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SOME EFFECTS OF SITE AND SEASON
AND THE PROXIMITY OF AN OAI
CROP ON THE SURVIVAL AND GRO\MTH
OF P'inus AND Eucalyptus SEEDLINGS

by G.W. ANDERSON* and F. E.BATINI

SUMMARY
ef fect  o f  three t reatments on the surv iva l  and

rate of  eucalypt  and p ine seedl ings was compared
exper i .ments.  The t reatments were:

crop sown between tree rovrs,

crop so\,rrr to within 90 cm of the tree rows,

c rop  sown tc  w i th in  45  cm o f  the  t ree  roh 's .

The exper inents  were  conducted  a t  Bakers  H i l l ,
Western  Aus t ra l ia ,  in  L976/ '17  and L9 '77 / '78 .  In  each year ,
c rops  and.seed l ings  ra 'e re  p lan ted  in  ear ly  Ju ly  and the
crops  harves ted  to  a  he igh t  o f  20  cm in  Decenber .

In the treatrnent where the oat crops had been sown to
wi th in  45  cm o f  the  t ree  roh 's ,  the  surv iva l  and gro \a ' th
ra te  o f  the  seed l ings  were  cons iderab ly  reduced fo l low ing
the  harves t  o f  the  c rops .  I t  \a ras  a lso  found tha t  the
ef fec ts  o f  the  c rop  t rea tments ,  so i l  d ra inage and season
of  p lan t ing  d i f fe red  cons iderab ly  be tween t ree  spec ies .

The results show that crops can be grown bethreen rows
of  t rees ,  bu t  fo r  sa t is fac to ry  t ree  growth  and surv iva l
in  the  f i rs t  year  i t  i s  adv isab l .e  tha t  the  c rops  are
p lan led  no  c loser  than L  m f rom the  t ree  rows.

*  CSIRO,  D iv is ion  o f  Land Resourcesr  Wemb1ey,  W,A.
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INTRODUCTION
Trees  may be  p lan ted  on  fa rn land to

prov ide  shade and vJ indbreaks '  to  cont ro ]
so i l  e ros ion  and secondary  sa l in i ty '  to
beaut i - fy  the  landscape or  to  c rea te  ex t ra
i.ncome.

The major  p rob lems in  es tab f ish ing
t rees  amongst  pas ture  are  compet i t ion  fo r
no is tu re  and nu t r ien ts  f ron  the  pas ture

i tse l f  and damage caused by  l i ves tock .
The fo rner  can be  reduced by  the  use  o f
herb ic ide  and the  la t te r  e i ther  by  the
exc lus ion  o f  s tock  dur ing  the  f i rs t  two to

th ree  years ,  o r  by  fenc ing .

To min i rn ize  loss  o f  income,  the  area
between uhe tree rolts can be cropped or
u t i l i zed  fo r  meadow hay  produc t ion
(McKinne l l * ,  persona l  ccmmunica t i  on)  .

However ,  the  p lan t ing  o f  c rops  c lose  to
deve lop ing  seed l ings  is  l i ke ly  to  have a
g r e a t e r  s h a d i n g  e f f e c t  t h a n  p a s t u r e ,

thereby  reduc ing  the  seed l ingsr  g rowth

a n d  s u r v i v a l .

Th j .s  paper  repor ts  two exper iments
des igned to  examine scne o f  the  e f fec ts
o f  the  s i te ,  and prox imi ty  to  oa t  c rops '  on
the  surv iva l  and growth  o f  t rees  in  the
year follor' ' ing plan t ing.

METHODS

Two exper imenta l  s i les  were  loca led  on
the  CSIRO Ya lanbee Exper inent  S ta t ion ,  a t
Bakers  H i l l  in  Western  Aus t ra l ia ,  70  kn
e a s t  o f  P e r t h .  T h i s  a r e a  h a s  a
medi te r ranean c l imate  and an  average
ra in fa l l  o f  635 nn .  Both  s i tes  had
undergone 12  years  o f  a  ley  sys tem us ing
annua l  c lover -based pas tures  and cerea ls ,
w i th  a t  leas t  th ree  cerea l  c rops  sohTn on
each s i te .  copper  and z inc  were  app l ied
when the  f i . rs t  c rop  or  pas ture  was sown '
and the curnulati.ve total of annual
app l ica t ions  o f  s ing le  superphosPhate  over
t h e  1 2  y e a r s  w a s  a p p r o x i m a c e l y  2  t  h a - r .

