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ABSTRACT 

B i omass  production and nutri ent cap ita l  s eques trat i on of four 

p i oneer pl ant  commun i t i es on  a surface-mi ne spoi l were compared . A 

Chenopodi um a l b um-domi nated commun i ty ( Treatment 4) produced the 

greatest amount of b i omas s .  N ext were a commun i ty deri ved from a 

fores t topso i l seed bank spread over mi ne  spo i l ( Treatment 2 ) , a s eed 

bank  commun i ty w i th common recl amat i on  s peci es seeded i n to i t  ( Treat­

ment 3 ) ,  and a m ix  of gra ss es and Lespedeza common ly  u sed i n  recl ama­

ti on ( Treatment 1). 
Treatments 1, 2 ,  and 3 seques tered N i n  aboveground b i omass  i n  

a n  amount  approxi mately equa l to that added as ferti l i zer , but  Treat­

ment 4 seques tered 237 percent of the amount of N added . Phosphorus 

i n  a l l aboveground vegetati o n  was 14 to 27 percent of the amount 

added a s  ferti l i zer. Amounts of  nutri ents sequestered i n  vegetat ion  

were not  s tri ctly proporti ona l  to  b i omass . Commun i ty n utri ent con­

tents were l argel y i nfl uenced by commun i ty b i omass  and the nutri en t  

uptake characteri s t i cs of  the spec i es wi th most b i omas s .  

S i gn i fi cant changes i n  so i l chemi s try were found after one 

grow i ng s easo n . Ava i l ab l e K ,  Fe , Cu and K base  s aturati on were 

greater i n  topso i l s  of a l l treatments . Topso i l  pH , buffer pH and 

avai l a bl e  Mn , were greater i n  Treatments 1, 2 ,  and 4 ,  wh i l e  Mg and  Mg 

base s aturat ion i ncreased i n  Treatments 2 ,  3 ,  and 4 .  Topso i l  H 

saturat ion decl i n ed .  Vegetat i on s i g n i fi cantly affected chan ges i n  

topso i l  ava i l ab l e  K ,  K and Mg base saturat ion , and buffer pH .  The 

i v 



top ten em of s po i l  showed a s i gn i fi cant decreas e  i n  ava i l a bl e K 

duri ng  the fi ve-month peri od o f  the study whi ch was mod i f i ed by 

vegeta t i on treatment . 

The forest so i l  seed ban k  produced 84 taxa , o f  whi ch 65  were 

i dent i f i ab l e to spec i es .  These i nc l uded fi ve tree s pec i es, s even 

shrubs o r  woody v i nes , 1 4  gras ses , and 59 forbs . 

v 

Addi t i on o f  the recl amat i on m i x  of  grasses and Lespedeza to the 

seed bank  res u l ted i n  s i gn i fi cantly fewer establ i shed n at i ve s pec i es .  

Nati ve s peci es l ost  thei r norma l domi nance and exhi b i ted s tunted 

growth and phenol og i ca l  del ay i n  Treatment 3 .  

Concentrat ions  of N ,  P ,  K ,  Ca , Mg , Mn , Fe , C u  and Z n  vari ed 

s i gn i fi cantly between spec i es .  Commun i ty membershi p and underly i n g  

s po i l  i nfl uenced concentrat ions of  some el ements wi th i n  spec i es .  

1 1 Nutri ent  content n i che ,11 11nutr i en t  content n i che share , 1 1 a nd  

n i che breadth ( Levi ns• B )  were ca lcu l ated for i mportant spec i es i n  

each commun i ty .  Nat i ve s pec i es genera l l y  had reduced n i che breadths 

and n i che shares when recl amat ion  s pec i es were added to the commu n i ty .  

N i che s hare o f  the recl ama t i on spec i es genera l l y  decreased when they 

were added to the seed ban k commun i ty ,  but  the i r  n i che breadths 

general ly  i ncreased . 

11Commun i ty content n i che , 11 the s ums of spec i es content n i ches, 

varied between d i fferent types of p i oneer commun i ti es .  
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CHAPTER I 

INTRODUCTION AND OBJECTIVES 

Surface mining in the United States east of the lOOth meridian1 

disturbs 208,000 hectares of land per year (Interstate Mining Compact 

1985) which must be reclaimed to a productive status comparable to its 

premining condition . Much of this land is reclaimed to forestry, 

wildlife or grazing, land uses which are expected to be essentially 

self-sustaining ecosystems, after reclamation and performance bond 

release. 

After liming and fertilization of the newly constructed 

ecosystems on surface mine spoils, nutrients may be lost through 

erosion and leaching. One solution to this problem is to sequester 

and conserve nutrients in biomass until adequate nutrient cycling 

mechanisms and their reserves are established . Farmer et al. (1982) 

determined that a first-year native species community derived from 

forest soil seed banks had the capability to sequester nitrogen and 

phosphorus added to surface-mine spoils at normal rates of fertili­

zation. However, Schafer et al. (1980) found that sequestration of 

nitrogen in undecomposed litter was responsible for vegetation failure 

on reclaimed surface-mined land in Montana. They suggested that 

1Land disturbed by surface mining in Alabama, Arkansas, 
Illinois, Indiana, Kentucky, Louisiana, Maryland, North Carolina, Ohio, 
Pennsylvania, South Carolina, Tennessee, Texas, Virginia, and West 
Virginia. No data far Iowa, Kansas and Michigan. 
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management practi ces wh i ch  preclude excess b i omas s  and li tter 

accumula t i on , such as grazi ng and burn i n g ,  s hould elim i nate th i s  

problem. Carrel et al . ( 1 979 ) determ i n ed that i n i t i al C:N ratio  of 

l i t ter i s  a major  determi nant of i ts rate of decay i n  m i nelands and 

other habi tats . They also found that  over half of  the or i g i nal N 

conta i ned i n  fescue  l i tter was los t  w i th i n  s i x  months , so mo re factors 

than s imple N t i e-up i n  l i tter may be acti ve  i n  the mechan i sm of 

vegetat i on fa ilure on recla imed lands . Stroo and Jencks  ( 1 982 ) 

determi ned that h i gh rates of mi crob i al respi rati on i n  l imed and h i ghly 

fert i l i zed s urface-mi ne soils depleted so il  organ i c  matter and n i tro-

gen res erves , caus i n g  fa ilu re of vegetat ion  on a mi ned s i te in Wes t  

Vi rgi n i a .  

So il  organ i c  matter i s  a tremendously i mportant s o i l  nutri ent 

s i n k  and buffers a terrestri al ecosystem aga i ns t  catastroph i c  nutri ent 

los ses after s evere d i sturbances . Much so i l  orga n i c  matter has  i ts 

or i g i n s  i n  plant b i omas s  wh i c h  has  pass ed through one or more groups 

of detri tivores and decomposer s . I t  con ta i ns nutri ent elements of  the 

ori g i nal b i omas s , nutri ents added i n  cycli ng  through  mi crob i al popu-

lat i on s , and some sequestered from the s o il  solu t i o n .  

D i fferent plant materi als decompose  a t  di ffer i n g  rates depen d i n g  

upon thei r contents o f  n i trogen , li gn i n ,  cellulose , a n d  s econda ry com-
. 

pounds such  as tann i ns and phenols w h i ch may i nh i b i t  detr i t i vores and 

decomposers . A di verse plant commun i ty m i ght be expected to produce 

b i omas s  w i th d i vers e character i s t i cs i n  terms of  degradab il i ty and 

rates of nutri ent release , and i t  i s  also l i kely to have one or more 



popul ati ons act i vely w i thdraw i n g  ava i l a bl e nutr i ents from the so i l  at 

any g i ven t ime dur i n g  the en t i re grow i n g  season . 

A comb i nati on of s trateg i es ,  i n c l ud i n g  rapi d  product ion of a 

d i verse b i omass  and sequestrat ion o f  nutri ents , rapi d  conver s ion  o f  

pl ant b i omas s  to a functiona l  so i l  organ i c  matter , and establ i s hment  

of  eff i c i ent recycl i n g  mecha n i sms may be t he  l on g  term best so l ut i on 

for retent ion o f  n utr i ent  cap i tal  i n  su rface-mi ned and recl a i med eco ­

systems . Ul t i ma tely i t  may l ead  to mo re product i ve ecosystems . 

3 

P ioneer vegetat i on on surface mi nes ( here def i ned a s  the f i r st  

pl ant  commun i ty to be  es tabl i s hed on a s i te) i s  u s ua l l y  cho s en for i ts 

ab i l i ty to control eros i on , f i x  n i trogen and provi de w i l dl i fe food  and 

cover. That some o r  a l l of the p i on eer  speci es wi l l  be repl aced i n  

commun i ty s uccess i on i s  expected , but the i nfl uence of the p ioneer 

community on l ater eco sys tem qua l i t i es i s  s el dom  con s i de red ; i ndeed , 

l i ttl e i nformat ion i s  ava i l ab l e upon wh i ch  to base such con s i derat i on s . 

The s ubj ect of  th i s  s tudy i s  the i nfl uence of the p i on eer commun i ty 

and i ts component spec i es on s ho rt- term b i omas s  accumu l a t i on and 

n utri ent  s equestrati on . 

The objecti ves o f  th i s  s tudy are : 

1 .  to compare four p ioneer pl ant commun i t i es on a s urface-mi n e  

spo i l i n  terms o f  b i omas s  product i on and nutri ent capi ta l 

s equestrati on ; 

2 .  to compare  these commun i t i es i n  terms o f  the i r  s ho rt-term 

effects on spo i l s ;  



3 .  to determi ne how s pec i es ,  commun i ty members h i p  and so i l s  

i n fl uence pl ant nutri ent us e ;  

4 .  to defi ne p l ant  s pec i es functional  n i che i n  terms o f  

nutri ent  concentrat i on and content ; 

5 .  to compare p ioneer s pec i es i n  terms of funct iona l  n i ches 

in these commun i t i es ; 

6 .  determ ine  how commu n i ty compos i t i on  i nf l uences spec i es 

n i che i n  these commun i ti es ; and 

7 .  to defi n e  these p i oneer commun i t i es themsel ves i n  terms of  

functi ona l  n i che .  

4 



CHAPTER I I  

METHODS 

Con s truct ion and Es tabl i s hment o f  Mi c ropl ots 

S i xteen mi cropl ots meas ur i ng 1 . 22 m x 1 . 22 m by 0 . 61 m deep 

were constructed from 1 . 2 7  em ( 1 . 2 i n . ) p lywood , l i ned w i th 6 mi l 

po lyethyl en e  s heet i n g ,  f i tted w i th dra i n s  near the bottom o f  one s i de 

corner and pl a ced a boveground on  a concrete bl ock  and wooden pa l l et 

ba se .  The m i cro pl ots were l evel or  i n c l i ned l es s  than 3 degrees 

towa rd the d ra i n s .  B ecause o f  the method of a s semb ly , top s urface 

area of the m i cro p l o ts was 1 . 334 m .  Al l mi cropl ots were l ocated near 

the Tennes s ee Val l ey Author i ty Di v i s ion  o f  Land and Fo rest Resourc es 

l aboratory near Norri s ,  Tenness ee ,  at an el evat i on of a bout 250 m .  

Two truckl oads of  m i n e  spo i l  overburden from the  Peewee coa l  

s eam on  Wa l n ut Mounta i n ,  a l t i tude about 850  m ,  Campbel l County , 

Tennes s ee , were brought to Norri s .  Th i s  s po i l  wa s pl aced i n  mi cro­

pl ots and l evel ed to a depth of abo ut 60 em. Settl i ng reduced s po i l  

depth to about  5 0  em. Characte r i s t i c s  of  the s po i l  are d i scus sed i n  

the  res u l t s  sect i on . 

A un i form s po i l  wa s des i red for th i s  s tudy ,  but  subtl e 

d i fferences i n  s po i l  materi a l  were not i ced dur i ng the  f i l l i n g  

operat ion . Cl o s e  exami nat ion , l ater s uppo rted by l abo ratory data , 

i n d i cated that two s l i ghtly d i fferent spo i l  mater i a l s were bei n g  u s ed .  

Four o f  the  1 6  mi cropl ots conta i n ed a d i fferent s po i l , so t h e  treatment 

5 



randomi zat i on  pl an was a l tered to i nc l ude one p l ot w i th the second 

s po i l i n  each treatment.  

6 

Forest topso i l  was co l l ected near Wheel er Gap on Cros s Mounta i n  

i n  Anderson County , Tennes s ee .  The fores t was a s econd growth s tand 

of Carya s p p . , Acer rubrum L . , Quercus a l ba L . , and L i r i odendron 

tu l i pi fer a L .  The understory was dom i nated by �- rub rum and Corn u s  

fl or i da L .  The area was at a m i ds l ope  pos i ti on o n  a WNW- fac i n g  s l o pe 

j us t  above the Red As h coal  s eam a t  an a pproximate el eva t i on of 730 m. 

Leaf l i tter  was careful ly raked as i de a nd the top 1 0  em of the A1 s o i l  

hor i zon was col l ected , pl aced i n  7 5  L a l umi num garbage cans  and a l so 

trans ported to Norri s .  

The co l l ected tops o i l  was m ixed and spread on two l arge 

polyethyl ene s heets n ea r  the mi cropl ots . One p i l e  was s teri l i zed w i th 

98 percent methyl bromi de : 2  percent ch l orop i cri n ( Dowfume ) . Steri l i zed 

so i l  was uncovered after two days and expos ed for one week .  

Treatments 

Vegetat ion seed i ng and fert i l i zat ion  were accompl i s hed an 

Apri 1 1 7 ,  1 980 .  

Treatment 1 ,  des i gnated 11 rec l ama t i on mix , 1 1  cons i s ted o f  

s pread i n g  and l evel i n g  66 l i ters o f  s teri l i zed fores t topsa i l  o ver  the 

s u rface  of each of  four mi cropl ats to an approxi mate depth o f  5 em.  

Ammon i um n i trate and concentrated s uper- phosphate , equ i va l ent to 

57 kg/ h a  N and 59 kg/ ha P respect i vel y ,  were then even ly  d i s tr i buted 

over each m i cro p l a t .  Seed of  Lespedeza cuneata ( Dumont )  G. Don and 



Festuca arundi nacea S chreb. var Ky- 31 were seeded at the ra te of 
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13.34 kg/ ha.  Eragrost i s  curvula ( S chrad.) Nees a n d  Loli um multi florum 

Lam. were seeded at respect i ve rates of  2.25 kg/ha and 4 .50 kg/ha. 

Wheat straw mulch was appli ed at a rate o f  4 t/ha after fert i l izat ion  

and seed i ng. Alumi num w i re screen was placed over the mi cro plots fo r 

two wee ks to prevent w i nd loss of  mulch. 

Treatment 2 consisted of 66 l iters of u nsteri li zed forest 

topso i l  spread over four mi croplo ts as i n  Treatment 1. Fert i l i za t i on , 

mulchi ng  and w i re screen i ng were appl i ed as i n  Treatmen t 1. Treat­

ment 2 was desi gnated 11nat i ve seed ban k  commun i ty.11 

Treatment 3 was a repet i t i on of cond i t i on s  and procedures o f  

Treatment 2,  but Lespedeza cuneata, Festuca arund i nacea , Eragrost i s  

curvula and Loli um mult i florum were added at one-half the seed i n g  

rates used for each speci es i n  Treatment 1. Treatmen t 3 was desi gnated 

11Seed ban k  p lus reclamation  mi x. 11 

Treatment 4 was 66 li ters of  steri li zed forest to pso i l  spread 

over mi cro plots and ferti li zed as i n  preced i n g  treatmen ts. Strat i fi ed 

seed of  Rumex aceto cella L. ( 1.95 kg/ha ) ,  Phytolacca ameri cana L. 

( 375,000 seeds/ha ) ,  Eupatori um purpureum L. ( 750 , 000 seeds/ha ) ,  

Chenopod i um album L. (2.30 kg/ha ) and Andropogon vi rgi n i cus L. 

( 1 ,500 , 000 seeds/ ha )  were sown i n  each plot. Rhus coppali na  L. 

( 300,000 seeds/ha )  and Robi n i a  pseudo-acaci a L. ( 60,000 seeds/ ha ) were 

sown after treatment of 10 m i nutes and 2 hours respect i vely i n  concen­

trated sulfuri c aci d to brea k dormancy. h· cuneata and I· curvula were 

also shown at the same rates as i n  Treatment 3. Because o f  the 



devel opment  of  t h i s treatment ' s  p l ant  commun i ty� i t  was des i gnated 

" Chenopod i um commun i ty . 11 

P reharvest Care 

Al l mi cropl ots were watered un i forml y as neces sary between 

rai nfal l events whenever pl ants began to show s i gns of water stres s . 

Rai nfal l data were taken for record purposes from the Norr i s  Dam rai n  

gauge whi ch was l ocated about 1. 7 km north of the s tudy s i te .  

Preharves t Obs ervations  

8 

Mi croenv i ronment measurements to determi ne ear ly  effects of  the 

vegetati o n  cover were made i n  each pl ot  dur i ng the per i od of 1 to 2 pm 

on August  14 . The weather was s unny ;  1 . 27  em of  rai n  had fal l en two 

days pr ior .  Three random sampl e po i nts were chosen for each pl ot 

u s i n g  a random number tab l e  to defi ne  x ,y coordi nates . L i ght  measu re­

ments were taken at the so i l  s u rface by i nserti ng a Sekon i c  Studi o  

Pro i nc i dent l i ght meter under mi crop lot  vegetati on from the north 

s i de . The meter read i ng was then compared wi th another i nc i dent l i ght  

measurement above the vegetat ion  and recorded as  percent of i nc i dent 

l i ght .  One  topso i l  samp l e was removed from each p l ot  at  the  po i nt  of  

the f irst  l i ght  meas urement .  The so i l  sampl es were p l aced i n  snap cap 

fi l m  cans for return to the l ab where they were wei ghed , dri ed at 

105°C� and rewei ghed to determ i ne s urface so i l  mo i s ture . So i l  su rface 

temperatu res were determi ned w i th an i nfrared rad i ometer . 

L i ght  measurements were l og transformed to el i mi nate s kewnes s 

before the i r  correl ati ons wi th so i l  temperature were cal c u l ated . 
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One-way anal ys i s  of var iance and regres s i on procedures used i n  th i s  

sect ion  were run on a Hewl ett-Pac kard Model 10 cal c u l ator us i n g  11 9810A 

Stat Pac1 1  programs . Chi - s q uare and Tukey's-w were cal cu l ated ( Stee l 

and Torri e 1980) .  

Mi crop l ot Harves ti ng  and Sampl i n g  

Harvest of  the mi cropl ots was started on  S eptember 2 and 

compl eted on September 20 whi ch gave a mean grow i ng per i od of 147 

days . Mi crop l ots were chosen for harvest at random w i t h  t he constra i nt 

that the f irst  four , s econd fou r ,  th i rd four ,  and l ast  fou r  mi cropl ots 

harvested wou l d  i ncl ude one of each treatment . Popu l at i ons  of  each 

spec i es i n  each mi cropl ot were counted by i ndi v i dual s or  cl ones as 

they were c l i pped at ground l evel . I nd i v i dual s or  c l ones of  popu l ou s  

s pec i es were randomly cho s en for chemi cal anal ys i s .  Smal l s pec i es 

popul at i ons  were pool ed for chemi cal anal ys i s .  The remai n i ng bul k o f  

majo r  s pec i es was pl aced i n  paper bags fo r b i omass determi nat i on onl y .  

Sampl es c hosen for chemi cal anal ys i s  were washed to remove surface 

dust  and s o i l . The was h i n g procedure cons i sted of  dun k i n g  and swi s h i n g  

s peci mens i n  a s urfactant ( 0 . 1  percent 1 1 Tween-201 1  so l ut i on ) for ten 

seconds , then a r i n se  i n  a l arge pai l of tap water ( changed frequentl y ) , 

fo l l owed by a d i s t i l l ed water fi nal ri nse .  Vegetat ion  sampl es were 

pl aced i n  l abel l ed brown paper bags and pl aced i n  the sun u nt i l  they 

were returned to the l ab for o ven dry i ng at 65°C at the end of  the day . 

Three compo s i ted tops o i l  samp l es , three compo s i ted mi nespo i l  

samp l es from the to p 10 em of spo i l ,  and three compos i ted s po i l  sampl es 
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from 30-40 em s po i l depth were col l ected from each mi cropl o t ,  a i r  dri ed 

and stored i n  p l as t i c  bags unti l analys i s .  

Dur i n g  the harves t i n g  of  the pl ots , stem s tu bs of  s ome 

i nd i v i dual  p l ants were tagged w i th spec i es i dent i fi cati on . These root  

sys tems were exposed by was h i n g  t he  so i l  and s po i l away wi th a ho se .  

Depths , l ateral extent , a nd  character of root systems for many spec i es 

were recorded . 

B l ac k  and wh i te a.nd  co l or s l i d e  photographs were made at  a l l 

s tages of the s tudy from i n i t i a ti on to harvest i ncl udi ng root and 

so i l / s po i l  profi l es .  Oven-dri ed vegetati on s ampl es were we i ghed ,  

as s i gned a s amp l e n umber ,  and  a l l data from s ampl e bags were recorded 

on data s heets w i t h  th i s  number . Vegetati on and l i tter sampl es were 

ground to 20 mes h s i ze i n  a sma l l W i l ey mi l l .  Larger s ampl es were 

fi rst  coarse ly  ground i n  a l arge W i l ey mi l l  to s peed proces s i ng .  

So i l s  

Stone content was determi ned by s i ev i ng s o i l s  and spoi l s  w i th a 

2 mm screen and we i gh i ng the res u l t i n g  fracti ons . Textura l determi na­

t i ons were carr i ed out us i ng the hydrometer method ( B l ac k  1 965 ) . Co l or 

determi nat i ons were made wi th Munsel l So i l  Co l or Ch arts ( Munsel l Co l or 

Company 1 954) . 

Tota l Kj el dahl  n i trogen of so i l s  a nd spoi l s  was determi ned on 

1 . 0  g s ampl es s i eved to i ncl ude on l y  the fract ion l es s  than 2 mm i n  

s i ze .  A s tandard Kj el dahl d i ges t i on us i ng K2so4 a nd  H2so4 w i th a Se 

cata lyst  was carri ed out i n  75  ml g l ass tubes i n  a Tecato r  Model 40 
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d i gest i on  b l ock .  S team d i st i l l at i on wa s carri ed out u s i n g  a Tecator 

Model 1 004 d i s ti l l i n g  un i t  w i th ammo n i a  capture i n  a 5 percent bor i c  

ac i d  so l uti on w i t h  methyl red-b romcresol green i ndi cator m i x. The 

res u l t i ng ammoni um-borate so l ut i on  was then back-ti trated to neutral i ty 

wi th 0 .  1 N HCl  ( Tecato r, I n c .  1 976) . 

Other so i l  c hemi ca l  ana lyses were carri ed out by a commerci a l  

agr i cu l tural so i l  and pl ant ana lys i s  l aboratory ( A  & L Agr i cu l tu ral 

Labo ratori es, I n c . , Memph i s, Tennes see ) . They used the fol l owi ng pro­

cedures and extracts of  so i l  sampl es: 

P - B ray- 1 ( B l ack  1 965 ) 

P - Bray-2 ( B ray and Kurtz 1 945 )  

K - ammo n i um acetate ( B l ack  1 965)  

Ca - ammon i um acetate ( B l ac k  1 965 )  

Mg  - ammon i um acetate ( Blac k  1 965 )  

Mn - 0 .  1 N H C l ( B l ac k  1 965 ) 

Fe - 0 . 1 N HCl ( B l ac k  1 965 )  

Cu  - o. 1 N H Cl ( B l ac k  1 965 )  

Zn - 0. 1 N H Cl ( B l ack  1 965 )  

pH - l : 1 H20 ( B l ac k  1 965 )  

buffer pH - SMP (Shoema ker et a l . 1 962 ) 

Cati on Exchange Capac i ty ( CE C )  - cal cul ated from exchangeabl e 

cati ons + H+ 

%base saturati o n - computed from exchan geable cat i ons and H+, 

and 

% organi c  matter - wet combust ion  w i th dichromate and s u l fur i c 

a c i d  ( B l ack 1 965 ) 
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One-way anal ys i s  of  vari ance and t-test procedures u s ed i n  th i s  

section  were carri ed out us i n g  a H ewl ett-Pac kard Mo del 1 0  ca l cu l a tor  

w i th " 98 1 0A S tat Pac "  programs . Treatment effects on so i l s  data were 

anal yzed u s i n g  data converted to 1 1 C hange  over t ime11 ( end val ue  m i nus  

s tart v a 1 u e )  . 

Chemi ca l Ana lys i s  of  Pl ant Materi al s 

Chem ica l  ana lys i s  of the vegetat ion  sampl es s tarted wi th  a 

s u l fur i c  ac i d- hydrogen peroxi de d i gesti on method ( Al l en 1 974 )  wh i ch 

a l l ows  one  d i ges t of  each samp l e to be s ubd i v i ded for s eparate ana l yses 

of N ,  P ,  K ,  Ca , Mg , Mn , Fe , Cu and Zn . To prepare the d i gest i on 

reagent , 3 50 ml o f  concentrated H2so4 was added to 0 . 42 g Se  metal 

powder and 1 4  g L i S04 i n  a l i ter fl a s k .  The fl as k was p l aced i n  an  

i c e  bat h  and 420 ml of  30% H2o2 wa s s l ow ly  added . W hen  t h i s  reagent 

cool ed s uffi c i entl y ,  i t  was s tored at  4°C i n  an  a c i d-was hed poly­

ethyl ene bottl e unt i l  used . 

Vegetat i on samp l es o f  0 . 500 g were p l aced i n  7 5  ml d i ges t i on 

tubes and 1 0 . 0  ml of  the di ges t i on reagent was added . After foami n g  

s ubs i ded , tubes were pl aced i n  a 40- pl ace  Tekato r d i ges t i on b l oc k  for 

gradual  h eat i ng to 4l 0°C .  Sampl es were di gested for 30 mi nutes beyond 

the t i me requ i red for the l as t  s ampl e to turn  to a c l ea r  so l u t i on . 

The rac k  conta i n i n g  the tubes was then removed from t he d i gest i on 

b l o c k  and a l l owed to cool to the po i nt that 25  ml d i s t i l l ed H20 

cou l d  be added wi thout  over v i gorous bo i l i n g  and l os s  o f  sampl e .  Upon 

cool i ng to room temperature , the tube contents were tran sferred to 

50 ml vol umetr i c  fl a s ks , brought to vol ume , and thorough l y mi xed . 
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A 1 5  ml a l i quot of each  sampl e was removed from the vol umetri c  

fl as k and returned to i ts or i g i na l  d i ges t i on tube for the s tandard 

Kje l da h l  d i s t i l l at i on of ammo n i a  i nto bor i c  a c i d on a Te kator Model 

1 004 s team d i s t i l l at i on un i t .  The res u l t i n g ammon i um- bo ra te so l ut i on 

w i th bromcresol  green-methyl red i n d i cator wa s then t i tra ted to a 

neutra l  endpo i nt u s i n g  0. 1 N H2so4 { Tecator ,  I nc .  1 979 ) . A 1 0  ml 

a l i q uot of  each sampl e wa s removed from the d i ges t i n  the vo l umetri c 

fl a s k  and s tored i n  an ac i d-was hed l i near pol yethyl ene  s c i nt i l l at i on 

v i a l . The se sampl es were ana lyzed for pho s phorus us i n g  the mo lybdenum 

b l ue- ascorb ic  ac i d  met hod ( Rand et a l . 1 976 ) . 

Two 1 0  ml a l i quo ts were kept for metal s ana lyses  by a tomi c 

absorpt i on fl ame pho tometry .  One  a l i quot was u sed for ana lys i s  o f  

i ron , manganes e ,  copper and z i n c concentrations . The s econd a l i quot 

was d i l uted as  necessary for determ i nati ons of cal c i um ,  magnes i um and 

potass i um .  Di l uti ons were made u s i n g  0 . 1 percent l anthanum ch l or i de 

sol uti on to s u ppres s ca l c i um-magnes i um i nterferences ( Al l en 1 974) . 

Ca l cu l at ion of  Nutri ent Con ten ts 

Nutr i ent contents of  each spec i es in each p l o t  were determi n ed 

by ca l cu l at i n g  mean concentrat ion  o f  each  nutr i en t  for each s pec i es 

i n  that p l ot .  Th i s  mean  was then mu l t i pl i ed by the tota l b i omas s  o f  

that spec i es i n  that p l ot .  



Compar i son of Nutri ent Concentrati ons i n  S pec i es 
Common to Treatment 2 and Treatmen t 3 
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The nutri ent concentrat i on data and the des i gn o f  the s tudy 

a l l owed some compari sons  of the i nfl uence of spec i es ,  commun i ty 

members h i p ,  and s po i l  on the pl ant nutr i ent  concentrat i ons . S uffi c i en t  

sampl es were ava i l a bl e to compare n i ne s pec ies present i n  both the 

nati ve seed ban k mi x ( Treatment 2} and the nat i ve seed ban k p l us 

grasses  ( Treatment 3 ) .  To th i s  end , nutr i ent concentrat i on data for 

Aster d i var i catus L . ,  Di g i ta r i a  i s chaemum ( Schreb.) Mu h l . ,  Q. 

sangu i na l i s  L . , Erecht i tes h i erac i fol i a  L . , Eupator i um rugosum Houtt . , 

I· purpureum, I· s erot i num Mi chx . , Hel i anthus m i crocepha l u s T&G, and 

Phyto l acca ameri cana were anal yzed by ANOVA ( a na lys i s  of var iance )  

u s i ng the GLM procedure of  the SAS s ta t i s t i ca l  program pac kag e  (SAS 

I nsti tute I nc .  1 982 ) . Type I V  s ums of squares were u s ed to determi n e  

the i nfl uence o f  s pec i es ,  commun i ty membersh i p, and spo i l o n  vegeta­

t ion  n utr i ent concentrati o ns . Al l two-way and three-way i n teract i on s  

were a l so exami n ed .  

S imi l ar compari sons  of s pec i es ,  commun i ty, and  s po i l s  were 

performed on seeded spec i es and i nvaders i n  the rec l amat i on mi x ,  but 

compar i son  i s  between the rec l amat ion  m ix  (Treatment 1 )  a nd the nati ve 

s pec i es pl u s  rec l amat i on m i x  ( Treatment 3 ) .  Spec i es u sed i n  the ANOVA 

were D i g i tar i a  i schaemum, Q .  sangu i na l i s ,  Eragrost i s  curvu l a ,  Festuca 

arundi nacea, Lespedeza cuneata , Lo l i um mu l t i fl orum, and Lol i um perenne. 



CHAPTER I I I  

DEVELOPMENT OF  PLANT COMMUN ITI ES 

Pl ant  Commun i t i es from So i l  Seed B an ks 

So i l  seed ban k s  are present  i n  d i verse types of  ecosystems 

i nc l ud i n g  natural  and p l anta t i on fores ts ( Oo s t i n g  and Humphreys 1 940 , 

l i v i ngston and Al l es s i o 1 968 , H i l l  and Steven s  1 981 , B rown and 

Oo s terhu i s  1 981 , Dobberpuhl 1 981 ) ,  natura l gra s s l ands ( L i ppert and 

Hopki ns  1 950, Arch i bal d 1 981 ) ,  cu l ti vated l ands  ( Brench l ey and 

War ington 1 930) , pastures ( Ch i p p i ndal e and Mi l ton 1 934 ) , ar i d  l ands 

( Beauchamp et a l . 1 97 5 , Barbour  and lange 1 967 , Howa rd and Samuel 

1 979 ) , and wetl ands ( van der Val k and Dav i s  1 976 ) . 

