
THIS FILE COpy MUST BE RETURNED 

TO: INFORMATION SECTION, 
NORTHERN FOREST RESEARCH CENTRE, 
5320-122 S Tt 
EDMONTON, ALBERTA. 
T6H 3S5 



CONrENTS 

INTRODUGT ION • • • • • • • • • • • • • • • • • • • • • • • • • • 

Page 

1 

METHODS .  • •• • • • • • • • • • • • • • • • • • • • • • • • • • 4 

Phytometer design. • • • • • • • • • • • • • • • • • •  4 

Test at soil media • • • • • • • • • • • • • • • • • •  6 

Field testiQg • • •• • • • • • • • • • • • • • • • • •  7 

RESULTS. • • • • • • • • • • • • • • • • • • • • • • • • • • • •  7 

Crowsnest (Blair.more). • • • • • • • • • • • • • • • •  9 

Kananaskis • • • • • • • • • • • • • • • • • • • • • •  9 

Hinton • • • • • • • • • • • • • • • • • • • • • • • •  12 

Smith • • • • • • • • • • • • • • • • • • • • • • • • •  12 

DISCUSSION AND APPLICATION • • • • • • • • • • • • • • • • • • • 18 

REFERENCES • • •  • • • • • • • • • • • • • • • • • • • • • • •• 20 





ABSTRACT 

A phytometer l�out of five trays of standard medium sown with 

50 white spruce and 50 lodgepole pine seeds each was set out in a stand

ard location during 4 growing seasons in 4 regional areas. Survival of 

germinants was used as an index of gr�dng season climatic conditions 

tor spruce "seedling catch" on associated natural regeneration studies. 

The development ot the phytometer to assess growing season 

conditions tor operational regeneration silviculture is discussed in the 

light ot difterences in p erformance revealed between years and locations. 





The phytometer method in relation to the etfect 

of local climate on white spruce "seedling catch"l 

by 

. 2 
J. C. Lees 

INTRODUCTION 

A combination of several silvicultural treatments is being 

applied on a practical scale in the B-18a Mixedwood Section of Alberta 

to promote natural regeneration or white spruce. . A most promising ap

proach is 2-cut shelterwood with individual tree marking and mechanical 

seedbed scarification after the first cut (Lees, 1964). Success of 

these operations depends to a large extent on seed supp� and on climate 

factors such as ground max:1m.wn temperature and rainf'all during the criti-

cal period of eeedling establishment. To 88se88 the effect at these 

factors on regeneration, a degree of instrumentation is necessary which 

is impractical under field conditions, and even when accurate records of 

the measurable factors are available, the inter-relationships are too 

complex to evaluate properly their net effect upon plant responses in the 

forest (Daubenmire 1959). 
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Since these variables cannot yet be sat isfactorily assessed, 

the value of a simple index of the effect or all, or of a major group 

of climatic factors is clear. The possible sources of variation are 

limited and provided other factors such as seed supp� and seedbed recep

tivity can be assessed, comparison is possible of these effects in time 

and space. 

It was hypothesized at the start of this project that a phyto

meter method could be used as an interim measure of the net influence 

of climate on seedling catch in the Mixedwood spruce-as pen forest. The 

principle is basically tha.t of Clements (1924) who used the term "phyto

meter method" to explain the use of plant growth response as a measure 

of environmental factors. Since its inception the method has been used 

in nutrient studies and in the field of agricultural crop production to 

a large extent (Daubenmire 1959, Russel 1958). Light, temperature and 

moisture have also been examined by this methcd (Weaver and Clements, 

1938). The tem has also been extended to include field experiments in 

ecology (lf1tsudera 1956) and it has been suggested by Daubenmire (1959) 

that the current use of height/age site index might be classed as a phyto

meter method. In general, simple standard materials and easily replicated 

conditions have been used. A variety of standard growth media is now in 

use (Baker 1957). 

