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Abstract

Aims Picea asperata is one of the keystone spruce species used for reforestation in subalpine coniferous forest
of western Sichuan, China. A total of ca. 13 000 hm?” of plantations are dominated by this species in this region.
Our objective was to assess (a) potential for natural regeneration and (b) critical factors limiting regeneration of
this tree species in spruce plantations.

Methods We conducted field studies on the seed rain, soil seed bank dynamics and seedling establishment in a
65-year spruce plantation in Miyaluo subalpine coniferous forest of western Sichuan, China from 2002 to 2008.
We used seed traps, sieved to determine the soil seed bank, and recorded seedlings.

Important findings Pinus asperata seed rain commonly lasted from early October to the end of January or early
February. There was a large annual variation in seed production, with mast years at 4-year intervals. We concluded
that seed availability was not a limiting factor for natural regeneration, at least in mast years. The seed bank was
transient, with losses from seed decay and seed predation being the two most important factors affecting seed
bank dynamics. Only a small fraction of seeds germinated and produced seedlings, e.g., 3.6% in 2002. Higher
seedling mortality greatly reduced the total number of germinated seedlings, and few seedlings survived after one
growing season. Deep litter and moss were the most common substrates for P. asperata regeneration, having 93%
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of all germinated seedlings. Most surviving seedlings occurred with a substrate depth of 0-2 cm, and seedling

mortality increased with greater depth, suggesting substrate depth is an important constraint on natural regenera-
tion. Seedlings on moss substrate had greater root collar diameter, number of green shoots, estimated dry weight
and annual dry weight increment but less height than those on litter substrate. In conclusion, despite a substantial
seed production, high depletion of soil seed, low germination and high seedling mortality limit natural regenera-

tion of P. asperata.
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Fig. 1 The dispersal dynamics of Picea asperata seeds collected in the year of 2002 (A) and 2006 (B) beneath the 65-year spruce
plantation of western Sichuan, China (mean + SD, n = 20). SR, seed rain intensity.
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Table 1 The seed rain densities (seeds'm ) and seed types of Picea asperata in the 65-year plantation in 2002—2007 (mean + SD,
n=20)

Fhy 214> Component
e T FITE TR T R
Total number of seed rain Viable seeds Decayed seeds Empty seeds
2002 1 088.16 = 52.34" 768.06 + 37.94"° (70.58%) 33.90 + 5.21%(3.12%) 286.20 £ 11.19% (26.31%)
2003 2.35+1.02¢ - _ _
2004 2.17+0.98¢ - - _
2005 3.44 +£1.26¢ - _ _
2006 704.28 + 48.86" 454.04 £ 28.95% (64.47%) 30.40 + 5.475°(4.31%) 219.84 £ 10.48% (31.22%)
2007 2.89+1.08 - - _
gz WECTF 7 A i L. AR RS FRER R [ R R 22 5 W, M NS FREROR AT R W 2 R . - &

The data in the brackets are proportion of different seed types accounting for the total seed rain. In a row followed by the same lowercase superscript
are not significantly different at p < 0.05 level from each other, and those in a column followed by the same uppercase superscript within the same
sampling are not significantly different among the three stands at p < 0.05 level. —, no data.
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Table 2 The soil seed bank densities and seed types of Picea asperata in March 2003 and 2007 (after seed rain) and August 2003
and 2007 (after soil seed germination) in the 65-year plantation, respectively (mean + SD, n = 20)

EA Fhy W& T JE b TR

Year Total number of seeds Viable seeds Decayed seeds Empty seeds

2003

3/ March 1 065.6 + 88.06* 609.6 + 55.23%(57.20%) 139.6 + 15.31° (13.04%) 316.4 £ 25.00 (29.76%)
8 August 872.8 + 77.124 0° 564.5 + 55.16"* (66.68%) 308.3 +26.56%(33.32%)
2007

3H March 649. 4 + 65.44° 365.1 £ 38.18% (56.35%) 92.2 + 14.89 < (14.15%) 192.1 + 20.595% (29.59%)
8] August 480.5 £ 44,544 0 302.8 +26.98*8°(63.01%) 177.7 £ 19.62%°(36.99%)

o5 WECT N IZRRT 7 A R . AN RIS T REROR R — R (R 2 5 2, AN RN T RERROR A AT B 1A 2 S

The data in the brackets are proportion of different seed types accounting for the total seed number. In a row followed by the same uppercase super-
script are not significantly different at p < 0.05 level from each other, and those in a column followed by the same lowercase superscript within the
same sampling are not significantly different among the three stands at p < 0.05 level.
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Fig. 2 The flow chart of seed regeneration of the 65-year plantation of Picea asperata.
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Fig. 4 Seedling occurrence in relation to ground cover type in
the 65-year plantation of Picea asperata. Total plot area = 200
m?, total seedling number = 1 770.
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Table 3 The soil seed bank densities of Picea asperata with the position in relation to canopy cover in the 65-year spruce plantation

in 2007 (mean + SD, n = 20)

