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Decomposition of Leaf Litter in Pinus yunnanensis Forest
and Evergreen Broad- Leaved Forest in Central Yunnan
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Abstract: The decomposition and its nutrient dynamics of leal liters of Pinus yunnanensis, Cyclobanopsis
glaucoides and Castanopsis orthacantha in pine forest stand and evergreen broad— leaved forest stand in cer
tral Yunnan had been investigated by using the litterbag method in a duration of 868 days. It was found that
the decomposition rates of both bwad— leaved leaf litters are greater than that of pine needles. There are obr
vious differences between pine fores dand and evergreen broad— leaved forest stand in decomposed mass loss
of leaf litters of three species. The decomposition coefficients were 0. 55~ 0.6 la”™ ' for three leaf litters in
evergreen broad— leaved forest, and in pine forest they were 0. 50~ 0. 53 a~ ! The removal rates of nutrient
elemerts in litter change with the quality of leaf litter and decomposing site. During decomposition process
the N, Al, Fe and Zn release of three leaf litters in both forest stands showed increase in the first period in

content, and thereafier showed decrease over rest of this trial. P and Ca in decomposing leaf litters had also
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immobilization in evergreen broad— leaved forest stand. Mg and K exhibited a relatively rapid initial loss in
the light of concentration and cortert, thereafter followed a steady decrease. The removal rates of nurierts in
decomposing pine needles were lower than that of the other two broadleaf liters. The time and range of most
elemerts immobilization of leal liters in evergreen broad— leaved forest stand were cut down, and the de
composition speed of leaf litter increased, which ndicates evergreen broad— leaved forest stand was beneft
cial to the decomposition of leaf liter and nutrients cycling in comparison wih pie forest stand.
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Table 1 The regression equation baween leaf litter remains (y) of three species and years (t) under different forest sites

Species Places Regression equation Coefficient Decomposition rate
| A Y=95.0117¢ >0 - 0. 9778* 0.5016
B Y= 92.0287¢ 531 - 0. BO7* * 0.5531
) A Y= 96.0818¢ * 84 - 0. B17* * 0.5086
B Y= 93. 40436 0 P4 - 0. 982* * 0.5794
; A Y= 96.3319¢ 32 - 0. &3 * 0.5332
B Y= 82 4507¢ 614 - 0. 9384% 0.6116
1: Pinus yunnanensis ; 2: Cyd obanopsis glaucoides ; 3: Castangsis orthacantha
A: Pinus yunnanensis forest; B: Evergreen broad— leaved forest

* p< 005, ** p< 0.01
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1. 45% 1. 85%; N Ca
1.07% 1. 2%, 1.32% 1. 58%,
) N Ca
, N Ca P Fe Al Zn
. K Mg )
2.3
( )
, 3
(3 3 N , ;
N ; )
218 d,
28.7%  37.5%, N 13%,
N 4% Al Fe 7n ,
( ) ;
, 3 Mg ( ) , Fe
( 868 d) , 3

( ) :
, : Mg (17.6)> K(17.8) > P(35.1) > Ca(37.4)> Zn
(44.6)> Mn(51.5)> N(73.5) > Al(68.2)> Fe(82.9); : K(15.8) > Mg(21. 6)> P
(24.3)> Ca(32.2)> Mn(40.7)> N(54.7)> Zn( 72.9) > Fe( 147.8) > Al(148.9);
: Mn(7.2)> K(10.2)> Mg(11.2)> Zn(20.3) > Ca(25.0)> P(44.6)> N(51.6) > Al(143. 1)
> Fe(212.5)
, : Mg (14.9) > K(15.6) > Ca(24.6) > P(33.7) > Mn
(43.7)> Zn(61.4)> N(63.2)> Al(76.3)> Fe(106.3); . Mg(15.6)> K(20.7)
> P(27.8) > Ca(28.5)> Mn(40.6) > N(42. 4) > Al(134.1)> Fe(155.3) > Zn( 166.5) ;
. Mn(4.5)> Mg(8.31)> K(11.6)> Ca(20.0)> Zn(3L. 6) > N(41.7)> P(45.6) > Al
(151.5)> Fe(245.7)

?

