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Calculation ofnutrient uptake

The s tudy of ion up take u n d e r f ie ld cond i t ions r e q u i r e s a so i l - p l an t
s y s t e m in a s t è a d y s t a t e . F o r a c o n i f e r o u s f o r e s t of t r e e s t he s a m e age„
i t i s known tha t the l i t t e r p r o d u c t i o n , B , f r o m t r e e s be tween 30 and 100 y r
r e m a i n s cons tan t ; f o r a s i t e of n o r m a l p roduc t i v i t y a m e a n l i t t e r p roduc t ion ,
B, of 3000 k g / h a p e r y r i s usua l l y a s s u m e d :

g

J =cons t , m 3000 k g / h a p e r y r (1)

F r o m E q . (1) i t fo l lows tha t

wh ich m e a n s a s t e a d y s t a t e f o r l i t t e r f a l l .
T h e l i t t e r f a l l can be e x p r e s s e d a s a f l ux w h e r e a l l f l u x e s a r e c a l c u -

l a t e d f o r 1 ha and 1 y r :

= cons t . = 3000 kg (3)

S ince t h e m e a n l i t t e r f a l l ( i . e . the m e a n m a s s of n e e d l e s ) , c o n s i s t i n g of
t h e s u m of d i f f e r e n t old n e e d l e s ( B j + B 2 +B3 + . . . ), i s u s u a U y a s s u m e d to
be cons tan t , the m e a n yea r l y f o r m a t i o n of need les m u s t be equal to the mean
y e a r l y l i t t e r fa l l :

(4)

T h i s equa t i on e n a b l e s t he c a l c u l a t i o n of t he ne t m e a n y e a r l y n u t r i e n t u p -
t ake in the n e e d l e s f r o m the amoun t of l i t t e r and the nu t r i en t content of the
l i t t e r . If the y e a r l y wood p roduc t i on , H, and the nu t r ien t content , c, of the
wood, cH , i s known, the net m e a n y e a r l y nu t r i en t uptake in the to ta l shoo ts ,
Ä n , c a n b e c a l c u l a t e d . C a l c u l a t i o n s of t h i s t y p e h a v e b e e n p u b l i s h e d b y
Ehwald [1] and Madgwick [2] . S ince the m e a n nu t r i en t content , c, of l i t t e r
and wood is independent of the age of the t r e e s , i s cons tan t .
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In t hese ca lcu la t ions the "wash -ou t " , K, of nu t r i en ts f r o m the crown
of the t r ees is not included. Since the removal of nutr ients f rom t ree crowns
by ra in can reach apprec iab le amoun ts ( e .  g . po tass ium in Re fs . [3, 4] ) the
crown wash-out mus t be cons idered in calculat ing the to ta l nut r ient uptake
in the shoots . A .  :

% = + + (5)D

F o r s impl i f ica t ion, the sign f o r f lux ( ) wil l be lef t out of the fol lowing
equat ions.

Cycling factors

It i s ev ident f r o m Eq . (4) that in the wash -ou t of nu t r i en t s f r o m t r e e
crowns , the r e a l nut r ient uptake is h igher than assumed on the usua l bas is
of dry ma t te r product ion and nutrient content of the dry mat te r . The fract ion
of to ta l uptake, fCyCi, which is given off f r o m the t r e e again e i ther by l i t t e r
fa l l o r by crown wash-out , is calculated as fol lows:

_ BXcb+KXCK . .
cycl £ < 6>

The re lat ionship between both ways of cycl ing may be expressed as the
f rac t ion washed out, fwash,

