.4 

5.5 

89.5 
74.6 

94.7 
446.0 
42.3 

44.4 
30.5 

82 .O 

4 

JULY 2 

34.3 

47.5 

444.0 
88.6 

442.0 
444.0 
48.3 

56.9 
44.8 

92.4 

5 
JULY 29 

30.9 

8.7 

448.0 
400.0 
429.0 
484.0 
54.3 

49.2 
48.5 

442.0 

6 
AUG 26 

25.0 

4.7 
437.0 
99.7 

474.0 
245.0 
60.9 

59.0 
44.6 

409.0 

7 
SEPT 43 

7.6 

4.0 
439.0 
404.0 
476.0 
489.0 

84.0 

60.0 
44.4 

404.0 

ORNL-DWG 7 2 -  4200 

8 9 40 
SEPT 30 OCT 45 OCT 29 

9.4 404 28.3 

3.7 3.4 4.0 

454.0 485.0 479.0 
442.0 442.0 427.0 

459.0 473.0 499.0 
490.0 466.0 
70.5 69.4 30.9 

73.8 42.5 
36.5 44.2 

423.0 430.0 94.9 

F i gu re  7. The amounts o f  ca l c i um i n  leaves  o f  ma jo r  spec ies on 
Walker Branch Watershed. 
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( t u l i p  popl a r ,  ches tnut  oak, red  oak, h ickory ,  and w h i t e  oak) added g rea t  

amounts o f  c a l c i  um w h i l e  o thers  (b lack  gum, red  maple, and sourwood) 

added l e s s e r  amounts. There was a  s l i g h t  decrease i n  ca l  c i  um content  

b e f o r e  l e a f  fa1 1  i n  t u l i p  pop lar ,  r e d  oak, h ickory ,  red  maple, and b lack  

gum assoc ia ted  w i t h  a  we igh t  l oss  i n  leaves p r i o r  t o  absciss ion.  

Magnesium. A l l  species showed f l u c t u a t i o n s  i n  magnesium concen- 

t r a t i  ons throughout  t h e  season ( F igure 8) . Magnesi um concentrat ions i n  

r e d  oak 1  eaves (0.59-0 -99%) increased du r ing  t h e  development, whi l e  red  

maple leaves (0.23-0.22%) showed no change through the season. Alway 

e t  a1. (1934) showed a  s i m i l a r  t r e n d  f o r  r e d  oak ( increases from 0.38 t o  

0.61%). Red oak leaves had h ighe r  magnesi um concentrat ions than leaves 

o f  o t h e r  deciduous species a t  a l l  c o l l e c t i o n s .  I n  most c o l l e c t i o n s  w h i t e  

oak and t u l  i p pop l  a r  1  eaves contained the  nex t  h ighes t  concentrat ions . 
Deciduous leaves o f  sourwood, red  maple, and chestnut  oaks had the  lowest  

magnesi um concen t ra t i  ons . Coni f e rs  ( 1  o b l o l  l y  and s h o r t l e a f  p ine)  had 

1  ower concent ra t ion  than deciduous species a t  nea r l y  every c o l l e c t i o n .  

With the except ion  o f  red  oak and t u l i p  pop lar ,  magnesium content  

o f  deciduous leaves increased from May through June and then remained 

r e 1  a t i  ve l y  cons tant  throughout  the remainder o f  t he  season ( F igure  9  .) . 
Magnesium contents i n  r e d  oak, and t o  a  l e s s e r  e x t e n t  t u l i p  pop lar ,  

cont inued t o  increase through the  summer be fore  d e c l i n i n g  s l i g h t l y  i n  

autumn. 

Sodium. The sodium concentrat ions (F igure  10) i n  the ten  species 

s t u d i e d  ranged f rom 0.01 t o  0.06%. The sodium values f o r  a l l  species 

were q u i t e  v a r i a b l e  and may have been due t o  contaminat ion du r ing  sample 

c o l  l e c t i o n  and p repa ra t i on  f o r  ana lys is .  Guha and M i  t c h e l l  (1965) found 

t h e  sodium concent ra t ion  i n  r e d  oak leaves t o  range from 0.02 t o  0.30%, 



F igu re  8. Seasonal p a t t e r n s  o f  magnesium concen t ra t i ons  ( %  d r y  
we igh t )  i n  leaves o f  ma jo r  t r e e  spec ies on.Walker Branch Watershed. 
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Figure 9. The amounts of magnesium in leaves of major tree 
species on Walker Branch Watershed. 
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Figure 10. Seasonal patterns of sodium concentrations (% dry 
weight) in leaves of major t ree species on Walker Branch Watershed.. 
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higher than the  range in  this study.  The sodium concentration i n  most 

spec ies  had two peaks, one i n  August and one i n  October. Sodi urn con- 

cen t ra t ions  d i d  not  d i f f e r  among coniferous and deciduous species .  

The sodium content i n  leaves of the deciduous species increased,  

although e r r a t i c a l l y ,  un t i l  the  s i x t h  (August 26) col lec t ion when a 

decrease occurred (Figure 11 ) . There was another peak just p r i o r  t o  

absciss ion.  Leaves of red oak, chestnut  oak, white oak, t u l i p  poplar, 

hickory,  and black gum i n  the  1 a s t  col lec t ion (October 29) decreased i n  

sodium .content while leaves of sourwood and red maple Increased s l i g h t l y .  

The con i f e r  'leaves contained a ra the r  constant amount o f  sodlunr a,t a l l  

col l e c t i o n ,  w i t h  lob101 l y  pine leaves varying more than the  shor t l ea f  

pine leaves .  

Potassi  urn. Potassium concentrations i n  fo l i age  (Figure 12) were 

more var iable  than concentrat ions of o ther  eleme'nts s tudied except 

sodi urn. Potassi urn concentrat ions i n  leaves of deciduous species 

decreased i n i  t i  a1 l y  . Hi ckory and t u l i p  pop1 a r  1 eaves were exceptions 

i n  t h a t  concentrat ions rose and then declined sharply a f t e r  the second 

(May 16) col l e c t i  on. Potassi  um concentrations i n  tu l  i p poplar ,  red oak, 

ches tnut  oak, and red maple leaves decreased u n t i  1 abscission . Concen- 

t r a t i o n s  f luc tua ted  somewhat i n  white oak, hickory, and black gum and 

values of the  f i r s t  co l l ec t ion  were higher than the  l a s t .  After  an 

i n i  t i  a1 decl ine o f  potassi  urn concen'tration i n  sourwood fo l i age  there 

was an increase  up t o  t he  time of absciss ion.  Mitchell (1936) found 

various deciduous l ea f  potassi  urn concentrations t o  vary among species : 

0.56 t o  1.66%. Kornev (1959) reported concentrations t o  vary from 0.31 

t o  1.37%; concentrat ions i n  t h i s  study were 0.29 t o  1.60% and agree w i t h  

t h e i r  r e s u l t s .  
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Figure 11. The amounts o f  sodium in leaves of major t r ee  species 
on Walker Branch Watershed. 



F i g u r e  12. Seasonal p a t t e r n s  u f  po.tassium concen t ra t i ons  ( %  d r y  
w e i g h t )  i n  leaves  o f  ma jo r  t r e e  spec ies on Walker Branch Watershed. 



Potassium concentrat ions i n  leaves o f  the two p ine  species 

remained constant  throughout t he  year .  Con i fe r  f o l i a g e  conta ined smal le r  

concen t r a t i  ons than d i  d  the deci duous f o l  i age. 

Although the  t o t a l  potassium content  i n  leaves v a r i e d  among 

species, most fo l lowed the same general p a t t e r n  (F igure  13) :  

1. There was a sharp increase i n  potassium content  du r ing  

s p r i n g  (May 16 co l  l e c t i o n )  . 
2. There was a l e v e l i n g  o f f  i n  potassium content  u n t i l  

e a r l y  autumn (September 13 and September 30 co l  l e c -  

ti ons) . 
The decrease i n  potassium content  was due p r i m a r i l y  t o  a decrease 

i n  percentage concentrat ion and n o t  due t o  the l e a f  weight  l oss  be fore  

d e f o l i a t i o n .  T u l i p  pop la r  was the  one species t h a t  d i f f e r e d  from the 

o the r  deciduous species i n  po tass i  um content.  A f t e r  an i n i  ti a1 increase 

i n  potassium content  a t  t he  second (May 16) c o l l e c t i o n  the re  was a con- 

s t a n t  decrease u n t i  1  l e a f  absciss ion.  

Phosphorus. L i k e  n i t rogen ,  the concentrat ions o f  phosphorus (F igu re  

14) i n  deci duous leaves general l y  decreased w i  t h  l e a f  development. The 

deciduous species showed e a r l y  concent ra t ion  d i f f e rences ,  b u t  those d i f -  

ferences d imin ished as the  season progressed. Phosphorus concentrat ions 

i n  c o n i f e r  f o l i a g e  were lower than those i n  the  deciduous f o l i a g e  e a r l y  

i n  t he  season b u t  as the  season advanced the c o n i f e r  f o l i a g e  had phos- 

phorus concentrat ions nea r l y  equal t o  the  concentrat ions o f  the deciduous 

f o l i a g e .  Guha and M i  t c h e l  1 ( 1965) repo r ted  t h a t .  phosphorus concentrat ions 

decreased from 0.54% i n  s p r i n g  t o  0.12% i n  fa1 1 i n  sycamore (Platanus 

occ identa l  i s  L .) t o  range from 0.37% i n  s p r i n g  t o  0.08% i n  fa1  1 . f o r  the  

ten  species s tud ied  on Walker Branch Watershed the  h ighes t  concent ra t ion  
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F igu re  13. The amounts o f  potassium i n  leaves o f  major  - t r e e  
species on Walker Branch Watershed. 
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Figure 14. Seasonal patterrls of phosphorus concentrations ( %  dry 
weight) in leaves of major tree species on Walker Branch Watershed. 



was 0.37% i n  s p r i n g  and ranged t o  t he  l o w e s t  concen t ra t i on  o f  0.05% i n  

f a 1  1 b e f o r e  absc i ss i on .  

The phosphorus c o n t e n t  i n  f o l i a g e  is;i 1 l u s t r a t e d  i n  F igure  15. 

Leaves o f  a l l  deciduous spec ies  except  w h i t e  oak con ta ined  more phos- 

phorus d u r i n g  s p r i n g  t han  d u r i n g  f a l l .  Most deciduous spec ies ( r e d  oak 

b e i n g  t h e  e x c e p t i o n )  i nc reased  i n  phosphorus c o n t e n t  d u r i n g  s p r i n g  (May 

16 o r  June 4 c o l l e c t i o n )  and then  decreased u n t i l  absc i ss i on .  

Seasonal V a r i a t i o n  i n  L i t t e r f a l l  Mass , 

T o t a l  1 i t t e r f a l l  . T o t a l  1 i t t e r f a l l  d r y  we igh t  ranged f rom 443 

2 t o  492 g/m among t h e  f o u r  f o r e s t  types on Walker Branch Watershed 

( F i g u r e  1 6 ) .  P ine  s tands produced t he  most li t t e r f a l l  f o l l o w e d  i n  

decreas ing  amounts by oak-h ickory ,  p i  ne-oak-hi ckory  , and mesophyti c 

hardwood s tands b u t  d i f f e r e n c e s  between f o r e s t  types were n o t  s i g n i f i c a n t .  

These va lues  a re  s i m i l a r  t o  t h e  values r e p o r t e d  f o r  deciduous f o r e s t  

2 stands i n  South C a r o l i n a  (455-630 g/m ) by Metz (1952) b u t  l e s s  t han  

1 i t t e r f a l l  i n  t r o p i c a l  f o r e s t s  (900- 1200 and mura than  values f o r  

2 S i e r r a  s tands  (90-336 g/m ) (Jenney, Gessel , and Bingham 1949). 

Of  t h e  t o t a l  l i t t e r f a l l ,  77 t o  82% occur red  as l e a f  f a l l  w h i l e  

t h e  remainder  was branches ( 8  t o  11%) a r ~ d  rep roduc t i ve  p a r t s  ( 8  t o  14%). 

B ray  and Gorham (1964) found an average o f  '.27 t o  31%. o f  t h e  t o t a l  l i t t e r -  

f a 1  1 f e l l  as non- leaf  , l  i t t e r  when they  summarized da ta  f rom var ious  f o r e s t s  

t h roughou t  t he  wo r l d .  

2 Leaf fa1 1. Leaf fa1 1 ranged f r om 342 g/m i n  t he  mesophyti c hard- 

2 2 
wood, 377 g/m i n  t h e  p ine-oak-h ickory  , 389 g/m i n  t h e  p i ne ,  and 398 C.J/III~ 

i,n t h e  oak-h ickory .  f o r e s t .  D i f f e rences  i n  annual l e a f  f a 1  1 t o t a l s  between 

f o r e s t  t ypes  were n o t  s i  gn i  f i  can t .  k o d i n  and Baz i  l e v i  ch (1967) r e p o r t e d  
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Figh, 15 The amounts o f  phosphorus i n  leaves o f  major t r e e  
species on Wal kt Branch Watershed. 
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Figure 16. Annual total 1 itterfall summarized by components for 
the four forest types on Walker Branch Watershed with standard errors 
for the leaf component and for total litterfall for each forest type 
indicated. 
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annual leaf f a l l  i n  deciduous forests  t o  be f a i r l y  constant i n  different  
2 regions, amounting t o  300-400 g/m . 

The leaf  component of oak-hickory forests  contributed 82% of 

to ta l  1 i t t e r f a l l  . Leaves of the pine and pi ne-oak-hickory forests  

accounted fo r  81% and mesophytic hardwood leaves accounted t o  77% of 

to ta l  l i  t t e r f a l l  . Rates of leaf fa1 1 were greatest  during autumn i n  

a1 1 forest  types (Figure 17). Peak leaf fa1 1 in pine stands extended 

over a four week period, whereas, leaf  f a l l  i n  the other forest  types 

occurred over a shorter interval .  

Branch fa1 1. Branch f a l l  was greatest  i n  the pine fores t  (56 
2 2 g/m ) , fo l l  wed i n  decreasing order by mesophytic hardwood (38 g/m ) , 

2 2 pine-oak-hickory (37 g/m ) , and oak-hickory (37 g/m ) .  Differences, 

however, were n o t  s ignif icant  (Figure 16) .  Branch f a l l  accounted for  

from 8 t o  17% of the to ta l  1 i t t e r f a l l  . The ra t e  of fa1 1 of branches 

and bark i n  the l i t t e r  traps (Figure 18) was much more variable than 

the r a t e  of f a l l  of leaves. Seasonal patterns were evident. Nye (1961) 

found branch f a l l  over a small area t o  be very e r r a t i c  and d i f f i c u l t  t o  

measure, since i t  eould be influenced greatly by the f a l l  of even a 

single large branch or tree.  Such factors as wind and age of stand 

affect  the time as well as the amount of f a l l .  

Reproductive parts f a l l .  Input of reproductive parts on an annual 
2 basis (Figure 16) was greatest  in the mesophytic hardwood fores t  (63 g/m ) 

2 and l eas t  i n  the pine fores t  (38 g/m ) . Reproductive parts i n p u t  i n  the 

oak-hickory and pine-oak-hickory forests had intermediate amounts (52 
2 

g/m and 51 g/m2,  respecti vely ) . Differences in annual reproductive 

parts f a l l  between the forests  were not significant.  The ra t e  of f a l l  

of reproductive parts (Figure 19) was similar For a1 1 fores t  types, 



DAYS P PO-n 0-n 
31 1.605 1.657 0.676 0.954 
64 5.667 6.245 3.092 4.871 

107 22.361 29.758 29.899 30.977 
122 30.358 53.381 66.239 72.137 
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(55 87.614 50.882 41.863 35.167 

TIME (days 1 - u ]--.LA 
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Figure 17. Seasonal patterns o f  dry weight i n  l e a f  l i t t e r f a l l  
i n  four forest  types on Walker Branch Watershed. 
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- Figure 18. Seasonal patterns of dry weight in branch l itterfall  
i n  four forest types on Wal ker Branch Watershed. 
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Figure 19. Seasonal patterns of dry weight in reproductive 
parts litterfall in four forest types on Walker Branch Watershed. 
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especi a1 l y  i n  1 ate spr ing when reproductive par ts  p l  ay important  ro les  

i n  1 i t t e r f a l l  . The importance o f  reproductive par ts  t o  1 i t t e r f a l l  dur ing 

the spr ing can be seen more f u l l y  when the absolute amount (wt./day x 

number o f  days) i s  considered ra the r  than the r e l a t i v e  rates expressed 

as g/14 days col  l e c t i o n  period. 