Experiment I

Exper inent  I  was  loca ted  on  a  mid- to -
Loner slope j.n a brown, loamy sand over
yello\r mottled c1ay.

The prepara t ion  o f  the  s i te  j .nc luded

heavy  graz ing  by  sheep '  and k j . l l i ng  the

*  Dr .  F .  H.  McKinne l l .  Fores ts  Depar l rnent '
Como,  Western  Aus t ra l ra .

pasture by apply ing 0, I  kg ha- l  o f  act ive
ion of  b i .pyr id i l  herb ic ide cver  the ent i re
s i te ,  The soi l  was then r ipped !o a depth
of  40 cn in  l ines 6 n apar t ,  then par t ly
conpacted by driving a tractor along each
l ine,  Holes were dug to a deplh of  20 cm
i n  e a c h  l i n e  a t  2 . 5  n  i n t e r v a l s ,  F e r t i l i z e r
conta in ing 9 g n i t rogen,  9 g phosphorus
and 8 g sulphur was placed in each hole
and mixed wi th added soi l .

On ihe 20 July  1976,  twenty t ree
seedl ings vrere p lanted in  the prepared
holes,  wi th  one t ree species in  each row.
The soil betv,/een the tree rows rrras
cul t ivated only  once wi th s ingle
superphosphate at  80 kg ha- I  ,  one day af ter
the l rees were p lanted.  This  area was then
sown Lr i th  oats at  75 kg ha- I .

The t ree species used were EucaJ.gptus .  _
a e n A l d i t i A n c ; <  F  . i f r  i - , 4 ^ 7 >  F  n T a h t t t t t c

E.  rcbus ta ,  P inus  p inas ter  and P.  rad ja ta .
The p ine  seed l ings  were  open roo ted  s tock
and the  euca l ! .p ts  were  ra ised in  300 ml
p o t s .

There  were  th ree  c rop-spac  ing
t rea tments :

(1) T1 No crop betr"reen rree rolvs
( C o n t r o l ) ,

n 2\ - J  r .  v F

eacn t ree row,

/ ' )  \  m 3r  L l v ! /

each t ree  row.

w i t h i n  0 . 9 0  m  o f

w i c h i n  0 . 4 5  m  o f

A sp l i t  p lo t ,  randomized b lock  des ign
was used.  In  each o f  the  t ree  b locks
tha t  were  se t  up ,  the  c ropp inq  t rea txnents
were  a l loca ted  to  the  main  p lo ts  (6  t ree
rows)  r  s ing le  rows o f  ind iv idua l  t ree
spec ies  cons t i tu ted  lhe  sub-p lo ts .

Both  exper inents  were  loca ted  on
gent ly  s lop ing  paddocks ,  and the  b locks
were  s i tua ted  a t  r igh t  ang les  to  the  s lope,
to  sample  the  var iaCion  o f  the  s j . te ls
charac ter  i  s  t i cs  .

The nunber  and he igh t  o f  the  surv lv ing
t rees  r4 'e re  recorded on  16  September  L976,
I  December  1976 and 15  Apr i l  197?.  The
t rees  tha t  d ied  dur ing  the  "es tab l i shment

phase" ,  the  per iod  be th ,een p lan t lng  and
mid-Sep lenber ,  were  rep laced.  However ,
these losses  were  no t  inc luded in  the
surv iva l  da ta .  as  the  e f fec ts  o f  the  c rop



treatments were expected to connence after and subsequently on 15 Decenber 1977 and
th j .s  phase.  1 l  May 1978-  so i l  moisture content  was

estimated as in Experiment I on
The moisture content of the top 10 cm 18 october 1977 ' I November 1977 and