These s eedbanks  are frequent ly  s i gn i fi cant  i n  the vegetati on 

dynam i c s  of the ecosystem conta i n i ng them. B ur i ed , v i ab l e seed i s  at 

l east  part ly  respon s i b l e for success i on i n  ol d f i e l ds ( Eg l er 1 954 ) , 

and i t  i s  very important  i n  recovery of  forest s tands after d i s turb­

ance by s uppl y i n g  s peci es wh i c h  a re important in the ear l y  stages o f  

secondary s ucces s ion  ( L i v i ngston and Al l es s i o 1 968 ) . Seed ban ks and 

s eed ban k man agement are important  i n  ma i n ta i n i ng the presence of 

s peci es  wh i c h  are dependent u po n  per iod i c  d i stu rbance for reestab l i sh­

ment  in  t he commun i ty ( B rown and Oo�terhu i s  1 981 ) .  

A number of researchers have i nvest i gated the potent i a l  for 

us i ng s eed ban ks i n  topso i l  for surface mi ne recl amat ion , wi th  

emphas i s  on the western U.S .  and  Canada i n  ari d o r  semi - ar i d  
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ecosystems. Howard and Samuel ( 1 979 )  i nvesti gated use of topso i l 

conta i n i ng seed and r h i zomes of  perenn i a l  pl ants. I nsuff i c i ent  

numbers o f  seedl i ng s  surv i ved to  meet rec l amat i on requ i rements, but  

they found  that thi s method i ntroduced nati ve spec i es. 

B eauchamp et a l . ( 1 975 )  found that add i t i ona l  seed wa s 

requ i red to meet recl amat i on requ i remen ts when topso i l was u sed i n  

Wyomi n g .  Appl i cat i on of top so i l s  on  mi ned l ands after thei r remova l  

from other l ocat i on s  resu l ted i n  h i gher components  of nat i ve spec i es 
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· i n  the resu l t i n g  pl ant commun i t i es than w hen standard seed i ng mi xes 

were  u sed . I verson and Wal i ( 1 982 ) reported that speci es deri ved from 

seed ban ks are important i n  i n troduci ng some nati ve spec i es to 

rec l a i med l ands. They p l aced a h i gher importance on imm i grant spec i es ,  

however .  Farmer et a l . ( 1 982 ) i nvest i gated the  poten t i a l  of  

Appa l a c h i a n  forest top so i l s  to supp ly  nat i ve spec i es for rec l amat ion  

i n  the  ea st .  Seed ban ks from three d i fferent fore st s  produced .a tota l 

of  1 34 d i fferent taxa when spread over two m inespo i l s  and a contro l 

n ur sery so i l .  Furthermo re ,  t hey est i mated that a l arge proporti on of  

the n i trogen and  pho sphoru s added as  fert i l i zer  i n  that  tr i a l  wa s 

ta ken u p  by the p l ants grow i n g  from the seed ban ks. They specu l ated 

that suc h  sequestrat i on of nutr i ents  i n  vegetat i on cou l d  be important  

i n  l ater devel opment of pl ant commun i t i es on spo i l s  that  are  frequent ly  

defi c i ent  in  essent i a l  nutr ients. Important m i crob i a l  popu l at i ons can 

a l so be  i ntroduced i n  th i s  manner { Argonne Nat iona l  Laboratory 1 981 ) .  

An i mportant con si derat i on i n  use of topso i l  seed ban ks i n  

rec l amat ion  i s  the handl i ng o f  the mater i a l . Topso i l stored for 
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s i gn i f i can t per i ods of time can have reduced n umbers of v i ab l e s eed 

( Tacey and Gl o s sop 1 980 , Argonne Nat i ona l  Laborato ry 1 981 ) .  S eason 

of topso i l  co l l ect i on can i nfl uence the emergence of spec i es from the 

s eed ban k .  Thompson  and Gri me ( 1 979 )  and Grime ( 1 981 ) s howed that a 

so i l  may conta i n  s evera l types of s eed ban ks wh i ch may range from 

tran s i en t  to pers i stent based on the dormancy cha racter i s t i cs of the 

component spec i es s eeds . Di fferent types of s eed banks may b e  abl e 

to expl o i t  on ly  certa i n  types of  d i s turbances at  certa i n  s easons  of 

the year ( Gr ime 1 98 1 ) .  

Res u l ts 

Devel opment of Vegeta t i on 

Th i rty days after es tabl i s hment of the pl ots , broad- l eaved 

nat i ve herbaceous  s pec i es had appeared above t he mu l ch i n  Treatments  

2 a nd 3 .  I nd i v i dua l  grasses were a l so v i s i bl e  i n  Treatments 1 and 3 .  

Many Chenopdoi um a l bum seedl i n gs were v i s i bl e  i n  Treatment 4 w i th 

l es s er n umbers o f  other s eeded s pec i es . At th i s  t i me l i ttl e di ffer­

ence between treatments i n  tota l v egeta t i on cover wa s ev i den t .  

At 3 7  days , cover i n  Treatments 1 ,  3 ,  a n d  4 was o bv i ous ly  

greater than  that  in  the nat i ve  s peci es Treatment  2 .  C .  a l bum i n  

Treatment 4 was a l so t h e  mo s t  i mportant s peci es i n  the seeded mi x .  

E ragro s t i s curvu l a and two i nvader s pec i es of D i g i tari a  were noti ceabl e 

under the f. a l bum , but most  o ther s eedl i ngs of  d i cots had fa i l ed to 

become establ i shed . 
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At 60 days,  ground cover was comp l ete i n  Treatment 1 and 

somewhat l ess in Treatment 3 .  The nat i ve speci es i n  Treatmen t 2 pro­

v i ded on ly 50 to 70 percent ground cover . A l ush growth of  f. al bum 

had establ ished nea rly compl ete canopy cover i n  Treatment 4 by th i s 

t i me .  

At 90  days, nati .ve speci es pl ots had devel oped a cover about 

the same as other treatments. W hen ground cover est imates were made 

1 1 2 days after the start of the study on August 7 ,  Treatments 1 - 3 had 

no si gn i f i cant d i fferences i n  the amount of cover .  Mean cover for 

these three treatment s  was 90 percent .  Treatment 4 had  si gn i fi cant ly  

l ess cover ( ANOVA , a =  . 05) wi th  a mean of 79 percent  ( Tabl e 1 ) .  

M icroc l imat i c  Effects of Vegeta t i on Treatment 

Mi croc l i ma ti c  effects of  the vegetat ion treatments were 

compared on Aug u st 1 4  when the weather was sunny , a i r  temperature a t  

t he p l ots was 37°C  and bare so i l  had a surface temperature o f  45°C .  

Mean surface so i l  temperature ( Tabl e  2 )  wa s h i ghest i n  Treatment 4 

and l owest i n  Treatment 2 .  L i ght i nten si ty expressed as  percent of 

the i nc i dent l i ght mea sured above the vegetat i on  was si gn i f i cantly 

h i gher {a = . 0 5)  i n  Treatment 4 than i n  the other treatments. So i l  

moi sture d i d  not vary si gn i fi cantly  between Treatments 1 ,  2 and 4 two 

days after a 1 2 . 7 mm ra i nfa l l .  Treatment 3 so i l  mo i stu re mea su rements 

were l o st when sampl es were dropped dur i ng  the wei gh i n g  procedure . 
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Tab l e  1 .  Mean vegetati on ground cover  ( percent} i n  the four communi ty 
types .  

Percent 
Treatment  

1 .  Rec l amati on Mi x 9 1 . 9  

2 .  Nati ve Seed Bank  Commun i ty 90 . 6  

3 .  Seed Bank  p lus  Recl amati on M i x 87 . 0  

4 .  Cheno�odium Commun i ty 78 . 9  

1 s tandard devi ati on . 
2Treatment mean s fo l l owed by the s ame l etter a re not 

s i gn i fi can tly di fferent ,  a = . 05 ,  Tu key ' s-w after ANOVA . 

Cover 
( 4 . 0} 1 

( 3 .  7 )  

( 4 . 4} 

( 3 . 2} 

a2 

a 

a 

b 



Table 2 .  Surface so il  temperature, li ght  i ntensity , and s o i l  moi s tu re under four  plant communi ty 
types . l , 2  

Treatment 

1 .  Reclamati on Mix 

2. Nat ive Seed Bank Communi ty 

3 .  Seed Bank + Reclamati on Mix 

4 .  Chenopodi um Commun i ty 

L i ght  So i l  
TemperaturE! CC) _ Intens i ty3 Moi s tu re ( %) 

38 . 6  ( 1 . 3 ) a b  2 . 3  ( 2 . 3 ) b 1 8 . 0  ( 2 . 0 ) a 

3 7 . 9  ( 2 . 1 )  b 6 . 8  ( 9.8 ) b 1 7 . 8  ( 2 . 8 )  a 

38 . 4  ( 1 . 9 )  a b  5 . 8  ( 6.4 ) b 

40 . 0  ( 1 . 9 )  a 1 3 . 1  ( 5 . 8 ) a 1 5 . 5  ( 1 . 0 ) a 

1 standard dev i ati ons  are i n  paren theses . 

2Treatment means followed by the s ame letter a re not s i gn i fi cantly di fferent , a = . 05 , 
Tukey's-� after ANOVA . 

3P ercent of i n tens i ty above vegetati on . 

N 
0 



Pl ant Popu l ations  i n  Treatments at Harvest 

The mean pl ant popu l ati ons for each treatment at  the t ime of 

harvest is express ed a s  the equ i val ent popul ation  per hectare in 

Tabl e 3.  Representative  pl ots i n  each treatment are s hown i n  

Fi gures 1-4 .  

Al though on l y  four speci es were knowi ng ly  seeded i nto the 

Treatment 1 pl ots , a tota l of  18 were recovered . The Lo l i um mul t i ­

fl orum s eed was apparently contami nated w i th h· peren ne . .  Di g i tar i a  

asc haemum and Q. sangu i n a l i s  were i mportant i nvaders i n  th i s  treat­

ment as wel l as i n  others . D igi ta r i a  s pp .  and Dactyl i s  gl omerata 
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may have been i ntro duced i n  the mu l ch des p i te the attempt to steri l i ze  

it  w i th methyl bromi de . Other i nvader spec i es may have survi ved so i l  

fumi gati on o r  were carri ed i n  by b i rds , mammal s ,  o r  w i n d .  The tota l 

number of pl ants o r  cl ones i n  one  p l ot  of th i s  treatment was 124 l es s  

than the mean o f  the other three.  On l y  one i ndi v i dual  of  lespedeza 

cuneata was found and the lo l i um popu l ations were a l so smal l .  Th i s  

was pro ba bl y  due to graz i n g  by fi el d mi ce  whose  burrow was found i n  

the s po i l  dur i n g  the harvest o f  the p l ot .  Mean popu l at i on of  the 

p l ots in thi s  treatment was equ iva l ent to 317 pl ants per s quare meter . 

The nati ve spec i es s eed ban k  i n  Treatments 2 and 3 produced 84 

taxa . S i xty-fi ve o f  these we.re i denti fi ab l e to spec i es, 14 taxa were 

i denti fi ab l e on ly  to genus , and 4 cou l d  o n l y  be p l aced i n  fami ly .  

Severa l forb seedl i ngs i n  d i fferent taxa whi ch  were too poo rl y 

devel oped for i denti f i cation  were cl ass i fi ed i n  one  taxon as  

11mi scel l aneous . "  Of taxa i denti f i ed at l east to genera , there were 



Tab l e  3 .  P l ant popu l ati on means by treatment expressed as  popu l ati o n  per hectare a nd percent of  
tota l  p l ant popu l ation at harvest 

1 . 2 
Treatment 

Specie�_ ... �--_-=P:::-QQ.- . _----_-=_- .....,%,.-- p_Qp_._ -�----% P9p . Pop . ·--% 

Acalypha graci l ens Gray 
A .  rhomboi dea Raf .  
!- vi rgi mca L .  
Agrosti s gi gantea Roth 
Amaranthus  hybri dus L .  
Anemonel l a tha 1 i ctroi des L .  
Ari sto l ochi a serpentari a L .  
Aster d i vari catus L .  
�· pi l os u s  Wi l l d . 
A .  s chreberi Nees 
Aster s p .  
Bidens frondosa L .  
Bromus commutatus S chrad . 
Carya cordi formi s (Wang) K .  Koch 
Chenopodi um album L .  
Cimi c i fuga racemosa  ( L . ) Nutt .  
Crotonops i s  e l l i pti ca W i 1 1 d .  
Cyperus escu 1 entus L .  
Dactyl i s  g1 ome rata L .  
Datura stramon i um L .  

56 , 222  
1 ,874 

Di gi tari a i s chaemum ( Schre b . ) Muh l .  241 , 754  
Q. s angu i na 1 i s  (L . )  Scop . 48 , 726  
E 1 eus i ne i nd i ca Gaertn . 

1 .  78 
0 . 06 
7 . 64 
1 . 54 

E ragrosti s curvu1 a ( Schrad . )  Nees 978,261 30 . 90 
E rechti tes h i erac i fo l i a· ( L . ) Raf . 
E ri geron canadens i s  L .  
E uonymus atropurpureus Jacq . 

1 �874 
1 , 874 
9 , 370 

35 , 60 7  
1 , 874 

1 3�1 1 8  
7�496 

7 , 496 

3 , 748 
1 , 874 

9 , 370 
1 , 874 

29 , 985  
1 3 , 1 1 8  

65 , 592 
1 8 , 74 1  

1 70 , 540 
3 , 748 

1 ,874 0 . 04 
0 . 09 5 , 622  0 . 1 3  1 ,874 0 . 08 
0 . 09 1 , 874  0 . 04 
1 . 2 5  1 3 , 1 88 0 . 30 7 , 496 0.33  

1 ,874 0 . 04 
1 . 80  24 , 363  0 . 55 
0 . 09 
0 . 66 1 6 , 867  0 . 38 
0 . 38 

3 , 748 0 . 09 
0 . 38 9 , 370 0 . 2 1  

1 , 8 74 0 . 04 
0 . 1 9  1 1  , 244  0 . 26 
0 . 09 

640 , 930 28 . 50 
0 . 47 
0 . 09 
1 . 5 1  
0 . 66 58 , 096 1 . 32 3 , 748 0 . 1 7  

3 . 3 1 1 44 , 302 3 . 28 1 81 , 784 8 . 08 
0 . 95 52 , 474  1 . 1 9  39 , 355  1 .  75  

1 , 874 0 . 04 
9 1 0 , 795  20.73 781 ,484 34 . 75 

8 . 60 1 01 '1 99  2 . 30 
0 . 1 9  1 4 , 993 0 . 67 

5 , 622 0 . 1 3  N N 



Tab l e  3 ( conti n ued ) 

Treatment 
,-- - - 2 - --�- -�---�--- -r·-�---�---�-------��:r·-�---� 

---==----'----=..---
Spec ies· Pop . % Pop.  % _ fl2F_� -- __ % Pop . % 

E upatori um purpureum L .  41 ,299 2 . 08 39 ,355 0 . 90 
f. rugosum  Houtt .  461 ,01 9 2 3 . 25 226 ,762 5.1 6  
E .  seroti num Mi chx . 1 1 0 ,570  5 . 58 1 27 ,436 2 . 90 
Eupatori um sp . 1 ,874 0 . 09 1 ,874 0 . 04 
Festuca a rundi nacea Schreb . 732 ,759 2 3 . 1 5 655 ,922 1 4 . 93 
Ga l i um tri f1orum Mi chx . 44 ,978 2 . 27 5 ,622 0 . 1 3  
Ga 1 i um sp . 3 ,748 0 . 09 
Geum s p .  7 ,496 0 . 38 
Hedeoma pu l eg io i des ( L . )  Pers . 3 ,748 0 . 1 9  
He l i anthus decapeta1us L .  5 ,622 0 . 28 
H .  1aevi gatus T .  & G .  1 ,874 0 . 09 
H.  mi crocepha l u s  T .  & G .  2 0 ,61 5 1 . 04 
He1 i anthus sp . 1 ,874 0 . 09 
Kri gi a sp . 1 ,874 0 . 09 
Lactuca b i enn i s ( Moench ) Fern . 33 ,733 1 . 70  
h· pul c he1l a (P ursh} DC. 1 ,874 0 . 09 
L .  s cari o 1  a L .  
Lactuca s p . 
Lespedeza cuneata ( Dumont} G .  Don 372 ,939 1 1 . 78 
L i ri odendron tu1ipi fera L .  
Lol i um mul ti f1orum Lam . 
h· perenne L .  
Lol i um sp . 
Mi s c .  Api aceae 
Mi s c .  Astera ceae 
Mis c .  Fabaceae 
Mi s c .  Poaceae 
Mi scanthus s i nens i s  Anderss .  

594 ,078 1 8 . 77 
63 ,71 8 2 . 01 

1 8 ,741 0 . 59 

1 ,874 

1 29 ,31 0 

1 ,874 
2 8 '  1 1 1  

1 ,874 
1 3 , 1 1 8  

0 . 09 

6 . 52 

0 . 09 
1 . 42 
0 . 09 
0 . 66 

1 ,874 
3 ,748 

33 ,733 

1 1  '244 

1 ,874 

1 ,062 ,594 
54 ,348 

1 98 ,65 1  
1 38 ,681 

3 ,748 
24 ,363 

1 ,874 

0 . 04 
0 . 09 

0 . 77 

0 . 26 

0 . 04 

24 . 1 9  
1 . 24 
4 . 52 
3 . 1 6  

0 . 09 
0 . 55 

0 . 04 

1 ,874 0 . 08 

491 ,005 21 . 83 

5 ,622 0 . 25 
1 ,872  0 . 08 

7 ,496 0 . 33 
N w 



Tab l e 3 { conti nued ) 

1 
S�ecies Poe . 

Mi sce l l aneous  s p .  
Monarda c linopodi a  L .  
Muhl enbergi a s c hreberi J. F .  Gme l  
Oxalis st ri cta  L .  
Oxa l1 s  s p . 
Panicum agrostoides Spreng 

31 ,859 

P .  dicotomi fl orum Michx . 5,622  
Paronychi a  can a dens·; s ( L .  ) Wood 
P a rt henoci s s u s  q uinq uefo lia  ( L. ) P l anch . 
Paspa l um ci rcu l are Nas h 
P. l aeve LeConte 
Phys al i s  heterophyl l a  Nees 
f.. prui nos a L .  
Phytol acca ameri cana L .  
P l a ntago l an ceo l ata  L. 
Port u l aca o l eracea L .  
Pyrrhopappus ca ro 1 i ni anus (Wa 1 t . )  DC  
Ranuncu l us s eptent rionalis Pai r .  
Rhus  copa l l i na  L .  
Robini a  pseudo- acaci a  L� 
Rubus  a l l egheniens i s  Porter 
R .  occidenta lis  Bai l ey 
Rubus  s p . 
Rumex acetose l l a  L .  
S a s safras a l bidum ( Nutt . )  Nees 

1 ,874 

1 , 874 
7,496 

3 , 748 

% 

1 . 0 1  

0 . 1 8  

0 . 06 

0 . 06 
0 . 24 

0 . 1 2  

S c utel l aria  incana var . punctata ( Chapm . ) Moh r  
S .  ovata  Hi 1 1  
S. serrata Andr . 

Poe . 
69 , 340  
35 , 607  

7 , 496 
1 ,874 
1 ,874 

1 ,8 74 
1 ,874 
5 , 62 2  

5 , 622 
1 , 874 

1 34,933 
3,748 
1,874 
3 , 748 
3 , 748 

1 3, 1 1 8  
1 1 , 244 
2 9,985 
58 , 096 

9 , 370 
3,748 

1 4, 993 
5 , 622 

Treatment 
2 -3 4 

% Poe . % P oe . % 
3 . 50 37 , 481  0 . 85 
1 . 80 20 , 6 1 5 0 . 47 
0 . 38 1 4 , 993 0 . 34 1 6,867  0 . 75 
0 . 09 
0 . 09 1 , 874 0 . 04 

5,622 0 . 1 3  
0 . 09 2 6 , 237  0 . 60 3 ,  748 0 . 1 7  
0 . 09 
0 . 28 1 3 , 1 1 8  0 . 30 

1 , 874 0 . 04 5 , 622  0 . 25 
0 . 28 7,496 0 . 1 7  
0 . 04 
6 . 81 93, 703 2 . 1 3  7,496 0 . 33 
0 . 1 9  3,748 0 . 09 
0 . 09 
0 . 1 9  
o. 1 9  1 ,874 0 . 04 

1 4 , 993 0 . 67 
0 . 66 1 1 , 244 0 . 26 5,622 0 . 25 
0 . 57 3 , 748 0 . 09 
1 . 5 1  1 ,874 0 . 04 
2 . 93 52 , 474 1 . 1 9  

7 , 496 0 . 3 3 
0 . 47 
0 . 1 9  5,622 0 . 1 3  
0 .  7 6  1 1  ,244 0 . 26 
0 . 28 N 

"""' 



Tab l e  3 ( continu ed ) 

Treatment 
��--�1 �� 2 j 4 

Sp�cie�_ Pgp . % ---- �_Qp_. % Pop . ____ %� __ _I?QP. % 
Scu te l l aria s p .  1 , 874 0 . 09 
Sol anum  caro linense  L .  
So lidago fl exicau lis  L .  
So lidago s p .  
S tachys tenuifolia  Wi l l d .  
S trophosty l es helyola ( L . )  E l l .  
T ri folium  repens L .  
Tridens fl a vu s  ( L . )  Hi tchc . 1 , 874 0 . 06 
Tri ticum aes ti vu m  L .  
U l mu s  s p .  
Unio 1 a l atifolia  Michx . 
U vu l aria  perfo liata L .  
Vio l a  sagittata Aitt . 
Viol a  s p .  
Vitis s p .  

Mean sum 

cr 

3 , 1 65,667 

4 1 9 , 040  

5 , 622  0 . 28 
9 , 370 0 . 4 7 
3 , 748 0 . 1 9  

1 , 874 0 . 09 

3 , 748 0 . 1 9  
1,874 0 . 09 

1 93 , 028 9 . 74 
20 , 61 5  1.04 

1 , 982, 759 

87 , 706 

1 , 874 0 . 04 
3 , 748 0 . 09 

1 , 874 0 . 04 
1 ,874 0 . 08 

3 , 748 0 . 09 1 ,874 0 . 08 

1 ,874 0 . 08 

1 32 , 434 3 . 01 
1 , 874 0 . 04 

4 , 392 , 804 2 , 248 ,876 

743 , 6 28 428 , 036 

N 
<.n 



Figure 1 .  A representative plot in Treatment 1 ,  the reclamation 
species mix, as it was on September 1, 1980. 
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Fi gure 2 .  A representati ve  p l ot i n  Treatment 2 ,  the nat i ve seed ban k  
commun i ty ,  a s  i t  was on  September 1 ,  1 980 . 
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Figure 3 .  A representative plot in Treatment 3 ,  the native seed bank 
plus reclamation mix, as it was on September 1, 1980. 



Figure 4 .  A representative plot in Treatment 4, the Chenopodium 
community, as it was on September 1, 1980. 
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f i ve  tree s pe c i es,  seven s hrubs or woody v i nes, 1 4  gras ses, one s edge, 

and 53 forbs . Three l egum i nous  s peci es i n cl ud i ng  Rob i n i a  pseudo-acaci a  

came out of  the so i l seed ban k .  Mean den s i ty was 1 98 and 439 pl ants 

per s quare meter for Treatments 2 and 3 respecti vely. 

Of the ten spec i es seeded i nto Treatment 4 ,  onl y�- a l bum, 

E .  curvul a, and h· cuneata became establ i s hed i n  suffi c i ent n umbers to 

have a ny esti ma bl e  i mpact on the commun i ty .  No i nd i v i dual s of  

Eupator i um purpureum or Andropogon v i rgi n i cus were i n  the pl ots at 

harvest t i me .  The rema i n i n g  i ntenti onal l y  seeded spec i es eac h  con­

st i tuted l ess  than 1 percent on the commun i ty p l ant po pu l at i ons . Of 

the 1 3  i nvader spec i es, o n ly  the two D ig ita ri a  spec i es atta i ned over 

1 percent each  of the total pl ant popul ati on i n  th i s  treatment .  Mean 

p l ant dens i ty was 225 i nd i vi dua l s per square meter .  

Di s cus s i on  

The  add it i on  of  recl amat ion m ix  spec i es to the  nati v e  seed ban k  

commu n i ty a l l ows some i nferences to b e  made a s  to the i nfl u ences wh i ch 

these exoti cs may have on nat i ve communi ti es and  the i r  components . 

The forest so i l  seed ban k p l us i nvaders produced 65 taxa 

i dent i f i ab l e to genus  or  s peci es i n  Treatment 2 .  There were 52 spec i es 

of  s im i l ar ori g i n  not i nc l udi ng  the seeded grasses and h· cuneata i n  

Treatment 3 .  Of the seed ban k  pl us i nvader spec i es, 39 occurred i n  

both Treatments 2 and 3 .  Twenty-s i x  were found o n ly  i n  Treatment 2, 

and  1 3  were found o n ly  i n  Treatment 3 .  Th i s  d i fference  i n  n umber of 

s pec i es un i que to treatment prompts the questi on as to whether the 



gras ses  and h· cuneata sown  i n  Treatment 3 el i mi nated some of the 

nat i ve  s pec i es .  A chi -s quare test performed o n  the treatment-u n i que  

s pec i es presence-absen ce data i nd i cates that t he  recl ama t i on m i x  
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added to the seed ban k commu n i ty d i d  s i gn i fi cant ly  { a = . 05 )  reduce  

the number of  taxa . Amon g  the f i ve  tree s pec i es ,  Carya cordi formi s ,  

Sassafras s  a l b i dum ,  U l mu s  s p . , Rob i n i a  pseudo- acac i a ,  and' L i r i odendron 

tul i pi fera , o n l y  the l atter two were  found i n  Treatment 3 .  The popu­

l ati ons of  h· tu l ipi fera and�· pseu do-acac i a  are s i gn i f i cantly 

sma l l er in  Treatment 3 than i n  Treatment  2 ( t- tes t ,  a = . 0 5) . The 

other three spec i es w ere not numerou s enou gh to make a s tati s t i ca l  

tes t mean i ngfu l , but the i r absence i nd i ca tes that add i t i on of  

recl ama t i on m i x  s pec i es to  the  nat i ve  commun i ty may have  an i nh i b i tory 

effect on fores t devel opment throu gh  i n h i b i ti o n  of  tree s eed germ i na­

tion or seedl i n g  establ i s hmen t  through  competi t i on  for l i g h t ,  water , 

nutri en ts or  a l l el o pa thy . 

Of  the nati ve forbs taxa of  the forest so i l  s eed ban k  w h i ch are 

present in both  Treatments 2 and 3, there i s  a trend for popu l at i on s  

to decrea s e  i n  common w i th add i t i on  o f  t he  gras ses  and�· cuneata . 

The rat io  of  Treatment 2 to Treatment 3 n at i ve forb spec i es i s  2 . 1 : 1 . 

B a sed on the number of spec i es popu l ati on i ncreases vs . the number of 

decreases  per se  between Treatments 2 a nd 3 ,  the number of  popu l at ion  

decreas es i s  not s i gn i fi cant  { ch i  s quare test , a =  . 0 5) . A regres s i on 

of  each  forb  s pec i es popu l at i on i n  Treatment 2 vs . i ts popu l at i on i n  

Treatment 3 g i ves the regress i on formu l a :  



l o g  T3 
= 0 . 708 {l o g  T2 ) + 1 . 1 34 

r2 
= 0 . 596 s i gn i fi cant at a =  . 001 
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where T2 
= Treatment 2 speci es popul ation and  T3 

= Treatment 3 spec i es 

popul ation . The i ntercept of  the a bove  equati on i ndi cates that there 

is a trend for l ess common spec i es i n  Treatment 2 to i ncrease  i n  

number when the rec l amation  m ix  i s  added to the nati v e  spec i es com­

mun ity, but the more common s peci es popu l ations  tend to decrease 

( Fi gure 5 ) .  The break po i nt i n  the trend i s  a s pec i es popu l ati on of 

a bo ut 7650 i nd i v i duals per hectare i n  the nat ive  s pec i es o n ly  treat­

ment .  The trend i s  statisti ca l l y s i gn i fi cant when tested abo ve but 

not bel ow the brea k po i nt ( ch i - s quare, a = . 05 ) .  

Another obvi ous cons equence of  add i n g  the recl amation  mi x to 

the s eed ban k commu n i ty i s  the s h i ft i n  speci es i mportance as i nd i ­

cated by s pec i es popul ati ons . Str i ct l y  i n  terms o f  numbers, the seed 

ban k  commun i ty i s  domi nated by Eupato r i um rugos um, V io l a sagi ttata, 

Erechti tes h i eraci fo l i a, Phyto l acca amer i cana, L i r i odendron tu l i pi fera, 

and  Eupator i um seroti num .  Thes e s i x spec i es consti tute 60  percent of  

the  total popu l ation  ( Tabl e 4 ) . Lespedeza cuneata, Eragrosti s curvu l a,  

and  Fes tuca arundi nacea fi l l  the  the  same propo rt i ona l  p l ace i n  

Treatment 3 .  Al l o f  the domi nant spec i es of  Treatment 2 have dropped 

in importance more than is accounted for by the i n creas e i n  den s i ty 

when the rec l amat i on mi x i s  added . 

The smal l er popul ati ons o bserved when the recl amat ion  mi x i s  

added to the s eed ban k commun i ty are stati sti ca l l y  s i gn i fi cant 
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Fi gure 5.  Popu l ations  of  nati ve herbaceous speci es occurri n g  i n  both 
Treatment 2 and Treatment 3 .  ACAR = Aca lypha rhombo i dea , 
ACAV = �· v i rgi n i ca ,  AGRG = Agrosti s gi gan tea , ANET = 
Anemonel l a  thal i ctro i des , ASTD = As ter di vari catus , ASTX = 
Aster s p . , BROC = Bromus commutatus , DACG = Dactyl i s  
gl omerata , EREH = Erechti tes h 1 eraci fo l i a ,  E UPP = Eupatro i um 
purpureum , EUPR = I· rugosum ,  EUPS = I· s eroti num , EUPX = 
Eulatori um s p . , GALT = Gal i um tri fl orum,  HEDP = Hedeoma 
pu egio i des , HELD = Hel i anthus decapeta l u s , HELM = Hel i ­
anthus  mi crocepha l us ,  LACB = Lactuca bienn i s , L I RT = 
L i ri odendron tu l ip i fera , MONC = Monarda c l i nopod i a ,  MUHS = 
Muhl enbergi a schreberi , O XAX = Oxal i s  s p . , PARQ = Partheno­
ci s s us qu i nguefo l i a ,  PHYH = Physal i s  heterophyl l a ,  P HYA = 
Phytol acca ameri can a ,  P LAL = P l antago l an ceol ata , RANS = 
Ranuncul us  s eptentri ona l i s ,  ROBP = Rob i n i a  ps eudo-acaci a ,  
RUBA = Rubus al l eghen i ens i s , RUBO = E· occi den tal i s , RUBX = 
Rubus s p . , S CU I  = Scutel l ari a i ncana var . punctata , SCUD = 
i· ovata , SOLF = Sol i dago fl ex i caul i s , V IOX  = Vi o l a  s p . , 
V ITX  = Viti s s p .  The di agona l  l i ne  i ndi cates the  po i nts of  
no di fference between Treatment 2 and Treatment 3 po pul  a-
t ions . The break po i nt i s  the poi nt above whi ch nati ve  
speci es popu l ati ons  tend to decl i ne w hen recl amati on s pec i es 
are added to the commun i ty .  



Tab l e  4 .  Comparison o f  dominant  s peci es popu l ation ranks  i n  Treatment 2 a nd Treatment 3 .  

Treatment 2 Treatment 3 
Popu l ation Cumu l ative Treatment 3 Popu l ation Cumul atlve 

Species % of Sum . % % o f  Sum  Species % of Sum  % 

Eupatorium rugosum 23 . 25 2 3 . 2 5 5 . 1 6  Lespedez a cuneata 24 . 1 9  2 4 . 1 9  

Vi o 1 a s agitta ta 9 . 74 32 . 00 

Erechti tes  hieraci folia  8 . 60 41 . 59 

P hyto l acca  ameri cana 6 . 81 48 . 40 

Liriodendron tulipifera 6 . 52 54 . 92 

E upatori um serotinum 5 . 58 60 . 50 

0 

2 . 30 

2 . 1 3  

1 . 24 

2 . 90 

E ragros ti s  curvu 1 a 20 . 73 

Fes tuca  arundinacea 1 4 . 93 

44 . 92 

59 . 85 

w 
..,. 
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lt-tes t ,  a =  . 05 )  for I· rugo s um ,  I· h i erac i fo l i a  and h· tu l i p i fera . 