ÎCX c„
f = Ï: (7}

wash X +K X
D 

Ion uptake selectivity coefficients

In a he te rogeneous s y s t e m , whose behav iou r cannot be d e s c r i b e d by
a m a t h e m a t i c a l exp ress i on , the s i m p l e s t way of r e p r e s e n t i n g se lec t i v i t y
p r o p e r t i e s is to c o m p a r e equiva lent f r a c t i o n s in both p h a s e s - the l iquid
and the so l id . In eco log ica l s tud ies on ion uptake, the l iquid phase i s the
equi l ibr ium soi l solution (ESS), the sol id phase is represented by the annual
ion uptake Â, a s ca lcu la ted above. If the cat ion composi t ion of both t hese
phases is exp ressed in cat ion equivalent f rac t i ons , X, an ion uptake se lec -
t iv i ty coef f ic ient , kup t , can be calcu lated:

X Ä
k U p t =x < 8>

ESS

Va lues of kupt > 1 ind ica te s e l e c t i v e up take and va lues < 1 ind ica te
d i s c r i m i n a t i o n .
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E X P E R I M E N T A L R E S U L T S

T h e e x p e r i m e n t a l r e s u l t s a r e on ly a rough a p p r o x i m a t i o n of the t h e o -
r e t i c a l concep t b e c a u s e p a r t of t he da ta n e e d e d had to be e s t i m a t e d f r o m
da ta in the l i t e r a t u r e , and f o r t he da ta ob ta ined e x p e r i m e n t a l l y the a c t u a l
p e r i o d m e a s u r e d did not a l low the ca l cu la t i on of m e a n v a l u e s in r e s p e c t to
t i m e .

T h e v a l u e s e s t i m a t e d w e r e the m e a n l i t t e r p roduc t i on , =3000 kg (a l l
v a l u e s e x p r e s s e d p e r ha p e r y e a r ) , t he m e a n wood p r o d u c t i o n , H,and t he
nu t r i en t content of the wood, cH . The l i t t e r p roduc t ion va r i ed cons ide rab l y
f r o m y e a r t o y e a r a c c o r d i n g to w e a t h e r c o n d i t i o n s . T h e n u t r i e n t con ten t
of the l i t t e r was e i t h e r d i r e c t l y d e t e r m i n e d o r se t equa l to the nu t r i en t con-
ten t of a 5 - y r - o l d s p r u c e n e e d l e . T h e c r o w n w a s h - o u t w a s d e t e r m i n e d a s
the d i f f e rence between the amount of nu t r i en ts in the canopy dr ip and in ra in
w a t e r , a l l ow ing f o r t h e i n t e r c e p t i o n of r a i n w a t e r by c r o w n s . T h e e q u i -
l i b r i u m so i l so lu t ion c o r r e s p o n d s to the s a t u r a t i o n e x t r a c t of a f r e s h f ie ld
s a m p l e of s o i l .

T a b l e I g i v e s c a l c u l a t e d da ta f o r n u t r i e n t u p t a k e in a N o r w a y s p r u c e
s tand on ac id w a t e r - l o g g e d so i l , a s wel l a s the f r a c t i o n cyc l ing and the
f r a c t i o n washed ou t . The y e a r l y t u r n o v e r i nc ludes 76-92% of the n u t r i e n t s
taken up, and s e e m s to be m o r e o r l e s s the s a m e fo r a l l n u t r i e n t s . Big d i f -
f e r e n c e s ex i s t in the way of cyc l ing : P and N cyc le p r e d o m i n a n t l y wi th t h e
l i t t e r fa l l ; Na, K, Al and F e p redominan t l y with crown wash-ou t . The crown
w a s h - o u t m e a s u r e d m a y be h i g h e r t h a n t he m e a n v a l u e , b e c a u s e t he
m e a s u r i n g pe r i od ( 6 . 1  1  . 1  9 6 4 - 1  0 . 9 . 1  9 6 5 ) fol lowed a d ry s u m m e r and au tumn.
T h e w a s h - o u t of H and S i s p r o b a b l y m u c h l o w e r t h a n t h e v a l u e s g i v e n in
T a b l e I; i t i s r e a s o n a b l e to a s s u m e tha t S 02 and S 03 in the a i r equ i l i b ra te
with the w a t e r in p o r e s p a c e s of dead tw igs , giving r i s e to high concen-
t r a t i o n s of H4 and SO4" in the canopy d r i p .

