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Abstract In order to identify the optimum cutting density
for producing the highest number of plantable seedlings
of poplar clones, a split-plot randomized block design
was used to establish four cutting densities in plots. Based
on data on the survival, leaf area, seedling height, caliper,
and biomass of 1-year-old seedlings of clones Nanlin-95,
Nanlin-895, Nanlin-1388 and NL-80351, the growth char-
acteristics and seedling quality under four cutting densi-
ties were analyzed. Results indicated that the leaf area,
stem and leaf biomass, and caliper of seedlings of all four
poplar clones increased with the decrease in cutting den-
sity. Leaf area index reached its highest level at the spacing
of 40 cmx40 cm, while the aboveground biomass of the
seedling on an area basis increased as the cutting density
increased. Seedling quality at low cutting density was
higher than that at closer cutting density. The quantity of
first-grade seedlings (grade I) for clones Nanlin-95 and
Nanlin-895 was achieved at the spacing of 40 cmx50 cm;
for NL-1388 and NL-80351, it was 50 cmx50 cm. Accord-
ing to the seedling quality and the number of plantable
seedlings produced, the suggested cutting density for these
four poplar clones was 50,000 stems/hm?.

Keywords silviculture, poplar clone, cuttage, planting
density, leaf area, biomass, seedling quality
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1 Introduction

A seedling is considered of high quality if it meets the
expectations or standards of performance on a particular

Translated from Journal of Nanjing Forestry University ( Natural
Sciences Edition), 2004, 28(4) (in Chinese)

Fang Shengzou (D<), Tian Ye, Yuan Fayin
College of Forest Resources and Environment,
Nanjing Forestry University,

Nanjing 210037, China

E-mail: fangsz@njfu.com.cn

planting site. The first and most obvious performance
standard is survival. Without adequate survival, a site
must be replanted or interplanted. The second performance
standard is rapid seedling growth. Levels of survival and
growth that are considered adequate must be defined for
each individual site and merchantable size. Failure to meet
these specified levels means an increase in the time until
a particular forest stand reaches maturity and may be har-
vested. This regeneration delay, caused by either a replant
of the site or slow initial growth, results in a loss of value
and volume yield for that forest site [1].

Populus are relatively short-lived, fast-growing trees that
grow on marginal soils and are widely adaptable. Poplars
can be used for different forms of processing in the timber
and fiber industries, and as a source of energy [2,3]. Since
some poplar clones were introduced to China in the 1970s,
poplars have become the major tree species both in plan-
tation forestry and agroforestry systems throughout the
south temperate central area of China, an area of roughly
600,000 km? [3]. Interest in short-rotation production of
various poplar hybrids for fiber (rotation age is about 6
years) and veneer (rotation is about 12 years) has sub-
stantially accelerated in central China and the Jianghan
plain during the past decades [3]. Great strides have been
made in the selection and breeding of superior poplar ge-
notypes [4,5]. One advantage of poplars is that superior
material is quickly available for use because Aigeiros spe-
cies used in China are easy to propagate through asexual
means, usually by vegetative propagation of unrooted dor-
mant stem cuttings. However, bareroot dormant cuttings
are used to establish widely spaced plantations for hard-
wood products in China, especially agroforestry systems
and plywood plantations [6]. This type of plantation system
is expensive, labor-intensive, and is not normally adopted
to merely establish fiber plantations. Better understanding
and implementation of cultural practices to improve seed-
ling quality should enable better matching of seedlings
to forest sites and merchantable utilization, reducing the
chance of regeneration delay and improving future growth
of forest stands. Some reports indicated that a number of
important cultural practices affect indicators of seedling



quality (morphology and physiology) and field perfor-
mance (growth and survival), while cutting density is one
of the most important factors for vegetative propagation
[7,8]. The objective of this study is to investigate the
effects of cutting density on growth, yield and quality in
1-year-old seedlings of new poplar clones, and to attempt
to identify the optimal cutting density for producing the
highest number of plantable seedlings of poplar clones.