Seasonal Var ia t ion o f  Nut r ients  i n  L i  t t e r f a l l  

N i  trosen. Tota l  n i t rogen re tu rn  i n  li t t e r f a l l  was greatest  i n  

2 p ine (3.75 g/m ) , followed by oak-hickory, mesophyti c hardwood, and 

2 pine-oak-hickory fo res ts  (3.65, 3.62, and 3.41 g/m ) (Figure 20). 

However, forest  type di f ferences were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

C a r l i s l e  e t  a1 . (1966) found a s i m i l a r  annual n i t rogen re tu rn  (4.11 

2 g/m ) i n  a Quercus petraea fo res t .  O f  the t o t a l  n i t rogen re tu rn  i n  

t h i s  study, l e a f  f a l l  accounted f o r  75 t o  81% o f  t o t a l  l i t t e r f a l l  input .  

Nitrogen concentrations i n  l e a f  fa1 1 o f  a1 1 fou r  f o r e s t  types 

general ly  decreased as the season progressed from spr ing  through f a l l  

and w in te r  (Figure 21). There was then an increase i n  May o f  the f o l -  

lowing year. The n i t rogen concentrations i n  l e a f  f a l l  from p ine stands 

on Walker Branch Watershed ranged from 0.56 t o  1.09%. Lu tz  and Chandler 

(1946) a lso s tud ied con i f e r  and deciduuus l e a f  l i t t e r  and found the 

n i t rogen concentrations t o  range from 0.58 t o  1.25% and 0.51 t o  1.01%, 

respect i  vely . Deci duous stands i n  t h i s  study had n i  trogen concentrat ions 

ranging from 0.59 t o  1.52%. Annual n i t rogen re tu rn  i n  l e a f  f a l l  was 

2 s i m i l a r  i n  a l l  f o r e s t  types, and di f ferences ranging from 2.70 g/m i n  

2 mesophytic hardwood t o  3.04 g/m i n  p ine (Figure 20) were n o t  s i g n i f i c a n t .  

Even though the concentrat ion o f  n i t rogen decreased w i t h  the approach o f  

autumn the  greatest  amount o f  n i t rogen i n  l e a f  f a l l  was t rans fe r red  t o  the 
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Figure 20. Annual return of nitrogen in 1 itterfall components 
in four forest types on Wal ker Branch Watershed wi th  standard errors 
far the leaf component and for total litterfall for each forest type 
i ndi cated. 
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Figure 21. Seasonal patterns of nitrogen concentrations ( %  dry 
weight) in leaf 1 i t t e r f a l l  Sn four fores t  types on Walker Branch 
Watershed. 
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f o r e s t  f l o o r  during autumn due t o  the g rea te r  weight of leaves t ha t  f e l l  

during t h a t  period (Figure 22). The t r ans f e r  r a t e  of each nu t r ien t  i s  

dependent upon the  weight of each component of l i t t e r f a l l  as well as the 

concentration of the  nu t r ien t .  Therefore, the r a t e  may follow the dry 

weight pa t te rn  of 1 i t t e r f a l l  , especial ly i f  nu t r ien t  concentrations are  

low. Differences in  t h e  seasonal r a t e  of t r ans f e r  of nitrogen in the 

1 eaf fa1 1 between f o r e s t  t.ypes were primari ly due t o  weight differences 

in l i t t e r f a l l .  

Nitrogen concentrat ions i n  branches remained re1 a t i  vely canstant  

throughout the  season ( Fi gure 23). No apparent di fferences exis ted 

between f o r e s t  types and concentrations were generally measured in a 

r e l a t i v e l y  narrow range from 0.50 t o  0.75%. The annual ni trogen input 

t o  the  f o r e s t  f l o o r  as branch f a l l  did not d i f f e r  s ign i f ican t ly  among 

2 f o r e s t  types,  and ranged from 0.21 g/m in pine-oak-hickory t o  0.34 g/m 2 

i n  pine (Figure 20). The seasonal pattern of nitrogen retur-rl.ir.ig t o  the 

f o r e s t  f l o o r  in branches ( ~ i ~ u r e  24) fol'lowed weight pa t te r r~s  clusely b u t  

no cons i s ten t  pat tern  among the fo r e s t  types was observed. 

Ni trogen concentrations in reproductive par ts  general ly f o l l  owed 

the  same pat tern  i n  a l l  four f o r e s t  types.  Highest coricentrativr~s 

occurred in  the spr ing and then decreased through f a l l  and remained low 

in  winter.  The concentrations of nitrogen in  the reproductive par t s  

showed s imi l a r  pat terns  and rrlayrritudes as leaf  f a l l  (Figure 25 ) .  

The annual input of nitrogen t o  the fo r e s t  f l oo r  i n  the  reproduc- 

t i  ve par t s  (Figure 20) was g rea tes t  i n  the  mesophytic hardwood fo r e s t  (0.68 
2 2 g/m ) , l e a s t  i n  the pine f o r e s t  (0.37 g/m ) , while pine-oak-hickory (0.46 
2 2 g/m ) and oak-hickory (0.53 g/m ) fo res t s  had intermediate amounts. The 

seasonal pat tern  of nitrogen t r ans f e r  via reproductive par t s  (Figure 26) 
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64 59.276 57.390 36.660 59.619 
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Figure 22 .  Seasonal ra te  of return of nitrogen t o  the fores t  
f loor  in leaf 1 i t t e r f a l l  in four forest  types on Walker Branch Watershed. 
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F igure  23. Seasonal pa t te rns  o t  ni t roger1 coneentrat ions ( Z  d r y  
we igh t )  i n  branch l i t t e r f a l l  i n  f o u r  furest  t ypcs  on Walker Branch 
Watershed. 
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Figure 24. Seasonal ra te  of return of nitrogen t o  the fores t  
f loor  in branch' l i t t e r f a l l  in four forest  types on Walker Branch 
Watershed. 
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Figure  25. Seasonal pa t te rns  o f  n i t r o g e n  concent ra t ions  ( %  dry 
weigh t )  i n  rep roduc t i ve  p a r t s  1  i t t e r f a l l  i r ~  four  f o r c s t  types nn Walker 
Branch Watershed. 
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Figure 26. Seasonal r a t e  of return of nitrogen t o  the  fo r e s t  
f l oo r  in reproductive par ts  l i t t e r f a l l  in four fo r e s t  types on Walker 
Branch Watershed. 



showed peaks i n  fa1 1 and 1 a t e  spr ing.  The spring peak i s  especia l ly  
. . 

important as i t  occurred over.-an 88 day period. T h u s ,  most of the 

re turn of reproducti ve par t s  occurred during spring.  With few excep- 

t i ons ,  the pat tern  of r a t e  of l i t t e r f a l l  was the same in a l l  f o r e s t  

types . 
Calcium. The t o t a l  amount of calcium t h a t  returned in a l l  1 i t t e r  

2 components was g r ea t e s t  i n  the  'mesophyti c hardwood (5.83 g/m ) f o r e s t ,  

2 l e a s t  i n  the  pine-oak-hickory (4.50 g/m ) ,  and intermediate in the p ine  

(5 .10 g / m 2 )  and oak-hickory (4 .91  cj/rn2) fo res t s  ( ~ i ~ u r x  2 1 ) .  The tuLd1 

amount of calc i  u m  i n  the nlrsuphytie hardwood formest varied s ign i f ican t ly  

from the  t o t a l  amounts of ca lc i  um in the other  fo r e s t  types.  

Cal c i  um concent.rati ons in leaf  1 i t t e r f a l l  fol lowed simi l a r  patterns 

in  a l l  f o r e s t  types with .time (Figure 28). The general trend was f o r  

calcium concentrations t o  generally increase through the .growing season 

un t i l  autumnal l ea f  f a l l ,  a f t e r  which concentrations decreased un t i l  the 

next growing season. 

The grea tes t  amount of ca1ciu111 t h a t  returned annually in leaf  

2 fa1 1 was in  the mesophytic hardwood (4.58 g/m ) and l e a s t  i n  the pine- 

2 2 oak-hi ckory (3.82 g/m ) f o r e s t  (Figure 27). The pine (4i11 g/m ) and 

2 oak-hickory (3.86 g/m ) fo r e s t s  had intermediate amounts. The lea f  

contr ibut ion did show s t a t i s t i c a l  di fferences betweer1 l l ~ e  f o r e s t  types. 

The mesophyti c hardwood f o r e s t  leaf  ca lc i  urn curl tent varicd s ign i f ican t ly  
. . 

from the pine-oak-hickory and the oak-hickory fo res t s  - b u t  did n o t  vary 

s i gn i f i c an t l y  from the  oak-hickory hardwood fo r e s t .  

The seasonal r a t e  o f  t r ans fe r  of ca1ciu1.11 t o  the fo r e s t  f l oo r  i s  

shown i n  Figure 29. The, oak-hickory f o r e s t  t r ans fe r red  most calc i  um 

a t  peak lea f  fa1 1 (November 12) .  Leaves of ' the  pine-oak-hickory and 
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Figure 27. Annual re turn o f  calcium i n  l i t t e r f a l l  components 
i n  four fo res t  types on Walker Branch Watershed wi th  standard errors 
f o r  the l e a f  component and f o r  t o t a l  l i t t e r f a l l  f o r  each f o r e s t  type 
indicated. 
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Figure 28. Seasonal patterns of calcium concentrations (% dry 
weight) in leaf litterfall in four forest types on Walker Branch 
Watershed. 
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Figure 29. Seasonal ra te  of return of calcium t o  the forest  
f loor  in leaf l i t t e r f a l l  in four forest  types on Walker Branch Watershed. 
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mesophyti c hardwood f o r e s t s  t r ans fe r red  nearly equal amounts of cal ci u m ,  

a1 though those val ues were s i  gni f i  cantly 1 ower than the oak-hickory value . 
There was a broader peak f o r  leaf  f a l l  in  the pine f o r e s t  and i t s  major 

t r a n s f e r  of  calcium was, the re fore ,  over an extended time period. 

2 Branches of pine (0.64 g/m ) and mesophytic hardwood (0.61 g/m2)  

f o r e s t s  returned t he  most calcium t o  the f o r e s t  f l oo r  annually while 

2 2 oak-hickory (0.53 g/m ) and pine-oak-hickory (0.26 g/m ) f o r e s t  branches 

returned l e s s e r  amounts (Figure 2 7 ) .  

Cal ci  um concentrat ions i n  branches (Figure 30) were generally 

higher than those in  leaves (Figure 28). There was no discernable 

pa t t e rn ,  however, in  the branch cal ci'um concentrations among the various 

f o r e s t  types.  

The major input  of  cal ci  uni (Figure 31 ) t o  the  f o r e s t  f l oo r  was 

by pine f o r e s t  branches a t  the l a t e  f a l l  co l l ec t ion  (December 2 ) .  The 

other  th ree  f o r e s t  types contributed l e s s e r  amounts of calcium with 

ma,jor peaks during the  f a l l .  Again, i t  should be pointed 6Ut  t h a t  the 

age of s tand and weather conditions c.ould a1 t e r  the  amount of branch 

l i t t e r  f a l l i n g  t o  the f o r e s t  f l oo r .  

2 As one might .expect ,  the pine f o r e s t  (0.35 g/m ) contributed the 

l e a s t  amount of c a l c i  um in the  reproductive par t s  component t o  the f o r e s t  

2 f l o o r  annual ly  ( Figure 27)-. Pi ne-oak-hi ckory (0.42 g/m ) , oak-hi ckory 
2 3 (0.52 g/m ) , and mesophyti c hardwood (0.64 g/mL) f o r e s t s  cor~ Lr.ibu.t;ed 

increasing amounts , respect i  vely . The cal ci um concentrations ( Figure 32) 

in  reproductive par t s  in a1 1 f o r e s t  types followed the same general trend 

w i t h  t ime,  with t he  pine f o r e s t  varying most. Calcium concentrations in 

the  reproductive par t s  varied l e s s  during the year than they did in leaves 

( Fi gure 28) o r  i n  branches ( Fi gure 30) . 
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Figure 30. Seasonal patterns of calcium concentration ( %  dry 
we igh t )  in branch l i t t e r f a l l  in four fo r e s t  types on Walker Branch 
Watershed. 
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Figure 31. Seasonal rate of return of calcium t o  the forest 
f loor in branch 1 i t t e r f a l l  in four forest types on Walker Branch 
Watershed. 
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F igure  32. Seasonal pa t te rns  o f  c a l  c i  urn concent ra t ions  ( %  d r y  
weight)  i n  rep roduc t i ve  p a r t s  1  i t t e r f a l l  i n  f o u r  f o r e s t  types on Walker 
-Branch Watershed. 
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The amount o f  ca lc ium t r a n s f e r r e d  t o  the  f o r e s t  f l o o r  v i a  t h e  

r e p r o d u c t i v e  p a r t s  component ( F i  gure 33) was g rea tes t  du r i ng  autumn 

(October  30 and December 2  c o l l e c t i o n s ) ,  e s p e c i a l l y  i n  t h e  pine-oak- 

h i c k o r y  and mesophyt ic hardwood f o r e s t s .  The summer p e r i o d  (June 1) 

c o n t r i b u t e d  a  l a r g e  amount o f  ca lc ium because t h a t  i s  one o f  t h e  t imes 

when most o f  the rep roduc t i ve  p a r t s  f e l l  . 
Mayr~es'i urn. T o t a l  msgncsi um r e t u r n  i n  a1 1 li t t e r f a l  1  components 

annual ly ( I - igure 34) was yr -ed les t  i n  t h c  oak -h i cko ry  f o r e s t  (0.87 

2 mg/m ) w i t h  A ~ c r e a s i  ng amounts re tu rned  by t h e  mesophyti c  hardwood 

2  2 2 (0.83 mg/m ) , p i n e  (0.76 mg/m ) , and t h e  p i  ne-oak-hi ckory (0.75 mg/m ) 

f o r e s t s ,  r e s p e c t i v e l y ,  d i f f e r e n c e s  were i n s i g n i f i c a n t .  

A1 though d i f f e r e n c e s  among f o r e s t s  were i n s i g n i f i c a n t ,  leaves 

2  ( F i g u r e  34) i n  t h e  oak-h ickory  (770 mg/m ) f o r e s t  c o n t r i b u t e d  the  most 

magnesium t o  t h e  f o r e s t  f l o o r  annual ly ,  w i t h  t he  mesophytic hardwood 

2 f o r e s t  (710 mg/m ) leaves r e t u r n i n g  t h e  second g rea tes t  amount. Leaves 

2  of t h e  p ine-oak-h ickory (680 mg/m2) and p i n e  (670 mg/m ) f o r e s t s  re tu rned  

t h e  l e a s t  amount o f  magnesium annua l ly .  

Lea f  concen t ra t i on  values (F igure  35) i n  a l l  f o r e s t  types were 

h i g h  ( .187- .300%) d u r i n g  J u l y ,  August, and September b u t  dropped a f t e r  

the  October 30 c o l l e c t i o n  and reached lowest  values (.063-.088%) du r i ng  

w i n t e r  (March 5 ) .  Values f o r  a l l  f o r e s t s  then rose by t h e  s p r i n g  (June 1 )  

A1 1  f o r e s t s  ( F i g u r e  36) t r a n s f e r r e d  most magnesium i n  l e a f  1  i t t e r  

t.o t h e  f o r e s t  f l o o r  a t  t h e  autumn c o l l e c t i o n  (November 12 ) ,  w i t h  t h e  oak- 

2 h i c k o r y  f o r e s t  (292 mg/m ) hav ing  t h e  h ighes t  va lue.  The p ine  f o r e s t  ex- 

h i b i  t e d  a  broader peak f o r  l e a f  d r y  we igh t  t r a n s f e r  (F igu re  17, p. 40) .  

