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The Bosnian pine is a relict species of the Tertiary Oro-Mediterranean forests, 
with a distribution mainly extended over the Balkan peninsula and disjunct 
Italian populations on the mountain ranges between the regions of Basilicata 
and Calabria. The ability to adapt to harsh climatic conditions, to survive in 
difficult environments and the wide altitudinal range where it is possible to 
find natural populations are the main reasons why this species has been con-
sidered in planning reforestation interventions. This study compares growth 
and survival performances in two experimental plots of Bosnian pine refor-
estations established on different pedogenic substrates (Mesozoic limestone 
rocks vs. Paleozoic granites) of the mountains of Calabria using different types 
of propagation material (bare-root  vs. containerized seedlings). At an age of 
approximately 40 years, annual increments in the two experimental plots av-
eraged over the last two decades were equal to 0.2 cm and 0.1 cm, 0.2 m and 
0.3 m, 8.4 m3 ha-1 and 7.3 m3 ha-1 for diameter, height and volume, respec-
tively. These results confirm the ability of the species to successfully cope 
with the edaphic poverty of the outcropping rocky substrates and the rigidity 
of the climatic factors that characterize Mediterranean mountains; the growth 
performances are somewhat unexpected, higher than the average ones regis-
tered in Italy for black pine forests. Operationally, the production system of 
bare-root seedlings does not guarantee the best results under the examined 
conditions.  This  study  contributes  to  improving  the  potential  use  of  the 
species for new reforestation and related nursery activities, necessary for in-
situ and ex-situ conservation.

Keywords:  Pinus leucodermis, Forest Restoration, Forest Reproductive Mate-
rial, Bare-root Seedlings, Containerized Seedlings

Introduction
In  recent  years,  the  ongoing  climate 

changes have led to an increase in studies 
concerning forest  species  growing at  the 
upper altitudinal limits of the forest (tree-
line) or which demonstrate good adaptabil-
ity to harsh pedoclimatic conditions (Bena-
vides et al. 2016, Vitali et al. 2019). The vari-
ation in climatic conditions  with increasing 
altitude  (e.g.,  precipitation  and  average 
temperatures change between years, sea-
sonal temperature and predominant winds 
variability) is a contributing factor to the al-
titudinal distribution of tree species (Tran-

quillini  1979).  Among  these,  the  Bosnian 
pine (Pinus leucodermis Antoine = Pinus hel-
dreichii subsp.  leucodermis Antoine  A.E. 
Murray)  is  of  particular  interest,  a  relict 
species of the Tertiary Oro-Mediterranean 
forests (coniferous forests of the Mediter-
ranean,  Anatolian  and  Macaronesian  re-
gions,  under  the  European  Forest  Types 
classification  – Barbati et al. 2014), whose 
main range extends over the Balkan penin-
sula with four natural disjoined populations 
in  southern  Italy  between  the  regions  of 
Basilicata  and  Calabria.  Genetic  studies 
have  clarified  the  relationships  between 

the  Balkan  populations  and  the  Italian 
ones,  which  are  considered  fragmented 
populations of the same biological species 
(Boscherini et al. 1994).

The  Italian  populations  are  represented 
by  two  Apennine  stands  (Alpi-Spina-Zàc-
cana, Pollino) and two coastal ones (Pala-
nuda-Pellegrino, Montéa), characterized by 
altitudes ranging from 530 m a.s.l.  of  the 
Cavaiu Canal of the Argentino River up to 
2240 m a.s.l.  of  the northern Anticima of 
Serra Dolcedorme in the Pollino Massif, for 
a total of approximately 5700 ha, of which 
50% on the Pollino, 38% in the coastal sec-
tors  and  12%  in  the  Lucanian  mountain 
groups  (Avolio  1996,  2010).  In  its  Italian 
natural range, the Bosnian pine is therefore 
characterized by wide plasticity and adapt-
ability along the elevation gradient.