of soil for all blocks was estirnated 22 Novenber 1977. The oats were harvested
grav imetr ica l ly  f rom bulked sanples that  on 15 December 1917.
were collected fron 12 randonly selected
posi t ions in  the t ree rows.  These In each year ,  annual  grasses gern inated
measurements hrere carr ied out  on af ter  the herb ic idal  t rea l rnent  and
22 October f976, 3 Novenber 1976 and develoPed into a Chin stand wherever crop
30 Novenber 1976, The oat grain was was absent. Here they provided some
harvested on I December 1976, leaving competition with lhe trees for avail-able
behind 20 cn h igh stubbte.  moisture and nutr ients,  but  prov ided

negl ig ib le shading.  In  october  1977 the
Experiment II Srass plants which had grown to \"tithin

50 cm of each tree were removed by hoeing
Experinent II was located on a rnid-slope or pulling,

posi t ion in  a wel l  dra ined sandy gravel
over  sandy c lay.  s i te  preparat ion var ied RESULTS
from Experinent I in that the soil was not
ripped but the holes were dug, by a posthole Experiment Id igger  to  a depth of  50 cm, then par t ly

- f i l led,  compacted and fer t i l ized pr ior  Al though the tota l  ra infa l l  fo t  !976
to p lant ing.  was 577 mm (n ine per  cent  below average) ,

only 35 mm feLl in July so tbe lrees were
On 15 , Iu Iy  1977 the t ree seedl ings hand watered twice soon af ter  p lant ing.

were p lanted.  The design was s imi lar  to  In  August ,  135 nm of  ra in was recorded and
that adopted for Experinent I, except that waterlogging developed on all blocks
there were only four tree species Waterlogging on Block I (lower slope) was
(8.  canafdufensjs ,  E.  Iobusta,  E.  wandoo nuch more extensive and of  a longer
and P. radjata) planted and each row Curation than on the other thro blocks.
conta j .ned 15 t rees.  Dur ing th is  establ ishment  phase lhree t imes

as nany trees died on Block l as on Blocks
The t rees were measured at  the end of  2 and 3 (Table 1) .  This  vJas at t r ibuted to

the establ ishment  phase on 16 August  1977,  the water logging,  the extent  of  which was

TABI,E I

The influence of waterlogging on tree deaths in the two months followi.ng
lant ing in  Exper inent  f  (per  cent  deathpran g n Per  cent  deaths  )  "

Tree species
waterlogged

Block I
Not waterlogged

Block 2
Not Waterlogged

Block 3
Spec ies  Means

E. canalduLensis

E. citriodora

E,  gJohuTus

E. robusta

P  n i n F < / - . r

P.  rad ia ta

t 2

5 3

7

6 7

2 2

30

2

8

2

13

1 5

0

I 5

.Lf,

2 0

3 6

3

I 6

3 0

Mean 3 3 . 2 L 2 . 2 1 0 . 0



clearly indicated by the poor gror4'th of
the oats in the lower slopes. Sorne of the
E. cittiodora and a few of the E. gTobulus
fa i led because they were in fer ior  s tock.

By early Septenber L976, tbe oat crops
rrere abcu! 30 cm high, whi.ch was sinilar
to the mean height of all trees. Shortly
after, rapid growth occurred, the crops
reaching a height  of  I . l  m ( t  0 .2 m) by
early Novenber, twice the height of the
ta l lest  t rees.  ?he crops were not  v is ib ly
affected by the Lrees, and there kras no
difference in yield per unit area betrareen
the tr.rro crop treatments, the average yield
being 2000 kg ha- '  o f  gra in.

In late October the surface soils of the
t ree rows conta ined 12,  10 end 8.5 per  cent
moisture in  T3,  T2 and Tr  respect ive ly .
By the end of November all soils contained
about 5 per cent moisture.

Pr ior  !o  harvest ing,  the oat  crop d id
not  s ign i f icant ly  af fect  the surv iva l  o f
any t ree species ( f igure 1) ,  but  d id
s igni f icant ly  increase the height  of
P .  x a d i a t a  ( T 3  >  T 2  >  T t ;  P  <  0 . 0 5 )
( P i g u r e  2 ) . Figure I. Effects of crgp treatments on

seedl inq surv iva l .