The dec l i n es i n  E· americana and I· serot i num were not i nd i v i dua l ly  

s tat i s t i ca l l y  s i gn i f i cant b ut  they fol l ow the trend . Popu l at ion  

decl i ne for V i o l a  sag i ttata wa s tes ted u s i ng a l l V io l a  s pec i es because  

l es s- devel oped V i o l a i n  Treatment 3 made s pec i es determ i nat ion  

unrel i ab l e .  The  trend for dec l i ne i n  Vi o l a  was  not  s tat i s t i ca l ly  

s i gn i f i cant .  

Al so of  i nterest i s  the effect of nati ve  popu l at ions  on  gra s s es 

and L .  cunea ta of the recl amat i on m i x .  Des p i te the i r  be i n g  s eeded 

i nto Treatment 3 at  one-hal f of  the  rate of Treatment 1 .  I· curvul a 

and E .  arund i nacea had approx imately equal  den s i t i es i n  both treat­

ments . The s ummed Lo l i um popu l at i ons dropped by approx imately one­

ha l f. The Lol i um s p .  decrease w a s  s tat i s t i ca l ly  s i gn i f i cant ( t-tes t ,  

a =  . 05 ) , but i t  cannot b e  determined whether th i s  w a s  a res u l t  o f  

s eedi n g  rate or  competi t i v e  effects of  nat i ve s pec i es .  The L .  cuneata 

popu l at ion  den s i ty i ncreased s i gn i fi cant ly  (t-tes t ,  a = . 05 )  by 

285 percent w hen added to the nat i ve s pec i es commun i ty i n  s p i te of 

be ing  s eeded i nto Treatment at  one- hal f of the Treatment 1 rate . 

Treatmen t 1 so i l ' s  m i crob i a l  popu l at ions  were i n i ti a l ly  el im i nated or  

greatly reduced by fumi gati on ; the  mi crofl ora of  Treatment 3 were not .  

Th i s  i ncreased establ i s hment of h· cuneata m ay be due to the  advan­

tages of  symb i o t i c  m i crofl ora or  to reduced compet i t i on w i t h grass es 

wh i ch  had l es s  b i omas s  desp i te  thei r numbers . In Treatment 4 ,  w h i c h  

a l so  had fumi gated top so i l ,  h· cuneata popu l at i ons  were abo u t  the same 

as i n  Treatment 1 ,  but aga i n  the seed i n g  rate was  only one- hal f of 
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that i n  Treatment 1 .  Th i s  s ugges ts that reducti on of  s o i l mi crofl ora 

i nh i b i ted L .  cuneata but compet i ti ve or  a l l e l opath i c  i nh i b i ti o n  by 

C .  a l bum may a l so be partl y respons i b l e .  

Resu l ts from th i s  sect i o n  rei nforce the hypothes i s  that forest 

so i l  seed ban ks from the eastern U . S .  can suppl y a d i verse group o f  

s peci es capabl e of  grow i n g  o n  surface-mi ne  spo i l ( Farmer et a l  1 982 ) . 

How wel l these nati ve s peci es mi ght do on a ctual  s urface mi nes wi thout 

the add i tiona l water s uppl i ed i n  th i s  study i s  an  open questi o n  that 

must be answered by further study . Topso i l seed ban k mater i a l  mi ght 

be us ed on a s urface m i ne  as  a suppl ement to standard s eed i n gs of 

ground cover speci es for the purpo se of i ncreas i ng d i vers i ty of the 

p ioneer commun i ty and i ntroduci n g  nati v e  speci es. Res u l ts of thi s 

study s how that such a mi x wi l l  have a reduced number of  nati ve  spec i es 

and  spec i es popu l ations due to compet i t i on of gras s es . Larger nati v e  

herbaceous a n d  woody s pec i es i ntroduced i n  th i s  way mi ght l ater s hade 

out recl amat i on spec i es and l ead to a faster proces s of  s econdary 

succes s i on .  



CHAPTER I V  

SO I LS 

I n i t i a l  Condi t ions  

Two s i mi l ar but  di st i nct s po i l s  were u sed i n  t h i s  s tudy . The 

pr i nc i pa l  s po i l  ( S po i l  2) u sed in three of four  p l o ts i n  eac h  treat­

ment  was a medi um aci d ,  l i gh t  gray ( Munse l l co l o r  2 . 5Y 7/2  dry ,  2 . 5Y 

5/ 2 wet ) , s i l t  l oam w ith  a mean s tone conten t of 39 percen t . The 

other s po i l  ( S po i l  1 ) ,  used in one p l ot per treatment ,  was an 

extremel y  ac i d ,  l i ght  gray ( Munse l l col or 5Y 7/ l dry , 5Y 4/ 1 wet) 

s i l t  l oam w i th a mean s tone  content of 37 percent .  Texture a n d  s to n i ­

ness  v ar i ed a s  much  wi thi n treatments a s  between them .  Co l or di ffer­

ences were s l i ght , but con s i s tent . Chemi ca l  properti es of  the two 

s po i l s  were s i gn i f icant ly  di fferent between spoi l s  for many of the 

tested var iab l es ( Tab l e 5 ) . Percen t orga n i c  matter was h i gh i n  both  

s po i l s  but th i s  was  due to coa l  fragments  and  carbonaceous  materi a l s 

i n  the dark sha l es . The s po i l  u s ed i n  repl i cate 1 of  each treatment 

(Spo i l  1 )  had s i gn i fi cantly  l ower pH , buffer pH , B ray-2 P ,  Ca , and Mg 

than S po i l  2 .  The cat i on exchange  capac i ty ( CEC) of  S po i l  1 was 

h i g her , and K, Ca , and Mg ba se  s aturati o n  percentages were l ower tha n  

those o f  S po i l  2 .  S po i l  1 had  s i gn i fi cantl y h i gher amo unts of  Fe , Cu , 

and Zn , and a h i g her H base saturati on than S po i l  2 .  

I n  compari son to agri cul tural so i l s ,  read i l y  so l ub l e phosphorus 

( B ray- 1 )  was l ow ( 6- 1 3  ppm)  i n  both  s po i l s  ( Tab l e 5 ) , but res erve 

3 7  
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Tab l e 5 .  I n i ti a l chemi cal p roperti es of spoi l s  used i n  rep l i cati on 1 
of each treatment vs . spo i l p ropert ies  i n  rep l i cat i ons 2-4 .  

S po i l 
seo i l 1 

Standard 
seo i l 2 

S tandard 
P roEert� Val ue  Dev i at ion  Va l ue Dev i ati on  S i gn i fi cance 

Organ i c  Matter % 4 . 5  0 . 35 3 . 6  0 .  51 ** 

N % 0 . 1 8  0 . 030 0. 1 6  0 . 034 ns 

Pl ppm 1 0 . 8  1 . 48 8 . 4  1 5 . 92 ns  

P2  ppm 45 . 8  4 . 42 56 . 4  7 . 88 ** 

K ppm 97 6 . 5 1 0 1 4 . 3  ns 

Ca ppm 625 50 1 029  32 ** 

Mg ppm 244 24 305 39 ** 

Mn ppm 65 5 . 5  67 1 3 . 6  ns  

Fe ppm 223 5 . 7  1 86 1 2 . 8  ** 

Cu ppm 5 . 2  0 . 46 4 . 0  0 . 31 ** 

Zn  ppm 1 1 . 2 0 . 90 7 . 3  0 . 60 ** 

pH 4 . 4  0 . 2 1 5 . 8  0 . 47 ** 

b uffer pH 4 . 3  o. 1 5  5 . 7  0 . 46 ** 

C .  E .  C .  1 5 . 7  3 . 93 9 . 9  0 . 80 * 

K base s a t .  % 1 . 7 0 . 39 2 . 6  0 . 23 ** 

Ca base sat .  % 20 . 7  4 .  77  52 . 1  7 . 98 ** 

Mg base sat . % 1 3 . 5  3 . 07 25 . 6  2 . 1 0  ** 

H s a t .  % 64 . 0  8 . 29 1 9 . 8  9 . 42 ** 

*S i gn i fi cant ly di fferent , t-tes t ,  CL = . 05 .  

**S i gn i fi can tly di fferent , t- tes t ,  CL = . 0 1 . 



phosphoru s  ( B ray-2 )  was  h i gh { 40- 58 ) i n  both s po i l s  ( An kerman and 

Large 1 974 ) .  B erg { 1 973)  compared di fferent phosphoru s  ava i l abi l i ty 

tests and con cluded that B ray- 1 pho s pho ru s  l evel s greater than 8 ppm 

were adequate for the es tabl i s hment o f  an her bac eous g roundcover on 

su rface-mine s po i l s .  Barn h i sel  ·{ 1 9 75 )  recommended t hat pho spho ru s  
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be added for recl ama t i on i f  so i l  test P i s  bel ow 30 ppm . Ava i l a b l e 

pota s s ium was  l ow i n  both s po i l s .  Barnh i s el ( 1 975 )  c l as s i f i ed spo i l s  

w i th extractabl e potas s ium l ess  than 1 2 5  ppm as  11 l OW11 and recommended 

that up to 30 kg/ ha po tash  be added for estab l i s hmen t  of an h erbaceou s 

cover ; doubl e that for hay and pasture  establ i shmen t .  Cal c ium l evel s 

w e re not cri t i ca l ly  l ow i n  ei ther s po i l , but a l ow ca l c ium ba se  

saturat i on i n  Spo i l 1 was  l argely respons i bl e  for i ts h i gh H+ 

saturat i on and l ow pH . Magnes ium l evel s o f  both  s po i l s  were w i th i n  

the ranges o f  extractabl e amounts and percentages o f  base  satu rat ion  

tha t produce  reasonabl e growth  on  agr i cu l tu ra l  so i l s  ( Do l l and Lucas 

1 973 ) . Both s po i l s  had l evel s of a va i l ab l e manganese and i ron w h i ch 

are rated very h i gh { >  50 ppm ) for agri cu l tural  s o i l s  { An kerman and 

Large 1 974 ) .  Ava i l abl e copper was a l so very h i gh (> 3 ppm ) ( An kerman 

and Large 1 974 ) .  Ava i l abl e z i nc was  h i gh ( 5 . 1 -8 . 0 ppm) i n  Spo i l  2 

and very h i gh ( >  8 . 1 ppm) i n  Spo i l 1 ( Anderman and Large 1 974 ) . 

The topso i l  was  a s l i ghtly a c i d ,  s i l ty c l ay l oam w i th a mean 

s tone content of  1 9  percen t .  Readi ly  ava i l a bl e phosphoru s  ( Bray- 1 )  

was  very l ow ( >  5 ppm) to h i g h  ( 2 0-2 8  ppm)  ( An kerman and Large 1 974 ) 

w i th a grea t  deal of  vari at i on between treatments ( Tabl e 6 ) . B ray-2 

phospho ru s  was  on ly  s l i ghtly greater w h i c h  i nd i cates that the ava i l ab l e 



Tab l e  6 . Topsoi l  chem i c a l  prope r t i es by trea tme n t  a t  s ta r t  a n d  end o f  s tudy . 

Organ i c  Ma t te r  % 
N % 

P l  ppm 

P2 ppm 

K ppm 

Ca ppm 

Mg ppm 

Mn ppm 

Fe ppm 

Cu ppm 

Zn ppm 

pH 

bu f fe r  pH 

C .  E .  C .  

K base s a t .  % 
Ca base s a t .  % 
Mg base s a t .  % 
H s a t .  % 

� - � - · - -

6 . 5  

0 . 52 

2 1 . 0  

24 . 5  

1 72 

2050 

2 1 6  

1 64 

1 2 . 3 

1 . 3 

8 . 3  

6 .  l 

5 . 88 

1 4 . 7  

3 . 0  

69 . 9  

1 2 . 3  

1 4 . 9  

7 . 2  

0 . 53 

55 . 8** 

76 . 5** 

2 6 l *b 

2380 

240 

1 98* 

1 8 . 0* 

1 .  7 *c 

l 0 .  l 

6 . 7* 

6 . 50**a 

1 3 . 6  

4 . 9*b 

7 5 .  l 

l 4 . 7**b 

5 .  l * 

6 . 0  6 . 7  5 . 9  5 . 9  

0 . 48 0 . 46 0 . 49 0 . 46 

4 . 8  5 5 . 3 ** 6 . 8  56 . 0* *  

6 . 8  85 . 0** 8 . 5  90 . 8** 

1 55 l 88*b 1 60 243**b 

1 83 7  1 76 2  1 850 1 825 

1 74 228* 1 70 2 2 3** 

1 51 1 7 7* 1 44 1 73 

9 . 5  22 . 0** 8 . 8* 20 . 5** 

1 . 4 3 . 2* *a 1 . 3 2 . 1 **be 

6 . 8  7 . 6  6 . 5  8 . 6  

6 . l  6 . 4 * 6 .  l 6 . 3  

5 . 90 6 .  l 8*a b  6 . 00 6 . l Ob 

1 2 . 9  1 2 . 3  1 2 . 7  1 2 . 9  

3 .  l 3 . 9**b 3 . 2  4 . 9* *b 

7 0 . 9  7 1 . 6  7 1 . 7  70 . 6  

1 1 . 2 l 5 . 4 **a l l . l l 4 . 4* *c 

1 4 . 9  9 . 3* 1 3 . 8 l 0 . 2  

'End va l ue s i gn i f i ca n t l y  d i f ferent ( J\NOV A ,  a � . 05 )  f ro m  the s ta r t  va l ue .  

**End va l ue s i gn i fi can t l y  d i f fe re n t  ( ANOVA, a =  . 01 )  from t he s t a r t  va l ue .  

6 . 4  6 . 9  

0 . 5 3 0 . 52 

1 3 . 8  53 . 0** 

1 9 . 0  76 . 5* *  

1 7 1 404**a 

2000 1 7 7 5  

1 83 209* 

1 73 200** 

l 0 . 8  1 8 . 3* *  

l . l 2 .  5** ab 

7 . 9  8 . 3  

6 . 4  . 6 . 9* 

6 . 28 6 . 65*a b  

1 3 .  l 1 2 . 0  

3 . 4  8 . 7* *a 

76 . 5  74 . 2  

l l .  7 l 4 . 6 ** bc 

8 . 6  2 . 5* 

a , b , c  i nd ic a te t h a t  T rea tme n t  h a d  a s i gn i f i can t effect ( Tu key ' s -w a f ter AtiOVA, a . 0 5 )  on t he 
amount of change over t i me .  Means fo l l owed - by the s ame l e tter d i d  not ha ve s i gn i f i can t l y  d i fferen t 
change over t i me due to trea tme n t  effects . 

.p. 0 
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phos phorus reserve was sma l l .  The i n i t i a l  ferti l i zat ion after so i l  

samp l i n g  effecti vely e l i mi nated phosphoru s  fert i l i ty d i fferences 

between t he treatments . Ava i l ab l e potass i um ,  ca l c i um and magnes i um 

were greater i n  the topso i l s  than i n  the  spo i l s .  The amounts and 

re l at i ve base s a turat ions  of  each were suffi c i en t  for acceptab l e p l ant 

growth ( Do l l and Lucas 1 973 ) . Ava i l ab l e  manganese  wa s c l ass i fi ed as  

very h i g h  (Mn > 50 ppm} for an agr icu l tura l so i l  ( An kerman and  Large 

1 974} . Ava i l a b l e i ron was l ow ( 4- 1 1 ppm) compared to agr i cu l tura l 

so i l s  (Ankerman and Large 1 974 ) . Ava i l ab l e copper was moderate ( 0 . 9-

1 . 5 ppm ) and ava i l ab l e  z i nc wa s h i gh ( 5 . 1 -8 . 0 ppm ) to very h i gh 

( > 8. 0 ppm} ( An kerman and Large 1 974 ) . 

Leve l s of  a l l nutri ent e l ements except Cu were somewhat h i gher 

i n  the fumi gated topso i l s  at  the s tart of the study . Fumi gati on of  

the s o i l s  wou l d  have destroyed the so i l  m i crofl ora and rel eased 

n utri ents they conta i ned ( Warcup  1 957 ) . Another pos s i bl e  reason for 

the di fference  i s  that var i at i on i n  forest fl oor c ha racter i s t i c s  may 

have been carri ed through topso i l s  p i c kup  and s prea d i n g . I n  any cas e ,  

N and P ferti l i zati on a fter the so i l  samp l es were ta ken wou l d  have 

mas ked the mo s t  i mportant natural fert i l i ty d i fferences . 

Fi na l  Condi t ions  

At the  end of the s tudy , the tops o i l  i n  a l l pl ots had  settl ed 

to a bout  2/3  of the i n i t i a l  t h i c knesses . 

A number of s i gn i fi cant c hemi ca l changes took pl ace i n  the 

topso i l  over the f i ve-month peri od ( Tab l e  6} . Organ i c  matter d i d  not 
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i ncreas e  s i gni f i cantl y .  Tota l N (Jj el da h l ) di d not i n crea s e  desp i te 

the i n i t i a l  ferti l i zat ion . T h i s  i ndi cates that N a pp l i ed as fert i l i zer 

was e i ther  l os t  by l each i ng or taken up by vegetati on grow i n g  on the 

p l ots . The l atter expl anat i on is  l i ke ly  because the amount of N 

appl i ed i n  ferti l i z er was a pproximately equa l to the  amount i n  the 

aboveground b i omas s  of Treatments 1 -3 .  Aboveground b i omas s  i n  Treat­

men t  4 ,  however , conta i ned abo ut 2 . 5 t imes the n i trogen appl i ed i n  

ferti l i zer , so  some n i trogen was a l so b e i n g  deri ved from t h e  topso i l s  

and s po i l s .  A n i trogen decrea s e  was noted i n  the top 1 0  em of s po i l s  

under Treatment 4 ,  but the s tati s t i ca l  tes t  res u l ts do not i nd i cate 

that thi s  di fference wa s real . N i trogen content of excl uded roots 

was not determi n ed ,  but i t  a 1 so woul d ha ve been important .  

Bray- 1  P and  B ray-2 P i n creased s i gn i f i cant ly  i n  th e topso i l s  

but not i n  the s po i l s .  The topso i l  d i fferences are mos t  l i ke ly  a 

res i dua l effect of ferti l i zat i on , as much more P was added as ferti l i ­

zer than wa s used i n  the aboveground vegetati on . Chan ges over t ime 

were not s i gn i fi cant ly  rel ated to v egetation  treatment .  

Potass i um l evel s i n  the topso i l  i ncrea s ed s i gn i fi cant ly  over 

the study per i od and there was a s i gn i fi cant ( a  = . 05 )  d i fference  

b etween treatments i n  the amounts of  K i ncrease .  Th i s  topso i l  K 

i ncrease  was matched by a s i gni ficant K decrea s e  i n  the top 1 0  em of  

the  s po i l s  (Tabl e 7 } . Vegetat i on treatment s i gn i f icant ly  affected the 

amo unt of change in  ava i l abl e K in  the spo i l  a l s o .  The greatest spo i l  

K decreas e occurred under Treatment 4 .  Potass i um ba se  saturat ion 

fo l l owed the same trend i n  the topso i l s  and s po i l s . I n  s po i l s ,  the 



Tabl e 7 .  Spo i l chemi c a l  proper t i es by tre a tme n t  a t  s ta rt and end of s tu dy . 

.. ------ ----- -----·--·---,.--- -·------�------------------�---- --�- -· 

Va l ue 

Orga n i c  Ma tter % 
N % 

3 . 8  4 . 8  3 . 7  3 . 9  3 . 9  3 . 6  4 . 0  4 . 4  

P l  ppm 

P2 ppm 

K ppm 

Ca ppm 

Mg ppm 

Mn ppm 

Fe ppm 

Cu ppm 

Zn ppm 

pH 

B uffer pH 

C . E . C . 

K base s a t .  % 
Ca base s a t .  % 
Mg base s a t .  % 
H s a t .  % 

0 . 1 6  

1 0 . 5  

4 7 . 8  

97 . 0  

875 

276 

72 

1 89 

4 . 3  

8 . 4  

5 . 2  

5 . 05 

1 2 . 7  

2 . 2  

38 . 9  

20 . 1  

38 . 8  

0 . 1 7  

1 2 . 5  

5 2 . 8  

85 . 3*ab 

980 

2 7 8  

7 4  

1 87 

4 . 3  

9 . 7  

5 .  l 

4 . 93 

1 5 . 0  

1 . 7  

39 . 1  

1 8 . 0  

4 1 . 3 

0 . 1 4  

7 . 8  

58 . 5  

1 04 . 5  

1 02 5  

300 

7 3  

201  

4 . 4  

8 . 3  

5 . 9  

5 . 65 

1 1 . 5 

2 . 6  

5 0 .  1 

2 3 . 6  

2 3 . 3  

0 . 1 5  

1 0 . 5  

58 . 3  

9 0 . 5*ab 

1 03 7  

2 6 9  

7 5  

1 74 

4 . 3  

7 . 5  

5 . 7  

5 . 53 

1 1 . 3 

2 . 2  

49 . 7  

2 1 . 0  

2 7 . 0  

0 . 1 6  

8 . 3  

55 . 3  

1 01 . 5  

938 

301 

60 

202 

4 . 3  

8 . 2  

5 . 4  

5 . 3 3 

1 1 . 1 

2 . 4  

44 . 0  

2 3 . 2  

30 . 5  

0 . 1 6  

9 . 3  

58 . 0  

93 . 0* b  

1 1 1 3  

301  

76 

1 74 

4 . 3  

8 . 8  

5 . 6  

5 . 48 

1 4 . 5  

2 . 0  

4 7 . 5  

2 1 . 0  

29 . 4  

*End va l ue s i gn i f i can t l y  d i f fe rent ( t- te s t ,  a =  . 05 )  from the s ta r t  va l ue .  

**End v a l ue s i gn i f i c an t l y  d i f fe re n t  ( t- tes t ,  a =  . 01 ) f rom the s t a r t  v a l u e .  

0 . 2 1 0 . 1 6  

9 . 5  1 5 . 5  

53 . 5  5 1 . 0  

96 . 3  

875 

283 

63 

1 91 

4 . 3  

8 . 1  

5 . 4  

5 . 2 3  

1 0 . 2  

2 . 4  

4 3 . 5  

23 . 3  

3 0 . 8  

72 . 3*a 

1 000 

2 7 6  

7 6  

1 87 

4 . 4  

9 . 0  

5 . 0  

4 . 83 

1 6 . 3  

1 . 4 

37 . 5  

1 7 . 2  

33 . 8  

a , b , c  i nd i c a te t h a t  T re a tment h a d  a s i gn i fi ca n t  e f fe c t ( Tu key ' s -w a f te r  ANOVA, a = . 0 5 )  on 
t he aniDun t of c hange over t i me .  Means fol l owed by the s ame l et te r  d i d  no t have s i gn i f i cant l y  
d i f ferent change over t i me d u e  t o  t re a t ment e ffects . 

..,::.. w 
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trend was s ta ti s ti ca l ly  s i gn i fi cant on ly in Treatment 4 .  Pota ss i um 

had t he h i ghest mean concentrat i on i n  p l ants of  any of the nutri ent s  

i nvest i gated i n  thi s s tudy .  A s  K i s  a l so one of  the nutri ents l eached 

mos t  eas i ly from p l ant  t i s s ues by ra i nwa ter , th i s  s ug ges ts that the 

vegeta t i on on  these pl ots performed as  " pumps •• i n  br i n g i n g  K to the 

s urface .  B l ac k  ( 1 968)  i ndi cates that t h i s K pump i n g  act i on i s  

pos s i bl e ,  and Kl opatek ( 1 978 ) s howed i ts i mportance i n  so i l s  of  r i ver­

i ne mars hes . 

There was no un i fo rm trend for Ca conc entrat i on c hanges i n  

topso i l ,  but Treatment 4 s howed a s i gn i f i cant decl i n e  i n  the s urface 

so i l  Ca l evel s .  Th i s  mi ght  refl ect the h i gh amount of  Ca u pta ke by 

f. a l bum , but  a s i mi l ar decl i ne was not noted under Treatment 2 

vegetat ion  wh i c h  s equestered the s ame amount of Ca i n  a boveground 

b i oma s s . 

Magnes i um i ncreased i n  topso i l  concentrat ions  over t i me i n  a l l 

but  Treatment 1 ,  but the amount of  c hange was not  s i gn i fi cantly 

rel ated to treatment .  Percent bas e s atu ration  was more sens i t i ve to 

treatment wi th s i gn i f i cant d i fferences rel ated to both t i me and treat­

ment .  The greatest  i ncrease occurred i n  Treatment 2 .  

Topso i l  Mn i ncreased s i gn i fi cant ly  i n  Treatments 1 ,  2 and 4 ,  

but there were no s tat i s t i ca l ly  s i gn i f i cant effects due to treatment .  

The i nc rease i n  Treatment 3 was as  l arge as  those  i n  other treatments , 

but greater var i ab i l i ty w i t h i n  Treatment 3 prec l uded s tat i s t i ca l  

s i gn i f i cance .  

I ron  wa s s i gn i fi cant ly  greater i n  the topso i l s  at  the end of  

the  s tudy ,  b ut there were no  detectabl e treatment effects . 
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Topso i l  Cu concen trati on i nc reas ed over t i me and a s i gn i f i cant 

treatment effect s howed u p  as  wel l . Treatment 2 had the greatest 

i nc rease ; the l east  i ncrease  occurred under Treatment 1 .  

Z i nc concen trat i on i n  topso i l  and s po i l  d i d  not change 

s i gn if i c an tl y .  

Topso i l  pH i ncreased s i gn i fi cantl y  i n  a l l b u t  Treatment 3 .  

Th i s  may be partly d ue  to t he  i ncrease  i n  cati o n  bas e  saturat ion due 

to weather i n g  of so i l  mater i a l , cati on s  re l eas ed from so i l  organ i c  

matter  brea kdown and the cat i on pumpi ng action  of vegeta t i o n .  

Buffer p H  was a l so sen s i t i ve t o  change over t ime a n d  s howed 

s ta t i s t i ca l ly  s i gn i fi cant treatment effects a s  wel l . The magn i tude 

of  change was a pproxi mately equal  to the change i n  water pH of the 

topso i l s .  

Chemi ca l changes i n  the mi ne  s po i l s  were sma l l compared to 

topso i l  c hanges (Tab l e 7 ) . On ly  changes a l ready di s cu s sed i n  con­

j unct ion  wi th topso i l s  were s i gn i f i cant . 

D i scus s i on 

Changes i n  so i l s and devel opment of  so i l s  from mi ne s po i l s  a re 

very compl ex p roces ses that are i nfl uenced by nature of the parent 

mater i a l , mi c roc l imate , mi croorga n i sms , vegetat iQn ,  topography , 

management and t i me .  The most  marked chemi cal  changes occur red i n  

the topso i l  wh i ch wa s most heav i ly expl o i ted by p l ants and mos t  

a ffected by mi croc l imate. Sma l l ,  non s i gn i f icant  i ncreases i n  organ i c  

matter o bs erved here were probab ly  due to new fi ne roots , m i c rob i a l  
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b i omas s  and organi c  excret ion s .  Undoubted ly , " o l d" o rgan i c  matter i n  

the appl i ed topso i l  underwent degradat ion  i n  th i s  new reg imen . Apart 

from i ncreases  due to the i n i ti a l  fert i l i zati on , some i ncreased 

nutri ents i n  the topso i l s  may have been rel eas ed by b reakdown of the 

o ld o rgani c  matter and rel eas e  of  i ts n utri ent  reserve .  A s  a pparently 

happened w i th K, cat i on pumpi n g  a ct i on by vegetat ion  may a 1 so have 

occurred , but  i f  so , i t  was mo re s u btl e and may have been obscured by 

n utri ent rel ease  from weather i n g  s po i l . The data s how that even i n  

one  growi n g  s eason , s i gn i fi cant so i l  changes occurred i n  these sma l l 

ecosystems , some of wh i c h  were vegetati on-caus ed or  vegetati on­

modi fi ed .  

I n  four  out  of  fi ve cases  where vegetat i on treatment effects  

s howed a stat i s t i ca l ly s i gn i f i cant  i nfl u ence on so i l  c hemi cal 

character i s t i cs , Treatment 4 so i l s  s howed changes as l a rge as or 

l arger than changes among  other treatments  ( K ,  Cu , b uffer pH , and K 

base sa turat i on-magnes i um bas e  saturat i on  was s i gn i f icant ly  greatest  

under Treatment 2 ) . I n  these  same cases , so i l s  under Treatment 3 had 

changes wh i ch were sma l l es t  or not s tat i s t i ca l l y  d i fferent from the 

s ma l l es t  changes . Trea tment 4 had the greatest b i omas s  and i n  mo s t  

cas es took u p  t h e  mo s t  nutri ents i n to t h e  a boveground b i omas s  ( se e  

Cha pter V ) . Leac h i n g  of some of t hese el ements from fol i age  back  to 

the topso i l  may have accounted for some of  the so i l c hanges . 

I nfl uences of nutr i en t  i nput v i a  preci p i tati on and tapwater 

i rr i gat ion  were not accounted for , but are probabl y tri v i a l . Prec i p i ­

tat i on i n  temperate zones u s ua l ly  conta i ns 1 - 5  kg/ ha N ,  
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0 . 2- 0 . 6 kg/ ha P ,  1 - 1 0  kg/ ha K ,  3- 1 9  kg/ ha Ca , and 4- 1 1  kg/ ha Mg 

( Ovi ngton 1 968 , c i ted by Duv i n eaud and Denaeger- DeSmet 1 973 ) . Th i s  i s  

1 - 2  orders o f  magn i tude l es s  than the amounts o f  N and P added as  

ferti l i ze r .  Tapwater conta i n s  ba s i c  s a l ts but they are  pres ent i n  l ow 

concentrat i on s  when compared wi th  the l eve l s  i n  s o i l so l ut i on . 

Un i form amounts  of water were appl i ed to each  p l ot ,  yet topso i l  

chemi ca l  changes were not un i form acro s s  treatment s .  I t  seems , there­

fore , that the rol e of i rr i gat i on was mi n i mal as a nutri ent  source.  



CHAPTER V 

B I OMASS PRODUCT I ON AND NUTRI ENT CAPI TAL SEQUESTRAT I ON 

The Rol e  of Vegetati on i n  Conservati on of  Nutri ents 

Vegetat ion can s l ow nutr i ent  l os s  from an eco sys tem through a 

n umber of mechan i sms . For examp l e ,  nutri ents may be  reta i ned i n  the 

ecosys tem by rap i d  i ncorpo rat i on i n to b i omas s , en hancement of the 

n utri ent-hol d i n g  capa c i ty of  so i l  by add i n g  o rgan i c  matter to i t ,  and 

protect i on of s urface  so i l  structure from b rea kdown by heavy ra i ns 

( Harcombe 1 977 ) .  Dead roots  and root excreti on s  may a l so pro v i de 

organ i c  matter s ubs trates fo r m i crob i a l  popu l a t i on s  wh i ch b i nd n i tro­

gen  in  � c rob i a l  b i oma s s  ( Hu ntj ens 1 97 1 ) .  Al l el ochem i c s  may retard 

n i tr i f i cat ion  i n  so i l s  ( Ri c e  and Pancho ly 1 972 , Lodh i  1 977 ) and pre­

vent l o s s  of  n i trogen through  l each i ng o f  n i trate and t he accompany i n g  

cation  l o s ses . 

