COOPERATION
AGREEMENT FOR
FORESTRY DEVELOPMENT

CUOPERATTON

ENTENTE DE
COOPERATION SUR LE
DEVELOPPEMENT FORESTIER

FOREST
RESEARCH
REPORT o0 auu o

FROST HEAVING OF SOFTWOOD SEEDLINGS,
PLANTED ON A SANDY CLAY LOAM SITE

INTRODUCTION

Frost heaving is one of the major canses of first
year container seedling mortality (Michaud,
1973; Bailey, 1976). It is most severe on non-
oravelly, moist, fine textured soils (Heidman,
1976). Heaving is caused by periodic freezing
and thawing of the upper soil causing seedlings
to be partially or completely pushed out of the
ground (Boyce, 1961). Snow and organic cover,

because of their insulating characteristics,
reduce the number of freeze thaw cycles and
hence the incidence of frost heaving.

In 1991, a one year old seasonal plantation
trial was assessed in Cumberland County, Nova
Scotia, to determine the extent of frost heaving
in relation to microsite, planting date, and tree
species.

SITE DESCRIPTION

The seasonal trial was conducted on a recent
cutover, situated on a moderately exposed site
near Thomson Station, in the lowlands of
Cumberland County. The soil series is Queens/
Kingsville (Nowlan and MacDougall, 1973), a
sandy clay loam with good to imperfect drain-
age. Previously, the site was covered by a jack
pine (Pinus Banksiana Lamb.) stand that was
whole-tree-harvested, with all trees skidded 1o
roadside for processing. After harvest, the site
was prepared with shark fin barrels and chaing
to break up a layer of ericaceous vegetation.
The action of the barrels and chains also re-

Canadi

duced the depth of the duff layer and exposed
mineral soil over approximately 20% of the site.
The duff layer, composed of leaf litter and
decomposing organic matter, ranged from about
5 centimetres (cm) thick to a very thin layer
covering the mineral soil. ‘

The weather data used in this study was
collected in the community of Middleboro and
obtained from Environment Canada.
Middleboro is 20 km north-east of the trial site
and has similar weather patterns to Thomson
Station (Dzikowski et al., 1984). The total
precipitation for the period from May to No-
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Figure I: Precipitation during the 2 week period following each planting date.

vember, 1990 was 958 millimetres (mm), with a
biweekly average of 68 mim (Figure 1). The
corresponding 25 year averages for May to
November are 609 mm and 44 mm (Environ-
ment Canada, 1982).

During the fall, winter, and spring of 1990-
19911, approximately half the days had freeze
thaw cycles 2 (95 days). Over this same time
period, only 19 days had 10 cm or more of snow

cover, and only 4 days had over 20 cm of snow
cover, The previous 9 year average had 81
freeze thaw cycles, 34 days with 10 cm or more
of snow cover, and 34 days with 20 cm or more
of snow cover. These differences represent a
17% increase in freeze thaw cycles, a 65%
decrease in days with 10 cm or more of snow
cover, and an 88% decrease in days with 20 cm
or more of snow cover.

METHODS

Establishment

A 1.5 hectare area was sectioned into 39 blocks,
27.5 metres (m) by 13.7 m, in April 1990.
Blocks were randomly assigned to one of 13 bi-
weekly planting dates, beginning May 1, 1990,
and ending November 15, 1990, for all months
except July. The spring planting session was
from May 1 to June 26, the fall planting session
was from August 8 to November 15. Each

1 From November |, 19490 to April 30, 1991, 181 days.

block was planted with 2 rows of 15 trees for
each of 4 species: black sprace [Picea mariana
(Mill,) B.5.P.], Norway spruce [Picea abies (L.)
Karst.], red spruce [Picea rubens Sarg.], and
white spruce | Picea glauca (Moench) Voss].
The trees were planted with dibbles at 1.8 m x.
1.8 m spacing. An attempt was made to plant
each seedling on a duff microsite.

The seedlings planted in this experiment

2 A freeze thaw cycle is defined as a day with a low (emperature less thar or cquat to 0 Celsivs (“C), and = high temperature greater than 0 °C.
This does not mean that the soil necessarily froze or thawed, but the potential was there for this action to take plave.




were multipots. Their stock quality characteris-
tics at the time of planting are described in
Appendix L.

