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Abstract.--Mechanical or chemical site preparation was

combined with post-planting applications of simazine to

determine their effects on lO-year survival and lO-yeac

height increfnent of black walnut (Jugla_s nig,.a L. ), bass-

wood (Tilia americana L.), white ash (Fr_zxin_s amenicaniz

L.), and silver maple (Acen sacchaninum L.) seedlings and

cL_ttings of the hybrid poplar clone I 45/51 (Populus x

e;_iramepicania [Dode] Guinier). The old-field site, near

Horaby, Ontario (43°30'N, 79°45'W) has an imperfectly

drained clay loam soil.

Ten-year survival of black walnut, basswood, white ash

and silver maple ranged from 47 to 100%, with the best sur-

vival always occurring in the most intensively treated plots

and the poorest survival in the untreated plots. Survival

of the hybrid poplars ranged from 0% in the untreated and

paraquat plots to 92% in the area plowed and disked in its

entirety and treated with broadcast applications of simazine

over the total area. Height increment of al[ species was

• highest in the area plowed and disked in its entirety and

t_eated with broadcast applications of simazine over the

total area, and lowest in the untreated and paraquat plots.

Keywords: Mechanical site preparation, chemical site pre-

par:ation, weed control.

INTiIODUCT ION formation is currently insufficient to pc.tonit

recommendation of chemical site preparation Co_

The _:_l[_n[nati.on or drastic reduction of the establishment of hardwood plantations.

broa_iLeaf and _jrass competition is prerequisite to

the succ_es.s_uL establishment and satfsfactory The experiment described in this report is

early _.ro,,¢th of most hardwood species planted on the last of a series designed to develop tech-

I!orner ,igr:icult,_ral land (Lane and HcComb 195], niques suitable for successful hardwood afforesta-

_,/_nes i'01),5,yon \Ithen 1971). Uhile plowing and tion of abandoned farmland. The most promising

diskilg _)_ the total plantation area have provided treatments used in previous experiLnents [n combi-

excellent results, this treatment is expensive and nation with plowing and disking of the total

:nay not alw'lys be feasible or desirable. Since plantation area were examined in this experiment,

the ,i_ew?io!_ent of herbicides, zero tillage has and their effects on the lO-year survival and

rw,c_2ived m_,-l_ :_C,tention [a !_gricu]t_ire (Arnott and height increment of black walnut (,.IugT,a_9 nigna

(]lemeni: 1965, _)owde kl a _d Cannekk 1.975), but in- L.), basswood (Tilia amemicana L. ), white ash

(Fmgu_in_s ,q_e_icani_ L.), and silver maple (Acen

.................................. eacchaPinam L.) seedlings and hybrid poplar (Pop_-

!us x e_ramemica_ [Dode] Guinier) cuttings were

!/Paper presented at the Sixth Central

r, r ",,'_a_dwood Forest ,,.o._ference, Knoxville TN February

24-26, 1.9{37.
EXPERIMENTAL AREA

2--Research Scient [st, Gove rmaent of. Canada,

.Sa,',:_dfan i:oresCcy Serv:fce, Great Lakes Forestry The study was carried out in a former farm

Centre, P.O. Box 490, ,qault Ste. Marie, Ont., field near Hornby, Halton County, Ontario

Car),adaP(oA5;,17. (43°30'N, 79°45'W). The soil was an imperfectly
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drained clay loam 45-65 cm deep over compact clay. baceous vegetation in the spring of 1976 shortly

The pH of the plow layer was 6.8 and the organic before planting (Table i).

matter content was 2.8%. The Ontario Soil Survey

(Gillespie et al. 1972) places the soil in the In April of 1976, 2+0 seedlings of white ash,

Chinguacousy Series. In 1961 the field had been silver maple and basswood, i+0 seedlings of black

afforested with white pine (Pinus stnobus L.) and walnut, or 30-cm-long cuttings of the hybrid

white spruce (Picea glauca [Moench] Voss) at a poplar clone 1 45/51 were planted both in the area

spacing of 3.7 m between rows. By 1974 over 70% plowed in its entirety and in all strips. All

of the trees had died as a result of severe weed seedlings were machine planted; the cuttings were

competition and stem girdling by meadow voles planted with a dibble. Spacing in the area plowed

