526 BEE 1M K LRI Vol. 26, No. 1
2019 A2 ):J Research of Soil and Water Conservation Feb. , 2019

HPTSLIHEBZRRTERGKRMEERESBERKE
BFVERHY, REW, EW, HER, FHH

L VERFMROL K2 A Sk H e, B 6502245 2. =8 FIRARMA A 256 52 00 08 0 F 55 3

=M HF 6534995 3. WA WG A B E MR, = BT 653499)
OF W v A A R A W S AR 45 5 00 T W AT R L 5 R B ZR AR AR LAY (HSS) Lz FA (YNS) Il
#2(DYS) & 1 Ak (GSL) FIH G e AR (CL) AR T A 3 GE AR 2 A 2 3 W1 2 ) 45 21 53 A8 Wi B U0 i I HL 43 e
MJREAT T WR5E . S RFH (D) 18 5 RARMBEE P AR T HEAR R ARHE AW EBIRA 1. 47~11. 19 t/hm’,
0.01~0. 63 t/hm’,7.85~46.73 t/hm’ ., (2) FEARJZMIBRAGE R IEAE 0. 77~5. 94 tC/hm*,10. 97~92. 84 kgN/hm’ , 5% & fi
W R EE SR E AN BEAR S 0.01~0. 29 tC/hm*,0. 07 ~5. 35 kgN/hm® , ¥ 2 3 4 b I 53 > b T &
535 PHTEMN 2.15~13.03 tC/hm? ,42. 07~320. 58 kgN/hm?® . i & fiff 1 Bfi 3 % 2 BE IR & A Al . (3) 5 Rk I3 Ak T
FETE K PR VE WY RRAE B RN S CL> YNS™>DYS™> HSS>GSL; A fiff it Ky : CL>YNS>DYS>GSL>HSS, % I,
B 4% ) P MR 25 R PR T RO L i I ke U AR T TR TR I Al U VR T AR I A R bR 43 5 B bR
O3 NI A B ) B L e Bl 2 T AT R AR ACE SRS L O MR A BE S LR AR OR (i [R] RR LL B A R F ST AR
6 T AR R AR Al % i B B (L ER IS ST
KB ARAE R /TR TR S WL
hE 42 E.S718.5 XEKFRIRAD : A XEHES:1005-3409(2019)01-0061-08

Carbon and Nitrogen Storage and Distribution in Understory of Five

Typical Forest Types in Subalpine of Middle Yunnan Province

HOU Fang'?, Wangke Qin"?, SONG Yali"'?, LI Jiawen’, YANG Yunlu', LI Youbang'

(1. College of Ecology and Soil & Water Conservation . Southwest Forestry University
Kunming 650224, China; 2. National Station for Forest Ecosystem in Yuxi, Xinping, Yunnan 653499,

China; 3. Forestry Bureau of Yi and Dai Nationality Autonomous County in Xinping , Yunnan 653499, China)

Abstract: Biomass, carbon and nitrogen storage of five different forest types, including shrub layer, herb
layer and litter, and their distributions of P. armandii (HSS), P. yunnanensis (YNS), Keteleeria evel yni-
ana (DYS), Q. aquifolioides (GSL.) and Evergreen broad-leaf (CL) ecosystems, were studied in subalpine
of middle Yunnan Province by using standard plot sampling and biomass measurements. The results showed
that: (1) among the five typical forest communities, the ranges of shrubs, herbs and litter biomass were
1.47~11.19 t/hm?, 0.01~0. 63 t/hm® and 7. 85~46. 73 t/hm*, respectively; (2) the ranges of carbon and
nitrogen storages of the shrub layer were 0. 77 ~5. 94 tC/hm?* and 10. 97 ~92. 84 kgN/hm?*, and the main
vegetative organs of carbon and nitrogen storages were stem and leaf; the ranges of carbon and nitrogen
storage in herb layer were 0. 01~0. 29 tC/hm® and 0. 07 ~5. 35 kgN/hm?’; carbon and nitrogen storages in
different forest shrub layers decreased in the order: overground part>underground part; the ranges of litter
were 2.15~13. 03 tC/hm?* and 42. 07~320. 58 kgN/hm?*, and the carbon and nitrogen reserves varied with
the degrees of decomposition; (3) carbon storages of the shrub and litter of five typical forests followed the