F i g u r e s 1(a) and (b) show da ta f o r so i l a n a l y s e s , exchangeab le ca t i ons
and cat ions in the ESS. F r o m these data the sorp t ion se lec t iv i ty coef f ic ients
c a n be c a l c u l a t e d , wh ich a r e l i s t e d in T a b l e I I . Gapon c o n s t a n t s can a l s o
be ca l cu la ted . The se lec t i v i t y coe f f i c ien ts and the Gapon cons tan ts of and
Al depend on the content of o rgan i c m a t t e r in the so i l , both ions being m o r e
s p e c i f i c a l l y bound by c l a y t h a n by o r g a n i c m a t t e r . T h e s e l e c t i v i t y c o e f -
f i c i en t s of Na and Ca depend on the d e g r e e of A l sa tu ra t i on of the so i l , both
ions be ing m o r e spec i f i ca l l y bound the l o w e r the s a t u r a t i o n .

T h e u p t a k e s e l e c t i v i t y c o e f f i c i e n t s and t h e da ta f r o m wh i ch t h e y a r e
ca l cu la ted a r e l i s t ed in T a b l e I I I . K,Ca and Mg a r e t a k e n up se lec t i ve l y ;
F e , AI and e s p e c i a l l y Na a r e d i s c r i m i n a t e d a g a i n s t . F o r A l and F e , t h e
d i s c r i m i n a t i o n o c c u r s ma in l y by c rown wash -ou t a s the uptake of t hese ions
c o r r e s p o n d s c l o s e l y t o t h e i r p r e s e n c e in t h e s o i l s o l u t i o n . On t h e o t h e r
h a n d , t h e d i s c r i m i n a t i o n of Na i s due m a i n l y t o t h e r o o t .

CONCLUSIONS

T h e da ta g iven in t h i s p a p e r a r e not a c c u r a t e enough t o d r a w de f i n i t e
c o n c l u s i o n s . N e v e r t h e l e s s , a s s u m i n g the v a l u e s g iven a r e c l o s e to m e a n
v a l u e s , s o m e hypo the t i ca l conc lus ions m a y be d rawn m a i n l y to get a s much
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T A B L E I . N U T R I E N T F L U X E S IN A NORWAY S P R U C E STAND ON ACID W A T E R - L O G G E D SOIL

H Na Ca M g A I Fe M n N S P

( m o l e s / h a pet y t )

Canopy dr ip ( K + N ) (589 m m ) 4 2 0 1 599 924 1002 136 188 83 69 1647 4738 26

Rain wa te t (N ) (777 m m ) 394 143 83 146 34 27 10 2 663 909 14

Crown wash-out (  ) (3807) 4 5 6 8 4 1 856 102 161 73 67 984 (3829) 12 

£
3000 kg l i t te r ( ) 4 5 303 684 93 24 18 84 2616 3 0 0 81 ^

X

Twigs , wood and bark (H ) ? 100 4 0 0 60 ? ? 900 30

Ne t shoot nutr ient uptake ( ) 45 403 1084 153 24 18 84 3516 300 111

T o t a l shoot nutr ient uptake ( Ab ) 5 0 1 1244 1940 255 185 91 151 4 5 0 0 (4129) 123

f c y c l 0 . 9 2 0 , 7 9 0 . 7 6 - - - 0 . 8 0 - 0. 76

f h 0 . 9 1 0 . 7 4 0 . 5 6 0 . 5 2 0 . 8 7 0 . 8 0 0 . 4 4 0 . 2 7 ( 0 . 9 3 ) 0. 13
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FIG. 1 (a) . Results of soil analyses. Exchangeab le cat ions in pe rcen tage of t h e c a t i o n e q u i v a l e n t sum
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F IG . 1 (b). Results o f soi l analyses. Cat ions in the e q u i l i b r i u m soi l so lut ion i n pe rcen tage of the c a t i o n

e q u i v a l e n t sum

T A B  L E I I . S  O R P T I O N S  E L E C T I V I T Y C  O E F F I C  I E N T S

Cm Na 

0-10 0.095 0.25

10-20 0.093 0.28

20-30 0.076 0.48

30-40 0.058 0.52

Ca Mg Al

0.64 0.23 6.4

0.43 0.17 7.4

0. 75 0.22 10. 8

0.75 0.39 12.6

in fo rmat ion a s poss  ib le f r o m the expe r imen ts to imp rove the exper imen ta l
set-up f o r fu tu re work .