T, . NO CROP

T: o CnOP WIHIN 90 cn

T. r CBOP WlTHl :|5ch

TABLE 2

Percentage of trees surviving at the final counts for each crop treatment.

Expt r 15/4/77 Expt II LI/5/78

Tree Species T I  T 2 T 3 B 3.x2T l

E. canaLduJensis

E. citriodoxa

E. gTobulus

E. tobusta

E, warldoo

P  h  i  n .  € + 6 r

P. radiata

9 7  8 7  8 3

6 2  6 7  5 4

5 2  2 2  1 6

83 58 51

n . P .  n , P .  n . p .

3 2  4 3  l 8

9 3  5 0  8 4

1 0 0  9 1  1 0 0

n . P .  n . p .  n . P .

n . p .  n . p .  n . P .

67 7L 40

9 5  8 9  6 7

n . P .  n . P .  n . P .

8 2  8 0  5 6

Mean 5I5 670 6 68 38 4

n .  p . not planted



EXPERIMENT I EXPERIMENT I I

P. radiata E. camaldulensisP. radiata

Figure 2.  Ef fects  of  cre-p t reatments on
height  growth.

In the four nonths following the harvest
of  the oa!  crop,  t ree surv iva l  was genera l lv
greater  in  the contro l  t reatment  (T l )  and
significantly so for ,- ro.busta and
P .  r a d i a t a  ( P  <  0 . 0 I )  ( F i g u r e  I  a n d  T a b l e  2 ) .
Height  increments were usual ly  greater  in
the ?r  t reatnent  and rdere s igni f icant ly
greater  f .o t  P.  radiata (P < 0.01)  (F igure 2
and Table 3) .  cenera l ly  the eucalypts
grevr  a!  a  faster  rate than the p ines,
par t icu lar ly  in  summer.

Experiment II

In  1977,  the tota l  ra infa l l  was only
486 mm (24 per  cent  below average) ,  but  iL
was welL distributeC and the site had
bet ter  dra j .nage than Exper iment  I .  No
seedl ings d ied in  the s ix  weeks fo l lowing
plant ing and,  af ter  th is  establ ishment
phase,  less deaths occurred than in
Exper inent  I .

In  December 1977,  the f ina l  crop
b e i g h t  w a s  0 . 9  m  ( i  0 . t  m ) ,  a b o u t  t w i c e
the mean height  of  a l l  t rees,  excep!  for
E.  camafdulensjs ,  which was 0.66 m. The
c r o p s  y i e l d e d  1 6 5 0  k g  h a - r  o f  g r a i n .

T, . NO CROP

T: o CFOP WITHIN 90 cm

T, r CROP WTHIN 45.m

TABLE 3

Heighc incrernents (cm) for eight and nine months for Experiment
I  and f I  respect ive ly  for  each crop t reatnent .

EXPI I Expt II

Tree species T T 1 2 T 3 T T I 2 T 3

E. canaLduLensis

E. citt iodora

E. gTobuTus

E. tobusta

E. wandoo

D  h ;  h 5  c t _ a r

P. tadiata

6 6  5 4  5 2

a z  1 5  J 5

50 52 44

t u  t z  5 d

u .  P .  r r .  P .  r r . I ,  r

L 4  1 6  L 4

3 8  2 6  3 1

120 92 76

n . p ,  n . P .  n . P

n . P .  n . P .  n . p

8 0  7 9  7 8

69 60 4L

n , P .  n . P .  n . P

z 5  J b  z J

Mean 4 8 4 L 5 5

n .  p . no! planted



As with Experiment I the control soils
contained slightly less moisture than
the other  t reatments,  dur ing spr ing.
Hovrever, Block I dried nore quickly than
the rest  of  the s i te  in  a l l  t reatments.

