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Abstract

Poplars and willows serve as bioengineering tools in New Zealand for stabilising soil in pastoral areas and along waterways. Planting material
is typically provided as 3 m poles. Because smaller planting material is less expensive and easier to produce, it has the potential to reduce costs
and increase planting rates. This study examined survival and growth over one season for three poplar cultivars and one willow cultivar grown
from vegetative 20 cm cuttings with diameters of 7, 10, 14 and 17mm in containers of 0.33 L, 0.5L, 1L, 1.8L and 2.5L, and assessed the cost
effectiveness of varying cutting diameter and container volume for producing rooted stock for field planting. The hypotheses tested were that
1) larger cutting diameter and 2) larger container volume would increase survival and growth of poplar and willow planting stock, and that 3)
cost effectiveness would rise with increasing container volume. Survival of poplar cuttings was high across all diameter classes and pot sizes.
Willow survival was high in the larger containers. Lower willow survival in the smaller containers was attributed to shading by the taller, more
heavily leafed poplar plants. Shoot height and basal diameter were higher in containers with greater volume. Overall, container volume was
more influential than the initial cutting diameter in determining shoot height and shoot basal diameter at the end of the growing season. The
results supported hypothesis 2 but not hypothesis 1. In this trial, cost effectiveness did not increase with container volume; instead, it increased
as container volume decreased, assuming that the rigid containers can be recycled. Production costs for rooted poplars and willow plants raised
from cuttings are much lower compared with 3 m poles. A more accurate assessment of relative production costs will require survival and
growth rates in an uncultivated field setting.
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Introduction

and cutting diameters from 2.5mm - 12.5mm. Height growth after
155-175 days was less than 50cm [8] and < 80cm for bare-rooted
and <40cm for containerised plants [7]. Growth rates in these size

Poplars and willows have a long history of domestication ben-
efitting from the ease with which both species can be propagated
vegetatively [1]. Vegetative propagation of poplars and willows is
used to retain desirable features, increase clonal planting stock.
Approaches to propagation involve variable cutting parameters
(length, diameter, age of parent material) and propagation tech-
niques from direct planting of unrooted planting stock into open
ground to growing cuttings in containers and transplanting as
rooted material into open ground, which may or may not be culti-
vated [2-4]. Vegetative propagation is very simple and convenient
because of pre-formed root primordia on stem nodes [5]. Previ-

containers were considered insufficient for direct transplant into
the field. Longer cuttings (10cm rather than 5cm) and pre-soak-
ing in water for 2 days improved root formation and growth in
the greenhouse [9] but the resulting planting stock were not
planted in open ground and evaluated for survival and growth.
There is close relationship between early root and shoot growth
and development and cutting survival [2] and planting of rooted
stock might increase survival over unrooted cuttings [10]. In a
phytoremediation study in previously arable land open-ground
rooted poplar planting stock had higher survival rate than unroot-
ed planting stock, but a similar survival rate to unrooted willow

ous studies growing poplar cuttings varying in diameter and/or
length in pots/containers differing in volume with the intention of
replanting the rooted material in open ground [6-8] showed that
shoot height and diameter were significantly proportional to pot
volume and initial cutting size. Pot volumes ranged up to 470mL

planting stock [11]. What is apparent from previous studies is
that both poplars and willows are versatile species able to pro-
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duce suitable planting material from vegetative stock under the
simplest of propagation methods [6]. Cutting sizes used in field
plantings of willow for biomass range in length from 20-30cm
and in a diameter from 10-25cm [5,12]. Additional data on cutting
size, pot volume and growth rates may enable more creativity in
how and where these plants can be used and increase application
of the knowledge.

It is proposed that growing and planting rooted cuttings for
soil stabilisation may be more cost effective than growing and
planting poles. Benefits in the nursery are saving in growing time
(one season compared with 2 or 3 growing seasons), saving in
ground space, and saving in management costs (weed and pest
control, irrigation, machinery running costs). Benefits in the field
are ease of transport and speed of planting. Possible deterrents
in the nursery are that the planted material does not grow large
enough in the single season to cope with field conditions. A deter-
rent in the field is that rooted material grown from cuttings needs
extra protection from browsing stock and competing vegetation,
which adds work and cost. Extra protection may be less signifi-
cant where domestic stock is excluded e.g. fenced off waterways,
shelterbelts, riverbanks.

