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ABSTRACT 

Successful hardwood afforestation i s  possible provided 
the following conditions can be met: (1) a deep, moist but 
well-drained s o i l  ; (2)  intensive s i t e  preparation, pref- 
erably plowing and disking of the  t o t a l  plantation area; 
(3) careful planting of healthy, sturdy planting stock; 
(4) effective weed control for  a t  l eas t  the  f i r s t  two and 
preferably three years a f t e r  planting; and (5) control of 
rabbits and mice, 

INTRODUCTION 

Most hardwood species can be planted successfully provided 
the  proper conditions are met, However, many hardwood species 
are  very exacting i n  t h e i r  climatic and s i t e  requirements and re- 
quire intensive cultivation during the  ear ly years a f t e r  planting. 
Therefore, successful hardwood establishment i s  generally more 
d i f f i cu l t  and certainly more expensive than planting of c o n i f e ~  
ous t rees ,  

I n  the past ,  hardwood plantations have often fa i led  because 
foresters and t r e e  planters had insufficient knowledge of the  s i t e  
requirements of the various species, and planting techniques de- 
veloped for  planting conifers have proved t o  be unsuitable fo r  
hardwood planting, 

Although our knowledge of the  factors affecting hardwood es- 
tablishment and growth i s  s t i l l  rather limited, suff icient  ir+ 
formation i s  available now t o  recommend hardwood planting i f  the  
following conditions are met. 

SmCTION OF THE PLANTING SITE 

The most important fac t  or  i n  establishing hardwood plant a- 
%ions i s  the  selection of a suitable planting s i t e  (von Althen 
1964). For sat isfactory establishment and growth, hwdwood spe- 
c ies  demand a deep, f e r t i l e ,  moist but well-drained s o i l ,  and 
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even land t h a t  may produce f a i r  farm crops i s  not always sui ted 
t o  good hardwood growth. I n  southern Ontario, good hardwood 
s i t e s  will usually be found along creeks and streams, on lower 
slopes and i n  depressions where topsoi l  has accumulated, in aban- 
doned orchards or  gardens, and in agricul tural  f i e lds  where the  
A and B horizons a re  a t  l e a s t  18 in. (45.72 cm) deep (von Althen 
1972). Hardwoods will never produce high-quality timber when 
planted on dry,  exposed slopes and ridges,  -or in' areas where the  
topsoi l  i s  shallow and the  subsoil consists of heavy compacted 
clay. 

Since s i t e s  fo r  afforestat ion are  generally available only 
because the  land i s  unsuitable fo r  ag r i cu l twe ,  it would be un- 

I r e a l i s t i c  t o  envision the  establishment of la rge  hardwood plan- 
tations.  A t  the  same time, most available afforestat ion s i t e s  
contain some s m a l l  areas tha t  are  capable of growning high- 
qual i ty  hardwood timber. These are  the  s i t e s  on which hardwoods 
should be planted. 

SITE PFEPARATION AND WEED CONTROL 

The second most important fac tor  i n  successful hardwood 
plantation establishment and ear ly  growth of seedlings i s  the  
control of herbaceous competition. Since the  effectiveness of 
weed control during the  f i r s t  few years a f t e r  planting depends 
largely on the  in tens i ty  of s i t e  preparation, the  most intensiv- 
l y  prepared s i t e s  will generally require the  l e a s t  post-planting 
weed control. I£. princepl i s  used i n  post-planting weed control,  
s i t e  preparation i s  especially important f o r  the  successful es- 
tablishment of those hardwood species t h a t  are  highly susceptible 
t o  Princep damage a t  dosages necessary fo r  t he  effect ive control 
of deeprooted perennial weeds. For example, t o  control golden- 
rod (solidago spp.), wild a s t e r  ( ~ s t e r  spp.) and other d e e p  
rooted weeds effect ively,  applications of 4-8 l b  per acre (4.8- 
8.96 kg/ha) of active ~ r k c e p  are  required.   ow ever , cottonwood 
( ~ o p h s  deltoides Bartr. ) &d white -ash ( ~ r a x i n u s  Gericana L. ) 
seedlings may be damaged by applications of more than 3 l b  of 
act ive Princep per acre (3.36- kg/ha). Therefore, i f  the  d e e p  
rooted perennial weeds are  not eliminated before the  t r e e s  are  
planted it i s  very d i f f i c u l t ,  i f  not impossible, t o  control them 
a f t e r  planting. However, once the  perennial weeds have been 

I 
eliminated by s i t e  an - m u d  application of 3 l b  per 
acre (3.36 kg/ha) of act ive Princep will generally prevent re- 
establishment or  a t  l e a s t  keep weed competition t o  an acceptable 
l eve l  (von Althen 1976). 

