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Carbon and nutrient pools of forest floor in native forest and monoculture

plantations in subtropical China
YAN G Yu-Sheng" ?, GUO Jian-Fen®, L N Peng’, HE ZongM ing', X IE Jin-Sheng', CHEN Guang-Shui" *
(1 cCollege & Geography Science, Fujian N omal U niversity, Fuzhou 350007, China; 2 Forestry College, Fujian Agriculture and Forestry
U niversity, N anping 353001, China; 3 College o L if e Science, X iamen U niversity, X ianen 361005, China). Acta Ecologica Sinica, 2004, 24
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Abstract: In the last decades, large-scale native forests have been converted to fast-grow ing and high yield commercial forest
plantations to meet the demands for timber, fuel material, and other forest products Some silvicultural measures, such as
planting pure stands, clear cutting and slash burning, are widely applied during this conversion Y ield decline and land
deterioration in such disturbed ecosysten has become serious In this context, the ewlogical comparisons betw een native
forests and monoculture plantations are necessary in providing the mplicationsfor sustainablemanagenent The forest floor is
not only storage poolsof carbon and nutrient but a central, functional component of forest ecosystans How ever, fev studies
on forest floor have been conducted in natural and planted forests under same climatic and edgphic conditions in subtropical
China

The standing crop and seasonal dynam icsof forest floor, itscarbon and nutrient stock sw ere studied in a natural forest of
Castanopsis kaw akamii (N F) and adjacent monoculture plantations of C. kaw akamii (CK) and Chinese fir (Cunningham ia
lanceolata, CF) in Sanming, Fujian, China Forest floor masseswere 8.99t- hm™ ?in theNF, 7.56 t- hm™ ?in the CK and
4.81 t- hm ?in the CF repectively; of the total anount, leaves constituted 64. 96%, 61.38% and 38.05% regectively,
tw igs constituted 31.59%, 37.83% and 42.62% resectively. The standing crop of forest floor in the NF and CK show ed
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similar seasonal trend w ith the maximal value in pring W hile for the CF, the forest floor mass peak occurred in sunmmer.

Carbon storage in forest floor of theN Fwas4.02t- hm™ ?, being 1. 22 timesand 1. 77 times asmuch as that of the CK and the
CF, regectively. Significant difference of stocks of forest floor C was found between NF ( or CK ) and CF (P < 0.05).

N utrient storage in forest floors ranged from 138.42 kg- hm™ ?in theNF to 72.39kg- hm™ ? in the CF. Except for the highest
M g stock in the forest floor of the CK, the anountsof N, P, K and Ca storagew ere the highest in the forest floor of theN F.

The reaults of this study demonstrate that the natural forest has a greater capability for maintaining site productivity than
monoculture plantations due to higher forest floor mass coupled with greater carbon and nutrient pools Therefore,
oonservation of the natural forest is recommended as a practical measure in forest managenent to realize sustainable
development of forestry in mountainous areas of suthern China

Key words forest floor, carbon pool; nutrient pool; Castangpsis kaw akamii; Cunninghamia lanceolata; natural forest;

monoculture plantation
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Table1 Reservesof forest floor and annual average litterfall in three forests

