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Abstract: Forest tending is a crucial practice in the forest ecosystem management, which has a profound impact
on forest ecosystem carbon (C) and nitrogen (N) storage and its distribution. However, a great deal of uncer-
tainty remains concerning how plant carbon and nitrogen distribution may be affected by forest tending. In this
study, a natural Quercus (oak) secondary forest under different tending intensity treatments ( 21% , 35%, and
54%) with a control (nontending) was investigated in west mountains area of Henan Province. The characteris-
tics of plant carbon storage as well as the distribution of plant carbon and nitrogen in four stand types with for-
est tending were studied. Trees under different tending intensity treatments were surveyed after two years of
forest tending. Our results show that forest tending operations had a significant influence on plant carbon and
nitrogen distribution. Prior to estimate the stand biomass, an estimation model of a single plant biomass was es-
tablished based on the data of sixteen trees. The plant carbon content and nitrogen content of stem was higher
than that of bark, branch, leaf, and root of Quercus in different forest tending treatments. Biomass and carbon
storage for all tending intensities in the tree population followed the order of stem > branch > root > leal >

bark. Plant carbon storage for light intensity was 21.42 t-hm™, for moderate intensity was 32.62 t-hm™, for
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heavy intensity was 51.24 t-hm™, and for the control was 14.35 t-hm™ The biomass and plant carbon storage
of understory vegetation and litter in different forest tending treatments followed the order of control > light >
moderate > heavy. The plant carbon storage in different vegetation layers followed the order of overstory >
litter > understory. Results showed that heavy intensity tending was more beneficial than other treatments to
improve soil organic carbon content, soil total nitrogen content, and the accumulation of soil carbon. This study
showed that forest tending was beneficial and could provide a basis for forest carbon sink evaluation to assist in
scientific and reasonable forest tending management. [Ch, 1 fig. 5 tab. 36 ref. ]
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o TR - R A . AR AR 12.0~16.0 °C, ToFEHI N 180.0~240.0 d, 4ERF/KE K 500.0~
900.0 mm, ZHEFTE T-8 H , HFMEEEEBEF A 2 K AR Quercus variabilis, WL Quercus acutissima, i
WM Ak Quercus alina var. acuteserrata, Wi# Quercus dentata, Wil ¥k Quercus aliena, ¥ Pinus tabulae-
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Iy BIBURE 200 g 2247, FREEFTEAR M SCH 2 fE 85 C R T R2ER, MT YRS IR E ., 4
AN FE b P 6 BCELAT AR R ) L B 15 B R T, #5208 0~10 em, 10~20 em 43)2 3R JTHURE, [A))2 L EBUR
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Table 1 Plot description of oak forests
e/ EH AT B TF S5

JGE R A7 e W /m ¥ Mg 4% /em R /em
(®) (#k-hm™) (#k-hm™)
1 I 18 PiE 380 2 405 1 900 9.9 7.3
2 I 10 iR 378 2532 2 000 10.7 8.9
I (21%)
3 rh 18 Tim 374 2278 1 800 124 7.6
4 T 10 Wim 378 2 405 1 900 9.8 7.4
5 rh 18 Vi 374 2 000 1300 14.3 10.0
6 I 13 3 224 1852 1204 12.6 9.8
hEE (35%)
7 I 18 7R 876 2 768 1799 113 8.4
8 I 20 7R 876 2791 1814 113 8.4
9 s 20 7oo1191 1630 750 14.6 11.6
10 F 25 7§ 1103 1533 705 19.9 12.0
¥ (54%)
11 I 25 Tims 923 2324 1 069 11.8 8.2
12k 20 3 224 2 337 1075 10.7 9.1
13k 20 Pigg 923 2414 2 414 8.5 6.5
14 F 25 7 849 2 628 2 628 7.8 6.0
X HE (0% )
15 Lk 20 i 923 2 414 2 414 8.3 5.2
16 I 20 ViR 923 2219 2219 11.5 9.1