2 Materials and methods
2.1 Site description

The nursery was located at the Dongshanqiao Town,
Nanjing (31°18'N, 118°40'E), which is the experimental
nursery of Nanjing Forestry University. The area has a
subtropical climate with an average growing season of
224 frost-free days. Annual precipitation is approximately
1,021 mm and the mean annual sunshine time is about
2,148 h. Mean annual air temperature is 15.5°C and the
highest and lowest temperatures are 43 and —14°C, re-
spectively. Soil is yellow brown earth, with organic matter
content of 24.84 g/kg, pH 6.15, soil density of 1.29 g/cm?,
porosity of 50.97%, total nitrogen content of 10.69 g/kg,
available P and K contents of 5.33 and 55.71 mg/kg,
respectively, within the depth of 20 cm; organic matter
content of 6.68 g/kg, pH 6.80, soil density of 1.65 g/cm?,
porosity of 40.44%, total nitrogen content of 4.03 g/kg,
available P and K contents of 3.15 and 59.15 mg/kg were
found in the soil between the depth of 20 and 40 cm,
respectively.

2.2 Experimental design and measurement

A split-plot randomized block design was used to establish
four cutting densities in plots, and four poplar clones in
split plots with three repeats. In total, 48 split plots were
established, with each split plot containing 100 cuttings.
Cutting density is the number of cuttings planted in an
area of seedbed, expressed on an area basis (cuttings per

65

hectare). The four cutting densities were 83,333 stems/hm?
(spacing 30 cmx40 cm), 62 500 stems/hm? (spacrng 40 cmx
40 cm), 50,000 stems/hm” (spacing 40 cmx50 cm) and
40,000 stems/hm? (spacing 50 cmx50 cm). The four new
poplar clones were clone NL-80351, a hybrid of clone [-69
(Populus deltoides Bartr. ‘Lux’) x clone 1-63 (P, deltoides
‘Havard’), and clones Nanlin-1388, Nanlin-895 and Nanlin-
95, the new hybrids of clone 1-69 x clone 1-45 (P x
euramericana (Dode) Guineir ‘1-45/517).

The cuttings were collected and planted according to the
experimental design in the last 10 days of March 2002. The
size of cutting was 15 cm in length and 1.5-2.5 cm in
diameter. Survival rates of the cuttings were investigated in
the last 10 days of May; caliper and seedling height were
subsequently measured in a 10-day interval. On October
18, 2002, the mean tree technique was used to assess the
aboveground biomass (oven-dried at 70°C) and leaf area
per seedling in different treatments. During the period of
experiment, all the nursery management practices in var-
ious treatments were as the same as ordinary ones.

Data collected from this study were analyzed using
SPSS 11.5 (Statistical Product and Service Solutions) soft-
ware. After conducting an analysis of variance (ANOVA),
Duncan’s multiple range tests were used to detect signif-
icant differences among the treatments with a probability
of 95% (x=0.05).

3 Results and discussion
3.1 Effects of cutting density on cutting survival

Cutting survivals of four poplar clones at four different
cutting densities are presented in Fig. 1. Analysis of var-
iance indicated that there was no significant difference in
cutting survival among four cutting densities (p<0.05)
because no competition for light, nutrients and water be-
tween the cuttings occurred during the rooting period. Mean
survival over four poplar clones was 91.0%, 90.2%, 93.2%
and 92. 3% for the cutting densities (spacings) of 83,333
stems/hm® (spacing 30 cmx40 cm), 62,500 stems/hm?
(spacing 40 cmx40 cm), 50,000 stems/hm? (spacmg 40 cmx
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50 cm) and 40,000 stems/hm’ (spacing 50 cmx 50 cm),
respectively (Fig. 1). Cutting survival among four poplar
clones did not vary widely (p<0.05), and the mean survival
over four spacings was 90.7%, 91.0%, 93.2% and 91.8% for
the poplar clones of Nanlin-1388, Nanlin-895, NL-80351 and
Nanlin-95, respectively. This result suggests that there is no
significant difference in rooting ability among the four
selected poplar clones because of the slight variation in
genotype (all are hybrids of cottonwood).

