
We all know that, if you grow wheat or cabbages in the 
same place year after year, you must take special pre
cautions if yields are not to decline. Is the same true 
of timber forests? 

T h e o b v i o u s w a y to f ind o u t is t o 

measure the yields from success ive c rops 

in a plantat ion — but y o u mus t b e very 

patient. E a c h rotation o f Australia 's m o s t 

popu la r and successfu l c o m m e r c i a l tree 

— the in t roduced radiata p ine , the M o n 

terey p ine o f Cal i fornia — lasts abou t 50 

years . T h i s m e a n s that, after p l an t ing 

y o u r first trees, y o u mus t wait the best 

part o f a l i fet ime before y o u c a n c o m p a r e 

t w o success ive plant ings. 

T h e best p lace to make s u c h c o m p a r i 

sons is in the oldes t forests. Austral ia 's 

first radiata p ine plant ings were m a d e in 

S o u t h Aust ra l ia in the 1860s , and in 

1879 the State's W o o d s and Fores ts D e 

p a r t m e n t i n t r o d u c e d the p i n e to the 

M o u n t G a m b i e r r e g i o n o f S o u t h A u s 

tralia. 

H e r e the Depar tmen t mainta ins per

manent yield plots where it measures the 

g r o w t h rates o f trees, and thus assesses 

e a c h site's product ivi ty . W h e n trees are 

9—10 years o l d , their sizes are c o m p a r e d 

wi th those o f trees o f the same age i n the 

p rev ious rotat ion, to see whe ther p ro 

ductivi ty has fallen. 

Unfortunately, it has. T h e p h e n o m e 

n o n o f ' second-ro ta t ion product ivi ty de 

c l i ne ' was first identif ied in the 1950s , 

w h e n t h e d e c l i n e w a s a s s e s s e d at 

25—30%. Scient is ts f rom the W o o d s and 

F o r e s t s D e p a r t m e n t and three CSIRO 
D i v i s i o n s (So i l s , Fores t Resea rch , and 

M a t h e m a t i c s and S ta t i s t i c s ) , c o - o r d i 

nated by M r B o b B o a r d m a n o f the D e 

p a r t m e n t , a p p l i e d t h e m s e l v e s t o the 

p rob l em, and prescribed a c o m b i n a t i o n o f 

f e r t i l i ze r s ( p a r t i c u l a r l y n i t r o g e n a n d 

p h o s p h o r u s ) , w e e d c o n t r o l , a n d s i te 

preparation. 

T h e m e d i c i n e helped considerably, but 

d id n o t effect a c o m p l e t e cu re ; the p ro 

ductivi ty o f second-ro ta t ion sites that re

ce ive the prescr ip t ion is still about 1 0 % 

b e l o w that o f first-rotation sites that have 

b e e n similarly treated. 

T h e sandy soi ls o f the State's south

east g r o w bigger trees than they did a few 

decades ago , but s o m e t h i n g is prevent-

A grapple skidder at work during clear-
felling near M o u n t Gambier . L o w -
pressure tyres and flexible tracks are 
increasingly used to minimize the impact 
o f machinery o n soi ls . 

i ng m a x i m u m yields — some th ing that, 

as o n e so i l scient is t puts it, ' can ' t be 

so lved ou t o f the fertilizer bag ' . 

You must wait the best part 
of a lifetime before you can 
compare two successive 
plantings. 

T h e mys t e ry fac to r is p r o b a b l y the 

so i l ' s phys ica l c o n d i t i o n — in particular 

the extent to w h i c h it has b e c o m e c o m 

pacted. Several p ieces o f ev idence po in t 

to this c o n c l u s i o n . F o r example , i f y o u 

d ig u p the soil f rom a number o f sites and 

transfer it to po ts , y o u of ten f ind that 

seedl ings g r o w equally wel l in soils f rom 

first - and s e c o n d - r o t a t i o n s i tes . T h i s 

suggests that the l o w e r product ivi ty o f 

s econd- ro t a t i on so i l s d e p e n d s o n their 

physica l propert ies in the forest. 
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Why do forest sands 
become less fertile? 



