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Some Effects of Light on Growth
of White Pine Seedlings

(Project P-383)

by
K. T. Logan'

INTRODUCTION

The germination period and first few years thereafter are critical in the
life of the plant. Innumerable factors—climatic, biotic, and edaphic—which
exert their influence on the young seedling must be favourable if the seedling is
tosurvive. Eventsthat may causelittle or noharm to anolderplant may severely
damage or destroy a succulent seedling.

After their first three or four years, seedlings are sturdier and some may be
firmly established in the community. Nevertheless their future development is
still governed by the main environmental factors—light, temperature, soil
moisture, and nutrients. It is important then that we know the effect of these
factors on established seedlings as well as on newly germinated plants. Of all
these factors, light is the one that can be most readily controlled.

Several workers (4, 6, 11, 12, 18) have determined the effect of light on
germination and early survival of white pine (Pinus strobus L.) but few have
studied the quantity of light required for subsequent good growth. In a virgin
stand of red pine (Pinus resinosa Ait.), Shirley (15) found that white pine
seedlings reached maximum growth at about 36 per cent light, compared with
63 per cent light for red pine and 75 per cent for jack pine (Pinus banksiana
Lamb.). Gast (3), however, found an increase in the average leader length of
11-year-old white pine with increasing light up to full sunlight. He thought
that some of the increase might have been caused by greater availability of
nitrogen in the open areas.

The object of this experiment was to determine whether height growth of
established seedlings is better in full sun or partial shade, and to measure the
effect of light on leader diameter, branch length, needle length, and roots.

METHODS

The experiment was conducted at the Petawawa Forest Experiment Station
near Chalk River, Ontario. Iour-year-old white pine seedlings of local origin
were planted in a well-drained medium sand and grown for 4 years in shelters
where they received a known proportion of full sunlight.

In each shelter spherical illuminometers (8) were used to measure the quan-
tity of light in the visible portion of the spectrum received during a given period
of time. Table 1 shows the percentage of light in each of the shelters compared
with that in the open.? These measurements were taken throughout the daylight
hours on a clear, sunny day.

Half the seedlings were pruned to equalize the crown size of seedlings within
each treatment and reduce the effect of this variable on growth. Less than
half of the ecrown was removed.

1Forestry Officer, Forestry Branch, Petawawa Forest Experiment Station, Chalk River, Ontario.

2For convenience, light treatments are generally referred to in the text as: full light, 55 per cent light, 22 per cent light,
19 per cent light, and 14 per cent light.
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TABLE 1

LiGHT MEASURED IN IXACH SHELTER EXPRESSED A8 A PERCENTAGE OF THAT IN THE @PEN

Treatment Light
Li—Open e .. e 100
L:—Saran Screen. . . .. N g . 563 B S ¥ B ¥ 353 § BARS £ S 3 s ; . ‘3 55
La—Lath................ ST . . 23
Ls—Tourdrinier Screen e L e 19
Ls—Lath..... : CEEE B - XX B e e i e Ll o B o R SEEE § 5 GE § §8 UGS R § RS § AR ¢ s 14

The experiment had a randomized block design; each of the 10 treatments
occurred in 4 replicates (see I'igure 1). Fourteen 4-year-old seedlings were planted
in each plot in August, 1951. Shelters covering the plots measured 4 x 8 x 4
feet. In 1954 the shelters were raised 4 inches above ground to provide better
ventilation and in 1955 some of the I, shelters were raised higher to allow for
seedling growth.

Figure 1. General view of the experiment showing the 10 treatments arranged in four blocks. Control
post in left foreground.

Extensive instrumentation was set up to measure seedling environment. A
minimum-maximum thermometer and a rain gauge were placed in each of the
five light treatments and Piché evaporimeters in half of the 40 plots. These
instruments were 1 foot above ground. Colman fiberglas soil moisture units (2)
were calibrated in samples of the nursery soil and installed in pairs at depths
of 6 and 12 inches in each plot of one of the replicates.