S i t e  preparation may take the  form of plowing and diskin@; or  
chemical eradication of t h e  competing vegetation. The choice of 
method will depend on the  condition of t he  s o i l ,  topography and 
-accessibi l i ty ,  density and composition of the  existing cover, and 



l a s t  but not l e a s t ,  on the cost of the various methods under con- 
sideration. Under no circumstances, however, should the success 
of a plantation be sacrificed for  an initial saving i n  the  cost 
of s i t e  preparation and weed control. 

Plowing and disking of the t o t a l  plantation area i s  the  best 
method of s i t e  prepmation developed t o  date because it offers  
advantages not obtainable by any other method: it destroys all 
weeds, including the  deep-rooted perennial species; it stimulates 
microbial ac t iv i ty ;  it loosens the s o i l  and improves aeration and 
water i n f i l t r a t i o n ;  and it incorporates plant material in to  the 
s o i l ,  thereby improving the  nutrient s tatus  and organic content 
of the soil .  

Where plowing and disking of the t o t a l  plantation are not 
feasible  or  desirable because the  s o i l  may be subject t o  erosion 
or  the planting s i t e  may be par t ia l ly  t reed,  s t r i p s  a t  l e a s t  6 f t  
(182.88 cm) in width may be plowed and disked , ro to t i l led  , or 
sprayed with herbicides, and the  t r ees  planted along the middle 
of these s tr ips .  However, s i t e  preparation in s t r i p s  generally 
i s  l e s s  effective i n  promoting t r e e  growth than i s  complete me- 
chanical s i t e  preparation. The l a t t e r  should, therefore, be used 
wherever possible. 

Post-planting weed control for  the  f i r s t  two or  three years 
a f t e r  planting i s  an absolute necessity for  successful hardwood 
afforestation. Manual and mechanical methods of weed control 
have proven very successful but the  frequency of operations re- 
quired for  effective control makes these methods rather expen- 
sive. Herbicides offer  more economical control, but many hard- 
wood species are  highly susceptible t o  damage by the  dosages 
necessary for  effective control. Although many herbicides are 
currently available and new chemicals are marketed every year, 
Princep remains one of the  most useful and re l iab le  herbicides i n  
hardwood afforestation. 

Each t r e e  species has i t s  own herbicide tolerance. T h i s  
tolerance i s  modified by the texture and moisture of the  planting 
s o i l ,  seedling age, length of establishment, and time and method 
of application. To provide the  best possible weed control with- 
out causing seedling damage, all dosages must therefore be care- 
f u l l y  metered. A preliminary guide t o  the application of Princep 
in hardwood plantations i s  l i s t e d  in Table 1. 

Quackgrass (Agro~yron repens [I,] Beauv.) i s  one of the most 
competitive weeds and i t s  elimination by mechanical means gene- 
a l l y  requires several years of intensive cultivation. Recently 
Rohrn and Haas have marketed the  herbicide "Kerbt' which effective- 
l y  k i l l s  a l l  grasses including quackgrass. Kerb i s  very selec- 
t i v e  in i ts  action. I f  applied properly it w i l l  kill grasses but 
w i l l  not k i l l  or  harm ei ther  t r ees  or  broad-leaved weeds. It may 



Table 1. Preliminary guide t o  applying active Princep i n  hard- 
wood plantations established on fu l ly  cultivated , 
former agricultural land 

Maximum allowable appli- 
cation of active princepa 

Shortly I n  the  spring 
a f t e r  of the  2nd 

S o i l  plar.tingb and 3rd ye 
Species texture (lb/acre) (lb/acre ) Fs 

Black walnut loam 6 4 
(Juglans a r a  L. ) clay-loam ES 4 

Butt ernut loam 
(Juglans cinerea L. ) clay-loam 

Silver  maple loam 4 
( ~ c e r  saccharinum L. ) clay-loam 5 

clay 6 

Black-lo cust loam 4 3 
( ~ o b i n i a  pseudoacacia L. ) clay-loam 5 3 

clay 6 3 

White ash 
( ~ r a x i n u s  americana L. ) 