) (McClaugherty , 1985; Berg
1993) ,

C/N
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Table 2 Nutrient concentration of in decomposing leaf litters of different types under different forest sites
Nutrient concentration (%)
Species Time (Days)  Places N P K Ca Mg Al Fe Mn Ze

A 0.52 003 006 086 0.247 0295 0129 000 0003
0 B 0.52 003 006 086 0.247 0295 0129 000 0003
A 0. 551 0037 0135 L1115 0182 0225 008 005 0003
17 B 0.660 003 0142 098 0.195 038 013 004 0004
A 0.600 003 0123 L2241 0146 0197 0.0 005 0004
218 B 0. 831 003 0136 1067 0141 0495 0226 0062 0004
A 0. 851 0035 0118 137 0198 0182 008 0062 0004
! 3B B 1.2200 0047 0 M9 1263 0177 0540 0.264 0067 0006
A 1.171 0040 05 120 0174 0277 0132 0067 0003
508 B 1. 251 0052 0110 L1165 0136 0467 0318 0060 00006
A 1.130 004 0089 1188 0.143 0564 0314 0074 0004
0 B 1.280 0057 0106 089 0.150 0.865 0.519 0081 0 008
A 1. 111 0 041 05 09%8 0.130 0.602 0.3200 0077 0004
868 B L19 00 0095 080 0140 0855 0.521 008 0007
A 0.720 0048 0266 1172 0.240 0119 0072 0104 0001
0 B 0.720 0048 0266 1172 0.240 0119 0072 0104 0001
A 0.819 004 0205 1268 0.248 0.144 008 014 0002
17 B 0.960 004 0216 1355 0249 0325 0131 0106 0002
A 0.951 004 0136 149 0254 0157 00% 01065 0002
218 B .22 0052 01 L2 0.255 0487 0167 0109 0003
A .20 004 0119 1849 0.180 0168 0.098 0127 0002
2 37 B 1.339 0 061 0 181 1767 0.177 058 0375 0126 0004
A 1.278 0048 0123 189 0162 018 0174 014 002
508 B .45 0057 0201 131 0151 053 03% 0126 006
70 A 1. 451 003 0120 L6605 0153 0451 028 0110 0002
B 1.530 0052 027 130 0144 058 03%9 01% 007
968 A .02 0032 0115 1521 0142 048 0292 0116 0002
B 1.100 0048 0198 122 0135 0575 0403 0152 006
A 0.710 0026 0307 1214 0.491 0.139 0.061 0106 0003
0 B 0.710 0026 0307 1214 0.4991 0.139 0.061 0106 0003
A 0.819 0026 0185 1200 0315 0184 0062 007 0003
1 B 0.960 003% 0202 1255 0.28 0305 0105 005 003
A 0.931 002 0109 1276 0.213 0218 0072 0027 0003
218 B 1. 191 Q04 0178 1312 0214 0406 0220 004 0004
A 1.068 003 0mS5 L1015 0215 0275 0098 002 0004
3 37 B 1.3200 005 0179 1576 0.252 0.634 0342 0037 00006
A .19 0039 0116 L1119 0215 0414 014 003 0005
508 B 1.3600 0052 02006 L1165 021 0771 058 0042 0007
A .25 0042 0114 L3 0192 0602 0376 0030 002
70 B 1. 401 0052 0179 1148 0.188 0958 0626 0029 0004
868 A 1. 201 0038 0103 095 0180 0652 0425 0025 0002
B .22 005 0150 L®@5 0172 0.888 0.632 0020 004

1: Pinus yunnanensis ; 2: Cyd obanopsis glaucoides ; 3: Castangsis orthacantha

A: Pinus yunnanensis forest; B: Evergreen broad— leaved forest
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Table 3 The change of nutrient contents in decomposing leaf litters of different types under different forest sites

3

Percentage of iitial nutrient mass remaining ( %)