Th i s  i n d i c a t e s  t h a t  t h e  l e n g t h  o f  t ime f o r  major  magnesium t r a n s f e r  by p ine  
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Figure 34. Annual return o f  magrresium in 1 i tterfall components 
in four forest types on Walker Branch Watershed with standard errors 
for the leaf component and for total 1 i tterfall for each forest type 
indicated. 
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F i g u r e  35. Seasonal p a t t e r n s  o f  magnesi ui1.1 concen t ra t i ons  ( %  d r y  
we igh t )  i n  l e a f  l i t t e r f a l l  i n  f o u r  f o r e s t  types on Walker Branch 
Watershed. 
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Flgurc 36. Seasonal rate  of rcturn of magnesium t o  the fores t  
f loor  in leaf l i t t e r f a l l  in four forest  types on Walker Branch 
Watershed. 
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leaf  l i t t e r f a l l  was of longer duration than f o r  magnesium t r ans f e r  of 

the leaf l i  t t e r f a l l  by the other three fo r e s t  types, thereby following 

the pattern of leaf  1 i t t e r f a l l  . 
Only about f i ve  percent of the to ta l  amount of magnesium in a l l  

components of l i t t e r f a l l  was returned annually t o  the f o r e s t  f l o o r  in 

2 branches (Figure 34).  Pine fo r e s t  (50 mg/m ) branches contributed the 

2 most, followed by the mesophytic hardwood (40 mg/m ) ,  oak-hickory (40 

2 2 mg/m ) , and pine-oak-hickory (20 mg/m ) fo r e s t  branches, respectively.  

Magnesium concentrations in  branches (Figure 37) generally 

decreased from ear ly  summer (0.103-0.1 77%) through winter (0.030-0.063%) 

a f t e r  which i t  increased i n  a1 1 (0.053-0.105%) b u t  the pine-oak-hickory 

fo r e s t  which remained low (0.038%). 

W i t h  one exception branches t ransferred ins ign i f ican t  amounts of 

magnesium to  the fo r e s t  f l oo r  i n  comparison w i t h  magnesium t r ans f e r  via 

leaves in  a l l  f o r e s t s  (Figure 38). The exception was the magnesium 

t rans fe r  r a t e  a t  the l a t e  autumn col lect ion (December 2) i n  the  pine 

fo r e s t  when a s ign i f ican t  amount of branch biomass was col lected in  t ha t  

f o r e s t  . 
The to ta l  amount of magnesium (Figure 34) t ha t  returned t o  the  

fo r e s t  f loor  annually i n  reproductive par ts  increased, although s l i g h t l y ,  

2 2 from pine (40 mg/m ) t o  pine-oak-hickory (50 mg/m ) t o  oak-hickory (60 
2 2 mq/m ) to  mesophytic hardwood fores t s  (80 mg/m ) . 

A1 1 fo r e s t  t.ypes (Figure 39) had h i  gt-rer 111agnes1 urn concentrations 

i n  the reproductive par ts  component i n  summer and ear ly  fa1 1 (.132-.214%) 

than in  winter ( .058- .073%) which had the 1 owest concentrations. 

The grea tes t  r a t e  of t rans fe r  o f  magnesium i n  t he  repr50cluctlve 

par t s  component (Figure 40) begain a f t e r  the autumn col l  ection (October 
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Figure 37. Seasona'l pat terns  of ~~~aynesiurn concentrations ( W r y  
weight) In brma~ich l i t t e r f a l l  5 1 1  four forest types on Walker Branch 
Watershed. 
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Figure 38. Seasonal r a t e  of return of magnesium t o  the  f o r e s t  
f l oo r  in branch l i t t e r f a l l  in four fo r e s t  types on Walker Branch 
Watershed. 
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Figure 39. Seaqnnal patterns of magnes i urn concentrations ( %  dry 
weight) in reproductive parts 1 i t t e r f a l l  in four fur .@st types on Wdl key 
Branch Watershed. 
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Figure 40. Seasonal r a t e  of return of magnesiulrl t o  the  fo r e s t  
f l oo r  Sn reproductive par ts  l i t t e r f a l l  in four f o r e s t  types on Walker 
Branch Watershed. 



2 
15) and was greatest  in the pine-oak-hickory (9 .9  mg/m ) and mesophytic 

2 hardwood (8 .6  mg/m ) fores ts ,  respectively. The decrease in the rate  

of t ransfer  of magnesi um was evidenced a f t e r  the 1 ate  autumn collection 

(December 2) in a1 1 fores ts .  The second most pronounced period of 
2 magnesi um t ransfer  in a1 1 forests  (2.1 -4.4 mg/m ) was in the June 1 

collection and was due t o  f ru i t ing  bodies fa1 l ing to  the fores t  f loor 

a t  that  time. 

So-&j um. The oak-tii ckar-y and mcsophyti c hardwnnd fdres t s  returned 

2 the la rges t  amounts of sodium (90 m q / m  ) in total  l i t t e r f a l l  on an 

2 annual basis (Figure 41) . The pine and pi ne-oak-hi ckory (80 mg/m ) 

fores t  1 i t t e r f a l l  components were next and contributed equal amounts 

annual ly . Differences between fores t  types were not s t a t i  s t i  cal ly s i  g- 

n i f icant .  

The sodi uni concentrations in the leaf 1 i t t e r f a l  1 component in 

a1 1 fores ts  were small and the range was narrow (0.012-0.034%) for  the 

e n t i r e  year (Figure 42). Generally, a1 1 forests  leaves had the same 

concentration pattern as the season progressed. 

The total  sodium content in leaf 1 i t t e r f a l l  for  the year was 

2 greatest  in  the oak-hickov ( 7 2  n~y/m-) and leas t  in the pine and ping- 

2 oak-.hi ckory ,(both with 64 mg/m ) forests  whi l e  the mesophyti c hardwood 
2 (65 mg/m ) forest. cnntent was intermediate ( ~ i g u r e  41). Values between 

the fo res t  types were not s t a t i s t  i ea l iy s i  gni f i  can.t. 

Pine-oak-hi ckory and oak-hi ckory fores t  leaves transferred the major 

portion of sodi~~m during a two week period in autumn while pine and meso- 

phytic hardwood leaves transferred most sodium over a four week period 

during autumn (Figure 43). This t ransfer  rate  was expected on the 

basis of the leaf  l i t t e r f a l l  biomass t ransfer  rate  (Figure 1 7 ,  p .  40). 
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Figure 41. Annual return of sodium in litterfall components 
in four forest types on Walker Branch Watershed with standard errors 
for the leaf component and for total 1 itterfall for each forest type 
indicated. 
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Figure 42. Seasonal patterns of sodium concentrations (% dry 
weight) in leaf litterfall in four forest types on Walker Branch 
Watershed. 
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Figure 43. Seasonal r a t e  of return of sodium t o  the  f o r e s t  
f l oo r  in leaf 1.i 1;terfall Sn four f o r e s t  types on Walker Branch 
Watershed. 



The oak-hickory (31 mg/m2/14 days) f o r e s t  had the highest s ing le  value, 

w h i  l e  pine-oak-hickory (19 mg/m2/14 days),  mesophytic hardwood (1 7 mg/m2/14 

2 days),  and pine (13 mg/m 114 days) leaves had decreasing values, respec- 

t i  vely . 
2 Pine f o r e s t  branches (10 mg/m ) were the  l a rge s t  contr ibutors  of 

sodium t o  the  f o r e s t  f l o o r  f o r  the year  (Figure 41) .  The oak-hickory 

( 7  m g / m Z )  f o r e s t  branches returned the next l a rge s t  amount of sodium t o  

2 the f o r e s t  f loor .  The pine-oak-hickory (6  mg/m ) a r ~ d  mesophytZic hardwood 
2 ( 6  mg/m ) branches had equal amounts of sodium and returned the  l e a s t  

amount . 
The sodium concentrations i n  branches of a l l  f o r e s t  types followed 

no pat tern  (Figure 44) .  Concentrations were low and f luctuated over a 

narrow range. The concentration range i n  branches was s imi la r  w i t h  l ea f  

concentrations i n  nearly a1 1 col lect ions  i n  a1 1 fo r e s t  types. 

There were no consis tent  d i f ferences  i n  sodium t r ans f e r  I n  brmdrlches 

among the  fo r e s t  types (Figure 45).  Fall and ea r ly  spring were t he  Lwo 

major periods when most sodiun~ was t ransferred in a l l  f o r e s t  types. 

2 The mesophytic hardwood (11 mg/m ) f o r e s t  reproductive par t s  

returned the  g r ea t e s t  amount of sodium t o  the f o r e s t  f l oo r  annually 

2 (Figure 41 ) . The oak-hi ckory (1 0 mg/m ) reproductive par t s  component 

2 returned the  next g rea tes t  amount of sodium while pine (8 mg/m ) and 

7 pl ne-oak- t~ickory (8 mg/m ) forct; L r'eproductive part.3 had equal amo~rnts 

and returned the  l e a s t  sodium f o r  the year .  

The sodium concentration i n  the  reproductive par t s  component of 

l i t t e r f a l l  (Figure 46) had, w i t h  the exception of the winter (March 5) 

co l lec t ion  i n  t he  pine f o r e s t ,  a range of values comparable t o  those 

i n  leaves (Figure 42) and i n  branches (Figure 44) .  The high sodium 
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Figure 44. Seasonal pat terns  o f  sodium concentrations ( %  dry 
weight) in branch 1 i t t e r f a l l  in four f o r e s t  types on Walker Branch 
Watershed. 
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Figure 45. Seasonal r a t e  of return of sodium t o  the  fo r e s t  
f l o o r  in branch l i t t e r f a l l  in four fo r e s t  types on Walker Branch 
Watershed, 
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~ i ~ u r e . 4 6 .  Seasonal pat terns  of sodium concentrations (% dry 
weight) in reproductive par ts  1 itterfall in four f o r e s t  types on Walker 
Branch Watershed. 



concentration in the pine fores t  reproductive parts a t  the March 5 

collection may have been because an insect or insect f rass  was ground 

w i t h  the reproductive parts component. 

Fall and spring were periods when most sodium was transferred 

from the canopy to the fo res t  f loor  in the reproductive parts (Figure 47) ' 

in a1 1 forests .  Reproductive parts from the mesophyti c hardwood fores t  

transferred the greatest  amount o f  sodium in fa l ' l ,  while the oak-hickory 

fo res t  reproductive parts component transferred most sodium during spring. 

Potassium. ----- The to ta l  amount of potassium i n  a1 1 components o f  

l i t t e r f a l l  for the year (Figure 48) was greatest  in the oak-hickory (2.0 
2 g/m ) fores t .  The second greatest  amount was in the mesophytic hardwoods 

2 2 (1.9 g/m ) with the pine-oak-hickory (1.6 g/m ) and pine (1.4 g/m2) having 

lesser  amounts, respectively. The potassium content in to ta l  1 i t t e r f a l l  

in the pine fores t  was s t a t i s t i c a l l y  lower than the oak-hickory and the 

mesophytic hardwood fo res t s .  

The annual sunuuary (Figure 48) i n d i r a t ~ s  t . h a t  t h ~  oak-hlr:k.ory 
2 (1.8 g/m ) fores t  leaf  1 i t t e r  was the main contributor of potassium. 

2 The mesophytic hardwood (1.6 g/m ) fores t  leaf l i t t e r  contributed the 

2 second greatest  amount,. while the pine-oak-hick0r.y (1.5 g/m ) and pine 

2 (1.3 g/m ) fores t  leaf l i t t e r  contributed lesser  amounts of potassium, 

respectively. Leaf l i t t e r  did show signif icant  differences. The pine 

fores t  leaf l i t t e r  varied s t a t i s t i c a l l y  from the oak-hickory and the 

mesophytic hardwood fores ts .  Potassium leaches from 1 eaves eas i ly  and 

ra infa l l  a1 ters  the amount of potassium in 1 eaf 1 i t t e r  i f  the amount, 

in tens i ty ,  or time of precipitation d i f fe rs .  

The potassium leaf  concentration pattern (Figure 49) between the 

four fores t  types varied during spring and summer b u t  did not change 



ORNL-OWG 7i-7942R 
140 

0 
0 5 0  4 0 0  150 200 250 300 350  4 0 0  

TIME (days) 

0 A A 
DAYS P PO-H 0-H MH 

31 0.1 12 0.164 0.104 0.153- 
64 0.233 0.124 0.!29 0.119 

107 0.0 0.045 0.135 0.297 
122 0.130 0.382 0.306 0.833 

- 135 0.350 0.0 0.232 0.784 - 
i 55 0.344 0.30 1 0.264 0.848 
248 0.355 0.260 0.470 0.335 

- I I I- I I I I I I I 
JULY AUG SEPT OCT NOV DEC JAN FEE MAR APR MAY JUNE 

Figure 47. Seasonal rate of return of sodium to the forest 
floor in reproductive parts 1 itterfall in four forest types on Walker 
Branch Watershed. 
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Figure 48. Annual return of potassium in 1 i tterfall components 
i n  four forest types on Walker Branch Watershed with standard errors 
for the leaf component and for total 1 itterfall for each forest type 
i ndi cated. 



ORNL- DWG 74 -9453R 
'0.7 

0.6 

0.5 

- 
6? - 
f 0.4 
- 
V) 
V) 

2 
0 
a 
z 0.3 
a 
W 
5 

0.2 

0.1 

0 
0 5 0 100 150 2 0 0  2 5 0  3 0 0  3 50  4 0 0  

TIME (days)  

I I I I I I I I I I I I 
JULY AlJG SEPT OCT NOV DEC JAN FEE MAR APR MAY JUNE 

Figure 49. Seasonal patterns of potassium concentrations (% dry 
weight) in leaf litterfall in four forest types on Walker Branch 
Watershed. 
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d u r i n g  fa1  1 .  The range o f  concent ra t ions  du r i ng  s p r i n g  (0.17-0.70%) and 

summer (0.28-0.63%) among t h e  f o r e s t s  was g rea te r  than t h e  f a l l  (0.26- 

0.37).  The l a r g e s t  t r a n s f e r  o f  potassium i n  l e a f  l i t t e r  t o  t he  f o r e s t  

f l o o r  was autumnal c o l l e c t i o n  i n  a1 1 f o r e s t  types (F igure  50). The oak- 

2 h i c k o r y  (0.72 g/m /14 days) f o r e s t  t r a n s f e r r e d  the  l a r g e s t  amount o f  

potass ium a t  t h a t  c o l l e c t i o n  due most ly  t o  the  l a r g e r  l e a f  l i t t e r  weight  

i n p u t  i n  t h e  oak-h ickory f o r e s t  and n o t  because o f  h ighe r  percentage 

concent ra t ions  than  t h e  o t h e r  t h r e e  f o r e s t  types.  Near ly  equal amounts 

of potass ium i n  leaves were t r a n s f e r r e d  t o  t h e  f o r e s t  f l o o r  a t  t h a t  

2 2 c o l  l e c t i o n  i n  t h e  p ine  (0.40 g/m /14 days), p ine-oak-h ickory (0.42 g/m /14 
2 days) ,  and mesophytic hardwood (0.44 g/m /14 days) f o r e s t s .  

The t o t a l  amount o f  po tass i  um (F igu re  48) . t h a t  re tu rned  by branch 

2 li t t e r f a l l  f o r ' t h e  y e a r  was l e a s t  i n  t h e  p ine-oak-h ickory (30 mg/m ) 

2 f o r e s t  and g rea tes t  i n  t h e  mesophytic hardwood (80 mg/m f o r e s t ) .  P ine 

2 (60 mg/m ) and oak-h ickory  (70  mb/m2) f o r e s t  branches had i n te rmed ia te  

amounts. 

The po tass i  um concent ra t  i or~s .i t i  t h e  branch component o f  1 i t t e r f a l  1 

a re  i l l u s t r a t e d  i n  F i g u r e  51. There was an increase i n  potassi.um concen- 

t r a t i o n s  f rom summer t o  autumn i n  t h e  p i  ne-oak-hi ckory (0.05-0.23%), 
. . 

oak-hi  ckory  (0 -1  1-0.46%), and mesophyti c .hardwood (0.21-0.59%) f o r e s t s .  

