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ABSTRACT 

Coniferous trees produced at Ontario Ministry of Natural Resources tree 
Nurseries have generally been considered unacceptable for planting if more than 

one terminal shoot is present. Field performance tests of several pine and 

spruce species showed that multiple-leadsred trees grew and survived as well as 

single-leadered trees, but that if trees remained irultiple-leadered there were 

some adverse effects. A considerable proportion of the trees that were single-

leadered when planted became multiple-leadered thereafter, and vice versa. The 
destiny after planting was not apparent when trees were graded prior to plant 

ing. Revision of acceptance standards to allow more than one terminal shoot is 
recommended. 

RESUHK 

Les coniferes produits dans les pepinieres du minist^re des Richesses 
naturelles de l'Ontario sont generalement considered comme inacceptables pour la 

plantation guand ils ont plus d'une pousse apicale. Des tests de performance 
sur le terrain avec plusieurs especes de pin et d'epinette ont indique que les 
arbres a pousse apicale multiple avaient une croissance et une survie egales a 
celles des arbres a pousse apicale unique, mais que s'ils conservaient une 

pousse^ apicale itultiple, il y avait des effets defavorables. Une proportion 
considerable des arbres a pousse apicale unique au moment de la plantation sont 

devenus a pousse apicale multiple par la suite, et vice versa. Le devenir apres 
la plantation ne pouvait etre prevu quand les arbres etaient classes avdnt 
d'etre plantes. Une revision des norraes d'acceptabilite pour permettre la 
presence de plus d'une pousse apicale est recommandee. 
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Table 1. Characteristics9 of planting stock taken from provincial nurseries to 

compare performance of single-leadered (SL) and multiple-leadered (ML) 

bare-root trees. 

aData for seedling height and diameter are not presented as they are virtually 

the same as the heights and diameters of planted trees (Tables 2 and 3). 

"Root area index values that differ at the 8 = .05 level, t test, are under 

lined. 

Table 2. The initial and final height of single-leadered (SL) and multiple-

leadered (ML) seedlings 3 years after planting. 

aData for single-leadered (SL) seedlings that are significantly greater than 

data for nultiple-leadered (ML) seedlings at the ct = .01 and .05 levels are 

underlined by one or tv*3 lines, respectively (t test). 
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Table 3. The initial and final diameter at 1 en height of single-leadered (SL) 

and multiple-leadered (ML) seedlings 3 years after planting. 

aData for single-leadered (SL) seedlings that are significantly greater than 

data for multiple-leadered (ML) seedlings at the a - .01 and .05 levels are 

underlined by one or two lines, respectively (t test). 

Table U. Heights of single-leadered (SL) and mult iple-le site red (M_) seedlings 3 years 

after planting comparinq heights of seedlinqs that remain SI. or M. with those 

that change status at least once from SL to ML or ML to SL, respectively. 

Single-leadered seedlings 

(SL) 

Multiple-leadered seedlings 

(ML) 

Test 

Remain Remain 

single- Status multiple- Status 

leadered changes Difference leadered changes Difference 

(avg) (n) (avg) (n) (S3 {avg) (n) (avg) (n) (S) 

WS Midhurst 58.6 23 55.4 55 6 

WS Swastika 46.9 69 41.8 29 12 

WS Thunder Bay 38.0 47 32.4 84 17 

BS Swastika 53.1 34 50.2 fiO 6 

BS Thunder Bay 46.9 54 41.6 39 13 

JP Swastika 97.0 72 89.4 49 a 

WP Midhurst 44.0 81 36.4 85 21 

58.2 Q 62.5 114 

41.6 30 48.3 68 

34.D 34 34.8 22 

43.9 15 45.1 32 

39.R 22 47.0 31 

68.4 
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Both white and black spruce seem to experience slow terminal growth for 

several years after planting, and this may retard recovery to the SL state. The 

form of ML trees in all of the W3 and BS tests was poor in 1980 when most tests 

were terminated. However, tree form for most SL and ML trees in the WS Midhurst 

test was good in 1982, and most trees then had a single straight dominant stem. 

These trees experienced vigorous growth (Fig. 2) in 1981 and 1982, and this 

seems necessary before spruce can be ejected to show good recovery from 

multiple-leadering. Only eight trees remained ML throughout the 1978-1982 par-

iod and these continued to have poor form. 

Jack pine exhibited the greatest recovery to the SL state (Fig. 3). The 

apical dominance of jack pine is superior to that of spruce, and most jack pine 

that were initially ML became SL by the end of the test. Trees that experienced 

ML generally had straight stems and good form. Five trees remained ML through 

out the test, and these had poor form caused by several twisted stems of about 

the same size and dominance. 

The WP Midhurst test site was too dry for good white pine culture, The 

soil was a fine sand, ground cover was sparse, and foliar color of the pines was 

indicative of low soil fertility. Overall poor site character was reflected by 

the poor growth (Fig. 2) of the trees. The trees that ware ML increased rrom 

13.5% in 1978 to 17.7% in 1980 (Fig. 3) and 27.4% in 1982. These data seem to 

indicate that white pine is prone to ML. However, white pine has good apical 

dominance and probably would exhibit better recovery on a more favorable site. 

Survival of both ML and SL trees was good in most tests. Only three of the 

test plantings experienced more than 5% mortality over the 3-year period and 

survival after the initial year was good for all tests. For the WS and BS 

Thunder Bay tests, mortality over the test period was 5.5 and 15.0%, respec 

tively. More than 60% of this mortality occurred in the season of planting. 