2.2 IERMNEMITHE
Xof SR AR BUAR DA LA G P A PR L R U R AU B R T R IR PR IR A . R ROR T IRE
BT P, TR )24 AL 5T AR A Yy R
W=a(D*H)", (1)
A (D WA (t-hm?) 5 D ggfE (em) s H WS (m); a, b %, ARG R (So) R AL
T AR A 53 A= 8 (W) 50k Jo 6 0 80 (w) 1) S AR 53
S=Wxwe, (2)
Re 1737 4 RN
Soc=wocxpxhx107™ (3)
A Soc N A HLEAE R (t-hm™) 5 woe S T IEAHLEK BT R34 (g-kg™) s p N IS bl T3k
FAERE (em) .
Bds oy ok A SPSS 19.0 #£47 .
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AT 16 FRA T A A Bk 25 200 A Wy i D s el , R 5 (1) 7 B 25 AL 0 2R Wy it 5 i A AR £
WSSO R, RRME RS AR, TRESHE L EEMRRLIR L 2, 49REV . BT, K.
B L RS AR RS R 0 TR E R A O R B AE 0.972 L b, R R I 45 R (P<<0.05) 3K,
BT RERE ARG IR MRS AR AR . B R S AL ARG AR, T ARDRAG R SRk A 2 o e i,
1 ] LA AR A W i
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Table 2 Biomass allometric equation of various component in the tree layer

415y [l = 5 7% R’ F PE
T W=0.045 0(D*H )*"7 0.978 76.123 0.000
)is W=0.025 0(D*H )*™2* 0.982 10.571 0.024
1% W=0.010 6(D*H )**"* 0.972 30.985 0.002
I W=0.019 1(DH )*"! 0.981 9.526 0.005
its W=0.021 1(D*H )**3* 0.992 40.129 0.001

32 AEAXEREFAR. R THHEFAZYH. AREHH

HIBRERARUEMIRE . hEE . S 3 R F s B AT I TR 2 | AR RO A 6 e . R
B CGR 3)HL: ANFEHEE R TRARZ & 508k . BT R Sy B B U 0 B R iR, Kb ARoR
BT KL KoL mE RN B B TR 43 B K ] 4y )k 431.41 ~ 45339, 433.54~ 454.66, 428.88 ~
438.15, 482.17~ 495.72 Fi1 401.75 ~ 411.53 g-kg™; A3 504> 31k 2.79 ~ 3.26, 9.11 ~ 9.97, 3.67 ~
4.99, 13.99 ~ 15.20 F1 3.83 ~ 4.84 g-kg™, &40 H MR K IR KA T A )2 25 2H 5 B o o5 53 B v T HoA
3FpAb B, H BT S B TR AR SR AN R 2 43 Z 1) O3 A B Ry it > e > T >R > BSR4 B 45 41 08
Z IS AR R > i >R > A>T

®3 TARXEFEREHERAREMKK, BOH
Table 3 Carbon content of tree layer, forest vegetation and litters
%/ (g-kg™) /(g kg ™)
Xt #E (0%) BIEQRI%) HEEG5%) EHES4%)  XM0%) EEE(21%) HEE(35%) HEE(54%)
T 431.41+25.47 ¢ 446.79+31.78 b 447.82+36.55 b 453.39+£28.01 a 2.79+0.13 ¢ 2.9320.74 b 2.93+1.00 b 3.26+0.75 a
Ir W 433.54+24.86 ¢ 446.00+24.11 b 446.90+26.63 b 454.66+28.97 a 9.11x1.95 ¢ 9.22+1.74 be 9.37x1.25 b 9.97+2.56 a
VN I53 428.88+19.83 ¢ 431.80+18.05 b 432.00£19.77 b 438.15+16.33 a 3.67+0.65b 3.74+0.78 b 3.80+0.61 b 4.99+1.47 a
2 i 489.61£16.80 b 482.17£16.77 ¢ 488.12+18.65 b 495.72+17.22 a 13.99+2.48 b 14.12+3.47 b 14.22+2.97 b 15.20+3.56 a
it 401.75+20.78 b 402.00+19.83 b 402.89+20.47 b 411.53+21.84 a 3.83+x0.32 b 3.90+x146b 4.07x1.36 b 4.84+0.85 a
MF o E#84r 421.01£30.74 b 422.39£35.23 b 424.35+28.01 b 428.75+29.32 a 4.01x1.11 ¢ 4.11x1.00 ¢ 4.59+1.17 b 6.86+1.85 a
B T E#B4r 296.36220.69 b 259.18+14.36 d 283.42+13.26 ¢ 339.39+25.44 a 3.04+0.62 d 3.4520.73 ¢ 3.7x0.67 b 4.63+0.36 a
JHEY 321.70+18.30 a 311.71£21.36 b 308.94+30.96 b 298.00+27.15 b 8.37+2.88 ¢ 9.01+2.84 b 9.40+2.12 b 10.79+3.06 a
LB KPR N P I FR ME2E o A ) /NG B 2 7R A [ 6 8 0 L 7% R 2 4% 21 IR 5 L R0 20 B 22 S 3 (P<<
0.05),