(Micnot_s pennsylvanicus). The surviving trees in its entirety was 3 m between rows and 1.5 m

were 3 to 4 m tall. Ground cover consisted mainly within rows. On the site-prepared strips a single

of goldenrod (SoZidago spp.), wild aster (Aster row of trees was planted along the center line,

spp.), tall buttercup (Ranunculu8 aegis L.), wild with a spacing of 1.5 m between trees.

carrot (Dauc_8 ca)ota L.), rough-fruited cinque-

foil (PotentilZa enecta L.) and quackgrass (Ag_o- Simazine was applied as a weed control treat-

pynon nepens [L.] Beauv.) ment in all plots shortly after planting and in

April of the next two years. In the area plowed

and disked in its entirety simazine was broadcast

METHOD over the total area by a tractor-mounted sprayer_

In the site preparation strips simazine was

In the autumn of 1974 the few surviving pine sprayed with a motorized backpack sprayer in con-

and spruce trees were removed from approximately tinuous bands of different widths which cor-

!.2 ha of the former plantation. In July of 1975 responded with the widths of the site preparation

this ,_rea was plowed and disked and then disked treatments. In the plots without site prepara-

three more times between July and September. In tion, simazine was applied in a continuous band

Nove_nber, 2.2 a.i. kg/ha of pronamide were broad- 1.2 m wide. In all walnut plots, simazine was

east oveL" the total area to eliminate the quack- applied at a dosage of 6.7 kg/ha active ingredi-

g_ass that had survived the plowing and diski_g, ent. In plots planted with white ash, silver

On an adjacent area of 4 ha that was essentially maple, basswood or poplar, simazine was applied at

si _|lar, e[the_ strips of different widths were a dosage of 3.3 kg/ha active ingredient. Weed

plowed cad disked o_ rotot[l[ed between the sur- competition was assessed by ocular estimate during

riving conifers ia the autumn of 1975, or else I.i July of the first, third, fifth a_d tenth growing

_oi. kg/ha of pa_aquat _ere sprayed on the her- seasons.

Tab te 1.--" is# of treahnents.

T r e a tm t!; _] ,_

nw_ber Sitepreparation Post-planting weedcontro1

I Control,no treatment Continuousband of simazineI 1.2 m (4 it) wide sprayedshortly

after planting and in April of the next two years

2 Continuous band of paraquat (1.1 a.i. kg/ha) Continuous band of simazine 1.2 m (4 it) wide sprayed silorfly

1.2 m (4 it) wide applled shortly before planting after planting and in April of the next two years

3 Three furr'owSplowed fro_1either side to the Continuous band of simazine 1.5 m (5 it) wide sprayed short y

middle and dlsked. Total width 1.5 m (5 it) after planting and in April of the next two years

4 Six furrows plowed to one side and disked. Continuous band of simazine 1.8 m (6 it) wide sprayed shortly

To_alwidth 1.8 m (6 it) after plantingand in Aprilof the next two years

5 Six furrows plowed from either side to the Continuous band of slmazlne 3.3 m (11 it) wide sprayed shortly
middle and disked. Total width 3.3 m (11 it)

6 Nine furrows ,,)lowedto one side and dlsked. Continuous band of simazine 2.7 m (9 it) wide sprayed shor_ly

Totalwidth2.7 m (9 it) after plantingand in Aprilof the next two years

7 Rototilled strip 1.8 m (6 it) wide Continuousband of si_nazine1.8 m (6 it) wide sprayed shortly

after planting and in April of the next two years

8 Total area plowed and disked four times; 2.2 Broadcast application of simazine over the total area shortly

a.i. kg/ha of pronamide broadcast over total after planting and in April of the next two years

area ia November before spring planting

I In all plots planted wlth [)lackwalnut, simazine was applied at a dosage of 6.7 a.l. kg/ha. In plots planted with white ash,