order; CL>YNS>DYS>HSS>GSL; nitrogen reserves followed the order of; CL>YNS>DYS>GSL>
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HSS. In conclusion, higher carbon and nitrogen storage capacities of undergrowth layers were founded in P.

yunnanens and Evergreen broad-lea f forest, carbon and nitrogen storage potential of Keteleeria evelyniana

was relatively larger. The quality and density of forest should be improved, the protection and management

should be intensified, and scientific and feasible forest management measures should be formulated. This

study would provide theoretical support for the collaborative development between undergrowth and upper

trees and the future research of response of the undergrowth to the global climate change.

Keywords:C and N storage; distribution pattern; understory; subalpine of middle Yunnan Province
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A 1) A e S I AR A B ) A KOIR B A B A 7R
ARG 5 A R 2 BRI R A g
JHE R R B 3 S, AR 58 PR AR R AR
FHAR XS A ORR AR P i S AU ik T SR 5 A7 L ]
(NN N K o N S = N T et
Ak RS BE A v H 0 R A O 3 0

AW 5T X AR LS AR R AR 2 AR ) B (0. 63
t/hm®) 55 2= B B TEL A | 5 L AR R RS Sk B I b v
1. 18~48. 46 A5, B A B2 HIVE A 2 2 Wy g v 1 2
FARAEIN A AR T B AR 0. 60 t/hm’ FIHE A2 1. 34
t/he™ PR 0 A A AR T R 04 29, 43 /hm™ Y,
HRRAE T = p A B 210 b 1 b s IR 46 il
P DX AR TR A R IR 25 A K A 1L A MR B B 38 /)N
FEM T ERE KSR Y BRHES — R
R 25 K5 BUM V& W o3 il R 2 m e, B 55 T %
U4 iy X () B, 2 04 e BE AR 1L A BRI B {1 000 4% K
— BRI R MR PR R DY JR P AR W B R
T e 11 A

MR TE UK S R0 TR 50 0 AR
i, MR VR 2 R UR Y W 0 AR i (5. 29 t/ho’
13.53 t/hm® Y[R T 5 2% i) A 8 JEL 8 Sy YL v IV S
Ll DX = R AU A AR . ER 2 AR ) i TR
JeHbIX 25 A S AR W T A 23 a A R
(5.21 t/hm®) , EARZAY BT EF#., HED
EAEYEST) AR 23 a E=EHmAEY 4. 54
t/hmt 0 I X 2 R A I B R A
P 2O 75 W A W i R K N Z AR o S KT
Ho A ARFPHEA R B i BRI — @ e Ak
T 12 UL M 25 B FA PR T AR B A7 o A7 X RR a4 K

TEIMAZTE 2 B A8 PR 2 PR 3845 o A, HLTid FE it
SRR B 55 o B2 KA TR IR (4 L i 2
AR ™ B AR 43 B A1 (300 #k/hm) Ak HAtb AR
IYEETERY 6. 48%0~27. 78 %0, MR R KL YRI5 W A Wy ik
AR T R R AR = B A AR, 72 A it B A 3R
RIET1. T LIRTeAM S % B RS B8/ R
HB KA S R E R 2 A W e KT W) 465 3 W
SR AMBEA LY & 2. 59 ¢/ hm™ 7 RUAR B2 A )
T &R 14 a B KRN TR TREA 0.90 t/hm™*,
MIEY A R KT =W ir A 34 a B2 AR A