L eaf Tw ig /
Forest Total A nnual
type L . L . Flow er Fruit O ther reserve average ®
Subtotal Subtotal litterfall
NF* 243+ Q 86a3 41+ 1 02a5 84+ 1 19aQ 52+ Q 21a 2 32+ 2 84+ 1 02a0 02+ Q 01aQ 06+ O 02aQ 23+ Q 03a8 99+ 1 02all 01+ Q 53a Q 817
(64 96) Q 56ab (31 59) (0 22) (0 67) (2 56) (100 0%)
CK 152+ Q 26a3 12+ Q 49a4 64+ Q 52a — 2 86+ Q 46a2 86x Q 46a — Q 02+ Q 01bQ 04+ Q 02b7 56+ Q 62a9 54+ Q 53p Q 792
(61 38) (37 83) (a 26) (0 53) (100 0%)
CF Q45+ 0 05b1 38+ Q 19b1 83+ Q 22bQ 73+ Q 36al 32+ Q 3902 05+ Q 56aQ 04+ Q 02aQ 08+ Q 05aQ 81+ Q 13c4 81+ Q 535 47+ Q 43¢ Q 879
(38 05) (42 62) (0 83) (1 66) (16 84) (100 0%)
+ , P< Q 05 Different letters in the same column indicate significant differences at
P< Q05 n=15
3.1.2 12 - —e— NF
) ) 10k —O0— CK
. ) —&— CF
’ S sl
: QY <
£ 6
3.2 E
w2
- E ar
F C . =
2 —
(2 c
S 2 0 1 1 1 ]
4.02t- hm™*, #H Spring % Summer X Autumn % Winter
22.19%  76. 32%;
C (P<0.05) 3 C 1
96.21% 99.15% 82.94% ( 2) Fig 1 Seasonal dynamicsof standing crop of forest floor
2 c (%) (kg- hm~ ?)
Table 2 Concentrationsand reserves of organic carbon of forest floor in three forests
NF* CK CFE
L ayer Components Concentration Reserve Concentration Reserve Concentration Reserve
L L eaf 45 48+ 8 16a 1105.71+ 392 76a 45 76+ 1 76a 695.55+ 117 5la 49 35+ 2 17b 222.24+ 24 35b
Twig 47 65+ 7. 7la  247.78+ 81 77a — — 50 52+ 6 45a 368. 80+ 118 60a
F L eaf 42 33+ 8 47a 1444.13+ 432 28a 39 11+ 6 25a 1220.00+ 190 80a 47 47+ 1 90b 656. 04+ 89 98b
Twig 46 25+ 5 9la 1073.00+ 288 64a 47 17+ 7 97a 1349.35+ 217 46a 48 42+ Q 97a 641. 24+ 189 18b
Flower 48 68+ 7. 59a 5.84+ 2 6la — — 49 90+ 9 96a 20.13+ 13 22b
Fruit 45 06+ 7. 30a 27.04+ 6 99ac 47 49t 6 75a 9.18+ 4 68b 44 48+ 1 16a 36. 03+ 23 07c
Other 52 04+ 9 08a 119.69+ 36 05a 53 79+ 6 5la  18.93%+ 7 73b 40 92+ 7. 71b 332. 13+ 52 07c
Total 4023. 19+ 1138 62a 3293. 01+ 405 04a 2276. 61+ 587 36b
+ , P< Q 05 Different letters on the same row indicate significant differences at
P< Q 05 n=15
3.3
N P
‘N> Ca> K>M g> P, Ca>N>K>Mg> P N P K
, Ca Mg ( 3