After s evere d i s turbance , rap i d  uptake of  ava i l ab l e  nutri ent s  

by vegetat i on i s  o ne  o f  t he  mechan i sms for a system ' s return to  a 

s teady state ( Marks and Bormann 1 972 ) . The i mportance of vegetat ion  

i n  nutri ent cap i ta l s eques tra t i on and  s i te s tab i l i zat i on was amp ly  

demon strated by the  cl earcutti n g  and  herb i c i d i n g  of the  Hubbard Broo k 

waters hed ( L i kens et a l . 1 970) . Sapper ( 1 975 )  revi ewed t i mber harvest­

i n g  techn i que effects on water qual i ty and concl uded that rap i d  

regrowth of  vegetati o n  was respon s i bl e for negl i g i b l e  nutri ent l o s s es 

a fter c l earcutt i n g .  Tamm e t  a l . ( 1 974 )  conc l uded that  nutr i ent l osses 

48 
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after fores t cutt i n g  were s i gn i fi cant only in areas of hi gh s i te 

quali ty , probably because  of  better cond i t i on s  for n i tri fi cat ion  on  

better s i tes.  Bartholomew et  al .  ( 1953 )  s tres sed the i mportance of 

prevent i on of nutri ent lo sses  in tro p i cal systems through s torage of 

n utri ents i n  plant  t i s sues . Speci es compo s i tion  and  growth form 

i n fluenced the rate of  plant nutri en t  upta ke . They also s tated tha t  

rap i d  upta ke duri n g  the fi rs t  years of  s u ccess i on  may resu lt i n  

deplet i on rather than a bu i ldup o f  so i l  fert i li ty.  The curren tly 

accepted i dea i s  that  l i ttle of the nutri ent cap i tal  of tropi cal 

fores ts i s  i n  the m i neral so i l  per s e ,  rather it  is  bound in  the bio­

mass . Even i n  recycli ng , i t  may not be '' a va i lable 11 i n  the so i l  

solut ion. 

I n  a relat ively eutrophi c tro p i cal  forest on vo lcan i c  so i l ,  

Harcombe ( 1977 ) found that vegeta t i ve regrowth reta i ned 13 to 100 

percent of ava i lable N ,  K ,  Ca and Mg that wou ld have been los t a fter 

d i sturbance .  Retent ion  of  nutri ents i n  that sy stem was s i gn i fi cant 

but not i mportant  as so i l  weather ing  and atmo spher ic  i n puts  cou l d  

replace t he amounts  los t. Nutri ent retent ion wa s not found to be 

s i gn i fi cantly affected by d i fferences i n  bi oma s s , speci es compo s i t ion , 

or nutri ent concentrat ion . 

I mportance of nutri en t sequestrat ion and con s ervat ion  i n  bioma s s  

may vary from system t o  sys tem a n d  speci es to speci es. Khanna ( 1975 ) 

fo und that the n i trate concentrat ion i n  water percolat i n g  from li tter 

to the deepest  part of the root i ng  zone  i n  a spru ce stand decreased 

75 to 80 percent duri ng  the period  of act i ve n i trate uptake by the 
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vegetati on .  Marks (1 974 ) s tated that nutri ent retent ion i s  determi n ed 

by the rapi d i ty of s ucces s i ona l  regenerat ion . .  The nutr i ent upta ke 

characteri sti c s  of p i n  cherry CPrunus pennsyl van i ca L . f . ) are very 

i mpo rtant  i n  northern hardwood ecosystems i n  th i s regard . Mu l l er and 

Bormann  ( 1 976 )  and Mu l l er ( 1 9 78 )  advanced the hypothes i s  that a s pr i n g  

herb , Erythron i um ameri canum Ker . i s  i mportant to northern hardwood 

ecosystems nutri en t  budgets through  i ts ab i l i ty to s eques ter n i trogen 

and pota s s i um i n  i ts b i omass from the per iod  of the s tart o f  s pr i ng 

runoff to the  c l o se  of  the forest canopy when i ts t i s su es s enesce and  

re l ea s e  accumul ated nutri ents to l a ter-grow ing  fores t spec i e s .  Th i s 

i s  termed the 1 1 Vern a l  dam hypothes i s . 1 1 

B l ank et a l . ( 1 980) s tudi ed u ptake of nutri ents by a spri n g  

ephemera l commun i ty i n  south-cen tra l I ndi ana . They found n i trogen and 

potas s i um upta ke to be about  equa l to the annua l  l each i ng l os ses from 

s o i l s .  N i trogen fl ux of  the sys tem cou l d  have been s i gn i fi cantl y 

affected , but they cou l d reach no concl u s i on on the val i d i ty of  the 

verna l dam hypothes i s  as they cou l d  not prove that vegetat i on ­

s equestered nutri ents wou l d  hav e  otherwi s e  been l os t .  Van Andel et 

a l . ( 1 979 ) s tudi ed nutri ent cyc l i ng  i n  forest cl ear i n gs and s ta ted 

tha t  some pl ant popul at i on s  can have s i gn i fi cant  i mpact o n  s ucces s i on 

i f  they are capabl e of  wi thdraw i n g  rel at i vely l arge amounts o f  

n i tro gen , phosphoru s , and pota s s i um from the s ho rt- term recyc l i n g  

proces s b y  d i spers i ng them i n  w i n d-d i s s emi nated seed or  accumul at ion 

of  nutri ents i n  l ong-term b i omas s  s torage and us i ng these n utri ents i n  

l ater growth . Fo ster et a l . (1 980 ) s tudi ed the rol e of  Ambro s i a  



51  

artemi s i i fo l i a  o n  n i trogen and phosphoru s cyc l i ng i n  a f i rst-year 

o l d- f i el d . They conc l uded that A .  a rtemi s i i fo l i a  cou l d  reduce n i tro­

gen l os s es very ear ly  i n  succes s i on by ta k i ng up  a nd  s to r i n g  n i trogen 

i n  s hoots and seeds . Mo s t  of  that n i tro gen wou l d  have been avai l ab l e 

to p l an ts i n  subsequent years , but the amount stored i n  ragweed s eed 

in the so i l  m i ght be l os t  to the sys tem for a s ubs tan t i a l  peri od of  

t i me .  Kl opatek (J 978 ) found that emergent mac rophytes p l ayed a key 

ro l e  in the regu l at ion of  n itrogen � phosphoru s , and pota s s i um i n  s o i l s  

of  r i ver i ne mars hes . Vegetat i on o perated as nutri ent pumps ta ki n g  

ion s from the s o i  1 s a n d  iiiJilObi l i z i ng them i n  above- and bel ow-ground 

b i omas s .  By ta k i n g  up phosphorus they fac i l i tated greater movement 

of pho s pho ru s  from water to so i l  (a s l ow proces s } .  He hypothes i zed 

tha t  u ptake of cations  from the so i l  freed exchange s i tes to ho l d  new 

cati ons  i n  i nters t i t i a l  water . 

Resu l ts 

Treatment Di fferences i n  B i omas s  Producti on 
and N utr i en t  Sequestrati on 

The Chenopodi um-domi nated Treatment 4 produced s i gn i fi cant ly  

more b i omas s  and sequestered more nutr i ents in  aboveground b i omas s  

than any other treatment (_Tab l e 8) . B i omas s  nutr i ent  contents  were 

s i gn i f i cant ly  greatest  in  Treatment 4 except for Ca and Fe . Po tas s i um ,  

M g  and M n  contents were four  ... fo 1 d those of Treatment 1 .  

Treatment 2 (nati ve s eed ban k . s pec i es )  produced more b i omas s  

and sequestered more nutri ents i n  aboveground b i omass  than Treatments 

1 and 3, but d i fferences were not stat i st i ca l ly  s i gn i fi cant for N ,  Mn , 



Tabl e 8 .  Aboveground b i omas s  and nu tri ent conten ts i n  each treatment ( kg/ha ) . *  

Treatment  B i omass  N p K Ca Mg Mn Fe Cu 

1 .  Rec l am .  Mi x 5 , 533c 53b 9 . 2c 86c 23b 6 . 9c 2 . 5b 0 . 60b 0 . 052b  

2 .  Seed Bank  8 , 23l b 62b 1 2 . 5b 1 73b 66a 1 5 . 3b 6 . 7b 1 . 1  Oa 0 . 065b 

3.  Seed Bank + 6 , 262bc 5 l b 8 . 5c 87c 34b 8 . 2c 3 . 0b 0 . 57b 0 . 049b 
Recl am .  Mi x 

4 .  Chenopodi um  1 5 , 377a 1 35a 1 6 . 2a 355a 66a 3 1  . 9a 1 0 .  7a 1 .  48a 0 . 095a 

r2 w i th b i omass ** . 943 . 84 1  . 956 . 534 . 940 . 673  . 540 . 879 

*B i oma s s  and el emen t mean s  fo l l owed by the s ame l etter a re not  s i gn i fi cantl y d i fferent  
( Tukey ' s -� fol l ow i ng ANOVA , a =  . 05 ) . 

**From correl ati ons o f  p lot  contents . 

Zn 

0 . 4l b  

0 . 50b 

0 . 4l b 

1 . 08a 

. 906 

U1 
N 
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Cu and Zn . Di fferences i n  v egetat i on contents of  the major  cati on i c  

nutr i ents are part i c u l ar ly  s tri k i n g .  Treatment 2 vegetat i on conta i n ed 

two to three t imes more K ,  Ca , Mg , Mn and Fe than Treatment 1 .  The 

fi rs t  three treatments d i d  not vary s i gn i fi cant ly  i n  the amount of  

n i trogen i n  aboveground b i omas s .  T here was s i gn i fi cant ly  more P i n  

b i omass of Treatment 2 than i n  Treatments  l and 3 .  

Commun i ty nutrient con tent i n  a boveground b i omas s  was 

s i gn i f i cantl y correl ated w i t h  commun i ty b i omass  ( a  = . 05 )  i n  the case 

of  al l el ements determi ned . Th i s  i nd i cates that c hoos i n g  commun i ti es 

w i th rap i d  b i omass  producti on i s  an i mportant  facto r  i n  sequester i n g  

nutri ent  capi tal i n  vegetat ion , b u t  the  r-square va l ues of  Ca , F e  and 

Mn reveal that someth i ng other than b i omass product ion i nfl u enced 

nutri ent accumul at ion . 

D i s cuss i on 

The amounts of  bi omas s produced i n  Treatment 1 a re comparab l e to 

amounts found on  s urface mi nes i n  Appa l ach i a .  Ri c ha rds et  a l . ( 1 984 ) 

found 1 0-year-o l d  fescue-domi nated gras s areas on  a surface mi ne con­

ta i n ed 5061 kg/ ha  of l i v e  and dead b i omas s .  Total  N ,  Ca a nd Mg con­

ten ts in b i omass  were a l so s i mi l ar .  Phosphorus and  potas s i um were 

cons i derabl y  l ower , probab ly  due to the  l arge share of dead materi al 

i n  the i r  p l ots . I n  a s tudy of  di fferent fores t so i l s eed ban ks spread 

o ver d i fferent surface mi n e  s po i l s  i n  mi cropl ots , Farmer et a l . ( 1 982 ) 

produced nati ve  spec i es averagi ng  5 . 7 t/ ha  of  oven-dry b i omass .  From 

l i mi ted c hemi cal ana lyses , they determi ned that the nati ve  s eed ban k 

s peci es con ta i n ed 45 . 5  kg/ ha N and 1 6 . 8  kg/ ha P ;  amounts s imi l ar to 
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those found i n  th i s  study .  Va i l  and W i ttwer ( 1 982 ) s tudi ed b i omas s  

and nutr i ent  accumu l at ion i n  1 0-year-ol d eas tern cottonwood ,  V i rg i n i a  

p i n e  and bl ac k l ocust  pl antat i ons  o n  an  eastern Kentuc ky s urface-mi ne 

s po i l . These  pl aflta ti on s  were p l anted i n  pl ots  w i th and w i thout  an 

herbaceous  cover of Eragrost i s  curvu l a ,  Festuca a rund i n acea ,  Lespedeza 

cuneata and Lespedeza st ipu l acea . About  one- thi rd more N .  P ,  Ca and 

Mg was conta i ned i n  l i tter and b i oma s s  of  the cottonwood pl anta t i on 

th at was s ta rted w i th  an herbaceous  cover . but herbaceous cover had 

l i ttl e effect on b i omass  and contents i n  the other two pl anta t i on 

types . Pota s s i um hel d i n  b i omas s  o f  Treatments 2 and 4 of  the work 

reported here exceeded that hel d in severa l of the i r  p l a nta tions  after 

ten years . 

N i trogen was added to mi c rop l ots a t  a rate equ i va l ent  to 

57 kg/ha . The Treatment 2 nat ive  s pec i es commun i ty gathered somewhat 

more than th i s  i n  s hoot mater i a l  a l one .  The recl amat ion  mi x ( Treat­

ment 1 )  and the nat i ve seed ban k p l us recl amat i on m i x ( Treatment 3 )  

con ta i n ed s l i ghtly l ess . The Chenopod i um commun i ty s hoot mater i a l 

con ta i ned 237 percent more than the amount of N appl i ed as  fert i l i zer 

to that treatment . Th i s  may be rel ated to the 24  percen t decrease of 

u pper s po i l N noted over the course  o f  th i s  s tudy .  Phos phorus was 

appl i ed  at a rate equ i va l en t  to 59 kg/ha . None of the four  treatmen ts 

i n  th i s  s tudy s equestered anyth i n g  near th i s  amount . S hoot P content 

wa s 1 4  to 2 7  percent of that appl i ed .  A reasonabl e est imate of the 

proporti ona l amount t i ed up  i n  roots . one-thi rd ( Farmer et a l . 1 982 ) . 

does not a ccount  for th i s .  Much  of the phosphorus not t i ed up i n  
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pl ants i s  avai l ab l e in the so i l s  ( Tabl e 6, p.  40 ;  Tab l e  7 ,  p .  43 ) ,  b ut  

the  compl exi t i es of  phosphoru s ' s  so i l  chemi s try/b i odata dynami cs 

thwart a deta i l ed accoun t i n g .  The topso i l  s pread over the so i l s  and 

the s po i l s  themse l ves conta tned some N and P wh i ch wou l d  have been 

ava i l a bl e to the pl ants , es peci al l y  as to ps o i l organ i c  matter was 

bro ken down . Th i s  N re l ea s e  was o bv i ou s l y  i mportan t  for vegetati on 

devel opment .  As n i trate i n  t he  so i l  i s  very mo bi l e , a nd  much  so i l  

ammon i a  i s  converted to n i trate , the pl ant commun i t i e s '  s equestrat i on 

of n i trogen i n  t he fo rm of b i omas s  may be  very i mportant  i n  the 

devel opment  of a l on g-term n i trogen economy .  The d i rect i nfl uence of  

the  p i oneer pl ant commun i ty on  sys tem P content i s  not  great , 

apparent ly , but i t  may be  i mportant over the l o n g  term . 

Resu l ts  

Nutri ent Concen trations  i n  I nd i v i dua l  Spec i es and The i r  
Effects on Commun i ty Nutr i en t  Sequestra t i on 

Tabl e 9 s hows nutri en t con centrat i on s  i n  many o f  the spec i es 

of  the four  treatments . There are mar ked d i fferences between s pec i es .  

Some d i fferences are important , from an eco sys tems po i nt of  v i ew ,  

because nutr i ent concentrati ons o f  a s pec i es mu l t i p l i ed by i ts b i omas s  

equa l s  i ts total nutr i ent content .  Thus  the nutri en t  con servation  

character i s t i cs of a pl ant commun i ty w i l l  d epend u pon  the nutr i ent  

character i s t i cs o f  i ts i nd i v i dua l s .  Tab l e  1 0  deta i l s  b i omas s  and 

nutr i ent  contents of i mportant  s pec i es i n  a l l  treatments and Tabl e 1 1  

s hows the same data i n  terms of  shares of total i n  the  aboveground 

commun i ty .  



Tab l e  9 .  Mean n utri ent concentrati on s  i n  sel ected s peci es  by treatment . 

% EEm 
Name N p K Ca Mg Mn Fe cu Zn 

- - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - Treatment  1 - - - - - - - -- - - - - - - - - - - - - - -- - - -- - - - - - - - - - - - - - -

Dacty1 i s  gl omerata 
Datu ra s tramon i um 
Di gi tari a i sc haemum 
D .  s angu i na 1 i s  
Eragro s ti s  cu rvul a  
Fes tuca a rund1 nacea 
LesEedeza  cuneata 
Lo1 i um mu l t i fl o rum 
!:.· perenne 
Mi s c . Poaceae 
Muh1 enbe rgi a s c h reberi 
Pan i cum di chotomi f1 o rum 
Paspa 1 um c i rcu l are 
Phtto1 acca ame ri cana 
Ro i ni a  pse udo- acac i a  

1 . 2 7  
0 . 9 1  
0 . 6 1 
0 . 38 
0 . 99 
0 . 78 
2 . 1 7  
1 . 22  
0 . 87 
1 . 2 9  
1 . 00 
0 . 6 1 
0 . 6 1 
1 . 42 
3 . 09 

0 . 25 2 . 82 0 . 37 
0 . 1 6  2 . 1 0  0 . 64 
0 . 1 8  1 . 42 0 . 23 
0 . 1 3  1 .  70 0 . 35 
0 . 09 0 . 74 0 .. 2 2  
0 . 1 9  2 . 34 0 . 39 
o .  1 5  1 . 24  o .  77  
0 . 1 7  1 . 38 0 . 61 
0 . 1 6  1 . 90 0 . 55 
0 . 24 2 . 85 0 . 37 
0 . 1 7  1 . 06  0 . 36 
0 . 24 1 . 2 7  0 . 29 
0 . 1 9  2 . 1 8  0 . 2 1 
0 . 26 3 . 68 0 . 86 
0 . 1 9  2 .  1 3  0 . 89 

0 . 1 7  526 1 04 9 . 8  4 2  
0 . 07 1 69 72 6 . 0  54 
0 . 09 25 1  97  6 . 8  49 
0 . 1 9  7 1 5 1 01 1 0 . 8  75  
0 . 04 2 2 2  1 1 2  8 . 5  38 
0 . 1 7  401  53  8 . 7  5 3  
0 . 1 0  24 1  1 1 6  5 . 6  53  
0 . 1 4  6 7 1  1 1 7  1 1 . 1  97  
0 . 1 5  668 1 55 1 1 . 3 1 47 
0 . 1 6  604 1 08 8 . 0  56 
0 . 09 43 1  92  7 . 4  72  
0 . 1 7  5 1 5 1 63 9 . 0  65  
0 . 08 365 85 7 . 0  4 1  
0 . 43 3438 2 73 1 5 . 0  1 06 
o .  1 1  88 345 5 . 0  30 

- - - - - - - - - - - - - - -- - ---------------- - - - - - - - - - --- Treatment  2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -

Aca lypha rhombo i dea 
�·  v i rgi n i ca 
Agrost i s gi gantea 
Aster d i vari catus 
Crotonops i s  e 1 1 i pti ca 
Cyperus escu 1 entus  
Dactyl i s g1 omerata · 
Di gi tari a i schaemum 

_Q. s angui na l i s  
Echeti tes h i e raci fo 1 i a  

0 . 9 5 
0 . 75 
1 . 46 
0 . 84 
0 . 82 
0 . 70 
1 . 36 
0 . 56 
0 . 44 
0 .  7 7  

0 . 2 7  1 .  9 5  1 . 9 3  
0 . 37 - -
0 . 1 9  2 .  9 1  1 . 0 1  
0 . 1 5  2 . 1 9  0 . 92 
0 . 1 3  1 . 68 0 . 78 
0 . 07 3 . 37 0 . 55 
0 . 1 5  2 . 1 4  0 . 64 
0 . 1 0  1 . 39 0 . 23 
0 . 09 1 . 52 0 . 30 
0 . 20 2 . 1 9  0 .  9 1  

0 . 2 1 2079  93  1 0 . 0  96  
- 504 1 1 9  8 . 0  7 1  

0 . 1 5  1 1 39 1 1 9  9 . 7  52 
0 . 08 624  93  7 .  1 70 
0 . 22 635 1 45 7 . 0  65 
0 . 1 2  3299  9 9  7 . 5  1 06 
0 . 1 2  808 24 1  1 . 0 3 9  
0 . 09 2 9 1  1 32 9 . 0  46 
0 . 1 5  737 1 51 1 3 . 1  5 5  
0 . 1 2  449 1 42 1 0 .  1 76 01 

m 



Tab l e 9 ( conti nued ) 

Name 
Treatment 2 { conti nued )  
Eupa tori um purpureum 
I· rugosum 
E .  s erot i  n um 
Eupator i um s p . 
H edeoma pu l egi o i des 
He l i anthus decapeta l i s  
!:!_. l aevi gatus  
!:!_.  mi crocepha l us 
Hel i anthus  s p .  
Lactuca b 1 enn i s 
.!:_. pul che 1 1  a 
L i ri odendron tul ipi fera 
Mi s c . Asteraceae 
Monarda c l i nopodi a 
P a n i cum di chotomif lorum 
P hys a l i s  pru i no sa  
P hyto l acca ameri cana 
P l antago l anceol ata 
Ranuncu l u s  septentri ona l i s  
Rob i n i a  pseudo- acac i a 
Rubus  occi denta l i s  
Rubus  s p .  
S cutel l ar i a ovata 
So l i dago fl exi cau l i s  
Vi o l a  s p . 
Vi t i s s p . 

N 

0 . 79 
0 . 75 
0 . 82 
0 . 97 
0 . 85 
0 . 66 
0 . 84 
0 . 64 
0 .  72 
1 . 34 
1 . 44 
1 . 24 
0 . 92 
0 . 78 
0 . 26 
1 . 2 1  
0 . 94 
1 . 2 5  
1 . 09 
2 . 37 
1 . 03  
1 . 06 
0 . 78 
0 . 91 
1 . 08 
l .  1 0  

% 
p K Ca 

0 .  1 6  2 . 1 7  1 . 92  
0 .  1 7  1 .  73  1 . 32  
0 .  1 6  1 . 44 0 . 88 
0 . 22 1 . 46 1 . 45 
0 . 31 1 . 85 1 . 65 
0 . 1 6  2 . 09 0 .  7 3  
0 . 1 1  2 . 52 0 . 69 
0 . 1 6  2 .  1 5  0 . 69 
0 . 1 2  1 . 54 1 . 07 
0 .  1 7  3 . 66 l .  54 
0 . 1 6  4 . 1 2  1 . 54 
o .  1 2  1 . 9 5  1 . 04 
0 . 1 4  2 . 50 2 . 22 
0 . 2 1  1 . 80 l .  57 
0 . 04 0 . 82 0 . 22 
0 . 24 3 . 09 0 . 52 
0 . 1 4  2 . 62 0 . 90 
0 . 1 7  2 . 2 9  1 . 24  
0 . 22 2 . 65 1 . 95  
0 . 1 5  1 . 2 5  1 . 6 5  
0 . 1 6  1 .  39  1 . 08 
0 . 1 5  l .  73  1 . 2 1  
0 . 1 0  1 . 94  2 . 00 
0 . 1 6  2 . 84 1 . 0 1  
0 .  1 8  3 . 2 7  1 .  52 
0 . 1 6  1 . 6 1  1 . 6 6  

Mg Mn Fe 
ppm 

Cu · · Zn 

0 . 40 65 1  1 30 8 . 4  41  
0 . 26 368 98 7 . 6  35  
0 . 1 3  538 89 6 . 0  77  
0 . 1 8  1 320  1 28 8 . 0  1 05 
0 .  2 4  362 1 1 8 1 . 0 52 
a. 1 4  581 71 1 0 . 5  78 
0 . 1 5  842 1 52 8 . 0  1 03 
0 .  1 1  306 90 6 .  1 57  
0 . 20 1 045  1 89 3 . 0  1 0 1 
0 . 1 9  589 1 03 9 . 4  7 1  
0 . 22 497  24  8 . 0  66  
0 . 23 9 1 8  82 5 . 9  36 
0 . 54 2488 2 1 3 1 2 . 0  2 1 5 
0 . 22 445 1 39 5 . 6  48 
0 .  1 1  467 37 8 . 0 52 
0 . 1 3  2 1 6  1 30 7 . 0  7 1  
0 . 34 1 664 1 25 7 .  1 62  
0 . 22 894 1 76 1 2 . 0 26 1  
0 . 2 5  1 088 3 1 4 5 . 0  74 
0 . 1 5  1 41 80 6 . 5  45 
0 . 24 1 41 2  1 24 5 . 8  44  
0 . 23 421 2 1 45 7 . 0  1 2 7 
0 . 30 2992 1 59 5 . 9  45  
0 . 1 4  862 1 5 1 6 . 0 1 1 4  
0 . 33 877 259 7 . 5  1 1 2  
0 . 1 9  1 5 1 1  1 02 9 . 0  2 3  

(J1 
""-' 



Tabl e 9 ( conti n ued ) 

% ppm 
Name N p K Ca Mg Mn Fe Cu Zn 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T reatment 3 - - -- - - - - ----------------------------------

Acal ypha rhombo i dea 
A .  v i r�i n 1 ca 

· 

Agrost1 s gifiantea 
Amaran thus ybridus 
As ter divari catus 
B iden s  frondos a  
B romus commutatus 
Dactyl i s  glomerata 
Di gitari a i s chaemum 
Q. sangu i na l i s  
E ragrost i s curvu l a  
E rechti tes h 1 e rac 1 fo 1 i a  
E upato ri um purpureum 
I· rugo s um 
E .  s e roti n um 
Fes tuca arundi n acea 
He l i anthus decapetal us 
tl· mi crocepha l us 
Lactuca b i enn i s  
Lespedeza cuneata 
Lo l i um mu l ti fl orum 
L .  lerenne 
Muh enbergi a s c hreberi 
Pan i cum agrostoides 
P .  d i chotomi f1 o rum 
Phyto1 acca amer1 cana 
Robi n i a  pseudo- acaci a 

1 . 1 4  0 . 41 2 . 06 
o .  72 0 . 44 1 . 65 
1 . 02 0 . 1 6  2 . 05 
1 .  2 0  0 . 22 2 .  7 7  
1 . 00 0 . 24 2 . 45 
o .  72 0 . 24 1 . 4 5  
0 . 88 0 . 1 2  1 .  5 1  
1 . 05 0 . 20 2 .  7 5  
0 . 42 0 . 1 1  1 . 1 4  
0 . 58 0 . 1 9  1 . 7 2  
0 . 59 0 . 07 0 . 62 
0 . 76 0 . 23 2 . 23 
0 . 81 . 0 . 1 2  2 . 99 
0 . 89 0 . 23 2 . 62 
0 . 97 0 . 23 2 . 1 5  
0 . 87 0 . 1 3  2 . 09 
0 . 76 0 . 20 2 . 07 
0 . 82 0 . 24 2 . 6 1 
1 . 1 6  0 . 1 8  3 . 85 
2 . 23 0 . 1 6  1 . 03 
1 . 1 1  0 . 1 3  1 .  01 
0 . 90 0 . 1 1  1 . 1 4  
0 . 40 0 . 1 0  0 .  7 0  
0 . 37 0 . 05 0 .  61 
0 . 40 0 . 05 
1 . 09  0 . 20 3 . 27 
3 . 42 0 . 2 1 2 . 48 

2 . 04 0 . 24 692 78 9 . 0  80 
1 . 6 9  0 . 1 4  2 57 1 1 0 9 . 0  7 0  
0 . 43 0 . 1 0  380 34 1 1 . 0 48 
0 . 96 0 . 3 1 2 92 7 5  6 . 0  60 
1 . 02 0 . 1 1 .  61 3 77 6 . 9  70 
0 . 88 0 . 2 1  1 1 58 44 8 . 0  1 56 
0 . 48 0 . 1 0  530 98 8 . 2  27  
0 . 50 0 . 1 4  61 5 7 5  8 . 9  49  
0 . 24 0 . 1 0  259  84 7 . 6  4 5  
0 . 32 0 . 2 1 677  82 1 0 . 2  94 
0 . 24 0 . 04 23 1  81 4 . 8  35  
0 . 97 0 . 1 3  2 98 96 8 . 4  91 
1 .  94 0 . 5 1 1 376  1 68 1 0 . 5  1 1 1  
1 .  5 1  0 . 27 2 97 1 1 8 7 . 5  51 
1 . 05  0 . 1 7  430 1 00 7 .  1 9 5  
0 . 30 0 . 1 7  383 66 5 .  1 4 1  
1 . 1 2  0 . 1 2  388 1 2 7  6 . 2  65 
1 . 02 0 . 1 4  3 1 2 87 7 . 1  88 
1 . 1 1  0 . 1 6  402 2 58 1 3 . 0  90 
0 .  9 1  0 . 1 3  243  1 1 6 6 . 7  46 
0 . 65 0 . 1 3  245 1 27 1 1 . 3 93  
0 .  61 0 . 1 3  579 1 1 0  7 . 5  94 
0 . 39 0 . 08 340 1 98 8 . 0  76  
0 . 20 0 . 1 5  293 69 9 . 0  6 3  

0 . 94 0 . 30 2 1 32 1 45 7 . 4  79  
1 . 2 7  0 . 1 7  1 41 85  7 . 0  47 U1 00 



Tab l e  9 ( cont i nued ) 

% ppm 
Name N p K Ca Mg Mn Fe · Cu Zn  

Treatment 3 ( conti nued) 
Scutel l a ri a ovata 0 . 99 0 . 22 2 . 84 1 .  32 0 . 2 3 2 556 1 34 5 . 8  76 
So l anum carol i nense 1 . 34 0 . 1 5  1 .  9 1  2 . 30 0 . 63  549 1 03 1 8 . 0  88 
Sol i dago fl exi caul i s  0 . 81 0 . 1 8  1 . 80 0 . 95 0 .  1 1  37 1  1 04 4 . 8  69  
Tri t i c um aest i vum 0 . 84 0 . 1 3  1 . 2 7  0 . 33 0 . 09 450 56 8 . 0  63  
V i o l a  sp . 1 . 1 1  0 . 1 8  3 . 89 1 . 46  0 . 32 7 1 7 453 7 . 0  77  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Treatment 4 - - - - - ------------------- ---------- --------

Acalypha rhombo i dea 
Agrosti s g1gantea  
Chenolodi um  al bum 
Dacty i s  gl omerata 
Di gi tari a i s chaemum 
Q. s angui na l i s  
Eragrost i s curvu l a  
Lespedeza cuneata 
Lo1 i um perenne 
Lo 1 i um sp . 
Mi s c .  Poaceae 
Muh l enber�i a  schreberi 
�anicum dl cotomi f1 orum 
Paspa1 um l aeve 

0 . 55 
1 .  7 1  
0 . 90 
1 .  78 
0 . 56 
0 . 70 
0 . 82 
1 . 80 
1 . 38 
1 . 2 6  
1 . 1 0  
1 . 06  
0 . 65 
0 . 79 

0 . 2 1  2 . 04 0 . 82 
0 . 1 2  2 . 1 8  0 . 64 
0 . 1 1  2 . 46 0 . 43 
0 . 2 5 3 . 08 0 . 64 
0 . 07 1 . 2 2  0 . 20 
0 . 1 1  1 . 83 0 . 35 
0 . 08 0 . 78 0 . 29 
0 . 1 1  1 . 2 9  0 . 90 
0 . 1 4  1 . 57 0 . 59 
0 . 1 5  0 . 50 1 . 05 
0 . 23 1 . 1 0  0 . 33 
0 . 2 1 1 . 2 5  0 . 44 
0 . 05 1 . 68 0 . 26 
0 . 09 2 . 20 0 . 2 1  

0 . 23 1 709 2 1 4  2 9 . 0  364 
0 . 1 5  1 1 53 1 24 1 0 . 0  94 
0 . 22 666 88 6 . 0  7 3  
0 . 1 5  635 1 1 3  1 0 . 0  7 9  
0 . 09 253  9 1  6 . 1  47 
0 . 1 4  566 92 1 0 . 2  64 
0 . 06 331  61  9 . 4  44 
0 . 1 0  400 1 2 1  6 . 2  4 1  
0 . 1 6  839 220 1 7 . 0  246 
0 . 1 7  9 1 3 1 84 1 1 . 0 1 44 
0 . 09 384 1 38 1 2 . 0  1 05 
0 . 09 484 1 07 7 . 0  68  
0 . 1 3  740 88 6 . 0  5 9  
0 . 1 0  260 1 26 7 . 0  54 

Ul 
\0 



Tab l e  1 0 .  B i omass  and nutri ent content ( kg/ ha ) of  s pec i es conta i n i ng 1 percent or  more of  b i omass  
in  each trea tment . 