MR 2L

R 1 8 4 R T 8 435k ST A 43 050 A X )l 421.01 ~ 428.75 i1 259.18 ~ 339.39 g-kg”, A
Jo B 4y By A X ]l 4.01 ~ 6.86 1 3.04 ~ 4.63 g-kg™'o 4 FPHL T 0 B AR SR A At 38 i . U
HORE TR, FLBEE P05 A R IR . B AR R AR K A M T ik . U
Sy EUECR, 4yl 339.39 F1 4.63 g-kg, il 2 B HH B A P0G B A 3G KOSE RN S BN, SRS T R
(RGN o AN TR1PE 8 98 B PR A3 RV e . 0D k3 B003 A X [R] 2 298.00 ~ 321.70 Fi1 8.37 ~ 10.79 g-
kg™, L r B T o 43 B0 B B TR R R R AR, R O R S i AR
33 AEALBEREFAE. R THEHHEFAZWHRELL (C/N)SH

FH A A0 75 8 AR 28 R AR A Mk R LE 43 A (I8 D) AT BRBTEZ AL, T B, b A LU AE XF
MR hEE RA B EZE R (P>0.05), 1 E I A b E R/ (P<0.05), 45k
139.2, 87.8, 32.6, 85.0, I v B AR T AR Bk A L 70 A 52 B — & AL, B Hb 20 xh R R
LB A LB R T EMEEHR (P<0.05), HELT A AR/, HI K 62.5; HuF & X
WA R FERFRE ., hE . EEE (P<0.05), AFEE 8 I8 % P A& L K/NIUT . %)
>R > h >R, 40910 34.6, 329, 27.6, 38.4, HEHCH IR A HE B E B/NP<0.05), K
27.6, WMULAIIL, WA FRMILE G, RO AR Z R0 . TR BN — s s, (E R R
3 BCHE TR R /N 20T A 43 500 B 3 U B 5 R R T A A B RE R AH LG, ARARIE T O T R
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Figure 1 Carbon and nitrogen ratio of tree layer, forest vegetation and litters

AP NS
34 AEALBEREHBERAREMRMKSEYE. RIESRDHEE
MFE 4 W LIE H: ARTEE BRI RIRR AT AR | T AEBLZ R % 9 )2 A 0 B B G 6 1
SRR . TRARZ>REWZ>HRTEGZ. BE. TE. TE. WRAMEFTRE T, HFERAK
A BRTR R R A W R4 Bk 48.86, 7420, 114.93 Fi1 33.31 t-hm 2, G i 4y 9] ok 21.42, 32.62,
51.24, 14.35 t-hm™, 98 Rk AG & Y BP0 E 90 0938 R Mg, B R EEL T R R
SRR A AR T A 2 45 4 43 A 0 o e it 30 w8 T X R, DR/INIIR P Ay B 3 > v B > > o R, ] DL R Ak
T 1 30 2o AR A KBRS, R HE TP K, B T AR AR R, AR TR RE D 4R
AL 58 BRI R IR IR AT AR RS At it KNSR TR RS>, Hfg T
PR e, FERRBE . P EEEE I IR 4 DN IEFE M, 2 TR R 2 i it Ll 47.67%,
47.88% , 48.00% F1 46.62% ; B K i fitf 5 7E 4 A6 F o AR Sr vh i o5 77 R 2 e fift = L ) R 18.00% ~
21.00% ; % Bz e fith et o5 T AR Z W Aifs & LU IR/, AT 7.00%

K4 TEAREEREHERARERKDENE., BEERSHEHIE

Table 4  Biomass, carbon storage and distribution characteristics of tree layer, forest vegetation and litters

