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A b stra c t

PHOTOSYNTHETIC RESPONSES AND LEAF VARIABILITY IN SASSAFRAS

by

A m rita G. de Soyza

Adviser: Dr. Dw ight T. K incaid

A field s tu d y  w as  carried  o u t to  investigate w h e th e r sp a tia l a n d  tem poral 

variab ility  in  leaf form  h a s  fu n c tio n a l a n d  adaptive m ean ing  in  te rm s  of ne t 

ph o to sy n th esis  in  S a ssa fra s  a lb id u m . Leaves w ith  en tire  m arg in s  p redom inated  a t the  

proxim al a n d  d ista l n odes of sh o o ts  while lobed leaves w ere m o st com m on a t  the  

in term edia te  n odes a n d  h a d  the  g rea tes t su rface  area.

G reatest chlorophyll con ten t (mg g" 1 an d  g m '2) occurred  in  leaves of th e  

in term ed ia te  n odes except d u rin g  th e  la tte r  p a r t  of th e  growing seaso n , w hen  leaves of 

th e  d ista l n o d es  h a d  th e  g rea te s t chlorophyll con ten ts . A  sim ilar p a tte rn  w as  seen  w ith 

leaf n itro g en  con ten t.

G rea tes t n e t pho to syn the tic  ra te s  occurred  in  leaves of th e  in term ed ia te  nodes 

(nodes 6 - 9 :  m ax im um  of 14.53 pmol m ' 2  s " 1). S ta tis tica lly  sign ificant differences in  

n e t p h o to sy n th es is  were rare ly  fo und  betw een  leaves w ith  en tire  m arg in s  a n d  leaves 

w ith  lobes. I conclude th a t  th e  n oda l position  of a  leaf is m ore im p o rtan t th a n  leaf 

sh a p e  in  dete rm in ing  th e  pho to sy n th e tic  cap ac ity  of a  leaf. Sim ilarly, sign ifican t 

differences w ere rare ly  found  in  s to m ata l conduc tance , tra n sp ira tio n  o r w a te r u se  

efficiency am ong  lea f  sh ap es . M idday xylem  w ate r po ten tia l (which ranged  from  -0.95 

m Pa on  J u n e  10 to  -1 .68 m Pa on  A ugust 18) also  show ed no  s ta tis tica lly  significant 

differences am ong lea f shapes .



V

A s tu d y  of th e  effect of lea f size a n d  sh a p e  on  convectional h e a t loss u s in g  

illum ina ted  leaf m odels w ith  in teg ra ted  therm ocoup les, show ed th a t  lobed leaves h a d  

low er tem p e ra tu re s  a n d  sh o rte r  tim e c o n s ta n ts  th a n  leaves w ith  en tire  m arg in s  of the  

sam e su rface  area. W hile d irec t re la tio n sh ip s  betw een  leaf form  a n d  leaf fu n c tio n  w ere 

n o t to  e s tab lished , th e  p redom inance  of lobed leaves a t  th e  in te rm ed ia te  nodes w hich 

have th e  g rea test capacity  for pho tosyn thesis  an d  th e  g rea tes t su rface  area, suggested  

th a t  leaf lobing p lays a  role in  m ain ta in in g  th e se  leaves a t te m p e ra tu re s  conducive to 

favourable  w a te r re la tio n s  a n d  h igh  n e t p h o to syn the tic  ra te s .
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1

1. INTRODUCTION

P h o to sy n th es is  is one of th e  m o st im p o rtan t b iochem ical p ro cesses  for life on 

ea rth . In  te rre s tr ia l p lan ts , th e  p ho to syn the tic  m ech an ism  is  largely co n cen tra ted  in 

specialized o rg an s - th e  leaves. Leaves a re  variab le  in  m orphology * a n d  ana tom y2 , 

w ith  m u ch  of th is  varia tion  th o u g h t to  be  a d a p ta tio n  to  th e  environm ent; for exam ple 

th e  g ro ss  anatom ical differences in  leaf s tru c tu re  betw een C3  an d  C4  p lan ts , an d  the 

g ro ss  m orphological differences betw een  leaves of dec iduous tre e s  a n d  leaves of 

con iferous trees . W hile leaves v a ry  am ong tax a , th e re  is a lso  v a ria tio n  in  leaf 

m orphology w ith in  species  a n d , m o st in teresting ly , v a ria tio n  in  lea f m orphology 

w ith in  ind iv idual p la n ts  of a  species. However, little is  u n d ers to o d  a b o u t th e  b as is , if 

any , of th is  varia tion , w h e th e r it is  of functional im portance  to  th e  p lan t, o r w h e th e r it 

is  ind icative of m ultip le  adap tive peak s, o r of phylogenetic in e rtia  (C ronquist 1988). 

C onsidering  th a t  leaves h o u se  th e  pho tosyn the tic  m ach inery  th a t  p ro d u ces  th e  troph ic  

energy for su s ta in in g  all te rre s tr ia l  b io ta , it is  in te restin g  th a t  th e  m ean ing  of 

variab ility  in  leaf form , in  m y view, e lu d es  sa tisfac to ry  exp lanation .

P robably  le a s t u n d e rs to o d  of all fo rm s of variab ility  in  leaf m orphology is two- 

d im ensional sh ap e , an d  th is  is p a rtly  d u e  to  difficulty in  quan tify ing  leaf sh ap e . In 

o rder to  investigate lea f sh ap e  in  re la tio n  to  fu n c tio n  I s tu d ie d  S a ssa fra s  a lb idum ^ 

(Nuttal) Nees., a  sm all to  m oderately  large tree  of th e  dec iduous fo rests  of th e  easte rn  

U .S.. S assa fras  w as  ch o sen  b ecau se , in s te a d  of having  leaves lying along a  baffling 

c o n tin u u m  of form , a s  one m igh t find in  a n  o ak  tree , i ts  leaves are  d isplayed in  d iscrete 

categories of shape . T rees (genets) of S assafras  w ere ch o sen  from  a  popu la tion  growing

1by m orphology I m ean  Form  = size (surface a rea  of one side of leaf, in  m m 2) an d  shape.
2 C ross sec tional a n d  o th e r m icroscopic details.
^Fam ily: L auraceae, C om m on nam e: S assa fras
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in  th e  floodplain  along th e  B ronx  River a t  Bronxville, N.Y. T hese  tre e s  exhibit several 

different categories of sh ap e  (leaf s in u s  pa tte rn s) o n  a  single shoot, u su a lly  en tire  ( 0  

sinuses), one s in u s  (left or right) a n d  two s in u ses . O ccasionally th ree  a n d  fou r s in u s  

leaves have b e e n  observed b u t  of th e  approxim ately 15,000 leaves th a t  have b een  scored 

for form  category since 1983, only a  hand fu l have h a d  3  or 4  s in u se s  (Kincaid, 1988 

p e rso n a l com m unication).

Leaf lobes (sinuses) increase  th e  perim eter of th e  leaf, th ereb y  decreasing  leaf 

b o u n d a ry  layer th ick n ess  a n d  affecting h e a t exchange betw een  th e  leaf an d  its  

m icroclim ate. V aria tion  in  leaf sh a p e  m ay  therefore  p lay  a n  im p o rtan t role in  the  

ecology a n d  physiology of a  p la n t by  enabling  it to  survive in  a  range of env ironm ents 

w hich  w ould  otherw ise be  difficult given a  single, u n ch an g in g  leaf. F u rtherm ore , the  

va ria tio n  in  leaf form  along a  sh o o t m ay  rep re sen t th e  chang ing  req u irem en ts  of a 

p lan t a t  different s tages du ring  its  growing season . From  w ork  beg u n  in  1983, we have a 

p a rtia l u n d e rs ta n d in g  of how  lea f  su rface  a re a  a n d  leaf sh ap e  category vary  w ith 

position  on  a  tree , nodal sequence  on  a  shoot, am ong gene ts  and , am ong local 

pop u la tio n s  of S assafras . R am irez a n d  Kincaid (1986, ab stract) have reported  th a t  

different geno types of S a ssa fra s  p roduce  different p ro po rtions  of lea f form  categories 

a n d  th a t  leaves a t  th e  in term ed ia te  nodes have th e  largest su rface area. Since th ese  are 

n o t th e  o ldest leaves, leaves a t  different n odes m u s t have different ra te s  a n d /o r  

d u ra tio n s  of active growth. It h a s  also  been  show n th a t  leaves a t  th ese  in term ediate  

nodes have th e  g rea tes t p roportion  of two lobed leaves (Kincaid et al., 1985, abstract).

However, w ith th e  exception of a  s tu d y  by  Bazzaz et al. (1972) w hich did no t 

consider th e  p a tte rn s  of p h o to sy n th esis  w ith in  p lan ts , we do n o t have a  field 

ch arac te riza tio n  of th e  p ho to syn the tic  re sp o n ses  of S a ssa fra ss  a n d  th is  

ch a rac te riza tio n  is a  b ro ad  objective of m y s tudy . M ore specifically, does sp a tia l and



3

tem poral variab ility  In  lea f form  have fu n ctional an d  adap tive  m ean ing  in  te rm s  of n e t 

p h o to sy n th es is?  T h is  is  a  q u e s tio n  of m ajo r bo tan ical im port w hich I ca n  beg in  to 

a d d re ss  u s in g  th e  sim ple  a n d  easily  quan tifiab le  leaf form  of S assafras .

Given w h a t is  inform ally  know n in  o u r  labo ra to ry  a b o u t leaf form  an d  leaf a rea  

d is tr ib u tio n  a long  sh o o ts  of S a ssa fras , th e  p red ic tion  is  th a t  leaves a t  th e  in te rm ed ia te  

n odes are  th e  m o st pho tosyn thetically  productive. If th ere  is  a  g rad ien t in  

ph o to sy n th e tic  productiv ity  along a  shoot, one w ould  expect th a t  th e re  is  a sim ilar 

g rad ien t in  th e  d istr ib u tio n  of th e  p h o to syn the tic  m ech an ism  along  a  shoot. Leaf 

ch lorophyll is a n  essen tia l, ra te  de term in ing  fac to r in  th e  p h o to sy n th e tic  m ach inery , 

a n d  is relatively easy  to  m easu re . In  o rder to  te s t  if lobed leaves a n d /o r  leaves a t th e  

in te rm ed ia te  n o d es  do indeed  have  a n  enhanced  ligh t harv estin g  capacity , in  th e  

su m m e r of 1986 I m e a su red  chlorophyll con ten t, u s in g  m eth an o l to  ex trac t chlorophyll 

from  leaf d iscs, in  eight gene ts  o f S assafras . In  th is  s tu d y  I k ep t t ra c k  of leaf nodal 

position , leaf sh a p e  category a n d  also  considered  differences betw een  leaves from  s u n  

a n d  sh ad e  positions in  th e  canopy.

W hile m e a su re m e n t of ch lo rophyll c o n te n t m ay  yield in fo rm ation  on  th e  

p a tte rn  of p h o to syn the tic  capacity , it is  a lso  n ecessa ry  to  m ea su re  leaf perform ance in  

th e  field. In  1 9 8 7 ,1 m easu red  pho tosyn thesis  in  999 leaves on  four genets of Sassafras, 

u s in g  a  LI - 6200  Portable P ho tosyn thesis  System  (LI-COR Inc., Lincoln, Nebraska); 

alw ays keep ing  tra c k  of leaf n oda l position  a n d  sh a p e  category.

S ince a n y  age d ep en d en t variab ility  in  th e  in trin sic  p h o to sy n th e tic  capac ity  of 

a  leaf m ay  con found  th e  in te rp re ta tio n  of m e a su re d  p h o to sy n th es is  d a ta , I perform ed a 

dem ographic  s tu d y  of leaf a rea  a n d  sh ap e  on  th e  very  leaves for w hich p ho to syn thesis  

w as m easu red . To fu rth e r  un rave l th e  effect of lea f age on  th e  pho tosyn thetic
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m ach inery , I also m e a su re d  chlorophyll co n ten t in  all leaves along a  shoo t from  each 

of th e  fo u r gene ts  of S assafras , on  fou r occasions du ring  th e  growing season .

I have relied  heavily  on  lea f  chlorophyll c o n te n t a s  a n  es tim a to r of in trin sic  

p h o to syn the tic  capacity , b u t  it is  j u s t  one com ponen t of pho to syn thesis . A n a lte rna te  

w ould be  to  m easu re  th e  a m o u n t of th e  enzym e R ibulose b isp h o sp h a te  carboxylase- 

oxygenase (RUBISCO) w hich  is essen tia l to th e  pho tosyn thetic  process. A large am oun t 

of th e  to ta l lea f n itrogen  is  closely re la ted  to  p h o to sy n th es is  - chlorophyll itse lf 

acco u n ts  for ab o u t 6  % of leaf nitrogen, b u t  is dw arfed by R ubisco w hich m ay  account 

for u p  to  50% of leaf n itrogen  (Field a n d  Mooney, 1986). W hile a n  ana lysis  of R ubisco 

w as n o t p a r t  of th is  th es is , w hole leaf n itrogen  w as m ea su red  u sing  th e  K jeldahl m ethod 

to  determ ine  if th e  p a tte rn s  observed  for chlorophyll co n ten t w ould  be repea ted  w ith 

n itro g en  con ten t.

P lan t w a te r s ta tu s  a lso  h a s  a  role in  th e  pho tosyn the tic  resp o n se  of a  leaf, 

p a rticu la rly  th ro u g h  i ts  ac tion  o n  stom ata l ap e rtu re . W hile it is  im practica l to  m easu re  

Xylem W ater P o ten tia l (XWP) for leaves a t  all n oda l p o sitions  (since only one leaf m ay 

b e  rem oved for m easu rem en t, p e r  shoot), I m easu red  XWP in  several lobed an d  unlobed 

leaves, to  determ ine if th e re  is  a n y  difference in  th e  in trin s ic  w a te r han d lin g  

m ech an ism s betw een  leaves w ith  different sh ap es , w hich  w ould th e n  affect the  

p h o to sy n th e tic  response .

Finally, I considered  th e  th e rm al c h a ra c te r is tic s  of lobed an d  un lobed  leaves. 

T h is is  difficult to  do in  th e  field o r in  th e  laborato ry , w ith  rea l leaves of S assa fras , and  

so I relied  on  inform ation  g a th e red  u s in g  leaf m odels in  th e  laboratory . Leaves were 

rec o n stru c ted  from  digitized im ages of rea l leaves s to red  on  co m p u te r u sing  th e  Fourier 

tran sfo rm  b a sed  Leaf B oundary  M ethod of Kincaid a n d  S chneider (1984). T his m ethod
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allows im ages of real leaves to  b e  m agnified or reduced  so th a t  leaf m odels m ay  be 

c o n stru c ted  to  an y  size, o r co n stru c te d  having  Identical a rea  b u t  of different shape  

categories. T h is flexibility allow ed m e to  Investigate th e rm a l behav ior independen tly  

of lea f size.

In  describ ing  th is  re sea rch , th e  M aterials & M ethods an d  R esu lts  sections have 

b een  sep ara ted  Into ch ap te rs  for each aspect of th is  study. In  th e  D iscussion, however, I 

have d raw n  from  th ese  c h a p te rs  for m y  conc lusions o n  th e  pho to syn the tic  response  

a n d  lea f variab ility  in  S a ssa fras .
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2. LITERATURE SURVEY

Leaves, w ith  th e ir  tre m en d o u s  varie ty  of sh ap e  a n d  size, have a n  es tim a ted  to ta l 

su rface a rea  of a b o u t 65 x  107  km 2  a n d  are  th e  m ajo r site  for th e  light harvesting  an d  

m etabolic  p rocesses  of p h o to sy n th es is  In te rres tria l p la n ts  (Sestak , 1985). For a  

cen tu ry , th e re  h a s  b e e n  In te rest In  determ in ing  th e  re la tio n sh ip s  betw een  leaf form  an d  

function , p a rticu la rly  in  how  lea f  m orphology a n d  an a to m y  a re  involved a s  

a d a p ta tio n s  to  specific env ironm ents (Ehleringer & W erk, 1986). W hile early  s tu d ie s  by 

H aberland t (1884), S ch im per (1903) a n d  W arm ing (1904) h a d  no  experim ental b asis , 

th ey  d id  e s ta b lish  p robab le  re la tio n sh ip s  am ong  ce rta in  leaf c h a ra c te r is tic s  an d  

env ironm en ta l fac to rs . Only in  recen t y e a rs  h a s  th e  fu n c tio n a l significance of leaf 

form  b e e n  investiga ted  experim entally .

T he th eo re tica l a n d  em pirical b a s is  for lea f energy b a lan ce  link ing  th e  

m icroclim ate w ith  w a te r loss, lea f tem p e ra tu re  a n d  o th e r lea f c h a ra c te r is tic s  w as 

provided by  R aschke (1956) a n d  G ates (1962) while o th ers  provided a  linkage betw een 

w ater, energy tran sfe r, form , a n d  p h o to sy n th es is  (Mooney 1972, P a rk h u rs t & Loucks 

1972, Givnish & Vermeij 1976, Cow an & F a rq u ar 1977 a n d  M ooney & G ulm on 1979). It 

h a s  been  noticed th a t  in  som e species, a  succession  of leaves is p roduced  w ith  each  se t 

a p p aren tly  ad ap ted  to  specific env ironm enta l cond itions (Hicks & C habo t 1985). S uch  

a d a p ta tio n  m ay  in c lu d e  th e  pho to sy n th e tic  m ach inery , lea f a re a , lea f th ic k n e ss  o r leaf 

shape . W hile varia tion  in  leaf sh a p e  m ay  occur in  one o r m ore  d im e n s io n s’ , th e  effect 

o f in traspecific  v a ria tio n  in  lea f form  in  a  single p lane , o n  leaf function , h a s  b e e n  little 

stud ied .

’As in  leaves w ith  to rtu o u s  m arg ins, e.g. C ircium  vulgare (G leason & C ronquist, 1963)
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In  o rd er to  Investigate th e  effect of tw o d im ensional varia tion  In  lea f sh ap e  on 

leaf function , It Is first n ecessa ry  to  select a  p lan t species w ith  a  lim ited n u m b er of 

easily  quan tifiab le  an d  d iscre te  lea f sh ap es . S a ssa fra s  a lb ldum  grow s in  m oist, well 

d ra ined  soils o f th e  open w oodlands from  sea  level to  a  h igh of 1,350 m  in  th e  so u th e rn  

A ppalach ian  M oun ta ins (Elias, 1980). S assa fras  h a s  a  d istrib u tio n  from  so u th e rn  

M aine to  O ntario  a n d  so u th  over th e  M ississippi Valley to  ea s t Texas an d  cen tra l 

F lorida w ith  th e  largest tre e s  repo rted  on  th e  deeper soils of th e  G reat Sm okey 

M oun ta in s of N orth C arolina a n d  T ennessee  (Collingwood & B ru sh , 1964). S a ssa fras  

h a s  heterom orph ic  leaves w hich  m ay  have a n  en tire  lam ina; o r th ey  m ay  have one 

s in u s  (lobe) on  th e  left or righ t side  of th e  m idrib; or th ey  m ay  have two s in u se s  (lobes), 

one o n  each  side of th e  m idrib; or, occasionally, th ey  m ay  have m ore th a n  two s in u se s  

(lobes). However, th e re  are no  form s in term ed ia te  to  th ese  categories. The leaves are 

fla t w ith  sm oo th  m arg ins. S a ssa fra s  h a s  a  flat, u n sym m etrica l crow n of tw isted  

b ra n c h e s  w hich  sp read  a lm ost a t  righ t ang les from  th e  t ru n k  to  su p p o rt upw ard  

reach ing  b ran c h le ts  (Collingwood & B ru sh , 1964). W hile S. a lb idum  is endem ic to  th e  

e a s te rn  U nited  S ta tes , it h a s  a  close relative in  C hina a n d  Taiw an, S assa fras  tzum u . 

H em sl., w hich  b e a rs  a  close resem blance  to  S. a lb idum . a n d  w hich also  h a s  

he terom orph ic  leaves (Hemsley, 1907).

Bazzaz e t al. (1972) m e a su red  pho to syn thesis  of S assa fras  growing u n d e r  shade  

a n d  in  open  field cond itions a n d  concluded  th a t  th is  species cou ld  m a in ta in  relatively 

h igh  ra te s  of n e t pho to sy n th esis  in  b o th  environm ents. However, leaf age, a rea , shape  

an d  nodal position were n o t considered. G hen t (1973) reported  in  a  s tu d y  of four 

S a ssa fra s  tre e s  * in  Illinois, th a t  leaves w ith  en tire  m arg in s  p redom inate  a t  th e  

proxim al nodes a n d  a t  th e  d ista l n o d es  of th e  shoo ts  while lobed leaves p redom inate  a t 

th e  in te rm ed ia te  nodes. He also  repo rted  th a t  th e  p roportions of leaf sh ap e  categories

*ca. 2954  leaves in  a  s ta tis tica l, frequency  ana ly sis  of form  categories.
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differ from  tree  to  tre e  an d  w ith  position  on  a  single tree . A s tu d y  by  Ram irez an d  

K incaid (1986, abstract) also  show ed th is  a n d  th a t  leaves of th e  in term ed ia te  nodes had  

th e  largest su rface  a rea  a t the  B ronx River population. It h a s  also  been  show n th a t  

leaves of th ese  in te rm ed ia te  n o d es  show  th e  g rea tes t p roportion  of two lobed leaves 

(Kincaid e t al., 1985, abstract).

S e s ta k  (1985) identifies th ree  p h a ses  of leaf developm ent. D uring p h a se  1, leaves 

are  form ed a n d  leaf a rea  increases. D uring p h ase  2, leaves reach  m atu rity  (after 

reach ing  m ax im um  leaf area). D uring  p h ase  3, leaves senesce a n d  leaf a rea  decreases. 

In creases  in  leaf a rea  du ring  leaf ontogeny follow a  sigm oid curve  a s  d em o n stra ted  in  

C ucum is (Hopkinson, 1964), C apsicum  (Schoch, 1972a), V igna (Schoch & Candelario, 

1973), Phaseolus (Catsky et al., 1976, Ticha & Catsky, 1977, V erbeten & de Greef, 1979) 

a n d  M alus (Kennedy & Jo h n so n , 1981). However, various p a r ts  of a  leaf expand  at 

different ra te s  a n d  for different periods (Sestak , 1985). Leaf grow th ra te  is  g rea tes t in  

young  leaves a n d  th is  ra te  declines u n til leaves reach  m atu rity . However, th e re  are  a t 

lea s t th re e  p a tte rn s  of lea f a rea  d istrib u tio n  along th e  grow ing ax is of a  p lan t. In  the  

firs t type, lea f a rea  progressively dec reases  w ith  nodal position  from  th e  b a se  to  the  

apex, typical of Ipom oea (Ashby, 1948) an d  A rabidonsis (Hoffmann, 1968). In  the  

second  type, lea f a rea  in creases  w ith nodal position  from  th e  b a se  to  th e  apex  of th e  

growing axis, a s  show n in  Lolium  (Sant, 1969), C apsicum  (Schoch, 1971) an d  N icotiana 

(H ackett & Raw son, 1974). In  th e  final type, lea f a re a  progressively in creases  in  a rea  

w ith  nodal position , from  th e  b a se  to  th e  apex  of th e  growing axis, reach es  a  m axim um  

a t a  g roup of leaves in  th e  m iddle region of th e  growing axis, a n d  th e n  decreases with 

n odal position  tow ard  th e  apex. T his la tte r  p a tte rn  is  p resen t in  M alus (Cowant, 1936), 

C a llis tephus (Cockshull, 1966), S inapsis  (H um phries, 1967), P le c tran th u s  (Ticha, 1968), 

M angifera (Taylor, 1970), F ilipendu la  (Morzov, 1978), V igna (L ittleton e t al., 1979),
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G ossvplum  (Radin & Parker, 1979), Vlcia (D ennett et a l„  1979) a n d  H ellan thus (Rawson 

e ta l . ,  1980).

In  add ition  to  th ese  p a tte rn s  of lea f grow th po ten tia l, grow th in  leaf a re a  m ay  be 

strong ly  m odified by  env ironm en ta l fac to rs  su c h  a s  tem p e ra tu re , a s  show n  for 

P haseo lus (Wilson & Ludlow, 1968), Vicia (D ennett et al. 1979, D ennett & Auld, 1980), 

Glvcine. G ossvpium  (Jones & H esketh , 1980) a n d  H elian thus (Rawson & H indm arsh , 

1982); rad ia tion , a s  show n  for T ronaeo lum  (Rum m i & C arp inetti, 1977), Vicia (D ennett 

e t al., 1979) an d  S ln ap sis  (Wild & Wolf, 1980); a n d  w ater supply , a s  show n for Ipomoea 

(Ashby, 1948), Sorghum  (McCree & Davis, 1974), Zea. Glvcine (Boyer, 1970), and  

H elian thus (Rawson et al., 1980, T akam i et al., 1981, an d  R aw son & T urner, 1982).

O th er env ironm en ta l fac to rs  w hich  have b een  show n  to  affect lea f a re a  include  

pho toperiod  in  N icotiana (H ackett & R aw son, 1974), hum id ity  in  C apsicum  (Schoch, 

1971), sa lin ity  in  P h aseo lu s  (W ignarajah e t al., 1975) a n d  n itrogen  n u tr itio n  in  Lolium 

(Robson & D eacon, 1978), G ossvoium  (Radin & Parker, 1979) an d  H ordeum  (Mader et al.,

1981).

Leaf chlorophyll co n ten t h a s  b een  u se d  to  com pare species c h a rac te ris tic s  of 

eco tonal com m un ities , to  e s tim a te  pho to sy n th e tic  productiv ity , p red ic t energy 

ab so rp tio n  p henom ena  a n d  to  evaluate  th e  developm ent of h e rb aceo u s  species during  

canopy closure  (Randall ,1953; Bray, 1960; Ovington & Lawrence, 1967; Bazzaz & Bliss 

1971). Leaf chlorophyll con ten t h a s  b een  show n to  change w ith leaf age, in  m ost cases 

reach in g  a  m ax im um  a t ab o u t th e  tim e leaves reach  m a tu rity  (com pletion of expansion  

growth) a s  show n  for C itru s  s in en s is  (W allihan e t al., 1976), Poplar p o p u lu s  (C eulem ans 

& Im pens, 1979) a n d  C arica p anava  (Lin & E hleringer, 1982); followed by  a  decline in 

leaf chlorophyll c o n te n t a s  th e  leaf fu rth e r  m a tu re s , together w ith  a  para lle l decline in  

m ax im um  n e t p h o to sy n th es is  (Lin & E hleringer, 1982). In teresting ly , S ilvius (1978)
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show ed th a t  in  Glvcine m ax . leaf chlorophyll co n ten t increased  beyond full leaf 

expansion , b u t  w ithou t a  co rresponding  increase  in  n e t pho to syn thesis . Floyd an d  

Noble (1979) reported  th a t  th e  chlorophyll a /b  ratio  reached  a  p e a k  a t  canopy c losure 

a n d  th a t  to ta l chlorophyll co n ten t reached  a  m axim um  1 - 3  w eeks later, in  a  s tu d y  

co rre la tin g  leaf chlorophyll c o n te n t w ith  env ironm en ta l a n d  physiological fac to rs  on 

Q u ercu s  a lb a . L lriodendron tu lln ife ra . A cer ru b ru m . C o m u s  florida, D esm odium  

n u d iflo ru m  a n d  S a ssa fra s  a lb id u m .

Leaf chlorophyll m ay  acco u n t for a b o u t 6% of to ta l lea f n itrogen; an d  RUBISCO, 

th e  p rim ary  em ym e of p h o to sy n th es is  m ay  acco u n t for 50% of to ta l leaf n itrogen  (Field 

& Mooney, 1987). A  large po rtion  of n itrogen  occuring  in  th e  leaf is  th u s  involved in  the  

pho to syn the tic  reac tions , a n d  lea f n itrogen  co n ten t m ay  b e  considered  a n  ind ica to r of 

th e  p h o to syn the tic  po ten tia l of a  leaf. D iepenbrock  an d  G eisler (1978) found  th a t  leaf 

n itro g en  co n te n t in fluenced  leaf chlorophyll con ten t, especially  in  o lder leaves of 

Glvcine m a x . Field an d  Mooney (1983) found  th a t  in  L eoechinia ca lv c ln a . lea f n itrogen  

co n ten t decreased  w ith  increasing  leaf age, b u t  th a t  n itrogen  u se  efficiency (p m ol CO2  

m ol N-1) did no t decrease a t th e  sam e tim e. It h a s  been  show n th a t  over periods of days 

to  w eeks, leaf n itrogen  co n ten ts  a re  ad ju sted , p resum ab ly  to  m axim ize th e  difference 

betw een  co n seq u en t pho to syn the tic  benefits  an d  th e  cost of n u tr ie n t aqu isition  

(Mooney & Gulm on, 1979; G ulm on & C hu, 1981; Mooney & Chiariello, 1984. Field 

(1983) h a s  show n th a t  leaf n itrogen  is re tran s lo ca ted  from  older (shaded) leaves to 

younger (unshaded) leaves in  su c h  a  w ay a s  to  m axim ize n e t canopy  carbon  gain. This 

suggests  th a t  a t th e  la te r  s tages of a  growing season , there  is  less investm en t of n itrogen 

in  th e  m ore p e rm a n en t segm en ts of th e  pho to syn the tic  m ach inery  (s tru c tu ra l 

com p o n en ts  of th e  leaf lam ina) a n d  considerab ly  m ore investm en t in  th o se  segm en ts 

giving qu ick  re tu rn s  in  th e  investm en t (Field & Mooney, 1986). W hile B jorkm an (1981) 

found  a  s tro n g  corre la tion  betw een  m ax im um  n e t p ho to syn thesis  a n d  RUBISCO
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activity, th e re  is  evidence th a t  RUBISCO levels alone are  n o t responsib le  for the  

m ax im u m  n e t p h o to sy n th es is  v e rs u s  n itrogen  re la tionsh ip  (Field & Mooney, 1986).