A phytometer method was t ested in 1960 to 1963 in the Smith 

district of Alberta's spruce-aspen stands (Figure 1). Partial cutting 

of the s tands had ta.ken place in 1953 and seedbed scarification was 

carried out in 1959 using a TD9 tractor with a 6-toothed 9 foot blade. 
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FIGURE I. STUDY AREA LOCATION 

.J ...... : 
, 
, 
, 
, 
'9 .. 'J 

' . 
...:

' \ .. 
/ 

FOREST SECTIONS 
AND REGIONS 

17 A sp en Grove 
180 Mixedwood 

18b Hay River 

190 Lower Foothills 

19c Upper Foothills 

22b Athobasco South 

230 Upper Mackenzie 

SA Subalpine For est Region 

M Montone Fore5t Reg ion 
G Grassl'Jnd 

SCALE 
50 0 50 100 MILES l...A....A-.... ...... .J..' __ �' _ _  ---J 

····s··· 
,. 190 ' .. .. .. .... 

. t , 
, 

, . , 
/ � 122\ ' '. ow, . ... :.

. 
. . . 1 , 

, 
, 
, 
, , 
, Study A,.·, ---:-� --
, !>!>.,�-.-

------.--.. --1--. 

.. . ..... . .. 

, 
, 

./..... , 
I 
, 
, 
, .. , 

:. : , .... <.) .. ':'. :" , " ,' .. 
� 

. . . , . 

, 
\ 
\ 
\ 

JI 
, 
I 

\ . ".; . t \ .'. , 
, '. " ....... . --- . ---

.-_ .. �;"�.-�-,,--.,,,--.---.-



- 4 -

Of the factors affecting eeedling catch it was felt that seed supply waa 

available from residual spruce stems and could be estimated from cone 

crops. Receptivity of the seedbed was provided by recent scarification 

with a 4-growing season time limit (Leee 1963), and that insect, bird 

and rodent depredation was at a normal level in the region. 

The purpose of the stu� is to develop a phytometer method 

which would reflect variation between growing seasons and locations, of 

conditions tor first year spruce eeedling survival and which could be 

calibrated with "seedling catch" under natural stand conditions. 

MErHODS 

Phytaneter Design 

The phytometer consists ot a standard layout of five aluminium 

trays 18x6x4 inches deep with basal perforations for drainage. The tray. 

are filled with a standard loaa and were sown each year in earl1 summer 

with ;0 lodgepole pine (Pinus oontorta Dougl.) am ;0 white spruce (Picea 

slauca, (Moench) Voss) from standard seedlots of known. origin. The tr8l's 

are set in the ground and together with a surround are covered with 1/8 

inch lqer of sand to standardize reflectivity. The layout is fenced 

against rodents using i" mesh wire netting buried 6 inches and tumed 

outwards for the bottom 4 inches to prevent burrowing. An aluminium 

flange at the top ot the tence prevents climbing. (tor comparisons of 

exclosure design eee Wagg 1964). The phytometer is oriented Jorth-South 

in an open location to standardize shade conditions. Figures 2 and J 
illuetrate the layout. 
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FIGURE 3. FIRST PHYTOMETER LAYOt1r AT flU'l'B 1960 
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Teet of 60il media 

Since the standard open location results in extreme conditions 

for seedling survival, a growth medium of high moisture holding capa.city 

was sought. 

In the first year, 5 media were teeteds 

1. S�dard loam, 60 per cent sand, 25 per cent silt, 15 

per cent clay, with 15 per cent peat moss by volume 

added. 

2. Standard loam, 60 per cent sa.nd, 25 per cent sUt, 15 

per cent clay, with 25 per oent peat moss by volume 

added. 

3. Standa.rd. loam, 60 per cent sand, 25 per cent Silt, 15 

per cent 01"" with 25 per cent peat moss by volume, 

added. 

4. Local cl", loam, 45 per oent sand, 35 per oent silt, 

20 per cent clq. 

5. Lake shore sand, 30 per cent vermiculite and total 

nutrient fertilizer "L1gu1-lite". 

Throughout the growing season, moisture caatent was measured. 

grarlmetrlcall7 and seedling survival was recorded for eaoh medium.. 

Ana.qsis showed that the standard. loam with 35 per cent peat moss ac:lmixture 

was most suitable tor tuture use, (see "Results" aeetion) . Net volume 

constituents are, sand 44 per cent, sUt 19 per cent, clq 11 per cant., 

and humus 26 per cent. 
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Field testing 

The opt1nrum medium was used in 1961 and 1962 at the tol1owing 

1. Smith, Alberta, B-18a Mixedwood Section, Boreal 

° , region. Elevation 1,975 teet, latitude 55 15 R., 

longit.ude 114 ° w. 