, ( 3
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Table 3 Nutrient concentrations of forest floor in three forests (g- kg %)
N P
Forest type L ayer Components K ca Mg
NF L L eaf 8 079+ Q 505 Q 494+ Q 061 4 236+ Q 572 2 352+ Q 316 1 185+ Q 133
Twig 4 377+ Q 206 Q 265+ Q 042 2 727+ Q 311 2 982+ Q 295 Q 644+ Q 082
F L eaf 8 578+ Q 691 Q 456+ Q 035 4 217+ Q 452 2 975+ Q 332 Q 949+ Q 100
Twig 5 883+ Q 605 Q 332+ 0 033 2 746x Q 351 3 749+ Q 375 Q 610+ Q 060
Flow er 10 760+ 1 081 Q 965+ Q 118 2 703+ Q 292 2 248+ Q 222 Q 709+ Q 068
Fruit 5 841+ Q 522 Q 553+ Q 050 5 375+ Q 633 1 689+ Q 188 1047+ Q 111
Other 4 766+ Q 413 Q 401+ Q 054 2 302+ Q 241 2 424+ Q 283 Q 522+ Q 047
CK L L eaf 5 298+ Q 682 Q 761+ Q 088 5 159+ Q 791 2 224+ Q 286 1 822+ Q 180
Twig — — — — —
F L eaf 7. 983+ Q 466 Q 418+ Q 042 3 120+ Q 363 2 529+ Q 288 1 586+ Q 168
Twig 7 172+ Q 611 Q 325+ 0 031 2 416+ Q 255 3 147+ Q 437 1 028+ Q 128
Flow er — — — — —
Fruit 4 503+ Q 346 Q 419+ Q 050 3 363+ Q 375 1 805+ Q 195 1 443+ Q 148
Other 6 282+ Q 722 Q 676+ Q 082 4 336+ Q 541 3 823+ O 489 1 079+ Q 107
CF L L eaf 8 665+ Q 581 Q 524+ Q 058 1 941+ Q 206 6 530+ Q 829 1 212+ Q 136
Twig 3 815+ Q 213 Q 363+ Q 044 1 836+ Q 251 3 982+ Q 442 Q 757+ Q 072
F L eaf 7 831+ Q 705 Q 378+ Q 032 1 921+ Q 223 6 436+ Q 875 1 209+ Q 132
Twig 4 044+ Q 362 Q 595+ Q 055 2 742+ Q 274 4 220+ Q 493 1 026+ Q 126
Flow er 8 110+ Q 431 Q 799+ Q 071 2 369+ Q 308 3 801+ Q 412 1 112+ Q 118
Fruit 4 106+ Q 205 Q 634+ Q 050 5 544+ Q 652 2 017+ Q 258 1 237+ Q 154
O ther 6 061+ Q 364 Q 595+ Q 054 2 722+ Q 245 5 339+ Q 816 1 362+ Q 144
(P< 0.05) 4 , Mg ,
N K P (1. 75) , Ca Mg
( 9
4.1
[9, 10]
(8.99 7.56t hm ? (10.27 62.50t- hm™ %) 2
(5.10t- hm™ 23 (14]
(1, ( 150a) (2501
[5, 10, 15] 2500
' —e— NF
(1 £ 2000 - —0—CK
g —&— CF
2
[10] = 1500 -
&
[16] 8
(k) ok , = 1000 |-
I
3 ' B
. K B 500 |
! ! ]
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Fig 2 Seawnal dynamicsof total litterfall
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Table 4 Nutrient reserves of forest floor in three forests(kg- hm" ?)