The effect of leaf age on  p ho to syn thesis  h a s  been  s tu d ied  in  a  w ide variety  of 

p lan t species. R asulov et al. (1983) in  a  s tu d y  o n  G ossvpium  h irsu tu m  observed th a t  ne t 

m ax im um  p ho to syn thesis  increased  from  leaf age 5 to  20  days, b u t  decreased  thereafter. 

Joggi et al. (1983) observed th a t  in  Trifolium  p ra te n se . n e t ph o to sy n th esis  increased  

linearly  w ith  leaf a rea  index  (LAI) to  a  LAI of 3 .5  an d  th e n  declined, a n d  th a t  the  

position  of leaf age categories in  th e  canopy  a re  m ore im p o rtan t th a n  th e  vertical 

d is tr ib u tio n  of lea f area.

The n o d a l position  of a  lea f along a  sh o o t is rep resen ta tive  of th e  age of a leaf, 

a n d  s tu d ie s  on  th e  effects of lea f age on  ph o to sy n th esis  have largely concen tra ted  on 

ind iv idual leaves, w ith  little  a tte n tio n  pa id  to  th e ir  p h o to syn the tic  re sp o n se  relative to 

o ther leaves on  th e  sam e shoo t or p lan t. R ecent research  on  S o lanum  tu b ero sa  (Vos & 

O yarzun.1986), Glvcine m ax  (Latche et al. 1986), Albizzia a n d  S em anea  (M utchachelian 

et al. 1986), a n d  Trifolium rep en s (Boiler & Nosberger, 1985) have show n g rea tes t ne t 

pho tosyn the tic  r a te s  w hen  leaves reach  full expansion , followed by  a  decrease  in 

pho tosyn thetic  ra te s  a s  th e  leaves m a tu red  fu rther. This genera l p a tte rn  h a s  been  

observed in  several tax a  of tre e s  includ ing  Hevea (Sam sudin  & Im pens, 1979a, b), M alus 

(Kennedy & Jo h n so n , 1981), P in u s  (Coyne & B ingham , 1982), a n d  P ru n u s  (Sam s & Flore,

1982). Roper a n d  Kennedy (1986) observed h ighest pho tosyn thetic  ra te s  a t 80%  full leaf 

expansion  in  P ru n u s  avium  a n d  B ozarth  e t al. (1982) observed m ax im um  ne t 

p h o to sy n th es is  sho rtly  before fu ll lea f expansion  in  R osa h v b rid a  L. cu ltivar 

S am an th a . S im ilar p a tte rn s  have b een  found  in  m onocots (Dwyer & S tew art, 1986; 

Suzuki et al., 1987; W illiams, 1985). It h a s  b een  show n th a t, in  H elian thus a n n u s , all 

leaves, regard less of position  o n  th e  p lan t have th e  sam e age determ ined  p a tte rn  of gas
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exchange p e r u n it lea f a rea  (Rawson & C onstable 1980). It h a s  also been  show n th a t  

U ltra-violet rad ia tio n  c a n  affect th e  ra te  a n d  d u ra tio n  of leaf expansion  a n d  bring  

ab o u t a  sh ift in  th e  ontogenetic  sequence  of pho tosyn the tic  capacity  a s  a  function  of 

leaf age in  Glvcine m a x . so  th a t  leaves of s im ilar chronological age are  a t  different 

s tages of m atu rity  (Teram ura & Caldwell, 1981). O n th e  o ther h an d , leaf age h a s  a 

negligible effect on p h o to sy n th es is  in  several species includ ing  A gropyron 

in te rm e d iu m . A. d e se rto ru m . P h a la ris  a ru n d in a ce a  (Frank, 1981) a n d  L arrea 

tr id e n ta ta  (Syversten & C unn ingham , 1977). W hile ontogenetic tre n d s  an d  even 

m ax im um  ph o to sy n th esis  m ay  n o t differ m u ch  in  th e  b ro ad  view betw een  species of the  

sam e genus, betw een cultivars, o r betw een hybrids of th e  sam e species, growth 

env ironm en t a n d  cond itions of de te rm ina tion , in  th e  sh o rt ru n , m ay  strong ly  a lte r  the  

va lues of abso lu te  n e t pho to syn thesis  (Sestak, 1985). M orinaga e t al. (1985), in  a  rare  

com parative s tu d y  of leaf p h o to sy n th es is  along sh o o ts  repo rted  m ax im um  n e t 

p h o to sy n th e tic  ra te s  in  th e  one to  four leaves positioned  n e a r  th e  shoo t apex in  C itrus 

u n s h iu . Sato  e t al. (1978), w orking on  C olocasia e scu len ta  repo rted  th a t  g rea tes t leaf 

a rea  occurred  a t  th e  in te rm ed ia te  nodes a n d  th a t  n e t p h o to syn thesis  increased  w ith leaf 

expansion  a n d  reach ed  a  m ax im um  14 to  15 days a fte r full lea f expansion.

T he pho to syn the tic  resp o n se  of a  leaf to  inc iden t PAR could b e  determ ined  by  

th e  physiological age of th e  leaf, w here  leaves app roach ing  full expansion  (m aturity) 

have g rea tes t n e t p h o to sy n th esis  a t a  given PAR, a n d  have a  h igher light sa tu ra tio n  

point; a n d  senescing  leaves have lowest n e t ph o to sy n th esis  a n d  a re  light s a tu ra te d  at 

lower PAR ; an d  young, expanding  leaves are  in term ed ia te  in  th e ir  resp o n se  to  incident 

PAR (Sestak, 1985). T h is p a tte rn  h a s  been  d em onstra ted  in  several species, including 

H e lian th u s (Hiroi a n d  M onsi, 1966), Glvcine (Kum ara, 1969), Vigna (Bonhom m e et al., 

1977) an d  Cofifea (Yamaguchi an d  Friend , 1979). T here also  is  evidence of leaf 

a d a p ta tio n  to  light h a b ita t, w here sh ad in g  early  in  th e  developm ent of a  lea f m ay  lead
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to  lower light co m p en sa tio n  po in t, lower light s a tu ra tio n  poin t, a n d  low er n e t 

p ho to syn thesis  (Sestak, 1985). F urtherm ore , B oardm an  (1977), Wild (1979) and  

B jorkm an  (1981) have show n th a t  th e  n e t ph o to sy n th esis  v e rsu s  irrad iance  curves 

decrease w ith  leaf age. Pavlova (1983) show ed th a t  increased  shad ing  cau sed  the  

decrease  of p h o to syn the tic  activ ity  in  Vicia fab a  a n d  F ra x im u s  v irid is . especially  in  

o lder leaves. A n effect on  p h o to sy n th es is  of th e  env ironm ent in  w hich  leaves are 

form ed h a s  also  been  dem o n stra ted  by  Singh et al. (1984) in  C itru s lim on. w here leaves 

of th e  sp ring  flu sh  have g rea te r pho tosyn thetic  capacity  th a n  do leaves of th e  ra iny  

se aso n  flu sh  a t  all s tag es  of th e ir  grow th and  developm ent.

M ost of th e  above s tu d ie s  are  on  com m ercially im p o rtan t species a n d  in  m ost 

cases, species having sim ple (undissected) leaves. W hite (1983) in  a  s tudy  on  48 easte rn  

deciduous tre e s  reported  th a t  a s  leaf size (area) increased , th e  percentage of trees  with 

lobed, an d  th e n  com pound  leaves increased , b u t  th a t  sim ple, un lobed  leaves ranged  

th roughou t. A recen t s tu d y  by  G urevitch (1988) h a s  show n th a t  leaf d issection  in  

A chillea m illefo lium  differs d ram atica lly  a long  a n  a ltitu d in a l g rad ien t; d issec tion  

dec reases  w ith  increase  in  a ltitu d e  a n d  leaves w ith  g rea te r d issec tion  m ain ta in ed  

tem p e ra tu re s  close to  a ir  tem p era tu re  while less  d issec ted  leaves reached  tem p era tu re s  

su b s ta n tia lly  above a ir  tem p era tu re s . B aker a n d  M yhre (1969) found th a t  leaves of the 

m u ta n t lines of co tton  (G ossvoium  h irsu tum ) w ith  'okra ' (lobed) leaves h ad  th in n e r  

b o u n d a ry  layers th a n  th e ir  no rm al analogues, b u t  th a t  ca rb o n  fixation w as no t 

en h an ced  u n d e r  field conditions. However, S hanm ugam  et al. (1980) found th a t  'okra' 

(lobed) leaves of lines of co tton  h a d  a  lower leaf a rea  index  a n d  yet p roduced  m ore dry 

m a tte r  th a n  'norm al' lea f lines, while K aram i a n d  W eaver (1980) found  th a t  p la n ts  of 

A m erican U pland  C otton (CL h irsu tu m l w ith th e  'okra' (lobed) leaf sh ap e  h a d  a  h igher 

pho tosyn the tic  ra te  th a n  p la n ts  w ith  'norm al' (entire) leaves. S tud ies  su c h  a s  th a t  by 

Iordanov & Jo rd an o v  (1970) on Vicia have show n th a t  leaves of different sh ap es , b u t  on
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th e  sam e  p la n t, a re  a sso c ia ted  w ith  d ifferences in  m ax im um  n e t p h o to sy n th e tic  ra tes; 

b u t  s ince  th e se  sh a p e s  a re  asso c ia ted  w ith  different physiological s ta te s  o f th e  p lan t, 

th e ir  u se fu ln e ss  in  investigating  form  /  function  re la tio n sh ip s  is lim ited. W ind tu n n e l 

experim en ts  b y  Vogel (1968, 1970) have show n th a t  deeply lobed leaves, w ith  th e ir  

th in n e r  b o u n d a ry  layers, have h ig h er  convection coefficients th a n  do less  deeply lobed 

leaves w ith  th e ir  th ic k e r  b o u n d a ry  layers; an d , in  th e  b ro ad e r  view, we th in k  th a t  

v a ria tio n  in  th e  convective ab ilities of leaves influence leaf tem p e ra tu re  a n d  th u s  

p h o to sy n th e s is  a n d  tra n sp ira tio n  (G ates 1980).
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a  LEAF AREA AND FORM

METHODS AND MATERIALS

In  1986, eight genets (num bers 585, 586, 589, 590, 591, 595, 597 & 598; Table 3.1) 

of S a s sa f ra s  a lb id u m . from  a  p o p u la tio n  grow ing along th e  floodplain  of th e  B ronx 

River a t  Bronxville, N. Y. w ere u se d  in  a  s tu d y  of chlorophyll c o n te n ts  (C hapter 4). All 

th e  leaves from  five s u n  shoo ts  a n d  five shade  shoo ts  w ere analyzed p e r  genet. Leaf 

form  a t  each  node w as recorded. In  1987, four genets (num bers 99, 100, 590 & 591, Table 

3.2) w ere selected  from  th e  sam e population  for a  dem ographic s tu d y  of leaf growth. On 

May 7, 1987, w hen  the  leaves h a d  ju s t  begun  to  emerge, tw enty  shoo ts  of each  of the  four 

p la n ts  above w ere "tagged" non-restrictively , u s in g  n u m b ered  b ird -b a n d s  ( N ational 

B and  a n d  T ab  Co., Newport, Kentucky). At in tervals over th e  growing season , leaves on 

th e se  sh o o ts  w ere scored  for n oda l position  a n d  for sh ap e  category  (entire m argin ; one 

s in u s  o n  th e  left o r righ t side of th e  m idrib; tw o s in u ses , one o n  each  side of th e  midrib); 

a n d  th e  b lade  leng th s a n d  w idthsw ere m easu red . D uring each  of th e  above 

m ea su rem e n ts , lea f nodal position  w as recorded.

W hile leaves were easy  to  score for th e  form  categories, leaf a re a  w as predicted  

u sing  th e  p ro d u ct of leaf length  a n d  w id th  reg re ssed 1 onto area. Leaf leng th  an d  w idth 

w ere m easu red  for each  leaf of five of th e  2 0  tagged shoots, a t  in tervals du ring  the  

growing seaso n  an d  th e  leaves on  all 2 0  sh o o ts  were m easu red  once, w hen  leaf 

expansion  ceased  in  late  A ugust to  early  Septem ber. S epara te  reg ression  m odels were 

ca lcu la ted  for en tire  m argined , one lobed a n d  tw o lobed leaves from  a  d a ta  b a se  of 9 9 3

1In  a  least sq u a re s  sense.
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leaves (not p a r t  of th is  experim ental system ) th a t  were sam pled  destructively  in  1986, 

digitized a n d  p rocessed  u s in g  th e  F ou rie r tran sfo rm -b ased  Leaf B oundary  M ethod of 

K incaid a n d  S chneider (1983) on  a n  Apple He com puter. T h is d a ta b a se  w as insta lled  on  

a n  IBM XT co m p u te r u s in g  th e  p rogram  Reflex (Borland /A naly tica  Inc., S co tts  Valley, 

California) a n d  reg ression  cu rves  ob ta ined  u s in g  p rog ram s w ritten  in  BASIC following 

Sokal a n d  Rholf (1981). T hese regression  curves w ere u se d  to  estim ate  leaf a rea  (in m m 2  

one leaf surface).

R egression equa tions u sed  to  p red ic t leaf area:

1. E n tire  leaves -

Y = -302.51637 x  1.54773 (length x  width) in  m m 2

(F = 11996.9 (1,587), r2  = 0.953, p  < .001)

2 . O ne S in u s leaves-

Y = -21.81613 x  1.59676 (length x  width) in  m m 2

(F = 1636.5 (1,104), r 2  = 0.940, p  < .001)

3. Two S in u s  leaves-

Y = 192.3123 x  1.84537 (length x  width) in  m m 2

(F = 3783.4 (1,239), r2  = 0.941, p  < .001)



17

Table 3 .1 . The genotypes of S assa fras  th a t  w ere m easu red  in  1986 for leaf form  and  

chlorophyll con ten t are  lis ted  in  o rd er o f decreasing  tre e  d iam ete r a t b re a s t  he igh t 

(DBH). T he frequency  d is tr ib u tio n s  for leaf form  category are  given a s  p ercen tages  of 

th e  to ta l n u m b er of leaves m e a su re d  for five s u n  sh o o ts  a n d  five sh a d e  sh o o ts  collected 

p e r tree.

Genet

#

DBH

(mm)

Height

(m)

Entire

Margin

Leaf Form Categories 

(percentages)

One Two 

Lobed Lobed

Canopy Position 

(frequencies)

Sun Shade

Total

Leaves

590 592 15.55 50% 1 2 38 6 8 46 114

597 487 8.53 39 1 0 50 62 49 1 1 1

598 369 16.46 87 9 5 55 51 106

591 292 10.15 62 8 30 60 55 115

586 185 9.02 57 15 28 47 42 89

585 131 7.61 81 1 0 8 52 44 96

589 129 8.14 85 5 9 49 37 8 6

595 93 7.38 50 6 44 62 41 103

O v era ll 63% 9% 28% 455 365 820
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Table 3.2. The genotypes of S assa fras  th a t  were m easu red  in  1987 for area , leaf form, 

chlorophyll co n ten t, n itrogen  c o n te n t a n d  p h o to sy n th es is  a re  lis ted  in  o rder of 

decreasing  tree  d iam ete r a t  b re a s t  he igh t (DBH). The frequency  d istr ib u tio n s  for leaf 

form  category a re  given a s  percen tages of th e  to ta l n u m b er of leaves m easu red  for 

tw en ty  sh o o ts  p e r tree.

Genet

#

DBH

(mm)

Height

(m)

Entire

Margin

LeafFarm Categories 

(percentages)

One TVvo 

Lobed Lobed

Total

Leaves

590 596 15.25 43.7 1 2 . 2 44.1 272

591 301 1 2 . 1 1 39.0 10.5 50.5 2 0 0

99 1 2 0 4.80 98.0 1 . 0 1 . 0 196

1 0 0 103 3.62 81.2 1 0 . 6 8 . 2 170

O verall 63.0% 8.7% 28.3% 836
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RESULTS

1966

A sam p le  of 10 sh o o ts  ( five from  "sun" positions an d  five from  "shade" 

positions) from  each  of th e  eight g en e ts  yielded a n  overall p a tte rn  for th e  nodal 

d is tr ib u tio n  of leaves w ith  two lobes is show n in  F igure 3.1. Leaves w ith en tire  m arg in s  

p redom inate  a t  th e  proxim al a n d  d ista l nodes while leaves w ith  tw o lobes are  m ost 

com m on a t  th e  m iddle nodes. The h ighest frequency  of leaves w ith  tw o lobes (85%) 

occurs a t  node 10 on  shade  shoots. Leaves w ith one lobe occur along th e  shoo ts  m ost 

frequen tly  a t  th e  in te rfaces betw een  en tire  m arg in  a n d  two lobed leaves (Figure 3.2), 

resu ltin g  in  a  b im odal d is tr ib u tio n  by  node.
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1987

Genet 99

Leaf S hape

Newly em erged leaves w ere first large enough to  be  scored for sh ap e  on  May 11, 

1987, a t  w hich  tim e th e re  w as a  m ax im um  of 10 leaves on  a  shoot. Leaves w ith entire 

m arg in s  p redom inated  th ro u g h o u t th e  length  of all 20  shoo ts  sam pled  (Figure 3.3). 

T here were, however, a  few lobed leaves a t d ista l nodes 8  an d  9. T his p a tte rn  of m ostly  

en tire  m arg ined  leaves an d  few lobed leaves did n o t change du ring  th e  re s t of th e  

growing se aso n  a n d  th e  fina l m easu rem en t of lea f form  by  node is  show n  in  F igure 3 .4

Leaf A rea

The lea s t sq u a re s  second  degree polynom ial reg ression  cu rves  for lea f a rea , for 

each  node for each  of four m easu rem en ts  (May 11, May 26, Ju ly  1, an d  Ju ly  21) are 

show n in  F igure 3 .5 . In  each  case  th e  reg ression  is  very highly significant w ith r^  

va lues of 0 .54, 0 .597 , 0 .568  an d  0 .377  respectively. The youngest leaves were usually  so 

sm all th a t  th ey  could  n o t be  m easu red  accu ra te ly  w ithou t risk ing  dam age to  th e  leaf; 

th ey  were excluded. O n each  of th e  days w hen  leaf a rea  w as m easu red , there  is a  definite 

curv ilinear p a tte rn , a n d  leaves of th e  m iddle n odes - be  th ey  node fo u r on M ay 11, node 

five on  M ay 26, or node seven on  J u ly  1 an d  J u ly  21- always h a d  th e  g rea test surface 

a re a  relative to  th e  o ther leaves on  th ese  shoots. U sing th e  regression, th e  g rea tes t 

p red icted  single leaf su rface a rea  w as approxim ately 18,000 m m 2, on  J u ly  21, 1988.
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Leaf E x p an sio n

T he ra te  of expansion  for leaves a t  each  node  is show n in Figure 3 .6 . M ost 

grow th occurs betw een M ay 11 a n d  May 26 , w ith  th e  youngest leaves expanding  the  

m ost. Betw een May 26 an d  Ju ly  1, th e re  is  little grow th an d  m o st of it is  restric ted  to the 

youngest leaves (nodes 7 - 9 ) .  B etw een Ju ly  1 and  Ju ly  21, there  is  v irtually  no 

e x p an sio n  grow th.
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Figure 3 .3 . Relative frequency  of leaf form  categories a t  each  node for 20 shoo ts  

of genet 99 on  May 11, 1987.
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of genet 99 on August 18, 1987.
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Figure 3 .5 . R egression curves of average leaf a rea  p e r  node for five shoo ts  of 

genet 99 on  four m easu rem en t days. In  each  case th e  regressions are 

sta tistica lly  significant (p < .001) an d  have r^  va lues of 0 .540  (May 11), 0 .597  

(May 26), 0 .568 (July 1), an d  0 .377  (July 21).
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Figure 3.6. Rate of expansion  grow th (mm ^ day"*) for leaves a t  each  leaf node on 

genet 99.
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Genet 100

Leaf Shape

O n th is  genet, th e  first leaves to  em erge have en tire  m arg ins, b u t  by  node five the 

first lobed leaves c a n  be  seen . W hen  leaf form  w as scored on  May 11, 1987 leaves with 

two lobes w ere p redom inan t am ong  th e  m o st recen tly  em erged leaves a t  node eight 

(Figure 3.7). Leaves w ith single lobes are  m ost com m on a t node seven b u t  decrease in  

frequency of occurrence by  node eight. By the  tim e of the  nex t m easu rem en t on May 26 

only two new  leaf nodes h a d  b een  added  (Figure 3.8) an d  none of th ese  leaves h a d  lobes. 

At node n ine, leaves w ith  two lobes an d  leaves w ith  en tire  m arg in s  occur w ith  equal 

frequency, b u t  by  node ten , only leaves w ith  en tire  m arg in s leaves ca n  be  seen.

However, th ese  youngest leaves a re  p re se n t on  only som e sh o o ts  a n d  by  th e  next 

m easu rem en t on, J u n e  16, leaves w ith two lobes are  m ore frequen t th a n  are  leaves w ith 

en tire  m arg in s, a t  node te n  (Figure 3.9), a n d  leaves w ith  en tire  m arg in s  p redom inate  a t 

node eleven. T his p a tte rn  is  s tab le  u n til  th e  la tte r  p a r t  of th e  growing se aso n  w hen  leaf 

dam age * an d  senescence occur (Figure 3.10).

Leaf A rea

The reg ression  cu rves for average leaf a re a  p e r node, for each  of fou r 

m easu rem en ts  during  th e  growing seaso n  (May 11, M ay 26, Ju ly  1, and  J u ly  21) are  

show n in  F igure 3 .11. In  each  case  th e  reg ression  is very highly significant w ith r^  

va lues of 0 .497 , 0 .682, 0 .632 a n d  0.601 respectively. The youngest leaves were usually  so 

sm all th a t  th ey  could  n o t be  m e a su red  accura te ly  a n d  w ithou t risk ing  dam age to  th e

^m echan ica l a n d  herb ivore
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leaf, so th ey  were excluded. O n each  of the  days w hen  leaf a rea  w as m easu red , there  Is a 

definite cu rv ilinear p a tte rn , less  visible on  M ay 11 w h en  leaves a t n o d es  th ree  a n d  four 

h a d  th e  largest su rface  a rea , b u t  highly visible su b seq u en tly  w hen  leaves a t  node five 

(May 26) an d  th en  node five an d  six  (Ju ly l & 21) have th e  largest surface a rea  on these  

shoots. M ost increase  in  leaf su rface  a rea  occurred betw een M ay 11 an d  May 26, and  

som e increase  (especially in  leaves of th e  d ista l nodes) occurred  betw een May 26 an d  

Ju ly  1, b u t  very little grow th w as observed betw een J u ly  1 an d  J u ly  21. Using the  

regression , th e  g rea tes t p red ic ted  su rface  a rea  reach ed  w as approxim ately  25 ,000  m m 2 , 

on  Ju ly  21

Leaf E x p an sio n

The ra te  of expansion  grow th a t  each  node is show n in  F igure 3.12. M ost growth 

occurs betw een May 11 a n d  M ay 26, w ith th e  leaves of in term ediate age (nodes 4 - 6 )  

expanding th e  m ost. Betw een M ay 26  an d  Ju ly  1, growth is g rea test a t  the  youngest 

leaves (nodes 6  - 8 ). Betw een J u ly  1 a n d  J u ly  21, th ere  is virtually  no expansion  grow th 

and , indeed, th ere  ap p ears  to  b e  a  decrease in  leaf area.
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Figure 3 .7 . Relative frequency  of leaf form  categories a t each  node for 20 shoo ts 

of genet 100 on  May 11, 1987. Lobed leaves occur first a t  node five an d  by node 

eight all th re e  form s o ccu r a t  approxim ately  equa l frequencies.

ENTIRE
MARGIN
ONE
LOBED
TVO
LOBED

.8

.6

.4

.2

0

0 1 2 3 54 6 7 8 9 10
LEAF NODE

Figure 3 .8 . Relative frequency  of leaf form  categories a t  each  node for 20  shoo ts  

of genet 100 on May 26, 1987. Lobed leaves occur first a t node five an d  by node 

eight all th ree  form s o ccu r a t approxim ately  equal frequencies. By node ten , 

only en tire  leaves are  p resen t.
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Figure 3 .9 . Relative frequency  of leaf form  categories a t each  node for 20  shoo ts  

of genet 100 on  J u n e  16, 1987. Recently em erged leaves a t  node te n  are m ostly 

w ith two or one lobe, b u t  a t node 1 1  a re  largely w ith  en tire  m arg ins.
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Figure 3 .10. Relative frequency  of leaf form  categories a t each  node for 20  shoo ts 

of genet 100 on  A ugust 18, 1987. The p a tte rn s  established in  J u n e  are 

m ain ta in ed  an d  th e  m o st recen tly  em erged leaves (node 1 2 ) have en tire  m argins.
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Figure 3 .11 . R egressions of average leaf a rea  p e r node for five shoo ts  of genet 100 

on  fou r m easu rem en t days. In  each  case  th e  reg ressions are  sta tistica lly  

significant (p < .001) a n d  have r^  values of 0 .497  (May 11), 0 .682  (May 26), 0.632 

(July 1), an d  0.601 (July 21).
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Figure 3.12. Rate of expansion  grow th (mm^ d a y '1) for leaves a t  each  node on 

genet 1 0 0 .
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Genet 590

Leaf S hape

Newly em erged leaves of genet 590  were first scored on  May 7, 1987 w hen  there  

w as a  m axim um  of six leaves on  a  shoot. Lobed leaves occur first a t  node fou r an d  by 

node six  th ey  are  th e  p redom inan t type (Figure 3.13). By May 11, a s  m any  as  te n  leaves 

were p resen t, p e r  shoot, an d  in  th e  m ost recently  em erged leaves (nodes seven th rough  

ten) two lobed leaves w ere th e  dom inan t form  (Figure 3.14). Leaves w ith one lobe occur 

m ostly a t nodes four an d  five. By J u n e  2 0 ,1 found u p  to 18 leaves p e r shoot, an d  the  

youngest leaves all h a d  en tire  m arg in s  (Figure 3.15). The th ree  leaf sh a p es  exhibit th ree  

different p a tte rn s  of d is tr ib u tio n  by  node. E n tire  m arg in  leaves o ccu r m o st frequently  

a t th e  proxim al an d  d ista l nodes (the o ldest a n d  y oungest leaves respectively) a n d  there  

are  few of th ese  leaves a t th e  in term ediate  (m edium  age) nodes. Two lobed leaves are 

ab sen t a t  th e  proxim al ( 1 - 3 )  a n d  d ista l (16 - 18) nodes b u t  are  th e  m ost com m on type at 

th e  in term ediate  nodes (5 - 12). The frequency of occurence of one lobed leaves is  

bim odal, peak ing  a t  nodes 4-5 a n d  12-13. T his p a tte rn  changes very little by  th e  end  of 

th e  growing seaso n  (Figure 3.16)

Leaf A rea

The reg ression  for average leaf a rea  p e r  node, for each  of five m easu rem en ts  

during the  growing season  (May 11, May 26, J u n e  20, J u ly  15 and  A ugust 18) are show n 

in  Figure 3 .17 . In  each  case  th e  reg ression  is  very  h ighly significant w ith r^  va lues of 0. 

447, 0 .664, 0 .558 , 0 .532 and  0 .519  respectively. The youngest leaves were usually  so 

sm all th a t  th ey  could n o t be m ea su red  accura te ly  an d  w ithou t risk ing  dam age to th e  

leaf; they  w ere excluded. O n each of the  days w hen  leaf a rea  w as m easu red , there is a 

definite cu rv ilinear p a tte rn , th a t  is  ap p a re n t from  May 11 w hen  leaves a t nodes five
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h a d  th e  largest surface area, th rough  May 26  (node 7), J u n e  20  (node 9), J u ly  15 (node 9) 

a n d  A ugust 15 (node 9-10). Little increase in  leaf surface a rea  occurred betw een  J u n e  20 

an d  Ju ly  15. Using th e  regression, the  g rea tes t p red icted  average single leaf surface area 

reached  w as approxim ately 39 ,0 0 0  nrni^ , on  A ugust 18.