In addition, a control post was set up as a reference point in a clear area
adjoining the experiment. Instruments at the control post included a minimum-
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maximum thermometer, rain gauge, Piché and Wright evaporimeters at 1 foot
and 3% feet, and a hygrothermograph at 33 feet. Iluctuations in Colman units
were not great enough to warrant reading the units more frequently than twice
a week, but all other instruments were read daily from June to September.

Seedling measurements made each autumn were: leader length, leader
diameter (measured at the midpoint), branch length (the average branch in the
current year’s whorl), and needle length (using needles on the leader). At the
conclusion of the experiment, unpruned seedlings in 5 of the plots were excavated
and oven-dry top and root weights determined for each treatment. Other root
measurements taken were: length of longest root, maximum depth of root, main
rooting zone, and diameter and length of a typical growing tip.

RESULTS
The Environment

Data taken at the control post, augmented by sun and wind records from
station headquarters one mile away, give a picture of yearly climatic variations
during the experiment (see Table 2). Compared with the first two years, 1954
was cool and wet and 1955 warm, sunny and calm.

TABLE 2

YEARLY CriMATIC VARIATIONS FROM JUNE 1 To AUGUST 31 DURING THE STUDY.!
(All values are means of daily readings except rainfall which is total for the period.)

TRE Temperature (°F) Evaporation (cc.) Inc?es Ho:rnrs i
ting . e (| SHERE R Elahe WS | Sigieht Bath S | mph.
620 eyt 52 87 5.9 6.3 61 70 8.7 Okl 6.1
115 S 51 87 3 6.2 6.6 61 67 6.2 9.3 5.8
Pa54. L. . 52 81 3.8 4.2 41 47 14.0 7.1 5.6
L0552 . o3 53 89 5.7 6.2 62 65 6.6 10.1 5.0

1Temperature, evaporation, and rainfall measured at control post; sun and wind at Station H.Q.

Mean minimum and maximum air temperatures in the different treatments
are presented in Table 3. Maximum temperatures decreased gradually with a
decrease in light, contrasted with a slight increase in minimum temperatures.
Minimum temperatures were comparable each year but maximums varied

TABLE 3

MEeans or DaiLy MiNiMUM AND MaxiMuM AR TEMPERATURES, JUNE 1 TO AUuGusTt 31.

1952 1953 1954 1955
Treatment
Min. Max. Min. Max. Min. Max. Min. Max.
100%, 52 87 51 87 52 81 53 89
559%, 52 87 53 86 53 80 5% 89
229, 53 83 53 84 53 78 54 88
199%, 54 84 53 83 53 78 54 88
149, 53 83 53 82 53 77 55 87




widely: differences between years were greater than between treatments. Dif-
ferences between treatments dropped from 4° in 1952 to 2° in 1955, probably
owing to the modifying effect of the seedlings on their environment. Tissue
temperatures would vary more than air temperature and this was an unknown
variable.

Piché evaporation data are summarized in Table 4. In 1952 daily evapora-
tion varied from nearly 5 cc. in full light to less than half that amount in 19 per
cent light. Evaporation dropped steadily with a decrease in light, except that
evaporation was less in 19 per cent than in 14 per cent light as a result of poorer
ventilation in the wire screen shelter. As the unpruned seedlings in full light and
55 per cent light grew, they gradually closed around the Pichés and by 1954
there was little difference in evaporation between treatments. ISvaporation in
the other treatments was not affected in this manner because of poor seedling
growth. Note that yearly differences were almost as great as treatment dif-
ferences.

TABLE 4
MEeANS ofF DaiLy PicaE EvaporATION
(Cubic centimeters, June 1 to August 31.)

1952 1953 1954 1955
Treatment

P Ps Py P P P2 P: P2
100% 4.5 4.7 4.7 4.2 2.8 1.9 4.9 3.0
55% 3.4 3.3 3.5 3.1 2.0 1.4 4.1t 3.3
22%, 2.9 2.9 3.1 3.1 1.8 1.6 3.1 28
19% 2.1 2.2 2.3 2.4 1.5 1.5 2.8 2.6
149, 2.7 2.6 2.9 2.9 1.8 1.7 3.3 3.0

Py = Seedlings pruned
P2 = Seedlings not pruned
1Shelters raised to accommodate tall seedlings.