Assessment

On June 3, 1991, every seedling in the experi-
mental plantation was assessed. The trecs were
tallied as cither live, dead or missing. If the
seedling was not missing, it was assessed ac-
cording to the microsite it was growing on (duff
or mineral soil), and degree of frost heaving (nil,
partial or completely heaved).

Seedlings were tallied as live trees if they
had green foliage, even if they had been com-
pletely heaved and were lying flat on the
ground. Duff microsites were defined as those

with any amount of organic material covering
the mineral soil: mineral soil microsites were
defined as those with no organic layer. Seed-
lings were classified in the category: nil heav-
ing when the top of the plug was even with
ground level: partial heaving when the plug
was raised above the ground surface with the
roots still in contact with the soil: complete
heaving when the plug was lying on its side
such that the roots did not have contact with the
soil.

Statistical Analysis

A stepwise linear discriminant analysis was
performed to determine the factors contributing
to seedlings being frost heaved.

RESULTS

Survival

Ninety-three percent of the seedlings survived
the first winter after being planted; 6% were
dead and less than 1% were missing. Black
spruce had the greatest survival at 959 while
red spruce had the least at 91%. Norway spruce
was missing most often, 1.4% of the time. The
highest mortality occurred in Norway spruce
planted on August 8 (20%). Based on all spe-
cies, the highest mortality for any of the plant-
ing dates occurred on September 18 (10%,
Appendix TI). Had the assessment been done
later 1n the season, more of the completely
heaved seedlings would likely have been dead.

Frost heaving versus microsite and planting
date

Overall, 83% of the seedlings were planted on
duff microsites, with only 17% planted on
exposed mineral soil. The proportion of seed-

Table 1: Percent frost heaved by microsite.

lings planted in duff ranged {rom 92% duff on
the May 15 planting date, to 72% for October
29. Between species, the number of seedlings
on duff microsites, varied from only 82% to
84%.

One half of the seedlings planted in this trial
had some frost heaving; 21% were completely
heaved, and 29% were partially heaved. Hecav-
ing was more scvere on mineral soil microsites.
In fact, 91% of the seedlings planted on mineral
soil microsites were partially or completely
heaved, compared to 41% on duff microsites. In
addition, the degree of heaving on mineral sites
was greater than on duff sites. On mineral sites,
63% of the planted seedlings were completely
heaved compared to only 13% on duff sites
(Table 1).

Heaving of seedlings also varied by planting
date; heaving was least in the spring (38%) and
greatest in the fall (57%) (Figure 2). In the

No heaving 28.6
Partial heaving 28.9

Complete heaving 12.5

0.3 50.2

274 29.1
63.3 20.7
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Figure 2: The percentage of seedlings frost heaved by planting date and microsite for all species. Both partinlly and

sweompletely heaved seedlings included.

spring, most frost heaving occurred on June 26
(529%). In the fall, frost heaving was least for
seedlings planted on August 8 and 22 (averag-
ing 299%). After August 22, heaving more than
doubled to 67%.

For seedlings planted in the spring, heaving
on mineral microsites was more than 3 times
that on duff microsites (86% versus 28%). In
the fall, heaving on duff sites increased substan-
tially and the difference between microsites was
less (50% versus 93%).

{On mineral soil microsites, there was hittle
difference in heaving between species, ranging
from 89% for red and white spruce, to 93% for
Norway spruce. On duff sites, over all planting
dates, red spruce had the least heaving (36%),
and black spruce had the most (48%). Each
species showed similar patterns of heaving with
microsite by planting date (Appendix III).

Discriminant Analysis
A stepwise discriminant analysis was utilised to
determine the important factors contributing to
frost heaving. The factors tested were:
microsite, species, planting date, average tree
height, root collar diametcr, dry root weight,
average high temperature and total precipitation
for the 2 week period following planting.

The analysis resulted in functions correctly

classifying the heaving status of the seedlings

73% of the time bascd on microsite, species,
planting date, average seedling height and
average temperature for the 2 week period after
planting (Appendix IV). The two most signifi-
cant factors in this analysis were microsite and
date of planting. The functions classified all
seedlings planted on a mineral soil site as frost
heaved regardless of the other factors. In addi-
tion to microsite, planting date was also a sig-
nificant indicator. Most seedlings planted on
and atter September 3, even on duff microsites,
were classified as heaved by this analysis

SUMMARY

The following summarizes the results of a
seasonal plantation trial on a sandy clay loam
site, prepared with shark fin barrels and chains,
and assessed for frost heaving in the first spring
after planting. The seedlings were exposed 1o a

winter with 17% more freeze thaw cycles, 65%

fewer days with over 10 cm of snow cover, and
88% fewer days with over 20 cm of snow cover
than the previous nine year average.