Leaf E xp an sio n

The ra te s  of expansion  grow th for leaves a t  each  n odal position  a re  show n in  

Figure 3 .18. M ost grow th occurs betw een May 11 a n d  M ay 26, w ith th e  youngest leaves 

(nodes 6 - 8 ) expanding th e  m ost. Between May 26  an d  J u n e  20, growth is  g reatest a t the  

youngest leaves (nodes 8  - 10). Between J u n e  20 an d  Ju ly  15, there  is virtually  no 

expansion  grow th b u t  th e re  is a  flu sh  of grow th a t  th e  in term edia te  nodes, betw een  Ju ly  

15 and  A ugust 18.
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Figure 3 .13. Relative frequency  of leaf form  categories a t each  node for 20  shoo ts 

of genet 590 on May 7, 1987.
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Figure 3.14. Relative frequency of leaf form categories at each node for 20
shoots of genet 590 on May 11, 1987.
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Figure 3 .15. Relative frequency  of leaf form  categories a t  each  node for 20  shoo ts 

of genet 590 on J u n e  20, 1987.
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Figure 3 .16 . Relative frequency  of leaf form  categories a t  each  node for 20 shoo ts  

of genet 590 on A ugust 18, 1987.
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Figure 3 .17 . R egressions of average leaf a re a  p e r node for five sh o o ts  of genet 590 

on  five m easu rem en t days. In  each  case  th e  reg ressions are  s ta tis tica lly  

significant (p < .001) an d  have r2  values of 0 .447  (May 11), 0 .664  (May 26), 0 .558 

(June 20), 0 .532 (July 15) an d  0.519 (August 18).
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Figure 3.18. R ate of expansion  grow th (mm 2  day"1) for leaves a t  each  node on 

genet 590.
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Genet 591

Leaf S hape

Newly em erged leaves of genet 591 were first scored on  May 11, 1987 (Figure

3.19). The p a tte rn  of d istribu tion  of leaf sh a p es  is sim ilar to  th a t  for genet 590. Only 

en tire  m arg in  leaves occur a t th e  proxim al nodes (nodes 1-3), b u t  th e  p roportion  of 

lobed leaves, first w ith  one lobe an d  th e n  w ith  tw o lobes, in creases  from  node four 

onw ard. By node six, leaves w ith  two lobes are  th e  p redom inan t form. By May 26, two 

add itional lea f nodes w ere observed, consisting  m ain ly  of leaves w ith  two lobes (Figure

3.20). By J u n e  16, an o th e r five nodes h ad  been  added, m ostly  leaves w ith  two lobes, b u t  

w ith  a n  increasing  p resence  of leaves w ith  en tire  m arg in s  (Figure 3.21). T here w as little 

change  in  th is  d istribu tion  by J u ly  15 (Figure 3.22) b u t  a  second flu sh  of growth occurred 

betw een  th is  da te  a n d  A ugust 25 w hen  several newly form ed leaves a t th e  m ost d istal 

n odes (13-14), m ostly  w ith  en tire  m arg ins, c a u se  the  p a tte rn  of th e  d istrib u tio n  to 

change so  th a t  en tire  m arg in  leaves p redom inate  a t th ese  d ista l nodes (Figure 3.23).

Leaf A rea

The reg ressions for average leaf a rea  p e r  node, for each  of fou r m ea su rem e n ts  

du ring  th e  growing season  (May 11, May 26, J u ly  15 an d  A ugust 25) are  show n in  Figure 

3 .24. In  each  case  th e  regression  is  very highly significant w ith r^  values of 0 .555,

0 .717 , 0 .445, a n d  0 .524  respectively. The youngest leaves w ere usua lly  so sm all th a t 

they  could  n o t be m easu red  accu ra te ly  a n d  w ithou t risk ing  dam age to  th e  leaf; they  were 

excluded. O n each of the  days w hen  leaf a rea  w as m easu red , th ere  is a  definite 

cu rv ilinear p a tte rn , from  M ay 11 w hen  leaves a t  n odes five h a d  th e  largest su rface area, 

th rough  May 26 (node 7), Ju ly  15 (node 8 ) an d  A ugust 25 (node 8 ). M ost increase in  leaf
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surface a rea  occurred  betw een May 11 a n d  May 26, May 26  a n d  J u ly  15 b u t  little 

increase  occurred betw een Ju ly  15 an d  A ugust 25. Using th e  regression, th e  g rea test 

p red ic ted  su rface  a re a  for th e  average leaf reach ed  w as approxim ately  40 ,000  m m ^, on  

A ugust 18.

L eaf E x p an sio n

T he ra te s  of expansion  grow th for leaves a t  each  n odal position  a re  show n in  

Figure 3 .25. M ost grow th occurs betw een May 11 an d  May 26, w ith  th e  leaves of 

in term ediate age (nodes 6 - 8 ) expanding th e  m ost. Between May 26 a n d  J u ly  15, growth 

is  g rea test in  th e  younger leaves (nodes 9 - 11). Betw een Ju ly  1 an d  Ju ly  21, th ere  is 

v irtu a lly  no  e x p an sio n  grow th.
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Figure 3 .19 . Relative frequency  of leaf form  categories a t  each  node for 20  shoo ts 

of genet 591 on  May 11, 1987.
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Figure 3.20. Relative frequency of leaf form categories at each node for 20 shoots
of genet 591 on May 26, 1987.
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Figure 3.21. Relative frequency  of leaf form  categories a t each  node for 20  shoo ts 

of genet 591 on  J u n e  16, 1987.
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Figure 3 .22. Relative frequency  of leaf form  categories a t  each  node for 20  shoo ts

of genet 591 on Ju ly  16, 1987.
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Figure 3 .23 . Relative frequency  of leaf form  categories a t  each  node for 20  shoo ts  

of genet 591 on A ugust 25, 1987.
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Figure 3 .24 . R egressions of average leaf area  p e r node for five sh o o ts  of genet 591 

on  four m easu rem en t days. In  each  case  th e  reg ressions are  sta tistica lly  

significant (p < .001) an d  have r2  values of 0 .555  (May 11), 0 .717  (May 26), 0.445 

(July 15), an d  0 .524  (August 25).

V  ENTIRE 
MARGIN 

A  ONE 
LOBED 

+  TWO 
LOBED



mm̂
 

da
y

40

1400
T  May 11 -  May 26 

A  May 26 -  July 15 

•fr July 15 -  Aug 25

1200

1000

800

600

400

200

0 ..

-200
2 3 4 5 6 7 8 9 10 11 12

Leaf Node

Figure 3 .25. Rate of expansion  grow th (mm^ day '*) for leaves a t  each  node on 

genet 591.
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4. CHLOROPHYLL CONTENT

1966

Leaf chlorophyll co n ten t Is often  m ea su red  In ecological s tu d ie s  b u t  it is  seldom  

m e a su red  a t  h igh  degrees of freedom  in  n a tu ra l  popu lations. C onsequently , little is 

know n a b o u t a n y  s ta tis tica lly  sign ifican t p a tte rn s  in  leaf chlorophyll c o n te n t w hich 

m igh t exist am ong th e  leaf nodes, leaf shapes , shoots, a n d  genets  (genotypes) in  a  p lan t 

popu lation . Chlorophyll a n d  th e  o th e r com pounds of p h o to sy n th es is  a re  a  m ajor 

investm en t in  n itrogen; a n d  th e  econom y of n itrogen  u se  h a s  becom e im p o rtan t in  

evaluating  tre n d s  in  p la n t form  (Field a n d  Mooney, 1986).

From  w ork beg u n  in  1985 we have a  d a tab ase  of 933 leaves analyzed for leaf 

form  from  eight genets  of Sassafras. D uring th e  su m m er of 1 9 8 6 ,1 m ea su red  leaf 

chlorophyll co n ten t (expressed a s  m g g ' l  w et leaf weight; g n r 2 ; a n d chlorophyll a /  

chlorophyll b  ratio) for th ese  eight genets. T he object w as to  s ta tis tica lly  te s t  th e  

h y p o th eses  below.

NTJLL HYPOTHESES

Chlorophyll co n ten t is hom ogeneous betw een  s u n  an d  sh ad e  leaves.

Chlorophyll co n ten t is  n o t p red ic tab le  given leaf node nu m b er.

Chlorophyll co n te n t is  hom ogeneous am ong  lea f sh ap es .

Chlorophyll co n ten t is hom ogeneous am ong shoo ts.

Chlorophyll c o n ten t is  hom ogeneous am ong  genets.

Chlorophyll c o n ten t is  hom ogeneous ac ro ss  th e  1987 growing season .
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MATERIALS AND METHODS

In  1986, eight genets of Sassafras (#s 585, 586, 589, 590, 591, 595, 597 & 598; 

Table 3.1) w ere ch o sen  along th e  floodplain of th e  B ronx  River in  Bronxville, New York. 

Five s u n  sh o o ts  a n d  five sh ad e  sh o o ts  w ere collected from  each  genet from  J u n e  to  Ju ly  

1986. "Sun" refers to  th e  ou term ost, su n lit shell of foliage a n d  "shade" refers to  foliage 

n e a re r  th e  p rim ary  tru n k . T rees w ere ch o sen  w hich  disp layed  th e ir  leaves along an  

a p p a re n t g rad ien t of light exposure  th a t  m o st ecologists w ould categorize a s  "sun" 

v e rsu s  "shade." The leaves of S assafras  are  a lternate . Leaves were num bered  

sequen tia lly  from  th e  m o st m a tu re  (first in itiated) to  th e  youngest node, an d  th e  sh ap e  

category of th e  leaf a t  each  node recorded. Chlorophyll con ten t of each  leaf w as th e n  

m easu red .

Leaf d iscs of co n stan t size (31.72 m m2) were c u t u sing  a  hole p u n c h  a n d  avoiding 

th e  m idrib  an d  larger veins. D epending on  th e  size of the  leaf, abou t 10 d iscs were 

rem oved from  each  blade a n d  th e  n u m b er of d iscs w as recorded. The fresh  d iscs from 

each  leaf w ere pooled a n d  weighed on  a n  analy tical b a lance  an d  placed in  tu b e s  

con ta in ing  a b o u t 6  m l of abso lu te  M ethanol. The tu b e s  were in cu b a ted  in  a  convection 

oven for 2 h o u rs  a t  55 degrees, by  w hich  tim e th e  d iscs were w hite, com pletely leached of 

chlorophyll. (This w as  confirm ed by  repea ting  th e  above p rocedu re  on  d iscs w hich had  

a lready  b e e n  th ro u g h  th e  ex traction  p rocedure , u s in g  fresh  m ethano l, w ith  no 

abso rbance  being  detected  by  th e  m ethods below.)

The tu b e s  w ere cooled to  room  tem p era tu re  an d  th e  m ethano l so lu tion  

tran sfe rred  into centrifuge tu b es  a n d  s p u n  a t  5000  rpm  for 10 m inu tes. Since th e  leaf 

t is su e  w a s  n o t m acera ted , sed im en ts  were m inim al. The volum e of th e  clear, g reen  

su p e rn a ta n t w as m easu red  in  m l a n d  absorbance  a t  w avelengths 650, 665 an d  720  nm
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determ ined  ag a in st a  m e th an o l reference s ta n d a rd  u sin g  a  spectropho tom eter 

(M acpherson m odel EU 700-Series). T hese abso rbance  values w ere applied  to  th e  

following eq u a tio n s  (provided by  R  Glick a s  derived from  M ackinney, 1941) to  

ca lcu la te  chlorophyll c o n te n t in  solution:

Total Chlorophyll (mg 1-1) = 25.5(Ae50 - A7 2 0 ) + 4.0(Ae65 - A7 2 0 )

Chlorophyll a  (mg 1-1) = 16.5(Ag65 - A7 2 0 ) - 8.3(Ag5o - A7 2 0 )

Chlorophyll b  (mg 1-1) = 33.8(Ae50 - A7 2 0 ) - 12.5(Ag65 - A7 2 0 )

Chlorophyll in  m g p e r  sam ple  w as  ca lcu la ted  u s in g  a  correc tion  for dilu tion. 

Since I knew  th e  w et w eight an d  su rface  a rea  of leaf tis su e  used , I w as able to  calcu late 

th e  w eight of chlorophyll (in mg) p e r g ram  a n d  p e r  sq u a re  m ete r of th e  leaf tissu e .

To analyze how  well 10 lea f d iscs  ta k e n  from  a  leaf provide a n  estim ate  of to ta l 

leaf chlorophyll, I se lected  20  large leaves a n d  from  each  took  m ultip le  sam ples of 10 

d iscs an d  p rocessed  th em  a s  above. Of these  20  leaves there  were no  significant 

d ifferences in  chlorophyll c o n te n t am ong  sam p les  from  th e  sam e leaf (ANOVA p>.05). 

Therefore, regard ing  chlorophyll con ten t, 10 d iscs are  a  sa tisfac to ry  es tim ate  of the  

w hole leaf.

In  th is  s tu d y  of leaf chlorophyll con ten t, th e  v a ria te s  are ra tio s  (mg g"1; m g m "2 ; 

chlorophyll a /ch lo ro p h y ll b). Som e sam p les w ere n o t no rm ally  d is tr ib u ted  

(Kolmogorov-Sm im ov goodness-of-fit test) a n d  g ro u p s  of sam p les  often  show ed 

h e te ro sced astic ity  (B artle tt's  test) w ith  n e ith e r  cond ition  "cured" by  tran sfo rm ations. 

N evertheless, I analyzed th e  raw  ra tio s  by  an a ly sis  of variance  (ANOVA), b e cau se  a t 

h igh degrees o f freedom  th e  re su lts  of ANOVA rem ain  reliable in  th e  face of violated 

a ssu m p tio n s  (Green 1979). This w as convenient since sam ple sizes w ere large an d  the
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v ario u s  designs o f ANOVA allow ed m e to  an sw er q u es tio n s  a b o u t chlorophyll 

variab ility  in  S assafras . A  Type I e rro r of 0 .05  w as used .

T he K olm ogorov-Sm im ov Tw o-Sam ple te s t, a  pow erful m eth o d  for com paring  

th e  frequency  d istr ib u tio n s  of tw o sam ples, w as perform ed on  d a ta  s e ts  for w hich  two- 

group, one w ay ANOVA w as perform ed. Here, congruence w as  found  in  th e  re su lts  

(significant or non-significant) o f th e  tw o m ethods, th u s  bo lste ring  confidence in  th e  

a n a ly s is .

1987

In  1987, chlorophyll co n cen tra tio n  w as m e a su red  in  leaves of fou r genets , # s  99, 

100, 590 a n d  591 (Table 3.2). F o u r shoots from  each genet were u sed  in  th is  study , one 

shoo t from  each  genet a t  in tervals du ring  th e  growing season . T h is s tu d y  w a s  carried  

o u t to  investigate  ch an g es  in  th e  p a tte rn  of d is tr ib u tio n  of chlorophyll in  leaves along 

shoo ts, in  a  tim e cou rse  over th e  growing season .
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RESULTS 

1986

H om ogeneity of Chlorophyll C on ten t B etw een S u n  a n d  S hade  Leaves

Chlorophyll c o n te n t on  th e  b a s is  of s u n  o r sh a d e  positions is p resen ted  in  Table 

4 .1 . A lthough significant differences were found  in  th e  a / b  ratio  of s u n  v e rsu s  shade  

leaves in  two genets  (591 an d  590) o u t of eight genets, th is  difference is  n o t found in  the  

sam ple a t large (m ean a /b  ratios of 3.31 vs. 3.17; p  > .05). W hen m easu red  in  term s of mg 

g '1 w et w eight, th e re  a re  sign ifican t differences in  chlorophyll co n te n t be tw een  leaves 

from  s u n  a n d  sh a d e  positions in  six  genets. Overall, for th e  lum ped  da ta , m ean  

chlorophyll c o n ten t is  h ig h er in  sh a d e  leaves th a n  in  s u n  leaves, on  th e  b a s is  of leaf 

m a ss  (7.12 vs. 5 .6  m g g 'l ;  p  < .001). However, m ean  chlorophyll con ten t is g rea ter in  s u n  

leaves th a n  in  sh ad e  leaves w hen  m easu red  in  g m '2 b u t, in  th is  case , only four genets 

show  differences betw een  leaves from  s u n  a n d  sh ad e  positions. The two gene ts  th a t  

show  no  sign ifican t difference be tw een  chlorophyll c o n ten t in  s u n  a n d  sh a d e  position  

leaves w hen  m easu red  a s  m g g"* also do no t show  an y  differences w hen  m easu red  a s  g
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Table 4 .1 . M ean chlorophyll co n te n t In  m g g"1, g n r 2 a n d  chlorophyll a /b  ra tio  for 365 

sh ad e  leaves a n d  455  s u n  leaves from  eight genets  of S assafras. Sam ple sizes for each 

ANOVA are  in  Table 3 .1 . S ingle-classification ANOVA w a s  done for each  genet a n d  for 

th e  d a ta  m erged dow n th e  eight genets.

Genet Shade
m gg-1
Sun

LEAF CHLOROPHYLL 

gm -2

ANOVA Shade Sun

CONTENT

ANOVA Shade

a /b  ratio 

Sun ANOVA

585 8.24 5.59 *** .4513 .4047 n s 3.05 3.15 n s

586 7.33 4.16 *** .4205 .5395 *** 3.35 3.41 n s

589 4.96 4.29 n s .4358 .4358 n s 3.43 3.13 n s

590 8.87 5.04 *** .3247 .3836 **• 2.89 2.27 *

591 10.6 8.23 * .3149 .4011 *** 3.05 3.33

595 6.63 4.29 *** .3655 .3680 n s 3.14 3.22 n s

597 5.04 6.84 *** .3091 .4009 *** 3.13 3.38 n s

598 4.63 4.82 n s .3295 .3413 n s 3.36 3.58 n s

ALL 7.12 5.6 *** .3605 .4052 *** 3.17 3.31 *

n s  = not significant; * = 0.01 < p < 0.05; ** = 0.001 < p  < 0.01; *** = p  < 0.001
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Pred ictab ility  of C hlorophyll C o n ten t given Node N um ber

L eas t-sq u ares  reg ressio n  w as  u se d  to  investigate nodal tre n d s  in  chlorophyll 

con ten t. A sign ifican t cu rv ilin ea r tre n d  in  lea f chlorophyll w ith  n oda l position  w as 

observed in  seven  of th e  eight gene ts  w hen  chlorophyll c o n ten t w as m easu red  in  m g g"1, 

an d  in  all eight gene ts  w hen  m e a su red  in  g m '2 ; an d  th e  following descrip tions of 

g rea test chlorophyll con ten t are  b ased  on th ese  regressions. In  genet BR 585, m easu red  

on Ju ly  3, 1986, g rea test chlorophyll con ten t (mg g 'l )  w as observed in  leaves a t  node six 

in  bo th  shade  leaves (Figure 4.1) a n d  s u n  leaves (Figure 4.2). In  th e  sam e leaves, g reatest 

chlorophyll co n ten t p e r leaf su rface  a rea  (g m '2 ) w as  observed in  sh ad e  leaves a t nodes 

five a n d  six  (Figure 3.3) a n d  in  s u n  leaves a t nodes six  an d  seven (Figure 4.4). In  genet 

586, m easu red  on  J u n e  20, 1986, g rea test chlorophyll con ten t (mg g"1) w as observed in  

leaves a t node five in  sh ad e  leaves (Figure 4.5) a n d  node eight a n d  n ine  in  s u n  leaves 

(Figure 4.6). In  th e  sam e leaves, chlorophyll con ten t on  th e  b a s is  of lea f a rea  (g m '2) is 

g rea test a t node five in  shade  leaves (Figure 4.7) an d  nodes seven an d  eight in  s u n  leaves 

(Figure 4.8). In  genet 589, m easu red  on J u n e  30, 1986, g rea test chlorophyll con ten t (mg 

g"l) w as observed in  leaves a t n odes five an d  seven in  bo th  shade  leaves (Figure 4.9) and  

s u n  leaves (Figure 4.10). W hen chlorophyll con ten t w as m easu red  on  th e  b a s is  of leaf 

su rface  a rea  (g m '2 ) for th ese  sam e  leaves, g rea tes t chlorophyll co n ten t w as observed in 

leaves a t  nodes six  a n d  seven in  sh ad e  leaves (Figure 4.11) an d  in  s u n  leaves (Figure 

3.12). In  genet 590, m easu red  o n  J u ly  8, 1986, g rea test chlorophyll con ten t on  th e  b asis  

of leaf fresh  w eight w as observed in  shade  leaves a t node seven (Figure 4.13) a n d  nodes 

seven  a n d  eight in  s u n  leaves (Figure 4.14). W hen chlorophyll con ten t w as m easu red  on 

th e  b a s is  of leaf su rface  a re a  (g m ‘2), g rea tes t chlorophyll co n ten t w as observed in  

leaves a t node 10 in  sh ad e  leaves (Figure 4.15) an d  nodes eight and  n ine in  s u n  leaves 

(Figure 4.16). Leaves of genet 591 w ere m easu red  for chlorophyll con ten t on  Ju ly  17 (two
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shoo ts  each, s u n  a n d  shade  positions) an d  J u ly  22 (three shoo ts  each, s u n  an d  shade 

positions). Possib ly  a s  a  re su lt  of th is  fragm en ta tion  of sam pling  d a tes , no significant 

curv ilinear p a tte rn  w as  observed in  sh ad e  leaves of th is  genet w h en  m ea su red  in  e ither 

m g g"1 (Figure 4.17) o r g m~2 (Figure 4.19); while in  s u n  leaves a  significant curvilinear 

p a tte rn  w as observed w hen  chlorophyll co n ten t w as  m ea su red  on  th e  b a s is  of lea f fresh  

w eight, w ith  g rea tes t chlorophyll c o n ten t in  leaves a t  n odes six  a n d  seven (Figure 3.18) 

a n d  w hen  m ea su red  o n  th e  b a s is  of leaf su rface  area , w ith  g rea tes t chlorophyll con ten t 

in  leaves a t nodes seven an d  eight (Figure 4.20). In  genet 595, m easu red  on  J u ly  25,

1986, g rea tes t chlorophyll co n ten t (mg g ‘ l) w as observed in  leaves a t node eight in  shade  

leaves (Figure 4.21) a n d  a t  nodes th ree  an d  fou r in  s u n  leaves (Figure 4.22). In  these  

sam e leaves, chlorophyll con ten t, w hen  m easu red  on th e  b a s is  of lea f su rface  a rea  (g m" 

2) resu lted  in  h ighest co n cen tra tio n s  in  leaves a t node seven  in  sh ad e  leaves (Figure 

4.23) an d  in  leaves a t  node seven in  s u n  leaves (Figure 4.24). In  genet 597, m easu red  on 

J u ly  15, 1986, g rea tes t chlorophyll con ten t on  th e  b a s is  of leaf fresh  w eight (mg g"1) w as 

observed a t node 11 in  sh ad e  leaves (Figure 4.25) an d  in  leaves a t nodes six an d  seven in  

s u n  leaves (Figure 4.26); an d  on  th e  b as is  of leaf surface a rea  (g m ‘2), g rea test 

chlorophyll c o n ten t w as observed in  leaves a t  node 11 in  sh ad e  leaves (Figure 4.27) an d  

a t node nine in  s u n  leaves (Figure 4.28). In  th e  final genet, #598, m easu red  on J u n e  25, 

1986, g rea tes t chlorophyll c o n ten t (mg g"*) w as  observed in  leaves a t  node five an d  six 

in  shade  leaves (Figure 4.29) a n d  in  s u n  leaves (Figure 3.30); while on  the  b as is  of leaf 

su rface  a rea  (g m~2) g rea tes t chlorophyll co n ten t w as observed in  leaves a t nodes five 

a n d  six  in  shade  shoo ts (Figure 4.31) an d  node six  in  s u n  shoo ts  (Figure 4.32).

W hen d a ta  for th e  eight g en e ts  were m erged, th e  p a tte rn s  observed in  individual 

gene ts  in  b o th  s u n  a n d  sh a d e  positions w ere generally  m ain ta ined . In th is  analysis, 

since th e re  w as  a  fa ir degree of variab ility  in  chlorophyll c o n ten t am ong g en e ts  an d  

since I w as in te re s ted  in  n o d a l p a tte rn s  of chlorophyll con ten t, n o t a c tu a l chlorophyll
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co n ten ts , th e  variab les w ere tran sfo rm ed  to  s ta n d a rd  no rm al dev ia tes (+3) to  place 

th em  on  a  un ifo rm  scale  of m easu rem en t. In  th is  fash ion , overall chlorophyll c o n ten ts  

for s u n  an d  sh ad e  leaves, w h e th e r m easu red  o n  th e  b a s is  of leaf fresh  w eight o r leaf area  

follow a  s ta tis tica lly  sign ifican t cu rv ilinear p a tte rn . G rea te s t chlorophyll c o n te n t in  

m g g_1, for shade  leaves (Figure 4.33) an d  s u n  leaves (Figure 4.34) occurs in  leaves a t 

nodes six a n d  seven, a n d  on  th e  b a s is  of leaf a rea  (g m '2 ) for shade  leaves (Figure 4.35) 

an d  s u n  leaves (Figure 4.36) In leaves a t  nodes six  to  seven, a n d  eight respectively.



mg
 

CH
LO

RO
PH

YL
L 

g" 
1L

E 
AF 

mg
 

CH
LO

RO
PH

YL
L 

g" 
1L

E 
AF

50

14

12

10

8

6

4

2
0 2 4 8 106 12

LEAF NODE

Figure 4 .1 . S ca tte rp lo t of chlorophyll co n ten t (mg g_1)for leaves a t  nodes along 

five shade  shoo ts of genet BR 585, on  J u ly  3, 1986, w ith a  second degree least 

sq u ares  regression (F = 7 .879  (2,40 df), r2 = 0.283, p  < .01) superim posed.
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Figure 4.2. Scatterplot of chlorophyll content (mg g-l)for leaves at nodes along
five sun shoots of genet BR 585, on July 3, 1986, with a second degree least
squares regression (F = 23.768 (2,49 df), r2 = 0.492, p < .001) superimposed.
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Figure 4 .3 . S catterp lo t o f chlorophyll co n ten t (g n r 2)for leaves a t  nodes along 

five shade  shoo ts of genet BR 585, on  Ju ly  3, 1986, w ith a  second degree least 

sq u a res  regression (F = 17.037 (2,40 df), r 2 = 0.46, p  < .001) superim posed.
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Figure 4.4. Scatterplot of chlorophyll content (g nr2)for leaves at nodes along
five sun shoots of genet BR 585, on July 3, 1986, with a second degree least
squares regression (F = 20.13 (2,49 df), r2 = 0.451, p < .001) superimposed.
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Figure 4 .5 . S ca tterp lo t of chlorophyll con ten t (mg g -l)fo r leaves a t  n odes along 

five shade  shoo ts of genet BR 586, o n  J u n e  20, 1986, w ith  a  second degree least 

sq u ares  regression (F = 5 .547  (2,39 df), r2 = 0.221, p  < .01) superim posed.
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Figure 4 .6 . S ca tte rp lo t o f chlorophyll co n ten t (mg g~l)for leaves a t  n odes along 

five s u n  shoots of genet BR 586, on J u n e  20, 1986, with a  second degree least 

squ ares  regression (F = 5.272 (2,44 df), r2  = 0.193, p  < .01) superim posed.
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Figure 4 .7 . S ca tterp lo t of chlorophyll co n ten t (g rrr2 )fo r leaves a t nodes along 

five shade  shoo ts of genet BR 586, on  J u n e  20, 1986, w ith  a  second degree least 

sq u ares  regression (F = 4 .386  (2,39 df), r2  = 0.184, p  < .05) superim posed.
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Figure 4 .8 . S catterp lo t of chlorophyll co n ten t (g m -2)for leaves a t  nodes along 

five s u n  shoots of genet BR  586, on  J u n e  20, 1986, w ith a  second degree least 

squares regression (F = 6.441 (2,44 df), r2 = 0.226, p  < .01) superim posed.
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Figure 4 .9 . S ca tte rp lo t of chlorophyll co n ten t (mg g -l)fo r leaves a t nodes along 

five shade  shoo ts of genet BR 589, on  J u n e  30, 1986, w ith a  second degree least 

squares regression (F = 17.521 (2,34 df), r2 = 0.508, p  < .001) superim posed.
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Figure 4 .10 . S ca tte rp lo t of chlorophyll co n ten t (mg g -l)fo r leaves a t  n odes along 

five s u n  shoo ts of genet BR 589, on J u n e  30, 1986, w ith a  second degree least 

squares regression (F = 29.493 (2,47 df), r2 = 0.557, p  < .001) superim posed.
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Figure 4 .11 . S ca tterp lo t of chlorophyll c o n ten t (g m -2)for leaves a t  nodes along 

five shade  shoo ts of genet BR 589, on  J u n e  30, 1986, w ith  a  second degree least 

sq u ares  regression (F = 7 .643  (2,34 df), r 2 = 0.31, p  < .01) superim posed.
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Figure 4 .12 . S catterp lo t of chlorophyll co n ten t (g m -2)for leaves a t  nodes along 

five s u n  shoots of genet BR 589, on  J u n e  30, 1986, w ith a  second degree least 

squares regression (F = 27.532 (2,47 df), r2 = 0.54, p  < .001) superim posed.
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Figure 4 .13 . S ca tte rp lo t o f chlorophyll co n ten t (mg g- l)fo r leaves a t n odes along 

five shade  shoots of genet BR 590, on  J u ly  8, 1986, w ith a  second degree least 

sq u ares  regression (F = 14.829 (2,43 df), r2  = 0.408, p  < .001) superim posed.
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Figure 4.14. Scatterplot of chlorophyll content (mg g-l)for leaves at nodes along
five sun shoots of genet BR 590, on July 8, 1986, with a second degree least
squares regression (F = 26.251 (2,65 df), r2 = 0.447, p < .001) superimposed.
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Figure 4 .15 . S ca tte rp lo t o f chlorophyll co n te n t (g m -2)for leaves a t  n odes along 

five shade  shoo ts of genet BR  590, on  J u ly  8, 1986, w ith a  second degree least 

squ ares  regression (F = 15.816 (2,43 di), r2  = 0.424, p  < .001) superim posed.
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Figure 4.16. Scatterplot of chlorophyll content (g m-2)for leaves at nodes along
five sun shoots of genet BR 590, on July 8, 1986, with a second degree least
squares regression (F = 20.724 (2,65 df), r2 = 0.389, p < .001) superimposed.
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Figure 4 .17 . S catterp lo t o f chlorophyll con ten t (mg g -l)fo r leaves a t  n odes along 

five shade  shoo ts of genet BR 591, on  J u ly  17 (two shoots) an d  J u ly  22 (three 

shoots), 1986. L inear a n d  cu rv ilinear reg ressions w ere n o t significant.
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Figure 4 .18 . S catterp lo t o f chlorophyll con ten t (mg g -l)fo r leaves a t n odes along 

five s u n  shoo ts  of genet BR 591, on  J u ly  17 (two shoots) a n d  J u ly  22 (three shoots) 