2. Hinton, Alberta, B-19a Lower Foothills Section, 

Boreal region. Elevation 3,300 teet, latitude 

° , ° ' 53 20 N., longitude 117 45 W. 

3. Kananaskis Forest Experiment Station, Alberta. 

Sub-alpine region. Elevation 4,520 teet, latit.ude 

51°00' R., longitude 115°5' w. 

4. Crowsnest Forest (Blail'lllore) Alberta, Sub-alpine 

region. Elevation 5,500 teet, latitude 49°40' R., 

longitude 114°3<)' W. (1961 only). 

At each station, records were kept ot ground and air ma.x1mum 

and minimum. temperature, and rainfall. Seedlings were t.allied week11'. 

In 1962 and 1963 at Smit.h a second location under a residual spruce

aspen stand was tested. In 1963 onlT the Smith locations were ret.ained. 

RESULTS 

Soil moisture assessment tor each growth medium tested at. 

Smith in 1960 is shown in Table 1 and a caaparison ot seed.l1ng surv! val 

on each medi\lll is presented in Table 2. Anal.78is or variance with ntH 

te8ts among media irdicated that medium 113 was most suitable tor tuture 
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August and September 1960 

-.------. -.- --- -----------_.-

Soil Dates 

Type AUGust SAptember 
-

8 11 22 25 1 7 12 19 

1 18.2 14.0 15.5 12.7 18.6 24..7 19.6 12.5 
2 20.2 15 . 4 l7.6 lL�.6 19.1 25.1 21.1 15 .4 

3 20.3 16.2 15.7 13.2 19.7 28.5 21.8 12.9 

4 12.7 8.9 8.7 4.3 9.7 24.1 13.2 5.4 

5 18.3 11.4 13.7 11.9 14.6 22.6 17.5 8.0 

TABLE 2. 'dHIl'l� SPHUCi: AND LODGI�FOill F'IN1'; SIE,3DLIiJG GURVIVAL FOR FIVE 

fJ-RO:JTH WLIHA 1960 

Soil Type No. of Seedlings Per Cent Survival 

White Spruce Lodgepole Pine White Spruce Lodgepole Pine 
1 45 63 59.2 5205 
2 27 93 46.5 58.9 
3 5 8  94 5 2.7 53.1 
4 - - - -

5 21 87 67.7 82.7 
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Tests at the regional locations in 1961 resulted in failure ot 

all but a few seeds to genninate. These seedlings appeared in th e middle 

of August following rigorous conditions of drought and periodic frosts. 

Survival at the Smith location was satisfactory. Comparative growing 

season climatic conditions are presented in Figure 4 and are summarized. 

briefly below: 

1. Crowsnest (B1airmore) 

Seeding on June 25th 1961 was followed by rigorous and variable 

cCllditions. Less than an inch or rain fell throughout the first 25 dqs 

and ground surface air temperature varied from freezing point to a maxim.\IIl 

of 1200 F. Thereafter, maximum temperatures rose even higher with a peak 

ot 1310 F. No gennination took place until the first week in August. 

Figure 4 shows that rainfall distribution throughout the season was 

favourable but the extremely high surface temperatures counteract the 

benefits ot moisture availability. 

2. Kananaskis 

Seeding at Kananaskis was followed by little or no rain, moderately 

high temperatures and occasional frosts. A few germinants including three 

spruce appeared in August. Fifteen pine survived. Drying winds were 

cQJmon throughout the season and the frost occurred each month. The pat

tern or climatic variation at Kananaskis is almost identical to that at 

Crowsnest. The same disturbances affected both stations. There was wider 
daily variation in temperature at Crowsnest with consistentl¥ higher maxima 

and lower mi nima. Raintall was slightl¥ higher at Kananaskis. 
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.3. Hintoo 

Seeding was followed by a four-week drought accompanied b.Y high 

temperatures and low humidity.. This was a devastating fire season for 

the region and it ended only after more than four inches of rain fell 

over a two week period at the end of July. The rain was followed b.Y a 

further drought with temperatures again peaking. Drying winds swept the 

area fran the west. Only three pine seedlings emerged and none survived. 