There are a range of opinions regarding the appropriate
stem-cutting size for the vegetative propagation of poplars and
willows [13] depending on whether they will be planted into pots,
cultivated or uncultivated ground. In a pot study of Salix nigra
cuttings with diameter 10mm, 50mm or 100mm in well-watered,

Table 1: Dimensions of containers used in the container trials.

flooded and drought conditions survival was best for the smallest
diameter cuttings though the largest cuttings had greatest stem
height, root mass, leaf number and weight [14]. The authors pro-
posed that using smaller diameter cuttings may increase survival
rates in streambank restoration projects. In contrast, in another
willow study selecting the best diameter cuttings for low-cost
plantings, of cuttings with diameters 10mm, 25mm and 35mm,
the thicker cuttings had the higher tree survival. Other studies
have used 20-cm long cuttings processed from whips after one
season of growth as planting material in cultivated soil [10,11].
Smaller diameter cuttings are available in greater quantities and
atan earlier age so further investigation of cutting size is warrant-
ed and over a narrower range of diameter sizes.

This study investigated survival and growth of three poplar
cultivars and one willow cultivar grown from vegetative cuttings
varying in diameter in containers of increasing volume from 0.33L
to 2.5L to evaluate cost effectiveness in producing rooted stock
for field planting. Hypotheses being tested were that larger cut-
ting diameter and container size will increase poplar and willow
planting stock survival and growth, and that cost effectiveness
will increase with container size.

Methods

Trials were designed to evaluate the influence of cutting diam-
eter and pot size on the survival and growth of poplar and willow
cuttings.

Container Volume (L) Width mm Height mm
PB5 planter bag 2.5 125 140
Tall Poly planter bag 1.8 100 230
90mm Square Native Pot 1 90 140
85mm Square Plastic Decorative Pot 0.5 85 95
70mm Square Plastic Pot 0.3 70 105

We evaluated four cutting diameter sizes (7mm, 10mm, 14mm
and 17mm) and five container sizes (Table 1) for one poplar cul-
tivar Populus xeuramericana ‘Veronese’ and one willow cultivar
Salix matsudana x alba ‘Moutere’. To compare poplar cultivars,
we included two additional poplar cultivars P. nigra x maximo-
wiczii ‘Shinsei’ and P. deltoides x yunnanensis ‘Kawa’ but with two
container sizes only. The three selected poplar cultivars are the
most widely planted cultivars on New Zealand. The willow culti-
var ‘Moutere’ is the favoured willow for river protection works in
New Zealand. Cuttings were prepared from one-year shoots col-
lected from stools at Horizons Regional Council poplar and willow
nursery in Woodville. All planted cuttings were 20cm in length.

For Populus xeuramericana ‘Veronese’ and Salix matsudana x
alba ‘Moutere’ one of ten cuttings of each diameter and for each

cultivar were planted in each sized container (Figure 1 & 2) mak-
ing a total of 200 cuttings per cultivar. The planting mix com-
prised 30% coco-fibre and 70% pumice, with Osmocote 9-month
slow-release fertilizer added (1kg/m?).

For the additional poplar cultivars four cutting diameters
were used (7mm, 10mm, 14mm, 17mm) and two container siz-
es (0.5L, 1.8L). making a total of 80 cuttings per cultivar and 560
cuttings in all.

Each cutting was double colour-coded, on the top of the cut-
ting with the diameter colour, and on the side with the cultivar
colour.

The cuttings were grown within a 20cm high wooden frame
in an open environment on slightly sloping ground. We lined the
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frame with black polythene and added a 2-3cm layer of sheep
wool to hold moisture under the containers. and provide space
for any roots emerging from the pots The same-sized containers
were grouped together within the frame. The cuttings were flood

irrigated, as necessary. The wool had a water storage role and pro-

vided a medium for roots to extend into from the bottom of the
containers. Excess water from rainfall drained off through perfo-
rations at the lower end of the polythene. A 3-wire fence with ad-
ditional crosswires around the wooden frame during the growing
season supported the plants in windy conditions.
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Figure 1: Container types decreasing in volume from left to right (see Table 1).

Figure 2: Containers L to R 0.33L, 0.5L, 1L showing root exit points.