3.2 Effects of cutting density on the growth
of 1-year-old seedlings

In several studies the quantity of seedlings produced was
studied based on morphological seedling grades at differ-
ent seedbed densities [7-10]. In our study it was shown
that cutting density had significant effects on the growth
of 1-year-old seedlings of poplar clones, indicating that
growth space and light use efficiency were different in the
seedbed with various cutting densities.

3.2.1 Leaf area

The amount of dry matter produced by a plant is lin-
early related with the amount of light energy intercepted
by the foliage canopy, therefore leaf area is a most im-
portant factor affecting plant productivity [11]. Analysis
of variance indicated that leaf area of a single seedling
varied significantly at different cutting densities (p<0.05).
For all four poplar clones, the leaf area of a single seedling
markedly increased as spacing increased, reaching about
1.4 m? for clone Nanlin-95 at a spacing of 50 cmx50 cm,
which is about 1.54-1.73 times that at 30 cmx40 cm
(Table 1).

It was previously pointed out that leaf area index (LAI)
reflects a major role in the interception of solar radiation,
and can be used as a good index to evaluate optimal
seedling density [12]. Using clone Nanlin-95 as an example
(Fig. 2), if we defined the LAI at a spacing of 50 cmx50 cm
as 100%, the relative values of LAI at spacings of 40 cmx50
cm, 40 cmx40 cm and 30 cmx40 cm were 111%, 134% and
121%, respectively. The maximum rate of the relative value
of LAI was achieved at the spacing of 40 cm*40 cm, and
subsequently decreased with the increase in spacing, sug-
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Fig. 2 Influence of cutting density on the leaf area of a single
seedling and the relative value of leaf area index for clone Nanlin-95

gesting that cutting density of 62,500 stems/hm? (spacing 40
cmx40 cm) is the optimum biological density.

A significant difference in leaf area of a single seedling
was also found among the four poplar clones (p<0.05),
but this difference varied at various cutting densities
(Table 1). Duncan’s multiple range tests showed that be-
tween the four poplar clones, there was no significant
difference in leaf area of a single seedling at a spacing
of 30 cmx40 cm, while the mentioned difference was
detected at the other three spacings. The leaf area of a
single seedling by clone was in the order of: Nanlin-95>
Nanlin-895>Nanlin-1388>NL-80351 at the wider spacings.

3.2.2 Aboveground biomass

Seedling biomass was recognized as one of the most crucial
factors affecting field performance, and is also used as an
indicator of nutrient and space utilization for a single
seedling or community [9]. In general, lowering seedbed
density leads to seedlings with larger stem diameters and
heavier shoots and roots (dry weight). However, the
number of desirable seedlings (those suitable for field
planting) declines with the increase in spacing, and the
economic benefit is not optimal. The effects of spacing on
the aboveground biomass of 1-year-old seedlings are pre-
sented in Table 2.

Table 1 Leaf area (m*/stem) per single 1-year-old seedling of four poplar clones at four different cutting densities

Spacing Jem? Clone

Nanlin-95 Nanlin-895 Nanlin-1388 NL-80351
30x40 0.809Aa 0.836Aa 0.781Aa 0.794Aa
40x40 1.202Ba 1.121Bb 1.062Bc 1.011Bd
40x50 1.245Ba 1.206Bab 1.121Bbc 1.083Cc
50x50 1.397Ca 1.353Ca 1.253Cb 1.220Db

Data were measured on October 18, 2002 and analyzed by Duncan’s multiple range tests at p=0.05. The means followed by identical capital
letters were not statistically different within the columns (spacings), while those followed by identical small letters were not statistically

different within the lines (clones) (The same as in Tables 2 and 3).



