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Abstract: [ Objective ] Japanese larch (Larix kaempferi) is an important fast-growing timber tree species in North China. To
meet the growing demand of the country for timber, extensive areas of secondary forests have been converted into larch
plantations since the 1950s. However, pure larch plantations have caused a lot of problems, including soil acidification and
declining soil fertility, especially in stands of middle-aged or premature larch forests, which can be attributed to low
decomposition rate of the litter and loss of balance between accumulation and mineralization of nutrients in the forest soil.

Microbes are the major factors driving litter decomposition and nutrient mineralization, so this study was oriented to explore
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mechanism of soil fertility declining in middle-aged or premature larch stands from the angle of soil microbes. [ Method ] The
techniques of real-time PCR (qPCR) and terminal-restriction fragment length polymorphism (T-RFLP) and the conventional
experimental analysis methods were used to analyze quantity and community composition of the bacteria and fungi in and
physico-chemical properties of un-decomposed litter, semi-decomposed litter layer and decomposed litter layer in the stands of
young, middle-aged, premature and mature larch forests, separately. At the same time, redundancy analysis (RDA) was also
performed to explore correlations between microbial community structure and physico-chemical properties in the litter layer.
[ Result] Results show that the reserves of litter and nutrients exhibited a trend varying with age of the stand age in the shape
of an inverted “V”, and peaked in the pre-mature stand, while quantity and evenness index of the microbes were the lowest in
the middle-age stand or pre-mature stand. The stands, regardless of development stage, had similar dominant groups of
bacterial species, but varied in relative contents of the groups. However, they differed sharply in dominant fungal species,
particularly in the semi-decomposed litter layer of the pre-mature stand. For example, Fungi T-RF 50, 277 and 276 were
dominant species in the stands of young, middle-aged and mature larch forest, but not in the premature stand, while Fungi
T-RF 201, 346, 349, 359 and 459 were only in the un-decomposed litter layer and semi-decomposed litter layer of the
premature stand. The environmental factors affecting microbial community in litter of the young stand and mature stand were
obviously different from those of the stands of middle-aged and premature larch forests. The microbial communities were
mainly affected by pH, available phosphorus, available nitrogen, readily available potassium, total potassium, C/N ratio and
vegetation biomass in the un-decomposed and semi-decomposed litter layers in the middle-aged and pre-mature stands, but by
total nitrogen, total phosphorus and C/N ratio in the young and mature stands. The environmental factorsalso varied in impact
on fungal and bacterial community structure diversity. [ Conclusion ] Changes in microbial community structure leads to slow
decomposition of litter and decline of soil fertility in the stands of middle-aged and premature larch forest. Dominant
microbial species, especially fungi, play an important role in litter decomposition.Understorey vegetation has an important
effect on microbial composition and diversity, especially in the premature stand. Therefore, Larix kaempferi plantation should
strengthen understorey vegetation management in middle-aged and pre-mature larch forests, like pruning, thinning and some
other measures, that should be carried out timely to promote development of understorey vegetation, improve litter properties,
expedite nutrient recycling and retard decline of soil fertility.

Key words: Litter; Soil fertility decline; Physico-chemical properties; T-RFLP; Microbes
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Table 1 General situation of the sample sites for the research
o R Jlope BROME MO AR F BB
e Wk T
Density/ Diameter/  Canopy  A¥#"/ ‘ Understorey vegetation under the
Stands  Elevation/m  Slope/° WY
(trees-hm ?) cm density (thm™?) stands
Y 353~421 8~15 1638~2225 8.8:0.45 0.6 3.14 0.8 FUBZEY. Wnig s Fa©
313~346 2~5  1263~1625 132303 0.8 3.22 0.6 EITE S
J 436~469 8 838~1012 19.2+0.26 0.9 2.56 0.4 [EYE
C  252~277 8 425~625 24£14 05 5.96 0.9  HHZET. PR, T, SFLH”