Species Time (Days) ~ Places N P K Ca Mg Al Fe Mn Ze
A 00 100 100 100 100 100 00 100 100
0 B 00 100 100 100 100 100 00 100 100
A 8408 T2 6450 10151 5632 5830 5L55 6.4 7644
17 B 9401 7.2 621 &08 5632 9295 7453 6.9 996
A 85% .9 5481 10217 4215 4716 3814 7.30  95.07
218 B 18.75 65 5313  7.01 3568 1048 10905 7.5 .33
A 100,73 5317 4340 9284 47.50 3655 399% 7347 79.00
! 3B B 12.68 5.6 2856 6.32 3308 8450 9447 6.8 9232
A 107. 4 4.8 2725 .60 3233 4310 4697 6L 51 45.90
>0 B 15.48 %23 2899 573 2322 6676 10395 0.6 834
A 833% 4.6 2101 5.81 2187 7221 9L9% 5.9  50.36
720 B 8412 403 2077 3259 1996 9635 13220 .23  8.63
A 738 3B 17275 336 1759 6820 829 SL47  4.56
868 B 6317 B 1563 2462 1492 7628 10630 .6 6141
A 00 100 100 100 100 100 00 100 100
0 B 00 100 100 100 100 100 00 100 100
. A 903% 7@ 613 854 8.96 9598 947 .3 11228
B 976 475 .46 8465 7597 19997 132 T4 14644
A 9876 6.6l 3827 662 7922 9875 917 5.5 149.70
218 B 1160 7.2 4653 .68 6885 26519 150.30 6.9 19440
) . A 5.6 57.65 .14 6.61 4717 8879 8560 768 12578
B 8816 60.20 3223 71.42 3493 23327 24672 5.39 189.48
A 9015  50.71  23.45  53.92 3423 7798 123.21 .73 10142
503 B 7451 B.%  2.96 497 2328 1666 20453 48 2231
- A 975 0.3 2185 4519 30.87 18355 1805 5.2  9%.86
B 708 3611 2594 3697 1999 16497 1870 4.9 23331
A 5468 24.30 1576 3223 2157 1488 147.83 40.66 7290
868 B 424 275 066 2846 1561 13400 15.32 4.5 166 50
. A 100 100 100 100 100 100 100 100 100
B 00 100 100 100 100 100 00 100 100
. A 869  75.32 4539 7445 4832 9970 765 A  75.32
B 9L 02 9B.21 4649 .60 3921 14772 1158 4B  6.32
A 9297 .9 2520 7461 30.79 11132 837 188  70.98
218 B 8L67 R4 WIS 266 2124 1423 175575 0.3 6497
A 768 6.6 1578 462 2232 1008 8.9 1058  6.97
3 3 B 6760 6.9 2120 4.20 1866 1658 203.85 126 7280
A 709 .51 1598 30.03 1854 12611 992 1318 70.57
503 B 6488 6.7 273 3250 1525 18787 320.9 1342  7.03
A 6387 .61 1347 3L17 1419 15713 2B.6 10.27 2419
0 B S647 5.8 1670 27.08 10.97 19739 29.91 18  57.28
A 5155 457 1023 2499 1118 14306 21250 719  20.33
868 B 4175 4560  1.58 2002 831 15147 2456 447 3161
1: Pinus yunnanensis ; 2: Cyd obanopsis glaucoides ; 3: Castangsis orthacantha

Pinus yunnanensis forest; B:

Evergreen hroad— leaved forest
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Table 4 Nutrient contents in surface soil (0~ 20 ¢m) under Pinus yunnanensis forest and evergreen broad— leaved forest

C N P K P Rapidly available P K Rapidly avaiable K CIN
Types (%) (%) (%) (%) (mg/ 100g) (mg/ 100g)
Pinus yunnanensis forest 1.47 008 001 151 2.46 8 83 17. 81
Evergreen broad— leaved forest 2291 024 Q03 106 3.40 10 71 12. 03
) (5. 3
5 , 3 )
, C/N
Melillo (1982) , N
N 40. 56 31.04,
(81.72) UN P
5

Table 3 Contents of nutrient and Lignin of different types of leaf— litters

(%) C N p K Ca Mg Fe Al Mn C/N
Speces Lignin (%) (%) (%) (%) (%) (%) (%) (%) (%)

Pinus yunnanensis 40 8 20.05 005 0.0 016 067 025 013 030 005 40.10
Cyclobangsis glauwides 29 19 21.93 0.72 0.04 0.31 1.21 049 006 Q14 006 3046
Castanopsis orthacantha 22 4 20.79 0.71 0.0 027 1.17 028 0.07 Q12 010 29.28