Soil moisture conditions beneath pruned seedlings are summarized in I'igures
2, 3, and 4. The logarithm of Colman unit resistance is plotted over time, and
the graphs adjusted so that the permanent wilting point for all units falls at a
common point. This means that comparisons between units are more accurate
for dry soils than wet.

The graphs illustrate the differences in soil moisture between treatments at
depths of 6 and 12 inches, the increase in consumption of moisture as seedlings
grow, and the close relationship between soil moisture and rainfall. During dry
weather, soil moisture at a depth of 6 inches in the L, and L. plots approached
the wilting point several times, especially in the warm dry year of 1955. At a
depth of 12 inches there was no shortage of soil moisture in the same plots but
the soil was drier each year as more roots penetrated to this depth. Soil moisture
in the Ls, Ly, and L; plots remained near field capacity at both depths throughout
most of the experiment.

Similar trends were apparent beneath unpruned seedlings but the soil was
consistently drier owing to the greater transpiring surface and somewhat more
interception.

Soil temperature data shown in Table 5 are based on readings taken with
Colman units. These readings were taken twice weekly between 8:00 and 9:00
a.m. and represent the current soil temperature. A series of readings taken every

8
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half hour throughout the day showed that at that hour temperature at 6 inches
was near the minimum while at 12 inches it was near the maximum for the
24-hour cycle. This explains why temperatures in Table 5 are generally higher
at 12 inches than at 6 inches. Mean recorded temperatures differed by 3° to
4°F between treatments during the growing season and on individual days
temperatures hardly ever varied by more than 5°F*. Mean soil temperatures in
1955 were about 6°F higher than the previous year.

TABLE 5

MEeaN Soiv TEMPERATURE READINGS! AT DEPTHS OF 6 AND 12 INCHES.

1953 1954 1955
Treatment

6” 12% 6" ‘ 12" 6" ‘ 12"

1009, 62 64 59 60 66 67
55%, 60 63 58 60 64 66
229%, 59 60 57 57 63 64
199, 60 60 57 58 62 63
14%, 59 61 57 57 63 64

1Measured twice weekly between 8-9:00 a.m., June 1-Sept. 15.

The Seedlings

Although height of individual seedlings varied somewhat at the beginning
of the experiment, treatment means were very uniform: eight treatments had a
mean height of 1.2 feet each, and the remaining two treatments averaged 1.1
feet high. The data did not indicate that original height had any material
effect on the final results.

Typical seedlings from each of the light treatments are shown in Figure 5,
and treatment means of the 1955 measurements are presented in Table 6. An
analysis of variance was made wherever possible (see Appendix). Ineach analysis,
light treatments were highly significant and a t-test was made to determine the
least significant differences. With one exception, pruning treatments and inter-
actions were not significant.

There was no significant difference in height of seedlings in full light and
55 per cent light (Table 6); nor between those in 22 per cent and 19 per cent
light. But when light was reduced from 55 per cent to 22 per cent the drop in

TABLE 6

THE EfrecT oF TREATMENT ON VARIOUS MEASURES OF SEEDLING GROWTH.
(The data are treatment means based on 1955 measurements.)

Total Leader Root Collar Branch Needle
9 Height Diameter Diameter Length Length
Treatment Li Oh (feet) (mm.) (mm.) (inches) (inches)
ight
Py P2 P, P. Py P2 P P2 P, P2
Lt 100 3.2 3.4 4.7 5.0 20.7 24.9 5.8 6.7 2.6 2.5
L. 55 3.0 3.1 3.8 4.0 14.7 18.7 5.2 5.2 2.6 2.8
Ls 22 2.3 2.5 2.9 3.1 10.5 12.6 3.4 4.1 2.6 2.5
Ly 19 2.4 2.6 2.7 3.1 11.0 13.0 3.9 4.6 3.0 2.9
Ls 14 1.9 2.0 2.4 2.4 6.8 10.1 2.7 3.0 3.0 2.8
L.S.D.p = .05 0.5 0.5 o 1.3 0.4
L.S.D.p = .01 0.6 0.7 == 1.8 0.5
P1 = Pruned

P2 = Not pruned
L.S.D. = Least significant difference between treatments.
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height growth was significant at the 1 per cent level. Seedlings in 14 per cent
light were also significantly smaller than those in 19 per cent light. Differences
between pruned and unpruned seedlings were not significant in any of the light
treatments, although unpruned seedlings were consistently a little taller.