4. Smith 

Conditions for germination and survival at the Smith loca.tion 

were canparatively good. Although rainte.ll was 1es8 eve� distributed 

than in the previous year, there wa.s a marked increase in rainfall for 

June 1 to September 19, fram 8.22 inches in 1960 to 12.9 inches in 1961. 
o 

Although ground maximum temperatures exceeded 100 F. there was sufficient 

soil moisture to maintain survival. 

These locations were sampled in the third season, 1962 and a 

second location under a residual spruce-aspen stand was tested at Smith. 

Again the montane locations failed. There was no significant difference 

in per cent seedling survival between the standard and sheltered locations 

at Smith. However, there were significant differences in performance 

between the 1960, 1961 and 1962 growing seasono 

In the fourth growing season, 196.3, only the Smith locations 

were retained. Anal¥sis showed significant differences in per cent 8u'''''\'1-;al 

in numbers of survivors between growing seasons 1960, 1961, 1962 and 1963 
and between sheltered and open locations. It is felt that the previoua 
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season, 1962, had been so wet and cool as to mask the effect of the exposed 

location. In 1962, rainfall between Mq 20 and September 20 was 15 inches. 

A summary of seedling survival for Smith is presented in Figure 5 

for the four growing seasons and in Table ) for the two locations. Lodge
pole pine shows consistently higher survival rates. 

In Figure 6, mean white spruce seedling surri.yal performance for 

the phytometer at Smith is compared with mean surviyal. figures for seed

spots on freshly scarified seedbeds nearby. In both cases, 50 white 

spruce seeds from. the S8mB seed lot were used. The scaritied seedspots, 

however, were fall-S01m and. natural seedfall is included.. 

In the tirst three growing seasons there appears to be a relation

ship between phytometer and field performance, while the fourth seasm is 

quite out of phase. Further comparisons are necessar.y betore phytometer 

result. can be rated to regeneratim on scari tied seedbeds. 

Seedling mortality 

Oumulative mortality of spruce and pine at Sm1th is shown in 

Figure 7 tor the tour growing seasons. Highest mortalit1 rate occure in 

the month ot Ju.l.7. Records show that ma.ximWll t -.perature •. of Oftr no
o 

F. 

are common tor the region during this month. Rainfall is high but. occur. 

as heavy sporadic showers and there is sutticient time between rains tor 

drought conditions to build-up. Seedllng mortalit7 i8 most trequently 

caused by a combination of drought and heat damage at the root collar where 

peak temperatures are sufticient to melt Tempil pellets graduated to 1260 F. 

Heavy rains cause sane mortality because ot seedling wash-out and in 1962 
the phytometer layout. was bristly inundated. It was not possible to 
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FIGUm; 5e 0UHVIVAL uF SPilue}:; AND FINE Si�i�J)LING;) AT SHITl!, 1960 TO 1963 
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TABLE 3. SURVIVAl.. OF 1mrrE SPRUCE AND LODGEPOLE PINE SEEDLINGS IN SHELTERED AND OPEN LCCA:TrCi'jS, 

�!ITH, 1962 and 1963 GHaUNG SEASONS 

(50 seeds of each species per tray) 

LOCATION OPEN HILLSITE SHELTERS!) RESIDUAL STAJ."ID 

Number of Survivors Per Cent Survival Number of Survivors Per Cent Survival 

1962 1963 1962 1963 1962 1963 1962 1963 

TRAY -il.S. L.P. itT.S. L.P. W.i. L.P. \'i .s. L.P. \';J . S . L.P. ;;I.S. L.P. �J .S. L.P. �;.J .s. L.P. 

1 12 18 2 5 84.7 72.0 - - 17 24 3 5 89.5 96 . 0 - -
2 13 29 2 4 76.5 78.4 - - 17 4 3 12 94.4 80.0 - -. 
3 17 37 0 4 89.5 100.0 - - 13 7 3 6 92.9 87.5 - -
4 15 24 0 4 83.3 75.0 - - 4 7 3 7 80.0 100.0 - -
5 25 37 0 2 96.2 88.1 - - 9 19 5 10 90.0 86.4 - -

rrorAL 82 145 4 9 60 61 19 40 

� 16.4 29 0.8 1.8 85.4 80.7 12 12.2 3.8 8.0 90.C 90.0 
-_._----- '----

� 
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FIGURE 7. C'lJl.aJLNl'lVE HU1{fil.LI'l'Y II.ATj� FUll. SPlLUeE ,um PINE AT S1:HTH. 