. 0.50~ 0.55a~", 0.51
~0.8a ' 05~06la' ,
0.21a' 0.18a "' ( , 1986) ; 0.4 a ' (
, 1997); 0.84~ 1.58 a ' ( , 1989)
3 ,
, N
. Swifi (1979) N
C N ; ,
N

N C/N
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( , 1990) ,
s : Fe Al N
Mn ; Mg K Ca P Arderson (1983)
(1989)
(Litterbag method) (Tethered
method) ) )
, ( Ewel, 1976; St John,
1980; , 1986) ) ,
. (
) , ; :
4
(1) ,
, 3 (0.55~ 0.61)
(0. 50~ 0.53) 95% ) ,
59 , 56 5.5 , 3
5.3 , 50 4.6
(2) 3 ,
N Al Fe Zn , , P Ca
, Mg K
( )
1989 ()] . 2(1): 25~ 33
R , , 1990. [J] - , R
(8): 637~ 646
, . 191 1. , 15(2):
159~ 167
. 1986 . 28 (1): 102~ 110
, 19%. [ -

20 (6): 53~ 542



316 22

RaoP, Bark SK, PandeyH N, etal, 199. Community composition and tree population structure in a subtropical broad— leaved forest
along a distutbance gradient [ J]. Vegaatio, 88: 151~ 162

Saxon E C, 1990. D sturbance regimes in North Queensland rainforests: A re— evalualuation of their relationship to species richness and
diversity [J]. Austrdian Journal o Ecology , 15: 241~ 244

Scanlan J C, Burrows W H, 1990. Woody overstorey impact on herbaceous understorey in Eucalyptus spp communities in central
Queensland [ J]. Austrdlian Jownal o Ecology, 15: 191~ 197

Shackleton CM, Griffin N J, Banks D1, et al, 1994 Community Structure and species composition along a disturbance gradient in a
communally managed South African Savanna [J]. Vegetatio, 115: 157~ 167

Skape C, 1997. Structure of the woody vegetation in disturbed and undisturbed arid savanna, Botswana [J]. Vegetatio, 87 11~ 18

Sousa, W P, 1988The wle of digurbance in natural communities [J]. Annuad Review o Ewlagical Systen, 15: 353~ 391

Tolsma D C, Emst WH O, Vervey R A, 1987. Nutrients in soil and vegetation around two arifical waterpoints in easem Botswanna
[J]. Jowrnal o Applied Ecology, 24: 91— 1000

Arderson J P, Prodor J, Wallack HW, 1983 Ecological sudies in four contrasting lovland rain forests in Cunung Mulu National Park,
Sarawak [J] . The Journdl of Ecology, 71: 503~ 527

Berg B, BergM P, Bottner P et al, 1993. Litter mass loss rates in pine foret of Europe and Eastern United States: some relationships
with climate and litter quality [J] . Biogeochemistry, 20: 127~ 159

Ewel JJ, 1976. Literfall and leaf decomposition in a tropical forest succession in eastem Guatemala [ J] . The Journal ¢ Ecology, &4:
293~ 308

Ko chy M, Wikon S D, 1997. Litter decomposition and nitrogen in aspen fores and mixed— grass prairie [ J] . FEcology, 78 (3): 765
~ 739

McClaugherty C A, Pastor J, Aber ] D et al, 1985 Foreg litter decomposition in relation to il nirogen dynamics and litter quality [ J]
Eolgy, 66: 206~ 275

Melillb J M, Aber J D, Muratore J F, 1982. Nitrogen and lignin control of hardwood leaf litter decomposition dynamics [J] . Ecology,
63: 621~ 626

Olson J S, 1963. Energy storage and the balance of producers and decanposition in ecological systems [J]. Ecology, 4: 322~ 331

St JohnT V, 1980. Influence of litterbags on growth of fungal vegetative structures [J] . Oecologia, 46: 130~ 132

Swift M J, Heal O W, Anderson J M, 1979. Decomposition inTerrestrial Ecosystems [M] . Berkeley: Universty of Califomia Press.

Warning R H, Schlesinger W H, 1985. Forest Ecosysems: Concepts and Management [M] . New York: Academic Press, 181~ 210