In  recent  decades,  various  research  on 
Bosnian  pine  has  concerned  dendroecol-
ogy applied to investigations in growth-cli-
mate relationship (Panayotov et  al.  2009, 
Scheithauer et al. 2009a, Scheithauer et al. 
2009b);  high  mountain  ecosystems  are 
among the most sensitive to such changes, 
therefore  forest  stands  that  grow  at  the 
upper altitudinal limits are of particular in-
terest  for  evaluating  the  variation  of  cli-
matic factors and the effect of extreme cli-
matic events on trees. A reduction of Bos-
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nian pine growth during the second half of 
the  20th century  due  to  temperature  rise 
and rainfall  decrease shows the necessity 
to investigate the potential impacts of cli-
mate warming on species growing near the 
tree-line (Bojaxhi & Toromani 2017), though 
tree-ring formation in this pine seems not 
to depend on a single dominant factor, but 
rather on various combinations of summer 
precipitation and temperature (Seim et al. 
2012).

Bosnian pine is a species characterized by 
very high longevity  (Piovesan et  al.  2018) 
and ability to survive in high-altitude envi-

ronments,  which  can  represent  a  reliable 
archive for documenting climate changes, 
especially  in geographical  areas where di-
rect  measurements  of  temperature  and 
precipitation  are  not  available  or  where 
records are limited to short or fragmentary 
time periods.  The species reflects well  in-
terannual-  to  decadal-scale  summer  tem-
perature fluctuations in the Balkans (Trou-
et et al. 2012), summer moisture availability 
(Klesse et al. 2015), as well as temperature 
and  precipitation  variability  on  different 
high-altitude site exposition (Klippel et al. 
2017).

On the  one hand,  at  the  upper  treeline 
between Basilicata and Calabria with rela-
tively high temperatures and precipitation 
higher  than  1200  mm  year-1,  the  Bosnian 
pine has benefited in terms of survival and 
growth with  respect  to  other  forest  tree 
species, but grazing and other human im-
pacts (primarily timber harvesting and agri-
cultural  activities)  would  indicate  a  nega-
tive  influence  on  its  possible  expansion, 
highlighting the need for interventions of 
protection of older stands and forest res-
toration (Todaro et al. 2007). On the other 
hand,  recent  studies  on  the  dynamic  as-
pects of such populations of Bosnian pine 
have  highlighted  substantially  stable  for-
mations  in  the  steep areas  with  outcrop-
ping rocks (Mercurio 2022) where this pine 
prevails over other species thanks to par-
ticular ecophysiological adaptations (Guer-
rieri et al. 2008), and even formations ex-
panding in open areas where the species 
shows its  colonizing ability  (Fig.  1).  Given 
the  positive  response  to  reforestation  in 
Mediterranean mountains (Scarciglia et al. 
2020), employing this pine seems to be a vi-
able  option  for  forest  restoration  pur-
poses.

Actually,  the  ability  to  survive  in  and 
adapt to environmental conditions of Me-
diterranean  mountains  characterized  by 
weather extremes with soil degradation in-
teractions  and  the  wide  altitudinal  range 
where natural formations of Bosnian pine 
can be found, have brought out the inter-
est in this species in the planning phase of 
the reforestation interventions carried out 
between Basilicata and Calabria during the 
last century. The first pilot reforestations, 
located at altitudes between 1100 and 1700 
m a.s.l., date back to the end of the 1950s 
(Avolio  1996)  and  were  carried  out  with 
soil  preparation  by  terraces  and  pitches, 
where 2-year-old seedlings produced with 
seeds  originating  from  this  geographical 
area  (in  particular,  from  the  Pollino  and 
Montèa mountains) were planted. The en-
couraging  results  obtained  have  brought 
the Regional  Bodies  in  charge of  foresta-
tion to expand the reforested areas using 
this  species  in  the  following  decades,  al-
though the  overall  extension can be  cur-
rently estimated at no more than 100 ha. 
The  younger  reforestations  further  con-
firmed the good results  already  obtained 
by the older ones as well as the high sur-
vival and the ability of the Bosnian pine to 
be established on poorly developed soils.

After the studies by Avolio (2010), no ref-
erence  on  reforestation  with  this  species 
can be found in Italian literature and even 
at  an  international  level  the  literature  on 
the subject is very scarce. In light of this, 
the objective of this work was to compare 
the growth and survival between two ex-
perimental plots within Bosnian pine refor-
estations  established  in  Calabria  on  the 
Coastal  Range  and  on  the  Sila  Plateau, 
characterized  by  pedogenic  substrates 
made  up,  respectively,  of  Mesozoic  lime-
stone  rocks  and  Paleozoic  granites.  The 
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Fig. 1 - Over one-hundred-year-old Bosnian pines with natural regeneration in the nat-
ural population of Serra di Crispo (2053 m a.s.l.) on the Pollino massif (by courtesy of 
S. Avolio).