Name B i omass N P K Ca Mg Mn Fe Cu Zn 
- - -- - - - -- ----------- ------------------------- Treatment 1 - - - - - - - - - - - ------------------- ------- -----
Lo 1 i um mu1 ti f1 orum 1 859 22 . 98 3 . 08 29 . 62 1 1 . 37 2 . 72 1 . 2 6  0 . 2 1 6  0 . 0205 0 . 1 97 
Digi tari a  i s chaemum 1 490 9 . 30 2 . 78 20 . 70 3 . 83 1 . 4 6  0 . 37 0 . 1 39 0 . 0 1 04 0 . 086 
E ragrost i s curvu1 a 745 7 . 1 6  0 . 68 5 . 73 1 . 86 0 . 37 0 . 20 0 . 092 0 . 0077  0 . 030 
Festuca arundi nacea 628 6 . 60 1 . 2 5  1 4 . 7 1 2 . 5 1 1 . 08 0 . 27 0 . 053 0 . 0058 0 . 035 
Di gi ta ri a s angui na1 i s  358 1 . 85 0 . 55 6 . 38 '1 . 4 1 0 . 66 0 . 22 0 . 037 0 . 0040 0 . 028  
Lo 1 ium pe renne 1 48 1 . 37  0 . 24 2 . 79 0 . 3 7 0 . 23 0 . 1 0  0 . 023  0 . 001 7 0 . 02 2  
Datura stramoni um 1 08 0 . 99 0 . 1 7 2 . 28 0 . 69 0 . 08 0 . 02 0 . 008 0 . 0006 0 . 006 
Dacty1 i s  glome rata 75 0 . 99 0 . 1 9  2 . 1 4  0 . 30 0 . 1 3  0 . 04 0 . 009 0 . 0007 0 . 003 

Trea tment Sum 5533 52 . 56 9 . 1 5  86 . 08 2 2 . 83 6 . 94 2 . 54 0 . 592 0 . 0524 0 . 41 3  
- - - ------------ - ----------------------------- Treatment 2 - - - - - - - - - - - - - - - ----------------- ----------

P hyto 1 acca ameri cana 
E rechti tes h 1 e rac1 fo1 i a  
Di gi tar i a i s chaemum 
He 1 i anthus  mi croce�ha1 us 
E upatori um rugosum 
He 1 i an thus decapeta1 us 
D i gi tar1 a sangu i na 1 i s  
E upato ri um serot i num 
Pani c um di cotomi f1 orum 
Agrost i s  gi gantea 

Treatment S um 

2053 
1 965 
1 1 38 
601 
475 
407 
352 
270 
1 74 
1 04 

8231  

1 9 . 46 2 . 99 55 . 71 
1 5 . 2 5 4 . 0 1 43 . 26 
5 . 74 1 .  1 9  1 7 . 96 
3 . 84 0 . 95 1 2 . 41 
3 . 59 0 . 80 8 . 54 
2 . 69 0 . 63 8 . 47 
1 . 53  0 . 35 5 . 36 
2 . 24 0 . 48 4 . 1 0  
0 . 45 0 . 07 1 . 42 
1 .  52 0 . 20 3 . 04 

62 . 2 3  1 2 . 48 1 72 . 59 

1 8 . 94 6 . 89 3 . 57 0 . 293 0 . 0 1 06 0 . 093  
1 8 . 00 2 . 45 0 . 92 0 . 3 1 9  0 . 0200 0 . 1 72 
2 . 29 1 . 00 0 .  3 1  0 . 1 57 0 . 0092 0 . 050 
4 . 53 0 .  72  0 . 1 8  0 . 06 1  0 .  0040 0 . 035 
6 . 44 1 . 2 0  0 . 20 0 . 060 0 . 0037 0 . 02 3  
3 . 26 0 . 55 0 . 24 0 . 030 0 . 0042 0 . 034 
1 . 1 1  0 . 56 0 . 28 0 . 053 0 . 0049 0. 020 
2 . 63 0 . 4 1 0 . 1 7  0 . 02 7  0 . 001 7 0 . 024 
0 . 38 0 . 1 9  0 . 08 0 . 006 0 . 00 1 4 0 . 009 
1 . 06 0 . 1 6 .  0 . 1 2  0 . 01 20 0 . 001 0 0 . 005 

66 . 40 1 5 . 31 6 . 66 1 .  097 0 . 0649 0 . 500 

0\ 
0 



Tab l e  1 0  ( cont i nued)  

N ame B i omass N p K Ca Mg Mn Fe Cu Zn 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Treatment 3 - - - - - - - -- - - - ------------------------------

D i gi tari a i s chaemum 
E ragros t i s curvu l a 
Fes tuca  arundi nacea 
Lol i um perenne 
L .  mu 1 ti f1 orum 
Erechti tes h i eraci fo l i a  
Lespedeza cu neata 
Phltol acca ameri cana 
He-ianthus  mi crocerha1 us 
D if1 tari a sangu i na i s  
H e  i anthus  decapetal u s  
Amaranthus  hybri dus 

Treatment  S um 

1 350 
1 1 48 
636 
483 
460 
438 
398 
247 
244 
1 80 
1 63 
1 1 1  

6262 

5 . 35 1 . 35  
6 . 85 . 0 . 81 
5 . 52 0 . 82 
4 . 4 1 0 . 62 
5 . 1 0  0 . 59 
3 . 36 1 . 04 
8 . 96 0 . 62 
2 .  7 7  0 . 50 
1 .  9 1  0 . 52 
0 . 93 0 . 35 
1 .  2 1  0 . 33 
1 . 33 0 . 24 

50 . 90 8 .  5 1  

1 4 . 04 3 . 52 1 . 6 0  0 . 43 0 . 067  0 . 0 1 2 1  0 . 040 
7 . 28 2 . 82 0 . 45 0 . 26 0 . 095  0 . 0055 0 . 044 

1 3 . 88 1 .  9 1  1 . 1 1  0 . 25 0 . 05 1  0 . 0041 0 . 045 
7 .  07  3 . 58 0 . 81 0 . 2 7 0 . 052 0 . 0034 0 . 047  
2 . 54 3 . 08 0 . 60 0 . 30 0 . 062 0 . 0057 0 . 04 3  
9 . 63 4 . 33 0 . 55 o. 1 6  0 . 047 0 . 0038 0 . 045  
4 . 1 7  3 .  72 0 . 50 0 . 1 0  0 . 048 0 . 0028 0 . 0 1 8  
5 . 90 2 . 33 0 .  7 7  0 . 60 0 . 039 0 . 0020 0 . 045  
6 . 1 6  2 . 24 0 . 30 0 . 1 0  0 . 022  0 . 001 7 0 . 024  
3 . 2 2  0 . 79 0 . 41 0 . 1 7  0 . 020  0 . 0030 0 . 01 7  
3 . 2 9 1 . 77  0 . 1 8  0 . 06 0 . 020  0 .  001 0 0 .  0 1 1 
3 . 06 1 . 0 6  0 . 34 0 . 03 0 . 008 0 . 0007 0 . 007  

87 . 33 34 . 42 8 . 24 2 . 95 0 . 566 0 . 0485 0 . 41 2  
- - ---------------- -------------- - - ----------- Treatment 4 - -- -- - - ---------------- -------------------

Chenopod i um a l bum 
D i gi tari a i s chaemum 
E ragrost i s curvul a 

T reatmen t  S um 

1 3  ' 592 
706 
6 1 3  

1 5 , 377 

1 23 . 05 1 4 . 73 335 . 69 
3 . 98 0 . 60 9 . 66 
4 . 94 0 . 46 4 . 87 

1 34 . 50 1 6 . 09 354 . 50 

59 . 1 6  30 . 36 1 0 . 25 1 .  2 80 0 . 0823  0 . 999  
1 . 59 0 . 74 0 . 1 1  0 . 049  0 . 001 9 0 . 033  
1 . 82 0 . 34 0 . 20 0 . 049 0 . 0055  0 . 026 

64 . 20 3 1 . 92 1 0 . 73 1 . 484 0 . 0950 1 . 080 

0') ...... 



Tab l e  1 1 .  P ercent of popu l ati on ,  b i omas s , and  n utri ent  con tent of s pec i es conta i n i ng 1 percen t or  
more of treatment bi omas s . 

Pop . B i omass  N p K Ca Mg Mn Fe Cu Zn 
Name % % % % % % % % % % % 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Treatment 1 - - - - - - - - - - - - - - -- - -- - -- - -- - - - -- - - -- - - - - - - - - -

Lo 1 i um mu 1 ti fl orum 1 8 . 8  33 . 6  43 . 7  33 . 7  34 . 4  49 . 8  39 . 2  49 . 6  36 . 5  39 . 1  47 . 7  
Di gi tari a i s chaemum 7 . 6  26 . 9  1 7 . 7  30 . 4  24 . 0  1 6 . 8  2 1 . 0  1 4 . 6  23 . 5  1 9 . 8  20 . 8  
5ragro s ti s c urvu l a 30 . 9  1 3 . 5  1 3 . 6  7 . 4  6 . 7  8 . 1 5 . 3  7 . 9  1 5 . 5  1 4 . 7  7 . 3  
Fe s tuca arundi nacea 2 3 . 2  1 1 . 4 1 2 . 6  1 3 . 7  1 7 . 1  1 1 . 0 1 5 . 6  1 0 . 6  9 . 0  1 1 . 1 8 . 5  
D i gi tar i a  sangui na1 i s  1 . 5 6 . 5  3 . 5  6 . 0  7 . 4  6 . 2  9 . 5  8 . 7  6 . 3  7 . 6  6 . 8 
Lo1 i um perenne 1 1 . 8 2 . 7  2 . 6  2 . 6  3 . 2  1 . 6 3 . 3  3 . 9  3 . 9  3 . 2  5 . 3  
Datura s tramoni um 0 . 1  2 . 0  1 . 9 1 . 9 2 . 6 3 . 0  1 . 2 0 . 8  1 . 4 1 . 1 1 . 5 
Dacty1 i s  g1 omerata 1 . 8 1 . 4 1 . 9 2 .  1 2 . 5  1 . 3 1 . 9 1 . 6 1 . 5 1 . 3 0 . 7  
Others 4 . 3  2 . 0  2 . 5  2 . 2  2 .  1 2 . 2  3 . 0  2 . 3  2 . 4  2 . 1  1 . 4 
- - - - - - - - - - - - - - - - - - -------- ----- - - - - - - - - - - - - - - Treatmen t  2 - - - - - - - - - - - - -- - - -- - - - - -- - - -- - - - -- - - - - - - - ---

Phyto 1 acca ameri cana 
E rechti tes h i erac i fo 1 i a  
D i l i tari a i schaemum 
He- i an thus ml crocepha1 us 
Eupator1 um rugosum 
He 1 i anthus decapeta1 us 
Di gi tari a s angui na1 i s  
Eupatori um seroti num 
Pan i cum  di cotomi f1 orum  
Agrost 1 s gi gantea 
Others 

6 . 8 
8 . 6  
3 . 3  
1 . 0 

2 3 . 3  
0 . 3  
1 . 0 
5 . 6  
0 .  1 
1 . 3 

48 . 7  

24 . 9  3 1 . 2  2 4 . 0 
23 . 9  24 . 5  32 . 1  
1 3 . 8  9 . 2  9 . 5  

7 . 3  6 . 2  7 . 6  
5 . 8  5 . 8  6 . 4 
4 . 9  4 . 3  5 . 0  
4 . 3  2 . 5  2 . 8 
3 . 3  3 . 6  3 . 8  
2 .  1 0 . 7  0 . 6  
1 . 3 2 . 4 1 . 6 
8 . 4  9 . 6  6 . 6  

32 . 3  28 . 5  45 . 0  53 . 6  26 . 7  1 6 . 3  1 8 . 6  
2 5 . 1  2 7 . 1  1 6 . 0  1 3 . 8  29 . 1  30 . 8  34 . 4  
1 0 . 4  3 . 4 6 . 5  4 . 7  1 4 . 3  1 4 . 2  1 0 . 0  

7 . 2  6 . 8  4 . 7  2 . 7  5 . 6  6 . 2  7 . 0  
4 . 9  9 . 7  7 . 8 3 . 0  5 . 5  5 . 7  4 . 6 
4 . 9  4 . 9  3 . 6  3 . 6  2 . 7  6 . 5  6 . 8  
3 .  1 1 . 7 3 . 7  4 . 2  4 . 8  7 . 6  4 . 0  
2 . 4  4 . 0  2 . 7  2 . 6  2 . 5  2 . 6  4 . 8  
0 . 8  0 . 6  1 . 2 1 . 2 0 . 5  2 . 2  1 . 8 
1 . 8 1 . 6 1 . 0 1 . 8 1 . 1 1 . 5 1 . 0 
7 .  1 1 1 . 7 7 . 8  8 . 8  7 . 2  6 . 4  7 . 0  

0"1 
N 



Tabl e 1 1  ( cont i n ued ) 

Pop . B i omass  N p K Ca Mg Mn Fe Cu Zn 
N ame % % % % % % % % % % % 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Treatment 3 - - - - - - - ------------------------------------

Di gi tari a i schaemum 
E ragrost i s curvu l a 
Fes tuca aru nd 1 n acea 
Lol i um perenne 
L .  mu l ti fl orum 
Erechti tes h 1 eraci fol i a  
Lespedeza cuneata 
P hytol acca amer1 cana 
He l i anthus mi crocethal us 
Di gi tari a s angu i na i s  
Hel i anthus decapetal us 
Amaranthus hybri dus 
Others 

3 . 3  
20 . 7  
1 4 . 9  
3 . 2  
4 . 5 
2 . 3  

24 . 2  
2 . 1  
0 . 8  
1 . 2 
0 . 1 
0 . 0  

22 . 7  

2 1 . 6  1 0 . 5  1 5 . 9  
1 8 . 3 1 3 . 5  9 . 5  
1 0 . 2  1 0 . 8  9 . 6  

7 . 7  8 . 7  7 . 3  
7 . 3  1 0 . 0 6 . 9  
7 . 0  6 . 6  1 2 . 2  
6 . 4  1 7 . 6  7 . 3  
3 . 9  5 . 4  5 . 9  
3 . 0  3 . 8  6 .  1 
2 . 9  1 . 8 4 . 1  
2 . 6  2 . 4 3 . 9  
1 . 8 2 . 6  2 . 8  
6 . 3  6 . 3  8 . 5  

1 6 .  1 1 0 . 2  1 9 . 4  1 4 . 6  1 1 . 8 24 . 9  9 . 7  
8 . 3  8 . 2  5 . 5  8 . 8  1 6 . 8  1 1 . 3  1 0 . 7  

1 5 . 9  5 . 5 1 3 . 5  8 . 5  9 . 0  8 . 5  1 0 . 9  
8 .  1 1 0 . 4  9 . 8  9 . 2  9 . 2  7 . 0  1 1 . 4 
2 . 9  8 . 9  7 . 3  1 0 . 2  1 1 . 0 1 1 . 8 1 0 . 4 

1 1 . 0 1 2 . 6  6 . 7  5 . 4  8 . 3  7 . 8  1 0 . 9  
4 . 8  1 0 . 8  6 .  1 3 . 4  8 . 5  5 . 8  4 . 4  
6 . 8  6 . 8  9 . 3  20 . 3  6 . 9  4 . 1  1 0 . 9  
7 .  1 6 . 5  3 . 6  3 . 4  3 . 9  3 . 5  5 . 8  
3 . 7  2 . 3  5 . 0  5 . 8  3 . 5  6 . 2  4 .  1 
3 . 8  5 .  1 2 . 2  2 . 0 3 . 5  2 .  1 2 . 7  
3 . 5  3 .  1 4 . 1  1 . 0 1 . 4 1 . 4 1 . 7 
8 . 0  9 . 6  7 . 5  7 . 4  6 . 2  5 . 6  6 . 4  

- - ------------------------- ------------- -- - -- Treatment 4 - - - - - - - - - - -- - - ----------- ------------------

Chenopodi um a l b um 
Di gi tari a i s chaemum 
E ragros t i s curvul a  
Others 

28 . 5  88 . 4  
8 . 1  4 . 6  

34 . 8  4 . 0  
28 . 6  3 . 0  

9 1 . 5  9 1 . 0  94 . 2  
2 . 9  3 . 7  2 . 7  
3 . 6  2 . 8  1 . 4 
2 . 0  2 . 5  1 . 7 

92 . 1  95 . 1  95 . 5  86 . 3  86 . 6  92 . 5  
2 . 4  2 . 3  1 . 0 3 . 3  2 . 0  3 . 0  
2 . 7  1 . 0 1 . 8 3 . 3  5 . 8  2 . 4  
3 . 8  1 . 6 1 . 7 7 .  1 5 . 6 2 . 1  

0'1 
w 
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Di scus s io n  

I n  Treatment 1 ,  Lol i um mu l t i fl o rum conta i n ed 3 3  percent o f  the 

b i omass  and con s t i tuted 1 9  percent of  the mean tota l treatment popu­

l at i on . h· mu 1 t i fl orum conta i ned 43 percent  of  the commun i ty ' s  

n i trogen , and a l so s hares of the other nutri ents greater than i ts 

s hare o f  b i omass . I t  was part i cu l ar ly i mportan t  i n  the commun i ty 

content o f  N ,  Ca , Mn and Zn wh i ch the s econd- and th i rd- ran ked s pec i es ,  

Di gi ta r i a  i s c haemum and Eregro s t i s  curvul a ,  conta i n ed i n  l ow concen-

. trat i on s  ( except N i n  f. curvu l a } . 

D i gi tari a i sc haemum ranked s econd i n  terms of b i omass , produced 

27 percent of the commun i ty s um and cons t i tuted 8 percent of the tota l 

popu l ati on .  D .  i schaemum ' s s hare of a l l nutri ents except  phosphorus 

was l es s  than i ts s hare of  b i omass  and n i trogen was part i cu l arly l ow .  

Eragro s ti s curvu l a , w i th 1 3  percen t of the b i omas s  and 31 percent of 

the popu l ati on , conta i ned much  l es s  than i ts proport i ona l  s hare of  a l l 

nutri ents except n i trogen . Festuca arund incea had 1 1  percent of the 

total b i omass  and 23  percent of the popu l ati on . L i ke h· mu l ti f l orum , 

i t  had a proporti onal  s hare of  each nutri ent that was equal  to or 

greater than i ts s hare of the total b i omas s .  These four s pec i es con­

ta i ned 84 percent of the b i omass  and were 81 percent of  the popul ati on . 

They conta i ned 87 percent of the N ,  84 percent of the P ,  82 percent of  

the K ,  86  percent of the Ca , 81 percent of  the Mg , and  84 percent of 

the Mn . Al together the domi nants i n  th i s  communi ty contro l l ed about 

thei r share of  the nutr i ent cap i ta l . 
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Popu l at ion-b i omass i nequal i t i es in  Treatment 2 were greater  

than tho se  i n  Treatment 1 .  P hytol acca ameri cana p roduced 25  percent 

of the total b i omass  and 7 percen t of  the popu l at i on . I ts s hare of  

al l nutrients except copper and  z i nc was p roport i onal ly  greater than 

i ts b i omas s .  Magnes i um and Mn were strongly concen trated i n  th i s  

speci es , and th i s was l arge ly  res pons i b l e for the l a rge amount o f  Mg 

and Mn found i n  Treatment 2 b i omass . f. ameri cana • s  l a rge contri bu­

t i ons  to Treatment 2 • s  N and K content were due to h i gher than average 

but unspectacu l ar concentra t i on s  mul t i pl i ed by h i gh b i omass .  

Erecht i tes h i erac i fo l i a  conta i ned 24 percent o f  the b i omas s  and  9 per­

cent of the treatment popu l at i on s . Th i s  s peci es conta i ned i ts share 

or more of al l el ements except magnes i um and manganes e .  E .  h i erac i ­

fo l i a • s h i gh concentrations  o f  P ,  Cu and Zn and h i gh b i omass  contri b u­

ted s i gn i fi cantly to th i s  commun i ty • s  co ntent of  these  el ements . 

I nteres ti ng ly , f. ameri cana had a d i s proporti onal ly  l ar9er s hare of 

n i trogen and potass i um ,  wh i l e �· h i erac i fo l i a  had a l arger s hare of 

phosphoru s .  Fo r Mg , Mn , Fe , Cu and Zn , these two spec i es h a d  com­

p l imentary pa i r i n gs of n utri ent fa i r  s hare and excess . Di gi ta r i a  

i s chaemum conta i ned 1 4  percent o f  the b i omass a n d  3 percen t of  the 

popul at i on .  I t  con ta i ned l ess  than i ts proportional  share o f  a l l  

el ements except i ron and copper .  Hel i anthus mi crocepha l us represented 

7 percent of the b i omass  and 1 oercent of the treatment popu l at ion . 

I ts nutri ent s ha res were approximately equa l to or l ess  than i ts s hare 

of b i omass . These four  l eadi ng  s pec i es conta i n ed 70 percent of the 

tota l b i omas s  in 20 percent of the Treatment 2 popu l at i o n . They 
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contro l l ed 7 1  percen t of the N ,  74 percen t of the P .  78 percent of the 

K, 73  percen t of the Mg , 75 percent of the Mn , and 70 percent of the 

Fe . Thei r s hares of Ca , Cu and Zn were over 60 percent of the total  

but under thei r comb i ned b i omass shares . The mi s cel l aneous Asteraceae 

and V i o l a spp . had h i gh Mg concen trati on s  s i mi l ar to P .  amer i cana , 

an d severa l  other s pec i es had h i gher Mn concentra t i on s , but the i r  

commun i ty b i omas s  s hare made thei r commun i ty contr i bu t i ons  mi nor .  

In  genera l , the  domi nants in  th i s  commun i ty conta i n ed a s i mi l ar ,  

domi nant s hare of the nutri ents . 

Addi ti on of  grasses to the forest s o i l  seed bank res u l ted i n  a 

grass-domi nated commun i ty i n  terms of  bi omass  ( 68 percent ) .  Di gi tari a 

i s chaemum , w i th 22 percent of the b i omass  and 3 percen t of the popu­

l at i on , contro l l ed l ess than i ts proporti ona l  s hare of each e l emen t 

except copper . Eragros ti s curvu l a al so conta i ned l ess nutri ents than 

i ts s hare of  both b i omas s  and popu l ati on , 1 8  and 2 1  percent 

respect i ve ly .  Festuca arundi nacea had 1 0  percen t of the b i omass  and 

1 5  percent of the treatment popu l ati on . N i trogen , P and Zn s hares 

were approximate ly  proport i ona l  to b i omass , K and Mg were h i gher , and 

the remai nder were l ower . Hi gh K and Mg sh ares were a l so noted i n  

Treatment 1 ,  but Festuca ' s  Treatment  1 h i gh s hare of ca l c i um was not 

dupl i ca ted i n  Treatment  3 .  Lo l i um perenne and h· mu l t i fl orum had 8 

and 7 percent of the b i omas s  and 3 and 5 percen t of the popu l ati on 

res pect ive ly .  Both Lo l i um s peci es conta i ned nutr i ent  s hares equ i va­

l ent  to thei r b i omass  or h i gher , except for h· mu l t i fl orum ' s rather 

l ow sh are of potass i um wh i ch was not i ts character i st i c i n  Treatmen t 1 .  
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Al together , fi ve spec i es i n  Treatment 3 contro l l ed 71 percent 

of the b i omas s , about the s ame proport i on as the top four spec i es i n  

Treatment 2 .  The fi ve  domi nants const i tuted 4 7  percent of the Treat­

men t 3 popu l ati on . The domi nant 71 percent of  the b i omas s  had on ly  

5 3  percent of t he  N ,  50 percent of  t he  P ,  5 1  percen t of t he  K ,  38 

percent of  the Ca , 56 percen t of the Mg , 50 percent of the Mn , 58 

percent of the Fe , 64 percent of the Cu , and 53 percen t  of  the Zn . 

B i omas s  domi nance was ach i eved i n  th i s  commun i ty ,  w i th l es s  than a 

proporti ona l  s hare of nutri ents and the tota l nutri en t content of the 

commun i ty refl ects t h i s .  The l ow nutr ient  use  character i s t i c s  of  the  

two l eadi ng  domi nants , Q. i schaemum and E .  curvu l a ,  were res pon s i b l e 

for the proport i ona l l y  l ow nutri en t content of  th i s  commun i ty .  Spec i es 

wh i ch were good accumul ators of  nutri ents d i d  not produce enough b i o­

mas s  to ma ke an i mportant di fferen ce i n  the Treatment 1 b i oma s s  

nutr i en t  contents . 

One of  the or i g i na l  hypotheses of  th i s  s tudy was that spec i es 

compo s i t i on , not necessar i l y  b i omas s , i s  an important determi nant of 

total n utri ent capi tal seques trati on ,  a t  l east  among  p i oneer i ng 

herbaceous commun i t i es .  The Treatment 4 s pec i es compos i t i on wa s 

c ho sen w i t h  the goa l of  max im i z i ng upta ke and b i omass concentrati on 

of  each  nutr i en t .  Chenopodi um a l bum was chosen for i ts apparen t 

rol e as a potas s i um and magnes i um accumul ator i n  a s tudy the year 

pri or to th i s  s tudy .  I t  fu l f i l l ed th i s  ro l e  admi rab ly  here and i t  

dom inated Treatment 4 ' s  nutri ent conten t c haracter i st i cs . The mean 

K and Mg concen trati ons i n  C. a l bum were 2 . 46 and 0 . 22 perc ent  



respect i ve ly .  Severa l other spec i es i n  th i s  and other treatments 

conta i ned s im i l ar and even greater concen trat i on s . But , because  of  

the  l arge s i ze of i nd i vi dual p l ants , C .  a l bum p roduced 88 percent of  

the  commun i ty bi omas s , and  the commun i ty b i omas s  of  Treatment 4 was 

two to three t i mes greater than the b i omas s  o f  any other treatment .  

Its l a rge amo un ts of  b i omass  a n d  h i gh concentrat i on s  of  K a nd Mg 

resu l t ed i n  f. a l bum conta i n i n g  more K and Mg than i n  Treatments 1 -3 

combi ned .  Th i s  i l l ustrates the tremendou s  effect that n utri en t  
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uptake character i s ti c s  o f  a s i n g l e domi nant  s pec i es can have on  

commun i ty n utri ent cycl i n g .  N i trogen , Mn and Zn were a l so accumu l a ted 

i n  amounts propo rti ona l to bi omass  produced by the commun i ty .  Treat­

men t 4 accumu l ated no more of Ca than Treatment 2 ,  des p i te i ts hav i n g  

twi ce the  Treatment 2 b i omas s .  C .  a l bum accumu l ated ca l c i um i n  con­

cen trati ons  much l ess than Treatmen t 2 ' s  P hyto l acca amer i cana , 

Erecht i tes h i era c i fo l i a ,  Hel i an thus  mi crocepha l u s , Eupator i um rugosum ,  

�· decapetal u s , Eupatori um serot i n um and Agrosti s  g i gantea wh i ch 

con sti tute 68 percen t of  the bi omas s  and  83 percent o f  the Ca content 

of  Treatment 2 .  Accumu l ati on o f  P ,  Fe and Cu were a l so l ower i n  

Treatment 4 t han b i oma ss  a l one  suggested that they mi ght  b e .  �· a l b um 

and i ts accompanyi ng  gras ses a l l had rel at i vely l ow concentra t i on s  o f  

these three el ements compared to the domi nants o f  t h e  other t hree 

treatments . The l ower than expected Treatment 4 commun i ty conten t o f  

P ,  Ca , Fe a n d  C u  thus refl ected the nutri ent a cqui s i t i on characteri s­

t i cs of  i ts component s pec i es .  
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Summary 

The four  p i on eer commun i ti es i n  th i s  study produced d i fferent 

amounts of aboveground b i omas s  and  s equestered d i fferent amounts of 

the i n i ti a l n utri ent capita l . Nutr i ents conta i ned in  each commun i ty 

were not s tr i ctl y proport i ona l  to b i omass . Commun i ty sequestrati on 

of N ,  K ,  Mg and Zn was mos t  s trong ly  rel ated to b i omass ; commun i ty 

Ca , Mn and Fe contents were l east  rel a ted to b i omas s .  A commu n i ty 1 S  

nutri ent  contents were l argely  i n fl uenced by t he b i omass  and n utri ent 

uptake character i st i cs of i ts domi nant s pec i es .  



CHAPTER V I  

SPECI ES , COMMUNITY AND SPO I L  EFFECTS O N  PLANT 

NUTR I ENT CONCENTRATIONS 

Var i at i ons  i n  Nutri ent Concentrat ions  i n  P l ant T i s s ues 

P l ants vary wi dely between spec i es and var i et i es w i th regard 

to the amounts of  n utri ents i n  the i r  t i s sues ( Gerl off et a l . 1 964 , 

Jorgan 1 97 7 , Cotrufo 1 97 7 , Mugw i ra et a l . 1 980 , Cl ark  1 983 ) . They 

di ffer i n  abso l ute amounts of s pec i fi c  el ements and rat i os of certa i n  

e l ements requ i red for normal phys i o l og i ca l  funct i on s ( DeKoc k 1 964 ) , 

i n  the spec i f i c i ty of phys i o l ogi cal  mechan i sms of  i on upta ke 

(_Epstei n 1 972 ) , and i n  thei r capac i ty to sequester toxi c  meta l s i n  

roots whi l e  other s peci es or vari et i es pass them on to the s hoot 

( Jarv i s  and Wh i tehead 1 981 ) .  Form of ava i l a bl e n i trogen can l ead to 

d i fferences i n  nutri ent concentrat i ons  ( Co l e 1 981 , McGrath  and 

Rob i n so n  1 982 ) .  Ab i l i ty to take up  water and nutri ents d i s so l ved 

there i n  can vary between s pec i es dur i ng  t imes of water stress ( Namb i ar 

1 976 , 1 977 ) . Spec i es a l so vary i n  the i r  nutri en t  upta ke and resu l t i n g  

concentrati ons from effects o f  exces s s o i l mo i sture ( van den Dri es sche 

1 974 ) , temperature stres s (Mi l l er 1 966 , Nordi n 1 97 7 ) , l i ght i ntens i ty 

{ van den Dr i essche 1 974 ) , and s o i l oxygen ( Sa i f  1 983 ) . N utri ent 

concentrati ons can c hange due to di l ut i on effects of  rap i d  growth 

(Gri ga l  and Ohma nn 1 980) and tran s l ocati on before senescence ( Fi fe 

and Namb i ar 1 982 , Os tman and Weav er 1 982 ) . P l ant nutri ent 
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concentrat i ons  a re a l so affected by nutr i ent  concentra t i ons and rat i o s  

i n  so i l sol u t i ons  (Bard 1 945 , Haynes a n d  Ludecke 1 981 , Parr i s h  a n d  

Bazzaz 1 982 ) . Some p l ant  s pec i es have t he abi l i ty to a ccel erate 

d i s so l ut i on of mi nera l s and make thei r n utr i ents ava i l ab l e through 

excreti on of chel ators (Kramer 1 983 ) or organ i c  compounds ( Namb iar  

1 976 , 1 97 7 ,  Bowen and  Theodorou 1 973 , Boerd and  Th i en 1 979 ) , and 

caus i n g  change i n  so i l  pH ( Ri l ey and Barber 1 97 1 ) .  I n ter- and 

i n traspec i f i c  compet i t i on i nfl uences pl ant  nutr i ent l evel s ( Kennedy 

1 981 ) .  Al l el ochemi cs  al so may i nterfere w i th p l ant  i on uptake and 

i n fl uence spec i es nutr i ent  concen trat i on s  ( R ice  1 974 ) . Many s pec i es 

characteri st i ca l ly  u l t i mately root at d i fferent depths , so  so i l  

hori zon fert i l i ty d i fferences may be i mportant .  The extent o f  a 

spec i es expl o i ta t i on of  a so i l  mass may i nfl uence s hoot nutri ent  con­

centrati on ( Jarv i s  and Wh i tehead 1 981 ) .  