1986, w ith a  second degree least squares regression (F = 6 .218  (2,57 df), r2  = 0.179, 

p  < .01) superim posed.
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Figure 4 .19 . S ca tterp lo t o f chlorophyll c o n ten t (g m _2)for leaves a t  nodes along 

five sh ad e  shoo ts of genet BR 591, on  J u ly  17 (two shoots) and  J u ly  22 (three 

shoots), 1986. L inear a n d  cu rv ilinear reg ressions w ere n o t significant.
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Figure 4 .20 . S ca tte rp lo t o f chlorophyll c o n ten t (g m -2)for leaves a t  nodes along 

five s u n  shoo ts of genet BR  591, on  J u ly  17 (two shoots) a n d  Ju ly  22 (three shoots) 

1986, w ith a  second degree least squares regression (F = 10.077 (2,57 df), r2  = 

0.261, p  < .001) superim posed.
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Figure 4 .21 . S catterp lo t of chlorophyll con ten t (mg g -l)fo r leaves a t  n odes along 

five shade  shoo ts of genet BR 595, on  J u ly  25, 1986, w ith a  second degree least 

squares regression (F = 43.407 (2,39 df), r2  = 0.389, p  < .001) superim posed.
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Figure 4.22. Scatterplot of chlorophyll content (mg g-l)for leaves at nodes along
five sun shoots of genet BR 595, on July 25, 1986, with a second degree least
squares regression (F = 4.319 (2,59 df), r2 = 0.128, p < .05) superimposed.
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F igure 4 .23 . S ca tterp lo t of chlorophyll c o n ten t (g m -2)for leaves a t  nodes along 

five shade  shoo ts of genet BR 595, on  Ju ly  25, 1986, w ith a  second degree least 

sq u ares  regression (F = 15.346 (2,39 df), r2 = 0.44, p  < .001) superim posed.
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Figure 4.24. Scatteiplot of chlorophyll content (g m-2)for leaves at nodes along
five sun shoots of genet BR 595, on July 25, 1986, with a second degree least
squares regression (F = 8.647 (2,59 df), r2 = 0.227, p < .001) superimposed.
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Figure 4 .25 . S ca tte rp lo t of chlorophyll co n ten t (mg g -l)fo r leaves a t n o d es  along 

five shade  shoo ts of genet BR 597, on  J u ly  15, 1986, w ith a  second degree least 

sq u ares  regression (F = 23.459 (2,47 dl), r2  = 0.5, p  < .001) superim posed.
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Figure 4.26. Scatterplot of chlorophyll content (mg g-l)for leaves at nodes along
five sun shoots of genet BR 597, on July 15, 1986, with a second degree least
squares regression (F = 17.144 (2,60 df), r2 = 0.364, p < .001) superimposed.
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Figure 4 .27 . S ca tte rp lo t o f chlorophyll c o n ten t (g m -2)for leaves a t  nodes along 

five shade  shoo ts of genet BR 597, on  J u ly  15, 1986, w ith a  second degree least 

squ ares  regression {F = 6 .896  (2,47 df), r2  = 0.227, p  < .01) superim posed.
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Figure 4 .28 . S catterp lo t o f chlorophyll c o n ten t (g m -2)for leaves a t  n odes along 

five s u n  shoots of genet BR  597, on  Ju ly  15, 1986, w ith a  second degree least 

sq u ares  regression (F = 6 .486  (2,60 df), r2  = 0.178, p  < .01) superim posed.
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Figure 4 .29 . S ca tterp lo t o f chlorophyll co n ten t (mg g 'l j f o r  leaves a t n odes along 

five shade  shoo ts of genet BR 598, on  J u n e  25, 1986, w ith a  second degree least 

sq u ares  regression (F = 37.645 (2,50 df), r2  = 0.601, p  < .001) superim posed.
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Figure 4 .30 . S catterp lo t o f chlorophyll co n ten t (mg g- l)for leaves a t  n odes along 

five s u n  shoots of genet BR 598, on  J u n e  25, 1986, with a  second degree least 

sq u ares  regression (F = 109.573 (2,52 df), r2  = 0.808, p  < .001) superim posed.
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Figure 4 .31 . S ca tte rp lo t o f chlorophyll co n ten t (g m -2)for leaves a t  nodes along 

five shade  shoo ts of genet BR 598, on  J u n e  25, 1986, w ith a  second degree least 

sq u ares  regression (F = 19.646 (2,50 df), r2  = 0.44, p  < .001) superim posed.
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Figure 4 .32 . S catterp lo t of chlorophyll co n ten t (g m -2)for leaves a t  n odes along

five s u n  shoots of genet BR 598, on  J u n e  25, 1986, w ith a  second degree least

sq u ares  regression (F = 135.079 (2,52 df), r2  = 0.839, p  < .001) superim posed.
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Figure 4 .33 . S ca tte rp lo t of chlorophyll co n te n t (mg g"1) tran sfo rm ed  in to  

s ta n d a rd  deviation u n its  + 3  for shade  leaves from  all eigh t gene ts  w ith a  second 

degree least-squares regression ( F  = 62.155 (2,365 df), r 2 = 0.254, p  < .001) 

superim posed .
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Figure 4 .34 . S ca tte rp lo t of chlorophyll co n ten t (mg g '1) tran sfo rm ed  in to  

s ta n d a rd  deviation u n its  + 3 for s u n  leaves from  all eight g en e ts  w ith  a  second 

degree least-squares regression ( F  = 42.731 (2,454 df), r^  = 0.189, p  < .001) 

superim posed .
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Figure 4 .35 . S ca tte rp lo t o f chlorophyll c o n ten t (g m '2) tran sfo rm ed  in to  

s ta n d a rd  deviation u n its  + 3 for sh ad e  leaves from  all eight g en e ts  w ith  a  second 

degree least-squares regression ( F  = 75.23 (2,365 df), r2  = 0.249, p  < .001) 

superim posed .
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Figure 4 .36 . S ca tte rp lo t o f chlorophyll co n ten t (g m '2 ) tran sfo rm ed  in to  

s ta n d a rd  deviation u n its  + 3 for s u n  leaves from  all eight g en e ts  w ith  a  second 

degree least-squares regression ( F  = 73.382 (2,454 df), r 2 = 0.244, p  < .001) 

superim posed .
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H om ogeneity of Chlorophyll C o n ten t B etw een Leaf S h ap es

In  Table 4 .2  th e  chlorophyll d a ta  w ere segregated on  th e  b a s is  of leaf form  

category (entire m arg in  v e rsu s  tw o lo b ed 1). The p resence  of two lobed leaves along a  

shoo t is  su c h  th a t  th e  differences th a t  m igh t ex ist in  chlorophyll c o n ten t betw een  leaf 

form  categories is confounded by  n odal position. M ost two lobed leaves occur a t the  

m iddle nodes in  bo th  s u n  an d  sh ad e  shoots, w ith  few a t  th e  early  a n d  late  nodes. 

T herefore, w hile chlorophyll c o n te n t of two lobed leaves is ca lcu la ted  largely from  

leaves w ith  p e a k  chlorophyll co n ten t, th e  chlorophyll c o n te n ts  of en tire  m arg in  leaves 

a re  es tim a ted  largely from  leaves o f th e  early  o r la te  nodal s tag es  w hich  have lower 

chlorophyll c o n te n ts  reg ard less  of th e ir  leaf sh ap e . In  o rder to  overcom e th is  problem ,

I considered  only leaves from  n odes 6 th ro u g h  11, w here leaves w ith  en tire  m arg in s  and  

two lobed leaves occu rred  w ith  approxim ately  equa l frequency  (see F igure 3.1) a n d  th ese  

re su lts  a re  show n in  Table 4 .3  (mg g"1) an d  Table 4 .4  (g m -2).

^The percen tage  of single lobed leaves (right o r left m itten  shaped) w as  9% a n d  they  

w ere n o t included  in  th e  te s tin g  of th is  p a rticu la r  hypothesis.
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No differences w ere fo u n d  in  chlorophyll co n te n t be tw een  en tire  an d  tw o lobed 

leaves w h e n  s u n  sh o o ts  an d  sh ad e  shoo ts  w ere analyzed separa te ly  for each  genet 

(single classification ANOVA, p > .05, see Table 4 .3  an d  4.4). M erging s u n  an d  shade  

sh o o ts  of each  genet revealed  significant differences in  chlorophyll c o n te n t betw een  

entire an d  two lobed leaves in  th ree  genets (#s 586, 585 an d  590) m easu red  a s  m g g '1 and 

one genet (# 598) m easu red  a s  g m ‘2> However, w hen th e  entire d a ta  se t is m erged for all 

e igh t g en e ts  an d  analyzed  by  single c lassification  ANOVA, significant differences w ere 

found  in  chlorophyll co n ten t (mg g '1) betw een entire  an d  two lobed leaves of bo th  s u n  

(5.38 vs. 6.63 m g g"1; p  < .001) an d  shade (6.3 vs. 8.53 m g g ‘ l; p  < .001) shoots and  the data 

set a t  large (5.66 vs. 7.88 m g g '1; p  < .001).
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Table 4.2. M ean chlorophyll con ten t In m g g '1 an d  g m"2 for 516  en tire  a n d  230  two- 

lobed leaves from  eigh t gene ts  o f S assafras . Sam ple sizes for each  ANOVA are  in  Table 

3 .1 . M ean chlorophyll a /b  ra tio s  ranged  from  3 .02  to  3 .74  a n d  w ere hom ogeneous in  all 

s ta t is t ic a l  co m p ariso n s.

CHLOROPHYLL CONTENT, ALL LEAF NODES

m g g '1 g m f 2

Genet Entire Two Entire Two

No. Margin Lobed ANOVA Margin Lobed ANOVA

585 6.43 9.00 *** .4209 .4798 n s

586 4.86 7.23 *** .4550 .5017 n s

589 4.86 5.27 n s .4134 .4660 n s

590 5.29 7.89 *** .3399 .4798 **

591 9.1 10.51 n s .3564 .3541 n s

595 4.58 5.29 *** .3572 .3714 n s

597 5.68 6.67 ** .3434 .3712 n s

598 4.87 3.86 n s .3416 .2894 n s

n s  = no t significant; * = 0.01 < p  < 0.05; ** = 0.001 < p  < 0.01; *** = p < 0.001
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Table 4 .3 . M ean chlorophyll c o n ten t of en tire  an d  two lobed leaves from  s u n  a n d  shade 

positions a t  nodes 6  to  11, in  m g g '1. Leaf sam ple size is w ith in  b rackets .

CHLOROPHYLL CONTENT (mg g’ *) NODES 6 - 1 1

SUN SHADE

Genet Entire Tw o E n tire Two

No. Margin Lobed ANOVA M arg in Lobed ANOVA

585 5.59(24) 5.48(1) n s 7.78(7) 9.51(7) n s

586 4.47(14) 4.10(2) n s 5.69(7) 8.30(7) n s

589 5.09(15) 4.32(6) n s 5.46(10) 6.09(2) n s

590 5.25(10) 5.94(17) n s ....... (0) 10.63(17) —

591 9.23(8) 10.13(12) n s 11.35(4) 10.92(21) n s

595 4.31(13) 4.17(13) n s 8.44(2) 7.94(14) n s

597 6.53(6) 7.94(21) n s 6.85(2) 5.76(24) n s

598 4.74(22) 3.72(2) n s 4.80(20) 3.96(4) n s

n s  = no t significant; * = 0.01 < p < 0.05; ** = 0.001 < p < 0.01; *** = p  < 0.001
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Table 4 .4 . M ean chlorophyll c o n te n t of entire  a n d  two lobed leaves from  s u n  a n d  shade 

positions a t  nodes 6 to  11, in  g m ‘2. Sam ple sizes for each  ANOVA are  in  Table 4.3.

CHLOROPHYLL CONTENT (mg g '1) NODES 6 - 1 1  

SUN SHADE

Genet

No.

Entire

Margin

Tw o

Lobed ANOVA

E n tire

M arg in

Tw o

Lobed ANO1

585 .4292 .5284 n s .4725 .4728 n s

586 .5888 .5841 n s .3837 .4502 n s

589 .4344 .4630 n s .4485 .4751 n s

590 .3947 .4332 n s .3499 —

591 .4156 .4194 n s .3309 .3067 n s

595 .4164 .3784 n s .4469 .3830 n s

597 .4706 .4298 n s .3541 .3260 n s

598 .3596 .3141 n s .3444 .2729 n s

n s  = not significant; * = 0.01 < p  < 0.05; ** = 0.001 < p  < 0.01; *** = p  < 0.001



73

H om ogeneity  of C hlorophyll C o n ten t A m ong S hoo ts

The hom ogeneity  o f chlorophyll co n ten t am ong sh o o ts  w as  te s te d  u s in g  a  two 

level nested  ANOVA for each  g e n e t1. In  th ree  genets, # s  589, 590 a n d  598 there  are  no 

sign ifican t differences in  chlorophyll co n ten t (mg g ' l )  am ong  sh o o ts  w hile in  the  

rem ain ing  five genets , d ifferences do exist. O n th e  b a s is  o f lea f a rea , differences in  

chlorophyll con ten t are  p re se n t am ong th e  shoo ts  of fou r genets, # s  586, 589, 595 and  

597.

H om ogeneity of Chlorophyll C o n ten t A m ong G enets

The hom ogeneity  of chlorophyll c o n ten t am ong  g en e ts  w as  te s te d  u s in g  two- 

w ay ANOVA w ith  no  replication, w here row s are  genets a n d  co lum ns a re  s u n  an d  shade  

leaves a n d  cells a re  m eans. No significant differences w ere found  in  m ea n  chlorophyll 

con ten t am ong genets (F = 2 .68 a n d  F = 3.31 for m g g"-*- an d  g m"2 respectively, w hen 

testing  for genet differences; v l ,  v2 = 7, 7; p  > .05).

1 M ajor g roups a re  type I, s u n  an d  shade; subo rd in a te  g roups are  shoots; varia tes  are leaf 
chlorophyll values; b a lan ced  design.
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1987

W ithin  S easo n  C hanges in  th e  D istribu tion  of Chlorophyll in  Leaves along Shoots 

GENET BR 99

The resu lts  of th is  analysis (mg g"*) for genet 99 are show n in  Figure 3.37. 

G rea test leaf chlorophyll co n ten t w as m easu red  in  leaves of th e  in te rm ed ia te  n odes on  

May 26  (node 5). As leaf developm ent con tinued , leaves of th e  d ista l n odes increased  

th e ir  chlorophyll c o n te n ts  relative to  th o se  of th e  in te rm ed ia te  n odes th ro u g h  J u n e  30 

an d  J u ly  28. However, th e  m easu rem en t tak e n  on  Septem ber 9, late  in  th e  season , 

ind ica tes th a t  lea f senescence  h a d  begun  an d  th e  leaves a t all n oda l positions along the  

shoo t h a d  low er chlorophyll con ten ts , a s  expected. T h is  tre n d  is  seen  m o st clearly  in  

F igure 3 .39  of chlorophyll co n ten t on  th e  b a s is  o f leaf a rea  (g m"2).

GENET BR 100

A sim ilar p a tte rn  is  seen  in  gene t 100 w here  chlorophyll c o n ten t on  th e  b asis  

of leaf w eight is  g rea test a t  leaves of node fo u r on M ay 26  b u t  in creases  in  leaves of the  

d ista l nodes th ro u g h  J u n e  3 0  (greatest increase) a n d  J u ly  28  (m inim al increase). 

However, a s  observed in  genet 99, th e re  is a  su b s ta n tia l decrease in  chlorophyll con ten t 

in  leaves a t  all nodes along th e  sh o o t betw een J u ly  28 an d  Septem ber 9. T his p a tte rn  is 

repea ted  w h en  chlorophyll co n ten t is  m easu red  o n  th e  b a s is  of lea f a rea  (Figure 3.40), 

w here it c a n  b e  seen  th a t  th e  increase  in  chlorophyll co n ten t betw een  J u n e  30  an d  Ju ly  

28 is g rea tes t a t  leaves of nodes seven an d  eight, th e  youngest leaves on  these  shoots.
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GENET BR 590

This p a tte rn  can  also b e  seen  in  genet 590 (Figure 3.41). O n May 2 6  there  Is a 

d is tin c t cu rv ilin ea r d is tr ib u tio n  of chlorophyll (mg g '1) in  leaves along a  shoo t, w ith 

g rea te s t chlorophyll a t  node five. However, w ith  relatively fa s te r  developm ent of 

chlorophyll in  th e  d ista l nodes, by  J u n e  30, g rea tes t chlorophyll co n cen tra tio n  w as 

found  in  th e  youngest leaves (node 10). W hile som e increase  in  chlorophyll con ten t w as 

observed betw een J u n e  3 0  an d  J u ly  28 there  w as little change in  the  p a tte rn  of 

d istr ib u tio n  along th e  shoo t u n til S ep tem ber 9, w hen  a n  overall decrease  in  

chlorophyll c o n ten t w as  observed. W heii chlorophyll w as m e a su red  on  th e  b a s is  of leaf 

su rface  a rea  (g m"^), th e  p a tte rn  of d is tribu tion  w as a lm ost identical (Figure 3.42) to 

th a t  observed for chlorophyll co n ten t on  th e  b a s is  of leaf fresh  weight.

GENET BR 591

W hile overall s im ila ritie s  in  ch lo rophyll c o n te n t d is tr ib u tio n  co n tin u e  w ith  

genet 591, th e re  are  notew orthy differences betw een  th is  an d  th e  o th e r th ree  genets. 

W hen chlorophyll co n te n t is  m ea su red  on  th e  b a s is  of leaf fresh  w eight (Figure 3.43) the  

fam iliar cu rv ilin ea r p a tte rn  of May 26  (g reatest chlorophyll c o n te n t a t  node  five) 

followed by  th e  increase  in  chlorophyll co n ten t u p  to  J u n e  30 c a n  be seen . However, 

chlorophyll co n ten t w hen  m easu red  on  J u ly  28  show s a  decrease  from  J u n e  30, while 

betw een  J u ly  28  a n d  Septem ber 9  th e re  is  little decrease  in  chlorophyll c o n ten t except 

in  leaves of th e  proxim al nodes. T h is  p a tte rn  c a n  be  seen  even m ore clearly w hen  

chlorophyll co n ten t is m easu red  o n  th e  b a s is  of leaf a re a  (Figure 3.44). Here, 

chlorophyll c o n te n t in creases  in  leaves of a ll nodes from  May 26  to  J u n e  30. However, 

betw een  J u n e  3 0  an d  J u ly  28, increase  in  chlorophyll co n ten t o ccu rs m ain ly  in  th e  

distal nodes ( 8 -1 1 ) .  Between J u ly  28  an d  Septem ber 9 th ere  is little change in
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chlorophyll c o n ten t in  leaves of th e  d ista l nodes, b u t  th e re  is a  rap id  decrease  in  leaves 

of th e  proxim al n odes (1 - 7).
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Figure 4.37. Scatterp lo ts an d  lea s t-sq u a res  regression  lines (second degree 

polynomial) for chlorophyll co n cen tra tio n  (mg g '1) in  leaves o f one shoo t of 

genet BR 99 on each of fou r days: May 26 (r2=0.903); J u n e  30  (r2=0.89); Ju ly  28 

(r2=0.681); and  Septem ber 09 (r2=0.855), 1987.
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Figure 4.38. S ca tte rp lo ts  an d  lea s t-sq u a res  regression  lines (second degree 

polynomial) for chlorophyll co n cen tra tio n  (g m"2) in  leaves of one shoo t of 

genet BR 99 on  each of four days: May 26 (r2=0.239); J u n e  30  (r2=0.679); Ju ly  28 

(r2=0.894); and  Septem ber 09  (r2=0.664), 1987.
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Figure 4 .39. S catterp lo ts  a n d  lea s t-sq u a res  regression  lines (second degree 

polynom ial) for chlorophyll co n cen tra tio n  (mg g '1) in  leaves of one shoo t of 

genet BR 100 on  each of four days: May 26(r2=0.988); J u n e  30  (r2=0.958); Ju ly  

28  (r2=0.88); an d  Septem ber 09  (r2=0.845), 1987.
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Figure 4.40. S catterp lo ts  a n d  lea s t-sq u a res  regression  lines (second degree 

polynom ial) for chlorophyll co n cen tra tio n  (g m ‘2) in  leaves of one shoo t of 

genet BR 100 on  each of four days: May 26 (r2=0.831); J u n e  30  (r2=0.877); Ju ly  

28  (r2=0.767); an d  Septem ber 09  (r2=0.692), 1987.
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Figure 4 .41. S catterp lo ts  a n d  leas t-sq u ares  regression  lines (second degree 

polynom ial) for chlorophyll co n cen tra tio n  (mg g '1) in  leaves of one shoo t of 

genet BR 590 on  each of four days: May 26  (r2=0.847); J u n e  30  (r2 =0.893); Ju ly  

28  (r2=0.828); an d  Septem ber 09 (r2=0.707), 1987.
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Figure 4.42. S catterp lo ts  a n d  lea s t-sq u a res  regression  lines (second degree 

polynom ial) for chlorophyll co n cen tra tio n  (g m "2) in  leaves of one shoo t of 

genet BR 590 on each of four days: May 26 (r2=0.562); J u n e  30  (r2=0.642); Ju ly  

28 (r2=0.81); an d  Septem ber 09 (r2=0.307), 1987.
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Figure 4.43. S ca tte rp lo ts  an d  lea s t-sq u a re s  regression  lines (second degree 

polynom ial) for chlorophyll co n c en tra tio n  (mg g"*) in  leaves of one shoo t of 

genet BR 591 on each  of four days: May 26 (r2=0.858); J u n e  30  (r2=0.848); Ju ly  

28 (r2=0.846); an d  Septem ber 09  (r2=0.845), 1987.
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Figure 4.44. Scatterp lo ts a n d  lea s t-sq u a res  regression  lines (second degree 

polynom ial) for chlorophyll co n cen tra tio n  (g m "2 ) in  leaves of one shoo t of 

genet BR 591 on each of four days: May 26 (r2=0.913); J u n e  3 0  (r2=0.225); Ju ly  28 

(r2=0.878); a n d  Septem ber 09  (r2=0.904), 1987.
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5. PHOTOSYNTHESIS

METHODS AND MATERIALS 

PHOTOSYNTHESIS

The d a ta  on  leaf chlorophyll con ten ts , collected In  1986 pred ic ted  th a t  there  

w ould be a  nodal tre n d  to  th e  ra te s  of pho tosyn thesis, th a t  th is  tre n d  w ould be g rea ter by 

considering  whole lea f pho to sy n th esis , a n d  th a t  th e re  w ould  be  no  significant 

difference in  n e t pho tosyn the tic  ra te s  am ong  leaf sh a p e s  (per u n it  lea f su rface  area). 

W hile labora to ry  experim ents could  have been  applied  to  th ese  p red ic tions, su c h  

experim en ts  w ould n o t have yielded in form ation  on  th e  a c tu a l perfo rm ance of leaves 

u n d e r  field cond itions  since grow th  env ironm ent a n d  cond itions  of d e te rm in a tio n  m ay 

strongly  a lte r  th e  v a lu es  of ab so lu te  n e t p ho to syn thesis  (Sestak , 1985). W hen  

m easu rin g  p h o to sy n th es is  in  th e  field, h igh  degrees of freedom  a re  n ecessa ry  to  

com p en sa te  for th e  variab ility  in  leaf m icroclim ate. U nfortunately , large sam p le  sizes 

take  longer to  achieve, a n d  th e  re su lts  ten d  to  be confounded w ith  tim e (age) related  

changes in  leaf function , an d  even larger sam ple sizes a re  needed  to  com pensa te  for 

th is . By tak in g  repea ted  m ea su rem e n ts  from  specific genets , a n d  by  restric ting  m yself 

to  a  sm all n u m b er of tagged sh o o ts  a n d  leaves, I w as able to  hold th e  sam ple size to 

m anageab le  p ro p o rtio n s  a n d  still o b ta in  u sefu l in fo rm ation  on  leaf p h o to sy n th e s is  in  

th e  field.

A Portab le P ho to sy n th esis  System  (LI 6200 , Ll-Cor Inc., Lincoln, N ebraska) w as 

u sed  to  to  m easu re  p ho to syn thesis  in  four genets  of S assa fras  growing along th e  

floodplain of th e  B ronx River a t  Bronxville in  W estcheste r C ounty  in  New York. The 

genets u sed  in  th is  s tudy  were n um bers  99, 100, 590  and  591, th e  sam e genets u sed  for the
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dem ographic survey  of leaf form  an d  area. I m easu red  g as  exchange in  those  shoo ts  th a t 

were tagged for th e  s tu d y  of leaf sh ap e  an d  area.

The LI 6200  is  a  portab le, m icroprocessor controlled, closed system  Infra-Red 

G as A nalyzer (IRGA) for m easu rin g  g as  exchange of in tac t leaves in  th e  field o r in  the  

labora to ry  a n d  in co rp o ra tes  th re e  m ajo r com ponents: 1. The Infra-R ed G as Analyzer 

(closed system ); 2. The T ran sien t Porom eter; 3. The D atalogger (a com puter). In  

add ition  to  th ese , th e re  a re  several se n so rs  w hich  yield inform ation  essen tia l for th e  

opera tion  of th e  LI-6200, for th e  ca lcu la tions n ecessa ry  to  determ ine ce rta in  

p a ram ete rs , an d  for th e  in te rp re ta tio n  of ph o to sy n th esis  d a ta . T hese are  a  H um idity  

sen so r (relative hum idity); a  Q u a n tu m  S ensor (PAR 4 0 0  - 700  nm ), an d  two K-type 

therm ocoup les (air tem p era tu re  a n d  leaf tem pera tu re).

A leaf ch am b er of one lite r volum e w as u se d , w ith  in se rts  allowing a  leaf su rface 

area  from  350 m m ^ (35 m m  x  10 mm) to  1400 m m ^ (35 m m  x  40  mm) to  be  exposed to 

light for pho to syn thesis . The flow ra te  th ro u g h  th e  system  w as controlled, from  3 to  8 

m m ^ se c '* , depend ing  on  lea f tra n sp ira tio n  ra te , in  o rder to  b e s t m a in ta in  relative 

hum id ity  w ith in  th e  leaf c h am b er a t  a  nearly  c o n s ta n t level. The datalogger w as se t to 

ca lcu la te  pho to sy n th esis  on  th e  b a s is  of a  change of 2 o r 5 p a r ts  p e r m illion (ppm) 

carbon  dioxide. The change of 2 ppm  w as u sed  u n d e r  low light conditions w hen  

pho tosyn thetic  ra te  w as veiy  slow. The system  w as ca lib ra ted  for 0  ppm  CO2  (zeroed) 

an d  for a  sp a n  of 520  ppm  CO2  a t  th e  begining of each  day pho tosyn thesis w as 

m easu red . A calib ra tion  g as  of 520  p pm  (+_1%) CO2  in  Nitrogen (Union C arb ide/L inde, 

Keasbey, N.J.) w as u se d  for th e  s p a n  calibration , w hich  w as alw ays carried  o u t a t th e  

flow ra te  to  be  u se d  in  th e  field th a t  day. O nce in  th e  field, th e  zero CO2  calibration  w as 

perform ed a t  h o u rly  in tervals, to  com pensa te  for changes in  tem p e ra tu re  w hich  affect 

th e  zero point. The sp a n  calib ra tion  is  sensitive to  p ressu re , an d  since there  is  no
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difference in  a ltitu d e  betw een  th e  laboratory , w here th e  original ca lib ra tion  w as done, 

a n d  th e  field s ite  in  Bronxville, it  w as n o t n ecessa ry  to  perform  th e  s p a n  ca lib ra tion  in  

th e  field.

In  th e  field, pho to syn the tic  ra te  w as m ea su red  on  sh o o ts  for all leaves th a t  were 

large enough to  to  fit in  th e  lea f cham ber. T h is u su a lly  m ea n t th a t  pho to sy n th esis  in  

th e  o ldest (proximal) an d  youngest (distal) * th ree  leaves on  th e  shoo t could  n o t be 

m easu red . W hen a  leaf w as p laced w ith in  th e  cham ber, care  w as ta k e n  to  avoid the  

m idrib  a n d  inc lude  only leaf lam in a  m ostly  devoid of m ajo r ve ins w ith in  th e  sam pling  

a rea  of th e  cham ber, a n d  th a t  th ere  shou ld  be no  gap s in  th e  sam pling  area. The nodal 

position  a n d  sh a p e  category of each  leaf for w hich p ho to syn thesis  w as m easu red , were 

recorded  (manually) on  th e  d a ta  logger. W herever possible, th e  ch am b er w ith  leaf w as 

positioned  so th a t  th e  leaf a n d  q u a n tu m  se n so r (130 m m  aw ay from  th e  ce n te r of th e  

cuvette) received equal a m o u n ts  of light.

In  o rd er to  de term ine  if  cond itions w ith in  th e  leaf c h a m b e r w ere significantly  

d ifferent from  cond itions o u tside  th e  cham ber, relative h u m id ity  a n d  a ir  tem p era tu re  

w ere m on ito red  independen tly  of th e  ph o to sy n th esis  system  u sin g  a  Solom at m odel 

126 solid  -s ta te  hygrom eter (relative hum idity) an d  a  sh ad ed  K-type therm ocoup le  (air 

tem pera tu re).

The datalogger is p rogram m ed^ to  u se  th e  m ea su rem e n ts  of P ho tosynthetically  

Active R ad ia tion  (PAR), leaf a n d  a ir  tem p era tu re , a n d  ch an g es in  CO2  a n d  relative 

h u m id ity  to  ca lcu la te  p h o to sy n th es is , tra n sp ira tio n , v ap o r p re s su re  deficit, s to m ata l 

res is ta n c e  a n d  conductance , a n d  in te rn a l CO2  concen tra tion .