Mortality seemed to be a function of initial tree size for both tests (a = .01, 

t test). The average height at the end of the 1978 season for all the trees 

that died in the WS test was 9.2 cm in comparison with 19.2 cm for survivors, 

and for the BS test it was 21.7 cm in comparison with 28.7 an for survivors. 

Nine of the 30 black spruce that died were ML and these averaged only 12.7 cm in 

height. Consequently, many of the trees that died in the Thunder Bay tests 

should have been excluded from the test as grading standards specify that spruce 

seedlings should be at least 14 cm tall. Mortality for the BS Swastika test 

seemed to be related to a storage or a handling problem during planting as 79% 

of the mortality occurred in the season of planting, and many of the trees 

appeared faded green and were probably dead soon after planting. A number of 

trees with faded green foliage in this test were examined just after planting in 

June, 1978 in areas near the sample plots. Most oE the roots of these trees 

were dead and the cambial area of the stem was dry in comparison with that of 

"normal" trees. Mortality over the 3-year period was 28% for all trees and 

45.3% for ML seedlings. Since entice rows of ML trees were interspersed with 

rows of SL trees in this test, the difference in mortality rate for ML trees 

could have been the result of additional handling necessary to segregate ML 

trees. 
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Performance, rated as height and diameter at the end of the test, was about 

the same for trees planted as either ML or SL (Tables 2 and 3, Fig. 2). There 

were significant size differences between trees planted as SL and those planted 

as ML, but these were usually related to differences also present when the 

trees ware planted, Height and diameter at planting were positively correlated 

( a = .01, r) with final height for the combined SL and ML samples Eor the WS 

Midhurst test and for the WS, BS, and JP Swastika tests. This is illustrated by 

the height growth charts (Fig. 2), in which the magnitude of difference in 

average height changes very little over time among groups with one, two, or 

three and more terminals when planted. Not many test trees had four or more 

terminals. 

Hypotheses were formulated to test if ML trees were inferior to SL trees; 

hence, the superior performance by ML trees seems out of character. However, ML 

trees actually outperformed SL trees in the WS Midhurst, WS Swastika and WP 

Midhurst tests (Table 2). Initial heights in the two white spruce tests were 

about the same, but final height was greater ( a = .05, t test) for the trees 

that were ML when planted. For the white pine (WP) Midhurst test, initial height 

was less ( a = .01, t test) for ML trees but final heights were about the same. 

Diameter at 1 cm above ground was about the same for ML and SL trees when plant 

ed and at the end of most tests (Table 3) . Diameter was greater for SL trees at 

the start of the JP Swastika test and at the end of the BS Swastika test (a = 

.01, t test). In the BS Swastika test, this superior diameter size probably was 

related to greater tree heights in SL trees. The height of SL trees in the JP 

Swastika test was also significantly greater to" -05) than that of ML trees. 

ML jack pine nursery trees are generally smaller than SL trees (Tables 1, 2 and 

3), and probably the ML test trees included only the upper part of the range in 

size represented in the nursery beds. Except for the ML trees that remained ML 

throughout the JP Swastika test (n = 5, Table 3), ML jack pine grew well. 

The percentage of SL and ML trees that changed status to either ML or SL, 

respectively, was high for all the species tested (Fig. 3). This aspect of the 

tests was very impressive, and at least partially explains the comparable per 

formance based on initial SL or ML form. Many of the initially ML trees did re 

cover to the SL state, but a large portion of the trees that were SL when plant 

ed became ML during the test. Only the JP Swastika and the WS Midhurst tests 

showed good improvement in the overall percentage of trees that were SL. The WS 

Swastika test showad only a minor increase in the percentage of ML trees. Hie 

remaining tests showed at least a 10% increase in the overall percentage of 

trees that were ML after three seasons. 

Terminal injuries that result in ML continued to occur af ter planting. 

Frost damage was prevalent in 1979 in the WS and BS trees of the Thunder Bay and 

Swastika tests. Also, dead resinous buds were often present on a small percent 

age (<3%) of the spruce terminals in all tests. Usually, recovery to the SL 

state was the result of superior growth by a single terminal; however, injuries 

also contributed to recovery as injured terminals frequently dropped out of com 

petition. 
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CONCLUSIONS 

The initial SL or ML form of the trees tested did not seem to be important, 

provided that other acceptance standards are met. Field performance of ML trees 

compared favorably with that of SL seedlings on the basis of height growth, dia 

meter growth, and survival after planting. The greater mass of ML in comparison 

with SL trees at planting time may have offset the adverse influence of the ML 

form demonstrated by other comparisons. Mast spnre trees changed status at 

least once during the test. The ML state did have an adverse effect on height 

growth; however, the ML or SL destiny of trees was not apparent when the trees 

were graded at the nursery. Therefore, the ML form does not appear to be justi 

fication for rejecting trees when they are graded at the nursery. Trees with 

four or more terminals probably should be rejected, but most of these fail to 

meet other acceptance standards, as is evidenced by the small number of these 

that were encountered in the tests. 

Jack pine has good apical dominance and most ML trees can be expected to 

recover to the SL state. Spruce seems to need a period of vigorous growth free 

from terminal injuries before recovery to the SL state is satisfactory. The ws 

Midhurst test that was extended for two additional years demonstrated this re 

covery. Also, ML trees are rare in the spruce plantations over 10 years of age 

that I have observed throughout Ontario. 
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