A n e v e n s imp le r obse rva t ion b r i n g s 

c o m p a c t i o n u n d e r s u s p i c i o n . W h e n a 

gardener d igs over part o f his vegetable 

patch, the so i l s eems to expand , and the 

surface ends u p above its or ig ina l level . 

T h e M o u n t G a m b i e r soi ls are different. 

D i g a p i t t h e n re f i l l i t , and y o u are 

some t imes left w i th a h o l e ! T h i s s h o w s 

that, in the natural state, the l oca l sands 

have a very o p e n structure. 

Just h o w they acquired this structure is 

n o t k n o w n . T h e so i l s p r o b a b l y d e v e l 

o p e d o n w i n d - b l o w n coastal dunes , and 

perhaps s o m e o f their o r ig ina l c o m p o 

nen ts have b e e n l e a c h e d o u t ove r the 

centur ies . Whatever the cause , they are 

e x t r e m e l y l i g h t and there fore easy to 

•compact . 

Probing the problem 

T o f ind ou t just h o w badly s o m e forestry 

soi ls have b e c o m e c o m p a c t e d , a team o f 

three scient is ts measured the fo rce re

qui red to push a special p robe into the 

g r o u n d at different sites. U s i n g this in

s t r u m e n t , c a l l e d a p e n e t r o m e t e r , D r 

R o g e r Sands and D r Bi l l G r e a c e n , o f the 

CSIRO D i v i s i o n o f So i l s , and D r C l e v e 

Gerard o f the T e x a s Agr icul tura l Exper

iment Stat ion f o u n d that s o m e soi ls in 

radiata p ine plantat ions were markedly 

m o r e c o m p a c t e d than others . 

A radiata pine plantation in South 
Australia. 

Is this c o m p a c t i o n l ikely to affect the 

g rowth o f pines? D r Sands and his So i l s 

D i v i s i o n c o l l e a g u e D r G l y n n B o w e n 

s o w e d rad ia ta p i n e s e e d s i n p o t s o f 

M o u n t G a m b i e r sand p a c k e d to three 

d e n s i t i e s w i t h i n t he r a n g e f o u n d i n 

plantat ions. 

F ive m o n t h s later, the scientists har

vested the seedl ings and found that the 

m o r e c o m p a c t e d s o i l s h a d m a r k e d l y 

s tun ted the p lants ' g r o w t h . S e e d l i n g s 

f rom the c o m p a c t e d sands had smaller 

roots and shoots , and the dry we igh t o f 

p ines g r o w n in the mos t c o m p a c t sand 

( 1 • 6 0 g per m L ) was little m o r e than half 

that o f the plants g r o w n in the looses t 

sand ( 1 • 3 5 g per m L ) . 

In this exper iment the roots d id n o t 

l ack water or air, and the scientists c o n 

c l u d e d that p ine roots , l ike the exper i 

menta l p r o b e , f o u n d it harder to p u s h 

their way th rough the denser so i l s . E v e n 

the very fo rm o f the root system was af

fected: in m o r e c o m p a c t soi ls the m a i n 

roo t was broader and it bore m o r e side-

branches . 

In plantat ions the sand is no t even ly 

p a c k e d , as it was in the e x p e r i m e n t a l 

pots . U s i n g their f ield penetrometer , D r 

S a n d s , D r G r e a c e n , a n d D r G e r a r d 

cha r t ed the d e g r e e s o f c o m p a c t i o n o f 

so i l s , rather as me teo ro log i s t s m a p at

m o s p h e r i c pressures. T h e result was a 

d iagram o f a 'vertical s l ice ' th rough the 

soi l at e a c h site, wi th isobars ( l ines j o i n 

ing points o f equal pressure) s h o w i n g the 

dis tr ibut ion o f soi l density. 