S eed Ban k Spec i es N utri ent Concentrat i ons 

Res u l ts 

Con cen trat i on s  of a l l n i ne el ements  in vegetat i on of the n i n e 

important spec i es common to Treatment 2 and Treatment 3 vari ed 

s i gn i fi cantly between s pec i es ( Tabl e 1 2 ) .  Commun i ty membersh i p  

s i gn i fi c ant ly  i nfl uenced the �oncentrati on  o f  s ev�n el ements , N ,  P ,  

K ,  Ca , Mn , Fe and Zn . Spo i l  s i gn i fi cantl y i nfl uenced concentrat i on s  

of  f i ve  el ements , N ,  Ca , Mn , F e  and Zn . 

N i trogen concentrat i on was s i gn i fi cantl y i nfl uenced by spec i es ,  

commun i ty membersh i p ,  and s po i l  ( Tabl e 1 2 ) . There wa s a l so a 
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Tab l e  1 2 .  Factors affecti n g e l ement concentrati ons  i n  n i ne s pec i es 
common to Treatmen t 2 and Treatment 3 .  

E ffect  N p K Ca Mg Mn Fe Cu Zn 
Speci es ***1 *** *** *** *** *** *** *** *** 

Commun i ty * *** ** * * * *** 

Spoi l * ** *** * *** 

Speci es x Commun i ty * ** * 

Speci es x S po i  1 *** * *** *** 

Commun i ty x Spoi  1 * 

Speci es x Commun i ty x Spoi l ** 

1 s i gn i fi cance of Type I V  Sum of Squares : *a = . 05 
**a = . 01  

***a = . 001  
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s i gn i f i cant  s pec i es x commun i ty i n teract ion  effect ;  s i x  of  the n i ne 

spec ies  had h i gher N concentrat ion i n  the nat i ve s eed ban k pl us 

rec l amat i on spec i es commun i ty ( Tab l e 1 3 ) .  Th i s  may be  due to di l ution  

wi th greater growth in  the nati ve s eed ban k commun i ty .  There was 

a l so  a trend for N concentrati ons to be h i gher i n  vegetati on on 

Spo i l  1 .  Tops o i l  and s po i l  total N va l ues do not account for th i s .  

Th i s  m i ght  have been a di l uti on-w i t h-growth phenomenon i f  poorer 

qua l i ty of Spo i l  1 was retardi n g  p l ant growth , but the samp l i n g  des i gn 

of the s tudy ( random s amp l es ) d i d  not a l l ow a test o f  th i s  hypothes i s .  

P ho s phorus and potass i um concentra tion s  were s i gn i fi cant ly  

i nfl uenced by s pec i es and communi ty ,  but  s po i l  s howed no s i gn i fi cant 

effect and there were no s i gn i fi cant i nteracti ons . Pho sphorus and 

potas s i um concentrati on s  were h i gher in the seed bank s peci es pl u s  

rec l amat i on mi x than i n  t he  s eed ban k s pec i es a l one . Di fferences i n  

extractab l e P between s po i l s  were not s i gn i fi cant l y  d i fferent , s o  a 

l ack of  s po i l  effect on vegetat ion concentration  i s  q u i te reasonab l e .  

So i l  test K l eve l s were very s imi l ar i n  the two spo i l s .  A greater 

di fference in s po i l s  mi ght have  been refl ected in s i gn i fi cant pl ant K 

concen trat i on di fferences . 

Ca l c i um concentrati on vari ed s i gn i f icant ly  due  to s pec i es , 

commun i ty members h i p ,  and spo i l s .  There were no i n teracti on effects . 

Ca concentrations  were hi gher i n  the s eed bank  s peci es p l us rec l amat i on 

mi x than i n  the s eed bank s pec i es a l one . Ca con centra t i on s  were h i gher 

i n  vegeta t i on on  Spo i l  2 than on S po i l  1 .  Spo i l 2 had greater ava i l ­

abl e Ca ( Tabl e 5 ,  p .  38 ) . Re l at i ve vegetation d i fferences i n  Ca 



Tab l e 1 3 . Mean nutri ent concentrat i on s  i n  i mportant s peci es occurri ng i n  both Treatment 2 and 
Treatmen t  3, by treatmen t and spo i l .  

Treat- % ��m 
S�ec i es ment S�oi 1 N p K Ca Mg Mn Fe Cu Zn  

As ter 2 1 . 83 . 1 7  2 . 28 . 74 0 . 08 936 1 28 7 . 0  97 

di vari cata 2 . 83 . 1 4  2 . 2 3 1 . 03 0 . 1 0  557  98 7 . 0  60 

3 1 . 99 . 24 2 . 67 1 . 07 0 . 1 6  882 6 1  8 . 5 1 36 

2 1 . 25  . 26 2 . 41 1 . 07 0 . 1 1  6 1 1 89 7 . 0  64 

Di gi tari a 2 1 . 56 . 1 2  1 . 47 . 25 0 . 1 2  281 1 1 6  1 2 . 0  62 

i s chaemum 2 . 48 . 08 1 . 40  . 22 0 . 08 301 1 42 8 . 0 4 1  

3 1 . 42 . 1 2  1 . 04 . 2 3  0 . 1 2  2 1 5 - 1 1 . 0 

2 . 39 . 1 1  1 . 1 3  . 26 0 . 1 1  357  84 7 . 3  48 

D .  2 1 

s angu i na 1 i s  2 . 43 . 1 1  1 . 54 . 33 0. 1 7  832 1 44 1 5 . 0  59  

3 1 . 69 . 1 8  2 . 40 . 23 0 .  1 7  490 5 5  6 . 0  1 01 

2 . 54 . 20 1 . 5 9  . 42 0 . 24 859 1 09 1 6 . 0  91 

E rechti tes 2 1 . 90 . 1 8  2 . 83 . 90 0 .  1 7  744 290 1 2 . 0  1 78 

h i e raci fo l i a  2 . 74 . 2 1 2 . 06 . 92 0 . 1 1  402 1 33 9. 8 64 

3 1 . 65 . 1 9  2 . 05 . 90 0 . 1 6  6 54 64 8 . 0  1 75 

2 . 8 1  . 26 2 .  3 1  1 . 02 0 . 1 2  270 1 1 4 8 . 5  78 

E u�ator i um 2 1 

�ur�ureum 2 . 8 1  . 1 6  2 . 27 1 . 99  0 . 46 708 1 25 8 . 3  43 

......, +:-



Tabl e 1 3  ( conti n ued ) 

Treat- % ��m 
SQeci es ment  S�oi 1 N p K Ca Mg Mn Fe Cu Zn  

E u�atori um 3 1 . 94 . 1 2  2 . 99 1 . 72 0 . 57 1 61 8  1 76 1 0 . 0  1 56 
2 . 93 . 1 3  2 . 99 2 . 23 0 . 46 1 1 97 1 63 1 1 . 0  87 

2 1 . 84 . 1 5  2 . 1 4 1 . 1 3  0 . 24 601 2 1 6  8 . 0  1 01 
rugosum 2 . 72 . 1 7  1 . 67 1 .  43 0 . 26 333 91  7 . 9  28  

3 1 . 86 . 2 3 3 . 1 5  1 . 46 0 . 29 579 1 33 9 . 0  99  
2 . 88 . 2 3 2 . 43 1 .  50 0 . 26 257  1 26 7 . 5  43 

E .  2 1 1 . 1 1  • 1 6  1 . 66 . 87 0 . 28 1 054 96 6 . 0  1 47 
serot i n um 2 . 84 . 1 7  1 .  5 1  1 . 00 0 . 1 3  485 88 6 . 2  72 

3 1 . 89 . 1 7  1 . 83 . 8 1  0 . 1 7  1 1 28 82 6 . 0  1 54 
2 . 98 . 27 2 . 2 7  1 . 1 6  0 . 1 8  489 1 1 8  7 . 5  85 

He 1 i anthus 2 1 . 72 . 2 1  2 . 38 . 70 0 . 1 4  567 74 5 . 0  94 
mi c rocepha 1 u s  2 . 65 . 1 5  2 . 04 . 73 0 . . 1 1  248 1 04 7 . 0  49  

3 1 . 72 . 1 7  2 . 41 . 72 0 . 1 0  479 87 6 . 5  1 1 3  
2 . 83 . 2 7  2 . 60 1 . 1 6  0 . 1 5  338 87 7 . 0  79 

P hi:tol acca 2 1 1 . 08 . 1 6  3 . 02 . 72 0 . 30 1 7 1 9  229  
ameri cana 2 . 9 1  . 1 3  2 . 54 . 99 0 . 35 1 724  1 09 7 .  1 62 

3 1 1 . 48 . 2 5 - . 80 0 . 34 3994 245 1 3 . 1  5 1 8  
2 1 . 00 . 1 8  3 . 34 1 . 08 0 . 3 3 1 782 1 1 9  7 . 0  63 

....._, 
U1 
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concentrat i on s  due to spo i l s were not as  great as the rel a t i v e  

d i fferences between the spo i l s  thems e l ves . Th i s  may have been due to 

ame l i orati on of s po i l d i fferences by the common topso i l  or p l ant 

spec i e s  not requ i ri ng fu l l exp l o i tat i on of the d i fferences . 

Magnes i um concentrati on d i fferences were s i gn i f i cantl y l i n ked 

on ly  to s pec i es .  Commun i ty members h i p  had l i ttl e i nfl uence . Mag­

nes i um d i d  not s how the genera l l y  h i gh er vegeta t i on concentrati on s  i n  

Treatment 3 that were common w ith  other el ements . I t  may be that 

these s pec i es do not  absorb mo re Mg  than n ecess ary for phys i o l ogi ca l  

p roces s e s .  S po i l  2 had 2 5  percen t h i gher ava i l ab l e mag nes i um and 

n early doub l e  the Mg  base s aturat i on , but these d i fferences had no 

s i gn i f i cant  effect on vegeta t i on Mg concentra t i on . 

Manganese concentra t i on i n  the t i s s ues of  these n i ne spec i es 

vari ed s i gn i fi cantl y between spec i es , commun i ty ,  and  spo i l s .  There 

were a l so s i gn i fi cant  speci es x communi ty ,  s pec i es x s po i l ,  and 

s peci es x commun i ty x spo i l i nteracti ons .  The di cots genera l l y  had 

h i gher Mn concen trat i ons  on S po i l  1 .  Such  a b road trend was l ess  

v i s i bl e  wi th  commun i ty members h i p ,  however . I nteracti on effects made 

the commun i ty trend l es s  read i l y  v i s i b l e .  Both s po i l s  had s imi l ar 

so i l  tes t Mn concentrations , but other factors s uc h  as  pH  and rel at i ve  

base s aturation  may have been i nfl uen t i a l  in  produc i ng the  so i l s  

effects . Gada and Rei s en auer ( 1 980) found that so i l  properti es , s uch 

as pH and p l ant  exudates wh i ch brea k down Mn02 and comp l ex the Mn 

cat i on , comb i ne to make Mn a va i l ab i l i ty and p l ant res ponse  a very com­

p l ex phenomenon . 



I ron concentra t i on i n  vegeta t i on vari ed s i gn i f i cant ly  w i th 

s pec i es ,  commun i ty ,  and spo i l  and w i th a l l two-way i n teracti ons . 

There were no genera l trends  acro s s  s pec i es for h i gher i ron  concen­

trati on asso c i ated w i t h ei ther s po i l or commun i ty among  the n i ne 

s pec i es from the s eed ban k a s  i nteract i on effects obscured them .  

Copper concentrat ions  vari ed s i gn i fi cantly between spec i es .  

There was a l so  a s i gn i fi cant  s pec i es x commun i ty i nteract ion , even 

though  commun i ty by i tsel f was not s tat i st i cal ly  s i gn i f i cant .  L i ke 

Mg , Cu concentrat i on was not greater i n  seed ban k  spec i es of Treat­

ment 3 than i n  Treatment 2 .  The s po i l  effect was not s i gn i fi cant 

even though  S po i l 1 had a 30 percent h i gher Cu content .  

Z i nc  concentrat i on s  were s i gn i f i cantly affected by spec i es , 

commun i ty ,  and spoi l s .  There was a l s o  a s i gn i f i cant spec i es x spo i l  

i nteracti on .  Z i n c  concentrat i ons  were h i gher i n  the nati ve  s pec i es 

pl u s  recl amat i on mi x than i n  the nat i ve spec i es a l one i n  e i ght  of  

n i ne s pec i es .  I t  was markedly  h i gher o n  Spo i l  1 than o n  Spo i l 2 .  

Di s cu s s i on  
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Treatment 2 and Treatment 3 commun i ti es show d i fferences i n  

i nterspec i f i c  compet i t i on res u l t i ng from the add i t i on o f  gras s es to 

t he seed ban k commun i ty ,  and pos s i b ly  changes i n  i n traspec i f i c  com­

pet i t i on as the importance of s ome of these spec i es d i ffered greatly 

between commun i t i es .  I nterspec i f i c  compet i t i on i n  Treatment 3 may 

very wel l have i nc l uded a l l el opathi c effects of  the i n troduced gra s s es .  

Festuca arund i nacea has  been s hown to be a l l el opathi c ( Peters 1 968 ) 

a s  have Lo l i um ( Fa l es and Wa kefi el d 1 981 ) and Di gi tar i a  sangu i na l i s  
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( R i ce 1 964 , Parenti  and Ri ce  1 969 ) . Eragros t i s  curvu l a  a l so produces 

root exudates that have been i mpl i cated i n  a l l e l opathy ( Creek and 

Wade 1 985 ) .  The phys i o l og i cal  mecha n i sm of a l l e l opathy are numerous 

and i nc l ude i nterference wi th ian  u pta ke , photo synthes i s ,  cel l 

, d i v i s i on , membrane  permeab i l i ty ,  res p i ra t i on , protei n synthes i s ,  

enzyme acti v i ty ( R i ce 1 974)  and water re l at ions  ( Co l ton and E i nhel l i g 

1 980) . The i nferi or  s tatu s  of Treatment 3 s pec i es whi c h  were 

domi nant i n  Treatment 2 does not genera l l y  s eem to be due to cam­

peti t i on for nutr i en ts a s  there i s  a trend for nutri ent concentrat ions  

i n  these  s pec i es to  be h i gher i n  Treatment 3 than i n  Treatment 2 .  

Th i s  may hav e  res u l ted from non-d i l u t i on w i th growth o r  rel at i vely 

h i gher upta ke of same el ements in some s pec i es . 

Compet i t i o n  far water may have been a reason far the 

d i s pl acemen t in domi nance of some of the nat i ve spec i es in Treatment 3 .  

The grasses  had shal l ow root sys tems concentrated i n  topsa i l  and upper 

zane of the spo i l s .  Mast  of  the nat i v e  spec i es had root sys tems 

extend i ng to greater depths w i th l es s  exp l o i tat i on of  the s urface .  

The nati ve spec i es wou l d  have been at  a d i s advantage i n  competi t i on 

for sma l l amounts of  ra i nfal l or i rri ga t i on water that d i d  no t pene­

trate to greater depths  i n  the mi crapl ots . 

Recl amat ion Speci es Nutr i ent  Concentrat i on s  

Resu l ts 

Spec i es was a s i gn i fi cant factor determi n i n g  the N ,  P ,  K ,  Ca , 

Mg , Mn , Cu and Zn contents of vegetat i on among the recl ama t i on mi x 
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s pec i e s  present i n  Treatment 1 and Treatment 3 ( Tabl e 1 4 ) .  Commun i ty 

and s po i l  effects were not a s  w i des pread as  they were i n  the s pec i es 

and commun i ti es j ust  d i s cu s sed .  Commun i ty members h i p s i gn i f i cant ly  

i nfl uenced on l y  P ,  Cu and Zn  concentrat i on s  in  vegeta t i o n .  Cal c i um 

and Zn on l y  had s i gn i fi cant  respon s es to s poi l d i fferences . 

Spec i es was the on ly  s i gn i f i cant  s i ngl e  facto r rel a ted to 

n i trogen content i n  the s even recl ama t i on mi x s pec i es u sed i n  the 

ana lys i s  ( Tabl e 1 4 ) . S i gn i fi cant i nteracti on effects were found for 

s pec i es x commun i ty ,  commun i ty x s po i l , and s pec i es x commun i ty s po i l . 

These  i n teracti on s  make i nterpretat i on of  a s i mpl e tabl e of  s pec i es 

nutri ent  concentrat ions  by commun i ty and spoi l s  very d i ff i c u l t 

( Ta bl e 1 5 ) . 

Phos phorus  concentrat ions  var i ed s i gn i fi cant l y  between spec i es 

and commun i ti es , but there were no s i gn i fi cant i n fl uences due to 

spo i l s  o r  i n teracti on effects . .  However , there was a nons i gn i fi cant  

trend for so i l ,  s pec i es x commun i ty ,  and commun i ty x so i l  i nfl uences . 

Phospho rus  concentra t i ons  were general l y  h i ghest  i n  f. arund i nacea 

and l owest i n  E .  curvu l a .  Phosphorus concentra t i on s  i n  t he recl amat i on 

s pec i es were general l y  l ower i n  Treatment 3 than i n  Treatment 1 .  

Pota s s i um vari at ion  was s i gn i f i cant  on ly  between spec i es .  

Festuca arundi nacea genera l l y  had the h i ghest t i s s ue  K concentrati ons , 

and E .  curvu l a  had the l owest .  Commun i ty ,  spo i l . an d  i nteract i on 

effects were not s i gn i f ican t .  Parr i s h  a n d  Bazzaz ( 1 982 ) a l so found 

a genera l pl ant  i ns ens i t i v i ty to so i l  K ava i l ab i l i ty among a s s embl ages 

of ear ly  and l ate s ucces s i ona l  p l ants ; pl ant  s pec i es i dent i ty was the 
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Tab l e  1 4 .  Fac to rs affect i ng  e l ement concentrat ions  i n  seven spec i e s  
common to Treatment  1 and Treatment 2 .  

Effect N p K Ca Mg Mn Fe Cu Zn 
Spec i es *** *** *** *** *** *** *** *** 

Commu n i ty * * * 

Spo i  1 ** * 

Speci es  x Commun i ty * * 

Speci es x Spoi 1 

Commun i ty x Spo i 1 * 

Spec i es x Communi ty x Spoi l * *** 

1 S i gn i fi c ance of Type I V  Sum of Squares : *
a = . 05 

**
a = . 0 1  

***
a = . 00 1  



Tabl e 1 5 . Mean nutri ent concentrati ons  i n  i mportant spec i es occurri ng i n  both Treatment  1 and 
Treatment 3,  by treatment and s po i l .  

Seeci es 
Di gi  tari a 

i s chaemum 

D .  
s angu i n a 1 i s  

Eragrost i  s 
curvu 1 a  

Fes tuca 
arundi nacea 

Lespedeza 
cuneata 

Treat-
ment  

1 

3 

1 

3 

1 

3 

1 

3 

1 

seo i l N p 
1 
2 . 63 . 1 9  
1 . 42 . 09 
2 . 39 . 1 2  
1 . 20 . 09 
2 . 70 . 1 8  
1 . 69 . 1 8  
2 . 54 . 20 
1 . 88 . 08 
2 1 . 08 . 09 
1 . 52 . 06 
2 . 62 . 06 
1 . 37 . 1 6  
2 1 . 24  . 2 1 
1 . 93 . 1 4  
2 . 85 . 1 2  
1 1 . 88 . 1 2  
2 2 . 35 . 1 8  

% eem 
K Ca Mg Mn Fe Cu 

1 . 40 . 26 0 . 1 0  2 50 9 5  7 . 0  
1 . 04 . 2 3  0 . 1 2  2 1 5 - 1 1 . 0 
1 . 1 3  . 26 0 . 1 1  357 84 7 . 3  
1 .  5 9  . 23 0 . 1 7  673  9 5  � 3 . 0  
1 . 83 . 48 0 . 20 747 1 07 1 0 . 0  
2 . 40 . 23 0 . 1 7  490 55 6 . 0  
1 .  59 . 42 0 . 24 859 1 09 1 6 . 0  

. 78 . 30 0 . 06 348 9 7  1 3 . 0  

. 72 . 2 1 0 . 05 1 94 1 1 6 7 . 8  

. 75 . 25 0 . 04 2 1 4 67  5 . 0  

. 59 . 2 5 0 . 04 236 84 4 . 6  
2 . 22 . 36 0 . 20 431 96 1 0 . 0  
2 . 40 . 42 0 . 1 7  384 74 8 . 5  
2 . 34 . 2 7 0 . 1 8  31 4 45  3 . 0  
1 .  96 . 34 0 . 1 7  41 4 93  7 . 0  
1 .  3 1  . 6 5 0 . 1 0  488 1 40 6 . 0  
1 . 2 1  . 84 0 . 1 1  203 1 08 5 . 5  

Zn  

58 

48 
93  
68 

1 01 
9 1  
48 
37 
51 
33 
41  
60  

59  
1 58 

40 
():) __. 



Tab l e 1 5  ( conti nued ) 

Treat- % 
Sj!eci es ment S�oi 1 N p K 

Lesj!edeza 3 1 2 . 08 . 1 5  1 .  01 
c uneata 2 2 . 27 . 1 6  1 . 02 
( conti nued ) 

Lo l i um 1 1 1 . 22  . 1 7  1 .  76  
mu l t i f 1 o rum 2 1 . 40 . 1 9  1 . 2 1  

3 1 1 . 20  . 1 4  -

2 1 . 04 . 1 2  1 . 0 1 
L .  1 1 1 . 24  . 1 6  1 . 95  
perenne 2 . 67 . 1 6  1 . 85 

3 1 . 90 . 1 1  1 . 40 
2 1 .  01  . 1 2  1 . 33 

Ca Mg Mn 
. 76 0 . 1 4  383 
. 97 0 . 1 2  2 1 7  

. 49 0 . 1 7  705 

. 76 0 . 1 6  763 

. 59 0 . 1 2  1 38 

. 74 0 . 1 4  1 080 
. 55 0 . 1 9  654 

- 0 . 1 3  683 
. 47 0 . 1 0  595 
. 83 0 . 1 6  597 

j!j!ID 
Fe Cu 

98 6 . 0  
1 23 6 . 8  

1 03 1 0 . 0  
1 30 1 2 . 8 
1 07 1 7 . 0  
1 56 8 . 5  
1 52 1 0 . 0  
1 59 1 3 . 0  
1 1 3  1 0 . 0  
1 09 7 . 5 

Zn 
66 
44 

HO 
1 03 

92 
94 

1 54 
1 40 
1 1 4 
1 07 

OJ 
N 



on l y  s i gn i fi cant componen t i n  a regres s i on on K concentrat i on i n  

vegetat i on .  

Cal c i um concentrat i on l evel s i n  the recl amat i on spec i es m i x  

were s i gn i fi cant l y  a ffected by s pec ie s  a n d  spo i l . Lespedeza cuneata 
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and Lo l i um mu l t i fl o rum had the h i ghes t Ca concentrat ion s ;  D i gi ta r i a  

i schaemum and Eragro s t i s  curvu l a  had the l owest .  Except for I· curvu l a ,  

Ca concentrati"ons were l ower on Spo i l  1 .  Commun i ty members h i p  and 

i n teract ions  had no effects . 

Magnes i um and manganese  concentrat i ons  were s i gn i fi cant ly  

affected on ly  by  s peci es . Greates t Mg concentrati on s were i n  the 

ti ssues  of Di g i ta r i a  sangu i na l i s  and £. arund i nacea ; l owest  concen­

trat ions  were in E .  curvu l a .  Lo l i um mu l t i f l orum and Q. sangunal i s  ha d 

the h i ghest Mn concentrat i on s , and E .  curvu l a and L .  cuneata had the 

l owest Mn concentra t i on s .  Commun i ty ,  spo i l , and i n teracti on effects 

were not s i gn i fi cant .  

No  s i gn i f i cant var i a t i on i n  i ron cou l d  be  attri buted to spec i es ,  

commun i ty ,  spoi l ,  or  the i r  i n teract ion s . 

Copper s howed s i gn i f i cant d i fferences due to spec i es and 

commun i ty ,  and the i nteract i ons  conta i n i ng them , s pec i es x commun i ty ,  

and spec i es x commun i ty x s po i l .  Lo l i um mu l t i forum and D. sangui na l i s 

had the h i ghest Cu concentrat ion s , and I· curvu l a  and h· cuneata had 

the l owes t  Cu concentrat ion s . Commun i ty effects var i ed s trong ly  

between spec i es ; Q. i s chaemum , Q .  sangu i na l i s ,  and L .  cuneata had 

h i ghest Cu concentrat ions  i n  Treatment 3 .  The others had h i ghest  

concentrations  i n  Treatment 1 .  
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Z i n c  concentra t i on s  vari ed s i gn i f i cantly w i th s peci es , 

commun i ty and so i l , b ut there were no s i gni fi cant i n teract i on effects . 

Lol i um perenne and h· mul ti fl o rum had the hi ghest ti s sue  Zn concen­

trat ion s , and f. curvu l a  had the l owest Zn concentra t i on s .  Z i nc 

concentrati on s  were h i gher i n  Treatment 1 ,  except i n  Q. sangu i na l i s  

and F .  arundi nacea . Z i nc concen trat i on s  were h i gher on S po i l  1 

except i n  f. a rundi n acea .  

Di scus s i on 

S po i l  d i fferences were not a s  i nfl uent i a l  on the rec l amat ion 

spec i es a s  on the seed ban k s pec i es .  These d i fferences i n  the amount 

of  respon se  to  s po i l s  may l i e in  d i fferences in  the  roo t i n g  zones . 

Heavy exp l o i tati on of  topso i l  by the s ha l l ow ,  fi brous - rooti n g  gras ses  

may have  made underly i ng s po i l d i fferences l es s  i n fl uent i a l , es pec i a l l y  

a s  there w a s  general l y  an adequate amount  of water i n  the topso i l  and  

upper s po i l  l ayers . 

Lac k of  commun i ty di fferences among t he recl ama t i on s pec i es 

may be  due to the character of the Treatment 1 and Treatment 3 

commu n i ti es--bo th were gra s s  domi nated . A change from Treatment 1 to 

Treatment 3 resu l ted i n  add i ti on o f  s pec i es of  rel ati vely minor 

i mportance  compared to the grasses . 

Summary 

Among  the nat i ve  s pec i es and i mportant i nvaders of  Treatment 2 ,  

t i s s ue concentrat i ons  o f  the n i n e  el ements var i ed s i gn i f i cant ly  

between s pec i es . Commun i ty membersh i p  affected concentrat ions  of N ,  P ,  
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K ,  Ca , Mn , Fe and Zn . Spo i l  type a ffected l evel s of N ,  Ca , Mn , Fe , 

and Zn . I n teract ion  effects were found i n  N ,  Mn , Fe , Cu , and Zn . 

N i trogen , P ,  K ,  Ca , and Zn were genera l l y h i gher i n  n at i ve  spec i es when  

they were grow i n g  w i th s eeded- i n  g rass es and Lespedeza . Such h i gher 

nutr i ent concentrat ions  may in pa rt be  due to l ess  d i l ut ion  wi th 

growth caused by repres s i on of the nat i ve s pec i es by the g ra s s es o f  

Treatment 3 .  

Among the rec l amati on  spec i es and two i mportant vol unteers , 

t i s s ue concen trat i on s  of  al l el ements except Fe var i ed s i gn i fi cant ly  

due to  spec i e s .  Commun i ty members h i p  effects were s i gn i f i cant  for P ,  

Cu , and Zn . S po i l  s i gn i f i cant ly  affected concentrat i on s  o f  Ca and 

Zn . S i gn i f i cant i nteract i on effects for the  a bove factors were found 

for N and Cu . Ca concentrat ions were l ower and Zn concentrat ions were 

h i gher on Spo i l  1 .  Mo s t  rec l amat i on  speci es had  l ower Zn concen tra­

t i ons when grow i n g  w i th nat i ve s pec i es .  

The rec l amat i on speci es were l i ke the s eed ban k s pec i es i n  that 

they had s i gn i fi cant d i fferences i n  nutri ent concentrat i on s  between 

spec i es .  The rec l amat i on spec i es s howed far fewer res ponses  to com­

mun i ty members h i p  than d i d  the nat i ve s eed ban k  s pec i es .  The grasses 

were l ess  a ffected by the presence o f  the d i co ts than the d i cots were 

by the pres en ce of the grass es . The recl amat i on s pec i es were a l so 

l ess  a ffected by spo i l  di fferences , pos s i b l y  due to greater exp l o i tat i o n  

o f  t h e  topso i l  a n d  l es s  exp l o i tat i on o f  the s po i l  by the gras ses . 



CHAPTER VI I 

N UTRIENT CON CENTRAT ION , CONTENT AND N I CHE  

Th e N i c he Concept i n  Pl ant Ecol ogy 

Gri nnel l ( 1 91 7 ) f i rs t  used the term 11 n i che11 i n  an eco l og ica l  

s ense  as  be i ng an organi sm ' s ha b i ta t .  H e  a l s o  def i ned n i c hes a s  

s tructural  un i ts of  the eco l o g i ca l  commun i ty a n d  s ta ted that n o  two 

spec i es regu l ar l y  es tab l i s hed i n  a commun i ty wou l d  have the same 

n i c he .  I n  h i s  1 928 paper h e  further defi n ed n i c he a s  the u l t imate . 

un i t  of  s peci es d i str i buti on .  E l to n  ( 1 927 ) def i ned n i che  a s  the 

functi on of an organ i sm i n  a commun i ty and i ts rel at i ons h i ps to food 

and enem i es .  He  a l so defi ned n i che  as  a un i t  o f  commun i ty organ i zat ion  

and  as  a common s tructural  component in  s eparate commun i t i es .  Both 

concepts ; 11 hab i tat  n i c he11 and 11 functi onal  n i che1 1  have rema i ned in u se  

under t he  common term 11 n i c he1 1  or  11 ecol ogi ca l n i che 1 1 caus i ng confu s i on 

and fue l i ng semant i c  debate among eco l og i s ts .  C l a rke  ( 1 954 )  

s uggested that s eparate names wou l d b e  eventua l l y  g i v en to the  two 

concepts . 

Hutch i n son ( 1 958 )  proposed that n i c he be con s i dered an 

n-d i men s i ona l  hypervo l ume . Each  di men s i on i s  a quanti fi ed env i ron­

menta l var i a bl e t hat  affects a s pec i es .  By defi n i n g  the l i m i ts o f  a 

popu l a ti on i n  each d i mens i on , t hat popu l a ti on ' s  fundamental n i che  i s  

then defi n ed .  Due to compet i ti o n , however , a popu l at ion  s e l dom 

reaches the potenti al i ti e s  defi ned i n  the fundamental n i che , and the 
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reduced vol ume of  the popul at i on i n  the hyperspace i s  consi dered to be 

the real i zed n i che .  The n-d imen s i onal  n i che concept has  s i nce  been 

used i n  the con text of both habi ta t  and functi onal  n i c hes a l though 

Wh i tta ker et a l . ( 1 973 ) s ugges t that Hutch i nson was more concerned 

w i t h  i n tracommun i ty ,  funct i onal  n i che  a t  the t ime and that appl i ca t i on 

of the concept to habi tat n i che wa s not i ntended . E i ther way , the 

concept has proved very usefu l . Wh i tta ker et a l . ( 1 973 ) rev i ewed the 

probl ems in n i che termi no l ogy and proposed that " hab i tat1 1  be  reserved 

for " pl ace n i che"  or i ntercommun i ty vari ab l es formerly a ssoc i ated w i th 

n i che . The compl ementary term " n i che"  woul d then be reserved fo r 

i ntracommu n i ty ,  funct i ona l var i ab l es . Where both mea n i ngs are 

des i red , the term " ecotope11 ( hab i tat + n i che )  i s  s ugges ted . W h i ttaker 

et a l . ( 1 973 )  c i te the term 1 1 ecotope " as var iou s ly  used by Schmi thiis en 

(1 968 ) and Tro l l (1 968 ) . 