Basswood 
(T i l i a  americana L. ) 

Red oak 
( ~ u e r c u s  mbra L.) 

loam 
clay-loam 

clay 

s and 
loam 

clay-loam 

sand 
loam 

Black cherry sand 3 3  runus us serotina Ehrh. ) loam 3 3 

Sugar maple 
( ~ c e r  saccharum Marsh. ) 

sand 2 
loam 2 

a Commercial grade of Princep (simazine) i s  available a t  50 and 
80 percent active chemical, 

1 lb/acre = 1.12 &/ha. 

Note: 1 l b  active Princep = 2 l b  Princep 5W. 
1 l b  active Princep = 1.25 l b  Princep 8W. 
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therefore be broadcast over the  t r ees ,  l i k e  Princep, without 
shielding the  t r ees  or directing the spray aw from them. I n  
our experiments 1.52.0 ib/acre (1.68.2.24 kg 7 ha) of active Kerb, 
applied in November, ki l led 95% of all grasses during the  winter. 
A s  a s i t e  preparation treatment, Kerb should be broadcast over 
the  t o t a l  area in l a t e  October or  early November. Treated areas 
may include both plowed and disked land containing quackgrass 
rhizomes which will sprout again, and grassy f i e lds  or  pastures 
which have not been plowed. 

PLANTING STOCK 

The success of any plantation w i l l  also depend on the  qual- 
i t y  and sui tabi l i ty  of the  planting stock. Good planting stock 
should be sturdy and have a well-branched root system (Limstrom 
1963). I n  a study of the  quality of hardwood planting stock, 
seedling s ize  was much more important than seedling age (von 
Althen 1969). Not only did the  largest  t rees  of ei ther  1+0 or  
2+0 seedlings always grow fas ter  than the  smaller t r ees ,  but the  
1+0 seedlings with large root-collar diameters generally survived 
and grew bet ter  than 2+0 seedlings of equal size. Table 2 lists 
recommendations for  planting stock grades for  the most commonly 
planted hardwood species i n  Ontario. Tree planters have often 

Table 2. Recommended planting stock grades for  hardwoods planted 
in Ontario 

Length of stem Root-collar diameter 

Minimum Preferred M i n i m u m  Preferred 
a 

(in. 
a Species (in.)a (in. 

Si lver  maple 8 I2 0.20 0.25 

Basswood 

Red oak 

White ash 

Black walnut 

expressed a preference for  large transplant stock, believing tha t  
planting large t rees  would eliminate the need for  s i t e  preparation 
and weed control. Although this probably i s  t rue  fo r  individual, 



large t r ees ,  those 3-4 f t  (91.&-121.92 cm) high and up t o  f ive  
years old grew very poorly when planted in a weed-infested s o i l  
without pr ior  s i t e  preparation or  without subsequent weed control 
(von Althen 1974). Since transplant stock i s  very expensive t o  
produce, transport and plant,  and since growth of seedlings on 
unprepared s i t e s  i s  generally infer ior  t o  tha t  of seedlkgs  plan- 
ted  in plowed and disked so i l s  t reated with herbicides, it i s  
much more economical t o  spend the  available money on s i t e  p r e p  
aration and weed control than on producing large transplant stock, 

PLANTING METHODS 
C 

Small hardwood seedlings may be planted ei ther  with a plant- 
ing machine or  by hand using the  wedge method, while large t r ees  
with spreading root systems are most e f f ic ient ly  planted i n  holes 
made with a posthole auger. Care must always be taken tha t  the  
t r ees  are  planted a t  normal depth and tha t  the s o i l  i s  well packed 
around the  roots. All t r ees  should be planted in an upright po- 
s i t ion  since leaning hardwood seedlings often develop a new ve- 
t i c a l  shoot from the root col lar ,  necessitating the  removal of 
the  or iginal  stem by pruning and thereby losing valuable height 
increment (~rdmann 1966). 