ANOVA showed that there was a significant difference
in both stem and leaf biomass of a single seedling among
four spacings (p=0.05), and both stem and leaf biomass
increased with the increase in spacing (Table 2). Duncan’s
multiple range tests indicated that a significant difference in
stem biomass existed among four cutting densities for
clone Nanlin-95, whereas there was no obvious difference
in stem biomass between spacings of 30 cmx40 c¢cm and
40 cmx40 cm for clones Nanlin-895, Nanlin-1388 and NL-
80351 (p=0.05). For the leaf biomass of a single seedling,
no significant difference was observed between the spac-
ings of 40 cmx40 cm and 40 cmx50 cm for all four poplar
clones, whereas it varied significantly between the spacings
of 30 cmx40 cm and 50 cmx50 cm.

Using clone Nanlin-95 as an example (Fig. 3), if we
defined the aboveground biomass per hectare at a spacing
of 50 cmx50 cm as 100%, the relative values of biomass at
spacings of 40 cm*50 cm, 40 cmx40 cm and 30 cm*x40 cm
were 107%, 116% and 133%, respectively. Result from the
present study suggests that biomass productivity was ele-
vated with the reduction in spacing, and maximum pro-
ductivity was achieved at the spacing of 30 cmx40 cm.
From the view of productivity (on an area basis), the num-
ber of poplar seedlings per hectare still plays a major role in
biomass production after one growing season.

Analysis of variance also indicated that there was a
significant difference in aboveground biomass of a single
seedling among the four poplar clones (Table 2). A general
trend was that both the stem and leaf biomass of clones
Nanlin-95 and Nanlin-895 were higher than those of
Nanlin-1388 and NL-80351 at the four spacings.

3.2.3 Seedling height and caliper

Generally, seedling caliper and seedling height at the time
of outplanting greatly influences outplanting success and
growth rate in the field. Analysis of variance showed that
cutting density in the nursery had a significant influence in
both seedling caliper and seedling height of poplar clones
(»=0.05). In this study, seedling caliper after one growing
season was consistently higher as cutting density decreased,
and the mean seedling caliper of four poplar clones was 2.03,
2.11, 2.41 and 2.57 cm for the cutting densities (spacings)
of 83,333 stems/hm? (spacing 30 cm=40 cm), 62,500 stems/
hm? (spacing 40 cmx40 cm), 50,000 stems/hm? (spacing 40
cmx50 cm) and 40,000 stems/hm? (spacing 50 cmx50 cm),
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Fig. 3 Influence of cutting density on the aboveground biomass of a
single seedling and the biomass on an area basis for clone Nanlin-95

respectively (Table 3). However, there was no consistent
tendency in seedling height growth with increasing spacing,
and the mean seedling heights of four poplar clones
after one growing season were 3.13, 3.11, 3.42 and 3.42 m
for the cutting densities of 83,333, 62,500, 50,000 and
40,000 stems/hm?, respectively. Duncan’s multiple range
tests indicated that a significant difference in both seedling
caliper and height existed between spacings of 30 cmx40
cm and 50 cmx50 cm as well as between spacings of 40
cm*40 cm and 50 cmx50 cm for all four poplar clones
(p=0.05).

ANOVA indicated that there was no significant
difference in both seedling height and caliper among the
four poplar clones at a spacing of 30 cm»40 cm (Table 3),
while an obvious difference was observed at the other three
spacings (p=0.05). After one growing season, the mean
seedling heights at four spacings were 3.34, 3.36, 3.14 and
3.25 m for the clones of Nanlin-95, Nanlin-895, Nanlin-
1388 and NL-80351, respectively, whereas the mean calipers
over four spacings were 2.30, 2.39, 2.13 and 2.30 cm for the
poplar clones of Nanlin-95, Nanlin-895, Nanlin-1388 and
NL-80351, respectively.