McNaughton and Wol f ( 1 970)  extended the concept o f  the n i c he 

hypervol ume to the commun i ty ,  say i ng that ,  " the commun i ty a l so ha s a 

n i che  hypervol ume defi ned by the hypervo l umes of  i ts con s ti tuent 

spec i es . "  W h i tta ker et a l . ( 1 973 )  hypothes i zed that addi t i on of  a new 

s peci es w i th i ts own hypervol ume wi l l  a l ter the n i c he hypers pace o f  

the commun i ty .  

The functional  n i che i s  empha s i zed i n  system s tructu re . The 

n i che  of  El ton ( 1 927}  and Wh i tta ker ( 1 973} becomes a genera l �ystems 

functi ona l  structure . Gr i nne1 1 • s ( 1 9 1 7 ,  1 928) n i che  (Wh i tta ker et 

a l . • s  ( 1 973 )  hab i tat )  becomes a set of  parameters that es tabl i s hes 

v i ab i l i ty of parti cu l ar spec i es i n  a parti cul ar  ecosystem .  Patten and 
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Aub l e ( 1 980 )  too k  a systems a pproach  to n i che and formu l ated a " n i che 

concept i n  the forma l i sm of gen era l system theo ry . 11 1 1 Ho l on 11 i s  co i ned 

for systems that are s i mu l taneo u s l y  part of a greater who l e and a 

who l e  made of  l es s er parts . Th i s  may be  a s i ng l e popu l a t i on or a l l 

popu l a t i ons  at  a g i ven troph i c  l evel . The ha l on has two subsystems : 

( 1 ) a 1 1 Creaon 11 w h i c h  def ines resources used by the ha l on , s t i mu l i ,  or 

i n put funct i on , and ( 2 )  a u genon , u  the ha l on ' s  effect on the system , 

the respon s es , or the output functi on .  The creaon i s  equ i va l ent to 

Hutc h i n son ' s  real i zed n i c he ,  the  s et of  d i rect i n puts to a ha l on �  

The  ha l on concept goes beyond the n i che  concept i n  that non l i vi n g  

components of  sys tems may b e  defi ned as  ho l on s .  Patten and Aubl e 

( 1 980 ) ba l k at g i v i n g  non l i v i n g  ho l ons  n i c hes , but s tate that s uch  an 

extens i on mi ght be usefu l i n  systems eco l ogy. I n put and output 

" env i rons 1 1 a re a l so def ined .  These a re the s ummed d i rect and 

i nd i rect ( as far a s  they can be traced through other ho l ons ) i nputs 

and outputs respecti ve ly .  Together they are  equ i va l ent  to the 

1 1 extended n i che 11 o f  Lev i n e  ( 1 977 ) .  Patten and Aub l e ( 1 980) po i nt out 

that there i s  a l so no precedent for extend i ng the trad i t i ona l  n i c he 

concept ( a s  d i verse as  i t  i s )  to i nc l ude i ndi rect i nfl uences . 

The theory of  n i che i n  p l ant eco l ogy has  suffered somewhat i n  

that mo s t  of the s i gn i fi cant n i che t heory has been devel oped i n  the 

con text of  an ima l  popu l at i ons  and sys tems eco l ogy . Th i s  is  parti cu­

l a r l y  true  when nutri t i ona l  n i ches of  pl ants are d i s cus s ed .  The 

nutri t iona l  defi n i t i ons  of  n i che so usefu l in an ima l  eco l ogy have had 

l i ttl e uti l i ty for p l ants ( W uen s c her 1 969 , c i ted by Wh i ttaker et a l . 
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1 973 ) . The di ffi cul ty l i es i n  use of  pl ant ti s s ue  nutri en t  

concentrations  data for n i che  stud i es . Al l s pec i es i n  a pl ant  com­

mun i ty exp l o i t  the same s u i te of es sent i al  el ements , wate r ,  and l i g ht .  

Rel at i ve u se  o f  each resource vari es from spec i e s  to speci es i n  the 

s ame communi ty and th i s  rel ati ve· d i fference has been equated to n i che 

d i fference.  Woodwel l et a l . ( 1 97 5 )  s howed , us i ng pri nc i pa l  components 

and  a Bray-Curt i s ord i nation , that woody s pec i es i n  the Brookhaven 

oak-p i ne forest are d i s persed in a hyperspace def i n ed by re l at i ve con­

centrat ions  of d i fferent nu tri ent el ements . They s tated that nutri ent 

concentrat ion  i n  p l ants " may be  an  i mportant  a s pect or  expres s i on of 

n i c he di fferenti ati on . "  Garten ( 1 978 ) u sed di scr imi nant a na l ys i s  

bas ed o n  fol i age  n utri ent  concentrati on to desc ri be pl ant  s pec i es '  

pos i t i on s  i n  an  1 1 -d imen s i ona l  space .  Di fferences a nd s im i l ar i t i es 

i n  pos i tion were equated to di fferences a nd s i mi l a ri t i es i n  nutrient  

cyc l i n g n i che  . .  Such  comp l ete  s eparat ion of  p l ant  s pec i es i n  hyper­

vo l umes i n  mathemati ca l mu l t i vari ate s pace does not n ec es s ar i l y  s how 

n i c he separat i on in the u l t i mate s en s e .  O n l y  t h e  rel ati ve  d i ss imi ­

l ar i ty o f  what I w i l l  cal l " nutrient concentrat ion  n i che "  can be s hown . 

Exten s i on of the N i che Concept i n  P l an t  
Nutr i ti ona l  Rel ati on s h i ps 

A mean i ngfu l  di s cus s i on of  pl�nt nutri ti on and  s pec i es n i ch e  

requi res exten s i on of  n i che termino l ogy .  For th i s , I e l ect to use  

adj ect i ve mod i fi ers for " n i c he11 wh i ch w i l l  l argel y expl a i n  w ha t  i s  

meant ,  rather than co i n  new words w h i c h  wou l d  not ,  i n  thems el v es convey 

any i nforma ti on ( Tab l e 1 6) .  



90 

Tabl e  1 6 .  Tabu l ar i.zati on of  the n i c he concept re l ated to vegetat ion  
and nutriti on . 

N i che  Type 
Spec i es 
Popu l at i on 
N utri en t 

. Concentra t i o n  
N i che 

S pec i es 
Popu l ati on 
N utri ent 
Con tent 
N i che 

Spec i es 
Commun i ty 
Nutri ent 
Content 
N i che 

Characteri sti c s  
Functi onal  
Rea l i zed 
Qua l ita ti ve 
S pec i es-centered 
Dynami c 

Functi onal 
Rea l i zed 
Quant i tati ve 
Commun i ty-cen te red 
Dynami c 

Functi ona l  
Rea l i z ed 
Quant i tati ve 
Ecosystem-centered 
Dynam i c 

Measu re 
N i che  B readth - proport i onal use  
or  concentrat i ons  of  a l l 
n utri ents . 
N i che Wi dth - mean  o r  range of 
concentrati on s  o f  one el ement .  

N i che S hare - proporti on o f  the 
tota l commun i ty n utri ent capi ta l 
s equestered by a popu l ati on . 

Commun i ty Content N i c he � tota l 
nutri ents seques ted i n  b i omas s 
by a pl ant  commu n i ty .  



9 1  

" Nutr i en t  concentrati o n  n i che" i s  a speci es-centered , rea l i zed , 

qua l i tati v e ,  functi ona l n i ch e  i n  terms of  a popul a t i on ' s  food va l ue 

to herb i vo res , s peed of decompos i t io n  and effects of rel a t i v e  el ement 

upta ke on so i l  p roces ses . N i che  b readth and wi dth have been used 

i n terc hangeabl y  i n  eco l ogi cal l i teratur e ,  but . here they w i l l  have 

prec i se defi n i ti on s . Concentrat i on " n i ch e  breadth"  i s  a meas ure of 

a popu l at i on ' s  proporti onal content of the va r i ou s  nutri en ts us i ng 

s uch  formu l as a s  tho se proposed by Lev i ns ( 1 968 ) . Concentra tion 

1 1 n i c he w idth 11 i s  res erved to refer to a mean or a range of concen-

trat ion  of one e l ement , but i t  wi l l  not be  used i n  th i s  d i scuss i o n .  

1 1 Con tent n i c he" is a commun i ty-centered or  system-centered , 

rea l i zed , quanti tati ve  functi ona l  n i che .  Conten t 1 1 n i che  s hare" i s  a 

mea sure of commun i ty nutr i ent  cap i tal  a l l ocated to or  s eques tered by 

a g i v en s pec i es .  For exampl e ,  one mi ght defi ne  a " phosp horus n i che  

s hare .  1 1 The und i fferenti ated " n i ch e  s hare"  i s  a mean s hare of a l l 

el ements cons i dered . Expres s i ng funct i onal  n i che i n  terms of  "what an  

organ i sm does  as  wel l a s  how much of  what  there i s  to  do " moves the  

functi ona l n i c he concept from the q ua l i ta t i ve funct i ona l defi n i t i on i t  

has pr i mari ly  had i n  the past to a very useful operat i v e ,  quanti tat i v e  

defi n i t i on .  

To i l l u strate content n i c h e ,  n i ch e  s hare " S  . .  i s  ca l cu l ated , s 

where 1 1X 11 i s  the speci es 11 S 1 1 mean fracti onal s hare of each  nutri ent 

" e" i n  the a boveground b i omas s  of each treatment .  Th i s  va l u e  g i ves a 

spec i es mean i mportance across  a l l i n c l uded nutri ent axes . 
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For compa ri son , a mod i fi ed L ev i n s '  B ( 1 968 ) i s  ca l cu l ated 

1 

where " r "  i s  the number of n i che  parameters ( 9  e l emen ts ) us ed i n  the 

cal cul a t i on , and " p" equal s the mean concentrati on  of el ement "e" i n  

spec i es " s . 1 1 For thi s  .ca l cu l ati on , n utri ent concen trat i on means "oe" 

were determi n ed for each e l ement 1 1 e"  us i n g al l obs erva t i on s .  The 

treatment " t11 e l ement mean s  "o
ets " were then ca l cu l ated for each 

s pec i es 11 S 11 and s tandard i zed as  fracti ons of the overa l l e l ement 

means "o /o . " Thes e fractiona l  va l ues for each el ement were t hen ets e 

expres sed as  a propo rt i on of  the s um of the va l ues for a l l n i ne 

el ements for each s pec i es per treatment 

i n  order to ca l cul ate Lev i ns ' B on pro portional  el ement u se  data . 

L ev i ns ' B has a va l ue of 1 . 0  when a l l resources are u sed i n  the s ame 

proport i ona l amount and a va l ue of l /r when on ly  o n e  of r resources i s  

u sed .  

Resu l ts 

S eed Ban k Speci es N i che S hares 

The effects of commun i ty compo s i t i on on component  spec i es n i c hes 

can be observed by compari ng  n i che breadths ( B ) and n i che  s hares ( Ss ) 

i n  s pec i es common to Treatment 2 and Treatment 3 ( Ta bl e 1 7  and 

Fi gure 6 ) . W hen the recl ama t i on mix s pec i es were added to the nat i ve 



Tabl e 1 7 .  Spe c i es n i che breadth ( Levi n • s  B )  based on  s tandardi zed concentrati on data and content 
n i c he s hare Ss . 

S pec i es 

Aca lypha rhombo i dea 
A .  v i  rgi n i  ca 
Agro st i s  gi gantea 
Amaranthus hybr i dus 
Aster di vari catus 
B i dens frondosa 
B romus commutatus 
Chenopod i um a l bum 
Crotonops i s  e l 1 i pti ca 
Cyperus e scu l entus 
Dactyl i s  gl ome rata 
Datura s tramon 1 um 
Di gi tari a i s c haemum 
Q. s angui na 1 i s  
E ragrosti s cu rvu 1 a  
Erechti te s h i e rac i fo l i a  
Eupatori um  purpureum 
E .  rugo s um 
E. s eroti num 
Eupa tori um s p .  
Fes tuca a rund i nacea 
Hedeoma pu 1 egi oides 
Hel i anthus  decapeta1 us 
.!:!.· 1 aevi ga.tus 
.!:!.· mi c rocepha l us 
He 1 i a nthus  s p . 

Levi n s • B ss Levi n s • B 

. 765  

. 866  

. 878 

. 95 7  

. 549  
. 8 1 2 . 0 1 7 . 886 
. 794 . 01 7  
. 794 . 2 1 0 . 92 6  
. 928  . 069 . 930 
. 81 8  . 096  

. 902  

. 728  

. 804 

. 889 

. 840 
. 848 . 1 2 1  

. 7 1 0 

. 906 

. 935  

. 864 

. 87 1  

Treatment 

\ Lev i ns • B ss Levi n s • B s
s 

. 001  . 688 . 002 . 681 . 001  
. 59 3  . 00 1  

. 01 6 . 829  . 001 . 890 . 000 
. 803 . 024 

. 005 . 82 5  . 008 
. 79 7  . 009 
. 9 1 5  . 004 

. 907 . 886 
. 000 
. 004 
. 008 . 860 . 008 . 835 . 000 

. 09 1  . 905 . 1 48 . 940 . 02 7  

. 038 . 883 . 041 . 950 . 009 
. 91 9  . 1 03 . 874 . 02 7  

. 2 59 . 81 4  . 091 

. 01 1  . 81 7 . 003  

. 059  . 793 . 01 3  

. 032  . 84 1  . 01 1 

. 001 
. 888 . 1  02 

. 002  

. 047 . 820  . 031  
. 00 1  
. 060  . 794 . 048 
. 002 

'-0 
w 



Tabl e 1 7  ( conti nued ) 

S pec i es 

Lactuca b i enn i s  
1.· pul c he 1 1  a 
Lespedeza cuneata 
L i ri odendron tu l i pi fera 
Lo l i um mu1 t i f l orum 
1.· perenne 
M i s c . Asteraceae 
Mi s c . Poaceae 
Monarda  c l i nopodi a 
Muh l enberg i a  s c h reberi 
Pan i cum agrosto i des 
P .  d i cotomi fl o rum 
Pas�a l um c i rcu l are 
P.  aeve 
Phys a l i s  pru i nos a 
P hyto l acca ameri cana 
P l a ntago l anceol ata 
Ran uncul us s eptentri ona l i s  
Rob i ni a  seudo-acac i a  
Rubus occi  enta 1 s  
Rubus sp . 
Scute l l ari a ovata 
Sol anum caroli nense 
S o l i dago flex i cau l i s  
Tri t i cum aest1 vum 
V i ol a  s p .  
V i ti s s p .  

[ev i ns ' B s s [evi n s '  B 

. 797 

. 746 
. 707  . 046 

. 85 5  
. 920  . 41 6  
. 891 . 033 

. 792 
. 81 5  . 003  

. 7 67 
. 81 0  . 004 

. 82 1  . 004 . 862 
. 754 . 001 

. 77 9  
. 808 . 004 . 856 

. 786 

. 826 
. 604 . 001  . 60 1  

. 834 

. 579 

. 608 

. 890 

. 91 6  

. 743 

Treatment 
4 

\ [evins ' S \ Levi ns 1 B \ 
. 008 . 891 . 001 
. 002 

. 682 . 076 . 766  . 002 
. 002 

. 922 . 088 

. 909 . 090 . 762 . 001 
. 001  

. 790 . 000 
. 002 

. 89 3  . 002 . 82 5  . 000 

. 845  . 000 
. 0 1 1 . 902 . 001 

. 862 . 001 
. 001 
. 307  . 82 9  . 085  
. 001 
. 001 
. 006 . 591  . 001 
. 002 
. 001  
. 01 2  . 760 . 003 

. 7 1 5  . 001 
. 000 . 843  . 003 

. 888 . 002 
. 008 . 883 . 001 
. 000 1..0 .,(l:. 
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Figure 6 .  Seed ban k  s pec i es n i che s hares ( Ss ) i n  Treatment 2 and 
Treatment 3 .  The d i agonal  l i ne shows po i nts at wh i ch 
speci es n i che s hares are equa l  i n  Treatment 2 and Treat­
ment 3 commun i t i es . 
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s peci es communi ty ,  the n i che shares of  most  nat ive  spec i es dec l i ned . 

Of 1 8  spec i es common to Treatments 2 and 3 ,  for wh i ch enough  data were 

avai l ab l e  to ca l cu l ate n i c h e  shares , n i che  share of 1 2  decreased , fi ve 

i ncrea s ed , and one rema i ned the  same (Tabl e 1 8 ) .  Among  1 2  spec i es 

w i th decrea s ed n i che  s hares , popu l at i on decreased i n  n i ne ,  a nd b i omas s  

of  a l l spec i es decreased . Of t he f i ve  nati ve spec i es w i th i ncreased 

n i che s ha res , popu l a t i ons i ncreas ed i n  four  and s peci es b i omas s  

i ncreased i n  on l y  three. N i che s hare of So l i dago fl exi cau l i s  i ncreas ed 

desp i te decrease  i n  both po pu l ati on and b i omass ; b i omas s  change wa s 

offset by concentrati on i ncreases that i nfl uenced n i che share .  The 

fi ve  s pec i es w i th n i che s hare i ncreases were of  rel at i vely mi nor 

i mportance i n  the n at i ve s eed ban k  s pec i es commun i ty .  Compet i t ion  

w i th the  domi nant grasses of  Treatment 3 may not  have  been so s evere 

as  competi t i on wi th spec i es that norma l l y  domi nate them .  Add i ti ona l  

competi ti o n  from t he i n troduced spec i es a pparent ly  d id  not affect a l l 

nati ve s pec i es equa l ly .  

S eed B an k  Speci es N i che B readths 

Concentrati on n i ch e  breadth s for 1 5  of the a bove  1 8  seed bank  

spec i es decreased and 3 i ncrea sed when recl amat ion m ix  s pec i es were 

added to the commun i ty ( Tabl e 1 8  and Fi gure 7 ) . Of the three w i t h 

i ncreas ed n i c he  breadth ,  a l l had sma l l er spec i es popu l a t i ons  and l es s  

b i omass , a nd  none were among  the  s peci es w i th i ncreased n i c he s hare .  

Rec l amati on Spec i es N i c he Shares 

For recl amat ion m ix  s peci es and vo l unteers . i n  Treatment 1 ,  

seven had  a sma l l er n i che s ha re when they occurred wi th the nat ive  



Tab l e 1 8 .  Content n i che s hare and concentrat ion  n i c he breadth changes i n  1 8  nat ive  speci es when 
rec l amati on spec i es were added to the nati ve seed bank commun i ty .  

N i che 
Share ( Ss ) 
Dec rease  

N i che  
Share ( Ss ) 
I ncrease 

No Change 

N i che  B readth (B ) Decrease 

Agrosti s g i gantea p i , bd
1 

E rechti tes h i erac i fo l i a  pd , bd 
Eupatori um rugosum pd , bd 
E .  seroti num  p i , bd 
Hel i anthus decapeta l us pd , bd 
tt· mi croceph a l us p i , bd 
P hytolacca  ameri cana pd , bd 
Rob i n i a  pseudo-acac 1 a  pd , bd 
V i o l a sp . pd , bd  

Acalypha rhomboi dea p i , b i  
As ter d i vari catus p i , bd 
Di gi tari a i s c haemum p i , b i  
Q. sangu i na l i s  p i , b i  
Sol i dago f l exi cau l i s  · pd ,  bd 

Dactyl  is  gl orn_er(lta p i , bd 

N i che  B readth ( B )  I ncrease 

E upatori um purpureum pd , bd 
Lactuca b i enni s pd , bd 
Scutel l ari a ovata pd , bd 

1 p i  - popu l ati on i ncreased when rec l amati on s pec i es were added to the seed bank commu n i ty .  
pd - popu l at i on decreased when rec l amati on s pec i es were added to the seed bank  commun i ty .  
b i  - b i omass i ncreased when rec l amati on s pec i es w�re added to the  s eed bank  communi ty .  
bd - b i omass  decreased when rec l ama t i on spec i es were added to the s eed bank commun i ty .  

I.D 
-...,J 
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Fi gure 7 .  Seed bank s peci es n i che breadths ( Lev i ns • B )  i n  Treatment 2 
and Treatment 3 .  Di agonal  l i ne  shows the po i nts a t  wh i ch 
spec i es n i che breadths are equal  i n  Treatment 2 and Treat­
men t  3 commun i ti es .  



99 

s pec ies in Treatment 3 {Jabl e 1 9  and F i gure 8 ) . Th i s  may have 

res u l ted from the add i t ion of seeded s peci es at  one-ha l f the Treat­

ment 1 rate . Of the seven s pec ies w i th  decreased n i che  share , two had 

l arger numbers and two others had greater b i omass . The three s peci es 

w i th greater n iche  shares i n  Treatment 3 a l so had more b ioma s s  and  

h i gher spec i es popu l ati ons . One of these three , Phytol acca ameri cana , 

was a rare vol unteer i n  Treatment 1 but a compon en t  of the s eed ban k 

used i n  Treatment 3 so i ts greater s tatus i s  eas i ly understandab l e .  

Recl amat i on Spec i es N i che Breadths 

N i che breadth as measured by Lev i ns • B i ncreased for n i ne o f  

the l l  Treatment l spec i e s  when mixed wi th the nati ve  s pec i es 

{Tabl e  1 8  and Fi gure 9 ) . Of the n i ne s pec ies i n  wh i ch Lev i n s • B 

i nc rea s ed ,  b i omas s  i ncreased i n  four , and popu l at ions  i ncreased i n  

four .  There was  no correl at ion  between b i omas s  and  popu l at i on change 

when n i che breadth i ncreased . 

Commun i ty N i c he 

I f  nutri ent n i che s hare i s  s ummed for a l l spec i es i n  a 

commun i ty ,  a commun i ty n i che (McNaughton  and Wo l f  1 97 0 ,  W h i ttaker et 

a l . 1 973 )  in  the nutri ent cycl e i s  then def i ned . Each o f  the fou r  

commun i ti es i n  th i s  study then have quant i tat i ve ly  d i fferent n utr i ent  

cyc l i n g  n i c hes  w h i ch are quant i fi ed as  kg/ha of  each e l ement .  Tabl e 8 

(_p .  52 ) quant i f i es the nutr i en t  content n i che of  each of  the four 

p l ant commun i ti es in th i s  s tudy .  



Tabl e 1 9 . 

N i che 
S hare (\ ) 
Decrease  

N i che 
Share ( Ss ) 
I nc rea s e  

No  Cha nge 

Content n i che s hare and concentrati on  n i che br�adth c hanges i n  1 1  s pec i es of  the 
rec l amati on mi x and i ts i nvaders when added to the nati ve s eed bank commun i ty .  

N i che B readth__U!_l_ Decrea_�--- _ _ N i che  Breadth ( B )  I ncrease 

Di gi tari a sangui na l i s  p i , b i 1 Dactyl i s  gl omerata pi , bd 
Di gi tar i a i s c haemum pd , bd 
E ragro s ti s curv ul a  pd , b i  
Fes tuca arundi nacea pd , b i  
Lo l i um mu l t i fl orum pd , bd 
Muh l enberg1 a schreber i pd , bd 

Lespedeza c uneata p i , b i  Lo l i um perenne p i , b i  
P hytol acca ameri cana pi , bi 

Rob i n i a  ps eudo-ac(lt:_i (l  p i , bd 

1 p i  - popu l ati on  i nc reased when r ec l amati on  s pec i es were added to the seed bank commun i ty .  
pd - popu l at i on decreased when recl amati on s pec i es were added to the s eed ban k commun i ty .  
b i  - b i omass  i ncreased when recl amat i on speci es were added to the seed bank  commun i ty .  
bd - b i omas s  decreased when recl amati on  spec i es were added to the seed bank commun i ty .  

0 0 
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Fi gure 9 .  Recl amati on speci es n i che breadths ( Lev i n s • B )  i n  Treatment 
1 and Treatment 3.  The di a gona l l i ne  s hows the poi nts at 
whi ch spec i es n i che  breadths a re equal  i n  Treatment 1 and 
Treatment 3 commun i t i es .  



Di s cus s i o n  

N i che breadth i s  defi ned as  " evennes s of reso urce  u s e  by a 

s peci es , "  so decreased n i che  s hare i nd i cates l es s  even proportiona l  

use of nutr ient  resources . A general trend among  the nati ve  d i cots 

1 03 

i n  the forest  so i l  seed ban k was for nutr i en t  'Concentrat i ons  to · 

i ncrease  when the rec l amati on s pec i es were seeded i nto the commun i ty .  

The concentrat ion data ( Tabl e 9 ,  p .  56)  s hows that  these i ncreases 

were not un i form ,  and substant i a l  decreases a l so occurred for some 

s pec i es .  Because  many nat i ve spec i es had smal l er n i che breadths i n  

Treatment 3 ,  many o f  them were s tres s ed ( s tunted growth and p heno l og i ­

cal  del ay a s  compared wi th Treatment 2 ) , and popu l at ions , commun i ty 

bi oma s s  and nutri ent s hares were  decreased ,  I advance the hypothes i s  

that a decrease  i n  nutri ent n i che breadth i s  general ly  i nd i cat ive  of  

competi t i ve s tres s i n  a spec i es .  However , Aca lypha rhombo i dea ,  

Digi tar i a  i schaemum and Q. sangu i na l i s  a l l had l ower n i che  breadth but 

greater n i che s hares , popul ati ons , and bi omas s  i n  Treatment 3 than 

Treatment 2 .  

N i che s hare for purposes of d i scuss i on here has been based on 

shares i n  a boveground b ioma ss .  N i che s hare m i gh t  a l so be  based on 

11 tota l nutr i ents avai l abl e"  or  " total  nutri en ts i n  the ecosy s tem. " 

Each commun i ty type i n  th i s  s tudy seques tered d i fferent quanti ti es  o f  

the nutrient cap i ta l , thus the ba se for n i che s hare  i s  di fferent  i n  

each  commun ity type .  A n i che share based on  avai l ab i l i ty a l so 

presents some probl ems . Di fferent pl ant  spec i es expl o i t  so i l s  

unequa l l y to d i fferent depths . The vo l ume of so i l  exp l o i ted under a 
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g i ven p l ant commun i ty can thus vary depend i ng  upon i ts component 

s pec i es ,  so  that nutri ents a va i l ab l e to that communi ty may vary .  

L i kewi se , two spec i es expl o i t i n g  t he same vo l ume o f  so i l  may not hav e  

the s ame n utri ents 11 ava i l abl e11 to each due to d i fferences i n  a bi l i ty 

to expl o i t  sma l l er po re s i zes , d i fferences i n  exchange capa c i t i es of  

roots , mycorrh i za l  fung i  rel at i ons h i ps , a bi l i ty of one s pec i es to 

d i sso l ve nutri ents from mi neral  fo rms , etc . The base for n i che s hare , 

and n i che s hare i tsel f ,  may best be thought of as  a dynami c  property 

of a commun i ty i n  an ecosys tem. Th i s  study determ i n ed n i che  s ha re at  

on ly one  po i nt i n  t ime ,  b ut it  i l l ustrates the  n i che s ha re concept .  

Two compet i t i ve strategi es i nvol v i n g  use  of  nutri ent resources 

may be used by s pec i es i n  herbaceous commun i ti es to ac h i eve domi nan c e :  

( 1 )  rap i d  and h i gh l y  effi c i ent uptake o f  nutri ents w h i c h  may l i mi t 

n utri ents ( or a l im i t i ng n utr i ent ' s )  ava i l ab i l i ty to compet i tors , o r  

( 2 )  eff i c i en t  use  of  mi nera l n utr i ents to qui ck ly  produce l arge 

amounts of  aboveground b i omass  to grab s pace and l i ght resources , and 

to produce l arge bel owground root systems to even furt her monopol i ze 

water and nutri ents . 

Mechan i sm 1 ,  wh i c h I term a type " Q" strategy for i ts emphas i s  

o n  quanti ty ,  wou l d be advantageous i n  rel at ive ly  eutroph i c  env i ron­

ments . Bes i des poss i bl e  advantages of a type Q s trategy to i ts user 

spec i es ,  i t  woul d benefi t the sys tem by greater con servat i on of  

nutri ent cap i tal through i ts seques trati on i n  vegetat i on . There mi ght 

have been sel ect i on of  th i s  type of  strategy among  the s pec i es of  the 

s eed ban k through peri odi c  d i s turbance of rel at i vely eutroph i c  forest 
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ecosys tems . The s econd competi t ion  strategy , type 11 E 1 1 for effi c i ency , 

woul d be  effecti ve  i n  ol i gotroph i c  env i ronments where type Q strategy 

wou l d  be  at  a d i sadvan tage  w i thout  s u ffi c i ent  nutr ient  cap i ta l  to 

su pport i t .  Type E mi ght a l so b e  effecti ve ,  from the s pec i es short­

term po i n t  of  v i ew ,  i n  eutroph i c  env i ronments .  Th i s  mi ght  have been 

the  case  i n  Treatmen t 3, w here nutr i ent-u s e-effi c i ent  gras s s pec i es 

too k  domi nance away from l es s  effi c i ent  nati ve  d i cots . Other factors  

s uch  a s  a l l el opathy o r  greater effi c i ency at  captur i n g  water may a l so  

have contr i buted . But a type  E s trategy among  component s pec i es woul d 

be  l es s  l i ke ly  to resu l t  i n  a s  great o f  a system nutr i ent  con servati on  

after d i sturbance as  was t he  c a se  i n  Treatment 3 .  Experiments s uc h  a s  

were carri ed o ut  by Parri s h  a nd  Bazzar ( 1 982 ) wou l d  be  n eces sary to 

test th i s  hypothes i s . The concept  o f  communi ty n i che  can be carri ed 

beyond nutri ent cyc l i n g .  As eac h  popu l at i on i n  a commun i ty h a s  a 

funct i onal  n i che--a space occup i ed ,  resources s equestered unto i tsel f ,  

and a s et o f  funct i on s  w h i ch a ffect the env i ronment--a commu n i ty i n  an 

ecosystem has a n i che  whi ch i s  the s um of  i ts component spec i es n i ches . 

Al ternat i ve  communi t i es con s i dered for establ i shment i n  ecosystem 

constructi o n  may have a l tern at i ve n i c hes . A p l ant commu n i ty may be 

esta bl i s hed pr imar i ly  for i ts funct ion  i n  eros i on contro l , s pec i f i c  

w i l dl i fe hab i tat , o r  so i l  bu i l d i ng processes . Al l of  the potent i a l  

commun i t i es have common properti es that di ffer o n ly  i n  degree s uch  a s  

poten t i a l  for nutr i ent s equestrat ion and eros i on control . Large 

h uman-fabri cated ecosystems , such  as  thos e  embrac i n g  l a rge watersheds 

w i th a d i vers i ty of env i ronments , may have s everal pl ant ( and res u l tant 



an ima l ) commun i t i es , each w ith  d i fferent characteri s t i cs , s ums of  

functi ons , and  thus  d i ffer i ng n i c hes . 

Summary 

1 06 

N i c he share and n i che  breadth tended to decrease i n  nat ive  

s pec i es w hen rec l amati on mi x s pec i es were added to the seed ban k 

commun i ty .  Among the rec l amati on commun i ty spec i es , n i che  s ha re 

decreased but n i che breadth , as determi ned by use  of Lev i ns • B ,  

i ncreased when nat ive  spec i es were added . Compar i sons of  n i che  s hare 

gave u sefu l i nformati on about how a spec i es •  commun i ty rol e c hanged 

w i t h  change i n  commun i ty .  N i che breadth i nd i cated that rel at i ve 

nutri ent use  changes i n  a spec i es took pl ace when that spec i es •  com­

mun i ty members h i p  c hanged . 