1 relative to  th e  term ina l b u d  scale  sca r
2 LI-6200 Technical Reference M anual, LI-COE, Inc., Lincoln, N ebraska, Sept. 1987
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Pho tosyn thetlc  (and  other) m ea su rem e n ts  w ere sto red  in  th e  ran d o m  access 

m em ory of the  datalogger a n d  a  hardcopy  m ade a t th e  end  of each  day, in  th e  

laborato ry . The in form ation  on  th e  p r in to u t w as th e n  in sta lled  on  a  M acin tosh  P lus 

co m p u te r a s  a  S tatview  512+ (Brainpower, Inc., C a labasas, CA) d a ta b a se  (Appendix) for 

s ta tis tic a l a n d  g rap h ica l ana lysis.
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RESULTS

The re su lts  w ere analyzed in  th ree  w ays. F irst, th e  effect of leaf sh ap e  on 

pho to syn the tic  ra te  w as  considered . Since PAR w as highly  variab le  in  th e  field, b o th  

betw een  day s a n d  w ith in  days, th e  in form ation  for each  day  w as  analyzed separately . 

Secondly, th e  d a ta  w ere divided in to  several c lasses  on  th e  b a s is  of PAR a n d  ana lysis  of 

variance  perform ed. T h is w as to  en su re  th a t  confounding  due  to  varia tion  in  PAR w as 

kep t a t  a  m in im um . Thirdly, regression  ana lyses w ere u se d  to  se a rc h  for n oda l p a tte rn s  

in  ph o to sy n th e tic  response .

Genet 99 

Photosynthesis versus Leaf Shape

The overall re su lts  for th is  genet are  show n in  Table 5.1. T h is  genet of S assafras  

is sm all in  s ta tu re  (see Table 3.2) an d  grows u n d e r  the  sh ad e  of W hite O ak (Q uercus alba). 

As su c h , it is sub jec t to  little d irect sun ligh t, u sua lly  in  th e  form  of s u n  flecks th a t  

p en e tra te  th e  o therw ise sh ad in g  canopy. W hile PAR, a ir  tem p e ra tu re  a n d  leaf 

tem p e ra tu re  w ere n o t significantly  different be tw een  en tire  m arg ined  a n d  two lobed 

leaves In th e  cuvette , m ea n  PAR w as h igher for en tire  m arg ined  leaves w hile m ea n  air 

tem p era tu re  a n d  leaf tem p e ra tu re  w ere h igher in  two lobed leaves. S ince leaf a n d  air 

tem p e ra tu re  (w ithin th e  cuvette) a re  directly  p roportional to  PAR, th e  p a rad o x  of lower 

PAR a n d  h ig h er leaf a n d  a ir  tem p e ra tu re  m ay  be a  re su lt  of th e  m erging of d a ta  from  

several m ea su rem e n ts  ta k e n  u n d e r  different conditions. However, a  m ore p robab le  

exp lanation  is  th a t  th e  d isp lacem ent be tw een  th e  leaf ch am b er an d  th e  Q u an tu m  

S en so r led to in n accu rac ies  in  m easu rin g  inciden t PAR, especially  u n d e r  sh ad e , w hen  

s u n  flecks are  responsib le  for all d irec t su n lig h t inciden t o n  leaves. Sam ple sizes for 

each  day  w ere very sm all for th is  genet, largely b e c au se  of th e  very  slow ra te s  of
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pho tosyn thesis. In  th e  absence  o f a  s u n  fleck, th e re  w as u sua lly  negligible n e t 

pho to sy n th esis . T here  w ere a lso  no  sign ifican t differences in  T ran sp ira tio n  o r vapor 

p re ssu re  deficit betw een  leaves w ith  en tire  m arg in s  a n d  leaves w ith  two lobes on  th is  

genet. Only in  th e  c a se  of s to m a ta l co n d u c tan ce  w as  th e re  an y  sta tis tica lly  significant 

difference betw een  leaves w ith  different sh a p es , w ith  s to m ata l conduc tance  being 

g rea tes t in  leaves w ith tw o lobes.
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Table 5.1. M ean Q u a n tu m  (PAR), Air T em peratu re  (T air), Leaf T em pera tu re  (T ieaf), 

P h o to sy n th es is  (PHOTO), S to m ata l C onductance  (CS), T ran sp ira tio n  (TRNM), V apor 

P re ssu re  Deficit (VPD) a n d  W ater Use Efficiency (WUE) for entire, one lobed a n d  two 

lobed leaves of genet BR 99 m easu red  betw een J u n e  10 a n d  A ugust 18, 1987 analyzed by 

single classification  ANOVA. Sam ple size refers to  th e  n u m b e r  of m ea su rem e n ts  tak en  

(usually. No. IRGA rea d in g s /2  = No. leaves m easured) .

VARIABLE

MEAN VALUE FO R LEAVES SHAPED 

ENTIRE ONE LOBED TWO LOBED ANOVA

PAR (p. m ol m '2 s '  1) 47.2 — 35.6 ns

T  a ir  (°C) 27.6 - - 28.3 ns

T  lea f (°C) 27.6 — 28.1 ns

PHOTO (p m ol m '2 s ' 1) 0.974 — 0.47 ns

CS (cm s ' 1) 0.075 — 0.121 *

TRNM (x lO '^ m o lm '2 s ' 1) 10.0 — 10.0 ns

VPD (mb) 30.6 — 32.7 ns

WUE (g/kg) 3.083 — 0.849 ns

SAMPLE SIZE 61 — 2
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The Inform ation w as th e n  sep ara ted  by  q u a n tu m  c lass  (Table 5.2) an d  analyzed 

by  single classification  ANOVA (where possible). D uring  m ea su rem e n t of 

pho tosyn thetic  ra tes , th e  light regim e w as u su a lly  less  th a n  50 p. m ol m "2 s ' 1. Also, th is  

genet h a s  veiy  few lobed leaves a n d  therefore, except for a  com parison  a t  th e  25.1 - 50.0 

p  m ol m "2 s '*  PAR c lass, no com parison  w as possib le a t  h igher light in tensities . No 

sign ifican t differences w ere found  in  PAR, pho to sy n th esis , leaf tem p e ra tu re , a ir  

tem p era tu re , tra n sp ira tio n , v apo r p re ssu re  deficit or w a te r u se  efficiency betw een 

en tire  m arg ined  an d  two lobed leaves of th is  genet. Only in  th e  case  of s tom ata l 

co n d u c tan ce  w as  th e re  any  s ta tis tica lly  sign ificant difference betw een  en tire  m arg ined  

a n d  tw o lobed leaves, w ith  s to m ata l conductance  being g rea tes t in  two lobed leaves.

Photosynthesis versus leaf age (nodal position)

Figure 5.1 is a  sca tte rp lo t of n e t pho tosyn the tic  ra te s  for leaves a t nodal 

positions along sh o o ts  of th is  genet. N either lin ea r n o r  cu rv ilinear reg ressions were 

sign ificant a n d  th u s  no  c lear p a tte rn  for n e t ph o to sy n th esis  could  be  es tab lish ed  for 

th is  genet. B oth  leaf age a n d  inciden t PAR a re  confounded in  th is  da ta . In  an  effort to 

overcom e th e  effects of varia tion  in  PAR, p h o to sy n th es is  m e a su rem e n ts  m ade  u n d e r  

low light conditions (25.1 - 50 .0  p  m ol m "2 s ’ *) only, w ere g raphed  (Figure 5.2). However, 

reg ressions w ere n o t significant. There w ere insuffic ien t m e a su rem e n ts  a t  h igher PAR 

for th ese  to  be  p lo tted  a n d  reg ression  ana lysis  perform ed.
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Table 5.2. M ean pho tosyn thetically  active rad ia tio n  (PAR), a ir  tem p e ra tu re , leaf 

tem p era tu re , ph o to sy n th esis , s to m a ta l conduc tance , tra n sp ira tio n , v apo r p re ssu re  

deficit an d  w ater u se  efficiency for each PAR C lass (A = 0  - 25; B = 25.1 - 50; C = 50.1 - 75; 

D = 75.1 - 100; E  = 100.1 - 125; F  = 125.1 - 150; G = 150.1 - 700 p  m o l m -2  s -1) for Entire, 

One Lobed an d  Two Lobed leaves of S assafras  genet BR 99. Sam ple size (num ber of

m ea su rem e n ts  taken) is  ind ica ted  w ith in  p a re n th e se s  w ith  th e  PAR da ta .
Genet BR 99

PA R
VARIABIR CLASS ENTIRE

MEAN VALUE 
ONE LOBED TWO LOBED ANOVA

PA R B 37.9(56) . . . 35.6(2) n s
(p m ol m -2  s-1) C 52.3(1) — . . . —

E 102.7(1) — . . . —

F 132.4(1) . . . — —

G 233.2(2) — . . . —
A ir B 27.5 . . . 28.3 n s
T em p era tu re C 28.4 — . . . —
(°C) E 28.7 — — —

F 29.3 . . . . . . —

G 28.8 — — —

Leaf B 27.5 . . . 28.1 n s
T em p era tu re C 28.2 . . . . . . —

(°C) E 28.6 . . . . . . —

F 29.1 . . . . . . —

G 28.7 — — —

P h o to s y n th e s is  B 0.95 . . . 0.47 n s
(p m ol m -2  s-1) C 1.12 . . . . . . —

E 1.28 . . . . . . - -

F 1.16 — — - -

G 1.33 — . . . —

S to m a ta l B 0.073 — 0.121 **
C onductance C 0.136 — —

(cm s-1) E 0.058 . . . . . . —

F 0.104 . . . - -

G 0.078 . . . . . . —
T r a n s p ir a t io n B 9.3 . . . 13.4 n s
(xlO-4) C 6.0 . . . . . . - -

(mol m -2  s - 1) E 4.0 . . . . . . - -

F 6.0 — . . . - -

G 5.3 - - - . . . —
V apor B 31.6 . . . 32.7 n s
P re ssu re C 21.7 . . . . . . - -

D eficit E 16.0 — — - -

(mb) F 22.1 . . . — - -

G 18.0 — — --
W ater Use B 2.852 — 0.849 n s
E ffic iency C 4.305 - - - . . . —
(g kg"1) E 7.221 . . . . . . - -

F 4.473 . . . . . . - -

G 6.167 — — —
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Figure 5.1. S catterp lo t of pho tosyn thetic  ra te s  for leaves a t  n odes along shoo ts  

of genet 99. The d a ta  show n  here  is  for m easu rem en ts  ta k e n  on  several days in  

1987. L inear a n d  cu rv ilinear reg ressions w ere n o t sign ificant (p > .05).
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Figure 5.2. Scatterp lo t of pho tosyn thetic  ra te s  a t  low PAR levels (25.1 - 50 .0  p 

m ol m "2 s"1) for leaves a t nodes along shoo ts  of genet 99. The d a ta  show n h ere  is 

for m ea su rem e n ts  ta k e n  o n  several day s in  1987. L inear a n d  curv ilinear 

reg ressions w ere n o t significant (p > .05).
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Genet 100

Photosynthesis versus Leaf Shape

T his genet also  is  sm all in  s ta tu re  (see Table 3.2) an d  grow s ad jacen t to  genet 99, 

u n d e r  th e  shade  of W hite O ak  (Q uercus alba). It also is  sub jec t to  little direct sunlight, 

u su a lly  in  th e  form  of s u n  flecks. However, th e  light regim e of th is  gene t is m ore 

heterogeneous th a n  th a t  of genet BR 99 (Table 5.4). Also, leaf a n d  a ir tem p era tu re s  a t 

th e  tim e of cuvette  operation , a re  m ore in  keeping w ith th o se  one m igh t expect on  th e  

b a s is  of PAR (Table 5.3). Only in  th e  case  of S tom atal C onductance  is th e re  a  significant 

difference betw een  leaf shapes . However, it is  no tew orthy  th a t  th e  h ighest m easu red  

p h o to sy n th e tic  ra te s  (albeit n o t s ta tis tica lly  significantly  so) o ccu r in  leaves w ith  two 

lobes. Sam ple sizes for pho to sy n th esis  m ea su rem e n ts  on  any  one day  were 

unavo idab ly  sm all, largely b e cau se  of th e  very slow ra te s  of n e t p h o to sy n th es is  

occurring  in  th e  absence  of s u n  flecks.

B reaking  dow n th is  in fo rm ation  by  PAR c la sses  (Table 5.4), th e  p a tte rn  I saw  

w ith  genet 99, of no  significant differences in  PAR, a ir  a n d  lea f tem p era tu re , 

tra n sp ira tio n  ra te  an d  vapor p re s su re  deficit am ong  leaf sh a p e s  is  m ain ta ined . 

However, a t  PAR c lasses  A an d  B, two lobed leaves have  significantly  g rea te r w a te r u se  

efficiencies th a n  do en tire  m arg ined  leaves. T h is is in  keeping w ith  th e  g rea te r  n e t 

p h o to sy n th es is  ra te s  a lso  found  in  two lobed leaves a t th e se  PAR levels. The 

significantly  low er n e t pho to syn the tic  ra te  of two lobed leaves a t  PAR c la ss  D ,E m ay  be 

explained by  th e  very m u ch  lower leaf tem p era tu re  o f th ese  sam e leaves. Since leaf 

tem p e ra tu re  is  directly  p roportional to  PAR inciden t u p o n  th e  leaf, th e  p aradox  of 

h ig h er PAR a n d  lower leaf tem p era tu re  m ay  be  a  re su lt of th e  d isp lacem en t betw een the
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leaf ch am b er a n d  th e  Q u a n tu m  Sensor, In  w hich  c a se  th e  lower pho to syn the tic  ra te  also 

w ould be reasonab le .

Photosynthesis versus leaf age (nodal position)

Figure 5 .3  is  a  sca tte rp lo t of n e t pho tosyn the tic  ra te s  for leaves a t  various nodal 

positions (ages) along shoo ts. R egressions w ere n o t sign ificant a n d  no  p a tte rn  for ne t 

p h o to sy n th es is  w ith  leaf nodal position  could  be  estab lished . T h is  is  a t  lea s t p artly  due 

to  th e  confounding effect of m erging d a ta  from  several days, n ecessa ry  due  to  th e  

relatively sm all d a ta  b a se  available for th is  genet. The inability  to  find  a  nodal tre n d  

for th is  genet m ay  also  be  due  to  th e  highly variab le  env ironm ent (shade + s u n  flecks) 

u n d e r  w hich  n e t pho to sy n th esis  w as m easu red . It w as no t possib le to  search  for nodal 

tre n d s  in  n e t pho tosyn thesis by  PAR c lass due to  th e  sm all sam ple sizes (A = 23; B = 10; C 

= 4; D ,E = 4; F  = 3) a n d  th e  incom pleteness of th e  nodal record a t  each  PAR class.
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Table 5.3. M ean pho tosyn the tically  active rad ia tio n  (PAR), a ir  tem p e ra tu re  (T a ir), leaf 

tem p e ra tu re  (T leaf}* pho to sy n th esis  (PHOTO), s tom ata l conduc tance  (CS), 

tra n sp ira tio n  (TRNM) vapor p re ssu re  deficit (VPD) a n d  w a te r u se  efficiency (WUE) for 

entire, one lobed a n d  two lobed leaves of genet BR 100 m easu red  betw een J u n e  10 and  

A ugust 18, 1987 analyzed by  single classification ANOVA. Sam ple size is  th e  n u m b er of 

m ea su re m e n ts  tak en .

VARIABLE

MEAN VALUE FO R LEAVES SHAPED 

ENTIRE ONE LOBED TWO LOBED ANOVA

PAR (g m o l m "2 s"l) 48.1 31.4 51.6 ns

T a i r  (°C) 28.7 27.7 28.6 ns

T  lea f (°C) 28.8 27.9 28.9 ns

PHOTO (p m ol m -2  s"l) 0.801 0.558 1.171 ns

CS (cm s-D 0.075 0.056 0.055 *

TRNM (xl0"4  m ol m "2 s ' !) 10.0 10.0 10.0 ns

VPD (mb) 31.0 27.7 29.8 ns

WUE (g kg-1) 1.908 2.493 4.961 **

SAMPLE SIZE 30 10 4
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Table 5.4. M ean pho tosyn thetically  active rad ia tio n  (PAR), a ir  tem p e ra tu re , leaf 

tem p era tu re , pho to sy n th esis , s to m ata l conductance , tra n sp ira tio n  a n d  v apo r p re ssu re  

deficit for each PAR Class (A = 0  - 25; B = 25.1 - 50; C = 50.1 - 75; D = 75.1 -100 ; E  = 100.1 - 

125; F =  125.1 - 150; G = 150.1 - 700 p. m ol m '^  s"1) for Entire, One Lobed and  Two Lobed 

leaves of S assafras  genet BR 100. Sam ple size (num ber of m easu rem en ts  taken) is

ind ica ted  w ith in  p a re n th ese s  w ith  th e  PAR data .
Genet BR 100

PA R
VARIABLE CLASS ENTIRE

MEAN VALUE 
ONE LOBED TWOLOBED ANOVA

PA R A 
(p m ol m -2  s-1) B 

C
D,E
G

12.4(15)
36.7(7)
64.0(4)
115.5(1)
209.4(3)

14.5(7)
27.4(1)

92.5(2)

19.4(1)
36.4(2)

114.0(1)

n s
n s

n s

A ir A 26.7 27.7 31.1 n s
T e m p era tu re B 30.8 31.2 31.1 n s
(°C) C 30.6 . . . . . . —

D.E 30.3 30.6 31.1 n s
G 30.6 . . . — —

L eaf A 26.7 27.7 26.4 n s
T em p era tu re B 30.8 31.2 31.5 n s
(°C) C 30.8 — . . . —

D.E 30.7 27.2 26.2 n s
G 31.0 . . . . . . —

P h o to sy n th e s is  A 0.44 0.41 0.91 n s
(p m ol m -2  s - 1) B 0.67 0.97 1.43 *

C 1.04 — — —
D,E 2.39 0.88 0.92 *
G 2.06 . . . . . . —

S to m a ta l A 0.064 0.060 0.034 n s
C onductance B 0.082 0.073 0.075 n s
(cm s"1) C 0.075 — — —

D.E 0.117 0.033 0.036 *
G 0.097 . . . . . . —

T r a n s p ir a t io n A 6.7 7.6 3.2 n s
(x 10-4) B 12.1 11.4 11.4 n s
(mol m '2  s ' 1) C 10.9 . . . . . . —

D,E 14.6 3.2 3.3 n s
G 13.8 — . . . —

V apor P re ssu re  A 25.4 27.8 22.0 n s
D efic it B 37.8 40.0 37.7 n s
(mb) C 36.8 . . . . . . —

D,E 31.6 21.2 21.6 n s
G 35.2 — . . . —

W ater Use A 1.57 1.307 7.026 ***
E ffic iency B 1.367 2.082 3.04 **
(g /k g '1) C 2.335 — . . . —

D,E 4.018 6.851 6.739 n s
G 3.59 — — —
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Figure 5.3. S ca tte rp lo t of pho tosyn the tic  ra te s  for leaves a t  nodes along shoo ts  

of genet 100. The d a ta  show n here  is  for m easu rem en ts  ta k e n  on  several days 

in  1987. L inear a n d  cu rv ilinear reg ressio n s w ere n o t significant.
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Genet 590

Photosynthesis versus Leaf Shape

This genet is larger in  s ta tu re  th a n  genets 99 o r genet 100 (see Table 3.2) and  

grow s on  th e  n o rth  b a n k  of th e  B ronx River, w here it is  a  canopy dom inant. The u p p er 

reach es  of th e  canopy  receive direct sun ligh t th ro u g h o u t th e  day, b u t  is o u t of reach  for 

pho to syn thesis  m easu rem en t. Lower down, 2 - 3  m ete rs  above th e  g round , lateral 

b ran c h e s  d isp lay  leaves 3 6 0 °  a ro u n d  th e  t ru n k  of th e  tree. P ho tosyn thesis  w as 

m easu red  for leaves on  la te ra l b ran c h e s  facing so u th  ea s t th ro u g h  n o r th  e a s t in  th e  

e a s te rn  q u a d ra n t. Since th e re  a re  few tre e s  growing n e a r  th is  genet, it is v irtually  open 

grow n.

Overall, th e  d a ta  for th is  genet (Table 5.5) ind ica te  th a t  a t  th e  tim e of 

m ea su rem e n t th e re  w ere no  significant differences in  PAR, s to m a ta l conduc tance , 

tra n sp ira tio n  an d  v apo r p re ssu re  deficit am ong  leaf sh a p es  b u t  th a t  differences w ere 

p re se n t in  lea f a n d  a ir  tem p era tu re , pho to syn the tic  ra te  a n d  w a te r u se  efficiency. While 

PAR inciden t u p o n  leaves w as  n o t significantly  different be tw een  leaf sh a p es , leaves 

w ith  en tire  m arg in s, w h en  in  th e  cuvette, m ay  have been  sub jec t to som ew hat h igher 

PAR levels, a s  show n  by  th e  leaf a n d  a ir  tem p era tu re  d a ta , w here  significantly  h igher 

tem p e ra tu re s  w ere recorded  for leaves w ith  en tire  m arg ins. T h is  d a ta  w as th e n  

separated  on the  basis  of Q uan tum  classes (A = 0  - 25; B = 25.1 - 50; C = 50.1 - 75; D = 75.1 - 

100; E  = 100.1 - 125; F  = 125.1 -1 5 0 ; G = 150.1 - 700 p m ol m -2  sec-1) for each day 

m easu rem en ts  were tak en  (June  11 & 29, J u ly  6, 21 & 29, A ugust 18), an d  A nalysis of 

V ariance (ANOVA) perform ed. The PAR d a ta  a re  show n in  Table 5 .6  w here, b u t  for th ree 

exceptions, th e re  are  no  significant differences w ith  leaf shape. In  th e  case  of th e  th ree  

exceptions (June  11, c lass B; J u ly  21, c lass A; an d  A ugust 18, c lass  E,F,G ), only in  the
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case  of th e  J u ly  21, c lass  A  d a ta  Is th e re  a  co rresponding  significant difference in  leaf 

a n d  a ir  tem p e ra tu re  (Tables 5 .8  a n d  5 .7  respectively). The significantly  g rea ter n e t 

p h o to sy n th esis  ra te s  recorded  for leaves w ith  two lobes on  J u ly  21 , a t PAR c la ss  A m ay 

therefore be  regarded  a s  being d u e  to  a  h igher inciden t PAR. Air a n d  leaf tem pertu re  

d a ta  are  p resen ted  in  Table 5.7 a n d  5.8 respectively, an d  th e re  is a  h igh degree of 

congruence betw een  leaf a n d  a ir  tem p e ra tu re  in  th e  occurence of significant differences 

am ong leaf shape. As s ta te d  before, leaf tem p era tu re  is  som etim es a  b e tte r  ind ica to r of 

ligh t inciden t u p o n  a  leaf th a n  m ea su red  PA R Neglecting d a ta  w here differences in  ne t 

p h o to sy n th es is  (Table 5.9) have a  correspond ing  difference in  lea f tem p e ra tu re  (Table 

5.8), it c a n  b e  seen  th a t  du ring  th e  early p a rt  of the  growing season , lobed leaves have 

g rea te r  n e t  p ho to syn the tic  ra te s ; a n d  th ese  differences a re  s ta tis tica lly  sign ifican t on 

J u n e  11, PAR class D, J u n e  29, PAR class B, and  Ju ly  6, PAR class D. By A ugust 18, 

leaves w ith  en tire  m arg in s  have significantly  g rea te r  n e t p h o to sy n th es is  (PAR c la ss  A). 

The stom ata l conductance  d a ta  su p p o rts  th e  re su lts  of lea f tem p era tu re  an d  ne t 

p h o to sy n th es is  m ea su rem en ts , w here g rea te r leaf tem p e ra tu re s  a n d /o r  h igher ra te s  of 

n e t p h o to sy n th esis  are  accom panied  by h ig h er s to m ata l cond u c tan ces , w ith  one 

exception. O n A ugust 18, PAR c la ss  B, desp ite  leaf tem p era tu re  being significantly 

g rea te r  for lobed leaves, n e t p h o to sy n th es is  a n d  s to m ata l co n d u c tan ce  is  significantly  

g rea te r for leaves w ith en tire  m arg ins. O n th is  sam e day, a t PAR c lass  D, desp ite  leaf 

tem p era tu re  being  g rea tes t for en tire  m arg ined  leaves, s to m a ta l co n d u c tan ce  is g rea tes t 

in  lobed leaves, a n d  th is  is n o t accom panied  by  a  g rea te r n e t pho tosyn the tic  rate . 

However, m ea n  tra n sp ira tio n  ra te s  a re  significantly  g rea te r  for lobed leaves a t  th is  

PAR c lass  (Table 5.11). The v apo r p ressu re  deficit d a ta  (Table 5.12) su p p o rts  the  

findings repo rted  above. W ater u se  efficiency ap p ears  to  be g rea te r for leaves w ith  en tire  

m arg in s  o n  m ost days a n d  u n d e r  m o st PAR regim es.
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Table 5.5. M ean pho tosyn the tically  active rad ia tio n  (PAR), a ir  tem p e ra tu re  (T a ir), 

lea f tem p e ra tu re  (T leafh p h o to sy n th es is  (PHOTO), s to m ata l conduc tance  (RS), 

tra n sp ira tio n  (TRNM), v apo r p re ssu re  deficit (VPD) a n d  w a te r u se  efficiency (WUE) for 

Entire , One lobed an d  Two lobed leaves of genet BR590 m easu red  betw een J u n e  11 and  

A ugust 18, 1987 analyzed  by  single c lassifica tion  ANOVA.

MEAN VALUE FO R LEAVES SHAPED 
VARIABLE ENTIRE ONE LOBED TWO LOBED ANOVA

PAR (p m ol m '2 s ' J) 74.1 53.2 65.1 n s

T a ir(°C ) 29.0 28.4 27.7 **

T  lea f (°C) 29.0 28.4 27.6 **

PHOTO (p m ol m "2 s'*) 1.8 1.2 1.6 ***

CS (cm s ' 1) 0.101 0.096 0.108 n s

TRNM (x l0 -4m ol m '2 s ' 1) 9.9 10.3 11.0 n s

VPD (mb) 32.4 28.7 27.5 n s

WUE (g k g '1) 4.892 3.8 4.156 **

SAMPLE SEE 106 73 194
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Table 5.6. M ean pho tosyn thetically  active rad ia tio n  (PAR; p. m ol m~2 s " 1) for each  PAR 

Class (A = 0  - 25; B = 25.1 - 50; C = 50.1 - 75; D = 75.1 -100; E  = 100.1 -125; F  = 125.1 -150; 

G = 150.1 - 700  p  m ol m “2 s '* ) for Entire, One Lobed an d  Two Lobed leaves of Sassafras. 

PAR w as m easu red  on  each of six  days from  J u n e  11 th rough  A ugust 18, 1987, for genet 

BR  590. Sam ple size (num ber o f m easu rem en ts) is  ind ica ted  w ith in  p a ren th eses .

Genet BR 590

DATE PA R
CLASS

MEAN PAR VALUES FOR LEAVES SHAPED 
ENTIRE ONE LOBED TWO LOBED ANOVA

JU N E 11 A
B 33.1(2) 45.4(1) 45.5(13) ***
C 61.5(6) 61.4(13) 61.2(21) ns
D 81.4(1) . . . 85.7(8) ns
E 114.2(13) 122.4(2) 118.4(18) ns

JU N E 29 A __ __ __
B 41.5(2) 39.0(11) 33.4(18) ns
C — 61.9(1) 70.1(2) ns
D
E

— --- 94.4(2) —

F
G 278.5(2) : :: 594.1(2) ns

JULY 06 A 14.2(2) __ 14.8(15) ns
B - - - - - - 43.4(1) —

C 54.6(4) 61.0(3) 58.3(6) ns
D 88.2(11) 92.1(7) 88.7(18) ns
E 100.2(1) 110.0(4) 103.2(8) ns

JULY 21 A 12.7(2) 16.2(3) 19.9(16) ***

JULY 29 A 18.6(6) 20.6(2) 15.2(5) ns
B 28.0(2) 33.1(3) 34.3(3) ns
C — 58.5(3) 70.1(1) ns
D,E,F,G — — 162.2(5) -

AUGUST 18 A 20.3(2) 23.4(3) 20.9(9) ns
B 37.0(16) 37.3(8) 37.5(16) ns
C 59.0(11) 57.1(4) ns
D 89.1(9) 95.4(2) 84.2(2) ns
E.F.G 110.6(14) --- 201.2(1) ***

ALL DAYS A,B,C,D,E,F,G 74.1(106) 53.2(73) 65.1(194) ns



100

Table 5.7. M ean a ir tem peratu re  (°C) for each PAR C lass (A = 0  - 25; B = 25.1 - 50; C = 50.1 

- 75; D = 75.1 - 100; E =  100.1 - 125; F =  125.1 - 150; G = 150.1 - 700 p. m ol m f2 s ' 1) for 

Entire , O ne Lobed an d  Two Lobed Leaves of S assafras. M easurem ents are  for each  of six 

days from  J u n e  11 to  A ugust 18, 1987. Sam ple sizes (num ber of m easurem ents) are  in 

Table 5.6.