Cuttings were planted in late Spring (October) and leaf fall
finished by the following June. Cutting survival and height of the
dominant shoot were recorded on 21 December (H1), 29 March

(H2), 06 June (H3) and 27 June (H4). We measured cutting diame-
ter and collar diameter of the tallest shoot for each live cutting on
28 June and 2 July respectively.
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Statistical Analyses

Survival proportions were analysed using a binomial gener-
alized linear model, with factors for clone, cutting diameter and
container size, and their interactions. The height and collar di-
ameter measures were analysed using unbalanced ANOVA, with
a similar set of factors. They were tested using ‘type 2’ conditional
tests, so adjusted for the effect of other factors. Genstat (version
22,2022, VSNI Ltd, UK) was used for analysis.

Since ‘Moutere’ willow growth was unduly disadvantaged by
the more vigorous poplar growth, a separate group of analyses

were done for the poplar clones only.
Results
Cutting survival

Overall cutting survival at the end of the growing season was
93%, 59%, 91% and 88% for ‘Veronese’, ‘Moutere’, Kawa’ and
‘Shinsei respectively. Mortality was higher among the 14 mm and
17 mm diameter cuttings (Table 2 & Figure 3) but not consistent-
ly so. Overall poplar cutting survival was similar in all pot sizes,
while increasing with pot size for ‘Moutere” willow.

Table 2: Cutting survival (%) for the poplar and willow in the various treatments (cutting size, pot size) at the end of the growing season.

Pot Size (L)
Cultivar Cutting Size
0.33 0.5 1 1.8 2.5
7mm 100 90 90 90 100
10mm 100 80 100 100 100
‘Veronese’
14mm 100 90 100 70 100
17mm 90 100 100 60 100
7mm 100 60
10mm 100 90
‘Kawa’
14mm 90 100
17mm 90 100
7mm 90 100
10mm 90 90
‘Shinsei’
14mm 70 100
17mm 60 100
7mm 30 50 100 90 90
10mm 20 50 70 90 100
‘Moutere’
14mm 10 30 70 40 80
17mm 30 20 40 90 80

‘Moutere’ survival on the first assessment date, 21 December;
was 92%, decreasing to 85%, and 76% in subsequent assessment
dates and 59% at the end of the growing season. Taller shoots
and larger leaves of the poplar plants shaded the willow plants
and contributed to the lower willow survival in the smaller, more
crowded containers (Table 2). ‘Moutere’ survival was similar to
that of poplar cultivars in the larger containers (Table 2).

Cutting survival was significantly affected by clone, container
volume and cutting diameter (Table 3), of which clone and con-
tainer volume were most influential. Cutting survival declined
with container volume (Table 3).

Shoot growth

The tallest shoots exceeded 2m at the end of the growing
season. Maximum shoot height for the different cutting diam-
eters of ‘Shinsei” was 224cm (17mm), 203cm (14mm), 203cm

(10mm) and 198cm (7mm). Maximum shoot height of ‘Shinsei’
in the different containers was 224cm (1.8L) and 152cm (0.5L).
Maximum shoot height for the different cutting diameters of ‘Ve-
ronese’ was 171cm (17mm), 174cm (14mm), 211cm (10mm) and
171cm (7mm). Maximum shoot height of ‘Veronese’ in the differ-
ent containers was 211 (2.5L), 176 cm (1.8L), 166 cm (1.0L), 167
cm (0.5L) and 176 (0.33L). Of the 476 (85%) poplar and willow
plants surviving to the end of the growing season 74% exceeded
1m in height. Of the surviving poplars 85% exceeded 1m in height,
compared with 51% for willows.

All three factors, cutting diameter, clone and container volume
significantly influence shoot height at the end of the growing sea-
son (Figure 4). Clone and container size were the most influential
factors (Table 4). ‘Moutere’ and ‘Shinsei’ plants in bigger contain-
ers grew taller shoots, ‘Veronese’ shoot height was less affected by
container size.
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Table 3: Statistical assessment of the effect of the various factors on cutting survival.

Binomial GLM for Survival
Accumulated Analysis of Deviance
Factor d.f. deviance P
Clone 3 83.3 <.001
Cutting diameter 3 9.7 0.021
Container 4 47.1 <.001
Clone x cutting diameter 9 9.7 0.372
Clone x container 6 36 <.001
Cutting diameter x container 12 10.7 0.556
Clone x cutting diameter x container 18 321 0.021
Residual 504 334.6

each factor was tested adjusting for the others.