Leader diameters ranged from about 5 mm. on seedlings in full light to less
than 23 mm. in 14 per cent light. Differences were significant for virtually all
light treatments.

Root collar diameters also decreased sharply with decreasing light. No
statistical analysis was made because only half the seedlings were measured.

Table 6 shows that branches were shorter as light was reduced, especially
at levels of 22 per cent light or less. In 55 per cent light, branches of unpruned
seedlings were significantly smaller than in full light but there was no significant
difference between pruned seedlings in these treatments.

The effect of light on needle length was less pronounced. Needles of pruned
seedlings in 19 and 14 per cent light were significantly longer than those in 22
per cent or more light. For unpruned seedlings there was no consistent trend;
the longest needles were on seedlings in 19 per cent light.

Root measurements in Table 7, which were made while excavating the roots,
indicate a very definite response to light. In 22 per cent light and less the longest
roots were less than half the size of roots in the plots with more light, and
maximum depth of roots was only 2 feet compared with 6 to 9 feet. In all plots,
roots were concentrated ncar the bottom of the cultivated layer which was
about 6 inches deep. Roots appeared one inch below the surface in the shaded
plots whereas in the open there were no roots within 3 inches of the surface. This
is attributed to an air-dry layer of soil about 2 inches deep which formed during
warm, dry periods in exposed parts of the experimental area owing to the absence
of a humus layer. Roots of seedlings growing in full light had larger growing
tips than shaded plants. On seedlings growing in 55 per cent light, roots were
slightly smaller but more fibrous than those on plants in full light. Mycorrhizae
were observed on roots in all treatments, but no measurements were taken.

TABLE 7

ErrecT OF TREATMENT ON [R00T MEASUREMENTS OF UNPRUNED SEEDLINGS.!

Growing Tip
Length of Main
Treatment Longest Max. Depth Rooting
Roots Zone Diameter Length
ft. ft. ins. mm. mm.
100%, 10.2 8.8 3-7 3.4 24.1
55% 8.3 5.9 1-6 2.7 20.7
229, 352 1.8 1-5 2.0 18.6
199, 4.2 2.0 1-8 2.0 22.0
149, 4.7 1.7 1-6 2.1 10.2

1Based on 14 seedlings per treatment.
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In terms of oven-dry weights, growth of tops and roots decreased pro-
gressively (with one exception) with each decrease in light (Table 8). The
greater weight of seedlings in full light than those in 55 per cent light is attributed
to diameter and branch growth since heights were comparable in these two
treatments.

TABLE 8
OveEN-DRY WEIGHT oF Tors AND RooTs
N GraMs.!
Treatment Top Root,
100%, 227.1 85.7
55% 131.8 51.2
229, 48.5 20.2
19% 69.2 16.6
149, 31.8 13.2

1Average weight per seedling based on 14
unpruned seedlings per treatment.

DISCUSSION

The shelters caused a major change in the quantity of light and a relatively
minor change in temperature and soil moisture. Under field conditions, these
latter factors are often vastly modified in the shade of an overstorey and several
workers have pointed out that they may have a greater effect on growth than
low light (13, 19). However, in this experiment, it is doubtful whether the
relatively minor variations in temperature and moisture between treatments
have had much effect on growth compared with those of light. Using a similar
technique, Shirley (16) also concluded that growth responses were primarily the
result of light variations.

In contrast to many field conditions, soil moisture was more plentiful in the
shaded plots than in full light. It is unlikely that any of the seedlings experienced
drought during the experiment. Seedlings in the two driest treatments, full light
and 55 per cent light, had the largest root systems and roots were exploiting
soil at depths where moisture was adequate.