Genet BR 590

PA R MEAN AIR TEMPERATURES (°C)
DATE CLASS ENTIRE ONE LOBED TWO LOBED ANOVA

JU N E 11 A — — - - -

B 24.3 25.8 24.8 n s
C 24.4 24.6 24.6 n s
D 25.3 — 27.1 n s
E 24.2 23.4 24.3 n s

JU N E 29 A __ __
B 30.5 30.7 30.8 n s
C — 31.3 30.8 n s
D
E

— — 31.5 —

F
G 31.4

———
31.2 *

JULY 06 A
D

24.4 . . . 25.1 **
D

C 25.6 25.4 25.2 *+
D 25.5 25.4 25.8 n s
E 26.2 26.0 25.9 n s

JULY 21 A 30.6 31.5 31.7 **

JULY 29 A 26.2 26.6 26.4 n s
B 26.7 26.2 26.3 n s
C — 26.3 26.7 n s
D, E, F, G . . . — 26.6 —

AUGUST 18 A 32.4 32.2 32.2 n s
B 32.4 32.7 32.5 **
C 32.5 . . . 32.4 n s
D 32.4 32.2 32.3 n s
E.F.G 32.5 ------ 32.5 n s

ALL DAYS A,B,C,D,E,F,G 29.0 28.4 27.7
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Table 5.8. M ean leaf tem pera tu re  (°C) for each PAR Class (A = 0  - 25; B  = 25.1 - 50; C = 

50.1 - 75; D = 75.1 - 100; E  = 100.1 - 125; F  = 125.1 - 150; G = 150.1 - 700 n  m o l m ’2 s ' 1) for 

E ntire , O ne Lobed a n d  Two Lobed leaves of S assafras. M easurem ents are  for each  of six 

days from  J u n e  11 to  A ugust 18, 1987. Sam ple sizes (num ber of m easurem ents) are  In 

Table 5.6.

Genet BR 590

DATE
PA R

CLASS
MEAN

ENTIRE
LEAF TEMPERATURES (°C) 

ONE LOBED TWO LOBED ANOVA

JU N E 11 A . . . . . .

B 24.4 25.9 24.7 n s
C 24.4 24.6 24.6 n s
D 24.5 . . . 24.8 n s
E 24.3 23.4 24.4 n s

JU N E 29 A ___ ___

B 30.7 30.7 30.7 n s
C . . . 31.3 30.8 n s
D
E
F

. . . —
31.5

G 32.2 — 31.2 *

JULY 06 A
B

24.5 — 25.1 **

C 25.6 25.4 25.2 ***
D 25.6 26.0 25.8 n s
E 26.2 26.0 25.9 n s

JULY 21 A 30.6 31.5 31.6 **

JULY 29 A 26.3 26.8 26.8 n s
B 26.8 26.3 27.3 n s
C . . . 26.4 27.1 n s
D,E,F,G . . . — 26.8 —

AUGUST 18 A 32.3 32.2 32.2 n s
B 32.3 32.7 32.5 *+*
C 32.5 — 32.4 n s
D 32.4 32.0 32.2 *
E 32.5 ----- 32.4 n s

ALL DAYS A,B,C,D,E,F,G 29.0 28.4 27.6 **
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Table 5.9. M ean n e t pho tosyn thesis (p m ol m"2 s '* ) for each  PAR C lass (A = 0  - 25; B =

25.1 - 50; C = 50.1 - 75; D = 75.1 - 100; E  = 100.1 - 125; F  = 125.1 -150; G = 150.1 - 700 p  m ol 

m -2 s - l)  for E ntire , O ne Lobed a n d  Two Lobed leaves of Sassafras. M easurem ents are for 

each  of five days from  J u n e  11 to  A ugust 18, 1987. Sam ple sizes (num ber of 

m easu rem en ts) a re  in  Table 5.6.

_____________________________________ Genet BR 590_____________________________________

PA R MEAN NET PHOTOSYNTHESIS (p m ol m -2  s -l)
DATE CLASS ENTIRE ONE LOBED TWO LOBED ANOVA

A - - -

JU N E 11 B 1.89
C 1.89
D 0.75
E 2.3

JU N E 29 A ____

B 0.60
C —

D . . .

E . . .

F —

G 3.50

JULY 06 A 1.04
B —

C 1.81
D 2.19
E 2.73

JULY 21 A 0.30

JULY 29 A 0.49
B 1.38
C . . .

d ,e ,f . . .

AUGUST 18 A 2.02
B 1.46
C 1.49
D 1.82
E 2.62

0.91 1.26 n s
1.35 1.90 n s

2.77 *
3 .64  2.59 n s

0 .70  0.97 *
0 .74  0 .58 n s

3.70

2.15 *

0 .79 n s
3.72

0.71 1.29 n s
1.83 3.03 ***
3.18 2.78 n s

0.62 0 .47 *

0.45 0 .46  n s
1.07 0 .54  n s
0.49 0 .48 n s

0.49

1.42 0.98 **
0.68 1.03 ***

0.80  n s
3.21 2 .69 n s

1.16 n s

ALL DAYS A,B,C,D,E,F 1.82 1.23 1.58
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Table 5.10. M ean stom ata l conductance (cm s '  for each  PAR C lass ( A = 0 - 2 5 ; B  = 25.1 - 

50; C = 50.1 - 75; D = 75.1 - 100; E =  100.1 - 125; F =  125.1 - 150; G = 150.1 - 700 p  m ol m '2 

s ' 1) for Entire , O ne Lobed a n d  Two Lobed leaves of S assafras. M easurem en ts are  for 

each  of five days from  J u n e  11 to  A ugust 18, 1987. Sam ple sizes (num ber of 

m easu rem en ts) a re  in  Table 5.6.

_____________________________________ Genet BR 590____________________________________

PA R  MEAN STOMATAL CONDUCTANCE (cm  s ' 1)
DATE CLASS ENTIRE ONE LOBED TWO LOBED ANOVA

A . . .

JU N E 11 B 0.066
C 0.060
D 0.039
E 0.071

JU N E 29 A ___

B 0.044
C —

D . . .

E . . .

F —

G 0.106

JULY 06 A 0.145
B - - -

C 0.153
D 0.126
E 0.114

JULY 21 A 0.219

JULY 29 A 0.029
B 0.036
C —

D .E .F

AUGUST 18 A 0.146
B 0.110
C 0.097
D 0.097
E 0.135

0.046 0.062 n s
0.060  0 .089  **

0.257  n s
0.113 0 .086  *

0 .054  0 .079  *
0.084  0.061 n s

0.185

0.077 n s

0.111 n s
0.133

0.106 0 .120  *
0.101 0 .175  **
0.141 0 .147  n s

0.245 0 .277  n s

0.031 0 .026  n s
0.037 0 .029  n s
0.029 0 .027  n s

0.028

0.070 0 .065  n s
0.045 0.062 ***

0.055 n s
0.205 0 .164  ***

0.065 n s

ALL DAYS A,B,C,D,E,F 0.101 0.096 0.108 ns
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Table 5.11. M ean tran sp ira tio n  (xlOOO m ol m '2 s"*■) for each  PAR C lass (A = 0 - 25; B =

25.1 -50 ; C = 50.1 -75 ; D = 7 5 .1 - 100; E =  100.1 - 125; F =  125.1 -150; G = 150.1 - 700 g  m ol 

m '2 s ' 1) for Entire , One Lobed an d  Two Lobed leaves of Sassafras. M easurem ents are 

for each  of five days from  J u n e  11 to  A ugust 18, 1987. Sam ple sizes (num ber of 

m easu rem en ts) a re  in  Table 5.6.

 Genet BR_590_____________________________________

PA R MEAN TRANSPIRATION (x 10-4 m ol m '2 s ' 1)
DATE CLASS ENTIRE ONE LOBED TWO LOBED ANOVA

A —

JU N E 11 B 6.9
C 6.3
D 4.6
E 7.0

JUNE 29 A ___

B 6.7
C —

D . . .

E . . .

F . . .

G 14.8

JULY 06 A 12.5
B —

C 12.7
D 10.9
E 11.0

JULY 21 A 26.0

JULY 29 A 2.7
B 3.3
C
D .E .F . . .

AUGUST 18 A 13.0
B 10.9
C 9.4
D 9.1
E 12.5

6.0  6 .6  n s
6.3 8.9 *

9.7 n s
10.1 8.3 n s

8.3 10.8 n s
12.7 9.1 n s

23.6

11.3 **

10.8 n s  
11.0

10.6 11.0 n s
9.7 14.1 **
11.5 12.8 n s

27.1 31.1 n s

3 .0  2.5 n s
3.1 2 .6  n s
2.5 2.8 n s

2.8

6.7 6.2 ***
5.0 6 .4  ***

5.5 n s
17.5 14.5 ***

7.0 n s

ALL DAYS A,B,C,D,E,F 9.9 10.3 11.0 ns
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Table 5.12. M ean vapor p ressu re  deficit (VPD; mb) for each  PAR C lass (A = 0  - 25; B =

25.1 - 50; C = 50.1 - 75; D = 75.1 - 100; E  = 100.1 - 125; F =  125.1 -150; G = 150.1 - 700 p  m ol 

m -2 s - l)  for E ntire, O ne Lobed a n d  Two Lobed leaves of Sassafras. M easurem ents are 

for each  of five days from  J u n e  11 to  A ugust 18, 1987. Sam ple sizes (num ber of 

m easu rem en ts) a re  In  Table 5.6.

Genet BR 590

DATE
PA R

CLASS
MEAN VPD (mb) 

ENTIRE ONE LOBED TWO LOBED ANOVA

JUNE 11
A
B 26.2 30.8 27.3 n s
C 26.2 26.7 25.7 n s
D 28.7 . . . 32.8 n s
E 25.2 22.7 24.9 n s

JUN E 29 A __ __ __
B 38.9 39.0 36.6 *
C — 39.4 38.5 n s
D
E

— — 34.1 —

F
G 34.4 — 37.8 n s

JULY 06 A 22.2 ____ 25.2 *
B — — 22.0 - -

C 22.3 25.4 23.6 n s
D 22.9 24.7 21.5 **
E 24.8 21.3 23.1 n s

JULY 21 A,B,C 32.1 31.4 32.1 n s

JULY 29 A 23.0 23.5 22.3 n s
B 22.8 21.0 21.0 n s
C . . . 21.5 24.4 n s
D .E .F . . . . . . 24.0 —

AUGUST 18 A 24.7 26.1 26.8 n s
B 27.4 32.5 29.2 ***
C 27.5 . . . 29.2 n s
D 26.2 23.5 24.5 n s
E 26.1 --- 28.2 n s

ALL DAYS A,B,C,D,E,F 32.4 28.7 27.5 ns
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Table 5. li^j M ean w ater u se  efficiency (WUE; g kg" 1) for each  PAR C lass (A = 0  - 25; B = 

25.1 - 50; C = 50.1 - 75; D = 75.1 - 100; E  = 100.1 - 125; F =  125.1 - 150; G = 150.1 - 700 \i m ol 

m '2 s " 1) for Entire, O ne Lobed a n d  Two Lobed leaves of S assafras. M easurem ents are 

for each  of five days from  J u n e  11 to  A ugust 18, 1987. Sam ple sizes (num ber of 

m easu rem en ts) a re  In  Table 5.6.

Genet BR 590

DATE
PA R

CLASS
MEAN WATER USE EFFICIENCY (g kg"1)

ENTIRE ONE LOBED TWO LOBED ANOVA

JU N E 11
A
B 6.785

—

4.731 *
C 7.406 5.288 5.481 n s
D 4.045 — 7.113 *
E 8.17 8.848 7.457 n s

JU N E 29 A __ __
B 2.186 2.108 2.226 n s
C — 1.415 1.54 n s
D
E

— —— 3.9 —

F
G 5.91 — 4.636 *

JULY 06 A 2.033 __ 1.774 n s
B — --- 8.076 --
C 3.614 1.562 2.803 *
D 4.891 7.184 5.52 n s
E 6.043 6.518 5.52 n s

JULY 21 A,B,C 0.277 0.549 0.363 *

JULY 29 A 4.396 3.743 4.82 n s
B 10.231 8.2 4.933 n s
C . . . 4.741 4.302 n s
D .E .F . . . . . . 4.245 --

AUGUST 18 A 4.033 5.101 3.841 n s
B 3.469 3.335 4.056 n s
C 3.832 — 3.563 n s
D 4.759 4.482 4.514 n s
E 5.139 --- 4.051 n s

ALL DAYS A,B,C,D,E,F 4.892 3.8 4.156
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Photosynthesis versus nodal position

Figure 5 .4  is a  sca tte rp lo t of all n e t pho tosyn thesis  d a ta  v e rsu s  leaf age (nodal 

position). L inear a n d  cu rv ilinear lea s t sq u a re s  reg ressions w ere n o t sign ificant for th is  

da ta . T he d a ta  w ere th e n  sep ara ted  by  da te  of m easu rem en t an d  analyzed for nodal 

tre n d s  by  regression. Figure 5.5 rep resen ts  th e  d a ta  for th is  genet collected on J u n e  11, 

1987, an d  a  second  degree polynom ial reg ression  gave a  s ta tis tica lly  significant 

increase  in  th e  coefficient of d e te rm in a tio n  over th e  lin ea r m odel. T his w as also the  

case for the  d a ta  for J u n e  29 (Figure 5.6), J u ly  6  (Figure 5.7), Ju ly  21 (Figure 5.8), Ju ly  29 

(Figure 5.9) a n d  A ugust 18 (Figure 5.10). T his d a ta  b ea rs  no  "correction" for varia tion  in 

PAR, an d  th e  sm allest leaves, u su a lly  a t  th e  proxim al a n d  d ista l en d s  of th e  shoo t were 

n o t u sed  for th e  m easu rem en t o f pho tosyn thesis  a s  th ey  were too sm all to  be p laced in 

the  cuvette. Between J u n e  11 a n d  J u ly  21, th e  shape  of the  regression fit suggests th a t  

leaves of th e  in te rm ed ia te  n o d es  have th e  g rea tes t n e t  pho to syn the tic  ra te s  p e r u n it leaf 

a rea . The PAR inciden t on  leaves n e a r  th e  tip s of shoo ts  ten d s  to  be  m ore variab le (less 

dense shade, m ore sunflecks) th a n  th a t  of leaves n e a r  the  b a ses  of shoo ts, an d  hence 

th e re  is a  ten d en cy  for m ore sc a tte r  in  n e t pho to syn thesis  m ea su rem e n ts  m ade on  these  

leaves. The m easu rem en ts  of J u ly  29 an d  A ugust 18 indicate th a t  leaves of th e  d istal 

n odes have g rea te r  n e t pho to syn the tic  ra te s  th a n  do leaves a t th e  proxim al or 

in term ediate  nodes. T his suggests  th a t  a s  the  growing seaso n  progresses, there  is a 

g rad u a l sh ift in  th e  n oda l position  of g rea te s t n e t pho to syn the tic  po ten tia l from  th e  

proxim al to  th e  in te rm ed ia te  (where it rem a in s  for th e  longest tim e) to  th e  d ista l nodes 

a long  a  shoot.

However, n e t  pho to sy n th e tic  productivity , on  th e  b a s is  of nodal position , is also 

dependen t u p o n  th e  su rface a rea  of a  leaf a t  a  p a rticu la r nodal position. Figure 5.11 

d isp lays tra jec to ries  for n e t p h o to sy n th es is  of leaves a t  nodal positions v e rsu s  leaf
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area. The p ro d u ct of m ea n  n e t pho tosyn thetic  ra te  a n d  leaf a rea  (see C hap ter 3), for 

leaves a t  each  nodal position, w as u sed  to  generate  th e  y-coordinate va lues u sed  in  th is  

g raph . Nodal positions a re  ind ica ted  a t  in tervals on  th e  ind iv idual tra jec to ries, for 

ease  of identification . T h is in fo rm ation  su g g ests  th a t  th e  p h o to sy n th e tic  perform ance 

of leaves is relatively sym m etrical on  e ith e r side of th e  m o st productive leaves, a n d  th a t  

th ese  m o st productive leaves a re  u sua lly  to  be found in  the  region of nodes six  th rough  

ten  (between J u n e  11 an d  A ugust 18). It is in teresting to  note th a t  for the  d a ta  of A ugust 

18, desp ite  th e  decline in  relative n e t pho to sy n th esis  a t  th e  in te rm ed ia te  nodes (Figure 

5.10), th e  increase  in  leaf a rea  observed for th ese  sam e nodes (Figure 3.16) re su lts  in  

leaves a t  th ese  nodes m ain ta in ing  th e ir  position  a s  th e  m ost productive. The d a ta  from  

n e t pho tosyn thesis m easu rem en ts  m ade on  J u ly  21 a n d  J u ly  29, 1987 were no t u sed  here 

due  to  th e ir  sm all sam ple  size.
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Figure 5.4. S ca tte rp lo t o f pho tosyn thetic  ra te s  for leaves a t  n odes along shoo ts  

of genet BR 590. The d a ta  show n here  is for m easu rem en ts  ta k e n  on  six  days 

in  1987. L inear a n d  cu rv ilinear reg ressions were n o t significant.

5  j --------- ---------- ■---------   1---------   —  i---------   1--------- ■--------- 1---------------  i , .______ i______ i_______

4.5-

s i  * * t + * *
*: .  !  *

2.5- 

2-

1.5- 

1 ■

.5-

0 -  1 1 1 1 • 1 * 1 1 1 1 1 < 1----------------1--------------- --

0 2 4 6 8 10 12 14 16
LEAF NODE

Figure 5.5. S catterp lo t of n e t pho tosyn thetic  ra te s  on  J u n e  11, 1987 for leaves a t 

nodes along shoo ts  of genet BR 590 w ith  a  second degree least sq u a res  regression 

(F=4.528 (2,95 df),r2 = 0.087, p  <0.05) superim posed.
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Figure 5.6. Scatterp lo t of ne t photosynthetic  ra te s  on  J u n e  29, 1987 for leaves a t 

nodes along shoo ts of genet BR 590 w ith a  second degree least sq u ares  regression 

(F=3.337 (2,37 df),r2 = 0.153, p<0.05) superim posed.
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Figure 5.7. Scatterp lo t of n e t pho tosyn thetic  ra te s  on  J u ly  6, 1987 for leaves a t 

n o d es  along shoo ts  of genet BR 590 w ith  a  second degree lea s t sq u a res  regression 

(F=4.681 (2,77 df),r2 = 0.108, p<0.05) superim posed.
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Figure 5.8. Scatterp lo t of n e t pho tosynthetic  ra te s  on  J u ly  21, 1987 for leaves a t 

nodes along shoo ts  of genet BR 590 w ith  a  second degree least sq u a re s  regression 

(f=5.587 (2,25 df), r2 = 0.309, pcO.Ol) superim posed.
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Figure 5.9. Scatterp lo t of n e t pho tosynthetic  ra te s  on  J u ly  29, 1987 for leaves a t 

nodes along shoo ts  of genet BR 590 w ith a  second degree least sq u a res  regression 

(F=6.276 (2,27 dl), r 2 = 0.317, p<0.01) superim posed.
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Figure 5.10. Scatterp lo t of n e t photosynthetic  ra te s  on  A ugust 18, 1987 for 

leaves a t  nodes along shoo ts  of genet BR 590 w ith  a  second degree least squ ares  

regression (F=8.466 (2,94 df), r 2 = 0.153, pcO.OOl) superim posed.
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Figure 5 .11. T rajectories for genet BR 590 of m ean  n e t  whole leaf pho tosyn thesis  

(p. m ol s-1) of a t  nodal p o sitions  along sh o o ts  v e rsu s  m e a n  leaf a rea  (m2) on  four 

days. Nodal positions a re  ind ica ted  a t  in tervals  along each  tra jectory , a s  is the  

d irection , from  proxim al to  d ista l nodes, by  arrow s on  each  tra jectory .
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Genet 591

Photosynthesis versus Leaf Shape

T his genet is larger in  s ta tu re  th a n  genets 99 an d  100 (see Table 3.2) and  grows on 

th e  N orth B an k  of th e  B ronx River, w here it is a  canopy dom inant. The u p p e r reach es  of 

th e  canopy  receives d irect sun ligh t th ro u g h o u t th e  day, b u t  is o u t of reach  for 

p ho to syn thesis  m easu rem en t. Lower down, 2 - 3  m eters  above th e  g round, lateral 

b ra n c h e s  d isp lay  leaves w ith  a  N orth-W esterly  asp ec t w h ich  receive full su n lig h t from 

m idday  onw ards (approxim ately). P ho to syn thesis  w as m e a su re d  for th ese  leaves. 

D uring  sam pling  of p h o to sy n th e tic  ra te s , th e  inciden t pho to syn the tica lly  active 

rad ia tion  (PAR) ranged  from  12.7 to  1700.0 p m ol m '2  s"*.

The overall d a ta  for th is  gene t (Table 5.14) ind ica te  th a t  th e re  w ere no  

significant differences w ith  leaf sh a p e s  in  PAR, a ir a n d  lea f tem p era tu re , vapor 

p re s su re  deficit a n d  w a te r u se  efficiency, b u t  th a t  sign ificant differences did exist 

am ong  leaf sh a p e s  in  s to m a ta l conduc tance  an d  tra n sp ira tio n  ra te s . Leaves w ith  two 

lobes h a d  th e  h ighest ra te s  for all th ree  of th ese  factors. T he d a ta  w ere th e n  separa ted  

on th e  b asis  of PAR classes (A = 0-50; B = 50.1 -100; C = 100.1-200; D = 200.1-500; E  = 

500.1-1000; F = 1000.1-2000 p  m ol m -2  sec-1) for each day m easu rem en ts were taken  

(June lO  , 17 & 24, J u ly  21 & 29, A ugust 12), an d  Analysis of V ariance (ANOVA) 

perform ed. The PAR d a ta  are  show n in  Table 5 .15  w here sign ificant differences are  

found on  J u ly  21, PAR class A, J u ly  29, PAR c lass [A,B,C,D] an d  PAR c lass F, and  A ugust 

12, PAR c lass  F. W hile th ese  differences are also seen  in  th e  a ir an d  leaf tem pera tu re  

d a ta  (Tables 5 .16  a n d  5.17), leaves w ith  two lobes have significantly  g rea ter 

tem pera tu res  on  J u n e  11, PAR class A, J u n e  17, PAR class D, an d  A ugust 12, PAR classes
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A an d  E. O n J u n e  24, a t  PAR c lasses  B a n d  D, leaves w ith entire  m arg ins have 

significantly  g rea te r  tem p e ra tu re s . However, n e t p h o to sy n th es is  is  sign ificantly  

different am ong leaf sh a p es  in  only one in stan ce  (Table 5.18), J u n e  24 a t  PAR c la ss  F, 

w hen  leaves w ith  two lobes have a  n e t  pho to syn the tic  ra te  g rea te r th a n  leaves w ith  one 

lobe. Overall, leaves w ith two lobes ap p e ar  to  have th e  g rea te s t n e t pho tosyn thetic  

ra te s , a lbe it n o t  s ta tis tica lly  significantly  so , given m y sam p le  sizes. S tom atal 

conductance (Table 5.19) also is  g rea tes t in  two lobed leaves on  J u n e  24, a t  PAR c lass F, 

a s  it is on J u n e  10, c lass A; J u n e  17, c lass A  and  J u n e  24, c lasses C an d  D, b u t on these 

occasions w ith  no  correspond ing  en h an cem en t of n e t pho to syn thesis . D uring  th e  early 

to  m id  growing season , leaves w ith  two lobes have g rea te r s to m ata l co nductances , 

a lth o u g h  n o t alw ays significantly  so (Table 5.19), even w hen  lea f tem p era tu re s , an d  

th u s  PAR inciden t u p o n  th e  leaf, is  g rea te r for leaves w ith  en tire  m arg ins. However, by 

A ugust 12, a t  h igh  inciden t PAR (classes E  a n d  F), leaves w ith  two lobes have 

significantly  h ig h er leaf tem p e ra tu re  (Table 5.17) b u t  lower s to m a ta l co n d u c tan ces  

(Table 5.19). A lthough stom ata l co n d u c tan ces  are  high, m ea n  tra n sp ira tio n  is  low for 

en tire  m arg in  leaves on A ugust 12 (Table 5.20) a n d  th is  lead s  to  th e  very h igh values for 

w a te r u se  efficiency on  th is  day  (Table 5.22).
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Table 5.14. M ean pho tosyn thetically  active rad ia tio n  (PAR), a ir  tem p e ra tu re  (T a ir ), 

leaf tem p e ra tu re  (T leaf), p h o to sy n th es is  (PHOTO), s to m a ta l co n ductance  (RS), 

tra n sp ira tio n  (TRNM) vapor p re ssu re  deficit (VPD) a n d  w a te r u se  efficiency (WUE) for 

E ntire, One lobed an d  Two lobed leaves of genet BR591 m easu red  betw een J u n e  10 and  

A ugust 12, 1987. Sam ple size ind ica tes th e  to ta l n u m b er of m easu rem en ts  taken .

MEAN VALUE FOR LEAVES SHAPED 
VARIABLE ENTIRE ONE LOBED TWO LOBED ANOVA

PAR (p m ol m "2 s" *) 316.3 405.3 377.9 ns

T a ir ( ° C ) 26.6 26.9 27.2 ns

T  lea f (°C) 27.1 27.4 27.8 ns

PHOTO (p. m ol n r 2 s _1) 2.4 2.7 3.0 ns

CS (cm s-1) 0.103 0.105 0.134 ***

TRNM (xlO-4 m ol m '2 s ' 1) 11.4 11.4 14.4

VPD (mb) 26.1 26.3 25.9 ns

WUE (g k g '1) 5.561 5.537 5.173 ns

SAMPLE SIZE 121 52 346
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Table 5 .15 . M ean pho tosyn thetically  active radiation(PAR; p. m ol m '^  s ' 1) for each  PAR 

Class (A = 0-50; B = 50.1-100; C = 100.1-200; D = 200.1-500; E  = 500.1-1000; F  = 1000.1- 

2000 p. m ol m -2  se c -1) for E ntire , One an d  Two Lobed leaves of Sassafras. PAR w as 

m easu red  on each of 6  days from J u n e  10, 1987 through  A ugust 12, 1987, for genet BR 

591. Sam ple size is ind ica ted  w ith in  p a ren th eses .

BR591

DATE
PAR

CLASS
MEAN PAR (p. m o l m "2 s"1) 

ENTIRE ONE LOBED TWO LOBED ANOVA

JUNE 10 A 28.1(13) 31.3(5) 31.3(26) n s
B 65.3(2) 81.9(1) 63.8(6) n s
C 125.0(1) — 157.6(5) n s
D 395.8(2) — 336.9(9) n s
E 729.6(6) 765.8(2) 877.5(12) n s
F 1124.0(2) — 1134.4(10) n s

JUNE 17 A 25.5(9) 28.7(8) 29.0(17) n s
B 74.0(6) — 68.6(13) n s
C 147.3(2) — 145.0(10) n s
D 320.9(4) 323.4(2) 282.2(11) n s
E 691.6(4) 709.2(6) 690.8(30) n s
F 1225.0(2) — 1157.0(3) n s

JUNE 24 A 33.7(12) 30.7(3) 32.8(19) n s
B 80.5(2) 71.6(1) 74.7(9) n s
C 181.5(3) — 147.9(9) n s
D 302.7(7) 300.8(2) 282.8(6) n s
E 657.4(4) 945.9(1) 739.8(13) n s
F — 1007.0(1) 1098(2) n s

JULY 21 A 12.7(2) 17.1(2) 20.0(12) ***

JULY 29 A,B,C,D 199.3(2) __ 405.2(4) **
E — 776.0(2) 741.9(6) n s
F 1367.0(2) 1176.3(4) 1407.4(12) ***

AUGUST 12 A 22.3(20) 14.0(6) 19.7(61) n s
B 93.8(1) — 65.9(5) n s
C 175.1(1) 125.9(1) 152.2(7) n s
D 279.7(2) 336.2(1) 329.6(6) n s
E 821.4(2) 608.9(2) 756.4(5) n s
F 1354.5(8) 1700.0(2) 1447.3(18) **

ALL DAYS A,B,C,D,E,F 316.3(121) 405.3(52) 377.9(346) ns
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Table 5.16. M ean air tem pera tu re  (°C) for each PAR Class (A = 0  - 50; B = 50.1 - 100; C = 

100.1 -200 ; D = 200.1 -500 ; E  = 500.1 - 10 0 0 ;F =  1000.1 - 2000 u  mol m -2 sec-1) for 

E ntire , One Lobed a n d  Two Lobed Leaves of S assafras. M easurem ents are  for each  of six 

days from  J u n e  10 to  A ugust 12, 1987. Sam ple sizes (num ber of m easurem ents) a re  in  

Table 5.15.

BR591

DATE
PAR

CLASS
MEAN AIR TEMPERATURE (°C) 

ENURE ONE LOBED TWO LOBED ANOVA

JU N E 10 A 22.9 22.1 23.4 *
B 24.6 21.8 23.5 n s
C 25.9 . . . 23.8 n s
D 24.8 — 24.1 n s
E 28.0 27.7 28.2 n s
F 28.1 — 28.5 n s

JU N E 17 A 24.8 26.1 25.1 n s
B 27.1 . . . 26.3 n s
C 26.5 . . . 26.2 n s
D 27.1 23.8 27.3 *
E 30.2 30.1 30.5 n s
F 32.7 — 29.8 n s

JU N E 24 A 26.9 25.2 26.4 n s
B 28.7 25.3 27.4 n s
C 28 .4 . . . 27.4 n s
D 29.8 28.5 28.3 **
E 29.7 31.6 31.4 n s
F — 32.0 32.6 n s

JULY 21 A 30.6 31.0 31.5 ***

JULY 29 A,B,C.D 27.9 ___ 28.5 *
E . . . 29.5 29.3 n s
F 29.6 30.3 31.5 ***

AUGUST 12 A 24.2 24.1 24.8 *
B 24.8 . . . 26.0 n s
C 24.3 28.4 25.4 n s
D 25.3 28.4 26.8 n s
E 26.1 25.8 27.8 *
F 29.1 28.2 31.0 **

ALL DAYS A,B,C,D,E,F 26.6 29.6 27.2 ns
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Table 5.17. M ean leaf tem peratu re  (°C) for each PAR C lass (A = 0  - 50; B = 50.1 - 100; C = 

100.1 - 200; D = 200.1 - 500; E  = 500.1 -1000; F  = 1000.1 - 2000 u  m olm -2  sec-1) for 

E ntire , One Lobed a n d  Two Lobed Leaves of S assafras. M easurem ents are  for each  of six 

days from  J u n e  10 to  A ugust 12, 1987. Sam ple sizes (num ber of m easurem ents) are  in  

Table 5.15.