Pr ior  to  harvest ,  the presence of  oals
d id not  s ign i f icant ty  decrease the surv iva l
of  the t rees.  Af ter  harvest ,  more t rees
di .ed in  the T3 t reatnents,  wi th  a
signifi.cant nunber of deaths lecorded for
E .  r o b u s t a  ( P  <  0 . 0 5 )  ( F j . g u r e  l )  .
Eucalgptus canaLduLensis, E. wandoo and
P, xadiata showed better survival than
E.  tobusta in  a l l  t reatnents (Table 2) .

Dur ing winter  and spr ing the height
growth of two species $ras stimulated by
proximity to the oat crops: 8. cazral.du-Iens js
T2> T1 and T3 (p < 0.05)  and p.  tad. ia ta
T 2  >  T 3  >  T 1  ( P  <  o . o 5 )  ( F i g u r e  2 ) .
Dur ing sumner and autunn,  the eucalypts
continued to show substantial growth and
al-l species, except E. -ro"busta showed
signi f icant ty  nore growth in  TI  than in  T3
( P  <  0 . 0 s )  ( T a b l e  3 ) .

DISCUSSION

h both exper iments,  Lhe resul ts
showed considerabLe variance between
species. The pines grew more slorrLy than
the eucalypts,  par t icu lar ly  dur ing the
sumner period. EucaTgpXus ro,busta and
E.  canaidufensjs  grew the ta l lest  in  each
year .  The f ina l  he ight  increments
achieved vrere greater  in  Exper imen!  I I
than Exper inent  I  but  the resul ts  f ron
Experirnent II rl 'ere gained over a one
rnon th longer period of measurement
(Table 3)  .

Surv iva l  d i f fered between t ree species,
with E'. canaTdulensis, E. wandoo and
P.  radiata surv iv ing best ,  and E.  gTobuTus
and P. pjraste.r perforrn ing poorly.

EucaJgptus canaLdufensis  ,  E.  robusxa
a\a E. wandoo showed considerable early
pronise,  and P.  radjata,  which has not
usually been recommended for planting in
an area that  receives less than 400 mm of
ra infa l l ,  cont inued to make good progress
ear ly  in to 1979.  Eucafgpxus robusta
showed the greatest  s i te  preferences.
being least  af fected by the water logging in
Exper iment  f  and most  af fected by the ear ly

drying out of one block in Experinent II.
In both experiments, P. radiata showed
the poorest height growth, indicating
that it was the species most sensi.tive to
the crop treatments.

The results indicate the importance of
correct choice of species, of planling
stock,  of  season and s i te ,  and of  s i te
preparation to tree survival and early
grovrth. However, in practice, a farrner
vrould have greater flexibil-ity in selecting
t ree species,  s i te  and p lant ing techniques
than was possible in replicated experiments,
where the location of species is dictated
by design and random alLocation of
t reatments.

The data also show that during tree
eslablishnenC a large proportion of an
arable paddock can stil l be used for
cropping. The potential for inter-row
cropping until grazing becomes practicable
again should ba considered by farners who
wish to establ ish t rees on farmland but  are
concerned at  the h igh cost  of  ind iv idual
t ree guards or  the inabi l i ty  to  ut i l ize
the Land for two to three years. If
cropping or  haymaking is  carr ied out ,
production will be propor tionate
to the spacing between the tree rows, such
that  the fur ther  apaxt  the rows,  the less
land is  wasted.

As oats are the tallest growing of the
m a j o r  c e r e a l s ,  i t  i s  l i k e l y  t h a t  t h e
resul ts  are a lso appl icable to  wheat  or
bar ley.

The data show that oat crops grown
wi th in a netre of  establ ish ing t rees can
have a detr imentaL ef fect  on the t rees,
especially in the sumner following the
harvest  of  the crops.

In both experirnents, the moisture
conlent of surface soil in the tree rows
shel tered by crops was h igher  in  spr ing.
This  ind icates that  oat  crops ac!  as a
barrier to sun and wind for the establishing
l rees and,  as wi th p ine t rees (Farnsworth
and Male,  1973,  and Anderson and Bal in i ,
1979) ,  can a lso modi fy  the soj . l  rno is ture
content. The conservation of noisture and
shading ef fects  would probably expla in the
improved. growth rates of .P. -radjata in the
two crop treatments.
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