P ine  f o r e s t  branches d i d  n o t  show t h i s  inc rease (0.22-0.183). Potass i  uni 

concent ra t igns  i n  branches o f  a9 1 f o r e s t  types are low and fo l l owed  the  

same t r e n d  i n  t h e  w i n t e r  (March 5) c o l l e c t i o n  (p ine ,  0.07%; pine-oak- 

h i cko ry ,  0.06%; oak-hi ckory, 0.08%; mesophyti c hardwood, 0.1 1%) . 
As F igu re  52 i n d i c a t e s ,  most potassium i n  branch l i t t e r  moved t o  

t h e  fo ' r es t  f l o o r  i n  t h e  autumn i n  a l l  f o r e s t  types.  The p i n e  f o r e s t  

branches (20.5 mg/mL/14 days) re tu rned  t h e  most potassium t o  the f o r e s t  
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Figure 50. Seasonal r a t e  of return of potassium t o  the  fo r e s t  
f l oo r  in leaf l i t t e r f a l l  i n  four  f o r e s t  types on Walker Branch 
Watershed. 
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Figure 52. Seasonal ra te  of return of potassium t o  the fores t  
f loor  in branch l i t t e r f a l l  in four fores t  types on Walker Branch 
Watershed. 



f loor .  The pine fores t  also returned more potassium l a t e r  in the season 

than the other fo res t  types. The l eas t  amount of potassium (0.08-0.45 
2 mg/m /14 days) moved t o  the fores t  f loor  in the winter (March 5) col lec- 

t ion i n  a1 1 four fo res t  types. 

The annual t o t a l s  of potassium returning t o  the forest  f loor in 

reproductive parts are  shown in Figure 48, p.  80. Reproductive parts of 

2 the mesophytic hardwood (240 mg/m ) fores t  contributed thc greatest  amount 

of potassium t o  the fores t  f loor.  Reproductive parts of the oak-hickory 
2 

(1 50 mg/m ) forest  contributed the second greatest  amount, fol lowed by 
2 2 

the pine-oak-hickory (140 mg/m ) and pine (100 mg/m ) reproductive parts ,  

respecti vely . 
Potassi um concentrations were highest in the reproductive parts 

component of 1 i t t e r f a l l  in a1 1 four fores t  .types in the autumn (Figure 

53).  The highest concentrations during tha t  time were from a low of 

0.629% in the oak-hi ckory fores t  t o  a high of 1.69% in the pine-oak- 

hickory fores t .  Late winter (March 5) had the lowest potassium conceil- 

t ra t ions  in reproductive parts in a1 1 forest  types (0.09-0.22%). 

The potassi um t r ans fe r  rate  through reproducti ve parts (Figure 

54) was greatest  during fal.1 with a smaller b u t  noticable increase during 

ear ly  summer (July 2) .  Again, the t rdnsfcr  r a t e  was influenced mainly 

by the mass of reproductive parts t ha t  f e l l  during th i s  time. 

Phosphorus. The greatest  annual total  amounts o f  phos(jt~urus i n  

2 t o t a l  1 i t t e r f a l l  (Figure 55) were in the oak-hickory (274 mg/m ) and meso- 

2 2 phytic hardwood (272 mg/m ) forests .  The pine (251 mg/m ) forest  had 

the next highest amount, whi l e  a1 1 components of pine-oak-hi ckory (246 
2 

mg/m ) forest  contributed the l eas t  amount of phosphorus to  the forest  
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F igu re  53. Seasonal p a t t e r n s  o f  potassium concen t ra t i ons  ( %  d r y  
we igh t )  i n  r ep roduc t i ve  p a r t s  l i t t e r f a l l  i n  f o u r  f o r e s t  t ypes  on Walker 
Branch Watershed. 
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F i g u r e  54. Seasuridl r a t e  of r e t u r n  o f  p o t a s s i u ~ ~ i  Lu the f o r e s t  
f l o o r  i n  r e p r o d u c t i v e  p a r t s  l i t t e r f a l l  i n  f o u r  f o r e s t  types on Walker 
Branch Watershed. 
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Figure 55. Annual return of phosphorus in 1 i tterfall components 
in four forest types on Walker Branch Watershed with standard errors 
for the leaf component and for total litterfall for each forest type 
indicated. 



f loor  f o r  the year. Variations between fores t  types were not s t a s t i c a l l y  

s ignif icant .  

Leaves of a l l  four f o r e s t  types (Figure 55) returned almost equal 

amounts of phosphorus to  the fo res t  f loor  fo r  the en t i r e  year. There 

were no s igni f icant  differences between forests .  The oak-hickory (215 

2 mg/m ) fo res t  leaves contributed s l ight ly  more phosphorus than leaves 
2 of the other  three fores ts  (205 mg/m ), which contributed essent ial ly  

equally amounts. 

Phnsphorus concentrations i n  leaves of a l l  four fores t  types were 

highest i n  spring (0.07-0.11 %) and generally decreased through fa1 1 (0.04- 

0.05%) which  had the lowest seasonal concentrations (Figure 56). The 

concentration pattern f o r  the four forests  was similar and the concen- 

t ra t ion  range among fo res t  types varied more during spring (0.07-0.10%) 

than i n  f a l l  (early f a l l ,  0.06-0.07% and l a t e  f a l l ,  0.04-0.05%). The 

pattern of concentration of phosphorus i n  leaves was simi tar  t o  the 

n i  trtogcn concentrilti on pattern i n  leaves -- both decreased f ram spr- i  r ~ q  

through autumn i n  a l l  fo res t  types. 

Pine fores t  leaves (Figure 57) transferred Sts major por t ion  of 

plnosyhurus t o  the forest. f loor  during f a l l  but over a longer and l a t e r  

time period (November 12 and December 7) than the other three forests  

which transferred its major m u n t  i n  the November 12 collection. The 

t ransfer  rate  i n  the November 12 collection had i t s  highcst value i n  

2 the oak-hickory (89.7 mg/m /14 days) fores t  w i t h  pine-oak-hickory (54.4 
2 2 mg/m /14 days) and mgsophytic hardwoods (53.2 mg/m /14 days) values being 

lower and nearly equal. The pine values i n  the November 12 and December 2 

2 collections were 36.7 and 37.6 mg/m /14 days, respectively. 
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F igure  56. Seasonal pa t te rns  o f  phosphorus concent ra t ions  
( X  d r y  we igh t )  i n  l e a f  1 i t t e r f a l l  i n  f o u r  f o r e s t  types on Walker 
Branch Watershed. 
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Figure 57. Seasonal r a t e  of return of phosphnrus t o  the  f n r e z t  
f l o o r  in  l e a t  l i t t e r f a l l  in four f o r e s t  types on Walker Branch Watershed. 
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The y e a r l y  i n p u t  o f  phosphorus t o  the  f o r e s t  f l o o r  by the  depo- 

s i t i o n  o f  branches i s  i l l u s t r a t e d  i n  F igure  55, p. 89. The t o t a l  amount 

o f  phosphorus c o n t r i b u t e d  by branches i n  t he  f o u r  f o r e s t s  was low and 

v a r i a t i o n s  were s l i g h t .  The oak-h ickory f o r e s t  branches c o n t r i b u t e d  

2 2  t h e  h i g h e s t  amount (21 mg/m ) . The p ine  (20 mg/m ) , mesophyti c  hard- 

2 2 
wood (19 mg/m ) ,  and p ine-oak-h ickory (11 mg/m ) f o r e s t  branches 

c o n t r i b u t e d  decreasing amounts of phosphorus, r e s p e c t i v e l y  . 
Phosphorus concent ra t ions  i n  branches du r i ng  the  yea r  a re  shown 

i n  F igu re  58. There was no d i s t i n c t  p a t t e r n  i n  phosphorus concent ra t ions  

between branches o f  a1 1  f o u r  f o r e s t s  a t  almost every c o l l e c t i o n  per iod .  

The t r a n s f e r  r a t e  o f  phosphorus from branches t o  the  f o r e s t  f l o o r  

2  i n  t h e  f o u r  f o r e s t  types i s  shown i n  F igure  59. The p i n e  (5.5 mg/m /14 

days) f o r e s t  had t h e  h ighes t  t r a n s f e r  r a t e  and t h a t  r a t e  was observed i n  

t h e  l a t e  autumn c o l l e c t i o n  (December 2) .  The p ine  (2.5 rng/mL/14 days) 

f o r e s t  e x h i b i t e d  a  second b u t  sma l l e r  va lue i n  t h e  October 30 c o l l e c t i o n .  

The p i  ne-oak-hi ckory , oak-hi ckory , and mesophyti c  hardwood f o r e s t  branches 

had t h e i r  h ighes t  t r a n s f e r  r a t e s  d u r i n g  f a l l  and l a t e  sp r i ng .  The lowest  

2 values were found i n  t he  l a t e  w i n t e r  c o l l e c t i o n  (.04- .21 gm/m 114 days). 

The reproduc t ive  p a r t s  component o f  1  i t t e r f a l l  c o n t r i b u t e d  annual l y  

more phosphorus than d i d  branches i n  a l l  f o r e s t  types ( ~ i g u r e  55, p. 89).  

2  Reproduct ive p a r t s  o f  the  mesophytic hardwood (52 mg/m ) f o r e s t  c o n t r i -  

bu ted  the  most phosphorus t o  the  f o r e s t  ' f l o o r  f o r  t he  e n t i r e  year .  The 

2 -  oak-h ickory  (38  111g/rn ) , plne-oak-h ickory (31  mg/m2), and p i n e  (26 mg/m2) 

f o r e s t  reproduc t ive  p a r t s  c o n t r l  buted decreasing amounts, r e s p e c t i v e l y  . 
The phosphorus concent ra t ions  (F igu re  60) i n  t h e  rep roduc t i ve  

p a r t s  component f o r  t he  f o u r  f o r e s t s  gene ra l l y  f o l l owed  t h e  same p a t t e r n  

as t h e  seasnn progressed. La te  f a l l  (December 2 )  and l a t e  w i n t e r  (March 
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Figure 58. Seasonal patterns of phosphorus concentrations ( %  dry 
weight) in branch l i t t e r f a l l  in four fores t  types on Walker Branch 
Watershnd. 
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Figure 59. Seasonal ra te  of return of phosphorus to  the fores t  
f loor  i n  branch 1 .-i Ll;ersfal 1 i n  four forest  types on Wal ker Branch 
Watershed. 
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Figure 60. Seasonal patterns of phosphorus concentrations ( %  dry 
weight) in reproductive parts l i t t e r f a l l  in four fores t  types on Walker 
Branch Watershed. 
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5)  had t h e  l owes t  concen t ra t ions  w h i l e  e a r l y  f a l l  and s p r i n g  had h i g h e r  

concen t ra t ions  . The p i n e  (0.12%) f o r e s t  r ep roduc t i ve  p a r t s  component i n  

t he  November 12 c o l  1  e c t i  on had t h e  h i g h e s t  s i n g l e  va lue.  

The r e p r o d u c t i  ve p a r t s  o f  p ine ,  p i  ne-oak-hi  ckory  , and mesophyti c  

hardwood f o r e s t s  t r a n s f e r r e d  most phosphorus d u r i n g  two pe r i ods  - f a 1  1  

and sp r i ng ,  w h i l e  t h e  oak-h ickory  r e p r o d u c t i v e  p a r t s  t r a n s f e r r e d  most 

phosphorus d u r i n g  s p r i n g  ( F i g u r e  61).  Summer and w i n t e r  were pe r i ods  o f  

l e a s t  phosphorus t r a n s f e r  i n  r ep roduc t i ve  p a r t s  i n  a1 1  f o r e s t  types.  
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Figure 61. Seasonal ra te  of- return of phosphorus to  the fdres t  
f loor  i n  reproductive parts l i t t e r f a l l  .in .four fores t  types on Walker 
Branch Watershed. 



CHAPTER IV 

DISCUSSION 

Seasonal Trends in Deciduous Fol i aqe 

Nutrient concentrations and dry weight. Living deciduous -leaves 

of most species increased in dry weight from leaf emergence through 

spring, when a peak dry weight general ly occurred. A1 though there was 

variation among species, leaves of most species studied generally had 

decreasing concentrations of nitrogen and increasing concentrations of 

-cal ci um through growth. With minor exce.pti ons, magnesi um 'concentrations 

remained rather constant through the year, whi l e  potassi um and sodi um 

were variable without a pattern.  

Nutrient content. The nutrient content of leaves from the eight - 

deciduous species revealed a seasonal trend. During the period of most 

rapid growth (May and June) there was an increase in nitrogen, magnesium, 

sodium, and potassium content t o  a peak value in July. The calcium and 

phosphorus contents also increased during th i s  period of ini t i  a1 growth, 

b u t  the calcium content continued to increase afterward while phosphorus 
. . 

decreased. During autunlr'~, when leaves began t o  senesce, a1 1 nutrient 

contents decreased variably among species. Cal ci um decreased the leas t  

amount ju s t  prior t o  abscission. 

Rank of nutrient concentration. By examining the seasonal data,  

a ranking of nutrient concentrations between spring (onset of fnl iage) 

and autumn ( leaf  f a l l )  periods can be determined. In most cases these 

two time peri ods represent yearly extremes in concentrati on val ues . 

Spring values were N > K > Ca > Mg > P > Na. A u t u m n  values were Ca > 

9 9 
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N . >  K >  M g > . P >  Na. The one n u t r i e n t w h i c h  changed i n  p o s i t i o n  i n  t he  

' rank o r d e r  between s p r i n g  and f a1  1  was ca lc ium.  

There a re  seve ra l  reasons why ca l c i um cou ld  change i n  p o s i t i o n  i n  

t h e  rank  o r d e r  as t h e  season progresses.  Potassium i s  more r e a d i l y  

leached t h a n  ca l  c i  um, e s p e c i a l l y  i n  t he  f a l l  (Edwards and Shanks 1972).  

U n l i k e  potassium, c a l c i u m  does n o t  t r a n s l o c a t e  r e a d i l y  f rom the  leaves 

i n  autumn ( W i l l i a m s  1955) .  For  t h e  same reason, ca l c i um exceeded n i t r o g e n  

i n  rank o r d e r .  Ca lc ium a l s o  tended t u  dccunulate i n  f o l i a g e  w h i l e  n i t r n -  

gen d i d  n o t .  Calc ium concen t ra t i ons  exceeded those o f  n i t r o g e n  i n  t h e  

fa1 1  because t h e  e x c e p t i o n a l l y  h i gh  n i t r o g e n  values i n  f o l i a g e  e a r l y  i n .  

t h e  season were d i l u t e d  as l e a f  expansion proceeded, r ende r i ng  low and 

c o n t i n u o u s l y  decreas i  ng n i  t rogen  concen t ra t i ons  f rom June on. 

Seas'onal Trends i n  Coni f e r  F o l i a g e  

Compared t o  changes i n  t h e  n u t r i e n t  s t a t u s  o f  deciduous c o n i f e r  

f o l i a g e ,  n u t r i e n t  c o n t e n t  changed 1  i t t l e  d u r i n g  t h e  growing season. The 
. . 

d r y  w e i g h t  o f  t h e  ,Lwu species o f  co 'n~  t e r  f o l l a g ~  wds . i i a t  d i f f e r c n t  i n  

e a r l y  May and t h e  end o f  0 c t o b e r .  Th i s  cons is tency r e f l e c t s  t he  f a c t  

t h a t  t h e  needles which were sampled were n o t  newly i n i t i a t e d  b u t  were 

g e n e r a l l y  second and t h i r d  yeat. growth. E a r l y  season changes cha rac te r -  

i s t i  c  o f  r e d e n t l y  formed, r a p i d l y  expand i r~y  Iedves were, for  ' t he  most 

p a r t ,  n o t  observed. Addi ti oi?al nu t r . l e r~  1; v a r i  ab i  1  .i ty  was thereby  i n t . r o -  

duced s i n c e  seve ra l  yea rs  ' needles were represented.  For  example, d u r i n g  

t h e  season o f  maximum l e a f  f a l l ,  i t  was p o s s i b l e  t h a t  sene'scing needles 

and those  which wou'ld. remain f o r  'ar~o. ther  season wcrc bo th  sampled, thus  

obscu r i ng  seasonal . t rends  due t o  p o s s i b l e  n u t r i e n t  l o s s  d u r i n g  senes- 

cence. Fac to rs  c o n t r i  b u t i  ng t o  .I ack o f  . , sem i  ti v i  ty o f '  t h e  da ta  i n c l  ude 

1  ow con ten t  and c o n c e n t r a t i o n  f o r  'a1 1  n u t r i e n t s ,  thus  i n c r e a s i n g  t h e  



chance o f  e r r o r s  and the f a c t  t h a t  n e e d l e s ' o f  d i f f e r e n t  ages may have 

. d i f f e r e n t  n u t r i e n t  concent ra t ions  . Due t o  t he  above c i  rcumstan'ces no 

conclusions concern ing seasonal n u t r i e n t  t rends  are  j u s t i f i e d ,  except f o r  

the  f a c t  t h a t  most were q u i t e  constant  through t h e  year .  