Y: #EHK Young stand; Z: H1#E Ak Middle-age stand; J: T MK Pre-mature stand; C: 3K Mature-stand. T [F] The same below.
D B4 B 51 A SCHR[S]Some data in this table is quoted from the reference[5].@Understorey vegetation biomass, 3Understorey
vegetation coverage, @ Chelidonium majus, &Menispermum dauricum, © Corylusheterophyl, (D Cyperus rotundus, @ Spiraea salicifolia.
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Table 2 Chemical properties of topsoil relative to stand different development stagein the Larix kaempferi plantation

sy AHHLAK SOC/ 4% Total 4 Total 440 Total  BRfAR%El Alkalytic A %UWE Available A Readily
Stands Pl (g'kg™") N/gkeg")  Plgkg) K/(gkg™) N/(mg-kg™") P/(mg-kg™") available K/(g'kg ™)
Y 5.31 27.07 435 0.72 13.74 178.8 57.12 0.41
z 5.25 16.49 3.26 0.55 11.94 103.1 479 0.23
J 5.07 22.29 3.48 0.6 12.3 152.1 31.45 0.25
C 5.16 29.67 4.16 0.65 15.27 181.7 23.62 0.35
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Table 3 Physico-chemical properties of the litter relative to stand different in development stage

LOC/ TN/ AN/ TP/ AP/ TK/ AK/
pH 1 1 1 1 1 1 1 C/N
(gkg ) (gkg’)  (mgkg) (gkg)  (mgkg) (gkg™) (gkg)
Y 8.19£0.73a 542.0+64.2a 1.39+0.44a 212.8+70.3a 3.63+0.71ab 42.37+6.28b
z 6.61£0.72¢c 381.6£62.7¢c 0.93+0.18b 208.5+130.1a 3.55+0.45ab 51.56+4.67a
FRiE Stand age
J 7.44+0.64b 407.7+72.6bc 1.10£0.28b 205.8+110.3a 3.42+0.38b 49.15+4.89a
C 7.37+0.57b 465.5+83.9b 0.93+0.10b 101.4+£33.10b 4.04+0.74a 47.99+3.28a

W 5.39+0.21a 373.9+£25.06a 7.68+0.60a 251.6+106.9a 3.41£0.58b 1.15+0.05a 48.91+5.13ab

S3fif)= Layer B 5.18+0.21b 342.7+48.22b 7.73+0.93a 200.4+80.40a 3.35+0.34b 0.97+0.11b 44.67+6.50b

Q 4.85+0.15¢ 335.2+16.42b 6.79+0.71b 94.45+28.10b 4.22+0.48a 0.57+0.10c 49.73+4.73a
M Stand age P 0.275 0.5 <0.001 0.001 0.011 0.046 0.043 0.084 0.003
S3ff)Z Layer P <0.001 0.034 <0.001 0.997 0.438 <0.001 <0.001 <0.001 0.032
LINteTy P

P 0.777 0.966 0.285 0.659 0.812 0.215 0.765 0.892 0.861

Stand agexLayer

DW: K542 Un-decomposed layer; B: 2(43f#)Z Semi-decomposed layer; Q: 443f#)Z Decomposed layer; LOC: #Hi&#4A
HLB% Litter organic carbon; TN: 4% Total nitrogen; AN: B fi# & Alkalytic nitrogen; TP: 4:##% Total phosphorus; AP: F % Available
phosphorus; TK: 4=l Total potassium; AK: #ZL# Readily available potassium. 2)A [F] 7] 378 22 5 i 3 ( P<0.05), F[A]. Different

letters indicate significant difference at 0.05 level. The same below.
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P Stand age P<0.001 P<0.001 P<0.001 P<0.001 P=0.546 P<0.001
511 )2 Layer P=0.766 P<0.001 P=0.15 P=0.187 P<0.001 P=0.15
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Fig.3 T-RFLP analysis of the dominant bacteria in the litter relative to stand different in development stage
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