1) Ninety-one percent of the seedlings planted
on_mineral soil microsites were partially or
completely heaved, averaging 86% in the
spring and 93% in the fall planting session.

2) Forty-one percent of the seedlings planted on
duff microsites were partially or completely
heaved. Heaving was much greater starting
on the Septeraber 5 planting date. Heaving
increased from an average of 26% before
September 3, to 60% for seedlings planted
on and after September 5.

3) The degree of heaving was greater when
i, Seedlings were planted on mineral soil.

Sixty-three percent of the seedlings planted
in mineral soil were completely heaved
compared to 13% for the duff sites.

4) The most significant factors leading to frost
heaving, based on a discriminant analysis,
were planting on a mineral soil microsite,
and planting on and after September 5. The
resulting classification based on the inde-
pendent variables of: microsite, species,
planting date, average seedling height, and
average high temperature for the 2 week
period after planting, correctly predicted the
heaving status of 73% of the seedlings.
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APPENDIX 1
Stock quality characteristics at the time of planting.

BLACK SPRUCE

May 2 1.66 16.4 14.9 2.92
May 15 157 17.9 14.8 4.29
May 28 1.56 20.6 16.8 3.54
June 12 .77 229 27.1 271
Tune 26 . 197 26.2 24.2 340
August 8 1.88 17.4 18.0 2.40
August 22 214 17.8 18.7 207
September 3 1.94 184 214 1.97
September 18 2.10 23.4 283 2.45
Octobety 2 1.98 19.2 23.4 2.04
October 15 2.23 19.9 27.0 2.33
“October 29 2.12 18.7 27.8 1.54
November 7 1,99 18.5 234 1.72

it

NORWAY SPRUCE

May 2 2N 10.5 ‘ 153 1.64
May 15 .92 114 14.2 1.63
May 28 1.87 3.1 17.1 1.55
Tune 12 2.09 18.4 19.8 2.25
Tune 26 2.20 22.6 25.6 3.00
Aungust 3 219 15.4 14.1 2.92
August 22 225 136 14.1 L.26
September 3 1.98 134 16.2 1.25
September 13 2.08 12.7 9.1 1.08
October 2 2.14 13.0 18.6 1.35
October 15 2.17 127 19.8 118
October 29 2.08 13.3 20.1 1.39
November 7 2.06 13.2

' Average Root Collar Diameter  -Root collar diarmeter measured at the junction of the roots and stem of the seedling.

* Average Height -Average seedling height measured from the root collar to the tip of the leader,
Y Oven Dry Weight -Oven dry weight (z) of the shoot and roots of the sesdling.
* Shoot/Root Ratio -Oven dry shoot weight divided by the oven dry root weight .




APPENDIX I (Con't.)
Stock quality characteristics at the time of planting,

REDD S8PRUCE
May 2 2.05 15.5 15.6 2.7
May 15 1.78 16.5 151 3.87
May 28 1.53 17.3 17.3 322
Tune 12 174 208 24.7 2.58
June 26 2.07 22.6 21.2 4,38
August 8 2.37 227 21.0 4.00
August a2 2,50 252 27.0 3.82
Septemmber 5 1.94 221 19.8 421
September 14 1.76 214 182 3.92
October 2 1.93 220 19.4 351
Qctober 15 1.59 21.9 19.3 3.60
October 29 1.91 20.0 21.0 2.89
November 7 21.0

WHITE SPRUCE

May 2 ‘ 2.57 236 34.5 3.73
May 15 2.05 24.0 28.7 4.86
May 28 2.15 233 333 3.76
June 12 2.44 299 40.0 370
June 26 2.51 326 42.9 5.04
August 8 2.24 16.6 14.8 2.79
August 22 2.26 - 177 18.5 2.36
September 5 220 17.2 20.9 212
September 18 214 17.5 22.1 2.08
October 2 2.04 17.0 22.4 2.15
Qctober 15 2.14 17.9 236 2.06
October 29 215 16.2 24.8 1.73
November s 7 2.12 160.4 26.0 1.60

2

' Average Root Collar Diameter  -Root collar diameter measured at the junction of the roots and stem of the seedling.