Dig a pit then refill it, and 
you are sometimes left with a 
hole! 

T h e s e diagrams strikingly illustrate the 

difference be tween pots and forests. In 

p lanta t ions , d e n s e l y p a c k e d r e g i o n s at 

depths o f 4 0 - 1 0 0 c m may be separated by 

vertical channe l s o f m u c h loose r sand. 

T h e s e channe l s are typical ly 10—20 c m 

w i d e . 

P i n e r o o t s c l e a r l y ' s e e k o u t ' t h e s e 

pathways o f least resistance. T h e sc ien

tists s h o w e d this by c o u n t i n g the n u m 

bers o f roots at different poin ts in their 

'vertical s l ices ' ( each ' s l i ce ' was a verti

ca l pit-face 1 m wide and 1 m deep) and 

found that roots were clearly m o r e nu

m e r o u s where the soi l was looses t . 

W h e n the researchers c o m p i l e d dia

grams o n w h i c h l ines j o i n e d points hav

i n g t h e s a m e r o o t f r e q u e n c y , e a c h 

The penetrometer in action. 
diagram strikingly r e sembled the corre

s p o n d i n g p lo t o f penet rometer readings 

for the same site: the denser the so i l , the 

scarcer the p ine roots . 
F r o m t h e s e f i e l d i n v e s t i g a t i o n s it 

seems that the roots have particular dif

ficulty g r o w i n g into soi l compac t ed m o r e 

than a cri t ical a m o u n t , c o r r e s p o n d i n g to 

a p e n e t r a t i o n r e s i s t a n c e o f a b o u t 

3 0 0 0 kPa (k i lopascals) — about 15 t imes 

the pressure ins ide a typical family car 

tyre. In M o u n t G a m b i e r forests, the re

searchers some t imes encoun te red h igher 

resistances than this o n l y 50 c m b e l o w 

the surface. 

W h e t h e r a p ine tree c a n g r o w satisfac

tori ly in soi ls as c o m p a c t e d as this de

pends o n a n u m b e r o f c i r cums tances . I f 

water and nutrients abound , the tree c a n 

satisfy its needs wi thout penetrat ing the 

w h o l e v o l u m e o f the soil , but where there 

are shortages or where the soi l is shal

l o w , the patterns o f c o m p a c t i o n f o u n d by 

the researchers wi l l restrict g rowth . B e 

c a u s e rainfall f luctuates , trees m a y i n 

pract ice g r o w wel l s o m e years and not 

others . 

Changes in land use 

A r e all the soi l s in the M o u n t G a m b i e r 

r e g i o n as c o m p a c t e d as those in the for

estry plantat ions? T h e researchers t ook 
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their penetrometer into loca l pastures and 
native sc rub , and found that they a lmos t 
always had less-densely packed soils than 
adjacent p ine forests. T h e o n l y e x c e p 
t ion was the top 2 0 c m or so o f inten
sively m a n a g e d pasture, w h i c h had b e e n 
c o m p r e s s e d b y g e n e r a t i o n s o f a n i m a l 
h o o v e s . 

Very few radiata pine roots penetrate 
soils whose strength exceeds 3000 kPa. 

T h e sandy soi ls o f the M o u n t G a m 
bier district, therefore, are not instrinsi-
ca l ly c o m p a c t ; they have b e c o m e denser 
w i th c h a n g e s in land use , part icularly 
f rom native vegeta t ion to forestry planta
t ions . A t all the first-rotation sites that 
the researchers examined , the soi ls gave 
h i g h e r p e n e t r o m e t e r r e a d i n g s than i n 
adjacent native scrubland. 