si Iver maple, basswood and poplar, simazine was applied at a doage of 3.3 a.i. kg/ha.
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The study consisted of a randomized block years after planting no reduction in weed cover

design with 12 trees of each of the five species was _apparent. In the same strips, planted with

assessed in each plot. There were three replica- black walnut and sprayed with 6.7 kg/ha of active

tions of each of the eight treatments. Therefore, simazine, competition control was 80% effective

a total of 288 seedlings or cuttings per species during the first three years, and a 30% reduction

was measured. Survival was recorded at the end of in competition was still apparent in the fifth

tile first, third, fifth and tenth growing seasons year after planting.

and total height was recorded shortly after plant-

ing and at the end of the first, third, fifth and In the strips plowed and disked or rototilled

tenth growing seasons. The total height increment and sprayed with simazine at dosages of 3.3 or 6.7

over I0 years was computed by deducting the height kg/ha of active simazine, respectively (Treatments

of the seedlings at time of planting from the 3-7), competition control was 60 and 90% effective

height recorded at the end of the tenth growing in the third year. Five years after planting,

season. The lO-year survival data were subjected some reduction in competition was still apparent

to chi-square tests of independence and the I0- in these strips, but most weed species present

year height increment data were analyzed by anal- before site preparation had reinvaded the strips.

ysis of variance and Tukey's test of significance.

Treatments significantly affected the sur-

vival of all species except black walnut (Table

RESULTS 3). Basswood survival was lowest in the control

and highest in the area plowed and disked in its

During the first three years after planting, entirety. Survival of white ash and silver maple

competition control was 90% effective in the area was significantly lower in the control than in

plowed and dlsked in its entirety (Treatment 8), most treatments. All poplar trees died in the two

and sprayed with p_'onamide in autumn before plant- treatments without mechanical site preparation,

ing and with si_nazine shortly after planting and while 92% of the trees survived in the area plowed

in April of the next two years (Table 2). Ten and disked in its entirety.

years after planting, competition remained notice-

ably lower in the area treated in its entirety Although height increment of all species _as

than in the strips. One application of I.I kg/ha highest in the area plowed and disked in it.-;

of active paraquat (Treatment 2) shortly before entirety, there was no significant difference

pla_ting k_lled the aboveground parts of all vege- among treatments for black walnut. Height incre-

ration, but in the strips treated with 3_3 kg/ha ment of white ash was significantly lower in the

of active simazine only 50% of the competition was two treatments without mechanical site prepara-

controlled three years after planting, and five tion, while height increment of the silver Tmaple

Table 2,--Effectiveness of site preparatio_ treatments and post-planting applications of sir_azine in

achieving weed control (as indicated by years since planting).

Years since planting

i 3 5 l0

Treatment gi_azine a.i. kg/ha Simazine a.i. kg/ha Simazine aoi. kg/ha Simazine a.i. kg/ha

3.3 6.7 3.3 6°7 3.3 6.7 3.3 6.7

Percent control

20 40 i0 30 0 0 0 0

2 70 80 50 80 0 30 0 0

3 70 90 60 80 i0 20 0 i0

4 70 90 60 80 i0 20 0 I0

5 70 90 60 80 i0 20 0 I0

6 70 90 60 80 I0 20 0 I0

7 90 90 90 90 20 40 0 lO

8 90 90 90 90 30 50 10 20



Table 3.--Effects of Site preparation and post-planting weed control on the survival and height increment of planted basswood, black

walnut, white: ash, and silver maple seedlings and hybrid poplar cuttings, I0 years after planting.