* Average Height -Average scedling height measured from the root collar to the tip of the leader.
* Qven Dry Weight -Oven dry weight () of the shoot and roots of the secdling.
* Shoot/Root Ratio -Oven dry shoot weight divided by the oven dry root weight.




APPENDIX 11
Percent survival and frost heaving in relation te planting microsite, date, and species

All Species
Live 03693319721 92,8 192,58 190.0 | 92.8 (956 |90.0 (958 |91.4 | 914 | 967 | 933
Dead 47 67 19| 69| 67| 83| 72| 44| 97| 42| 86| 86| 3.1 6.2
Misging L7 00 08 0306 17| 00 00| 03| 00} 00 GO} 03 0.4
All microsites
No heaving 63.4| 66.1 | 64.7 | 66.4 [47.5 |67.1 | 747 |35.6 | 23.2 |29.1 | 282 | 42.8 | 41.1 50.2
Partial heaving 21,7253 26.6| 222 |20.3 |21.3 | 17.5 1415 [35.2 {38.8 | 36.8 |, 353 | 36.1 291
Complege heaving 130 86| 471114 322|116 7.8 (229|416 (32,1 | 349 | 218|228 | 207
Planted in duff 83,1919 | 86.1 | 78.1 |76.2 |88.4 | 82.8 [87.0 | 88.0 | 30.2 | 866 72.1 | 8L 832
No heaving 775 716 | 743 | 77.8 [60.6 |73.4 | 86.0 |40.8 |26.5 | 36,1 1329 54.0) 500 | 586
Partial heaving 15.5;23.0| 21.5 | 183 121.0 1193 | 12.7 |43.8 |38.5 |41.8 |41.8 | 386 | 398 289
Complete heaving 7.0 547 40 39184 7.2 13 (154 |35.0 |22.1 | 254 74 102 12.5
Planted in mineral soil | 16.9] 8.1 | 13.9| 21,9238 |11.6 [ 172|130 [12.0 |19.8 | 13.4 | 279 [ 189 16.8
No heaving 3416711031302 62158154 00| 00| 63| 0.0 124 21 0913
Partial beaving 4061 304 [ 40.8 | 27.3 [23.8 |35.8 [41.0 [17.1 1152 (172 70(3321174| 274
Complete heaving 41.8| 53.0 [ 49.0 | 42.5170.1 |48.3 | 43.6 |82.9 (848 |76.0 | 93.0| 544 | 80.6 | 63.3

Black Spruce
Live 07.8:97.8| 989 | 956 |96.7 |96.7 | 97.8 |94.4 1889 | 967 | 88.9 | 389 | 978 | 931
Dead 22 22| 11| 44| 330 3322 56 (100 331000110 22 4.8
Migsing 0.0 00f 00| 00 00| 00| QO] 00| 11| 00| OO 00| 00 0.1
All microsites ,
No heaving S54.41 633 61,1 67.3|46.2|58.9 | 70.0 [18.9 | 10.1 | 28.0 ] 25.6| 37.8] 31.1 44,1
Partial heaving 31,1222 322 2251187 126.7 | 18.9|55.6 | 49.6 |38.4 | 41.1| 389 400 335
Complete heaving 144|144 | 67| 103|352 144 | 11.1|25.6 |403 {33.6 333|233 280 1224
Planted in duff 56.7| 86.7 | 85.6 | 842 725|867 | 76.7 |84.4 | 89.8 [81.1 ; 844 | 63,9 822 | 823
No heaving 63.3| 72.0 | 69.7 | 704 1634 167.9 | 844 |22.8 | 11.0 |30.8 309|507 | 360 | 518
Partial heaving 2790 192 291 194 [13.3 [25.6 | 14.4 [60.2 [ 55.6 |42.7 | 46,6 | 43.7 | 462 341
Complete heaving 88 88| 1.1]102(232| 64| 12|17.1 |334 (265|225 37| 178 14.1
Planted in mineral sotl { 13.3] 13.3 | 144 | 15.8(27.5(13.3 233|156 | 102 | 189 | 156 31.1| 17.8 17.7
No heaving 00| 83167571 0.0 00| 238 00| 0.0 |148| 00| 56| 48 BE
Partial heaving 478|383 53.3| 286 (339|333 333(220 | 00 85| 114 340| 214| 282
Complete heaving 5220 53.3 | 30,0 | 143|661 |66.7 | 429 | 77.1 100.0 | 76.7 | 88.6 | 60.5| 73.8| 63.0

