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WA B ZEFRUARTER T RSB T BB E AR T B, R A PR, 2 BRIM A (Pinus tabulaeformis ) 5
AR REA R RS A TR B A SRR R B R BT R TR R S YR T R R RN ES M, 4R
R, FE A BB B A SR T B S RO M PR B S AR TR R R R, B, mEAE S
B B 7 % g %o P SR R AR K5 B B B R AR R AA TR B S AR T AR BRI ZUTE SR R o AR AE B BOAR T AL S PA T2 4
NEF, BEAJZ Gleason,Shannon-Wiener . Pielow 355U H = A K B Be i 7. 817.2. 222 F11 0. 769 |3 3] 19. 978 .3. 470 F1 0. 907 ,
ARE EARH FH AR TRRBRUERB R, REA B BRI ARS8 AT AR — 28, #E AR R B B, T
WERTHBRAR B R, MEE AR BMEAR AR A i A d A 2 262. 61,461, 92 kg/hm® 53 5] T f& =
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YiFh 2RI B TR IR R B — 5 TR, TAE Y A BT, AR AR HA Y B, X PABR 338 BE (R AR . 7T 0L, AR AR B
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Abstract; Undergrowth, one important component of the forest ecosystem, plays an important role in maintaining the forest
structure and soil quality. The effect of forest at different age on undergrowth has been well documented in a few previous
studies. However, those studies, thosen aregarding forest age as time scale tended to neglect the interactions between tree
population growth and its undergrowth, thus overlapping inevitably the heterogeneous response of the undergrowth to tree
population itself. In this paper, we investigated plant composition, diversity, biomass and nutrient accumulation in the
undergrowth of Pinus tabulaeformis forest using a time scale of development rhythm: the height rapid growth, diameter rapid
growth, volume slow growth and volume rapid growth. Results showed that it was at the height rapid growth stage when the
competition between Pinus tabulaeformis and its undergrowth was severest and abundance, diversity, biomass and nutrient

accumulation in the undergrowth were lowest. Therefore, severe thinning should be proposed to be adopted at this stage to
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relieve the strong competition between them. The slightest competition between Pinus tabulaeformis and its undergrowth
occurred at the diameter rapid growth stage, when the aboveground biomass and nutrient accumulation of both the shrub and
herb layers reached the maximum and the Gleason, Shannon-wiener and Pielow indices of herb layer have increased from
7.817, 2.222 and 0. 769 at the height rapid growth stage to 19.978, 3.470 and 0.907 at the diameter rapid growth stage,
respectively. Accordingly, forest can be relatively extensively cultivated during this stage. When entered the volume stages,
the competition between Pinus tabulaeformis and its undergrowth became daily intensive. The biomass of shrub and herb
layer decreased from 2 262. 61kg/hm’and 461. 92 kg/hm’at the former stage to 1 549. 85 kg/hm’and 220. 84 kg/hm’ at the
volume slow growth stage, respectively. While the Gleason and Shannon-wiener indices of the shrub layer increased to the
maximum at the stage. Compared with volume slow growth, the diversity indices and nutrient accumulation of both shrub
and herb layers were lower at the volume rapid growth stage. While the aboveground biomass in the shrub and herb layers
was slightly enhanced further. Moderate thinning or cutting should be taken at the volume rapid growth stage. These results
indicated that the development of undergrowth could be regarded as an indicator as growth rhythm of the arbor of pure

plantations. And It is of reference values to select forest management ways according to the development of undergrowth.