e/ (t-hm™®) e figr i/ (1-hm™)
MO X U3y LRIES o X} U3y T I
- - = H /% % < Wl | Hble
(0%) (21%)  (35%) (54%) (0%) (21%) (35%) (54%)
1551+ 22.86+x 3488+ 5425+ 6.69+ 10.21+ 15.62+ 24.60+
+ 46.62 47.67 47.88 48.00
9.60 d 527 ¢ 1024 b 36.72a 4.14d 235¢ 459 b 16.65 a
2.16+ 2.97+ 4.09+ 5.61+ 0.94 + 1.32+ 1.83+ 2.55+
Ir )8 6.55 6.16 5.61 4.98
1.00 ¢ 0.52 ¢ 092 b 293 a 043 ¢ 0.23 be 041 b 133 a
6.23+ 941+ 1493+ 2447+ 2.67+ 4.06+ 6.45+ 10.72+
K 53 18.61 18.95 19.77 20.92
424 d 236 ¢ 478b 1796a 1.82d 1.02 ¢ 2.07 b 7.87 a
3.12+ 444+ 6.42+ 931+ 1.53+ 2.14+ 3.13+ 4.61+
= - 10.66 9.99 9.60 9.00
1.67 ¢ 0.90 ¢ 1.64 b 5.54 a 0.82 ¢ 043 ¢ 0.80 b 2.74 a
6.28+ 9.19+ 13.88+  21.29+ 2.52+ 3.69+ 5.59+ 8.76+
2 17.56 17.23 17.14 17.10
3.78 d 2.07 ¢ 397b  1407a 1.52d 0.83 ¢ 1.60 b 5.79 a

it 3331d 48.86c¢ 742b 11493 a 1435d 100 2142 ¢ 100 32.62 b 100 51.24 a 100

0.27+ 0.52+ 1.14+ 1.65+ 0.11+ 0.22+ 0.48+ 0.71=

S 26.19 45.83 35.04 44.65
040d 0.02¢ 1.22b  1.80a 0.17d 0.01 ¢ 0.52 b 0.77 a
. 1.05+ 0.99+ 3.13+ 2.60+ 031+ 0.26+ 0.89+ 0.88+

H#E T 73.81 54.17 64.96 55.35
205¢ 0.14c¢ 420a 171b 0.16b 0.04 b 0.50 a 0.73 a

Gt 1.32b 1.51b  427a 425a 042¢ 100 0.48 ¢ 100 136 b 100 1.59 a 100
—— 29.69+ 2550+ 20.62+ 17.05=  9.55% 7.95+ 6.37+ 5.08+
14y

" 149a 331b 563c¢ 3.03d 048a 1.03 b 1.30 ¢ 0.90 ¢

Y NG TR AR T HRETAZ KA . MR W7 Y2 09 4 W8 T ik 2% S 4 B (P<<0.05) .
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ANTRIPE T 38 B R SE RAR U AR MR A B 1 3R 53 A= ) o R At ot /N T R ER 43, R, AR AE B
H R BB WA T B A HOE R AR S RE R E B NE . B, P, EE . RE 4T IRE
T AR BE AR Y& Bk 1.51, 427, 425 F1 132 t-hm2, #fg &40 51k 048, 1.36, 1.59, 0.42 t-hm?,
Horprp BRI LB AR AR S AR AE W i 0 25 S, DR R SRR A A ) e A A e

FE AR . B TR E RO RS 1 AR A ) R 25.50, 20.62, 17.05, 29.69 t-hm?,
ettt 4350k 7.95, 6.37, 5.08, 9.55 t-hm™, W[ LAE H: Sl ARARIEE 0008 3 0 A i R f i /N T
X, HRE>PES>EE, XU AR E i 2R TR AE KRR S F AR Y s, H
AR T RMEY A, B Y S IR
35 AEXEBETHERAXRENRLIER, ERESHEABRBEENSH

S5 N E A - 2R RS R IR AE MR A PR . R0 & o0 BOCH DLk fif 5 . 1
FKSALAEE: HHEA IR . 4R 8O A ALk if i B B 0 A A RRAE, 3R )ZE(0~10
em ) A ALK BT EL 40 AR R BN A LR GE B 1 B 35 T 10~20 em )2 (P<<0.05)

AFTEE T 15 0~10 em JZ 0 H A PR . 4055 73 800 FE 500 4 14.32~16.93 Fil 2.27~3.88
g-kg™, 10~20 cm 2 HHEAHLAK . 4 %5 i 53 8008 [ 4901 o 8.26~9.01 F1 0.81~0.86 g-kg™, 0~10 cm J2,
HEMPELE LA . A& EO A AL & W OR T ARy (P<<0.05) 5 10~20 cm 22,
A BE PR A AL T i A3 FIORTA AL B i e Sk 3 K T BEORR Ay, T A R e o B A A 2 ]
2ZEF AR (P>0.05), W WAL T G0 TR BB, BiJF 7oAy, AR BHOG AT DU S b, bR
T HEAPCRE A ESE, ARG T RZ LA . SRR, R T R R . A R
HE T o