Norway Spruce
Live 86.7| 94.4 | 93.3 | 96.7 |87.8 {733 96,7 |98.9 (933 [978 | 944 | 95.6( 989 929
Dead 7.8 56| 33 22|110]200) 33 1.1 67 22| 56| 44| L1 5.7
Missing 56/ 00| 33 L1| L1 67 00 00] 00| 00 00] 00 00O L4
All microsites
No heaving 664|700 62.8| 62.0|54.0 167.7 | 689 (244 | 200 |21.1 | 233 466 522 492
Partial heaving 1908 25.6| 27.0 | 248|234 |14.8 1 2891511 {322 {40.0 | 37.8| 33.8 ) 30.0| 209
Complete heaving 13,80 44| 102 13.2 (226 |17.6| 221|244 (478 |389 | 389 19.6| 178 209




APPENDIX 1I (Con't.)
Percent survival and frost heaving in relation to planting microsite, date, and species.

ity

Norway Spruce (Con't.)
Planted in duff 83.7) 933 | 80.0| 79.2|R3.2|84.8| 844|833 [86.7 | 77.8] 85.6] 72.7] 822 w28
No heaving TLI 760 764 7171 64.0(73.3) 79.530,0 | 23.1 [ 30.0| 282 62.4| 62.4| 585
Partial heaving 1531 20.6| 18.8| 21.1|23.0|12.7) 194529351 | 462 434 32.1| 364| 290
Complete heaving 69 33 48| L2|13.0|140| 1.2[17.1 |41.8 | 237 284| 56] 1.1 12.5
Planted in mineral s0il | 16.3) 6.7] 20.0| 20.8| 16.8|15.2| 156|167 | 133 | 22.2] 144 27.3| 178| 172
N heaving 670 0.0 143] 28111389 74| 00| 00| 00| 00| 48 00 7.
Partial heaving 43.3| 83.3| 36.2| 30.6|42.4|289| 815|250 | 17.8 | 190 56| 4071 48| 327
Ciftplete heaving J0.0| 16.7] 49.5]| 66.7 1465|322 11.1[75.0 [ 82.2 | §1.0| 94.4| 54.5| 95.2| 603
Red Spruce

Live 92.2) 95.6| 98.9) 90.0]93.3)922] 822|900 | 85.6]92.2| 91.1| 85.7{ 96.7| 91.2
Dead 6.7 44| 1.1) 100y 56| 7.8 17.8|10.0| 144 | 7.8 89| 143| 22 8.5
Migsing L1 00p 00 00 1L1; 00| 00 00| 00| 00 00| 00| 1.1 0.3
Al microsites

No heaving 7290 61.1] 66.7| 64.2141.1|77.8| 78.9 | 444 | 35.0 | 42.5| 41.1| 54.7| 422 55.6
Partial heaving 13.6] 31.1| 25.6{ 24.7(233|15.6) 11.1| 284|256 | 31.9| 25.6| 25.3| 367, 24.5
Complete heaving 13.6) 7.8 78| 111|356| 6.7 10.0)27.2| 304 | 25.6| 33.3! 20.0| 21.1 19.9
Flanted in dufl 83.2) 94.4| 889 744 71.1|90.0| 81.1|87.0| 900 | 787} 38.9, 77.0| 856| 83.0
No heaving 844 64.1| 75.8| 804 |353.5|84.1| 90.0| 51.6| 39.2 | 52.8| 46.4| 63.7| 48.9| 642
Partial heaving 9.2 299] 209| 19.6]28.5) 9.8| 84311 | 248 35.0| 274| 244/ 39,1 237
Complete heaving 6.4 39| 33 00181 61| 16173360122 26.3| 11.9 121 12.1
Planted in mineral soil| 16,8 5.6( 11.1] 25.6128.9/ 10.0{ 189 130! 10.0 | 21.3| 11.1| 22,1} 144 16.1
No heaving 2220 125 0.0] 163 13.5|13.3| 238 00| 00| 74| 00| 250| 0.0 10.7
Partial heaving 33.3) 25.0) 33.3| 381127\ 70.0| 14.8] 83429 132 11.1] 36.1| 18.8| 273
Complete heaving | 444 62.5) 66.7| 45.673.8]16.7] 61.4| 91.7{ 57.1 | 79.4| 88.9| 38.9] 81.3| 620