Table 4: Effect of clone, cutting diameter and container on shoot height of cuttings. Because of the missing data from cuttings which did not survive,

Tallest Shoot Height Cutting Diameter Shoot Basal Diameter
Factor
df F P F P F P
Clone 3 32 <.001 17 <.001 130 <.001
cutting diameter 3 1.9 0.133 513.4 <.001 17.3 <.001
Container 4 13.2 <.001 48.8 <.001 85 <.001
Clone x cutting diameter 9 2 0.043 8.9 <.001 3.1 0.001
Clone x container 6 5.9 <.001 2.6 0.019 7.3 <.001
cutting diameter x container 12 1.4 0.169 1.1 0.378 1.4 0.146
Clone x cutting diameter x container 18 1.3 0.163 1.3 0.204 0.8 0.723
Residual 391
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Figure 3: Cutting survival (%) at the end of the growing season by cultivar for the different diameter cuttings and in the various
sized containers. Cutting diameter is x axis. Grid lines are approximately least-significant-difference apart.
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plants experienced much lower dieback (~20%). Stem dieback
was less frequent in plants growing in pots <1.8L and lower in
the other two poplar clones (5-15%). Stem dieback reduced mean
height of live shoots at the end of the growing season for ‘Ve-
ronese’ and ‘Moutere’ (Figure 4).

For shoot basal diameter (Table 5), the biggest influences
were clone and container size. ‘Veronese’ had bigger shoots than
‘Moutere’, and plants in bigger containers grew longer shoots with
larger diameters. Stem growth was initially faster from cuttings
of ‘Veronese’ in the 1.8L and 2.5L containers, but by mid-season
40-45% of plants experienced stem dieback, whereas ‘Moutere’
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Figure 4: Mean height of the tallest shoot (cm) at the end of the growing season (H4) by cultivar for the different diameter cuttings
and in the various sized containers. Cutting diameter is x axis. Grid lines are least-significant-difference apart.

Table 5: Mean shoot basal diameter (mm) of longest shoot compared for different cutting diameter, container volume and plant cultivar.

Container Volume (L)
Cultivar Cutting size
0.33 0.5 1 1.8 2.5
7mm 6.5 6.7 8.5 9.4 13.3
10mm 9.3 7.7 11 9.3 14.6
‘Veronese’

14mm 7.9 8.8 11.2 8.9 14
17mm 10 9.4 11.9 9.8 9.1
7mm 8 9.8

10mm 7.4 10.1

‘Kawa’

14mm 8.8 9.9

17mm 9.5 9.5

7mm 7.9 129

10mm 8 10.6

‘Shinsei’

14mm 8.1 11.6

17mm 11.7 15.1

7mm 3.8 4.2 5.7 7.1 8.6
10mm 4.8 4.8 49 7 8.8

‘Moutere’

14mm 2.8 4 6.3 7.5 8.5
17mm 5.8 5.2 6.9 9.3 9.1
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The relative size of the F statistics (Table 6) suggests that for
shoot height and shoot basal diameter container volume was the
most influential factor; the 1.8L containers produced the biggest
plants, although that was more noticeable with ‘Shinsei’. Plants in
bigger containers grew more and the basal diameter of the domi-
nant shoot was greater. On average cuttings grew 2-5mm in diam-
eter, with differences in initial cutting diameter remaining. For ex-
ample, ‘Moutere’ and ‘Veronese’ mean diameters of 7, 10, 14 and

17mm cuttings were 10.8, 13.5, 16.6 and 20.5mm and 11.3, 14.0,
16.1 and 19.7mm respectively at the end of the growing season.

There is not as clear a measure of importance for binomial
models but looking at the deviance of the effects divided by their
degrees of freedom, clone and container size were the highest (Ta-
ble 6). The poplars mostly survived; but larger Veronese cuttings
in 1.8L pots didn’t do as well as smaller cuttings.

Figure 5: Root development of 14mm (left) and 17mm (right) diameter cuttings of ‘Veronese’ poplar in the different containers; L
toR0.33 L, 0.5L, 1L, 2.5L, 1.8L.

Table 6: Effect of clone, cutting diameter and container on shoot height of poplar cuttings.