BR591

DATE
PA R
CLASS

MEAN LEAF TEMPERATURES (°C) 
ENTIRE ONE LOBED TWO LOBED ANOVA

JUNE 10 A 22.9 22.2 23.5 *
B 24.8 22.4 23.6 ns
C 26.2 — 24.1 ns
D 25.4 — 24.3 ns
E 28.9 29.7 29.5 ns
F 29.8 — 30.0 ns

JUNE 17 A 24.9 26.0 25.1 ns
B 27.2 — 26.5 ns
C 26.5 — 26.4 n s
D 27.2 23.8 27.7 *
E 31.2 31.0 31.4 ns
F 34.8 — 31.1 ns

JUNE 24 A 27.3 25.2 26.3 ns
B 28.8 25.2 27.3 *
C 28.5 — 27.4 ns
D 30.5 28.8 28.2 **
E 30.3 32.9 32.7 ns
F — 33.5 34.2 ns

JULY 21 A 30.2 31.0 31.5 ***

JULY 29 A,B,C,D 28.5 __ 29.4 **
E 30.0 30.0 n s
F 31.1 31.8 33.9 ***

AUGUST 12 A 24.2 24.2 24.8 *
B 24.7 — 26.2 ns
C 24.3 29.3 26.8 ns
D 25.4 29.3 27.8 ns
E 26.3 26.0 29.6 *
F 31.9 30.8 34.0 4*

ALL DAYS A,B,C,D,E,F 27.1 27.4 27.8 ns
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Table 5.18. M ean n e t pho tosyn thesis (p. m ol m "2 s ' 1) for each  PAR C lass (A = 0  - 50; B = 

50.1 - 100; C = 100.1 - 200; D = 200.1 - 500; E  = 500.1 -1000; F  = 1000.1 - 2000 pm ol m -2 

sec-1) for Entire , One Lobed an d  Two Lobed Leaves of S assafras. M easurem ents are  for 

each of six days from  J u n e  10 to  A ugust 12, 1987. Sam ple sizes (num ber of 

m easu rem en ts) are  in  Table 5.15.

BR591

DATE
PAR

CLASS
MEAN NET PHOTOSYNTHESIS (p m o l m  

ENTIRE ONE LOBED TWO LOBED
■2 s ' 1) 

ANOVA

JUNE 10 A 1.14 0.96 1.47 n s
B 2.50 1.28 1.76 n s
C 3.71 — 2.93 n s
D 3.37 — 2.78 n s
E 5.12 4.34 5.23 n s
F 7.26 — 5.80 n s

JUNE 17 A 0.71 1.26 1.05 n s
B 2.29 — 2.28 n s
C 1.68 — 3.13 n s
D 3.02 2.27 3.65 n s
E 4.55 5.59 6.23 n s
F 2.93 — 4.48 n s

JU N E 24 A 1.72 1.75 1.60 n s
B 2.41 1.26 2.98 n s
C 2.37 3.15 n s
D 2.88 3.55 3.96 n s
E 4.05 2.03 4.48 n s
F — 2.08 3.84 *

JULY 21 A 0.30 0.30 0.49 n s

JULY 29 A,B,C,D 2.70 __ 3.36 n s
E 5.78 6.50 n s
F 1.35 4.43 5.28 n s

AUGUST 12 A 0.83 0.54 1.17 n s
B 0.76 — 1.18 n s
C 1.68 4.29 5.94 n s
D 7.77 4.26 4.03 n s
E 6.31 3.40 3.77 n s
F 3.96 5.46 3.25 n s

ALL DAYS A,B,C,D,EE 2.41 2.69 3.02 ns
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Table 5.19. M ean stom atal conductance (cm s"*) for each PAR C lass (A = 0  - 50; B = 50.1 - 

100; C =  100.1 - 2 0 0 :D = 200.1 -500 ; E  = 500.1 - 10 0 0 ;F =  1000.1 - 2 0 0 0 u m o lm -2 s e c -1) 

for E ntire , O ne Lobed a n d  Two Lobed Leaves of S assafras . M easurem ents a re  for each  of 

six  days from  J u n e  10 to  A ugust 12, 1987. Sam ple sizes (num ber of m easurem ents) are 

In Table 5.15.

BR591

PA R MEAN STOMATAL CONDUCTANCES (cm s"1)
DATE CLASS ENTIRE ONE LOBED TWO LOBED ANOVA

JUNE 10 A 0.111 0.079 0.145 ***
B 0.160 0.038 0.145 *
C 0.197 — 0.165 ns
D 0.146 — 0.176 ns
E 0.190 0.177 0.199 ns
F 0.246 — 0.210 ns

JUNE 17 A 0.041 0.065 0.065 *
B 0.080 — 0.091 ns
C 0.059 0.106 ns
D 0.096 0.068 0.111 ns
E 0.132 0.153 0.172 ns
F 0.096 — 0.106 ns

JU N E 24 A 0.104 0.101 0.116 ns
B 0.121 0.100 0.152 ns
C 0.091 . . . 0 .167 **
D 0.104 0.109 0.198 **
E 0.132 0.065 0.146 ns
F — 0.063 0.110 *

JULY 21 A 0.219 0.252 0.317 ns

JULY 29 A,B,C,D 0.097 __ 0.088 ns
E — 0.110 0.186 ns
F 0.049 0.122 0.153 ns

AUGUST 12 A 0.063 0.500 0.078 ns
B 0.075 — 0.063 ns
C 0.075 0.129 0.118 ns
D 0.054 0.132 0.155 ns
E 0.155 0.141 0.110 ns
F 0.134 0.146 0.105 ns

ALL DAYS A,B,C,D,E,F 0.103 0.105 0.134 ns
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Table 5.20. M ean tran sp ira tio n  (x 10"4 m ol m '2 s ' 1) for each  PAR C lass (A = 0  - 50; B = 

50.1 -100; C = 100.1 - 200; D = 200.1 - 500; E  = 500.1 - 1000; F  = 1000.1 - 2000 u  mol m-2 

sec-1) for E ntire , One Lobed a n d  Two Lobed Leaves of S assafras. M easurem ents are  for 

each  of six  days from  J u n e  10 to  A ugust 12, 1987. Sam ple sizes (num ber of 

m easu rem en ts) are  in  Table 5 .15.

BR591

PA R  MEAN TRANSPIRATION (x 10 '4  mol m '2 s ' 1)
DATE CLASS ENTIRE ONE LOBED TWO LOBED ANOVA

JUNE 10 A 10.2 7.2 12.8 **
B 15.2 0.4 12.9 ns
C 19.0 — 14.5 n s
D 14.7 — 15.5 n s
E 22.8 22.2 24.8 ns
F 30.2 — 26.5 n s

JUNE 17 A 4.7 7.7 6.7 ns
B 9.4 — 10.1 ns
C 6.7 . . . 11.3 n s
D 10.9 6.1 12.7 ns
E 18.2 19.8 23.1 n s
F 17.6 — 15.3 n s

JU N E 24 A 11.9 9.2 11.9 n s
B 12.9 10.1 15..0 n s
C 11..5 — 162 *
D 136 11.6 18.9 *
E 15.7 10.0 19.6 ns
F — 10.0 17.3 n s

JULY 21 A 26.0 28.4 34.0 *

JULY 29 A.B.C.D 8.9 __ 8.5 ns
E . . . 11.4 17.5 ns
F 5.8 13.4 20.4 *

AUGUST 12 A 3.9 3.5 5.4 *
B 5.0 . . . 4.8 n s
C 5.0 12.0 9.1 ns
D 3.5 12.0 13.2 n s
E 7.5 9.5 10.4 n s
F 15.5 16.0 14.4 ns

ALL DAYS A,B,C,D,E,F 11.4 11.4 14.4
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Table 5.21. M ean vapor p ressu re  deficit (mb) for each PAR C lass (A = 0 - 50; B = 50.1 - 

100; C = 100.1 - 200; D = 200.1 - 500; E  = 500.1 - 1000; F  = 1000.1 - 2000 u  mol m -2 sec-1) 

for E n tire , O ne Lobed an d  Two Lobed Leaves of S assafras. M easurem en ts are  for each of 

six  days from  J u n e  10 to A ugust 12, 1987. Sam ple sizes (num ber of m easurem ents) are 

in  Table 5.15.

BR591

DATE
PA R
CLASS

MEAN VAPOR PRESSURE DEFICIT (mb) 
ENTIRE ONE LOBED TWO LOBED ANOVA

JUNE 10 A 22.8 22.9 22.8 ns
B 24.2 24.7 22.7 ns
C 25.4 — 22.5 ns
D 24.8 — 22.7 ns
E 29.5 28.4 29.8 ns
F 29.0 — 30.4 ns

JUNE 17 A 28.7 29.7 27.5 ns
B 29.8 — 27.5 ns
C 28.3 . . . 27.1 ns
D 28.4 23.1 28.8 *
E 34.0 33.0 33.7 ns
F 41.6 — 34.3 ns

JU N E 24 A 28.7 23.3 27.4 ns
B 28.5 25.9 25.9 ns
C 32.6 . . . 25.7 ***
D 32.5 26.8 26.0 **
E 29.5 34.6 32.9 ns
F — 38.9 36.5 ns

JULY 21 A 32.1 31.1 30.3 ns

JULY 29 A.B.C.D 22.1 __ 22.9 n s
E — 25.6 23.4 **
F 26.1 26.7 29.1 ***

AUGUST 12 A 18.1 19.7 19.3 *
B 18.6 . . . 20.9 ns
C 17.1 25.4 20.6 ns
D 19.0 25.4 22.0 ns
E 18.8 18.2 26.0 *
F 32.1 29.1 37.3 *

ALL DAYS A,B,C,D,E,F 26.1 26.3 25.9 ns
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Table 5.22. M ean w ater u se  efficiency (WUE; g k g '1) for each PAR Class (A = 0 - 50; B = 

50.1 -100 ; C = 100.1 - 200; D = 200.1 - 500; E  = 500.1 - 1000; F  = 1000.1 - 2000 u  mol m-2 

sec-1) for E n tire , One Lobed an d  Two Lobed Leaves of S assafras. M easurem ents are  for 

each  of six  days from  J u n e  10 to  A ugust 12, 1987. Sam ple sizes (num ber of 

m easu rem en ts) are  in  Table 5 .15.

BR591

DATE
PA R
CLASS

MEAN WATER USE EFFICIENCY (g k g '1) 
ENTIRE ONE LOBED TWO LOBED ANOVA

JU N E 10 A 3.044 3.767 2.747 n s
B 3.658 8.032 3.431 *
C 4.695 . . . 4.793 n s
D 5.613 4.416 n s
E 5.495 4.779 5.018 n s
F 5.889 — 5.287 n s

JU N E 17 A 3.609 3.379 4.24 n s
B 5.788 . . . 5.738 n s
C 5.896 7.264 n s
D 6.925 9.055 7.321 n s
E 6.11 6.866 6.544 n s
F 4.068 — 7.252 n s

JU N E 24 A 3.336 4.76 3.217 n s
B 4.615 3.043 4.747 n s
C 5.986 ___ 4.818 n s
D 4.89 7.524 5.093 *
E 6.063 5.09 5.572 n s
F — 4.834 5.44 n s

JULY 21 A 0.286 0.257 0.353 n s

JULY 29 A,B,C,D 7.423 ___ 9.668 *
E — 12.397 9.194 *
F 5.754 6.517 6.166 n s

AUGUST 12 A 5.271 3.77 4.976 n s
B 3.703 — 5.818 n s
C 8.228 8.745 14.913 n s
D 54.346 8.674 9.861 ***
E 22.619 8.854 8.748 n s
F 5.52 8.348 5.493 n s

ALL DAYS A,B,C,D,E,F 5.641 5.537 5.173 ns
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Photosynthesis versus nodal position

Figure 5.12 is  a  sca tte rp lo t of all th e  n e t pho tosyn thesis  d a ta  v e rsu s  nodal 

position . L inear a n d  cu rv ilinear lea s t sq u a re s  reg ressions w ere n o t sign ificant for th is  

da ta . The d a ta  were th e n  sep ara ted  by  date  of m easu rem en t a n d  analyzed for nodal 

trends. Figure 5.13 rep resen ts th e  d a ta  for genet 591 collected on  J u n e  10, 1987, an d  a 

th ird  degree polynom ial reg ressio n  gave a  sign ificant in crease  in  th e  coefficient of 

de term ination  over th e  second degree m odel. W ith th e  d a ta  for J u n e  17 (Figure 5.14) and  

J u n e  24 (Figure 5.15), a  second degree m odel w as m ost suited. W ith the  d a ta  for J u ly  21 

(Figure 5.16) a n d  J u ly  29 (Figure 5.17), th ird  degree polynom ials provided a  significant 

increase  in  th e  coefficient of de te rm ina tion  over th e  second  degree m odel while for the  

A ugust 18 da ta  (Figure 5.10), a  second degree m odel w as b es t suited. This data, a s  w as the 

case  for th e  d a ta  from  genet BR 590, b e a rs  no  "correction" for varia tion  in  PAR, an d  the  

sm allest leaves, u su a lly  a t  th e  proxim al an d  d ista l en d s  of th e  shoo t w ere no t u sed  for 

th e  m easu rem en t of pho to sy n th esis  a s  th ey  w ere too sm all to  fit in to  th e  cuvette. 

Between J u n e  10 and  J u ly  17, th e  shape of th e  regression suggests th a t  leaves of the 

in term edia te  n odes have th e  g rea tes t n e t pho tosyn thetic  ra te s  p e r  u n it lea f area. The 

PAR env ironm ent of leaves n e a r  th e  tip s  of sh o o ts  te n d s  to  be  m ore variable (less dense 

shade , m ore sunflecks) th a n  th a t  of leaves n e a r  th e  b a se s  of shoo ts, a n d  hence  th ere  is a 

tendency  for m ore sc a tte r  in  n e t pho to sy n th esis  m ea su rem e n ts  m ade  on  th ese  leaves. 

The d a ta  for J u n e  24  (Figure 5.15) indicate th a t  leaves of th e  d ista l n odes have g rea ter 

n e t pho to syn the tic  ra te s  th a n  do leaves a t  th e  proxim al o r in term ed ia te  nodes, b u t  th is  

is p robab ly  due  to  h igher PAR inciden t on  th e  m ost d ista l leaves for w hich ne t 

pho tosyn thesis  w as m easu red . R egressions generated  for J u ly  21 (Figure 5.16) an d  Ju ly  

29  (Figure 5.17) are  very suscep tib le  to  f lu c tu a tio n s  in  env ironm enta l fac to rs  (especially 

PAR) due  to  the  sm all sam ple size, b u t  they  indicate th a t  th e  nodal tre n d  observed 

earlie r in  the  growing se aso n  is  m ain ta ined . T h is is  confirm ed by  th e  d a ta  for A ugust
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12 (Figure 5.18) w hen  a  second degree polynom ial regression  w as found to  be  th e  b es t 

m odel; a n d  th e  p a tte rn  of g rea tes t pho to syn the tic  ra te s  a t  leaves of th e  in term ed ia te  

n o d es  is  m ain ta in ed .

P ho tosyn thetic  p roductiv ity  is a lso  d ependen t u p o n  th e  a re a  of th e  leaf. Figure 

5 .19  d isp lays tra jec to ries  for n e t  p h o to sy n th es is  of leaves a t noda l positions v e rsu s  leaf 

area. The p ro d u ct of m ea n  n e t pho tosyn thetic  ra te  an d  leaf a rea  (see C h ap te r 3), for 

leaves a t  each  nodal position, w as u sed  to  generate  th e  values u sed  in  th is  graph . Nodal 

po sitions  a re  ind ica ted  a t in te rvals  on  th e  ind iv idual tra jec to ries, for ease  of 

identification . T h is  in fo rm ation  su g g ests  th a t  th e  n e t  p h o to sy n th e tic  perfo rm ance of 

leaves is  relatively sym m etrical o n  e ither side of th e  m o st p roductive leaves, a n d  th a t  

th ese  m o st productive leaves a re  u su a lly  to  be found in  th e  region of nodes six  th rough  

te n  (between J u n e  10 an d  A ugust 12). In  th is  genet, there  is no su d d en  increase in  leaf 

a rea  in  A ugust, a n d  yet th e  sh a p e s  of th e  tra jec to ries  are  rem arkab ly  sim ilar to  those  

found in  genet BR 590, a s  are th e  m ost productive nodes.
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Figure 5.12. S ca tte rp lo t of pho tosyn thetic  ra te s  for leaves a t  n odes along shoo ts 

of genet BR 591. The d a ta  show n here  is  for 519 m easu rem en ts  ta k e n  on  six days 

betw een J u n e  10 a n d  A ugust 12, 1987. L inear a n d  curvilinear regressions were 

n o t s ign ifican t.
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Figure 5.13. Scatterplot of n e t photosynthetic  ra te s  on  J u n e  10, 1987 expressed 

a s  s ta n d a rd  deviation u n its  + 2, for leaves a t  nodes along shoo ts  of genet BR 591 

w ith a  th ird  degree least sq u ares  regression (F=7.642 (3,88 df), r 2 = 0.141, 

p<0.001) superim posed.
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Figure 5.14. Scatterplot of n e t photosynthetic  ra te s  on  J u n e  17, 1987 expressed 

a s  s ta n d a rd  deviation u n its  + 2, for leaves a t nodes along shoo ts  of genet BR 591 

w ith a  second degree least squ ares  regression (F= 11.546(2,124 df), r 2 = 0.157, 

pcO.OOl) superim posed.
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Figure 5.15. Scatterp lo t of n e t pho tosynthetic  ra te s  on J u n e  24, 1987 for leaves 

a t nodes along shoo ts of genet BR 591 w ith a  second degree least sq u ares  

regression (F=7.18 (2,89 df), r 2 = 0.157, p<0.01) superim posed.



NE
T 

PH
OT

OS
YN

TH
ES

IS
 

IN 
SD 

+ 
2 

U
N

IT
S

128

1

.9

.8

.7

.6

.5ui

.3

.2
Q.

1

0
0 2 4 106 8 12 14

LEAF NODE

Figure 5 .16. S catterp lo t of n e t pho tosyn thetic  ra te s  on  J u ly  21, 1987 for leaves 

a t  nodes along shoo ts  of genet BR 591 w ith a  th ird  degree least sq u a res  

regression  (F=7.164 (3,12 df), r2 =0.642, p<0.01) superim posed.

5

4.5

4

3.5

3

2.5

2

1.5

,5

0
0 2 4 6 8 10 12 14

LEAF NODE

Figure 5.17. Scatterp lo t of n e t  pho tosyn thetic  ra te s  on  J u ly  29, 1987 expressed 

s ta n d a rd  deviation u n its  + 2, for leaves a t  nodes along shoo ts  of genet BR 591 

w ith a  th ird  degree least sq u a re s  regression (F=6.3(3,28 df), r2 = 0 .402 , p<0.01) 

superim posed.
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Figure 5.18. Scatterp lo t of n e t photosynthetic  ra te s  on  A ugust 12, 1987 

expressed  s ta n d a rd  deviation u n its  + 2, for leaves a t  nodes along shoo ts  of genet 

BR 591 w ith a  second degree least squ ares  regression (F=3.65(2,143 df), r 2 = 

0.048, p<0.05) superim posed.

O
E
=L\s
(n
LlIII-z

.08.

.06-

g  .04.
h-O
S  .02.

A JUNE 10, 1987 
A JUNE 17, 1987 
+ JUNE 2 4 , 1987 
O AUGUST 12, 19871“

LUz

.005 .01 .015 .02 .025 „ .03
LEAF AREA (m2)

.035 .04 .045

Figure 5.19. T rajectories for genet BR 591 of m ean  (whole leaf) n e t 

p h o to sy n th es is  (|i m ol s - 1) of leaves a t  n o d a l positions along sh o o ts  v e rsu s  m ean  

leaf a re a  (m2) o n  fou r days. Nodal positions a re  ind ica ted  a t In tervals along 

each  tra jectory , a s  is th e  direction, from  proxim al to  d ista l nodes, by  arrow s on 

e a ch  tra jec to ry .
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& LEAF NITROGEN CONTENT

MATERIALS AND METHODS

Leaf n itrogen  co n ten t w as  m easu red  for leaves collected on  fo u r days over the  

growing season. O ne shoot from  genet BR 591 w as harvested  on  each  of th e  four 

sam pling days. May 26, J u n e  30 , J u ly  28 an d  Septem ber 09, 1987.

Leaf N itrogen con ten t w as  determ ined  u sing  th e  Kjeldahl m ethod . Leaves were 

scored for form  category, de tached  from  th e  shoo t an d  a re a  determ ined  u s in g  a  

digitizing pad . The leaves w ere th e n  w eighed, p laced  in  v ials a n d  dried  in  a  convection 

oven. Once fully dry, individual leaves w ere aga in  w eighed a n d  digested  in  concen tra ted  

S u lp h u ric  acid  w ith  a  drop  of Perchloric acid, a n d  h ea ted  u n til th e  so lu tion  becam e 

clear. Once th e  so lu tion  h a d  cooled, it w as m ade  u p  to  a  volum e of 100 m l w ith distilled 

w ater. Sodium  hydroxide (10 M) w as  th e n  added  to  a  25  m l sam ple of th e  S u lphuric  acid 

so lu tion  u n til th e  pH  of th e  so lu tion  w ent in to  th e  a lkaline range  (Litm us test). This 

so lu tion  w as s team  distilled  a n d  th e  distilled  A m m onium  g as  collected in  Boric acid 

(1.0 M) con ta in ing  B rom ocresol g reen  - M ethyl red  Mixed Ind ica to r Solution. O nce 

d istillation  w as com plete (tested  w ith  litm us) th e  Boric acid  so lu tio n  w as titra ted  w ith 

0.01 M Hydrochloric acid  u n til th e  so lu tion  changed  from  g reen  to  a  cherry  red  color, 

th e  endpo in t of th is  titra tion .

N itrogen co n ten t w as ca lcu la ted , b a sed  on  th e  re su lts  of th e  titra tio n , a s  m  m oles 

N itrogen g"1 dry  leaf an d  a s  m  m oles Nitrogen m '2  leaf area .
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RESULTS

A n o d a l p a tte rn  very  s im ila r to  th a t  fo und  w ith  leaf chlorophyll co n te n t c a n  be 

seen  here, for leaf N itrogen co n ten t m easu red  p e r  u n it leaf dry w eight (Figure 6.1) an d  

for leaf Nitrogen con ten t m easu red  pe r u n it leaf su rface a rea  (Figure 6.2). O n May 26, 

leaves a t  th e  d ista l n odes have th e  low est N itrogen co n ten t a n d  leaves a t th e  proxim al 

nodes have th e  g rea tes t N itrogen conten t. By J u n e  30, th e  g rea tes t N itrogen con ten t 

occurs a t  leaves of th e  in term ediate , a ro u n d  node six. By J u ly  28, m o st increase  in  leaf 

N itrogen co n ten t h a s  occured in  leaves of th e  d ista l nodes 7 th ro u g h  13, an d  g rea tes t 

N itrogen co n ten t occurs in  leaves of nodes 9 th ro u g h  11. By Sep tem ber 09  however, leaf 

n itrogen  c o n te n t decreased  in  leaves a t  all nodes, b u t  m o st d ram atically  in  leaves of the  

proxim al a n d  in te rm ed ia te  n o d es  an d  eaves a t  th e  d ista l n odes have th e  g rea tes t 

N itrogen co n te n t a t  th is  stage. Overall, leaves a t  th e  proxim al n odes show  relatively 

little change in  Nitrogen co n ten t w ith  tim e betw een M ay 26  an d  S ep tem ber 09, an d  

while leaves a t  th e  in te rm ed ia te  n o d es  have g rea te r N itrogen c o n te n t d u rin g  th e  early  

a n d  m id  growing season , leaves of th e  d ista l nodes have th e  h ig h es t N itrogen con ten t 

du ring  th e  late  growing season .
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Figure 6.1. S ca tte rp lo ts  w ith  second  degree le a s t sq u a re s  polynom ial 

reg ressio n s overlaid, of N itrogen c o n te n ts  p e r  g ram  dry  w eight of leaves a t  nodes 

along shoo ts  of genet BR 591. Nitrogen con ten t w as m easu red  on fou r days: May 

26  (r2 = 0.6886, pc.Ol); J u n e  30  (r2 = 0.6419, pc.Ol); Ju ly  28 (r2 = 0.5226, p<.05); 

Septem ber 09  (r2 = 0.7157, pc.Ol)
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Figure 6.2. S ca tte ip lo ts  w ith  second  degree lea s t sq u a re s  polynom ial 

reg ressions overlaid, of N itrogen c o n te n ts  p e r  sq u a re  m eter, of leaves a t nodes 

along shoo ts  of genet BR 591. N itrogen con ten t w as m easu red  on  four days: May 

26  (r2 = 0.9086, pc.001); J u n e  30  (r2 = 0.646, pc.Ol); Ju ly  28 (r2 = 0.5757, pc.05); 

Septem ber 09  (r2 = 0 .6152, pc.Ol).
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7. LEAF XYLEM WATER POTENTIAL

MATERIALS AND METHODS

O n th ree  days, du ring  th e  1987 growing season , xylem  w ater po ten tia l w as 

m easu red  for leaves w ith  en tire  m argins, one lobe a n d  two lobes. These leaves were 

ta k e n  from  sh o o ts  growing In approxim ately  th e  sam e position  a s  sh o o ts  u se d  in  the  

p h o to sy n th es is  study . Xylem w a te r  po ten tia l w as m easu red  u s in g  a  S cho lander type 

p re s su re  c h a m b e r (Model 3000 , Soilm oisture Corp., S a n ta  B arb ara , California). A  leaf 

de tached  from  a  shoo t w as im m ediately  p laced  in  th e  ch am b er w ith  th e  c u t end  of the  

leaf extending o u t th ro u g h  th e  grom m et, an d  p ressu rized  u n til w ater began  to  be  forced 

o u t of th e  c u t end  of th e  leaf. The p ressu re  a t w hich th is  occurs is a  m easu re  of th e  xylem 

w a te r  po ten tia l. Leaves w ere alw ays rem oved from  different sh o o ts  to  en su re  th a t  th e  

re su lts  did n o t becom e confounded w ith  changes in  xylem  w a te r po ten tia l b ro u g h t abou t 

b y  de tach ing  leaves.

RESULTS

The re su lts  of th is  s tu d y  are  show n in  Table 7 .1 . I found  n o  differences in  xylem  

w a te r po ten tia l am ong  leaves w ith  en tire  m arg in s  a n d  leaves w ith  one lobe a n d  leaves 

w ith  tw o lobes. W hile th e re  a p p e a rs  to  be  a  decrease in  m ea n  xylem  w a te r  po ten tia l w ith 

tim e, all leaves, irrespective of sh ap e , show  a  sim ila r decrease.
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Table 7.1. M ean Xylem W ater P o ten tia ls  of leaves of S a ssa fra s  having  en tire  m arg ins, 

one lobe a n d  two lobes, m easu red  on  th ree  days du ring  th e  1987 growing season . Single 

c lassifica tion  ANOVA w as  done fo r each  day. Sam ple sizes (num ber o f m easu rem en ts) 

a re  sh o w n  w ith in  b rack e ts .

M ean Xylem W ater Potential (mPa)

D ate  Leaf Shape Category

M easured  E n tire  M argin  One Lobe Two Lobes ANOVA

J u n e  10 -1 .04  ±0.052 -1.06+0.049 -1.04 ±0.045 ns

(n=5;-1.10to -0.95) (n=5;-1.12to-0.98) (n=5;-1.12to-1.00)

J u ly  28  -1.11 ±0.061 -1.11 ±0.051 -1.13±0.045 ns

(n=5;-1.22 to -1.03) (n=5;-1.20to-1.04) (n=5;-1.21 t o -1.07)

A ugust 18 -1.65±0.012 -1.66±0.007 -1.67±0.012 ns

(n=4;-1.67 to -1.64) (n=4;-1.67 to -1.65) (n=4;-1.68 to -1.65)
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& LEAF THERMAL CHARACTERISTICS

METHODS AND MATERIALS

In  o u r  laborato ry , th e  im ages of several th o u sa n d  leaves of S a ssa fras  have been  

s to red  o n  com puter, u s in g  th e  F o u rie r tran sfo rm  b a sed  Leaf B oundary  M ethod of 

Kincaid a n d  Schneider (1983). From  these  I chose th e  im ages of fou r leaves, occuring 

ad jacen t to  each  o th e r  a long a  single shoot, an d  having a  sequence  of form  categories 

E n tire , Two Lobed, Two Lobed, Entire . The leaves w ith two lobes h a d  alm ost twice the  

su rface  a re a  of th e  ad jacen t lea f w ith a n  en tire  m arg in  (Table 8.1). The leaf im ages were 

rec o n s tru c te d  from  th e ir  F ou rie r coefficients a n d  p lo tted  onto  trac in g  p a p e r  u s in g  a 

d ru m  p lo tte r (Strobe m odel 100), an d  tran sfe red  onto b lack  po s te r bo a rd  (1.6 m m  thick). 