Fig. 2 - Geographical location of the study areas (A - Caramolo, B - Pietra dell’Altare) 
with Bosnian pine whole distribution (Caudullo et al. 2017) and detail of the Italian 
populations.
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Reforestation with Bosnian pine in the Mediterranean mountains

second objective was to compare growth 
and survival of different types of propaga-
tion  material  (bare-root  vs.  containerized 
seedlings) in the experimental plot of the 
Sila Plateau. This information can contrib-
ute  to  improve  the  potential  use  of  the 
species for new reforestation and related 
nursery activities in Mediterranean moun-
tain  ecosystems,  being  forests  a  funda-
mental  protective  element  of  the  land-
scape against anthropogenic and climatic-
induced threats.

Materials and methods

Study areas
The study focused on two experimental 

plantations  established  in  the  autumn  of 
1982 (Coastal Range) and in the winter of 
1984 (Sila Plateau) by the former Italian Ex-
perimental  Institute  for  Silviculture,  now 
the  Research  Centre  for  Forestry  and 
Wood  of  the  Council  for  Agricultural  Re-
search  and  Economics  (CREA).  Bosnian 
pine  2-year-old  seedlings  (1251  and  624 
plants in the two sites, respectively), both 
as containerized (phytocell) and bare-root 
material  produced  by  the  Tardo  forest 
nursery of Campotenese, were planted in 
holes  at  variable  spacing,  with a  planting 
density  of  5353 and 5114 seedlings  ha-1 in 
the two sites, respectively.

The reforestation on the Coastal Range is 
located in the Caramolo area of the Munici-
pality of Saracena (Fig. 2), in the territory 
of the Pollino National Park (WGS84 coor-
dinates: 39° 48  15  N, 16° 05  23  E), at an al′ ″ ′ ″ -
titude of 1550 m a.s.l. on a slope of 35 per-
cent  with S-SW exposure.  The monitored 
experimental plot has a rectangular shape 
and an area of 2340 m2,  within which the 
seedlings of Bosnian pine were planted in 
holes on terraces (Fig. 3).

The reforestation on the Sila Plateau is lo-
cated in the Pietra dell’Altare area of the 
Municipality of Casali del Manco (Fig. 2), in 
the  territory  of  the  Sila  National  Park 
(WGS84 coordinates: 39° 16  34  N, 16° 30′ ″ ′ 
58  E), at an altitude of 1680 m a.s.l. on flat″  
ground. Under the forest landscape of the 
Sila  Plateau,  characterized  by  the  domi-
nance  of  the  Calabrian  pine  (Pinus  nigra 
Arn.  ssp.  laricio Poiret),  this  reforestation 
was  aimed  at  contributing  to  the  knowl-
edge on the potential of the Bosnian pine 
to adapt to different soils compared to the 
predominantly  calcareous  ones  typical  of 
its natural range in Italy. The experimental 
plot has a rectangular shape and an area of 
1220  m2,  within  which  the  seedlings  of 
Bosnian pine (half from containerized ma-
terial  and  half  with  bare-roots)  were 
planted  in  holes  in  rows  by  dividing  the 
treatments  in  two  separated  subplots  of 
about 600 m2  at the same plant density of 
312 seedlings in each subplot (Fig. 4).

Environmental features
For the study area of the Coastal Range, 

the reference meteorological station is lo-
cated in  Campotenese (965 m a.s.l., about 

7  km  away),  indicating  a  temperate  sub-
mountain Mediterranean climate type with 
hot and dry summers (during which after-
noon storms are,  however,  not rare)  and 
humid and rainy winters characterized by 
heavy  snowfall.  The  average  annual  tem-
perature  is  10.3  °C,  that  of  the  coldest 
month  (January)  1.1  °C  and  that  of  the 
hottest month (August) 19.1  °C.  The aver-
age annual precipitation is 1425 mm, with a 
minimum of 30 mm in July and a maximum 
of 212 mm in December (ARPACAL 2024). 