TP E DY R 4,88 t/hm™ ",

o LR A L LA I T BERE T L
FAF ST X 45 G 0 I B8 A AP G A L 32 B AR
Sif A ARG TEL R RS B0 R L R SRR o S 1A R A
KA L TOURR bR A R R 15 Tk — ST . ARR
B AR A W AR T AR LA S S22 A T S R
[F# AR AR 10. 66,15, 23,41, 00 4%, {HIE AR 2 R85 )
Ao, AR Ay T RN E A SRR X
i AR AR A AR A= i (0. 73 t/hm?) (AR AR W i
(0.36 t/hm*) &Y AP hE (5. 98 t/hm™)H,

P PO B AR (15 a ) & T Pl 2
PR R AR MR S5 R B 2 RN R AR R )E
TR A W i de R Ay A Hofth 4 FpARAT 19 2. 11~
7. 5915 H1 3. 45~5. 95 i JEARJZ A Wit B VLV R 1L F
SRIFM MR HEAR M 4,16 £5 0 JR & 4 AR W e T AR
R SR I R AR MR 2 A W Y 20, 14 £ H RS R
A=Al 4 FRARSM Y 0. 02~0. 37 fif, 2 VT 7 K I
L SR R AR 0,06 £5 . AT UL, 32 DX 3 S e
AT A 2 AR L A bR A B s i A e
PR HEAR TN IE D) 11 FA R AR T LR MR B
AL A RN
3.2 AEAXBEHEMMKTHEEHNHRAKE

AR I B AR A B 1) i 2R A ot R AR A S
REMEBEANZ — FEFERMES RGN et
L FEVE A TE SR 506 8 LA B % AT RE v 403 3 2 R
fafe . TRTE AR N b2 AOR B AR 2 A bl
JE AE e (Al R AN AR AR . 3 20 a 3k,
AR A B 4 35 A 8 B ML 5 AR 28 R g0 HoAth 4 40 1 56
RZUKHEESRAETHBAC LI A RERER
g SN 1 i e = I A O B A= W D N RO B = G O
15 25 AF - 2R BROKR B 28 55 K5 2 1 R TRl 3 AR
L e 08 00 1 e SR ek XA S ) R AS AF 5 A B
5 Fh iR IR b T L ZRARER AU R 22 R

FERFSE I 5 PR 2 BRT WE A UK B b L 8 2
- WRE B R0 A7 TR b 2 X e At g i L —
g, BB SRR AR AR b F 15 a 247, L2
Fr A A W B R A K ol A 2 A W i B R R
G EARZ Y i T AR A, R
B U AE BB 7 K T g i bR, i P AR LR L
BRFNELIMAZ o PR JE AR B AR B UG B AR A 2. 04~
11. 88 tC/hm’,15. 81~92. 91 kgN/hm’ , SE-H{H 5. 04 tC/
hm®,54. 00 kgN/hm® , FIH A X AH oA, 5 F b b 25 +
FIEZS S A AR X AR VR T RS N TR 3. 19 ¢/
hm?,90. 00 kgN/hm?” , 42 [ FARAE AR 3. 45 tC/hm? , 70. 00
kgN/hny (B A ) P PG R R K R LR
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B ks AR RERT 0. 25 1C/hm? . 9. 00 kgN/hm” (17 &
fitg it AT U ) 1 BT 30U W I M BRI A AR TR
RURYLEAZHK 9. 13 tC/hm® ,230. 00 kgN/hm® , RAR KA
T HEE 7. 80 tC/hm?,190. 00 kgN/hm? i & %
Y BRI TA AR AR B IX b Ak O )T 2 b T R R
AT AR F L RN A TR If 25, )
HMZAE BT VE RO R R ELHG T H T A L (AT AR AR
T R Aot i v T O g L b X