Tallest Shoot Height Cutting Diameter Shoot Basal Diameter
Factor df F Approx. % Variance F Approx. % Variance F Approx. % Variance
Clone 2 8.2 4% 18.5 2% 20 6%
cutting diameter 3 4.2 3% 330.6 63% 13.9 6%
container 4 11.1 11% 41 10% 65 38%
Clone x cutting diameter 6 0.7 1% 11 4% 3.4 3%
Clone x container 2 5.3 3% 0.8 <1% 6.7 2%
cutting diameter x container 12 1.6 5% 1.5 1% 1.5 3%
Clone x cuttin_g diameter x 6 2 30 17 1% 09 1%
container
Residual 293
Shoot dieback was observed in 21% of ‘Veronese’ cuttings Cost of production

with 15% occurring in the larger containers (2.5L, 1.8L) and 6%
in the smaller containers. Shoot dieback frequency declined with
container size and cutting diameter size though not significantly.

Root development

‘Veronese’ poplar root development was visually greater in
larger containers though not necessarily as cutting diameter in-
creased (Figure 5). ‘Moutere’ willow root system included more
finer roots than that of ‘Veronese’ poplar (Figure 6). No measure-
ments of root mass were taken as all live plants were needed for
the field trial.

Plastic pots were more expensive than plastic bags (Table 7).
However, the unit price per live plant decreased as the pot volume
decreased when recycling the plastic pots. Cuttings were collected
from prunings off nursery stools. The cost was labour only and
considered independent of cutting diameter, i.e. cost of each cut-
ting was the same.

When the cross-sectional area of each container is considered
the number of containers accommodated per m? is 64, 200, 123,
138 and 204 for the 2.5L, 1.8L bag, 1L, 0.5L and 0.33L containers
respectively. Where ground area becomes a significant cost factor
this needs to be added to the data in Table 7.
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Discussion

We investigated survival and growth of poplar and willow
planting material grown from cuttings varying in diameter and in
containers ranging from 0.3L to 2.5L. Our main findings were that
cutting survival in the various sized containers exceeded 87% for
poplar clones, but was lower for willow (59%) particularly in the
smaller size pots. This was similar to survival rates in an earlier
study with variable diameter poplar cuttings [8] though the cut-
ting length was 9cm compared with 20cm in this study and the
container volume range of 125 - 336ml barely overlapped with
volumes in this study. They reported lower survival rates at ini-
tial cutting diameter of < 7.5cm, below the smallest diameter
selected in this study, but the upper diameter was not stated in
their study. The lower survival of willow cuttings was considered
to be contributed by competition for light with the more vigor-
ous single leader, large-leafed poplar cuttings [13] suppressing
growth where the willow cutting had multiple leaders. We sug-
gest that willow cuttings grown separately under the same con-
ditions would have maintained the high survival rates of >80%
demonstrated at the first measurement. Height growth for the
container plants was significantly influenced by clone, cutting di-
ameter and container size, of which container size and clone were
most influential. Both survival and plant height were lower in the
smaller volume containers, consistent with other studies [8,9]. In
general, collar diameter increased with container volume but not
with cutting diameter, suggesting that resources needed for shoot
growth are soon independent of resources contained within the
initial cutting. More of those resources (space, nutrients, water)
were available in the greater pot volume. The root mass visually
increased with container volume (Figure 5). Poplar plants grown
from cuttings of smaller initial diameters were able to achieve
high survival and height growth when crowded with larger diam-
eter material. Plants grown in the 1.8L and 2.5L plastic bags grew
longer stems but during the growing season stem dieback was
more frequent for plants growing in these containers. Reasons for
this were unclear though it may be due the inability of the young
root system to supply the stem water requirements.

Cuttings were closer to each other in the smaller containers
(0.33L, 0.5L) and there was more competition between adjacent
plants for light. Shoots of poplar cuttings outgrew shoots of wil-
low cuttings which likely contributed to the greater mortality and
lower shoot height of willow plants in the container trial. The larg-
er leaves of the poplar reduce light availability to shorter plants
creating a much shadier environment. Survival of poplar cuttings,
regardless of clone, cutting diameter and container volume re-
mained ~90% to the end of the growing season, whereas survival
of willow cuttings steadily declined from 85% after two months
to 59% at the end of the growing season (Figure 3). Willow leaves
became infected with rust disease which, though it did not war-
rant fungicide application, may have reduced shoot growth with-

out affecting survival. From previous experience in growing pop-
lar and willow plants from cuttings it was thought that the earlier
budbreak of the willow would enable them to compete with pop-
lar plants through the whole season. Our recommendation based
on this trial is to propagate willow and poplar plants in separate
beds to avoid light competition. There was no shoot dieback with
‘Kawa’ and ‘Shinsei’ cuttings so shoot dieback may be more typical
of 'Veronese’ cultivar rather than poplar cultivars in general. This
may be attributed to different physiological mechanisms to man-
age water stress [15].