The soil derives from a substrate made up 
of dolomitic limestone formations, the evo-
lution of which is linked to the slow dissolu-
tion of the limestone rock due to the ac-
tion of the carbonic acid dissolved by the 
water  and  the  accumulation  of  insoluble 
residues; from a taxonomic point of view 
they can be classified as Lithic Hapludolls 
of the USDA Soil Taxonomy characterized 
by an udic humidity regime and with lithic 
contact with the parent rock 50 cm under 
the surface (ARSSA 2024).
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Fig. 3 – Tree rows on terraces at the experimental plot of Caramolo (Coastal Range, 
age: 41 years).

Fig. 4 - View of pine trees (age: 39 
years) at the experimental plot of 
Pietra dell’Altare (Sila Plateau).
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The climate of the study area on the Sila 
Plateau can also be classified as temperate 
Mediterranean. According to the meteoro-
logical station of Camigliatello Monte Cur-
cio (1730 m a.s.l., about 9 km away) the av-
erage annual temperature is 7.7 °C, that of 
the coldest month (January) 0.2 °C and that 
of the hottest month (August) 16.2 °C. The 
average annual rainfall is 1242 mm, with a 
minimum of 34 mm in July and a maximum 
of 180 mm in November (ARPACAL 2024). 
The soil  is  characterized by slightly  acidic 
reaction, moderate depth and high perme-
ability and derives from a substrate made 
of  highly  altered  granitic  rocks  classified 
within  the  Dystrudepts  of  the  USDA  Soil 
Taxonomy; also in this case the udic pedo-
climatic regime predominantly directs the 
pedogenetic development (ARSSA 2024).

Dendrometric surveys
Dendrometric  data  were  recorded  in 

2009 and 2023 in the experimental plot of 
the Coastal Range and in 2003 and 2023 in 
that  of  the  Sila  Plateau.  The  survey  in-
volved  counting  all  the  living  and  dead 
trees  and  measuring  their  diameter  at 
breast height (DBH),  and total  height (H) 
on a random sample of approximately 40% 
of the trees. Tree volume was estimated by 
the two-way volume equation established 
by  Tabacchi  et  al.  (2011) for  small  conifer 

trees for the Italian national forest inven-
tory, expressed as follows (eqn. 1):

(1)

The equation refers to volume (stem and 
branch wood with diameter > 5 cm,  V) of 
small  conifer  trees  in  relation  to  breast 
height diameter (d, cm) and height (h, m) 
of trees, where b1 = 2.1414 and b2 = 3.4917 · 
10-2.

Results
The  summary  of  the  dendrometric  data 

collected  in  the  two  surveys  is  shown  in 
Fig.  5.  For  the  Coastal  Range  plot,  qua-
dratic mean diameter (DBHq) of 9.3 cm in 
2009  and  12.2  cm  in  2023  was  recorded, 
with  an  average  annual  increment  of  0.2 
cm  over  this  period;  the  average  annual 
height  increment  was  0.23  m.  Stand  vol-
ume of living trees per hectare was equal 
to 68 m3 in 2009 and 185 m3 in 2023, with 
an  average  annual  increment  of  8.4  m3 

over  the  period.  The  mortality  rate 
recorded in 2023 was equal to 8.4%. For the 
Sila  plot,  DBHq was  15.9  cm in  2003 and 
17.9 cm in 2023, with an average annual in-
crement of 0.1 cm over this period, while 
the average annual height increment was 
0.28  m.  Stand  volume  of  living  trees  per 
hectare was equal  to 254 m3 in 2003 and 

400 m3 in 2023, with an average annual in-
crement of 7.3 m3. The mortality rate found 
in 2023 was 29.5%. The comparison of the 
mean annual increment of stand volume of 
living trees (4.5 m3  ha-1 for the plot of the 
Coastal Range and 6.5 m3ha-1 for the plot of 
the Sila Plateau) with the current annual in-
crement  data  mentioned  above  testifies 
that  the growth potential  of  both stands 
has not yet reached its maximum average 
value.