WG b A LR L 25 P Py TEL TN AZ U8 V% ) ik i £
fo T LA A — 2 AR 3R W rp W b XA AR O
YRR RE S T R AR (B CL) X 5545 PH & 1F
S 1Y VG 6 e S AT R RR Bl i 4 RN — B AT R
Tz DS I AR BT £F 4k R 3R AN 5 o0 e OV ) HE R
T 35017 I AR B A 12t 1% 184 O, VL v I 4% PR 4 Btk AL
ff (2. 15~13. 03 tC/hm*,59. 71 ~413. 39 kgN/
hm®) & T 77 74 74 e 3240 Bl K 5 13 56 37 4 R N AR
(0.39 tC/hm’, 16, 00 kgN/hm?) | T F& ¥ 1 28 #k (0. 55
tC/hm”,11. 00 kgN/hm®) . 7 XI55 S ] -8 v 0 e i
1 (13.032£0. 79 tC/hm®) j2 HABAKTL Y 2. 43~6. 06 £%,
B T REHRMAE SSRGS E 8. 21 /hm™, 7]
D B FPIY e L 5 ) bR O 9% 0 e R BUAE X T 4 T
SRR A — R T A R REM R M E Y b
14 e U e 7E SR 3K 2l T 43 i A LA AR ) R B AR AR
B RGRE HEVLHI R AL SR
3.3 AEAXBHZEMRRTHEEERNRRA D T

HEARAMEAMEN FLEERGE Emn. E
THAZ N 2 i b rb 3R A G R B R FE AR LR A
LR rh LA B R A ] 98 % 0 B R L 25 ) 2%
AN s 45 MR (B YNS) A )2 Bk fiff 52 76 A [F] 8 57
AR LI R ZE S R X R T A
FEMMRE A REAIYHE KT TAKEZN
AR JTER AR BT 3R A B 1 v . BT LA RO 25 0 ki o K
1 T AR 2 B2 R A7 7K 43 TG AL 3k 58 e, Bk i B /0T
B HEAR BRI ZE>R >, A K2
KB IR T B AR R T U T HB 4 A R M
GG AR HE R 43 TE e 9] 30 2% S5 2 T e 2
AP N =S RN SPOS VPO - | R (N =
Hh A5 MR B R i 2 SR S M b 4 R T M T
AR D IR R B A A N S A W 70 O NI N
BT R AR B S i — B AR T ROk A A
FEZE RS M I A2 AR MR AR R
Z5 . R TR X ZFAERARZ FHM T
RERKIRFTEC P87 YA [8) 2 0w 24t 2 BE AR B A
[7i) 222 30 2 55 ] I bRl o L AfR R S ] I b i - i
TR 5 48 I e it 2t T o7 B B0 /) & 33k 5 VY X %

BT 3 9 4 o BE — B ELET IR AR (AR IR L = B
A S BOAT 22 550 R TE W 45 2 e oy i 22
SSE MRS R . VR Y A B SR E
AT 538 KGN o 78 28 43 M B 26U At o ok 300 0 KA
15 5 FBIARS3h  Ble it i 35 R N VR ) >R

BESEAR G 21~40 a AR R 23— 2. 5
/NTF 21 a AEFRRRARBR 43 B R 2 > VR W) > HER 2

U SR8 T 8 a.15 a,22 a AR IR i R
B T5 ) > BAR 2 > TEAR 2 A 22 50 R UM i 5 %
U5 0 ) e A 5 T ALb B A3 B PR R G 2 G
TRARHIFZE o F R 2B 1) 25 57 i 22 Rl AR R/ AR 45
M 3SR A3 A L S i BB A TR 2R A R R, MRS A B 2 ik
fitt 5 B AR 1) 2R G0 43 A A T i — DR 5. AU
TEFTIF ST 5 Hobkg vh 24 R B0 R TE ) > K2 >
TR 58 A Fr e DX R BRI AR RR AR T
KATEY e — 30 0 L8 B i, AR 1 5 B
B FRARIE TR v 2 il bR D 2 i AR B R R A
TE ) HL A A T T O R R D i I e 3 I A
Wyt b R 2 () AEAE SRR 5 DG R L s AR R R 9
SR Ak Bl R A B R MOR 50 R K R R
YV E] K R 5 55— O ThE s 6 TR U BE O B S AR 1L
B LTS i LB A R BB X AR AR R e
PRGEAT N AR HE T W . 7040 4% 4 I W 00 0 A ik 5
DRFA I Bk 55 7R OC &R WA A s > B R OT R
MR s B BT AR AR 28 R e e ALY g
FUMR L A8 2 5 AL B30 Bl