WA In gap

WA A% Canopy edge

#5E T Under canopy

& JJAPT Viable seeds 80 + 33.78* (19.75%) 121 £ 52.6™ (17.36%) 207 + 87.54° (24.47%)
JEIEM T Decayed seeds 160 £ 24* (39.51%) 321 +90.2° (46.1%) 332+ 71.11° (39.24%)
ZERiFiF Empty seeds 165 + 40.58" (40.74%) 255+ 101.1* (36.59%) 307 £ 97.07* (36.29%)
Fh¥ 40 Total number of seeds 405 £ 42.51° 697 + 83.74° 846 + 190.48°

5 AT NI TR BB AN TR AR A A 2 R B (p < 0.05).

The data in the brackets are proportion of different seed types accounting for the total seed number. Different letters within the rew indicate signifi-

cantly different among means at p < 0.05 level.

FA B EITE YW R Y)Y 5 R JEOK 5 B AR LW R AL B AR R (200747 H A2 11 H)

Table 4 Effects of thickness and water content of ground cover types (i.e. litter and moss) on seedling survivorship from July to
November 2007 in the 65-year-old coniferous plantation forest of Picea asperata (total plot area = 200 m?)

Hule e

Ground coner type

yeanE ol

Survived seedlings

ISP Ame )
Natural seedling mortality

WAL HIET
Destroyed seedlings

TR
Soil moisture (%)

PP )R Litter thickness

0-2 cm 321 (76.07%)
24cm 97 (22.99%)
>4cm 4(0.95%)

4Hi $140 Total number of seedlings 422
HEEEE Moss thickness

0-2cm 307 (86.72%)
2-4cm 35 (9.88%)
>4cm 12 (3.39%)

4Hi $140 Total number of seedlings 354

22 (5.80%)
242 (63.85%)
115 (30.34%)
379

52 (20.39%)

80 (31.37%)
123 (48.33%)
255

10 (6.37%) 15.41%
78 (49.68%) 9.30%
69 (43.95%) 7.16%
157 -

30 (22.56%) 11.72%
38 (28.57%) 11.30%
65 (48.72%) 10.02%
133 -

155 BT N IZ R L Y R B

The data in the brackets are proportion of seedling types accounting for the total number of seedlings.
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Table 5 Seedling growth parameters in relation to ground cover type (i.e. litter and moss) in the 65-year plantation of Picea asper-

ata (mean + SD)

HERKSH P e Iy B TG TR KR K QS

Growth parameter Height (cm) Diameter at Number of green Estimated Annual dry weight ~ Annual height
ground height shoots dry weight (mg) increment (%) increment (%)
(mm)

20064E10H October, 2006

FH¥ Moss (n = 304) 3.59+1.86 0.61 +£0.35 0.07+0.12 61.98 +£32.34 - -

4% Litter (n=158)  3.72+1.42 0.59 +0.39 0.06 +0.16 56.85 = 29.90 - -

2007410 /] October, 2007

B HE Moss (n=202) 482+1.95 0.69 + 0.42 0.22 +0.89 65.39 £35.27 5.50% 34.27%

JHIEY) Litter (n=111) 492+ 1.75 0.63 £0.37 0.13 +0.68 59.46 +32.16 4.59% 32.25%

20084£10H October, 2008

4§ Moss (n=131) 5.08 +1.86 0.80 +0.49 0.52 +0.47 79.72 + 45.38 21.91% 5.39%

YY) Litter (n = 66) 523+1.92 0.66 + 0.48 0.36 +0.82 65.43 £ 40.06 9.89% 6.30%

TEL MR H 7 Ty = —0.0441 + 0.01003x; + 0.08148x%, + 0.01833%; (R*= 0.740, p < 0.000 1, n = 200), Hrhx bk, x hHiAe, xs b 3. #%5

P EE AR T A3 ) A2 Sl Bt

The linear regressions equation between seedling dry weight (Y) and height (X;), root collar diameter (X,) and number of green shoots (X;) is y =
—0.0441 + 0.01003%, + 0.08148x,+ 0.01833x; (R*= 0.740, p < 0.000 1, n = 200). The data in the parentheses are the total number of survived P. as-

perata seedlings distributed in two ground cover types.
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