Post-planting

weed control Basswood Black walnut White ash Silver maple Hybrid poplar
with simazine

applied annually Sur- Height Sur- Height Sur- Height Sur- Height Sur- Height
Tceac- in the first viral incre- vlval incre- viral incre- viral incre- viral incre-

ment 3 years ment ment ment ment ment

number Site preparation after planting (%) (cm) (%) (cm) (%) (em) (%) (cm) (%) (cm)

l Control, no treatment Continuous band

1.2 m (4 ft) wide 64a 184xy 83a 140x 61a 295xy 47a 125x Oa Ox

2 Continuous band of Continuous band

paraquat 1.2 m (4 ft) 1.2 m (4 ft) wide 80ab 144x 92a 128x 92bc 221x 89bc 129x Oa Ox
wlde shortly before

planting

3 Three furrows plowed Continuous band

from either side to the 1.5 m (5 ft) wide 95bc 244xy 9_a 239x 92bc 377xyz lOOc 272x 75cd 592y
middle and disked

4 Six furrows plowed Continuous band

co one side and disked 1.8 m (6 ft) wide 92bc 245xy 92a 183× 72a 398yz lOOc 262x 64bcd 572y

5 Six furrows plowed Continuous band

from either side to 3.3 m ([1 ft) wide 92bc 249xy 92a 232K lOOc &Olyz 67ab 203x 53bc 542y
the middle and disked

6 Niche furrows plowed Cont[i_uous 5and

to one side and disked 2.7 m (9 ft) wide 69ab 287xy 97a 170x 83abe 335xyz 89bc 247x 81cd 634y

17 Rototilled strap Continuous band

L.8 m (6 ft) wide 1.8 m (6 ft) wide 92bc 213xy 94a 174x 92bc 341xyz 95bc 224x 28b 521},

8 Total area plowed and Broadcast over

dlsked several times; total area IOOc 380y 92a 264x 97bc 483z lOOc 568y 92d I068z
i_ro_,am_de broadcast in

autumn before plantling

Note: W[thi_l columns corn.mortletters denote treatments without significant differences (P 0.05) according to Tukey's test of signlficanc.e

see dLin,,4_ and the hybrid poplar cuttings was sig- Treatment of the entire plantation area _:_ay

_?if[cantly greater in the area plowed and disked not always be possible, however, or even desir-

i_ its entirety than in all other treatments, able, because the site may be inaccessible to farm

machinery, or the soil may be too stony, subject

to erosion, or partially treed° Also, treating

0[SCUSSION the entire area is generally _1ore expensive than

treating only strips or individual planting spots.

Mo_t hardwood species of high timber value

are very de,handing in their site requirements and While much research has been carried out on

grow well o_ly in deep, fertile soil. At the same the effects of zero tillage o_ agricultural crops

ti_e, yo,ang hardwood trees are very susceptible to (Cannell and Finney 1973), little is known about

co_;_petitioc_ fro_ grasses and broadleaved weeds, the effects of this method on the growth of hard-

_hich abound on these sites. To afforest fertile wood trees. The main advantages of zero tillage

agric_clt',_ral lai_id successfully with high-value are: (I) protection from erosion through in.-

hardwood _pecie,_ it is therefore esse_t[al to creased _neehantcal strength of the soil and the

eradicate the existi_tg vegetation by site prepara- presence of surface mulch (Wilkinson 1973), (2)

tion and to preveflt its regrowth through post- high soil moisture and organic matter content uear

planti_g weed co_trol, the soil surface (Blevins et a l. 1972), and (3)

higher earthworm population, s with their beneficial

One highly effective method of site prepara- effects on soll physical properties (Edwards and

tion is eradication of the established vegetation Lofty 1972). The disadvantages of zero tillage

by broadcast application of glyphosate in late are: (i) greater soil compaction and increased

_ummer, followed by plowing and repeated disking bulk density, which _may reduce root penetratiort

of the e;_t[_e area (yon Althen 1979). This combi- (van Ouwerkerk and Boone 1970), and (2) lower soil

_atio_ of treat_ents destroys all weeds, including temperature because of the insulating effect of

deep-rooted peren_xials, incorporates the organic mulch (Moody et al, 1963, Gauer et al. 1982)o

:_?_tecial into the soil and reduces soil bulk den-

sity (Ponder 1981).
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[a.ck The 10-year results of the study reported generally failed because simazine, applied at