In s tud ies on ion up take it m u s  t be r e m e m b e r e d tha t c rown was  h -ou t
m a y v a r y cons iderab ly ; high va lues a r e found fo r a r e a s with high p r e c i p i -
tat ion and zero fo r p lants grown in greenhouses. F igure 2 is a d iagrammat ic
rep res  en ta t i on of the concent ra t ion grad ient and fluxes in re la t ion to crown
wash-ou t .

When c rown w a s  h - o u t i s h igh, a low e f f l ux f r o m the roo t can be a s  -
sumed s ince mos  t of the ef f lux occu rs via crown wash-ou t . A concentrat ion
g rad ien t f r o m roo ts to shoots would be n e c  e s  s  a r y to a l low the high r a te of
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T A B  L E I I I . U P T A K E S  E L E C  T I V I T Y C  O E F  F  I C I E N T S F  O R
4 5  - Y R - O  L D S  P R U C E O N S  T A G N O G L E Y

N a C a M g AI F e .

E q u i v a l e n t f r a c t i o n

i n 5 - y r - o l d n e e d l e X gs 0 . 0 1  2 0 .  1  5 ^ . 6 8 0 .  1  1 0 . 0 1  9 0 . 0 0 6 9

E q u i v a l e n t f r a c t i o n

i n ESS 0 - 4 0 c m XE S S 0 . 5 0 0 . 1  0 0 . 2 0 0 . 0 7 2 0 . 1  0 0 . 0 2 7

k u p t = XB _ . : Xe  s  s 0 . 0 2 4 1  . 4 3  .  4 1  .  5 0 .  1  9 0 . 2 6
k u p t = X ß

5
+  K ! X E S  S °  '0  4 8 2 -  2 2  -  8 1  ,  1 0  ,  8  5 °  '7  4

E.
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FIG. 2. D iagrammat ic representation of concentration gradient and fluxes in relat ion to crown wash-out.

=persisting parts of the plant; I in f lux; E = ef f lux; s= shoots; r = roots. The length of the arrows

indicates flux intensities

ion t r a n s p o r t f r o m the roo ts to the shoo ts . When t h e r e is no crown wash-out
and the s a m e inf lux into the roo ts , the ef f lux o c c u r s ma in ly through the roots;
a c o n c e n t r a t i o n g r a d i e n t f r o m shoo t s to r o o t s would be n e c e s s a r y to l o w e r
t h e r a t e of t r a n s p o r t f r o m r o o t s to s h o o t s .

On th i s b a s i s , it s e e m s p o s s i b l e that the p lant t akes up ions in the s a m e
r a t i o a s the i ons a r e p r e s e n t in t he s o i l so lu t i on . F  o r Na (the dom ina t i ng
ca t ion in the ESS, the l a r g e s t f r a c t i o n washed out and the m o s t s t rong ly d i s -
c r i m i n a t e d a g a i n s t by the roo t ) a c o n c e n t r a t i o n g r a d i e n t would h a v e to be
p o s t u l a t e d f r o m the shoo ts to the r o o t s , caus ing a h igh e f f lux f r o m the roo t .
T h e s e l e c t i v e u p t a k e of o t h e r ca t i ons (K, Ca, Mg) would t h e n be t he r e s u l t
of d i f f e r e n c e s in r oo t e f f l ux , in t he s a m e way tha t t h e d i s c r i m i n a t i o n of A l
a n d F e i s the r e s u l t of shoot e f f l u x .
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