DIrZECT SEEDING 

Establishing hardwoods by direct  seeding has been investL 
gated as an alternative method t o  planting of nursery-grown 
stock. Advantages of direct  seeding over planting are reduced 
planting costs and elimination of planting injury. The greatest  
disadvantage i s  the  uncertainty of satisfactory establishment. 
Hardwood species with re la t ive ly  small seeds such as  ash and 
birch were generally found t o  be unsuitable for  direct  seeding 
and only the  oaks and black walnut showed any promise of success 
 inch 1937, Scholz 1964, Bjorkbom 1969). Until  more successful 
seeding methods are developed, planting nursery-grown seedlings 
guarantees be t te r  plantation establishment than does direct  
seeding, 

Since low f e r t i l i t y  i s  one of the  characteristics of land 
withdrawn from agriculture, f e r t i l i za t ion  appears t o  offer  possi- 
b i l i t i e s  of improving t r e e  growth on nutrient-deficient s i tes .  
Although Mitchell and Chandler (1939) showed tha t  growth of hard- 
wood stands could be improved signif icant ly by nitrogen f e r t i l i -  
zation, the growth response of hardwood seedlings t o  f e r t i l i z a -  
t ion  a t  time of planting has often been disappointing (~ummings 
19W, McComb 1949, Burke and Williams 1973 , Geyer 1974). The 
fa i lure  of f e r t i l i za t ion  a t  time of planting t o  improve seedling 
growth significantly was probablythe resul t  of one or  more of 



t he  f o l l o d n g  conditions: (1) t he  planting s o i l s  contained a 
suf f ic ien t  supply of available nutr ients  t o  s a t i s f y  t he  nutr ient  
requirements of t h e  newly planted seedlings ; (2) t h e  applied f e ~  
t i l i z e r  e i ther  did not reach t h e  roots  o r  was not taken up by the  
seedlings; (3) t h e  dosages of f e r t i l i z e r  applied were too s m a l l  
t o  produce measurable growth responses; (4) s o i l  physical condi- 
t i o n s ,  e.g., poor drainage, were l imit ing growth; and (5 )  a de- 
f iciency i n  nutr ients  other than those applied was more l imit ing 
t o  seedling growth than was the  deficiency in the  applied nutri- 
ent s , 

Unt i l  more information i s  avai lable ,  f e r t i l i z a t i o n  a t  t h e  
time of planting i s  inadvisable because it may do more harm than 
good by increasing weed competition and adding t o  t he  pollution 
of r i ve r s  and lakes, Fe r t i l i za t ion  i s  also expensive and money 
spent on f e r t i l i z e r  applications a t  t he  time of planting could be 
put t o  b e t t e r  use by intensifying s i t e  preparation and weed con- 
t r o l  treatments which have proven benef ic ia l  t o  hardwood planta- 
t i o n  establishment and seedling growth. 

RODENT CONTROL 

Tree girdl ing by mice and browsing by rabbi t s  can cause hea- 
v y  damage in hardwood plantations (von Althen 1971). The most 
common method of mouse control  has been t h e  broadcast applica'cion 
of poisoned grain. However, t h i s  method generally provides onl2- 
short-term re l i e f .  Recently, Radvanyi (1974) developed a mouse 
poison feeder s ta t ion  which provides longer l a s t i ng  control, Con- 
t r o l  of rabbi t  browsing may be obtained by painting repel lents  on 
t h e  t rees .  However, these methods a re  ra ther  expensive fo r  t he  
degree of protection they afford. The best  protection against 
rodent damage i s  the  elimination of weeds; t h i s  deprives t h e  ani- 
m a l s  of she l te r  and food and makes the  plantation a hos t i l e  en- 
vironment f o r  rodent survival and reproduction. Also, weed con- 
t r o l  generally increases seedling growth, and fast-growing t r e e s  
a r e  l e s s  vulnerable t o  rodent damage because they soon outgrow 
t h e  danger, 

The requirements f o r  successful hardwood plant a t ion e s t  a b  
lishment are  : 

1. a deep, moist but well-drained planting s o i l  
2. plowing and disking the  t o t a l  area 
3 ,  healthy, sturdy planting stock 
4. careful  planting 
5. effect ive weed control  fo r  the  f i r s t  two o r  

three years a f t e r  planting 
6. rodent control  where necessary 
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