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Decomposition dynamics of plant residues in ecological tea
plantations across different spatial scales

SONG Kai, YANG Rui", GUO Jia-rui, MA Jue-bing, LIU Sha-xi,
GAO Xu, ZHAO Yang-yang

(College of Forestry, Guizhou University, Guiyang, Guizhou 550025, China)

Abstract: [ Objective ] To explore the natural decomposition change process of different plants in different spaces and
provide a theoretical basis for the material nutrient cycle and maintenance of soil fertility in tea plantations. [ Method] The
decomposition bag method was used to analyze decomposition characteristics, temporal dynamics, and differences in de-
composition rates at different stages of plant residue decomposition in soil, forest canopy, and surface of tea(Camellia si-
nensis) prunings, light-barked birch (Betula luminifera) , monkey camphor ( Cinnamomum bodinieri) , cedar (Cunning-
hamia lanceolata) , and horsetail pine (Pinus massoniana). [Result] The overall trend of natural decomposition of plant
residues was fast-slow, and the rate of residue mass loss in different spaces was soil>surface>crown. Specifically, the rate
of weight loss of tea prunings, light-barked birch, and monkey camphor gradually decreased with increase of height, and
that of cedar and horsetail pine first increased and then decreased with increase of height. Multi-factor analysis of variance
showed that space, time, tree species, and three-way interaction extremely significantly affected the dry weight residual
rate of plant residues(P<0.01) , with the most significant effect being time, followed by space, tree species, and the smallest
being three-way interaction. Using Olson’ s exponential decay model to estimate the decomposition coefficients of each
tree species, it was found that the overall decomposition rate of the forest canopy was lower than that of the surface and
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soil, and the decomposition rate of plant residues of coniferous species was lower than that of broadleaf species. There
were differences in decomposition rates among different tree species, and the decomposition rate in the early stage was sig-
nificantly greater than that in the late stage in the surface and soil. The annual decomposition rate of the forest canopy and
soil was ranked as tea prunings>light-bark birch>monkey camphor>horsetail pine>cedar. At the same time, that of the sur-
face was the inter-species ranking of tea prunings>light-bark birch>monkey camphor>cedar>horsetail pine. And the an-
nual decomposition rates of tea prunings, light-bark birch, monkey camphor had a significant linear positive correlation
with the space (P<0.05), the relationship between cedar and horsetail pine was insignificant(P>0.05). [ Conclusion] The
surface and soil can improve the efficiency of plant residue utilization compared to the forest canopy, and appropriate re-
moval of plant residues accumulated in the forest canopy and placing them in the soil and surface environments is more

conducive to their degradation.

Key words: tea plantations; plant residues; forest canopy; soil surface; soil; decomposition
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Table 1 Multi-factor analysis of variance for decomposition of five plant residues

et 25 [1] FRF 1] El 23 [61] < 5 i) 23 )< A I ] < %Y 25 [ < ] < A o
Statistical parameter Space Time Species Spacextime Spacexspecies TimeXspecies Spacextimexspecies
n? 0.861 0.898 0.804 0.477 0.413 0.347 0.323

F 559.050 318.054  184.695 16.407 15.822 4.780 2.149

P <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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&2 STIEMRESFERTE(0~60 d) SRR (60~360 d) ISR T #
Table 2 Decomposition percentage of five plant residues in the early stage(0-60 d) and late stage(60-360 d) of decomposition

LK BrEc(d) S3fif H 5348 (%) Decomposition percentage
Species Period M3 Canopy 17 Soil surface 14 Soil
FABHTY) C. sinensis pruning 0~60 14.43+0.62cB 35.39+5.34bA 44.00+2.41aA
60~360 32.85+2.12aA 13.91+2.85bB 13.18+2.69bB
SCEME B. luminifera 0~60 7.77+0.95¢B 28.82+1.85b 39.89+1.32aA
60~360 42.35+1.16aA 26.70+1.06b 29.53+3.39bB
Wk C. bodinieri 0~60 4.46+0.46cB 25.90+0.31bA 31.39+1.57aA
60~360 35.90+3.43aA 21.92+1.84bB 22.28+2.81bB
K C. lanceolata 0~60 5.64+0.95¢B 31.81+1.97aA 27.84+1.52bA
60~360 25.59+1.77aA 15.43+0.98bB 14.14+0.89bB
LN P massoniana 0~60 6.45+0.16bB 23.42+2.14a 24.60+0.77aA
60~360 28.73+2.93aA 23.95+3.44ab 19.84+2.45bB