The concept of n i che can be used i n  a range from the  s pace 

occupi ed by a speci es in a commun i ty ( hab i tat or  habi tat n i che} , to 

the  qua l i ta t i ve way i t  funct i ons i n  terms of resource use  ( qual i tat i ve  

functi ona l n i ch e ) , to the speci es operat ive  funct iona l  n i che ( funct i on 

of a s pec i es as  a cog i n  the commun i ty mach i ne ) , to the commun i ty 

operati ve n i che  ( the  funct i on of a commun i ty as  a mach i ne i n  an eco­

sys tem ) . Al l of  thes e n i c he concepts are potent i a l l y  us efu l tool s to 

anyone  pl anni ng  the constructi on of an  ecosystem as part of l and 

rec l amati on  or ana l yz i ng n i c he i n  an ecosystem context . 



CHAPTER V I I I 

S UMMARY AND CONCLUS IONS 

Four  p i oneer p l ant  commun i t i es on a s urface-mi n e  s po i l  were 

compared i n  terms of b i omas s  product ion  and nutr ient  cap i tal 

sequestrati on . A Chenopodi um al bum-domi nated commun i ty ( T4} produced 

the greates t amount of  a boveground b i omas s , fo l l owed by a p i oneer 

communi ty deri ved from a forest  topso i l  s eed ban k ( T2} , a s eed ban k 

commun i ty wi th rec l amat i on s eeded i nto i t  ( T3} , and a common recl ama­

t i on spec i es mi x CTl ) . Nutri ents sequestered i n  aboveground b i omas s ,  

ran ked by treatment ,  were N ,  T4 > T2 = T3 = Tl ; P ,  T4 > T2 > Tl = T3 ; 

K ,  T4 > T2 > T3 = Tl ; Ca , T2 = T4 > T3 = Tl ; Mg , T4 > T2 > T3 = Tl ; 

Mn , T4 > T2 = T3 = Tl ; Fe , T4 = T2 > Tl = T3 ; Cu , T4 > T2 = Tl = T3 ; 

Zn , T4 > T2 = Tl = T3.  

Treatments 1 ,  2 ,  and 3 s eq uestered N i n  aboveground b i omas s  i n  

amounts approxi mate ly  equal  to the amount o f  N added a s  fert i l i zer 

( 57 kg/ ha} . Treatment 4 s equestered 237  percent o f  th i s amoun t .  

Aboveground P sequestered in  vegetat i on ranged from 1 4  to  2 7  percent 

of  the amount appl i ed ( 59 kg/ha ) . The  amounts of  nutri ent s  s equestered 

in aboveground b i omas s  were not s tr i ctly proport i ona l to the amounts 

of b i omas s  produced . Commun i ty N ,  K ,  Mg and Zn con tents  were mos t  

s trong l y correl ated w i th b i oma s s ; Ca , Mn and F e  contents were l east  

corre l ated wi th b i oma s s . Commun i ty nutr i ent  contents were l argely 

i n fl uenced by the b i omass  and the nutr i ent uptake c haracteri s t i c s  of 

the spec i es w i th g reater b i omas s  more  t han by the communi ty s pec i es 
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compo s i t i on .  Cho i ce of p i on eer commun i ty fo r l an d  rec l ama t i on pu rpo s es 

can have impo r t a n t  effect s  o n  n u t r i e n t  cyc l i n g a n d  s hort- t erm ( at 

l ea s t l n u t r i e n t  cap i ta l  reten t i on by a dev el op i n g  ecosy s t em .  

There were n o  s i gn i fi can t c h a n ges i n  tot a l  N (Kj el da h l ) co n t e n t  

o f  to p s o i l  by t h e  end of t h e  s tudy des p i te fert i l i za t i o n at t h e  

b e g i n n i n g .  There wa s a ma rked i n cr ea s e  i n  a va i l a bl e P a t tr i b u t a b l e 

to fert i l i za t i o n . Po tass i um ,  Mg , Mn , Fe , Cu , pH , b u ffer pH , K b a s e  

s a t u r a t i on and M g  ba s e  s a t u ra t i on i nc reased i n  t h e  to p s o i l s  du r i n g  

t h e  s t u dy pe r i o d .  To pso i l  H ba s e  satu rat i on d ec l i n ed . Vegeta t i on 

effects  were d i s c e rn i bl e  i n  t h e  amo u n t  o f  c h a n g e  i n  topso i l  a va i l a b l e 

K ,  K a n d  Mg ba s e  s at u rat i on , a n d  buffer pH . The top 1 0  em o f  m i ne 

s po i l s howed a s i gn i f i ca n t  dec rea s e  i n  a v a i l a b l e  K o ver t i me ; th i s  

decrea s e  wa s mo d i fi ed by veget a t i on t rea tment . 

The fo rest so i l  s eed ba n k  produ c ed 84 taxa of w h i c h  s i xty- f i v e  

taxa w e r e  i dent i f i a bl e t o  s pec i es ,  1 4  t o  gen u s , a n d  4 to fam i l y .  A 

few rema i n i n g s eed l i n gs were l umped as 1 1 m i s ce l l an eo u s . 1 1 S e ed ba n k  

s p ec i es i nc l uded f i v e t ree s pec i es ,  s even s h ru b s  o r  woo dy v i n es ,  1 4  

gra s s es , a n d  53 fo rbs . Three s pec i es wer e  l egumes . 

Add i t i on of the recl amat i o n  m i x  of g ra s s es a n d  L es pedeza to t h e  

s eed ba n k  res u l ted i n  s i gn i fi ca n t l y  fewer e s ta b l i s hed n a t i v e  s p ec i es 

i n  t h e  mi xed commun i ty .  The mo s t  commo n and domi n a n t  n a t i v e  s eed ba n k  

s pec i es had l ower popu l a t i on s  i n  t h e  rec l ama t i o n  mi x- s eed ba n k  com­

mun i ty .  Nat i v e s pec i es l o s t  t h e i r pos i t i on s  o f  commu n i ty dom i n a n c e  

when t h e  rec l ama t i on m i x  s pec i es we re seeded i nto the s eed ba n k  so i l . 

Many o f  t h e  mo s t  i mpo rta n t  n a t i v e  s pec i es showed s t u n ted g rowth a n d  
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p h eno l o g i c a l  d e l ay when rec l amat i on mi x g ra s s es were an i mportant p a rt 

of t h e  commu n i ty .  Al t ho u g h  fores t to pso i l s  i n  t h e  e a s t e r n  Un i ted 

S t a te s  can se rve as  s o u rc es of n a t i v e  s pe c i es for l and rec l a ma t i on 

purpo ses , d i rect add i t i on of exo t i c  rec l amat i o n  s pec i es to t h e  s eed 

ban k may r es u l t i n  a d ecrea s ed n umber of n a t i v e  t a xa w i t h  po s s i b l e 

effects o n  t he s peed of natu ral  s ucces s i o n .  

Amon g  s p ec i e s o f  t h e  s eed b a n k  commu n i ty ,  t h e  c o n ce n tra t i on s  

of t he n i n e  e l ements v a r i ed s i gn i fi ca n t l y  b etween s p ec i e s . Commun i ty 

members h i p  affected concen t ra t i on s  of N ,  P ,  K ,  Ca , Mn , Fe and Zn . 

Spo i l  a ffected concentrati on s  o f  N ,  Ca , Mn , Fe , and Zn . I nteract i o n  

effects between s p ec i e s , commu n i ty ,  and/or s po i l s  were fou n d  for N ,  

Mn , Fe , Cu , and Zn . N i t rogen , P ,  K ,  Ca , a n d  Zn concentrat i on s  were 

gene ra l l y  h i gher i n  n a t i ve s p ec i es w h en t h ey were grow i n g  w i t h  

i n t rodu c ed g ra s s es a n d  Lespedez a .  

Amon g  t h e  recl a ma t i o n  s pe c i es and two i mporta n t  i nvader s , t i s s u e  

co n c en tra t i o n s  o f  a l l e l eme n t s  except F e  va r i ed s i gn i fi c a n t l y  between 

s pe c i es .  Commu n i ty members h i p  effe c t s  w e r e  s i gn i f i c a n t  for P ,  Cu , and 

Zn . Spo i l s i gn i fi ca n t l y  affected concentr a t i ons o f  Ca a n d  Zn . S i g­

n i f i cant i n te ra c t i on effects fo r t h e  above factors were found for N 

a n d  Cu . Ca concentra ti o n s  were l ower and Zn con centra t i ons were 

h i g he r  on S po i l  1 .  Mo s t  o f  the r ec l a ma t i on s p ec i e s  had l ower Zn con­

centra t i ons when t h ey wer e  grown w i t h the n a t i ve s p ec i es .  

P l an t  s pe c i es n i c h es were compared i n  t h re e  commu n i t i e s  us i ng 

n i c he brea d t h  ( Lev i ns ' B )  b a s e d  on t i s s ue n u tr i en t  concentr at i on s , and 

u s i n g " nu t r i e n t  co n te n t  n i che"  and " nu t r i ent content n i c h e  s ha re "  
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wh i ch were based on spec i es 1 proport i onal  con tent of the to ta l  amount 

of  each el ement conta i ned in  a boveground b i omas s .  The nat i ve spec i es 

genera l l y  had reduced n i che breadths and n i c he shares when the 

recl amat ion spec i es were added to the commun i ty .  N i che s hares o f  the 

recl amati on spec i es general ly decreas ed when they were added to the 

s eed ban k commun i ty ;  n i c he breadth , however , genera l l y  i ncreased . 

11 Commun i ty content n i che11 can be quant i fi ed by s ummi ng  the content 

n i ches of the component s pec i es popu l at i ons . Each o f  the four  p i oneer 

p l ant  commun i t i es i n  th i s s tudy had defi n ed and d i fferent content 

n i ch es . 
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APPEN DI CES 



ROOT SYSTEMS DEVELOPMENT I N  MI CROPLOTS 

Root Sys tems Functi on s  

Roots , bes i des the i r  obv i ous ro l es a s  parts of i nd i v i dua l  

pl ants , have character i s t i c s  that are  important in  ecosystem s tab i l i ty 

and functi on . P l ant roots s tab i l i ze surface so i l s  and prevent eros i on 

as  wel l a s  l end s tab i l i ty to so i l  ma s s es and prevent so i l  s l i ps a nd 

s l i des . Gray and Megaha n  ( 1 981 ) and Mega han et a l . ( 1 981 ) s howed that 

roots of trees a nd shrubs pl ayed an important ro l e i n  preven t i ng l and­

s l ides  on s teep northern Roc ky Mounta i n  s l opes w i th coarse ,  s ha l l ow 

so i l s  over bedrock .  Bi s hop and  Stevens ( 1 964 ) a l so found tree roots 

to be  important  in s ta b i l i z i ng so i l  mas ses on s teep s l opes . Tap- and 

s i n ker roots res i s t  s l i ppage in p l anes paral l el to the s u rface .  

Latera l roots res i s t s l i ppage a l ong  vert i ca l  pl anes a t  t he  edges of  

potenti a l  s l i des . 

The pos s i b l e  contri but ion s  of  roots of herbaceous s pec i es to 

so i l  mas s  s tabi l i ty ha s not been stud i ed to any exten t .  Large numbers 

of deep tap roots , even though more or l es s  fl e s hy ,  s hou l d  have some 

s ta bi l i z i n g  effects . Strong l ateral cohes i on i n  s urface  so i l s  s hou l d  

res u l t from the exten s i ve mat of roots  formed i n  and bel ow the tops o i l  

i n  thi s s tudy .  

A mu l t i - t i ered root system has important effects on ecosystem 

nutri ent cyc l i ng .  Deep roots  bri ng  nutri ents up from l ower so i l  

hor i zons . These  are l ater rel eas ed from p l ant s hoots by l each i ng and 

mi neral i za t i on of  b i omas s . Sha l l ow root systems p i c k  thes e same ions  
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u p  and recyc l e  them a ga i n  when they are  rel eased by l each i n g  and decay . 

Expl o i tat i on of d i fferen t depths  o f  so i l  by d i fferent spec i es a l so 

l es s en s  compet i t i o n  between thos e  s peci es . 

Genera l Observati ons  

The  observat ion  of s pec i es rooti n g  habi ts i n  th i s  study ,  

a l though not quant i tat i ve , gave some i nformat i on that wou l d be useful 

i n  c hoo s i ng spec i es to f i l l  part i cu l ar funct i ons i n  ecosystem 

· construct i on .  

The topso i l  and topso i l - spo i l  i nterface  was very heav i l y 

exp l o i ted i n  a l l  pl ots . The heav i es t  concen trati ons o f  root systems 

were found here formi ng a p l ane through the so i l  cube . Some roots 

reached the bottoms (about 50 em depth ) i n  a l l of the mi cropl ots . 

I n  genera l , roc ks , c l ods , and s pa ces were important i n  a l l ow i ng rap i d 

penetrat i on of  roots i nto the s po i l ma s s . Verti ca l  roc k  s urfaces i n  

the spo i l s  were frequentl y  covered w i t h  root sys tems go i ng to depth . 

The recl ama t i on treatment had very f i ne  a nd d i ffus e  root 

systems reac h i ng the bottoms o f  the pl ots throughout the spo i l mas s . 

Dur i n g  the root  was hout  procedure when the so i l s  were saturated , th i s  

f i ne root ma ss  wa s s uffi c i en t  to keep the cube from col l aps i n g  after 

the p l ot  s i des had been removed . 

The root sys tems expl o i t i n g  the s po i l  mas s  were mo re exten s i ve 

i n  the nat i ve spec i es pl ots . The topsoi l  was heav i ly expl o i ted , and 

ta p roots and s i n ker roots of vari ous  s pec i es penetrated to the 

bottoms of a l l pl ots . 
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Root systems at  greater depths d i d  not a ppear to be as exten s i ve 

i n  the nati ve speci es pl us  grasses m ix  as i n  the nati ve  s pec i es a l one , 

but roots d i d  reach the bottoms of the p l ots . The s urface so i l  root 

mass  appeared to be s l i ghtly grea ter i n  th i s  treatment than i n  the 

nati ve s peci es on ly  pl ots . The add i t iona l topso i l  root ma ss  was con­

tri buted by the seeded gra s s es .  

Treatment 4 had a wel l -expl o i ted spo i l  mas s .  Roots o f  

Chenopodi um a l bum and other s peci es reached the bottoms of t he pl ots . 

Exten s i ve funga l growth wa s noted i n  the so i l  and spoi l s  o f  a l l 

p l ots but  no fru i t i n g  bod i es were found . Most  of the mycel i a  were 

wh i te or yel l ow and  were concentrated around roots . Mycel i al mats 

were found around s ome rock s urfaces i n  the s po i l  as wel l as on spoi l 

s urfaces next to the p l as ti c  pl ot l i ners . Fung i  were s trong ly  

a ssoc i ated w i th  C .  a l bum roots i n  Treatment 4 .  N o  mi crosco p i c  

exami nat i on of  roots was made t o  determ ine  whether o r  not mycorrh i zae  

had formed . I n  a s eed ban k s tudy us i n g  s i mi l ar methods and cond i tions . 

Farmer et a l . ( 1 982 ) found that many of  the herbaceous  s pec i es i n  a 

commun i ty establ i s hed from forest so i l s  s pread over mi nes po i l s  were 

endomycorrh i za l . I t  i s  reasonabl e to as sume that some of the so i l  

fungi  noted here were mycorr h i za .  

Al thou gh topso i l s  used i n  Treatments 1 and 4 had been s teri l i zed 

by methy l  bromi de , fung i  may have been rei ntroduced to the pl ots . 

Ma ser et a l . ( 1 978) and Rothwel l and Ho l t  ( 1 978) have found that 

mycorrh i za-formi n g  fung i  can be carri ed i nto an area by a n umber of 

d i fferent mamma l s  i ncl ud i ng m i ce .  S i gns of  mi ce were noted on several 



pl ots  s o  th i s  v ector  cou l d  have been operati ve .  Rothwel l  and Vogel 

(J 982 } found many of the nat i ve spec i es grown in my s tudy to be 

endomycorrhi za l  on var i ou s  m i ned s i tes . 

Root Devel opment of  Gras ses  
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Both D i g itar ia  i schaemum and  Q .  sangu i na l i s  had extens ive , fi ne 

root systems . The majority of the root mas s es were i n  the topso i l  

and the top 1 0  em of the s po i l s .  Tan , del i cate roots of both  a l so 

penetrated to the bottoms of  the p l ots . 

The fi ne root s  of Ergrosti s curvul a reached the bottom o f  

s everal o f  the p l ots i n  the form o f  a wh i te d i ffuse  networ k  fo l l ow i ng 

cracks and vo i ds .  The majori ty o f  the root mas s  was i n  the topso i l  

and the top so i l -s po i l i n terface .  

Festuca arundi nacea roots very exten s i vely exp l o i ted the  s u rface 

s o i l s .  Some of the roots a l so reached the bottoms o f  the p l ots . 

Lo l i um mu l t i fl orum and L .  perenne had the heav i es t  s u rface  so i l  

root devel opment of the grass es .  Roots of one  c l one were was hed out  

to  a depth of  2 5  em at 1 6  em rad i us from the  c l one center . No roots 

of th i s  s pec i es were found at any greater depth .  

Pan i cum d i cotom i fl orum had a heavy root system exp l o i ti ng a l l 

so i l  l ayers and reach i ng the bottoms of the p l ots . 

Paspa l um c i rcul are and Tr i dens fl avus roots sys tems reached 

depths of 30 and 25 em respecti v ely .  



Root Dev el opment of  Forbs 

Acalypha v i rg i n i ca was predomi nantly a topso i l  expl o i ter . A 

taproot usual l y  penetrated to a bout  1 0  em . The red roots of  th i s  

s pec i es were very w i despread and easy to trace i n  the top so i l s . I n  

Treatment 2 ,  a root was t raced compl etely acro s s  the p l ot from the 

s tem • s l ocat ion near one edge . 
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Amaranthus hybr i dus  had an extens i v e  l atera l root system from 

20 em taproot . The g reatest concentrat ion of  roots was centered 

around 5 em depth i n  the s po i l s .  

As ter di vari catus roots were mos tl y  confi ned to the top 1 0  em 

of the spo i l s  w i th a max imum depth of  1 5  em. Rh i zomes were found a t  

the topso i l / s po i l i nterface and i n  the top 5 e m  o f  the s po i l .  

Chenopodi um a l bum taproots grew about 1 0  em deep i n  the p l ots 

of  Treatment 4 .  Lateral roots from t he taproot extend ed o u t  about  

2 0  em rad i us i nto the  to ps o i l and  the  s po i l .  The greatest  root con­

centrat ion wa s i n  the topso i l / s po i l  i nterface . S trong , ret i cu l a te 

root systems ori g i nati ng from the l ower port ion  of  t he taproot reached 

th e bottoms of  the p l ots . 

Datura s tramon i um had a ta proot a bout  1 0  em l ong  w i th many 

l atera l s i n  the reg ion of the topso i l / s po i l  i n terface . These l ateral s 

eventua l ly descended to a bout  2 5  em at a bout 30 em rad i us from the s tem 

w i th a total l ength of  about 50 em. 

Eupator i um purpu reum had a branch i ng root sys tem that was 

pr imar i ly  confi ned to the m i d  and upper  part of the s po i l  profi l e . 

Roots were traced no  l ower than 30 em. 
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Eupatori um rugosum and I· seroti num had coars e ,  b ranch i n g  root 

sys tems that reached the bottoms of the p l ots . I· rugos um roots were 

brown , those  of I· s erot i n um were nearl y  whi te .  Both of  thes e s pec i es 

were i mportant expl o i ters of  the  m i d  and l ower l evel s of  the spoi l s .  

Hel i anthus decapeta l us had a wi des pread l a teral root  sys tem 

wh i ch predomi nantly expl o i ted the top 1 5-20  em of s poi l . Some 

l atera l s were traced to a rad i us of  a bout 55 em from the s tem . A few 

were found reach i ng the bottoms of the p l ots . [. m i crocepha l us had a 

root system qu i te s i mi l ar to that of �· decapeta l u s .  I n  p l ot 2 1  of  

Treatment 2 the ma i n  roots had b l ackened ti ps at  a depth of  1 6  em as 

thou gh they were enter i ng a tox i c zone , but other spec i es d i d  not 

exh i b i t  th i s  behavior .  

Lactuca b i enn i s  had a s trong , spread i ng root sys tem of l atera l s 

from a taproot that extended to the bottom of  the p l ot .  

The roots of  Lespedeza cuneata reached the bottoms of a l l p l ots 

i n  Treatments 1 and 3 ,  even though the s hoots were sma l l in the former . 

The root system had del i cate l atera l s i n  the top 1 0  em of  so i l .  Root 

nodu l es were mo st ly  i n  the top 1 0  em of so i l  and s po i l . 

Phytol acca amer i cana had the l a rges t taproot system of any 

spec i es .  Taproots reached the bottom o f  the p l ots i n  Treatments 2 and 

3 w i t h  other l atera l s extend i ng  from the taproot at a l l l evel s .  Th i s  

s peci es forms tru l y  mass i ve taproots i n  some s po i l s  on s urface mi ne s .  

The taproots of  Rob i n i a  ps eudo-acac i a  penetrated to a bou t 3 5  em.  

A wi des preadi ng l ateral root sys tem was traced as  far a s  4 5  em radi us 

from the s tem i n  the spo i l j us t  be l ow the topsoi l .  Some roots were 

nodul ated to a depth of  1 5  em. 
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I n  s p i te of  a very sma l l  s hoot s i ze ,  yel l ow Rubus occ i denta l i s  

taproots were traced to a depth o f  20 ern . 

Soute l l ar i a  ovata had a den s e ,  fi brous root system i.n the 

topso i l l ayer and deeper roots that grew to the pl ot  bottoms . Lon g ,  

fl es hy ,  wh i te s to l on s  extended across pl ots a t  the topso i l / s po i l i nter­

face .  Sometimes these sto l ons were a l so found 1 0- 1 5 ern deep i n  the 

s po i l s .  

Th i ck ,  fi brous root sys tems of Sol i dago fl ex i cau l us extended 

to 40 ern . 

S ummary 

The gras ses and the nati ve di cots p roduced overa l l d i fferent 

types of root sys tems . The roots of  the grasses were f i ne  and more 

heav i l y  exp l o i tat i ve  of the topso i l  and upper so i l . A sod was be i ng  

formed i n  t he  topso i l s  that wou l d h ave  contri buted great ly  to 

res i s tance to s urface ero s i o n .  Many o f  the nat i ve d i cots had stron g ,  

h eavy root sys tems tha t exp l o i ted the l ower s po i l l evel s that served 

to b i nd the s po i l  mas s  together verti ca l l y .  Others had wi des preadi n g  

l a tera l roots sys tems that con tr i buted a s trong  l atera l s tabi l i z i ng 

funct i on . What i n di v i dual roots l ac ked i n  s trength was made  up i n  

number s .  
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Tab l e 20 .  Mean  b i omass  ( kg )  per hectare and  percent of  total b i omass  i n  each taxa by treatment .  

5Eeci es 

Aca lyEha graci 1 ens  
A .  rhomboi dea 
A. v 1 r� 1 n 1 ca 
Agros t 1 s gi�antea 
Amaranthus �bridus 
Anemo nel l a  t ali ctro i des 
Ari s tol ochi a serEentar1 a 
Aster  d i var1 ca tus 
A .  pll osus 
A .  s chreberi 
As ter s p . 
Bidens frondosa 
B romus commutatus 
Carya cordiformi s 
Cheno odi um album 
C i mi c 1  uga racemosa 
Crotonops i s  el l 1 pti ca 
Cyperus escu l entus 
Dacty1 i s  g1 omerata 
Datura stramon i um 
D i gi tari a i s chaemum 
D .  s angui na l i s  
El eusi ne i nd i ca 
E ragros ti s curvu l a  
E rechti tes h i eraci fol i a  
E ri ge ron  canaden s i s  
E uonymus atropurpureus  

B i omass  % B i omas s  

3 . 2  
2 . 5  

1 04 . 3 

2 . 3  
0 . 1  

4 7 . 2  
36 . 3  

1 . 5 
4 . 8  

1 . 0 
0 . 6  

1 . 4 
3 . 2  
2 . 6 

75 . 4  1 . 36 5 9 . 7 
1 08 . 4  1 . 96  

1 490 . 0  26 . 93 1 1 38 . 3  
358 . 3  6 . 48 35 . 6  

0 . 9  0 . 01 
745 . 4  1 3 . 47 

1 965 . 4  
1 . 0 

Trea tment 

% B i omass  % B i omas s  

0 . 8  0 . 01 
0 . 04 6 . 8  0 . 1 1  6 . 4  
0 . 03 2 . 8  0 . 04 
1 . 2 7  9 . 0  0 . 1 4  4 . 0  

1 1 0 . 5  1 . 7 7  
0 . 03 1 . 6 0 . 03 

0 . 57 35 . 2  0 . 56 
0 . 44 
0 . 02 1 . 2 0 . 02 
0 . 06 4 . 2  0 . 07 

39 . 9  0 . 64 
0 .  0 1  23 . 2  0 . 3 7 
0 . 0 1 

1 3 , 592 . 2  
0 . 02 
0 . 04 
0 . 03 
0 . 73 43 . 5  0 . 69 3 . 4  

1 3 . 83 1 349 . 9  2 1 . 56 709 . 0  
4 . 2 7  1 79 . 8  2 . 87 1 43 . 9  

1 . 7 0 . 03 0 . 2  
1 1 48 . 3  1 8 . 34 6 1 3 . 0  

2 3 . 88 437 . 8  6 . 97 
0 . 01 2 .  l 

0 . 3  

4 
% 

0 . 04 

0 . 03 

88 . 39 

0 . 02 

4 . 6 1  
0 . 94 

3 . 99 

0 .  0 1  

....... 
w 



Tabl e 20  ( cont i nued ) 

SQec i e s  
EuQatori um purpureum 
£. rugosum 
E .  serot i n um 
Eupaton um sp . 
Festuca arund i nacea 
Ga 1 i um t ri f1 o rum 
Ga 1 i um sp . 
Geum s p .  
Hedeoma pu l egi o i des 
H e 1 i anthus  decapeta1 us 
..!:!· 1 aev i  gatus  
..!:!· mi c rocephal u s 
He l i anthu s  s p .  
K ri gi a s p .  
Lactuca b i enn i s  
1.· pul che 1 1  a 
L .  s cari o 1 a 
Iactuca s p . 
Lespedeza cuneata 
L i ri odendron tu l i pi fera 
Lo l i um mu 1 t i f1 o rum 
L .  eerenne 
l"o l 1 um s p .  
M i s c .  Ap i a ceae 
M i s c .  Asteraceae 
Mi s c .  Fabaceae 
Mi s c .  Poaceae 

Bfomass- % B i oma s s  
71 . 9  

474 . 8 
269 . 7  

8 . 1 
628 . 5 1 1  . 36 1 0 .  1 

5 . 2  

0 . 6  
1 1 . 5  

407 . 0  
3 . 9  

601 . 6  
1 2 .  1 

0 . 3 
53 . 3  
1 1 . 9 

1 . 3 
32 . 3  0 . 58 

1 6 . 5  
1 858 . 7  33 . 59 

1 47 . 2  2 . 66 

0 . 2  
5 .  1 

1 2 . 8  0 . 23 3 . 2  

Treatment 
2 -y·-- --- -- - · 4 

% B 1 oma s s  % B i oma s s  
- ····% 

0 . 87 1 0 . 4  0 . 1 7  
5 . 77 53 . 3  0 . 85 
3 . 28 45 . 9  0 .  7 3  
0 . 1 0  
0 . 1 2  636 . 3  1 0 . 1 6  
0 . 06 0 . 5  0 .  01  

0 . 1 
0 . 01 
o. 1 4  1 . 2 0 . 02 
4 . 94 1 62 . 7  2 . 60 
0 . 05 
7 . 3 1 244 . 3  3 . 90 
0 . 1 5  

0 . 65 2 . 7  0 . 04 
0 . 1 4  

1 . 8 0 . 02 
0 . 02 

398 . 0  6 . 36 22 . 8  0 . 1 5  
0 . 20 3 . 5  0 . 06 

459 . 8  7 . 34 
482 . 8  7 .  71  5 . 0  0 . 87 

3 . 1  0 . 03 

0 . 06 0 . 8  0 . 01 

0 . 04 2 . 2  0 . 01 ___. 
w 
N 



Fi gure 20 ( conti n ued ) 

SQeci es 

Mi s canthus s i nen s i s  
Mi s ce l l aneous s p . 
Mon arda c l i n opodi a 
Muh l en be rgi a schreberi 
Oxa 1 i s  s tri c ta 
Ox a 1i s sp . 
Pan i cum agro s to i des 
P .  di cotomi fl orum 
Paronychi a canadens i s 
Par thenoci s sus  qu1 nguefo l i a  
Pasta l um c i rcu l a re 
P .  aeve 
Physa l i s  hete rophyl l a  
f. prui nosa  
P hytol acca ameri cana 
P l an tago l anceol ata 
Portul aca o leracea 
Pyrrhopappus caro 1 i n i anus 
Ranuncu l us  s eptentrional i s  
Rhus copal l i n a  
Rob i n i a  pseudo-acaci a 
Rubus a l l eghen i ens i s 
R .  occ i denta l i s  
Rubus s p . 
Rumex acetosel l a 
Sass afras  a l b i dum 
Scute l l ari a i ncana var .  punctata 

B i omas s  % B i omass  

4 . 4  
1 4 . 4  

2 3 . 9  0 . 43 
0 . 7  

22 . 2  0 . 40 1 73 . 6  
0 . 3  
1 . 4 

7 . 7  0 . 1 4  

3 . 7  
4 . 1  

9 . 1  0 . 1 6  2052 . 5  
3 .  1 0 . 06 2 . 7  

0 . 7  
0 . 5  
2 . 8 

3 . 8  0 . 07 49 . 5  
3 . 3  

1 2 . 7  
5 . 6  

2 . 0  
2 . 0  

Treatment 
2 3 � � - �-��� -4 

% B i omas s  % B i omas s  % 
5 .  1 0 . 08 

0 . 04 
0 . 1 7  1 . 6 0 . 03 

1 5 . 6  0 . 2 5 7 . 4  0 . 05 
0 . 01 · 0 . 3  

2 . 5  0 . 04 
2 . 1 1  2 1 . 5  0 . 34 1 3 . 2  0 . 09 

0 . 02 1 . 6 0 . 02 
1 . 4 0 . 02 

4 . 2  0 . 03 
0 . 05 1 . 7 0 . 03 
0 . 05 

24 . 93 246 . 6  3 . 94 0 . 7  
0 . 03 0 . 7  0 . 01 
0 .  01 
0 . 01 
0 . 03 

5 . 3  0 . 03 
0 . 60 3 . 7  0 . 06 1 . 9 0 . 01 
0 . 04 0 . 4  0 . 01 
o .  1 5  0 . 2  
0 . 07 2 . 2  0 . 03 

1 . 7 0 . 01 
0 .  02 
0 . 02 1 . 1 0 . 02 

w w 



Figure 20 ( continued) 

s2ecies 

S. ovata 
S. serra ta 
Scute l l a ria sp . 
So l anum c a rol inense 
Sol idago fl ex1 caul is 
Sol idag o sp . 
Stachys tenuifol ia 
Strophostyl es hel vol a 
Tri fo 1 i urn repens 
Tri dens fl a va 
Tritic um aestivum 
Ul mus sp. 
Uniol a l a tifol ia 
Uvul a ria perfol iata 
Viol a sp . 
Vitis sp. 

1 2 
Biomass % Biomass 

74 . 0  
9 .  1 

3 1 . 5 
1 . 3 
1 . 9 

5 . 0  0 . 09 

0 . 1  

0 . 7  
40 . 2  
11 . 8  

Treatmen t  
- - �3  

% Biomass 

0 . 90 10 . 2  
0 . 11 

2 . 0  
0 . 38 21 . 5  
0 . 06 
0 . 02 

0 . 9  

14 . 6  

0 . 01 
0 . 49 5 . 4  
0 . 14 1 . 1 

% 

0 . 16 

0 . 03 
0 . 34 

0 . 0 1 

0 . 23 

0 . 09 
0 . 02 

4 
Biomass 

0 . 2  

1 . 9  

% 

0 . 01 

...... 

w 
..j:::o 
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