Seasonal Trends i n .  L i  t t e r f a l  1  

~ a n ' k  o f  n u t r i e n t  concentrat ions.  The seasonal t rends  f o r  n u t r i e n t s  

i n  each component o f  1  i t t e r f a l l  arid i n  t o t a l  1  i t t e r f a l l  and the  seasonal 
. . 

rank of n u t r i e n t  concentrat ions are i l l u s t r a t e d  i n  Table 6. Values f rom 

the  October 29, 1969' and June 1  , 1970 i i t t e r f a l l  c o l l e c t i o n s  were used 

f o r  seasonal comparisons, s ince  these dates co inc ide  , w i t h  the  l i v e  l e a f  

s tudy . ~ o l  i'age' f rom both  s tud ies  w i  11 ' be compared 1  a t e r .  

The March 5,  1970 c o l l e c t i o n ,  t he  l a s t  l i t t e r  t r a p  c o l l e c t i o n  p r i o r  

t o  June 1  ; 1970, was' made t o  c o l l e c t  t h e  remainder o f  the  w i n t e r ' s  l i t t e r -  

f a l l .  The June 1, 1970. c o l l e c t i o n  was designed t o  co l l . ec t  t he  i n i t i a l  

s p r i n g  1  i t t e r f a l l  mater i  a1 . 
N i  t rogen and phos'phorus concentrat ions i n  the  1  ea f  1  i t t e r f a l l  

decreased f rom s p r i n g  t o  fa1  1 whi l e  ca l ' c i  um, magnesi um, sodi  urn, and potas- 

s i  um concentrat ions increased. The rank o f  n u t r i e i ~  1 concent ra t ions  i n  t he  

l e a f  component i n  t he  s p r i n g  was N > Ca > K > Mg > P > Na. Autumn rank 

was Ca > N > K > Mg > P > Na. The seasonal change i n  rank o f  n u t r i e n t  

concent ra t ions  was c a l  c i  um w i t h  n i t r ogen ,  the reasons probably  being 

t h a t  c a l  c i  um n e i t h e r  leaches n o r  i s  . t r ans loca ted  very read i  l y  and i t  

tends t o  accumulate i n  f o l i a g e  w h i l e  n i t r ogen ,  having a  h i g h  concent ra t ion  

i n  sp r i ng ,  i s  d i l u t e d  'by l e a f  expansion and development. 

A l . l  s i x  n u t r i e n t s  increased i n  percentage concent ra t ions  i n  the  

branch li t t e r f a l l  f rom s p r i n g  t o  autumn. The rank o f  n u t r i e n t  concentra- 

t i o n s  f o r  bo th  s p r i n g  and f a l l  was, Ca > N > K > Mg ? P > Na. 



Table 6. Seasonal n u t r i e n t  co. icentrat i~ons and rank o f  n u t r i e ~ t  concentrat ions i n  l i t t e r f a l l  components and i n  t o t a l  l i t t e r f a l l  

, . Percentage C o m c n t r a t i o ?  o f  L i  t t e r f a l  1 Components 

l e a p  Branc i  Reproduct ive par tsC Tota 1 b d 
- -- -- - 

Increase Increase Iarcrease Increase 
Decrease Decrease [becrease Decrease 

N u t r i e n t  June 1 October 30 Consrant June 1 October 30 Constant June 1 October 30 Corstant  June 1 October 30 Constant 

a ~ e a f  - - Spring: N > C:J > K > Pg > P > 'ria; Autumn: Ca > N > K > Mg > P > Na. 

b ~ r a n c h  - Spring: Ca .> N; > K :, Mg > P > Na; Autumh: Q > N > K > Mg > P > Na. 

C ~ e p r o d u c t i v e  Par ts  - Spring: N > Ca > K > Mg > P > Ha; k t ~ m n :  Ca > N > K > MCJ > p > ma. 

% T -  Spring: N > C a > , K > M g >  P>Na;Autumn:  C a > N >  K > M g  > P > N a .  
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N i t r ogen  concen t ra t i on  decreased i n  t he  r e p r o d u c t i v e  p a r t s  w h i l e  

ca l  c i  um, magnesi um, and p o t a s s i  um concen t ra t i ons  inc reased  as t h e  seasons 

progressed. The sod i  um and phosphorus c o n c e n t r a t i  ons remained cons tan t .  

The rank o f  n u t r i e n t  concen t ra t i ons  f o r  s p r i n g  and autumn was t he  same as 

t h e  rank ing  o f  t h e  l e a f  li t t e r f a l l  n u t r i e n t s .  

N u t r i e n t  concen t ra t i on  p a t t e r n s  o r  t r ends  and the  rank o f  the  . 

n u t r i e n t s  i n  t h e  two seasons were t h e  same i n  t he  l e a f  1  i t t e r f a l l  and 

t o t a l  l i t t e r f a l l .  

Seasonal Comparison o f  Live'  L e a f  Concent ra t ion  Values w i t h  Lea f  L i  t t e r f a l  l_ 

Concen t r a t i  on Vabues 

Lea f  1  i t t e r f a l l  concen t ra t i on  values and 1  i ve 1  e a f  concen t ra t i on  

va l  ues i n  s p r i n g  'and.autumn are  summarized 'i.n Table 7. The values shown 

f o r  t h e  '1 i v e  leaves a re  frotrr t he  May 1  and October 24 c o l l e c t i o n s .  The 

values shown f o r  t h e  l e a f  l i t t e r f a l l  s tudy a re  f rom the  June 1  a'nd 

October 30 c o l l e c t i o n s .  A l though t h e  May 1  l i v e  l e a f  c o l l e c t i o n  and 

June 1  l e a f  1  i t t e r f a l l  c o l l e c t i o n  a r e  1  month apa r t ,  m a t e r i a l  c o l l e c t e d  

on June 1  i n c l u d e d  m a t e r i a l  t h a t  f e l l  d u r i n g  May and, t h e r e f o r e ,  t h e  da ta  

a re  comparable. 

L i v e  l e a f  concen t ra t i on  values a re  averages o f  the  e i g h t  deciduous 

spec ies s tud ied .  Because o f  t he  b i ased  sampl ing technique used on t he  

p ines ,  no con i  f e r  v a l  ues were used. The l e a f  1  i t t e r f a l l  concen t ra t i on  

values a r e  t h e r e f o r e  an average o f  o n l y  t h r e e  f o r e s t  types,  o m i t t i n g  the  

p i n e  f o r e s t .  The h i g h  s p r i n g  ca l c i um concen t ra t i on ,  1.03% i n  the  l e a f  

li t t e r f a l l ,  i s  a  consequence o f  a  s i g n i f i c a n t l y  h i g h e r  va lue i n  t he  oak- 

h i  ckory  f o r e s t .  

N i t r ogen  and phosphorus concen t ra t i ons  decreased as t he  seasons 

progressed i n  b o t h  1  i v e  leaves and l e a f  li t t e r f a l l  , w h i l e  ca l c i um and 



Tab1 e 7.. Seasonal*nutrient concentrations and rank of nu t r ien t  concen- 
t r a t i ons -  i n  l i v e  leaves and i n  l ea f  l i t t e r f a l l  

Percentage Concentration 

Live Leaf Leaf LI t t e r f a l l  Live Leaf Leaf L i t t e r f a l l  
Nu.t,ri en t May 1 - June 1 October 29 October 30 

* 
Rank of ' nu t r i en t  concentration: 

L i v e  Leaf - Spring: N > K > Ca > Mg > P > Na; A u t u m n :  Ca > N > 
K . >  Mg > P - >  Na. 

Leaf L i  t t e r f a l l  - Spring: N > Ca > K  > Mg > P > Na; A u t u m n :  
C s > N > K > M g > B > N a .  
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magnesi um concent ra t ions  inc reased  ( sod i  um inc reased  s l i g h t l y ) .  The 

potass ium concen t ra t i on  decreased i n  t h e  l i v e  leaves,  b u t  i nc reased  i n  

t he  l e a f  1  i t t e r f a l l  . That  d iscrepency i s  p robab ly  a  r e s u l t  o f  the  very  

low June 1  l e a f  1  i t t e r f a l l  concen t ra t i on  va lue,  t h e r e f o r e  i n c r e a s i n g  t h e  

chances o f  l e a c h i n g  due t o  t h e  t ime l a g  between l i t t e r  t r a p  c o l l e c t i o n s .  

Table 7 a l s o  shows t h e  seasonal rank o f  n u t r i e n t  concen t ra t i on  i n  

l i v e  leaves and l e a f  1  i t t e r f a l l  . The r a n k i n g  o f  t he  n u t r i e n t s  i n  t h e  two 

comparisons was t h e  same i n  t h e  autumn. I n  t h e  s p r i n g ,  ca l c i um ranked 

above potass ium i n  l e a f  l i t t e r f a l l  b u t  below i t  i n  l i v i n g  leaves .  T h i s  

change i s  p robab ly  due t o  t r a n s l o c a t i o n  o r  l e a c h i n g  o f  potass ium t h a t  

occur red  i n  l e a f  1  i t t e r f a l l  w h i l e  ca l c i um was cumulat ive,  d i d  n o t  t r a n s -  

l oca te ,  and leached 1  i t t l e .  

Seasonal Fo l i age  N u t r i e n t  D.ynami cs 

Cal c i  um. S ince c a l c i  um i s  n o t  t r a n s l o c a t e d  f rom leaves (Chandler  

1939), an understanding o f  i t s  seasonal dynamics i s  e a s i e r .  Newly emerged 

leaves c o n t a i n  m i  n-imum amounts and concen t ra t i ons  o f  c a l c i  um. There was 

g e n e r a l l y  a  sharp inc rease  i n  bo th  o f  these parameters t h r u  May, d u r i n g  

which t i m e  l e a f  d r y  we igh t  was a l s o  i n c r e a s i n g  r a p i d l y .  Thus, d u r i n g  t h e  

e a r l i e s t  p o r t i o n s  o f  the growing season t h e r e  was a  r a p i d  accumulat ion o f  

c a l  c i  um i n  t h e  leaves, most p robab ly  due t o  t r a n s l o c a t i o n  f rom l owe r  p a r t s  

o f  t h e  t r e e .  Wi th  m inor  excep t ions ,  b o t h  con ten t  and concen t ra t i on  c o n t i n -  

ued t o  i nc rease  f a i r l y  r a p i d l y  d u r i n g  June. A t  t h a t  t ime,  most spec ies 

(excep t  r e d  and ches tnu t  oak) showed no i nc rease  o r  a  s l i g h t  t o  moderate 

decrease i n  d r y  we igh t .  T h i s  was p robab ly  due t o  canopy l e a c h i n g  s i n c e  

a lmost  f i v e  inches o f  r a i n  f e l l  d u r i n g  t h a t  p e r i o d .  Thus, due t o  t h a t  

decrease i n  d r y  we igh t  and apparent l a c k  o f  l each ing  o f  ca l c i um as 

compared w i t h  o t h e r  components o f  l e a f  biomass, the  r i s e  i n  concen t ra t i on  



o f  ca lc ium was cons iderab ly  g rea te r  than t h a t  o f  content .  Edwards and 

Shanks (personal communication) found low l e v e l s  o f  ca l  c i  um leach ing  

d u r i n g  t h a t  per iod .  

Resumption o f  d ry  weight  increase f o r  most species took p lace i n  

J u l y .  The except ion  was i n  b lack  gum, which cont inued t o  decrease i n  

d r y  weight  t h r u  J u l y .  Those increases i n  d ry  weight  f o r  the  seven o ther  

deciduous species were c l o s e l y  p a r a l l e l e d  by increases Sn both concer~~lr-a- 

t i o n  and content  o f  ca lc ium. Besides b lack  gum, whose decrease i n  dry 

weight  was r e f l e c t e d  i n  a  drop i n  concent ra t ion  and content  o f  calcium, 

the  o n l y  except ion  t o  the  p rev ious l y  mentioned t r e n d  was i n  red  oak, where 

a  decrease i n  concent ra t ion  was accompanied by a  s l i g h t  increase i n  t o t a l  

content .  Thus, n o t  o n l y  d i d  calc ium content  keep up w i t h  d ry  weight  

inc rease i n  most species bu t ,  as can be seen by the  con t i nu ing  increase 

i n  concent ra t ion ,  i t  was a c t u a l l y  accumulating a t  a  f a s t e r  r a t e  than was 

d ry  mat te r .  The increase i n  calc ium content  du r ing  t h a t  t ime nlay have 

been f a c i l i t a t e d  by t h e  r e l a t i v e l y  low (6.0 cm.) r a i r ~ f a l l  du r i ng  t h a t  

pe r iod .  

The rap id ,  increase i n ,  d ry  weight  was again i n t e r r u p t e d  dur ing  

August when t rends  genera l l y  v a r i e d  from e i t h e r  a s l i g h t  t o  moderate 

decrease (sourwood i n  the  l a t t e r  case) t o  a  s l  i y h t  .increase i n  d ry  weight  

values compared t o  those o f  J u l y .  Since a  l a r g e  amount o f  r a i n  f e l l  

d u r i n g  t h a t  p e r i o d  (15 crn.) canopy leach ing  may have a l s o  been a  f a c t o r  

i n  t he  d r y  weight  p a t t e r n .  However, du r ing  t h a t  t ime,  s i x  o f  t he  e i g h t  
' '. 

deciduous spehies showed increases i n  concentrat ions o f  ca l  c i  um, w h i l e  

f i v e  o f  t he  e i g h t  showed subs tan t i a l  increases i n  t o t a l  ca lc ium content .  

Thus, again, w h i l e  d r y  weight  was n o t  i nc reas ing  o r  was a c t u a l l y  decreas- 

i n g ,  concent ra t ion  and content  o f  ca l  c i  urn were increas ing .  SOU WOO^, 



which showed the l a r g e s t  decrease i n  d ry  weight,  a l s o  showed a  s l i g h t  

decrease i n  o v e r a l l  content  o f  calcium, bu t ,  as can be seen by the  

i nc reas ing  concent ra t ion  o f  ca l  c i  um i n  the sourwood leaves, the decrease 

i n  calc ium content  was much 1ess . than . the  d ry  weight  l oss .  On the  o the r  

hand, h i c k o r y  and wh i te  oak were except ions t o  the general p a t t e r n  and 

leach ing  cou ld  be a f a c t o r  f o r  values i n  those two species. 

From the beginning o f  September t o  the end o f  the l e a f  season, 

t rends were d i f f e r e n t  among .the species s tud ied ,  poss ib l y  r e f l e c t i n g  

d i  f f e r e n t  phenol ogi  ca l  sequences (e.  g. , t ime o f  senescence) . Sourwood 

and t u l i p , p o p l a r ,  which senesce e a r l y ,  dec l i ned  i n  d ry  weight  (which 

began i n  August) through the  remainder o f  the season. Un l i ke  t u l i p  

pop lar ,  whixh e x h i b i t e d  a  decreasing t o t a l  content  o f  ca lc ium w i t h  a  

constant  concentrat ion,  ( thus  showing t h a t  c a l c i  um was l o s t  i n  p ropo r t i on  

t o  the  o the r  d ry  weight  components) the calc ium concent ra t ion  o f  sourwood 

increased cont inuously  whi l e  the content  remained constant .  I n  sourwood 

ca l  c i  um was n o t  l o s t  i n  p r o p o r t i  on t o  d ry  weight  o f  1  i v ing  leaves.  