As reported in other studies viable plants suitable for direct
planting into pastoral land can be grown from a range of cutting
diameters and in a range of container sizes [8,12,16]. Our study
confirms these findings and also proposes that container sizes
>1L do not increase cutting survival and growth, possibly allow
conditions that favour stem dieback and do not warrant the extra
cost in media and bed-space. It is possible that the stem heights
achieved by 7mm diameter cuttings are sufficient to compete with
other vegetation but survival and growth in an uncultivated situa-
tion such as pasture remains to be tested. Where plants are root-
pruned prior to planting in field conditions the extra root mass of
plants in larger column containers will not benefit the plant and
may favour plants with smaller stems and fewer leaves when it
comes to survival. The relationship between cutting diameter and
plant survival was inconsistent and did not support the hypothe-
sis that plant survival will increase with cutting diameter for the
diameters tested in this experiment. Stem dieback was more prev-
alent for plants grown in larger volume containers, negating some
of the initial advantages conferred by the container volume.

Our hypothesis that plant growth would increase as contain-
er volume increased was not well supported across the range of
volumes tested.

The cost of producing poplar and willow plants from rooted
cuttings assumed that plastic pots were recyclable and plastic
bags were not recyclable (Table 7), and that plants were sold as
bare-rooted plants. The larger plant size may justify the added
cost of the larger volume of mix + fertiliser on some field appli-
cations. If this is not the case, production of rooted cuttings in a
smaller volume recyclable container is more cost-effective. Typi-
cal price range of a commercially grown two-year-old 3m willow
or poplar pole in New Zealand is $12-15, 10-60 x the cost of the
rooted cuttings grown in this trial. Any lower survival rates of one
-year-old rooted plants grown from cuttings in the field will be
more than compensated by the lower unit cost of each plant and
the ease with which it can be replaced in the field. The addition of
protection from animal browsing may change the cost dynamics
so limiting sites where rooted cuttings are the most suitable op-
tion. We rejected our hypothesis that cost effectiveness of produc-
ing rooted poplar and willow plants from cuttings will increase
with container size.
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Figure 6: Comparative root development of 14mm diameter cuttings of ‘Moutere’ willow and ‘Veronese’ poplar grown in a 2.5L
planter bag.

Table 7: Cost of plant production using the different sized containers.

Container Volume L $/Unit $/Mix Total Recyclable Net $ % Survival $/Plant

Plastic Bag 2.5 0.44 0.9 1.34 0 1.34 88 1.52

Plastic Bag 1.8 0.22 0.65 0.87 0 0.87 69 1.26
pot 1 0.96 0.36 1.32 0.96 0.36 85 0.42
pot 0.5 0.53 0.18 0.71 0.53 0.18 60 0.3
pot 0.33 0.96 0.12 1.08 0.96 0.12 60 0.2

When the containerised plants are planted as bare rooted ma-
terial into uncultivated open ground assessment of, in particular,
survival in the 1-2 seasons following field planting may modify
the conclusions presented from this study. Cost effectiveness in a
commercial nursery will vary with cost of nutrient mix, plant con-
tainers and recycling practices rather than cost of cuttings provid-
ed a poplars and willow stool bed is maintained.

Conclusion

This study investigated survival and growth of three poplar
cultivars and one willow cultivar grown from vegetative cuttings
varying in diameter from 7mm to 17mm in containers of increas-
ing volume from 0.33L to 2.5L to evaluate cost effectiveness in
producing rooted stock for field planting.

Initial survival of poplar and willow cuttings was high for all
diameter classes and in all pot sizes. A decline in survival of willow
plants in the various-sized containers was considered due to com-
petition for light with the taller and larger leafed poplar plants.
We rejected the hypothesis that plant survival would increase
with either larger cutting diameter or with larger container vol-
ume. Shoot height and basal diameter were greater for cuttings
grown in containers with greater volume. The container volume
was more significant than the original cutting diameter in deter-
mining shoot height and basal diameter at the end of the growing
season. Our hypothesis that shoots growth would increase with
cutting diameter was rejected, but there was support for the hy-
pothesis that shoot growth will be greater for cuttings grown in
larger volume containers. Unit cost of plants decreased as the size
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of the container decreased, though mean height of the plants was
significantly less. The cost effectiveness assessment may need to
be adjusted if field survival proves to be lower with smaller rooted
plants.
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