Key Words: Pinus tabulaeformis plantation; growth rhythm; undergrowth; species diversity; biomass

M AEBAE N B AES RGN — D ERA T, FE e N TARIR B ML BRARSL 0 A 7= 7 75 T
EBEENEA. ENAXM BB E S AR, FERFFOR AR L K 3R 1R
FAP ARk E b — e H TG, R AR TR TR BRbR A B R RN 4, (B T R R 1k
FH AR BE RN A Y B IRR AR E b SR (B A 7 R I AR L BRI B X SR PR IR BV R A AT A
(9, IREX X BT STESEE 80 AER AR, B FARELYLE KT IER, A THESRERT
PUBRAR , N AR BU™ H 5 BT P W LI b ) T2 1R S5 &b AR 25 AU, ATTA JF A B AR T A8 IR 018
AR RESR I A 1 ST EIVER o 2K ( Cunningghamia lanceolata ) 73 B 22 i AR F1, 29 i e AT
PREEFR 24% 1, BRIHAK PSR S T )12 60, AW BOR Rl EREREE ) b ArFe 5 g™ |
FAEAEC " AR AR 35 B A A R R AMIEER LA K+ SAE 7 (928 AL %, KR ( Eucalypius) ™! |
Ih A ( Pinus massoniana) "' FK AN 3 9 S Wbt — R FOBIFIE o AR XS AR 43 B [8] 25 1k WL 22 5
TR RS 53 Bl e R RPRSEARI B Bt AT 70 EL 8. i TR BE e B RSEAE K R LA
SR BRI A I AR A LABKEE o ROBESR BT SR A BOR D0 6 SR HE 5 17 AR A R R A0 AR B B £
i

A (Pinus tabulaeformis ) j2 3 B B IR R 1 X2 18 b DA PEAE 6, 78 LA SR S b R R L
PLE, HIDo AT A K AT SRS B RGBT REMMA THAZRETHHERLE,
AAABARXT B, SUMPLAATRIA SR — B DGESRAH 7= B AR5 BA o BAR , B el s BT T 5 46
S [ AR AR A KA B AR e LU VBT 2R EE T IR ALY | AR TR B R
FROEHFTHIZEIIE o (EXMAAA [F] 4 B BOAK T AR B (R B M T AW B o AR SCHBIUI A o A 0 A5
HER b RS A A B AR 4 AR E I, SR T R BT S SR AR T A R R B SR B
B ILRRRESEZRE, IR PR AT Frg 28 IR B KR o
1 MR

R R AL FAL R RE PR B X EE & B AR b 1l . # 3R A7 By 40°16'N, 115°40'E . i3 X @A 1L
WBKRGE, 2 J9igtk 800m DA_E A AP L, Forb 0 45 Tt 3l 7, ¥ 4K 1 252 mo SRR BR A KRG XS
o ZH X AFE TR 6.7C , 24F=0CH =10C IR 709 3 310.7CHI 2 939.7C . TAMN 144d, &
FREKER 519.6 mm, ZE LBy 1457.2 mm, P H 2 690.7 ho H3ERRON & AR L K145 £,
TREAEUERE I E . 7P EAAR X RARXR], 2% X i AR R T B ARl —ARdb L AR AR X —
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FELLLHARAR X ¥4k 800 ~ 1 200 m YLLK, 4344 5¢ i 4 ( Quercus mongolica) , A LA B 2%)& ( Rham-
nus) M@ ( Corylus) 3|55 ( Vitex nigondo var. heterophylla) %7 3 , BAF P4t M & L ( Carex lanceolata) \FEXE
J& (Polygonatum) J 3§F}( Compositae) I ZFHEY) BT AR 70 T4, 2% X LA AR 0 F A B E
POBIR , AOR B R S AR A A BRAE /R AR AR X R AR FEAR I B AR o 20 HHE4D 50 ~ 80 AR AR Ta ARk
F NG, WD LA AL A8 ( Larix principis-rupprechtii) U ( Platycladus orientalis) %2 3
2 MIRAE
2.1 RS