A b o u t ha l f the s econd- ro t a t i on sites 
h a d e v e n m o r e c o m p a c t e d s o i l s than 
n e i g h b o u r i n g first rotat ions; at the other 
sites first and second rotations gave m o r e 
or less the same readings . S o m e so i l s , it 
s eems , are especia l ly p rone to c o m p a c 
t ion and c o n t i n u e to pack m o r e tightly 
after the second-rotat ion pines have been 
planted. 

Scient is ts c anno t yet say exact ly what 
causes compac t i on . T a l l trees swaying in 

the w i n d cause shear forces in soi ls — 
part icular ly we t so i l s c o n t a i n i n g little 
organic matter — and these c o u l d lead to 
c o m p a c t i o n . H e a v y harvest ing m a c h i n 
ery may contr ibute . 

Whatever the cause , the p h e n o m e n o n 
c a n b e qu i te severe , e s p e c i a l l y u n d e r 
c e r t a i n c o n d i t i o n s . D r S a n d s , D r 
G r e a c e n , and D r G e r a r d inves t iga ted 
these c o n d i t i o n s in the laboratory by ap
plying various loads to soil samples in an 
i n s t r u m e n t c a l l e d a c o n s o l i d o m e t e r , 
w h i c h measures the resul t ing c o m p a c 
t ion. 

T h e y found that soi l s saturated wi th 
water were severely c o m p a c t e d , even by 
l ight loads . T h e so i l ' s o rgan ic con ten t 
a lso affected its behaviour , a l though less 
spec t acu l a r l y ; the m o r e h u m u s a s o i l 
con ta ined , the better it resisted c o m p a c t 
ing loads . 

C a n these research f indings he lp for
esters to min imize soil compac t ion? T h e y 
can , but the p r o b l e m may n o t be ser ious 
in all forests. T h e sands o f the M o u n t 
G a m b i e r r eg ion are qui te different f rom 
m o s t Austral ian so i l s . T h e y have m u c h 
l o w e r dens i t ies than m o s t sands, and, 
un l ike other so i l s , o n c e c o m p a c t e d they 
stay that w a y ; c l a y s a n d l o a m s b o t h 
shrink and expand, and in this way c a n 
recover naturally. 

Forestry plantat ions o n sandy soi ls o f 
the M o u n t G a m b i e r type o c c u r o n the 
coastal plains o f Western Austral ia and 
south-eastern Q u e e n s l a n d (where differ
ent p ines are g r o w n ) , in wes te rn V i c 
toria, and in parts o f G ipps l and . In these 
p laces , the research suggests that forest
ers w o u l d be we l l advised to avoid l o g 
g i n g and us ing heavy mach ine ry w h e n 
the so i l is very wet , and to exce rc i se par
t icu la r ca re o n so i l s c o n t a i n i n g l i t t le 
h u m u s . 

Soil compaction stunts the growth of 
radiata pine seedlings. These specimens 
grew in pots of soil with density 1•35 g 
per mL (left), 1•47 g per m L (centre), 
and 1•60 g per m L (right): a typical 
density range in plantations. 

S i n c e o r g a n i c ma t t e r h e l p s p r o t e c t 
so i l s against c o m p a c t i o n , any measures 
that conse rve h u m u s w o u l d be w e l c o m e . 
T h e scientists suggest , for example , that 
leaf litter shou ld not b e burnt ; that deep 
p l o u g h i n g c o u l d h e l p i n c o r p o r a t e or 
gan ic matter in to the soi l ' s deeper lev
e ls ; and that l i m e c o u l d be applied, to 
s p e e d u p litter d e c o m p o s i t i o n . T h e s e 
measures have already b e e n s h o w n to 
i m p r o v e p ine g r o w t h . A further tact ic 
may be to g r o w l e g u m e s or other pasture 
plants be tween p ine rotat ions. 

John Seymour 
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Each chart shows the vertical side of a pit dug in radiata pine forest near Mount 
Gambier. Left: isobars of soil strength, measured by penetrometer. Right: map of 
root frequency. The chart shows that most roots grow in soils of strength below 
3000 kPa. 
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