Forest type L ayer Components P K ca Mg Subtotal
NF* L L eaf 19 64+ 6 98 1 20+ Q 43 10 30+ 3 66 5 72+ 2 03 2 88+ Q 29 39 74+ 4 79
Twig 2 28+ Q 81 Q 14+ Q 05 1 42+ Q 47 1 55+ Q 42 Q 33t Q 04 5 72+ Q 59
F L eaf 29 26+ 8 76 1 56+ Q 46 14 39+ 4 31 1Q 15+ 3 04 3 24+ Q 38 58 6+ 6 59
Twig 13 65+ 4 78 Q77+ Q 18 6 37+ 2 38 8 70+ 2 25 142+ Q 18 30 91+ 3 72
Flower Q 13+ Q 06 Q 01+ Q 00 Q 03+ Q 01 Q 01+ Q 00 Q 01+ Q 00 Q 19+ Q 02
Fruit Q 35+ Q 10 Q03+ Q 01 Q 32+ Q 09 Q 10+ Q 04 Q 06+ Q 01 Q 86+ Q 11
Other 1 10+ Q 39 Q 09+ Q 03 Q53+ Q14 Q 56+ Q 15 Q 12+ Q 02 2 40+ Q 32
Total 66 41+ 15 40a 3 80+ 1 Ola 33 36+ 6 98a 26 79+ 7 24a 8 06+ 1 09a 138 42+ 14 66a
CK L L eaf 8 05+ 1 36 116+ Q 20 7 84+ 1 48 3 88+ Q 57 2 77t Q 31 23 70+ 2 56
Twig — — — — — —
F L eaf 24 90+ 3 89 130+ Q 20 9 73+ 1 52 7 89+ 1 23 4 95+ Q 54 48 77+ 6 23
Twig 20 52+ 3 31 Q93+ Q 15 6 91+ 1 11 9 00+ 1 45 2 94+ Q 33 4Q 30+ 4 63
Flow er — — — — — —
Fruit Q 09+ Q 05 Q 01+ Q 00 Q07+ Q 04 Q 03+ Q 01 Q 03+ Q 01 Q 23+ Q 03
Other Q 22+ Q 09 Q 02+ Q 01 Q 15+ Q 06 Q 13+ Q 05 Q 04+ Q 01 Q 56+ Q 08
Total 53 78+ 6 62a 3 42+ Q 33a 24 70+ 2 68a 20 93+ 2 34a 1Q 73+ 1 63a 113 56+ 13 60a
CF L L eaf 3 90+ Q 43 Q 24+ Q 03 Q 87+ Q 10 2 94+ Q 32 Q 55+ Q 06 8 50+ Q 89
Twig 2 78+ Q 88 Q 26+ Q 13 1 34+ Q 46 2 91+ Q 33 Q 55+ Q 12 7 84+ Q 91
F L eaf 1082+148 Q0524006 265-+Q36 883122 167+£Q23 24 55+ 2 96
Twig 536+158 Q794Q23 363+107 55% 165 135:Q21 16 72+ 2 26
Flow er 033022 003002 Q10+Q06 Q154010 Q 04+ Q 01 Q 65+ Q 08
Fruit 033021 Q05003 Q45:+Q29 Q16+0Q010 Q 10+ Q 02 1 09+ Q 14
Other 492+Q77 Q48+Q08 221+Q035 433068 110+0Q 19 13 04+ 1 70
Total 28 44+ 319 237+ Q21b 11 25+ 1 13p 24 97+ 2 38a 536+ Q 78h 72 39+ 8 75b
+ , P< Q 05 Different letters in the same column indicate significant differences at
P< Q 05
& , 3 5a ( 1 2a),
( ) , , , ,
, (1, 17) 5179m® hm 2 35t hm %
8 54 W > 0.25mm 21.58%),
1.96 W 70 0.314g- an ?®,
> 0. 25mm 4.73% M , (3 5a),
4.2
oy CO2,
(4.02t hm™?) (3.29t- hm™?)
(2.98t hm™? (28] (2.58 t- hm™ %)}
(2.28t hm™? (20 t- hm™ 31! (44.6 t- hm 2™ 3
80%,

, , CO:2 Galdw ell
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: 6.1 17.98t hm 2™ 48t hm 2 (211
, , ( 1 283. 87 kg-
hm™ %) 1; (3 5a) : / 1 (0 60an) C
25t hm 2, 280kg: hm" 2[22] « " o>
14.48t- hm %, 37.9%, 20an ( ) 0. 8% #!
23.35%  17.25%"°, ,
4.3
(9] 3
(9] (24]
, N Ca F s ( 3),
(Picea ruben) (Pinus ponderosa laus) 1]
1] 6 , N P K , Ca
,N P K , K , Ca )
L N ( o)), (Shorea robusta) (J uniperus procera) (27
L N , (M ongolian scots pine) 3 L P (
6) K L = [5, 13, 15]
V itousek (2] 3
1( 5), , (1 N K
, P
7 , [ 2 7] p , =)
, P ,
5
Table 5 Nutrient turnover rate of forest floor in three forests
Item N P K Ca Mg
Forest type
A nnual
NF . 78. 44+ 15 43 6.65+ 1 38 50. 89+ 9 26 38.19+ 5 19 10. 60+ 1 68
nutrient return
Nutrient reserves of forest 66. 41+ 15 40 3.80+ 1 01 33.36+ 6 98 26.79+ 7 24 8.06+ 1 09
floor
Nutrient g 175 1.53 1.43 1.32
turnover rate
A nnual
CK . 70.07+ 11 48 5.47+ Q 82 48.71+ 7. 55 31.54+ 4 75 14. 17+ 2 37
nutrient return
Nutrient reserves of forest 53. 78+ 6 62 3.42+ Q 33 24.70+ 2 68 20.93t 2 34 10.73+ 1 63
floor
Nutrient 4 1.60 1.97 1.51 132
turnover rate
CF _ Annual o6 6o 5 59 2.43+ Q 33 14.56+ 2 21 50.19+ 6 26 9.06+ 1 13
nutrient return
Nutrient reserves of forest 28.44+ 3 19 2.37t 0 21 11.25+ 1 13 24.97+ 2 38 5.36x Q 78
floor
Nutrient — og 1.03 1.29 2.01 1.69
turnover rate
, , &1, 0 20am N