Hickory,  b lack  gum, and red  maple (except  f o r  one h igh  value f o r  the 

l a t e r )  cont inued t h e i . r  constant  l e v e l s  o f  d ry  weight through September 

w i t h  a  subsequent sh'arp dec l i ne  . d u r i n g  October. For those species, the 

p e r i o d  o f  constant  d ry  weight  was accompanied by i nc reas ing  concentra- 

t i o n s  and somewhat h ighe r  contents o f  calcium, suggest ing t h a t  ca lc ium 

increases were p a r t l y  compensating f o r  the  l oss  o f  f o l i a r  weight  due t o  

decreases o f  o the r  n u t r i e n t s .  For b lack  gum and red  maple, the p e r i o d  o f  

abrupt  decrease i n  d ry  weight  was accompanied by decreases i n  bo th  con- 

c e n t r a t i o n  and content  o f  calcium, the  former t o  a  much l e s s e r  e x t e n t  

than the  l a t t e r .  Th i s  suggests t h a t  f o r  b lack  gum and red  maple calc ium 

decreased more q u i c k l y  than d ry  weight .  Hickor-y, on the  o the r  hand, 



showed t h e  oppos i te  t r e n d  by an increase i n  concent ra t ion  o f  c a l c i u ~ i i  

d u r i n g  autumn ( w i t h  a  corresponding dec l i ne  i n  t o t a l  content ) .  Thus, f o r  

h i c k o r y ,  t o t a l  ca lc ium was l o s t  from leaves l ess  r a p i d l y  than dry  weight .  

The oaks ( ches tnu t ,  red ,  and wh i te )  showed l i t t l e  tendency t o  

d e c l i n e  i n  o v e r a l l  ca lc ium content  through October. Except f o r  a  smal l  

d e c l i n e  i n  red  oak a t  t h e  end o f  October, the  t o t a l  content  o f  ca lc ium 

was s t i ' l l  i n c r e a s i n g  i n  w h i t e  and chestnut  oak leaves. 

The d i ve rgen t  behav ior  e x h i b i t e d  by t u l i p  pop la r  compared t o  the 

oaks and h i c k o r y  as t o  t h e i r  ca lc ium content  du r ing  the l a t e  summer- 

e a r l y  f a l l  p e r i o d  can be used t o  e x p l a i n  d i f f e r e n t  r e s u l t s  obta ined i n  

t h r o u g h f a l l  s tud ies  a t  ORNL. Edwards and Shanks (1972 and personal 

communication) measured t h r o u g h f a l l  i n  a f o r e s t  which had approximately 

80% o f  i t s  basal area i n  t u l i p  poplar .  T h e i r  r e s u l t s  showed an over- 

whelming p r o p o r t i o n  o f  t he  y e a r l y  canopy leach ing  o f  ca lc ium du r ing  

September-October. Thei  r resu'l t s  co i  r ic l  de we1 1 w l  t t ~  da td  fr-on] t h i  s s tudy,  

which show t h a t  t h e  ca lc ium was l o s t  11.1 p r u p u r ~ t i o n  t o  d ry  weight  (which i s  

apprec iab le )  d u r i n g  t h a t  t ime.  Since c a l c i  urn i s  n o t  t rans loca ted  from 

t h e  leaves,  (Chandler 1959) i t s  l oss  can on l y  be expla ined by canopy 

l each ing .  Henderson and Todd (1972) observed t h a t  1 a te  sunmnmer-early f a  1-1 

canopy 1 eachi ng o f  ca'l c i  uni Mas n o t  except  i o r ~ a l  l y  greater- than du r ing  the  

r e s t  of t h e  growing season, even i n  t h e  mixed mesophytic stands. Since 

t u l i p  pop1 a r  comprises a  much sma l l e r  percentage (18%) o f  the basal area 

o f  the  stands on the  Watershed than i n  the  f o r e s t  s tud ied  by Edwards and 

Shanks, l e s s  canopy l each ing  by the oak and h i cko ry  f o l i a g e  should occur 

on the  watershed. 

Phosphorus and n i t rogen .  Phosphorus and n i t r o g e n  e x h i b i t e d  some- 

what s i m i l a r  t rends i n  concent ra t ion  and content  i n  leaves du r ing  the  



growing season, e s p e c i a l l y  du r ing  e a r l y  spr ing .  Both n u t r i e n t s  are h i g h l y  

mobi le  i n  p l a n t s  (Wi l l iams 1955) and are  genera l l y  regarded as being i n  

1  i m i  t e d  supply i n  most ecosys tems . 
Dur ing May, t h e  p e r i o d  o f  r a p i d  l e a f  expansion, bo th  n u t r i e n t s  

e x h i b i t e d  ex tens ive  decreases i n  concent ra t ion  i n  a1 1  species studied.  

Phosphorus concent ra t ion  dec l ined by 50%, w h i l e  t he  n i t r o g e n  concentra- 

t i o n  dec l i ned  somewhat l e s s .  A comparison o f  t o t a l  content  helps e x p l a i n  

the  l e s s  d r a s t i c  dec l i ne  i n  n i t r o g e n  concent ra t ion  l e v e l s .  There was a  

general r i s e  i n  t o t a l  content  o f  both n i  t rogen and phosphorus between 

May 2 and May 16, i n d i c a t i n g  t h a t  there  was an o v e r a l l  accumulation v i a  

t r a n s l o c a t i o n  du r ing  the per iod ,  even though phosphorus and n i t r o g e n  

were n o t  i nc reas ing  i n  content  as f a s t  as d ry  weight.  Thus, i n  con t ras t  

t o  calcium, phosphorus and n i t rogen  t rans loca ted  through the  season. 

The except ions were r e d  oak, which remained constant  i n  content  o f  

n i t r o g e n  and decreased i n  phosphorus content ,  and red  maple, which 

e x h i b i t e d  a  general increase i n  phosphorus content  b u t  dec l ined s l i g h t l y  

i n  n i t r o g e n  content .  

The n i t r o g e n  and phosphorus concent ra t ion  t rends between the May 16 

and June 4 c o l l e c t i o n s  were d i s s i m i l a r ,  w i t h  n i t r o g e n  content  con t i nu ing  

t o  increase o r  a t  l e a s t  remaining constant .  The except ions were t u l i p  

pop la r  and w h i t e  oak, the  former showing recovery o f  t h a t  l oss  i n  t o t a l  

content  a t  t h e  J u l y  2  c o l l e c t i o n .  Phosphorus content ,  on the o the r  hand, 

dec l ined s i g n i f i c a n t l y  i n  s i x  species, rcmaincd constant  i n  b lack  gum, 

and Increased i n  sourwood (ni t h  subsequent s i g n i f i c a n t  dec l ines  a t  the 

J u l y  29 sampling). Thus, phosphorus was l o s t  f rom leaves du r ing  t h a t  

. t ime e i t h e r  by t r a n s l o c a t i o n  t o  o ther .  p l a n t  p a r t s  o r  v i a  leach ing ,  o r  

both.  
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Most s tud ies  (Tamm 1951, Olsen 1948, Henderson and Todd 1972) have 

found t h a t  l each ing  o f  n i t r o g e n  t o  be o f  r e l a t i v e l y  minor  importance and 

thus t h i s  process can be d isregarded as a  f a c t o r  i n f l u e n c i n g  n i t r o g e n  

con ten t  and concen t ra t i on  i n  f o l i a g e .  Resul ts  o f  phosphorus leach ing  

were more va r i ab le ,  w i t h  most l i t e r a t u r e  values rang ing  from 5 t o  15%. 

The s p r i n g  peak i n  phosphorus t h r o u g h f a l l  seen by C a r l i s l e  e t  a l .  (1966) 

co inc ides  w i t h  observa t ions  by Henderson and Todd (1972) dr.~d Edwards 

(persona l  communication) on Walker Branch Watershed and a  L i  r i  odendeon 

f o r e s t ,  a t  ORNL. Edwards ' da ta  a l s o  show a  peak i n  t h e  l a t e  summer- 

e a r l y  f a l l  w h i l e  o t h e r  s tud ies  do no t .  Th i s  d i f f e r e n c e  may be due t o  

d i  f f e r e n t i  a1 behav io r  o f  phosphorus i n  d i f f e r e n t  species. T u l i p  pop la r ,  

which makes up 80% o f  t h e  basal  area i n  t he  L l r i o d e n d r v r ~  f o r e s t ,  e x h i b i t e d  

t h e  most pronounced l o s s  o f  almost a l l  n u t r i e n t s  i n  t he  present  s tudy,  

w i t h  d i s t i n c t  pe r i ods  o f  n e t  loss  i n t e r r u p t e d  by an increase du r i ng  

August. What i s  p robab ly  o c c u r r i n g  i n  t he  case o f  phosphorus are  h igh  

r a t e s  o f  l each ing  t h a t  began ab rup t l y  i n  May as t h e  leaves w i t h  h i g h  con- 

c e n t r a t i o n  were beg inn ing  growth, a f t e r  which t h e r e  was a  con t i nua l  pro-  

cess o f  l e s s  i n t e n s e  l e a c h i n g  through June o r  J u l y ,  depending on the  

species.  The e f f e c t  o f  l each ing  i s  probably  magn i f ied  by t rans  l oca t i on  

o f  phosphorus f rom t h e  leaves t o  o t h e r  p l a n t  p a r t s .  Genera l ly  the  

phosphorus conten t  inc reased o r  remained the  same i n  mi d-summer, poss ib l y  

due t o  con t inued t r a n s p o r t  t o  the canopy and l a c k  o f  l each ing  due t o  low 

l e v e l s  of  phosphorus i n  t h e  leaves a t  t h a t  t ime. Except f o r  w h i t e  oak and 

sourwood, (which r e t a i n e d  leaves a f t e r  October 29) a l l  o t h e r  species 

showed a  1  a te  summer-early f a l l  d e c l i n e  i n  phosphorus conten t .  A l l  species 

except  sourwood e x h i b i t e d  a  dec l i ne  i n  concent ra t ion  du r i ng  the f a l l  a f t e r  

v a r i a b l e  behav io r  d u r i n g  mid-summer. The l each ing  o f  phosphorus du r i ng  



senescence contributed appreciably t o  the decline in phosphorus content. 

A 1 arge par t  of t h i s  September-October nu t r ien t  loss  probably occurred via 

t ranslocat ion,  as noted in other  s tudies  (Ca r l i s l e  e t  a1 . 1966, Alway e t  

a1 . 1934, Guha and Mi tchel 1 1965, and Rodi n and Bazi 1 evich 1967) . 
Similar  phenomena probably occurred in the case of nitrogen,  which a l so  

showed declines in  content during l a t e  summer-early f a l l  f o r  a1 1 species.  

Edwards (personal communication) observed a small peak fo r  nitrogen leach- 

ing in May and a l a rge r  peak in September-October, w i t h  canopy intercep- 

t i o n  occurring during a t  l e a s t  one sampling period each season. Similar  

resu l t s  were obtained by Car l i s le  e t  a l .  (1966). Thus, the trend f o r  

nitrogen i s  qu i te  s imi la r  t o  t h a t  of phosphorus, with variable behavior 

during the mid-summer period due t o  a combination of leaching, canopy 

interception and t ranslocat ion,  and overall  losses during the  fa1 1 due 

t o  leaching and t ranslocat ion.  The biggest  difference in  the  behavior 

of the two nu t r ien t s  was from l a t e  May t o  Ju ly ,  when phosphorus contents 

declined much more than those of nitrogen. The difference was most 

1 i kely due t o  d i f f e r en t i a l  leaching pa t te rns ,  with nitrogen showing only 

s l i g h t  tendencies t o  decline in content during t ha t  time. Because of 

d i f f e r en t i a l  leaching, nitrogen concentrations declined less during the 

l a t e  spring-early summer period, due t o  the decrease o r  lack of increase 

in  l ea f  dry weight and leaf nitrogen content during the  i n t e rva l .  

Potassi urn. Like phosphorus and nitrogen , potassi um was rapidly 

dccumulated during ea r ly  spring (May) i n  the newly-formed leaves,  when 

concentrations were general ly  hi ghes t. In two species , tu l  i p  pop1 a r  and 

hickory, potassium was accumulated a t  a faster  r a t e  than dry weight ,. 

giving increased concentrations during the  f i r s t  sampling in terval  (May 

2 t o  16).  The other  species showed decreasing concentrations. All 



spec ies  showed decreas ing  concen t ra t i ons  d u r i n g  t he  second i n t e r v a l  

(May 16 t o  June 4 ) .  F o r  t h r e e  species t h e  l owe r  concen t ra t i ons  can be 

a t t r i b u t e d  t o  d r y  w e i g h t  inc reases  exceeding ac tua l  inc reases  i n  potas-  

s ium con ten t ,  w h i l e  f o r  t h e  o the rs  t h e r e  were decreases i n  t h e  t o t a l  

c o n t e n t  accompanying inc reases  i n  d r y  we igh t .  

Potassium was leached i n  g r e a t  q u a n t i t i e s  (Henderson and Todd 1972) 

f r om most vege ta t i on ,  and t h e r e  i s  s u b s t a n t i a l  evidence (Edwards and 

Shanks 1972) t h a t  t h e r e  was r a p i d  t r a n s l o c a t i o n  t o  t h e  leaves th roughout  

t h e  g row ing  season t o  r e p l e n i s h  t h e  leach ing  loss .  The ready a v a i l a b i l i t y  

o f  po tass ium i n  most so'i ' ls and i t s  h l  gh degree uT iliulsi li ty  w i t h i n  p l a n t s  

p robab l y  i n f l u e n c e d  i t s  r a p i d  t r a n s l o c a t i o n .  E a r l y  season l each ing  o f  

po tass ium i s  p robab l y  r espons ib l e  f o r  t h e  l a t e  May drop i n  potassium 

c o n t e n t  and p a r t i  a1 l y  r e s p o n s i b l e  f o r  t h e  drop i n  concen t ra t i on .  Sourwood 

and b l a c k  gum, t h e  two spec ies t h a t  inc reased  s u b s t a n t i a l l y  i n  potass ium 

c o n t e n t  d u r i n g  t h e  May 16 - J u n e ' 4  i n t e r v a l ,  a re  unders to ry  spec ies.  I t  

seem< p n s s i b l e  t h a t  t h e y  d i d  n o t  l ose  potass ium because t h e  r a i n w a t e r  

r e a c h i n g  t h e i r  l eaves  a l r eady  had a  s u b s t a n t i a l  amount o f  potassiul i i  i n  i t . 

It i s  w i d e l y  accepted t h a t  h e a l t h y  leaves a re  capable o f  t a k i n g  up n u t r i -  

e n t s  f r om as w e l l  as r e l e a s i n g  them t o  i n c i d e n t  p r e c i p i t a t i o n .  

A f t e r  June 4, t r ends  among t h e  d i f f e r e n t  spec ies became more 

v a r i a b l e .  Genera l l y ,  t h e r e  was no p a t t e r n  o f  c o n t i n u a l  l o s s  o f  p o t a s s l u n ~  

t h rough  mid-s~.rmmer, excep t  f o r  t u l i p  pop la r ,  which con t inued  the  June 4  

d e c l i n e  a t  an acce le ra ted  r a t e  th rough June and J u l y  and then  a t  a  l e s s e r  

r a t e  f o r  t he  r e s t  o f  t h e  season. Most o t h e r  spec ies,  w h i l e  e x h i b i t i n g  

o s c i  1  l a t i o n s  d u r i n g  t h e  growing season, ma in ta ined  o r  reached element 

c o n t e n t  l e v e l s  as h i g h  as o r  h i g h e r  than  t h a t  o f  mid-May b e f o r e  e x h i b i t i n g  



a sharp drop i n  concen t ra t i on  and con ten t  d u r i n g  t he  l a t e  summer-early 

f a l l .  Sourwood was t he  o n l y  species which showed no such d e c l i n e .  

These da ta  t e n d  t o  suppor t  t h e  conc lus ion  t h a t  much o f  t he  potass ium i n  

t r e e  leaves  i s  h e l d  i n  excess o f  p l a n t  needs ( " l u x u r y  consumption") ,  and 

t h e  excess i s  r e a d i l y  removed by ra i nwa te r .  I f  potass ium were l e s s  r e a d i l y  

leached, i t s  seasonal p a t t e r n  would p robab ly  be s i m i l a r  t o  t h a t  o f  ca lc ium.  

A t t i w i  11 (1966) , Chandler (1939) , and Car l  i s l e  e t  a1 . (1966) found potas-  

s i  urn t o  t r a n s l o c a t e  read i  l y  j u s t  p r i o r  t o  absc iss ion ,  

Magnesium. The seasonal behav io r  o f  magnesium i n  f o l i a g e  has 

been shown i n  t h e  l i t e r a t u r e  t o  be q u i t e  v a r i a b l e ,  depending on t he  i n d i -  

v i dua l  species (Guha and M i  t c h e l l  1965).  I n  the  p resen t  s tudy ,  most 

spec ies showed an inc rease  i n  t o t a l  con ten t  d u r i n g  the p e r i o d  o f  r a p i d  

l e a f  growth, and t h a t  has been con f i rmed by r e s u l t s  f rom t h i s  s tudy .  