For  the  experimental  plot  of  the  Sila 
Plateau the summary on the performance 
of  trees  from  bare-root  vs. containerized 
seedlings  is  shown  in  Fig.  6.  Analysis  of 
variance (ANOVA) was performed to test 
for  differences in  growth performance of 
bare-root  vs. containerized seedlings, con-
sidering  DBH  and  H  recorded  in  the  two 
surveys of 2003 and 2023. For all variable-
year  combinations,  the  ANOVA  results 
showed significant differences (p<0.01) be-
tween  containerized  and  bare-root  seed-
lings  (Tab.  1).  The  sample  sizes  are  suffi-
ciently large to assume the asymptotic nor-
mality and the homoscedasticity of the ob-
servations.  However,  as  a  further  valida-
tion, the non-parametric Kruskal Wallis test 
was applied; also in this case, for the two 
variables considered (DBH and H), the test 
confirmed the results obtained by ANOVA, 
with very low p-values.
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Fig. 5 - Experimental plots of Bosnian pine in the Caramolo (Coastal Range) and the Pietra dell’Altare (Sila Plateau) areas (survey  
years: 2009 and 2023, 2003 and 2023 respectively); living and dead trees (since planting, in autumn 1982 and winter 1984, respec-
tively) and dendrometric data. (DBHq): quadratic mean diameter; (Hq): mean height and stand volume refer to living trees.

Fig. 6 - Comparison of the performance of trees from bare-root seedlings vs. containerized seedlings in the experimental plot of 
Pietra dell’Altare (Sila Plateau), survey years 2003 and 2023; living and dead trees (since planting, in winter 1984) and dendrometric  
data. (DBHq): quadratic mean diameter; (Hq): mean height and stand volume refer to living trees.
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Reforestation with Bosnian pine in the Mediterranean mountains

Discussion and conclusions
The  effects  of  ongoing  climate  change 

can influence forest ecosystems, for exam-
ple as regards their multifunctionality, vari-
ation in the species composition, altitudinal 
and  latitudinal  shifts,  loss  of  biodiversity 
and  decreased  productivity.  The  research 
issue is whether forests will be able to re-
act  to these changes,  or  whether  human 
intervention  will  favor  the  spreading  of 
tree species with greater adaptability and 
resilience at the treeline (Piper et al. 2016, 
Brandes & Christopoulou 2024).

The Bosnian pine is  sometimes believed 
to  expand  at  high  altitudes  in  the  beech 
forests  between  Calabria  and  Basilicata 
due to climate change which seems to pe-
nalize beech (Mercurio 2022). In constrast, 
the dynamics observed in the field (Vitali et 
al. 2019) indicate that Bosnian pine is colo-
nizing  the  secondary  grasslands  of  the 
Alpine belt, above 1900-2100 m a.s.l. on the 
Pollino massif (Mount Pollino, Dolcedorme, 
Serra del Prete, etc.). Indeed, the subalpine 
belt  is  dominated  by  multi-stem  beech 
stands with very  high density,  where the 
pine colonization seems absent (Saulino et 
al.  2022)  and microclimatic  conditions  for 
germination,  recruitment  and  establish-
ments  of  pine  saplings  are  unfavourable 
(Rita et al. 2021).

There is still relatively little knowledge on 
the biogeography and population dynam-
ics of the species, to identify correct con-
servation  strategies  and  evaluate  the  im-
pact of climate change. However, the fairly 
high  self-pollination  rates  found  in  the 
early stages of development indicate a pos-
sible  strategy of  adaptive significance for 
a  pioneer  species  (Morgante  et  al.  1991, 
1993).

In this study, the growth trends in tree di-
ameter,  height and stand volume confirm 
the  ability  of  this  species  to  successfully 
cope with shallow soils of the outcropping 
rocky  substrates  and  the  rigidity  of  the 
climatic  factors  characterizing  Mediterra-
nean mountains, with unexpectedly higher 
performances  than  the  average  values 
recorded in Italy for black pine forests by 
the National Forest Inventory (Gasparini et 
al.  2022).  The  small  differences  in  perfor-
mance between the two plots suggest sim-
ilar adaptation capabilities to the very dif-
ferent  pedological  and  geomorphological 
characteristics  of  both  study  areas.  Fur-
thermore,  the  comparison  between  the 
mean annual increment and the current an-
nual  increment  of  stand  volume  of  living 
trees indicates that,  at  about 40 years of 
age, the growth potential of the examined 
stands has not reached its maximum aver-
age value yet, and this further confirms the 
interest  of  using Bosnian pine in environ-
ments  similar  to  those  considered  in  the 
present study.