Adequate moisture in the experimental area was largely due to low evapo-
transpiration. As already mentioned, an air-dry blanket about 2 inches deep
formed on the bare surface soil during a drought which greatly reduced further
evaporation. Also there were very few plants using soil moisture other than
the experimental seedlings.

Pruning affected moisture consumption and may have affected root growth
but this was not studied. Top growth was slightly smaller on pruned seedlings
but differences were not significant at the 5 per cent level. An earlier study
(9) showed that pruning probably had little effect on top growth of white pine
seedlings up to 13 years old, providing at least two branch whorls or half the
crown were left.

Figure 6 shows the effects of light treatments on growth as measured by
height, diameter, and oven-dry weight. The curves show that seedlings in 19
per cent light were larger than those in 22 per cent light. These differences
were not significant, but they were consistent. They may be due to differences
in the two shelters. One was built of wire screening (19 per cent light) which
resulted in less evaporation and ventilation than in the lath shelter (22 per cent
light). In addition, light beneath the wire screening was diffuse rather than

15
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composed of alternate strips of light and shadow. There may also have been
differences in the absorption spectra of the two shelters which would affect light
quality.

Light had its greatest effect on height growth at levels below 55 per cent
of full light; seedlings in 55 per cent and full light differed little. On the other
hand, diameter growth of leader and root collar continued to increase up to full
light, but as with height growth, the greatest effects were at low levels of light.
Oven-dry weight of both roots and shoots increased with increments in light up
to full light. Root weight increased in direct proportion to light over the range
studied. The increase in shoot weight at full light is due largely to diameter
and branch growth rather than to height.

These results are similar to findings of other workers. Shirley (16) found
in both controlled experiments and field observations that height growth of white
pine increased with light up to 45 per cent of full light. Pearson (14) reported
that height growth of ponderosa pine seedlings was only slightly less in 50 per
cent light than in full light, whereas diameter growth was reduced by one-half.
Gast (4) found that with adequate nitrogen, growth of Scots pine as measured
by dry weight increased up to full light. Mitchell and Rosendahl (11) related
dry weight of one-year-old red and white pine to solar radiation. They showed
that dry weight of shoots and roots increased with increments of radiation over
the entire range of intensities studied, but that responses were greatest below
57 per cent of full radiation. They found that seedlings in full light had a larger
root/shoot ratio than those in shade. That was not the case in this experiment.

The fact that seedlingsin 55 per cent light were comparable in height growth
to those in full light but smaller in diameter, is significant from two points of
view. First, Smith (17) and other workers have shown that white pine regenera-
tion is more readily established in partial shade than in direct sunlight. Results
of this experiment show that limited shade is not detrimental to height growth
under the experimental conditions for seedlings 4 to 8 years old. Whether these
results hold for conditions in the forest where root competition may be intense
remains to be seen, but they do suggest that light requirements for initial
establishment and subsequent satisfactory growth may be similar.

Second, the results have a bearing on weevil control. Several workers
(5, 10) have pointed out that the white pine weevil (Pissodes strobi Peck) prefers
the thick healthy leaders found in full sun to the thinner leaders in shade. Kriebel
(7) caged weevils on white pine terminals and found that the number of eggs
laid increased with diameter of leader; no eggs were laid on leaders 3 mm. in
diameter or smaller. Belyea and Sullivan (1) suggested that weevil preference
may be affected by the warmer bark temperature in the open as well as by the
size of leader. Sullivan® believes that approximately 50 per cent light marks
the dividing line between severe weevil damage and moderate attack. One of
the most significant conclusions to be drawn from the present experiment is the
possibility of growing seedlings at a level of light such that danger of weevil
damage is reduced without greatly sacrificing height growth.

SUMMARY AND CONCLUSIONS

1. Four-year-old white pine seedlings were planted and grown for 4 years
in shelters passing 14, 19, 22, and 55 per cent of full light, and compared with
seedlings in full light. Half the seedlings were pruned to reduce the variation
in crown size of seedlings, but this had little effect on their growth.