3.3 Effects of cutting density on seedling quality

Morphological characteristics are the physical or visually
determinable attributes of a seedling. The major morpho-
logical criteria used to describe seedling quality are the
basis for grading seedlings at the nursery, of which shoot

Table 2 Stem and leaf biomass per single 1-year-old seedlings of four poplar clones at four different cutting densities

Spacing /em®>  Stem biomass /g

Leaf biomass /g

Nanlin-95 Nanlin-895  Nanlin-1388  NL-80351 Nanlin-95 Nanlin-895 Nanlin-1388  NL-80351
30x40 222.48Aa 225.86Aa 191.25Ab 198.76 Aab 60.97Aa 65.42Aa 60.47Aa 63.92Aa
40x40 240.43Ba 240.45Aa 209.03Ab 219.68Aab 90.73Ba 87.83Bab 82.16Bb 81.48Bb
4050 285.74Ca 290.46Ba 252.96Bb 250.09Bb 93.97Bab 94.39Ba 86.69Bb 87.30Bab
50x50 340.12Da 332.84Ca 326.29Ca 305.65Cb 105.43Ca 105.78Ca 96.88Cb 98.24Cb
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Table 3 Seedling height and caliper of four poplar clones at four different cutting densities

Spacing /em®  Seedling height /m

Caliper /cm

Nanlin-95 Nanlin-895  Nanlin-1388 ~ NL-80351  Nanlin-95  Nanlin-895  Nanlin-1388  NL-80351
30%40 3.10Aa 3.19Aa 3.18ABa 3.04Aa 1.94Aa 2.17Aa 2.10Aa 1.90Aa
40x40 331Aa 3.10Aab 2.84Ab 3.18Aa 2.13Aa 2.12Aa 2.01Aa 2.16Aa
40%50 3.36ABab 3.61Ba 3.07Ab 3.65Ba 2.58Ba 2.55Ba 1.96Ab 2.56Ba
50%50 3.57Ba 3.53Ba 3.48Ba 3.11Ab 2.56Ba 2.70Ba 2.45Ba 2.56Ba

height, stem diameter, root mass and shoot/root ratio are
very important indexes. Using seedling caliper and seed-
ling height as evaluation indexes, the seedling quality of
poplar clones was divided into three grades by the Fuzzy
Cluster Analysis method [9,10]. The result is presented in
Table 4.

Based on the seedling grading standard in Table 4, ratios
and seedlings quantities per hectare in each poplar seedling
grade at different cutting densities are presented in Table 5.
For all poplar clones, the percentage of grade I seedling
greatly increased as the spacing increased, whereas the
ratio of grade III seedling decreased markedly (Table 5).
For example, the seedling quantity of grades I, Il and III for
clone Nanlin-95 accounted for 20%, 50%—55% and 25%—
30% of the total at spacings of 30 cmx40 cm and 40 cmx
40 cm, respectively. However, at wider spacings (40 cmx
50 cm and 50 cmx50 cm), the seedling quantity of grades I,
II and IIT accounted for 55%—-60%, 30%—40% and 0%—
15% of the total for clone Nanlin-95, respectively.

Table 5 also shows that the total quantity of seedlings
per hectare significantly fell as the spacing increased,

although the proportion of large, morphologically high-
grade seedlings was usually found to increase as cutting
density decreased. Taking clone Nanlin-95 as an example,
the seedling quantity of grade I was 16,667 stems/hm”
for the 30 cm*40 cm spacing, 12,500 stems/hm? for 40
emx40 cm, 27,500 stems/hm® for 40 cmx50 cm and
24,000 stems/hm® for 50 cmx50 cm, respectively, and
the highest was reached at the spacing of 40 cmx50 cm,
which is 1.65 and 2.20 times of that at 30 cmx40 cm and 40
cmx40 cm, respectively. However, the highest quantity of
seedlings per hectare was observed at the spacing of 30
cmx40 cm, which is 1.3, 1.7 and 2.1 times of those at 40
cmx40 cm, 40 cmx50 ¢cm and 50 cm*50 cm, respectively.
For clones Nanlin-895 and NL-80351, the largest quantity
of grade I seedlings also was found at the spacing of 40
cmx50 cm, whereas the largest quantity of grade I seedlings
was observed at the spacing of 50 cmx50 cm for clone
Nanlin-1388 (Table 5).