P K

[6]
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(.41 ,33a :
[1]
: ( ) ,
N 644.8kg- hm 2 557.72kg- hm 2 302.29 kg- hm™ ™
, N 193 480 kg- hm™ 2 27% 33%
P fsu] , ( N )
(0 10an) N 9.65% "1 Rupert la N 371kg- hm 2™ ,
[1] 1 N
P K 10 7 247kg- hm’?, 15 22 17 11 M
la (0 10an) N P K 59 11 396 kg- hm™ 2%
N 20 400 kg- hm~ 2B : , )
( 1989 23 , 7.04t- hm % 10
6.9%), , ,
. , c ,
6 (g kg

Table 6 Camparison of nutrient concentrationsof fresh leaf, freshly fallen leaf litter and leaf litter with different decamposition degree

Forest type

N utrient Item

NF CK CFE
N Fresh leaf 10 708+ Q 669 11 100+ Q 675 12 359+ Q 689
Fresh fallen leaf litter 7. 022+ Q 419 9 532+ Q 651 6 671+ Q 400
L Non-decomposed leaf litter 8 079+ Q 505 5 298+ Q 682 8 665+ O 581
F D ecomposing leaf litter 8 578+ Q 691 7. 983+ Q 466 7. 831+ Q 705
P Fresh leaf 1 158+ Q 126 Q 720+ Q 076 1321+ Q 144
Fresh fallen leaf litter Q 291+ Q 031 Q 394+ Q 043 Q 386+ Q 048
L N on-decomposed leaf litter Q 494+ Q 061 Q 761+ Q 088 Q 524+ Q 058
F D ecomposing leaf litter Q 456+ Q 035 Q 418+ Q 042 Q 378+ Q 032
K Fresh leaf 10 309+ 1 392 9 467+ 1 143 11 756+ 1 361
Fresh fallen leaf litter 7 126+ Q 819 6 338+ Q 765 3 089+ Q 385
L Non-decomposed leaf litter 4 236+ Q 572 5 159+ Q 791 1 941+ Q 206
F Decomposing leaf litter 4 217+ Q 452 3 120+ Q 363 1 921+ Q 223
Ca Fresh leaf 1 724+ Q 231 1 467+ Q 183 4 251+ Q 501
Fresh fallen leaf litter 4 361+ Q 525 5 108+ Q 668 15 150+ 1 755
L N on-decomposed leaf litter 2 352+ Q 316 2 224+ Q 286 6 530+ Q 829
F D ecomposing leaf litter 2 975+ Q 332 2 529+ Q 288 6 436+ Q 875
Mg Fresh leaf 1 364+ Q 153 1 996+ Q 241 3 028+ Q 365
Fresh fallen leaf litter 1 049+ Q 121 1 491+ Q 186 1 300+ Q 146
L Non-decomposed leaf litter 1 185+ Q 133 1 822+ Q 180 1 212+ Q 136
F D ecomposing leaf litter Q 949+ Q 100 1 586+ Q 168 1 209+ Q 132

[6] [5]
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