4 gw

(1) HSS, YNS,DYS, GSL il CL #f F # A )2, B
AJZHEY R AR/ 1.47~11.19 t /hm?,0. 01~0. 63
t/hm?,7. 85~46. 73 t/hm? ., MK B & A8 I/ T
Jy:CL>YNS>DYS>HSS™>GSL, i ¥ ¥ )2 Jy: CL>
YNS>HSS>DYS>GSL. &4 ¥a 2 T Hp 2
() RISy b 69. 51 % ~80. 64 % s HiR AT HEA, (5
14. 48%6~30. 21 %0 s FEAJZL 4 0. 0226 ~5. 4%,

(2) HSS,YNS,DYS,GSL H1 CL % A 2 i & i
A 0. 77~5. 94 tC/hm”,10. 97~92. 84 kgN/
hm?, B4 JZ K 0. 01 ~0. 29 tC/hm*, 0. 07 ~5. 35
kgN/hm? , ¥ ¥H 2. 15~13.03 t C/hm?*,42. 07~
320. 58 kgN/hm®, CL H1 YNS #k T 4 % J2 ik A i 1
B F HSS.DYS #l GSL. # K2 4% %% B ik fif
AR LRIy A >R A R > K>
s BEAS 24 158 43 = M T 3540 s 0 9 4 )2 e AU
DR E SRR RE .



68 KRR BE 5T % 26 &

PR (177 HRAE 8 ER) L = S0 4 B2 AR MM L A

BRI AEER.2011.31(10):2737-2747.

[1] Zhao D, Xie SY. Carbon storage dynamics of forest vegeta- [18] FExfl,HKE, EHW. SFEE MREARNTHMKT

tion in karst mountain: A case study in Youyang Tujia and Y &0 X LT ] Mol Bl 220858, 2003, 16
Miao autonomous county[ J]. Guangdong Agricultural (3):323-327.
Sciences, 2013,40(18) :155-158. [19] Zhou L, Shalom A D D, Wu P, et al. Litterfall production

[2] Ceulemans R, Janssens I A, Jach M E. Effects of CO and nutrient return in different-aged Chinese fir (Cunning-

enrichment on trees and forests: Lessons to be learned in hamia lanceolata)plantations in South ChinalJ]. Journal
view of future ecosystem studies [J]. Annals of Botany, of Forestry Research, 2015,26(1):79-89.
1999,84(5) :577-590. [20] FEI% 505 &R, 5. KR I BT 5 2 i ok

(3] WyHaW]. B4R S AR sty A & 50E fits it Moy PeA SR ] ) PUAE . 2011,31(3) : 342-348.

FEPERY C R BFELT ] AT . 2012, 32(4) £ 425-529. [21] & flous, JBE R JEA, 5. B MR 3 b & i -k 2

(4] Ll B BY B T SR A R KR E AR A ) o 5 A R B AR LT ] A= A R 88 22 4, 2015,

BERAFELT ] A MO AT ,2014,27(1) 14348, 24(12):1938-1943.
(5] farZ¥ g, A T f# 0 TF 5 SR LT 0. Mol #F [22] Apudmg . EEM, ST 5. Sl 4 R AE S R4
S£HF5E,2002,15(6) :727-733. (BB S A Ak L 2H B S o0 A R AE LT . AR A5 22 4, 2015, 35

(6] # B8 R B AT R B A0 A 0 ik o A A 2 L AR (15):5215-5227.