Legend 

1960 
1961 
1962 
1963 

._ • . . _ . . .  _ . .• LP 

.. . ----

I 
/ .... 

... -
/ 

' /  /.. WS 

f 
:/' I 

/'''rr:': . - . 
.I : . 

/ j; . . I / :: 
. / " I . 

i / ;' 
,J. . . -:' .I 

. .... . . ... - / / 
/ 

/ 
/ / 
; ",or 

.) . . , 

/ / 
/ 

/ ,.------

._.-./ 

.,_·_._.WS 

.-" / 
/ ·L

P 

.-./ .---./' ,;' 
/' .- .-- . 

.
•. . . .. •• LP 

LP 

/" . / .... . . . . . . .. WS 
:j I: '. 
:/ � 

. /' ... . . . . . . . . . . . . . . . . . . . .  ;, . . .. . 

I ·  .
� . . . . . . . . . . . . . . . . . 

i .I . . ... . . .. .

. . . . . . . .
. 

. 

/ . . �: .....
.

. /: .............. .. . 

20 30 10 20 
July 

30 10 20 30 10 20 30 
June August September 

/ 10 

Seeding dote 



... 18-

separate mortality due to predation by birds and rodents from mortality 

due to heat necrosis since heat damaged seedlings otten break off at the 

root collar constriction and blow away. 

A typical period of high mortality has been selected fram the 

196.3 records. Between July 20 and August 15 at Smith, mortality rose from 

25 to 95 per cent in spruce and from .35 to 85 per cent in pine. Values 

extracted from the record charts are presented in Table 4. 

TABLE 4. EXTRACT OF OLD1ATIO RECORDS FOR JULY 20 TO AUGUST 15, SMITH 196.3 

Rainfall 

Max1.mum Temperature Ground 

Maximum Temperature Hygrothermograph 

Minimwa Relative Humidity 

Maximum Dail:y Wind 

Maximum Da1l:y Insolation 

.3.15 inches 

104° F. 

89° F. 

.30 per cent 

50 miles 

425.61 mWHR/ sq. em. 

While these values are not in themselves extreme, the combined 

effect of some or all of these factors tor a particular period causes 

high mortality. For example, ma.x:i..mum dally insolation occurred on 

'0 
August 1, accompanied b7 no rainfall, a ma:x:1mum air taperature ot 70 F. 

and a ground maximum temperature of 950 F. Relative hum1d1t7 at 2:00 P.M. 

was .30 per cent. and wind movement amounted to 45 mUes. 

DISOUSSION AND APPLIOATION 

Within a relativel:y short trial period, the phytometer revealed 

significant differences in growing season conditions between years and 

between localities. It is indicated that little short of a "wet blotting 
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paper" condition is required to promote germination. A so11 type with 

good moisture holding capacity is required to  support adequate survival. 

Calibration of phytometer survival with field performance m� be a 

lengthy procedure. Provided sufficient numbers of seedlings can be raised 

in the phytaneter trays they may truly reflect growing season conditions 

for seedling catch. However, the lethal conditions such as were illustrated 
"1A13L.£ (..f 

in PiguPe 8 make it difficult to ensure a sufficiently uniform surviving 

seedling population to give a tree index of the total growing season. 

Results tend to reflect a particularly severe set of conditions which � 

have lasted only 2 daJ8 during the summer. 

The trial layout nOW' in use results in particularly rigorous 

conditions for germinant survival. Specif1callT, the exposed location 

results in extremes of temperature and allCMs dr,ing winds to sweep over 

the area. Heat conduction by the metal trays may accelerate 4rying of 

the soil med1 UIIl. 

While the benefits of shading m.q be offset by interception of 

rainfall by the shading device, a modified standard 1qout is envisaged 

with 50 per cent shading using lathe screens. The standard loam. should 

be placed simply in a trench without the use of containers. A phytometer 

layout with these modifications will be tested at Smith in 1964. 
Continued instrumentation of local. weather is envisaged during developnent. 
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