3Personal communication,

17



2. Shelters were built of lath, fourdrinier wire cloth, and aluminum saran.
The effect of the shelters on air and soil temperature, soil moisture, and evapora-
tion are discussed. Variations in these factors are considered to have had a minor
effect on growth compared with those in light.

3. Height growth increased with increasing light up to 55 per cent of full
light. The increase was most rapid at the lower levels of light. Seedlings in
full light were not significantly taller than those in 55 per cent light.

4. Both leader diameter and root collar diameter increased with increasing
light up to full light.

5. Branch length increased with light up to full light, although differences
between 55 per cent and full light were not significant for pruned seedlings.

6. Effect of light on needle length was not consistent, but needles were
usually longest in least light.

7. Oven-dry weight of both tops and roots increased with increments in
light up to full light. Increases in weight of seedlings beyond 55 per cent light
were due to diameter and branch growth rather than to height.

8. Within shelters built of lath and wire respectively and passing similar
quantities of light, there were differences in amount of evaporation, ventilation,
type of light (direct or diffuse), and perhaps in light quality. Seedlings were
larger in the wire shelter but differences were not significant.

9. It is concluded that white pine seedlings can probably be grown at a
level of light (approximately 50 per cent) that will discourage weevil activity
without sacrificing height growth.
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APPENDI

TABLE 9

X

ANALYSIS OF VARIANCE: ToraL HEIGHT 1N 1955.

. P Degrees of Sum of - :
Source of Variation Ficeiom Squares Variance F. Ratio
BloGKS kL. . oo o8 wsens - BEETD. ST o Eloene 3 0.18 0.06 <1
Light (L) ..omenuis o on o oo e on 4 9.62 2.40 24.00**
Pruning (P)..................... 1 0.29 0.29 2.90
TP G s me s s 5% 4 B St 4 0.95 0.01 <i
EFPOF : oo s somman, 11w o + & 210 6 g 27 2.76 0.10
Total. ..o.ooe o sxwsnass 39 12.90
**Significant at the 1% level
TABLE 10

ANALYSIS OF VARIANCE: LEADER DIAMETER IN 1955.

3 e Degrees of Sum of S " 4
Source of Variation Il Squares Variance I°. Ratio
BIOCKS, casbmr. o« oo veewm o wmmema 3 0.30 0.10 <l
Light (L)....................... 4 31.98 8.00 66.67**
Rouming (12) vouin ssvensesiae sansn 1 0.51 0.51 4.25*
B X T st o sws 4 0.17 0.04 <1
Error. ...coiiiiiiiiei e 27 3.13 0.12
Total ................... 39 36.09
*Significant at the 5% level
**Significant at the 19, level
TABLE 11
ANALYSIS OF VARIANCE: BRANCH LENGTH 1N 1955.
Source of Variation Degrees of Sum of Variance F. Ratio
Freedom Squares '
.............................. 3 0.67 0.22 <l
Light (L) . .oooo i, 4 55.98 14.00 17.07**
Pruning (P) ..o 1 2.70 2.70 3.29
L X 12 & v s passsi s ¢ wpws o st ® 4 0.82 0.20 <1
Error. ... .. 27 22.16 0.82
Tetal.............cosuue 39 82.33
**Significant at the 19, level
TABLE 12

ANAaLYsIS OF VARIANCE: NEEDLE LENGTH 1N 1955.

] =R Degrees of Sum of e 3 .
Source of Variation Erealom s Variance F. Ratio
Blocks. ..o 3 0.10 0.03 <1
LAght (L)Y ... o6 sesin sammes saas s a6 4 1.12 0.28 4.67**
Rruning (Bl)s:. s s sioves = ss 1 0.01 0.01 <1
DSBS o THD - opome o < aeyHe ol el mye o] = -pelene on 4 0.19 0.05 <1
IO, & iisi s amins vvai s sugine Sasms s vE 27 1.64 0.06
Total................... 39 3.06

**Significant at the 1% level

20



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20