*5 AEAXERELEHR. AREFBRKIESE

Table 5 Soil organic carbon /nitrogen content and carbon /nitrogen storage of different thinning density

4k 7 4 JZ )5 fem ALK/ (g-kg™) R (kg LA LB AR/ (1 hm™)
0~10 1432 +241 ¢ 227 +0.62 ¢ 18.53 £4.331 b
Xt 1 (0%)
10~20 8.26 £ 0.34 ¢ 0.82 +0.10 a 12.11 + 3.027 ¢
0~10 1487 + 1.75 ¢ 3.09+053b 19.42 + 1.567 b
BRJE (21%)
10~20 8.31 = 1.01 be 0.81 £ 0.07 a 10.63 = 2.007 ¢
0~10 1589 £ 3.85b 315+ 0.88 b 22.10 + 6.961 a
HEE (35%)
10~20 8.63 +1.03 b 0.83+0.12 a 13.01 £ 1.223 b
0~10 1693 + 422 a 388 +0.94 a 2279 +5.920 a
HJE (54%)
10~20 9.01 +1.12 a 0.86 £ 0.17 a 13.95 + 2.650 a

LT RPN T (AR E 22 o R BN EARBR A ) /NG 5 B 2R [ — b 2 2 )8 22 ekt 25 (P<<0.05) ¢

4 itk
41 BREXRAREMRZEHS . BREE S HIT RN E B0 AL

R (21%), HEE(35%), R (54%) P E XTI (0%) I E ST, BRBERRKEMTTAR)IZ &
Mo W HEBO EFor . MIEWE 00k . AU o> O G P TR R G g, EE A (C/
N)EEEE LT (54%) 0 fe /s, B BRMILE T2 AR Z & 4155« MR AR B 384 1Ak . 00T 43 4K
B, AR B 5 R N R L R R RN . 5 TR IR IR AR Quercus wutaishanica FRHT T 4G
R BRI R AR AR T B i B TE T AR 2 45 A0 Z [ AR R i b 1 o b R 3840 ik . U5 &2 40 4K
ZSIB K AMHRIAR: TRARZBESE ZRREE TR ESARE, HEAUHENRISHEZ
] 22 55 i 2 (P<<0.05) mli i i 25 (P<<0.01), 4l 40 E AW Eucalyptus urophylla X E. grandis "W B85k & 2
2 AR Platycladus orientalis |6 7 H 52N Bk & B i D), ARSI AR Erythrophleum fordii F1#e
W Quercus variabilis THR & S8R 277, 2 A H Z 0] 22 573 .35 (P<<0.05) . AHIFFE RS R IR A bk
P B It A B30 2 e, X R RE R AR AT AL T RE A AR B S L A B2 R, TR ERNTSE S
ot F)z L . AR BORTIRZ L, XATRE LT I 1T %Y 0 i 50 5% 0 08 2] - 3R
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2, (A A A LG Y SR
42 FAREEYEEREE T FAKIE T B0

AREFFE T, 2 H BERER IR K AT ARZ 45 24050 1 A4 Wy i AR A Bt 2 R 0 IR, 3 A5 ) A 4 i
XF SRR AZA Cunninghamia lanceolata™ 55 1 F A ) 8RR fifh 2t 1) 52 W R 9 285 SR — B0, AR BT 8 &
B, FRAJE A AL 53 0 Ay RO e B T T SR A I I, 22 SRR T B E K, XRMEAREE
PSR EE M, M3 BEw D, B TR AR & F, WD TR Z W56 4, $Em TR K& Al
AP, B, SRAIE Y0 E WM T MR, BRI AR KR, R R AR A MR AR 1 —
Fif 8084 . AHCHER R . RIELE X DR, PEILE XM Pinus tabulaeformis ™ 5 4 FF Fr A
JA AP R A R . AT R ILE B A A T IR 2 AR Y R A, X AT RE S kA
MOE SRR Ko WAEMA K™ E, EH G RE AR @B, AR B A i o 52 A
INBFMAR, HILH ZJ5 0 AR P T T, A i D
4.3 WTHEHEFAZYEEYEMNRE ST HTANIT T R

AR R 2 R M i 1) FE B R 40 o ARARPE T AT A AR T R 1 2, (R AR 4 TR
MR 2538 A — o ASARBETE T SR A3, AR R R BB s, SREE RS 6 M T HY B
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