NNF) /NG - B 7 ] — R AP LE []— B B AS [ 25 (1) 2 ) 25 53 8835 (P<0.05 ) 3 A8 [7) K5 S 1 3 7 [o] — A o 6 A 1) 2 [ AR ) B ) 22 S5 0 35

(P<0.05)

Different lowercase letters indicated the same tree species at the same stage and different had significant difference (P<0.05) ; different uppercase let-
ters indicated the same tree species in the same spaces and at different stages had significant difference(P<0.05)
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Table 3  Fitting model analysis and prediction of decomposition of different residues

T 25 [H] myEY R BT IE] (4F) Time of decomposition(year)
Species Space Regression model 50% 95%
FAEHIY) C. sinensis pruning Mo 1=82.8¢07 0.85 0.95 4.09
ML y=95.8¢% 0.92 .11 478
+15 »=79.3¢ 5 0.82 0.86 3.73
Fe e B. luminifera g 1=86.9¢"7% 0.86 0.89 3.85
e y=97.8¢ 6 0.87 1.05 4.53
14 y=76.6e"% 0.85 0.83 3.60
Wi C. bodinieri i =93.0e ¢ 0.91 1.12 4.85
ML y=102.1¢4" 0.96 1.42 6.14
+4% y=84.9¢074 0.87 0.94 4.07
2K C. lanceolata Mg y=85.1¢06% 0.82 1.08 4.68
Mgt 3=99.0¢ 03 0.98 2.04 8.82
13 7=86.2¢ 03 0.86 1.79 7.74
KN P massoniana Wk 1=94.0¢ " 0.87 1.16 5.01
e y=101.2¢"4 0.97 1.60 6.91
135 y=87.1¢* 0.81 1.33 5.75
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[T (IR NG IWIRR 55 ) K AT i VAN 5 43 i A DL
T L 7K i R A T B bR e 4 (Dawvis et all.,
2006) , 8 B Ao R 2R 242 A A B AR A ) o 2 A
2 JUHAR RS O A4, 2016) o TR B FIIRE 1Y
I o R I A W N A s e 1 (R 55, 2017
3 e 3 23 I ik R0 I ) S e (VR R A
2022) . TES3 R E BB 322 AR YK Sl (Li et al.,
2021) , Bl 53 fif B HEA T HE ) B A roxE 53 A ) T R
MEE W)L (LTYE R R UR 55 ) B i 2R, A i
R AV E HIAE o3 fifp ok 78 ot = 5 /E H (Bradford et al.,
2016) , [F] AR 5% A4 b B A= W) I R 6 BT, B
PAFE Uk ARG 5 B W Tl 6 PR R AT, e i R i
— AR (RS FE 55, 2020) o [H A Z=AS i Ab AR b

fifp R B R, T RE S R T L AR A AR i h R
FEEEAEN, IFREAEARIE T 424 (Wang et al.,2013) .
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AW SRAA 3 itk 22 K0 (o) B 2 TR) A8 A PRI R T S
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VER B 3 A= i PR A S e (T 2 5, 2022 ), [R] 42
PR BRAR T i AR AR A ) e (AT 25 1 HE BRI
ARSI A , S O BRI T R A
B3 5 AL T AN TR B AR AZ AR B R A it 22 B0 %
A — O, A LA AT RE S B A ol A 08 v A
A7 2H PRI 45 R A (] S B8O 73 ik i 39 il 22 5 (i
H145,2016) o [Al—2BRURRAR P, AL 20 M 2R S B
A B o AT G, QAN [ IR AR Ao i R HE e
MR g i W RS Tl > e ] I Y o> - A o (23 0 1
85,2023) 0 ABFFELE R, AR A )R 2B 8T8 |
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Fig.4 Changes of decomposition rate of five plant residues in
early stage(A ), late stage(B) and annual(C) with space
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Solid line indicated significant, dotted line indicated not significant
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