The proportion of high- to low-grade seedlings increased
as bed density decreased, that is, low seedbed densities
produced a greater number of larger seedlings that per-

Table 4 Indexes of poplar seed-

. . li
ling quality grades based on the Seedling grade

Seedling height /m

Caliper /cm

Fuzzy Cluster Analysis Mean Range Mean Range
1 3.77 3.45-4.50 2913 2.570-3.608
I 3.36 2.90-3.80 2.253 1.542-2.830
III 2.65 2.10-3.20 1.669 1.266-2.024

Table 5 Ratios and seedlings quantities per hectare in each poplar seedling grade at different cutting densities

Spacing /cm?  Seedling grade Clone Nanlin-95

Clone Nanlin-895

Clone Nanlin-1388 Clone NL-80351

Ratio /% Quantity Ratio /% Quantity Ratio /% Quantity Ratio /% Quantity
/(stem-hm ) /(stem-hm ) /(stem-hm ?) /(stem-hm )
30%x40 I 20 16,667 25 20,833 15 12,500 0 0
I 50 41,666 40 33,333 45 37,500 50 41,667
I 30 25,000 35 29,167 40 33,333 50 41,667
40x40 I 20 12,500 20 12,500 20 12,500 10 6,250
I 55 34,375 55 34,375 50 31,250 65 40,625
I 25 15,625 25 15,625 30 18,750 25 15,625
40x50 1 55 27,500 55 27,500 25 12,500 35 17,500
I 30 15,000 35 17,500 50 25,000 50 25,000
I 15 7,500 10 5,000 25 12,500 15 7,500
50%50 I 60 24,000 60 24,000 50 20,000 45 18,000
I 40 16,000 25 10,000 35 14,000 45 18,000
11 0 0 15 6,000 15 6,000 10 4,000




formed better in the field [13], in agreement with the results
from the present study. From an economic standpoint, our
results suggest that the spacing of 40 cmx50 cm is the best
spacing for culturing the cuttage seedling of four poplar
clones, because seedlings of grade Il were also acceptable
in the practice.

4 Conclusions

Based on the results from this study, several conclusions
were drawn as follows:

(1

)

€)

“4)

Cutting density (growing space) had a significant effect
on the growth of 1-year-old seedling for four poplar
clones. In summary, caliper, leaf area and aboveground
biomass were more affected by cutting density than
seedling height. Decreasing cutting density (increasing
the growing space) for each seedling results in larger
caliper, increased dry weights, and more uniform crop
size for poplar clones. Furthermore, variation in
seedling size decreased as cutting density decreased,
an important point in this study.

Leaf area index (LAI) and aboveground biomass
production on an area basis were markedly affected
by cutting density. Maximum level of LAI was
achieved at the spacing of 40x40 cm, while maximum
biomass production was observed at the spacing of
30x40 cm. From the view of productivity, the number
of poplar seedlings per hectare still plays a major role
in biomass production after one growing season.

As the spacing increased, the seedling quantity of
grade I for poplar clones significantly improved, while
the seedling quantity of grade III decreased. The
highest quantity of grade I seedlings was achieved at
the spacing of 40x50 cm for clones Nanlin-95 and
Nanlin-895, and obtained at the spacing of 50x50 cm
for clones Nanlin-1388 and NL-80351.

The proportion of large, morphologically high-grade
seedlings was usually found to increase as cutting
density decreased, and the seedling quality of poplar
clones was divided into three grades in this study.
However, all these benefits of growing seedlings at
lower cutting densities must in turn be weighed against
the costs of using more land to produce the same
number of seedlings. This study attempts to identify
the optimum cutting density for producing the highest
number of plantable seedlings of poplar clones, and
suggests that the spacing of 40 cmx50 cm (cutting
density of 50,000 stems/hm?) is the best one. It should
be emphasized, however, that this optimum might
change with different nurseries, cutting quality, cultural
practices, and seedling quality specifications.

©)
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For the four poplar clones, there was no significant
difference in growth; however, increase in leaf area,
biomass production, seedling height and caliper of
clones Nanlin-95 and Nanlin-895 was slightly higher
than that of clones Nanlin-1388 and NL-80351at a
closer density. In effect, the seedling quality of clones
Nanlin-95 and Nanlin-895 was superior to clones
Nanlin-1388 and NL-80351.
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