Depending on whether t he  accumulat ion was g r e a t e r  o r  l e s s  than  t h e  accumu- 

l a t i o n  o f  d r y  we igh t  d u r i n g  t h e  same pe r i od ,  t h e r e  was e i t h e r  an inc rease  

o r  a  decrease i n  concen t ra t i ons .  

From e a r l y  June t o  mid-summer, two t rends  were apparent .  Ove ra l l  

increases were seen i n  t o t a l  magnesium con ten t  and c o n c e n t r a t i o n  o f  

magnesium i n  r e d  oak and t 111 ip  p o p l a r ,  w h i l e  r e l a t i v e l y  cons tan t  values 

o f  t o t a l  con ten t  were recorded i n  t h e  o t h e r  spec ies.  Because d r y  we igh t  

changes were more v a r i a b l e  t h a n  changes i n  magnesium con ten t ,  concentra- 

t i o n  values f o r  these  species were somewhat v a r i a b l e ,  b u t  they,  too ,  

o s c i l l a t e d  around a  cons tan t  mean. 

September and October aga in  showed severa l  d i s t i n c t  t r ends  i n  

magnesi um behav io r .  Red oak, a1 though aga in  q u i t e  v a r i a b l e ,  inc reased  

i n  magnesi um con ten t ,  w h i l e  t u l i p  p o p l a r ,  h i c k o r y  , and b l a c k  gum decreased 

i n  con ten t .  The r e s t  remained r e l a t i v e l y  cons tan t .  However, due t u  



decreases i n  d r y  w e i g h t  d u r i n g  October,  the  decreases i n  con ten ts  no ted  

above were much l e s s  severe when expressed on a  concen t ra t i on  b a s i s ,  w i t h  

sourwood showing an o v e r a l l  concen t ra t i on  r i s e .  

The behav io r  o f  t u l i p  p o p l a r  can be exp la i ned  on t he  bas i s  o f  

t h r o u g h f a l l  1  each i  ng. Edwards (persona l  communication) r e p o r t e d  substan- 

ti a1 amounts o f  magnesi um l e a c h i n g  (up  t o  40%) i n  t he  L i r i o d e n d r o n  f o r e s t ,  

w i t h  peak values d u r i n g  t h e  l a t e  summer and fa1  1.  Losses d u r i n g  senescence 

i n  t u l i p  p o p l a r  i n  o u r  s tudy  were on t h e  o r d e r  o f  25% o f  peak summer 

va l ues . T r a n s l o c a t i o n  coul  d  have been a  f a c t o r ,  s i n c e  magnesi um can move 

o u t  o t  leaves and i n t o  t h e  r e s t  o f  t h e  p l a n t ,  b u t  t h i s  i s  p robab ly  o f  

m in ima l  impor tance,  s i n c e  magnesium i s  r e a d i l y  a v a i l a b l e  i n  t h e  s o i l s  a t  

Oak Ridge. 

T h r o u g h f a l l  da ta  f rom the  t h r e e  deciduous f o r e s t  types (Henderson, 

persona l  communication) on Walker Branch Watershed showed l e s s  d i s t i n c t  

seasonal t r ends  and somewhat l e s s  magnesium l e a c h i n g  than  i n  the t u l i p  

p o p l a r  f o r e s t ,  and t h a t  i s  shown i n  magnesium behav io r  o f  t h e  o t h e r  

spec ies  i n  t h i s  s tudy .  Fo r  example, t h e r e  was a genera l  l a c k  o r  p ro-  

nounced autumnal d e c l i n e  i n  magnesi um. con ten t  o f  most spec ies,  i n d i c a t i n g  

l a c k  o f  t r a n s l o c a t i o n  o r  l e a c h i n g  a t  t h a t  t ime.  Henderson and Todd (1972) 

found h i g h e s t  t h r o u g h f a l l  i n p u t s  d u r i n g  l a t e  summer and e a r l y  f a l l  t o  

occu r  i n  t h e  mesophyt ic hardwood s tands,  t h e  f o r e s t  t ype  were L i r i o d e n -  

d ron  makes i t s  g r e a t e s t  hasa l  area contribution . .- 

Sodium. Sodium values were ex t reme ly  v a r i a b l e  b o t h  f o r  t o t a l  l e a f  

c o n t e n t  and l e a f  c o n c e n t r a t i o n  th rough t h e  season, w i t h  t h r e e  o v e r a l l  

peaks and dec l  i nes e x h i b i t e d  by most spec ies .  When analyzed seasonal l y  , 

t h e  t r e n d  was f o r  l o w e s t  con ten t  and concen t ra t i on  e a r l y  i n  t he  season 

and r i s i n g  c o n t i n u a l  l y  th rough t h e  season. T h r o u g h f a l l  va lues f o r  sod i  um 



i n  t he  l i t e r a t i v e  a re  g e n e r a l l y  low ( l e s s  than  5% leach ing ,  Edwards 

personal  communication) found canopy l each ing  t o  be about 6% l each ing  

i n  t h e  L i r i odend ron  f o r e s t  a t  ORNL. Thus, t h r o u g h f a l l  i n p u t  can g e n e r a l l y  

be d is regarded  as b e i n g  o f  any r e a l  s i g n i f i c a n c e  i n  caus ing changes i n  

sodium con ten t  i n  f o l i a g e  i n  t h i s  s tudy .  Guha and M i t c h e l l  (1965) found 

severa l  d i s t i n c t  peaks f o r  sodium f o r  a l l  species they  s tud ied .  In t h e i r  

case, j u s t  as i n  t h e  p resen t  s tudy,  t he  peaks f o r  d i f f e r e n t  spec ies a re  

f a i  r l y  we1 1 synchronized. Thei  r s tudy  demonstrated increases i n  sodium 

con ten t  and concen t ra t i on  a t  t h e  end o f  t h e  growing season ( d u r i n g  senes- 

-cence) w i t h  no subsequent d e c l i n e .  ~ l t h o u ~ h  cons iderab le  v a r i a t i o n  i n  

sodium concent ra t ions  were observed i n  t h e  p resen t  s tudy ,  t he  v a r i a b i l i t y  

o f  t h e  da ta  does n o t  j u s t i f y  t h e  conc lus ion  t h a t  l e a c h i n g  o f  t r a n s l o c a t i o n  

was o c c u r r i n g  t o  any g rea t  degree. Almost a l l  spec ies showed two sodium 

concen t ra t i on  peaks and those peaks suggest a t  l e a s t  two poss i  b i  1  i t i e s .  

One p o s s i b i l i t y .  i s  adso rp t i on  o f  atmospheric sources o f  sodium on the  

leaves, w h i l e  ano ther  p o s s i b i l i t y  i s  con tamina t ion  d u r i n g  hand1 i n g  o f  

t h e  samples. Sodium occur red  i n  such low concen t ra t i ons  i n  the  f o l i a g e  

o f  t he  vege ta t i on  on Walker Branch Watershed (0.02-0.05% u n i t s )  t h a t  

con tamina t ion  by  e i t h e r  source i s  p o s s i b l e .  The suggested t r end ,  t h a t  

o f  g r a d u a l l y  i n c r e a s i n g  concent ra t ions  and con ten ts  through t h e  season, 

becomes more p o s s i b l e  when these p o s s i b i l i t i e s  a r e  considered. 

Comparisons o f  Annual T o t a l s  o f  L i t t e r  Components 

T o t a l  e lementa l  c o r ~ t e n t  and d r y  we igh t .  The annual t o t a l s  o f  d r y  

we igh ts  and t o t a l  e lementa l  con ten ts  i n  each component o f  l i t t e r f a l l  i n  

each o f  t he  f o u r  f o r e s t  types a re  summarized i n  Table 8. Leaves comprised 

t h e  m a j o r i t y  o f  1  i t t e r f a l l  i n  a1 1 f o r e s t  types (77-82%). Reproduct ive 

p a r t s  c o n s t i t u t e d  t h e  second g r e a t e s t  amount ( 1  1-14%) w i t h  t he  excep t ion  



Tab le  8. Dry we igh t  .and elemental  con ten t  of l i t t e r f a l l  components by 
f o r e s t  types 

2 Mean o f  Dry Weight (g/m ) by Fores t  Types 

Component P % P'-0-H % 0-H % .  MH % 

Annual Dry Weight 
L i  t t e r f a l l  

Leaves 389 81 377 81 398 82 342 . 77 
Branches 56 11 37 8 37 8 .  38 9 
Reproduct ive Pa r t s  38 8 51 11 52 10 63 14 
T o t a l  492 '46 5 488 443 

E l emerita1 Cun t e n t  
N i  t r ogen  

L e d v t ! ~  3.04 81 2.74 80 2.88 79 
Branches 0.34 9 0.21 6 U.24 7 
R e p r o d u c t i v e P a r t s  0.37 10 0.46 14 0.53 14 
Tot  a 1 3.75 3.41 3.65 

Calcium . . 

Leaves 4.11 81 3.82 . 85 3.86 -80  
Branches 0.64 13 0.26 6 0.53 10 
Reproduct ive Pa r t s  0.35 ' 6  0.42 9 0.52 10 
To t a  1 5.10 4.50 4.91 

Magncsi urn 
Leaves 0;67 . 88 0.68 91 , '  0.77 89 
Branc heS 0.05 6 0.02 2 0.04 ' 4 
~ e p r o d u c t i v e  Par ts  0.04 . 6 0.05 . 7 0.06 '1 
To t a  1 0.76 0.75 0.87 

Sodi um 
Leaves 0.06 76 0.06 7 6  0.07 78 0.07 78 
branct,~es 0.01 12 0.01 . 12 0.01 11 0.01 . . I 1  
R e p r o d u c t i v e P a r t s  0.01 12 0.01 12  U.01 1 1 .  0.01 11 
To t a  1 0.08 0.08 0.09 0.U9 

Potass i  um 
Leaves 1.28 89 1.47 90 ' 1 . 7 6  89 1.59 83 
Branches 0.06 4 0.03.  , 1 . 0 . 0 7  .'.3 0.08 4 
Reproduct ive Par ts  0.10 , 7 0.14 9 0.15 8 0 . 2 4  13. 
To t a  1 1.44 1.64 1.98 1.91 

Phosphorus 
Leaves 0.20 80 0.20 83 0.21 78 0.20 74 

.. Branches 0,.02 8 0.01 4 0.02 7 0 . 0 2 .  7 
Reproduct ive P'arts, 0 .03.  . 12 " 0.03 ' .13 0.04 ' 15 0.05 19 
T o t a l  . 0.25 . 0.24 0.27. 0.27 



o f  t h e  p ine  f o r e s t  (8%) w h i l e  branches, again w i t h  the except ion o f  the 

p ine  f o r e s t  (11%), c o n t r i b u t e d  the  l e a s t  (8-9%). 
. . 

I n  cons ider ing  the  s i x  . nu t r i en ts '  s t u d i e d .  i n  t h i s  paper, leaves 

conta ined 74 t o  91% o f  th,e t o t a l  n u t r i e n t  con ten t  o f  l i t t e r f a l l  i n  each 

o f  t h e  f o r e s t  types.  With t he  except ion  o f  t he  c a l c i  um (13%) and magne- 

sium ('7%) ' con ten t  i n  branches o f  t he  p ine  f o r e s t ,  the elemental  con ten t  

o f  r ep roduc t i ve  par ts '  was equal t o  o r ' g r e a t e r  than the elemental  con ten t  

o f  branches i n  311 f o r e s t  types.  

Table 9 .  ranks- f o r e s t  types accord ing t o  the c o n t r i b u t i o n  o f  

biomass and n u t r i e n t  con ten t  i n  each l i t t e r f a l l  component. The n u t r i e n t  

con ten t  and biomass o f .  l e a f  .l i t t e r f a l l  i n  t he  f o u r  f o r e s t s  v a r i e d  more 

than the  conten t  and b iomass 'o f  rep roduc t i ve  p a r t s  and o f  branch l i t t e r -  

fa1  1, which d i d .  n o t  d i f f e r  f rom each o ther .  

The d i  f ferences i n  ambunts o f  n u t r i e n t s  i n  l e a f  1  i t t e r f a l l  i n  the  

. f o u r  f o r e s t s  can be accounted f o r  by d i scuss ing  each n u t r i e n t  ' i n d i v i d u a l l y .  

Al though the  o a k - h i c k o r y f o r e s t  was h i g h e r  i n  t o t a l  biomass than t h e  p ine  

2  f o r e s t ,  t h e  amount o f  n i t r o g e n  (g/m ) was h ighe r  i n  the ma t te r .  That  

i s  probably  due t o  t h e  t ime p e r i o d  o f  l e a f  fa1.l which was l onge r  i n  the  

p l n e  f o r e s t  ( s m a l l e r  b u t  much broader .  peak) than i n .  the oak-h ickory 

f o r e s t  (sharp peak). 
. . 

A1 though t h e  mesophyti c  hardwood f o r e s t  c o n t r i b u t e d  the  1  eas t  

2 amount' o f  ,l e a f  biomass, the c a l  c i  um conten t  (g/m ) was g rea tes t  i n  t h a t  

f o r e s t  because o f  t h e .  h igh  c a l c i  um conten t  i n  . t u l i p  pop la r  ( F i g u r e  7, 

p: 25),  the dominant overs to ry  species o f .  t h e  mesophytic hardwood f o r e s t .  

The mesophytic , f o r e s t  a i so  c o n t r i b u t e d  t h e  h i g h e s t  concent ra t ion  o f  

ca l  c i  um du r i ng  peak l e a f  fa1 1  (F igure  27, p. 53). 



Table 9. Ranking o f  t h e  f o s r  f o r e s t  types by t o t a l  annual c o n t r i b u t i o n  onf biomass and n u t r i e n t s  
i n  1 i t t s r f a l  1 ~ornr~onents  

Biomass Y i trogen Cal c i  um Magnes i urn Sodi um Pctassium Phosphorus 

Leaves + 
O- H 
P 
P-O-H 
MH 

Eranches ,+. 

P 
O S 1  
P-O-H 
MM 

Reproduct ive Pa r t s  

P 
M H 
P-O-H 
O-H 

MH 
P 
O- H 
P-O-H I 

T o t a l  

P 
MHkO-H 

P-D-H 

MH 
O-H 
P-O-H 
P 

O- H 
NH 
P-O-H 
P 

P 1 
MH 
O- H I 

MH 
0 - 9  
P-3-H 
P 

P 
O-H 
P-O-H 
MH 

O-H=MH 

P=P-O-H 

P 
O-H=MH 

MH 
O- H 
P-O-H 
P 

P 
0-3 
MH 
P-3-H 

O-H 
MH 
P-O-H 
P 

P-O-H P-O-H 

O-H 
P=P-O-H=MH 

p = o - ~ = p - o - ~ = ~ H  

HH 
O-H 
F-O-H 

.P 

MH 
P - 
P-O-H 

P-O-H P-O-H 

MH . .  

O-H 
P 

P=P-O-H=O-H=MH 

O-H 
FYlH 
P 
F'-O-H 

P=O-H=MH 

MH 
O-H 
P-O-H 
P 

O-H=MH 

P=P-O-H 

MH 
O-H 
P=P-O-H 

O-H . 

MH 
P-O-H 
P 

O-H=MH 

P 
P-O-H 



Z 
The magnesi um,  potassi um,  and phosphorus contents (g/m ) in leaves 

were highest in the oak-hickory fores t  (highest producer of biomass). 

2 The sodium contents (g/m ) .  in the oak-hickory and mesophytic hardwood 

forests  were equal. The sodi um range in leaves was very low and very 

s 1 i  g h t  differences in val ues .(Table 9) are observed. 

The annual leaf l i ' t t e r f a l l  nutrient content with respect' t o  rank 

of forest  types exhibited other,  more minor variations . Those variations 

may be explained from the data on nutrient concentration's and nutrient 

content in the l ive  leaf study and the leaf biomass, percent concentra- 

t ion ,  and mean rate  of accumulation in the l i t t e r  trap study. 