As regards the forest reproductive mate-
rial  employed in the experimental  plot of 
Sila, a constant mortality rate for 2-year-old 
bare-root  seedlings  was  recorded  during 
the  experimental  period  (approximately 

16%  both  between  the  planting  and  the 
year  2003  and  between  2003  and  2023), 
while for seedlings grown in containers a 
higher mortality (about 42%) was recorded 
in the period 2003-2023 than in the period 
between planting and 2003 (about 6.4%). It 
could  be  hypothesized  that  the  initial 
higher percentage of survival of container-
ized seedlings might have led to greater in-
traspecific competition over time, thus rais-
ing  the  subsequent  mortality.  However, 
trees grown in containers were character-
ized in 2023 by higher values in  terms of 
stem  diameter  and  stand  volume  com-
pared to those obtained by bare root prop-
agated  material,  showing  that  a  greater 
mortality could be counterbalanced by an 
overall  better  growth  performance  in 
some stand parameters.

Various  studies  have  examined  nursery 
production by comparing containerized vs. 
bare-root seedlings, though any unambigu-
ous  conclusions  have  been  reached  (Ma-
riotti  et al.  2015,  Grossnickle & El-Kassaby 
2016,  Grossnickle & Ivetić 2022). Based on 
our  results,  we  can  suggest  that  for 
Bosnian pine plantations in open areas of 
the upper mountain Mediterranean areas, 
characterized by high-altitude climates and 
poor soils,  the production system of bare 
root material does not guarantee the best 
results and containerized seedlings should 
be preferred if reforestation objectives are 
more focused on growth performances of 
trees  over  time than on survival  of  plant 
material.

The  traditional  basic  containers  (phyto-
cells) used in nurseries for many decades in 
Mediterranean  countries  have  now  been 
abandoned  in  favor  of  more  performing 
ones,  capable  of  guaranteeing more suit-
able development of the root system, es-
pecially in the case of pines (Jackson et al. 
2012),  though  a  more  efficient  container-
ized production system is expected today 
for  forest  nurseries.  In  general,  growing 
seedlings in containers allows for suitable 
operating conditions for the use of the re-
productive  material  (transport,  planting, 
rooting),  particularly  in  difficult  environ-
mental conditions, for better resistance to 
aridity, even if less development of the epi-

geous  part  of  the  tree  is  expected  in 
nursey (Grossnickle & MacDonald 2018). In 
this sense, the results of this study indicate 
both a good survival of the containerized 
seedlings after planting and good growth 
performance even in the long run, despite 
the fact the containers used in the exam-
ined reforestation were rudimentary (phy-
tocells).

The difficult conditions of reforestation in 
the  Mediterranean  mountainous  area  are 
exacerbated by climate change with the re-
duction  of  summer  rainfall.  Nonetheless, 
the  results  of  this  study  help  understand 
the importance of using suitable forest re-
productive  material  in  overcoming  the 
years following plantation and developing 
good  growth  performances  later.  This 
knowledge can improve ex situ and in situ 
conservation  measures,  especially  at  the 
limits of the natural altitudinal range of the 
species,  while  climate  change  may  affect 
the regeneration of natural populations by 
reducing  germination  of  seeds  and  seed-
ling recruitment (Daskalakou et al. 2022).

The  positive  effect  of  stratification  on 
germination of Bosnian pine seeds, which 
is stronger in those collected at higher alti-
tudes (Borghetti et al. 1989), indicates the 
importance of dormancy for the develop-
ment of seedlings in difficult environmental 
conditions  of  the  treeline  and,  therefore, 
the need to organize forest nursery activi-
ties consistently with the ecophysiological 
characteristics of the species. Furthermore, 
to date there are no Basic Materials (BM) 
for Bosnian pine in the Italian national reg-
ister, while at European level only five BM 
are  registered  (European  Commission 
2024). Greater attention by the forest nurs-
ery sector to this species, and in general to 
forest  species  with  fragmented  distribu-
tion and/or at the limits of their  range in 
the Mediterranean area (Ducci et al. 2017), 
necessarily involves the identification of a 
sufficient  number  of  BM as  seed sources 
for future reforestation activities, ensuring 
adequate genetic diversity.
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Tab. 1 - ANOVA of DBH and H of trees for bare-root vs. containerized seedlings in the 
experimental plot of the Sila Plateau. (df): degrees of freedom; (SS): sum of squares; 
(MS): mean square.

Variable Year Type df SS MS F p-value
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 d
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119 <0.01
Residuals 554 11314 20
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2003
Bare-root/Container 1 45.3 45.3

84 <0.01
Residuals 237 128.4 0.54

2023
Bare root/Container 1 93.6 93.6

9 <0.01
Residuals 147 1551 10.6
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