[J]. 2524235 ,2006,25(10) : 1252-1256. (23] Zik.RAER. £ TR . BT AR S R AL 2 i

[7] Domke G M, Perry C H, Walters B F, et al. Estima- ANT4ibk e IR M AESRZRGEmAMELT] 5%

ting litter carbon stocks on forest land in the United % ,2015,35(18) :6051-6059.
States[ J ]. Science of the Total Environment, 2016, (247 X, 2k, %) T B2 T EIL AR FERES RS
557/558:469-478. B A oy e A% Jm [T ). A2 & 22 4, 2017, 37 (4)

(81 APAFBE BUAH] L R RZL. A5, =T 1l DX o 7R 2% b A 1074-1083.

Te R 2 R sh W5 [T ]. W Rl 4 ,2016,34(3) :332- [25] MR, EARZE 17 5. PO 5 2 AR ME R & Y
337. et i S zs [l oy A ds Jm [0 ). AR 4 243K, 2016, 35(3)

(9] XUbRAR. PG AL 2= pg A A 4y R A AL 0] 09 43 A [T 1. Ll AR A 559-566.

WP R4, 2015,45(4) 5-9. [26] JAE®R, TRRE. S W, KEFLHERESRGEHI

(100 ZAMK, L. SUNF AMZ M4 aE o5l ] 5t RBP4 222 4k, 2000, 24(5) :518-522.
ML K222 4 AR 2R, 1997, 15(1) : 7-12. (271 BRILAE, S H ol BRL, R 45, JE T AP A% 145 55 1

[11] XU R BB A7 4 A 45 B B RS L0V g 1l AR R R UL ). Rl R, 2016, 33(11) : 2202-2208.
It AR R R [T ] A5 2% 44 75,2006, 25(5) (28] BRAFME VP 22 ZEMRHT. 55, KRR /M A: o w3 A
487-491. 52 [T]. 7 ARl 24 . 2011,42(10) ; 1255-1258.

(12] Pk, WA, 1E SO, 5. W0 R U0 B R A8 A B+ 42 [29] FIE.LER,PHE. 5 FREFEEHGE LA THRAES
AR AFZARBETE LW 1 S A AL . v Al B 4 FRau A E L], 50, 2013,33(3) :0925-0933.
2R ,2011,31(5) :44-51, [30] RFE.XIBEPK . BLLEAE 55, S Ry e B 2% bk 08 9% 1 K

(137 Z= i fi . SE 3 B, J8) B3 L 4. 2304 op B i 3 4 LIPS PR 4t 20 AR 11 A5 e R A B A S LT ). VU R AR K AR
S5 MR AR A B T (D], VE AL R MR K 2 2 4 H AR BE#A M, 2016,36(5) :45-51.

B AR BE# M, 2013,41(11) :58-66. U310 WA 6% RT3, 45 T VU A W) bR 5 4 I AR A o S L

[14]  ELH, EASHE 0 E R Z308 KARAE LA MR 3R 25 18] 43 1 #1 SIBCRE R LT AR A2 24 7, 2017, 36(3) :592-600.

N B AR Boll B P54 B 2008(5) : 75-78, [32]  BEOUER B, S — 5. AN RIS AN T bk it et 2

[15]  skakAe, FIEA A AR S . PG AL = B As N TR obk 2342 AL ). SR 272741 . 2017 ,44.(4) :636-642.
Yt sE )] 2RO RH# . 2011,39(31) :19203-19205. [33] R7AE%, WK ALBE, 55, B0 4 o B8 X BB L 3L AR MR Ak

(167 ™3, X BERk . 2R W] L 5. )7 V0 & B 41 0T = g A R SR Ak e R B R H A ME AR AE L) ). K AR R 5T, 2016, 23

AR L], PR MO B4, 2014,43(3) : 134-138.

(4):55-65.