Significance of nutrient 1 i t t e r f a l l  input with other sources. 

The input of major .nutrients t o  the fores t  f loor  via l i t t e r f a l l  versus 

atmospheric (wetfall and dryfa l l )  and leaching inputs in a very important 

and .significant contribution. Atmospheric and leaching input values on 

Walker Branch Watershed taken from Swank and Henderson (1975) are used 

with 1 i t t e r f a l l  input found in the present study t o  calculate to,tal 

nutrient input t o  the forest  f loor  (Table 10).  Potassium i s  the only 

nutrient t ha t  l i t t e r f a l l  did no t  contribute a t  l eas t  50% of total  input. 

Of the to'tal input canopy ,leaching contributed 48% of the total  potassium 

input, atmospheric input, 7%,  and 1 i t t e r f a l l  , 45%. 

Rank of nutrient content of l i  t t e r f a l l  components, The rank order 

sf the annual total  of dry weight and o f  each of the s ix  elements investi-  

gated in each component of 1 it.t.erfal1 i s  shown in Tables 1 1  through 14. 

The ranking for  the leaf (Table 11 ) ,  branch (Table 12 ) ,  and to ta l  l i t t e r -  

f a l l  (Table 14) components in each fores t  type was Ca > N > K > Mg > P > 

Na and the  average values fo r  nutrients in the four forest  types are  in 

the tables .  The ranking for  the reproductive parts component (Table 13) 



Table 1U. Comparisons of t h e  s i g n i f i c a n c e  o f  t h e  c lcmenta l  eonteri L i r ~  
li t t e r f a l l  i n p u t  ( K g l h a l y r )  t o  t he  f o r e s t  f l o o r  w i t h  o t h e r  
sources of i n p u t  on Walker Branch Watershed 

L i  t t e r f a l l  At~nos phe r i  c Leaching 
T o t a l  

N u t r i e n t  I n p u t  I n p u t  ?6 I n p u t  X I n p u t  % 

N i t r o g e n  53.5 36.1 68 13.0 24 4.4 8 

Calcium 80.9 50.9 63 15.7 19 14.3 18 

Magnesi urn 13.6 8.0 59 3.1 23 2.5 18 

Potassium 39.2 17.4 45 2.9 7 18.9 48 

Phosphorus 3.5 2.6 73 0.6 17 0.3 9 



2 Tab1 e 11. Amounts (g/m / y r )  o f  elements i n  annual l e a f  1 i t t e r f a l l  i n  
t he  four  f o res t  types on Walker Branch Watershed 

Forest  Type 
D ry 

Ca N > K > Mg > P > Na Weight 

1 Pine 4.11 3.04 1.28 0.67 0.20 0.06 398 

2 P i  ne-Oak-Hickory 3.82 2.74 1.47 0.68 0.20 0.06 377 

3 Oak-Hickory 3.86 2.88 1.76 0.77 0.21 0.07 398 

4 MesophyticHardwood 4.58 2.70 1.59 0.71 0.20 0.07 342 

Averaye 4.09 2.84 1.52 0.71 0.20 0.07 378 



2 Table 12. Amounts (g/m / y r )  of elements i n  annual branch l i t t e r f a l l  i n  
the f o u r  f o r e s t  types on Walker Branch Watershed 

F o r e s t  Type 
D r y  

Ca > N > K > Mg > P > Na Weight 

1 Pine 0.64 0.34 0.06 0.05 0.02 0.01 56 

2 P i  ne-Oak-Hickory 0.26 0.21 0.03 0.02 0.01 0.01 34 

3 Oak-Hickory 0.53 0.24 0.07 0.04 U.02 0.01 37 

4 MesophyticHardwood 0.69 0.24 0.08 0.04 0.02 0.01 38 

Average 0.51 0.26 0.06 0.04 0.02 0.01 41 



2 Table 13. Amounts (g/m / y r )  o f  elements i n  annual rep roduc t i ve  p a r t s  
l i t t e r f a l l  i n  t h e  f o u r  f o r e s t  types on Walker Branch 
Watershed 

Fores t  Type 
Dry N > C a >  K > Mg > P > Na Weight 

1 Pine 0.37 0.35 0.10 0.04 0.03 0.01 38 

2 Pine-Oak-Hickory 0.46 0.42 0.14 0.05 0.03 0.01 51 

3 Oak-Hi ckory 0.53 0.52 0.15 0.06 0.04 0.01 52 

4 ~ e s o ~ h y t i c  Hardwood 0.68 0.64 0.24 0.08 0.05 0.01 63 

Average 0.51 0.48 0.16 0.06 0.04 0.01 51 



2 Tab le  14. Amounts (g/m / y r )  o f  elements i n  annual l i t t e r f a l l  i n  t h e  
four f o r e s t  t ypes '  on Hal l(cr Branch Watershed 

F o r e s t  Type 
D r y  

Ca > N > K > Mg > P > Na Weight 

1 P ine  5.10 3.75 1.44 0.76 0.25 0.08 492 

2 P i  ne-Oak-Hickory 4.50 3.41 1.64 0.75 0.24 0.08 465 

3 Oak-Hickory 4.91 3.65 1.98 0.87 0.27 0.09 488 

4 Mesophyt ic Hardwood 5.83 3.62 1.91 0.83 0.27 0.09 444 

Average 5.09 3.61 1.74 0.80 0.26 0.09 472 
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i n  each f o r e s t  t ype  was N > Ca > K > Mg > P > Na and the  average values 

f o r  t h e  f o r e s t  types a re  i n  Tab le  13. The o n l y  v a r i a t i o n  i n  t h e  r a n k i n g  

then ,  i s  t h e  change o f  p o s i t i o n  between n i t r o g e n  and ca l c i um i n  t h e  

r e p r o d u c t i v e  p a r t s  component. 

Elemental  con ten t  and d r y  we igh t  on t o t a l  area o f  each f o r e s t  t ype  

and on e n t i r e  watershed. The d r y  we igh ts  and elemental  con ten t  i n  each 

component o f  1 i t t e r f a l l  f o r  the  y e a r  f o r  t he  t o t a l  area o f  each f o r e s t  

as w e l l  as f o r  t h e  e n t i r e  watershed a re  shown i n  Table 15. Numbers used 

i n  t h i s  t a b l e  were rounded o f f  t o  t h e  nea res t  u n i t  w h i l e  t h e  percentage 

va lues were taken f rom t h e  a c t u a l  numbers. The d r y  we igh t  o f  leaves f o r  

t he  e n t i r e  watershed c o n s t i t u t e d  81% o f  t he  t o t a l  li t t e r f a l l  w i t h  repro -  

d u c t i v e  p a r t s  (11%) and branches (8%) account ing  f o r  t he  remainder.  

Leaves con ta ined  78 t o  88% o f  t he  t o t a l  amount o f  any o f  t he  s i x  

n u t r i e n  t s  s tud ied .  Reproduct i  ve p a r t s  c o n t a i  ned t he  same amount o f  

c a l  c i  um (10%) and sodium ( 1  1%) as branches b u t  g r e a t e r  amounts o f  n i t r o -  

gen, magnesi um, p o t a s s i  um, and phosphorus. 

Canonical  a n a l y s i s .  Canonical  a n a l y s i s  (Seal 1968) was a p p l i e d  t o  

t h e  t o t a l  we igh t  and t o t a l  con ten t  o f  t h e  s i x  n u t r i e n t s  i n  each component 

o f  1  i t t e r f a l l  and i n  t o t a l  li t t e r f a l l  f o r  t he  y e a r  i n  each f o r e s t  t ype  

t o  t e s t  f o r  d i f f e r e n c e s  between t h e  f o u r  f o r e s t  t ypes .  Canonical  a n a l y s i s  

reduces t h e  seven ( s i x  n u t r i e n t s  p l u s  d r y  we igh t )  measurements which may 

be dependent t o  two measurements which a r e  independcnt and these two 

f a c t o r s  a r e  p l o t t e d  on a two-dimensional  graph. A 95% con f idence  c i r c l e  

i s  drawn around t h e  p o i n t s  f o r  each f o r e s t  t ype .  Over lapp ing  o f  c i r c l e s  

means t h a t  f o r e s t  types do n o t  d i f f e r  s i g n i f i c a n t l y  f rom one another .  

As shown i n  F igu re  62(a) , leaves o f  t h e  p i n e  and p ine-oak-h ickory  

f o r e s t  t ypes  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom each o t h e r  b u t  leaves 



Table 15. Ex t rapo la t ion ,  us ing  the area of each fo res t  type, of annual 
t rans fers  of d r y  ma t te r  and mineral content  i n  l i t t e r f a l l  
components on Walker Branch Watershed 

Forest  Types 

E n t i  r e  
P P-0-H 0-H MH Wa tershcd 

Component (6.88ha) (1  4.16ha) (57.87ha) (18.62ha) (97.53ha) % 

Annual Dry Weight 
L i  t t e r f a l  1 

Leaves 
Rra nches 
Rcproduc ti ve Par ts  
T o t a l  

M i  nera l content  
N i t rogen  

Leaves 
Branches 
Reproduct ive Par ts  
Tu ta  1 

Ca lc i  um 
Leaves 
Branches 
Reproduct ive Parts 
T o t a l  

Magnesi urn 
Leaves 
Branches 
Reproducti ve Parts 
To ta l  

Sodi um 
Leaves 
Branches 
Reproduct ive Parts 
To ta l  

Potassi  urn 
I..eaves 
Branches 
Reproduct ive Par ts  
To t a  1 

Phosphorus 
Leaves 
Branches 
Reproducti ve Par ts  
To t a  1 
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F igu re  62. Mean canonica l  p o i n t s  f o r  each component o f  
1  i t t e r f a l l  and f o r  t o t a l  1  i t t e r f a l l  w i t h  95% conf idence c i r c l e s .  
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f r om t h e  oak-hick0r.y and mesophyti c  hardwoods d i d  d i f f e r  s i  gni  f i  c a n t l y  

f r o m  each o t h e r  and a l s o  f r om leaves o f  p i n e  and p ine-oak-h ickory  f o r e s t s .  

The branch component o f  1  i t t e r f a l l  i s  shown i n  F igu re  62(b ) .  

Branches o f  t h e  p ine,  p ine-oak-h i  ckory ,  and oak-h ickory  f o r e s t  types d i d  

n o t  appear t o  d i f f e r  s i g n i f i c a n t l y ,  b u t  t h e r e  i s  a  s l i g h t  i n d i c a t i o n  t h a t  

mesophyt i  c  hardwood branches d i f f e r e d  f rom branches o f  t he  pine-oak- 

h i c k o r y  and oak-hick0r.y f o r e s t s .  

F i g u r e  62 (c )  i 11 u s t r a t e s  t . h ~  r~c1.1'1 t s  o f  the  canon ica l  ann l yx i  T for. 

r e p r o d u c t i v e  p a r t s .  P ine  r e p r o d u c t i  ve p a r t s  d i  f f e r c d  s i g n i  f i  c a n t l y  fro111 

those  o f  t h e  o t h e r  t h r e e  f o r e s t  types,  which d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

f r om each o t h e r .  

Resu l ts  o f  t h e  canon ica l  a n a l y s i s  o f  t n t a l  l i t t e r  f rom leaves,  

branches and r e p r o d u c t i v e  p a r t s  a r e  p l o t t e d  i n  F igu re  62(d ) .  P ine and 

p ine-oak-h ickory  d i d  n o t  s i g n i f i c a n t l y  d i f f e r  f rom each o the r ,  b u t  d i d  

d l  f f e r  s i g n i f i c a n t l y  f r om oak-h ickory  and mesophyt ic hardwood, which a l s o  

d i f f e r e d  s i g n i f i c a n t l y  f r om each o the r .  



CHAPTER V 

SUMMARY 

1.  The rank of nu t r ien t  concentrations in  leaf  l i t t e r  during spring 

was N > Ca > K > Mg > P > Na while in f a l l  i t  was Ca > N > K > Mg > P > 

Na. The concentration of nutr ients  in the  reproductive par ts  component 

of l i  t t e r f a l l  during spring followed t h i s  pa t te rn :  N > Ca > K > Mg > 

P > Na. A u t u m n  ranking was Ca > N z K  > Mg > P Na. The spring and 

autumn nu t r ien t  importance i n  branches was Ca > N > K  > Mg > P > Na. 

The rank of nu t r ien t  concentration in  combined l i t t e r f a l l  during spring 

was N > Ca > K  > Mg > P > Na. Fall ranking was Ca > N > K >  Mg > P > Na. 

2 2. Li t t e r f a l l  biomass averaged 492 g/m /yr  in the pine f o r e s t ,  

2 465 g / m 2  in  the  pine-oak-hickory f o r e s t ,  488 g/m in  the  oak-hickory 

2 f o r e s t ,  444 g/m /yr  in the  mesophytic hardwood fo r e s t .  Seasonal peaks 

in  l i t t e r f a l l  inputs were: autumn f o r  the  leaf  component, spring and 

autumn f o r  reproductive pa r t s ,  while the branch input was d i s t r ibu ted  

e r r a t i c a l l y  throughout the year.  This ranklng did not d i f f e r  among 

fo r e s t  types. For the  watershed as a whole (97.5 h a ) ,  the 1 i t t e r f a l l  

4 biomass values were ( i n  kg) ;  leaves 3.75 x l o 5 ,  branches 3.77 x 10 , 
5 reproductive par ts  5.20 x l ,04, and t o t a l  l i  t t e r f a l l  4.65 x 10 . 

3 .  The majority of 1 i t t e r f a l l  biomass in a l l  four fo r e s t  types .was 

made u p  of leaves (77-85%). Reproductive par ts  contributed 8-14% while 

hranches contributed 8.11%. Leaves const-i.tuLed 81% of t h e  dry weight of 

1 i t t e r f a l l  on the  whole watershed, reproductive par ts  accounted fo r  11%, 

and branches accounted f o r  8%. 

4. A canonical analysis  technique performed on the 1 i t t e r f a l l  bio- 

mass and nu t r ien t  content data f o r  the 'four fo r e s t  types revealed t ha t  a t  
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l e a s t  one f o r e s t  type d i f fe red  s ign i f ican t ly  from the r e s t  f o r  each 

1 i t t e r f a l  1 component and t o t a l  1 i t t e r f a l l  . 
5.  The producers of l e a f  fol iage biomass were, in decreasing 

rank on an annual bas i s :  red oak, chestnut oak, t u l i p  poplar, white 

oak, hickory, red maple, black gum, sourwood, lob101 ly pine,  and short-  

l e a f  pine.  Foliage of the  deciduous species increased sharply in dry 

weight during ear ly  development and then gradually increased or leveled 

o f f .  P r io r  t o  abscission a1 l deciduous species l v s l  weight. The conifer  

f o l i age  showed no seasonal increase in dry weight because only maturc 

1 eaves were col lec ted.  

6. The rank of nu t r i en t  concentration i n  spring fol iage was N > 

K > Ca > Mg > P > Na. A u t u m n  nu t r ien t  concentration order was Ca > N > 

K > Mg > P > Na. The nitrogen and phosphorus concentrations decreased 

as t he  growing season progressed while cal ci um increased with develop- 

ment. Magnesi um concentrations remained constant , while potassi um and 

sodi um concentrations were variable from onset unti 1 de fo l i a t i u r~ .  

7.  Foliage of  deciduous species increased in calc i  urn corilent 

u n t i l  abscission while the  nitrogen,  magnesium, sodium, and potassium 

content  increased i n i t i a l l y  (during the period of most rapid growth) and 

then leveled of f .  The phosphorus content increased i r i i  t id l  ly , a l so ,  but 

decreased t he r ea f t e r .  During t a l l ,  when 'leaves Leydr~ t o  abscise ,  a1 1 

nu t r i en t  content decreased, wi t h  cal ci  urn decreasing the l e a s t .  

8. Foliage nu t r ien t  dynamics can be seen as a function of leaf  

biomass changes as well as such factors  as di f fe ren t ia l  canopy leaching, 

physiological age and condition of the l ea f  and t ranslocat ion t o  and from 

the  l e a f .  Thus, fo l i age  biomass and nu t r ien t  dynamics, j u s t  as those of 



1 i t t e r f a l  1  , were mediated by env i  ronmental condi  ti ons , especi  a1 l y  w i t h  

r ega rd  t o  t h e  h y d r o l o g i c  c y c l e .  
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