White Spruce

Live 97.8| 85.6 | 97.8 | 88.9 |93.3 197.8 | 94.4 |98.9 |92.2 |96.7 | 91.1] 95.6| 93.3 | 94,
Dead 220144 220111 671 221 56| 11| 78] 33| %9 44| 67 3.9
Missing 0.0 00| 00| 00| 00| 00| 00| 00| 00 00) 00| 00| 00 0.0
All microsites

No heaving 67.8| 70.0 | 684 | 72.2 [48.9 64.1| 81.1 |54.4 |27.8 [24.8 22.9| 322 | 389 | 51.8
Partial heaving 202|222 214 16.7 (156|280 | 11.1 |31.1 333 |450( 4291 433 | 37.5 | 285
Complete heaving 100/ 781102 11.1 1356 79| 7.8 |14.4 |38.9 |30.3| 342| 244|233 | 19.7
Planted in duff 7891933 900 744 (778 (92,1 | 889933 | 456 |%33| 87.3| 68.9| 144 837
No heaving 84.7| 74.3 | 754 | B2.8 613 [68.4 | 90.1 |59.0 |32.6 [30.8| 26.0[ 393 52.5| 50.8
Partial heaving 95222173 | 13.0(193 (291 | 87 31.0 |38.7 | 433|497 54.2| 37.7 | 287
Complete heaving 580 34 72| 41194 25] 1.21100 (287 |259| 243| 65| 9.8 11.5
Planted in mincral soil (21,1 6.7 [ 10.0 | 25.6 (222 | 7.9 | 111 | 6.7 |14.4 | 167 | 125 311|256 | 16.3
o heaving 481333 67488 00111 67 00| 00 42| 00| 143 2.8 10.6
Partial heaving 749 83378161 | 61|11.1 344100 | 0.0 333 00/ 222|250 21.5
Complete heaving 20.3] 58.3 1 55.6 | 35.2193.9 |77.8 | 58.9 [90.0 §100.0 |62.5 [100.0 | 63.5| 722 | 67.9




APPENDIX II1
The percentage of seedlings frost heaved (both partially and completely heaved) by planting

Planting was not carried out on July 10 and July 24 (*),

icrosite and species.
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APPENDIX IV
Results of stepwise linear discrininant analysis

Standardized canonical discriminant function coefficients and group means for seedlings not frost

heaved and frost heaved.

Duff Microsite -().775 (1.966 0.696
Black Spruce 0.192 0.220 0.281
White Spruce 0.068 0.259 0241
Planting Date
May 28 0.090 0.099 0.054
June 12 0.091 0.101 0.052
Tune 26 (.337 0.073 0.081
Avgust 8 0.123 0.101 0.050
September 5 0.447 0.055 0.100
Heptember 18 ‘ 0.575 0.036 0.118
October 2 0.458 0.045 0.109
October 15 0,456 0.043 0.111
October 29 0.129 0.067 0.08%
November 15 0.201 0.063 0.091
Average Seedling Height (cm) -0.164 19.094 18.621
Average High Temperature for the 2 Week Period
Following Planting (°C) -0.231 17.927 16,186

Coefficients for Fisher's linear discriminant classification functions, for seedlings not frost heaved
and frost heaved.

Duff Microsite 9.189 6.587
Black Spruce -1.316 ). 795
White Spruce -2.266 -2.083
Planting Date
May 28 -2.836 -2.440
June 12 -12.354 -11.951
June 26 -16.242 -14.761
Auvgust 8 ~12.364 -11.809
Septernber 5 -3.710 -1.748
September 18 -0.144 2419
October 2 0.911 2.943
October 15 9.460 11.485
October 29 23.099 23,665
November 15 22.907 23.789
Average Seedling Height (cm) 1.257 1.215
Average High Temperature for the 2 Week Period Following Planting (°C) 1.722 1.681
Constant -31.765 -29.233

I e il i Heruy v ittty

Not Heaved . 2336
Heaved 2325

Frost heaving classification for planted seedlings using Fisher's classification functions.

Overall, the function correctly classified 72.7% of the seedlings,
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