T he p o s te r b o a rd  w as c u t to  th e  sh ap e  of th e  leaf im age, a  K-type (Chromel-Alumel) 

therm ocouple  p laced in  co n tac t w ith  th e  cen te r of th e  abaxial side, a n d  held  in  place 

w ith  a  co tto n  clo th  lam inate . In  add ition  to  th e  fou r leaf m odels p roduced  in  th is  

m an n e r, two add itional m odels w ere construc ted , w here th e  su rface  a re a  of th e  two 

en tire  m arg in  leaves w as  m ade  equal to  th a t  of th e  tw o lobed leaf ad jacen t to  it (Table 

8.1) u sing  th e  Leaf B oundary  M ethod software. E ach  leaf m odel w as a ttached  to  a  

w ooden holder, positioned  directly  u n d e r  a  250  w a tt Q u artz  lam p, a n d  th e  therm ocouple 

connected  to  a  digital read o u t device (Keithley). A  g lass  diffuser w as p laced  betw een  th e  

lam p a n d  th e  leaf m odel. A  free convection regim e w as u se d  an d  tw o fan s  w ere also  used  

to  p roduce  tu rb u le n t a ir flow: one positioned  u n d e r  th e  leaf m odel a t  a d istance  of one 

m ete r to  p roduce  bluff tu rbu lence , an d  th e  o th er a t a n  equal d istance  b u t  horizontal to 

the  leaf to  produce side tu rbu lence .

Before th e  com m encem ent of each  se t of m easu rem en ts , th e  leaf m odel w as 

allowed to  equilibriate  to  room  tem p era tu re . The m ea su rem e n ts  of leaf tem p era tu re  

w ere m ade  before th e  light w as sw itched on. Once th e  light w as sw itched on, leaf m odel
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tem p era tu re  w as m easu red  eveiy 15 seconds, u n til a  quasi-steady  s ta te  (Kreith, 1973) 

tem p era tu re  w as reached. Leaf m odel tem p era tu re  w as m easu red  u n d e r  four trea tm en ts: 

free convection; side tu rbu lence ; b lu ff tu rbu lence ; a n d  side + b luff tu rb u le n t a ir  flow. 

E ach  tre a tm e n t w as rep lica ted  th re e  tim es p e r  m odel.

RESULTS

T he p resence  of tu rb u le n t a ir  flow over th e  leaf m odel su b s ta n tia lly  decreased  the  

final, s tead y  s ta te  tem p era tu re  achieved by  all lea f m odels over th e  s tead y  s ta te  

tem p e ra tu re s  achieved u n d e r  free convection (Figure 8.1). However, th e re  w as  little 

difference in  final leaf tem p e ra tu re  betw een  betw een  en tire  a n d  two lobed leaves, even 

w h en  th e  en tire  m arg in  leaf m odel having  a  su rface  a re a  equal to  th a t  of th e  two lobed 

leaf m odel w as  u sed  (Figure 8.2).

Since resp o n se  tim es in  free convection ap p eared  to  be  a  different, th e  tim e c o n stan t 

(Tc) w as ca lcu la ted  for each  trea tm en t, w here Tc = tim e ta k e n  for th e  leaf m odel to  reach  

67%  of th e  final tem p e ra tu re  difference. The tim e c o n s ta n ts  for each  tre a tm e n t are  

show n  in  Table 8 .1 . U nder c ond itions of free convection, lea f m odels w ith  tw o lobes 

have significantly  lower tim e c o n s ta n ts  th a n  do lea f m odels hav ing  th e  sam e su rface 

a re a  w ith  en tire  m arg in s  (Table 8.2).
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Table 8.1. C om parison  of M ean Time C o n s ta n ts  (time ta k e n  for lea f m odel to  reach  

67%  of final tem pera tu re) for lea f m odels of tw o leaf sh ap e  categories (Entire an d  Two 

Lobed) u n d e r  fou r a ir  m ovem ent tre a tm e n ts  (Free Convection, Side T urbu lence , B luff 

T urbu lence, a n d  Side + Bluff Turbulence).

L eaf S hape  of S u rface  M ean Time C onstants in  Seconds
Node P h y s ic a l  Area Free Side Bluff Side + Bluff

Model mm-2 C onvec tion  T urbu lence  T u rbu lence  T urbu lence

4 Entire 6,510 132 49 47 39

4 Entire* 11,222 170 48 43 44

5 Two Lobes 11,222 139 49 44 42

6 Two Lobes 8,816 137 45 35 36

7 Entire* 8,816 155 56 44 43

7 Entire 4,812 127 46 44 40

* Leaf m odel co n stru c ted  w ith  su rface  a re a  equal to  ad jacen t two lobed leaf.

Table 8 .2 . Single classification  ANOVA on  tim e c o n s ta n ts  of leaf m odels in  free 
c onvection .

Leaf M odels C om pared 
(Node, Shape, Area ) vs. (Node, Shape, Area) 

(mm^) (mm?)
F v i v2 P

4, Entire, 6510 vs. 4, Entire, 11222a 13.3 1 4 *

4,Entire, 11222a  vs. 5, Two Lobed, 11222 11.4 1 4 *

5,Two Lobed, 11222 vs. 6, Two Lobed, 8816 .07 1 4 n s

6, Two Lobed, 8816 vs. 7, Entire, 8816a 15.4 1 4 *

7, Entire, 8816a  vs. 7, Entire, 4812 10.4 1 4 *

4, Entire, 6510 vs. 5, Two Lobed, 11222 0.7 1 4 n s

6, Two Lobed, 8816 vs. 7, Entire, 4812 1.0 1 4 n s

a  Leaf m odels co n stru c ted  w ith su rface  a rea  equal to  ad jacen t two lobed leaf, 
n s  = not significant; * = 0.01 < p  < 0.05; ** = 0.001 < p  < 0.01; *** = p  < 0.001
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Figure 8 .2 . V aria tion  in  th e  th e rm a l resp o n se  in  free convection betw een  two leaf 

m odels w ith identical su rface a re a s  (11,222 m m ^), b u t  different sh a p es  (entire 

m arg in  v e rsu s  two lobes).
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DISCUSSION AND CONCLUSION

In  1 9 8 6 1 s tud ied  th e  effect of shoo t position  ("sun" o r "shade") w ith in  th e  canopy 

on  leaf chlorophyll c o n ten t in  eigh t g en e ts  of S assafras . W hile sign ificant differences 

in  leaf chlorophyll c o n ten t (mg g '1 & g m -2) w ere found  betw een  leaves from  s u n  an d  

sh a d e  positions in  th e  canopy, it  w as a lso  found  th a t  th e  nodal p a tte rn  of d istrib u tio n  

for lea f ch lorophyll co n te n t a long  sh o o ts  w as sim ila r in  sh o o ts  from  b o th  s u n  an d  

sh ad e  positions. Sim ilarly, desp ite  differences in  th e  abso lu te  v a lu es  for lea f area , an d  

va ria tio n  in  th e  frequency  of occurence  of lobed leaves, be tw een  sh o o ts  from  s u n  an d  

sh a d e  positions, th e  nodal d is tr ib u tio n  of leaf a rea  a n d  th e  n oda l d istr ib u tio n  of leaf 

sh a p e  is s im ila r in  sh o o ts  from  b o th  canopy  positions (Kincaid, p e rso n a l 

com m unication ; a n d  re s u lts  from  th is  study). T aking in to  co n sid e ra tio n  th is  

sim ilarity  of n o d a l p a tte rn s , it  ap p eared  th a t  a  s tu d y  u s in g  g en e ts  w ith  different 

p ropo rtions of leaves hav ing  en tire  m arg in s  a n d  leaves hav ing  lobes (sinuses) w ould  be 

m o st usefu l in  s tudy ing  leaf form  an d  function. Therefore, in  1 9 8 7 ,1 u se d  two genets 

(BR 590 a n d  BR 591) w ith a  h igh proportion of lobed leaves an d  two genets (BR 99 and  BR 

100) w ith  very  few lobed leaves. P redicted  average leaf size a t  th e  n o d es  (interm ediate) 

having th e  g rea test surface a rea  w as 39 ,000  an d  40 ,000  m m 2 for genets  590 an d  591 

respectively, an d  18,000 a n d  25 ,000  m m 2 for genets 99  an d  100 respectively. T rees with 

h igh p ro po rtions  of lobed leaves have larger leaves th a n  tre e s  w ith  very  few lobed 

leaves.

T he re s u l ts  of th e  s tu d y  o n  th e  noda l p a tte rn  of d is tr ib u tio n  of chlorophyll along 

shoo ts  in  eight genets  of S assa fras  du ring  th e  1986 growing season , a n d  four genets 

du ring  th e  1987 growing season , ind icate  th a t  leaves of th e  in te rm ed ia te  nodes have 

g rea te s t chlorophyll co n ten t d u rin g  m u ch  of th e  grow ing season . If lea f chlorophyll 

co n ten t is  a  good e s tim a to r of th e  p ho to syn the tic  capac ity  of a  leaf, leaves of the
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In term ediate  n o d es  m u s t  th en , in  te rm s  of pho to syn thesis , have th e  capacity  to  b e  th e  

m o st productive of leaves along a  shoot. In  th e  1986 s tu d y  on  eight genets, I found th a t 

a t  an y  node  of th e se  in te rm ed ia te  positions along a  shoot, th e re  is  no sta tis tica lly  

sign ifican t difference in  to ta l chlorophyll co n te n t be tw een  leaves w ith  en tire  m arg in s 

a n d  leaves w ith  two lobes. F rom  th is  I conclude th a t  th e  nodal position  of a  leaf is  m ore 

im p o rta n t in  de term in ing  th e  pho to syn the tic  capacity  of th a t  lea f th a n  is  th e  sh a p e  of 

th a t  leaf. The nodal position  of leaves having th e  g rea tes t chlorophyll c o n ten t (mg g"1 

a n d  g m"2) changed  du ring  th e  growing seaso n  of 1987; during  th e  early a n d  m iddle p a rt 

of th e  grow ing season , g rea tes t chlorophyll co n ten ts  occured  in  leaves of th e  

in te rm ed ia te  nodes, a n d  m ig ra ted  in to  leaves of th e  d ista l n odes tow ard  th e  en d  of the  

season . T h is  p a tte rn  is  a lso  se en  w ith  leaf n itrogen  conten t.

T hese nodal tre n d s  are  seen  m o st clearly in  shoo ts  of S assa fras  gene ts  BR 590 

a n d  BR 591. In  genets BR 99 an d  BR 100, shoo ts tended  to  have fewer leaves, largely due 

to  th e  a p p a re n t d isc o n tin u a tio n  of lea f in itia tion  soon  afte r b u d b reak . Therefore, in 

th ese  genets, leaves a t  th e  m ost d ista l nodes are  equivalent (in age) to  leaves of the  

interm ediate nodes of genets BR 590 and  BR 591. G enets BR 99 an d  BR 100 also have 

relatively few leaves w ith  lobes, an d  lobed leaves th a t  do occur on  th ese  genets, are 

positioned  d ista l to  th e  in te rm ed ia te  nodes. S ince th ese  gene ts  a lso  have few er leaf 

nodes, it is likely th a t  th e  early  te rm in a tio n  of leaf in itia tio n  is  co rre la ted  w ith  th e  low 

frequency  of lobed leaves.

It h a s  b een  show n  th a t  leaves reach  th e ir  g rea tes t chlorophyll a n d  n itrogen  

co n ten ts  a t  a b o u t th e  tim e th ey  reach  full expansion  (e.g. W allihan e t al., 1976, Lin and  

E hleringer, 1982); an d  I have show n  th a t  th is  is  th e  case  for S a ssa fras  also. After 

leaves reach  full expansion , chlorophyll c o n te n ts  decrease, b u t  in  leaves of th e  

in term edia te  nodes th is  decrease is  slow an d  th e re  ap p ears  to  be a  su b s ta n tia l lag period
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betw een  reach ing  m ax im um  chlorophyll a n d  n itrogen  c o n ten ts  a n d  su b seq u e n t 

decrease In  chlorophyll a n d  n itrogen  conten t. The d a ta  suggests  th a t  In stead  of 

occuring so o n  a fte r leaves reach  full expansion , m o st decrease in  chlorophyll co n ten t 

of leaves a t  th e  In term edia te  n odes occu rs  a t a  tim e w hen  chlorophyll co n ten t decreases 

in  all leaves on  a  shoot, w ith  th e  onse t of shoo t senescence. T h u s  it ap p ears  th a t  

S a ssa fra s  Invests heavily In th e  pho to sy n th e tic  m ach inery  of leaves a t th e  

in te rm ed ia te  nodes, a n d  th a t  th is  investm en t is  m a in ta in ed  for a  longer period of tim e 

th a n  is  th e  in v estm en t in  th e  p h o to syn the tic  m ach in ery  o f leaves a t  th e  proxim al an d  

d ista l nodes.

Leaves a t  th e  d ista l (and proxim al) n odes are  su b s ta n tia lly  sm alle r th a n  leaves 

a t th e  in te rm ed ia te  nodes. The im portance  to  ph o to sy n th esis  of leaves a t  th e  

in te rm ed ia te  n odes is th u s  com pounded  by  th is  p a tte rn  of leaf a re a  d istrib u tio n  along 

shoo ts , since th e  to ta l chlorophyll (and  hence  ability  to  h a rv es t ligh t energy) is  g rea tes t 

a t these  nodal positions. In  genets BR 590 an d  BR 591, th is  m ea n s  th a t  leaves w ith two 

lobes, w hich o ccu r w ith  h igh  frequency  a t  th e  in term ed ia te  nodes, have g rea te r 

pho to sy n th e tic  capac ity  th a n  m o st leaves w ith  en tire  m arg in s, w hich  o ccu r w ith 

g rea tes t frequency a t  the  proxim al a n d  d ista l nodes. However, in  genets  BR 99  a n d  BR 

100, th e  nodal positions of leaves w ith  lobes do n o t coincide w ith th e  nodes sub tend ing  

leaves w ith  th e  largest a rea , o r leaves w ith  th e  g rea tes t chlorophyll con ten ts . T h u s the  

re la tionsh ip  betw een  leaf sh ap e  a n d  pho tosyn thetic  capacity  is  w eak  for th ese  two 

genets.

The difference in  leaf su rface  a rea  betw een leaves of th e  in te rm ed ia te  nodes an d  

leaves o f th e  proxim al an d  d ista l n odes also  suggests  th a t  th e re  is a  g rea te r investm ent 

in  p e rm an en t, s tru c tu ra l  com ponen ts  of p h o to sy n th es is  in  leaves a t  th e  in term edia te  

n odes (together w ith  a n  equ ivalen t investm en t in  th e  less  p e rm an en t com ponen ts  su c h
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a s  chlorophyll a n d  RUBISCO), w hile In th e  d ista l nodes, th ere  Is a n  em p h asis  on  th e  

less  p e rm a n en t com ponen ts  of pho to sy n th esis . Leaf expansion  grow th h a d  v irtually  

ceased  by  m id  J u n e , b u t  leaves a t  th e  m o st d ista l nodes reached  g rea tes t chlorophyll and  

n itrogen  c o n te n ts  la te r  in  th e  season , afte r leaves a t th ese  nodal positions h a d  reached  

full expansion . T h u s, it a p p e a rs  th a t  while du ring  th e  m ajo r p a r t  of th e  growing season , 

lea f chlorophyll c o n ten t p e r  u n i t  a re a  a n d  p e r  u n it  fre sh  w eight of leaf is closely re la ted  

to  th e  developm ental stage of th e  leaf, tow ard  th e  la tte r  stage  of th e  growing seaso n  th is  

re la tionsh ip  b re a k s  dow n an d  th ese  genets, a n d  som e com ponen ts  of th e  

p ho to syn the tic  m ach inery  a re  tra n s lo c a te d  in to  leaves of th e  d ista l nodes. Since leaves 

a t th e  d ista l n o d es  are  less  likely to  be sh ad ed , th is  relocation  p robably  rep re sen ts  an  

eifort by  th e  p la n t to  m axim ize re tu rn s  on  its  investm en t p rio r to  senescence  an d  

w in te r dorm ancy. T his su p p o rts  th e  view th a t  senescence  rep re sen ts  a  controlled 

rea llocation  of re so u rc es  ra th e r  th a n  uncon tro lled  degenera tion  (Field, 1983; Field & 

M ooney, 1986).

W hen n e t photosynthetic  ra te s  were m easu red  for genets BR 99, BR 100, BR 590 

an d  BR 591, th e  m o st strik ing  difference am ong genets w as  th a t , despite  spending  

approxim ately  equal leng th s of tim e w ith each  genet, gene ts  BR 99 an d  BR 100 yielded 

only ab o u t 1 /1 0  th  th e  n u m b er of m easu rem en ts ob tained  w ith genets BR 590  and  BR 

591. Leaves of genets  BR 99 an d  BR 100 existed in  light conditions at, or close to, 

com pensa tion  po in t an d  ap p eared  to  rely  a lm ost en tirely  on  s u n  flecks for n e t 

p h o to syn the tic  c a rb o n  gain . S hoot e longation  a n d /o r  th e  in itia tio n  of new  leaves 

w ould  p robab ly  n o t re su lt  in  in creased  pho to syn the tic  c a rb o n  g a in  for th ese  two genets 

a n d , p resum ab ly , th e se  p la n ts  c a n  n o t afford an y  add itional investm en t in  leaves.

V aria tion  in  ligh t (PAR) inc iden t on  th e  leaves w as a  m ajo r confounding  

influence w hen  p ho to syn thesis  w as  m easu red . By dividing th e  d a ta  u s in g  PAR c lasses  I
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w as able to  overcom e th is  to  som e extent. A no ther problem  w as v aria tion  in  leaf age, 

w hich  w a s  overcom e by  considering  th e  m ea su rem e n ts  m ad e  o n  each  day, separately . 

However, th is  w as possible for genets  BR 590 an d  BR 591 only; there  w ere too few 

m easu rem en ts  on  an y  one day  fo r th e  o th er two genets. Finally, it w as often th e  case 

th a t  a b o u t th ree  leaves a t th e  d ista l an d  proxim al ends of each  shoo t w ere no t u sed  in  

th e  m ea su rem e n t n e t pho to syn the tic  ra te ; th ey  w ere too sm all a n d /o r  too  fragile to  be 

p laced  in  th e  g as  exchange cham ber. The ana lysis  of chlorophyll c o n te n ts  ind icated  

th a t  leaves a t th e  m o st d ista l a n d  proxim al n odes w ould have th e  low est pho tosyn thetic  

capacity  for m u ch  of the  growing season . As a  resu lt of being u nab le  to  m easu re  n e t 

p h o to syn the tic  ra te s  in  th ese  leaves, a n  effect s im ila r to  considering  only leaves from  

in te rm ed ia te  positions, a s  done w ith  th e  1986 leaf chlorophyll da ta , w as achieved. This 

negates, to  som e exten t, differences in  n e t pho tosyn thetic  ra te s  w hich are  due  to  the  

differences in  nodal frequencies of leaves w ith  en tire  m arg in s an d  leaves w ith  lobes. A 

com parison  of n e t p h o to sy n th esis  ra te s  betw een leaf sh a p e s  w as  possib le  only w ith 

genets BR 590 a n d  BR 591; th e  n u m b er of lobed leaves w as too sm all in  genets BR 99 and 

B R  100. Overall, w hen  n e t p ho to syn thesis  d a ta  from  all days a n d  all PAR c lasses  were 

m erged, g rea tes t n e t pho to syn the tic  ra te s  w ere seen  in  leaves w ith  en tire  m arg in s  in  

genet BR 590 a n d  in  leaves w ith two lobes in  genet BR 591. However, w hen  th is  

p ho to sy n th esis  d a ta  is  sep ara ted  on  th e  b a s is  of day  of m easu rem en t an d  PAR classes, 

sign ificant differences in  n e t pho to syn the tic  ra te s  am ong lea f sh a p es  are  seen  only in  

iso la ted  in s tan ces .

In  th e  cuvette  system  u se d  for th is  study , PAR does n o t alw ays rep resen t light 

inciden t on  th e  leaf, especially  u n d e r  sh ad ed  cond itions w hen  s u n  flecks m ay  be an  

im p o rtan t sou rce  of light for pho to syn thesis . S ince light inciden t u p o n  th e  leaf will 

ra ise  leaf tem p era tu re , lea f tem p era tu re  w as u se d  to  Identify in s ta n c es  of in accu ra te  

PAR m easu rem en t d u e  to  the  d istance  betw een th e  Q u an tu m  S ensor an d  th e  active
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region of th e  cuvette. If th is  a lso  is ta k e n  in to  acco u n t in  looking for differences in  ne t 

pho tosyn the tic  ra te s  am ong leaf sh a p es , th e re  a re  very few in s ta n c es  w h en  one leaf 

form  category  ou tperfo rm s a n o th e r  leaf form  category  in  n e t p h o to syn the tic  ra te .

T he p a tte rn  of d is tr ib u tio n  of n e t p h o to syn the tic  ra te s  along sh o o ts  is  s im ila r to 

th e  p a tte rn s  found  for lea f chlorophyll con ten t, n itrogen  con ten t, a re a  a n d  th e  

frequency  o f leaves w ith  two lobes. The absence  of d a ta  for th e  m o st proxim al a n d  m ost 

d ista l leaves along a  shoo t is p robab ly  responsib le  for a  less  peaked  appearance  to  the  

reg ression  lines genera ted  w ith  th is  da ta . N onetheless, especially d u rin g  th e  early  an d  

m iddle p a r t  of th e  growing season , leaves a t  th e  in term ed ia te  nodes do ap p e a r  to  have 

th e  g rea tes t n e t  pho tosyn thetic  ra te s . Tow ard th e  la tte r  p a r t  of th e  growing season , 

th e re  is  a  tendency  for leaves a t th e  d ista l n o d es  to  have h igh  n e t pho tosyn thetic  ra te s  

w h en  com pared  to  th e  sam e d ista l leaves earlie r in  th e  growing seaso n , a n d  h ig h er th a n  

in term ediate  leaves a t th e  end  of th e  growing seaso n  (Figures 5.5 an d  5.8). W hile th is  

m ay  be explained  to  som e ex ten t by relatively h ig h er ligh t in ten s itie s  a t  th e  fringe of 

th e  canopy, th e  chlorophyll a n d  n itrogen  co n ten t d a ta  su p p o rt th e  idea  th a t  leaves of 

th e  d ista l nodes do develop a  g rea te r pho tosyn thetic  capacity  (per u n it area) a t  th is  stage 

in  th e  growing se aso n  com pared  to  leaves o f th e  in te rm ed ia te  nodes.

W hen a  leaf is  p laced  in  th e  LI - 6200  Portable P ho to syn thesis  S ystem s one liter 

gas exchange ch am b er to  m easu re  n e t pho tosyn thesis, c e rta in  changes are  forced upon  

th e  leaf. M ost im portan tly , th e  b o u n d a ry  layer, w hich w ould otherw ise depend  on  the  

sh ap e  a n d  su rface  a re a  of th e  leaf a n d  on  th e  su rro u n d in g  air, is m ade equal for all 

leaves (by u sing  a  fixed leaf a rea  exposed for g as  exchange) a n d  th e n  b roken  dow n by  the 

two fan s  w ith in  th e  leaf cham ber. T hus, any  effect of leaf sh ap e  on  n e t pho to sy n th esis  

w hich  is  due  to  th e  ac tu a l sh a p e  o f th e  leaf, ra th e r  th a n  som e physiological 

ch a rac te ris tic  assoc ia ted  w ith leaf shape , could n o t be m easu red .
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As w ith  p h o to sy n th es is , m o st of th e  few in s ta n c e s  of sign ificant differences in  

w a te r u s e  efficiency am ong leaf sh a p es  c a n  b e  explained in  te rm s  of va ria tio n  in  PAR 

inciden t u p o n  th e  leaf (as ind ica ted  by  differences in  lea f tem pera tu re). T here  are also 

no  sign ifican t n oda l p a tte rn s  fo r w a te r u s e  efficiency, Ind icating  th a t  th e  nodal 

p a tte rn s  for p h o to sy n th esis  are  n o t co rre la ted  th e  efficiency w ith  w hich  g a s  exchange 

occu rs  in  leaves of th e  in te rm ed ia te  nodes.

It h a s  b e e n  es tab lished  th a t  lea f d issection  in creases  convective h e a t lo ss  by  

reducing  th e  th ick n ess  of th e  b o u n d a ry  layer (Vogel, 1968, 1970). It is therefore 

in te restin g  th a t, in  S assafras , leaves w ith  th e  g rea tes t su rface  a re a  a n d  leaves w ith  two 

lobes o ccu r a t  th e  in term ed ia te  n odes of shoo ts. W hen th e  th e rm al c h a rac te ris tic s  of 

leaves w ith  en tire  m arg in s  w ere com pared  w ith  th e  th e rm a l c h a ra c te r is tic s  of leaves 

w ith  two lobes, u s in g  leaf m odels, it w as found  th a t  u n d e r  cond itions of free convection, 

lea f m odels w ith  tw o lobes have  significantly  low er tim e c o n s ta n ts  (time ta k e n  to  reach  

67%  of final tem pera tu re) th a n  leaves of th e  sam e su rface  a re a  having  en tire  m arg ins. 

U nder free convection, th e  b o u n d a ry  layer is u n d is tu rb ed  by  b u lk  flow, a n d  th u s  

d ifferences in  tim e c o n s ta n ts  be tw een  lea f m odels of equal a re a  m ay  be a ttr ib u te d  to 

differences in  b o u n d a ry  layer th ic k n e ss  ca u se d  by  differences in  lea f shape . W hen tim e 

c o n s ta n ts  w ere m ea su red  u n d e r  cond itions of tu rb u le n t a ir  flow over th e  leaf m odels, no 

significant differences w ere found  betw een  leaf sh ap es , p robab ly  d u e  to  th e  b reakdow n 

of th e  b o u n d a ry  layer w hich  o ccu rs u n d e r  th ese  conditions.

T h u s, it ap p ears , u n d e r  field conditions, th e  p resence  of lobing on  leaves serves 

to  en h an ce  th e  convective cooling ability  of th ese  large leaves in  th e  absence  of rap id  air 

m ovem ent. T his en h an cem en t o f convective h e a t lo ss  m ay  b e  m o st im p o rtan t in  th e  

leaves of th e  in te rm ed ia te  n o d es  since  m u c h  of th e  p h o to syn the tic  m ach in ery  is
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concen tra ted  in  leaves a t  th ese  nodes. Leaves, by  th e  very n a tu re  of th e  function  they  

perform , nam ely  th e  h a rv e s t of light energy, m u s t  t re a d  a  fine line betw een  m axim izing 

th e  collection of ligh t energy  a n d  m ain ta in in g  te m p e ra tu re s  conducive to  th e  optim al 

function ing  of th e  p h o to syn the tic  m achinery . It w ould a p p e a r  th a t  by  form ing leaves 

w ith  lobes, S a ssa fra s  m axim izes leaf a rea  a t those  nodal positions w here th e  

pho to syn the tic  m ach inery  is  co n cen tra ted  for m u ch  of th e  growing seaso n , an d  a t the  

sam e tim e red u ces  th e  likelihood of th e rm al in ju ry  to , o r th e  inefficient opera tion  of 

th e  p h o to sy n th e tic  m ach inery .

T here is  a  definite a n d  repea ting  nodal p a tte rn  to  ce rta in  leaf ch a ra c te ris tic s  of 

S a ssa fra s  a lb id u m . Leaf area , chlorophyll con ten t, an d  n itrogen  con ten t, an d  n e t 

p h o to syn the tic  capacity  change  w ith  th e  nodal position  of a  leaf su c h  th a t  leaves a t the  

proxim al a n d  d ista l n o d es  a re  th e  sm allest, c o n ta in  th e  lea s t chlorophyll a n d  nitrogen, 

a n d  have th e  sm alles t p h o to syn the tic  capacity , while leaves of th e  in te rm ed ia te  nodes 

are  th e  largest, have th e  g rea tes t chlorophyll an d  n itrogen  co n ten ts  (expressed a s  m g g '1 

an d  as  g  m '2 ), a n d  th e  g rea tes t photosynthetic  capacity  (p. m ol m ‘2 s ' 1). D ue to  the  

co rre la tion  betw een  leaf area , a n d  chlorophyll an d  n itrogen  co n ten ts , th e  to ta l 

chlorophyll a n d  n itrogen  invested  in  leaves o f th e  in te rm ed ia te  n odes is  fu rth e r  

enhanced . A lthough leaf sh a p e s  are  d istrib u ted  in  a  s im ila r nodal p a tte rn , w ith  lobed 

leaves be ing  m o st frequen tly  a t th e  in term ed ia te  nodes a n d  leaves w ith  en tire  m arg in s 

m o st frequen tly  a t  th e  proxim al a n d  d ista l nodes, th ere  is no  evidence to  suggest th a t  

th e re  is  a  difference in  th e  pho to syn the tic  capacity  of leaves w ith  different sh a p e s  a t 

equivalen t nodal positions. As a  re su lt o f th e  n oda l p a tte rn s  for leaf a rea , chlorophyll 

co n ten t, n itrogen  con ten t, a n d  pho to syn thesis , leaves a t  th e  in te rm ed ia te  n odes w hich 

ten d  to  have th e  g rea tes t n e t pho tosyn thetic  capacity  a lso  ten d  to  have th e  g rea tes t 

p roportion  of lobed leaves. Lobes on  leaves m ay  enable  th ese  leaves, w ith  th e  g rea tes t 

in v estm en t in  th e  p h o to syn the tic  m ach inery , to  avoid th e rm a l in ju ry  in  a  w orst case.
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a n d  to  avoid inefficient opera tion  in  o th e r  cases , u n d e r  cond itions  of low a ir  m ovem ent 

a n d  h igh  irrad ian ce  by  decreasing  th e  b o u n d a ry  layer a n d  in creasin g  convectional h e a t 

loss by  th e  leaf.
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10. APPENDIX

Statview  512+ d a ta b a se  for p ho to sy n th esis  an d  rela ted  m ea su rem e n ts  ta k e n  in  1987.
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