-- here show that different tree species responded dosages tolerated by most hardwood species, is un-

differently to the site preparation treatments, able to eradicate deep-rooted, perennial weeds_

Ear For example, hybrid poplar height increment was The only exception might be found in black walnut

,_ significantly greater in the area plowed and plantations because this species has a higher
:e- disked in its entirety than on the plowed strips simazine tolerance than most weeds_ To apply

_t (Table 3). Without mechanical site preparation, simazine at dosages of 9 a.i_ kg/ha or more, how-

_) planted poplar did not survive_ At the other end ever, is generally more expensive than mechanical-

- of the scale, black walnut showed no significant ly site preparing and applying simazine dosages of

Ix differences in either survival or height increment 4 to 6 a.io kg/ha.

after any of the treatments° This lack of re-

Ix sponse strongly suggests that black walnut was For chemical site preparation paraquat was
planted off-site since the species generally re- used because glyphosate had not yet been regis-

acts very favorably to intensive site preparation tered for forestry use. While glyphosate will

and weed control (Byrnes et al. 1978)o The factor provide better weed control than paraquat did, the

limiting good walnut growth on this site was prob- reopening of the planting slit will remain a prob-

Y ably imperfect drainage of the clay loam soilo lem on heavy-textured soils.

For all species, height increment was great- The decision of whether to use mechanical or

Y est in the area plowed and disked in its entirety_ chemical site preparation depends mainly on the

}lowever, differences in height increment with this soil of the plantation site, the species to be

Y and the other mechanical site preparation treat-_ planted, the accessibility of the site to farm

_ents were significant only for hybrid poplar and machinery, the danger of erosion, the treatment

silver maple° cost and, last but not least, the wishes of the

>" owner. Initialsurvivaland height incrementof

The poorest height increment in all species the most commonly planted hardwood species are

,/ was in the untreated control and the strips site- generally positively correlated with the effec-
prepared with paraquat. Most seedlings in both tiveness of weed control during the early years

t_eatme_ts, in addition to facing intense weed after planting, and this in turn depends on the

co_petition, suffered severe root damage when the intensity of site preparation_

planting slit reopened in the early years after

-- planting (.von Althen 1977) This reopening to a

_ee _aximur_ width and depth of 5_5 and 15-20 cm, re- SUMMARY AND CONCLUSIONS

spectively, was caused by soil drying and shrink-

age° As a result, the newly planted seedlings and In this experiment the best growth was

cuttings lost their support, leaned or fell over, obtained after plowing and disking of the entire

exposing roots to drying and to the depredations planting area, followed by one application of

of mice. The planting slit partially closed pronamide in autumn before spring planting and

ay during periods of high soil moisture and reopened simazine applications for three years after plant-

r-- to a lesser extent each summer. In the plowing ing. With the registration of glyphosate for for-

r_n and disking treatments the slit did not reopen, estry use, the best results in hardwood afforesta-

et tion in Ontariohave recentlybeen obtainedwith

_g Since only combinations of site preparation eradication of the existing vegetation through
_n and post-pla_ting weed control treatments were fall application of 2.2 a°i. kg/ha of glyphosate

S.... tested, it is impossible to state with certainty followed by plowing and disking of the total plan-

how m_ich of the improved growth was due to site tation area (yon Althen 1979)_ Spring planting is

c>n p_eparation and how much to post-planting weed followed by one application of simazine at a dos-

_s control. However_ other experiments have shown age tolerated by the planted species° Further

_t that site preparation without subsequent weed con- applications of simazine are made in early spring

i-- trol is generally unable to defer reinvasion of of the next two years, by which time the trees are

_e the competing vegetation for more than one year, expected to have closed the canopy and thereby

especially on the fertile planting sites required provide their own weed control. Where this is not

_e for good hardwood growth (yon Althen 1976, 1981). the case, further herbicide applications may be

!) • 0_ the other hand, post-planting weed control with necessary to maintain tree growth u_til crown

Lr simazine, but without prior site preparation, has closure is obtained.
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