MRARA R B R H S A R T A BT 25 57, WA AN TARR & RABIRE , 10 ~ 15a b m s AE B B, 16 ~
25a P AFRH A BE,20 ~30a M BIZIBHENN, 31 ~45a MM BLEFEA K BB o ABF5ER A2 FFI
B IE] A5 v, e I SL b AR — B0, PRI 122,212,290 I 36a 4 BUAHAR AN AR, 23 HIAAR B RE A K
(KA ) ERREERKERI) MREEERK (KM ) KR EA(ERINV) . WFHERIFHRGHEA
BOLARIN T o 288 T (12 a AR4Y) 21995 4FFARAE 2 B AOTAA TS , AR AR 10 hm® | BUAKE By 2 000 #R/
hm® 2245 s 28680 11 (21 a #h43) :1987 AEFHARA 3 8 M MAR 1 , AR AR 12 hm®, KR BE 2528 3 000 #k/hm’,
2002 4E2 AXFHAREEST T F 2R 5B (29 a #K4)) 1978 4EFHAA 2 B AUMAA T , S AR 30 hm” | LAk
RN 3 770 #/hm® 2245, 4091 F 1996 4F 11 A #2001 45 11 A XM T F 28 4k BV (36 a #h4))
1971 4EFAAE 2 W HOTMAR T, EAKTEAR 32 hm® | ARSI R 3 130 #f/hm’ 7245 ,1990 4 10 A .1996 4F 11 H Al
2001 EXF AT T 3 KT IR AR 4 FlARES AN N TAR R IEA B 55455 (Spiraea) AR T ( Lespedeza
bicolor) \7NIBA (Abelia biflora) KA ZE ( Elsholtzia stauntoni ) ZHE WNFNFEACIRSE I AR ZEFE W A 1L b E 9555
TR 2R OIREE 7 T T Ao

2005 4F 3 A4, 176 LR RIARES BTHAAAR T, 73 5136 E 20 m x 20 m A FRRERIARHAE AL, EHK
FEH A , B B AARIEA [ & B B B AR b B AT Lo RE i K 5 1 8 . B AR K e TR S5 H R 5
MTFHEHEZ , REEERES, KRR E 2 KER , AEFEAR T, 81 0E 1,

F1 HWMAIHERERETF
Table 1 General conditions of the Pinus tabulaeformis plantations
BB

e

N 4z 5 -
yp plots  age(a) (B +hm~?) coverage (m) (cm) (m) position aspect & ) (cm)
| 1 12 1980 0.86 2.62 2.87 885 3l N 17 54
I 2 21 1875 0.83 5.24 9.29 880 H N 16 53
3 21 1525 0.77 5.34 9.64 880 3l N 19 51
m 4 29 1925 0.87 7.73 12.03 887 H N 16 53
5 29 1700 0.82 7.86 12.14 885 3l N 18.5 51
v 6 36 1650 0.89 9.84 13.72 915 H N 23.5 53
7 36 1425 0.81 9.77 13.60 903 3l N 25 52

2.2 MR E R E

2005 457 FRHERE R EEE MR NI AL S m x5 m REDT S A, R A BT R
WEARRIFNIE I SRR S  7EG BRI, LB B L m x 1 m £ 10 A4S, AT KR A
PIEIFPE B RIS RS, BSEY A RRARCE RS, AT HY R AT YRS, BT EYRAE
WAL RIBEEME™ HTH¥AR BEAZ Gleason , Shannon-wiener , Pielou %54 ¥ M35 $rit 5%
R FRED WOAREEXT AR (A 2 b A AT . R AT R % AT K BT R
o MR R FIBEM L b ar: BRI RS R AR &, SR L nk, 4 45 B R I IR SR R
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R TR
3 BRESH
3.1 R AT S AR 2R3

1R 2 FH, AR AR B B A N AR AR B b 4 R o W7 A > B A > BRISA
Y, BT 4 DR REI NGB H B 4 P KRBT BBIAAAR T BP0 B, s A 3 A A
B ARG A AR A 500 0.1 1.2 B mE A RN T By 4 A AR A I B ARG A
S AR ARG A IV AR AL A3 6.5 Fo 4 FRAE K B BURTIAR AR T AL OR T A4 20 51 19
49 46 .38 i, B HG I T AEBLE AR IR , BIAS [ A2 K B Bobk T A 9 28102 ph X7 AR 5 2 1Y
AN T EPERR, PR AR, M A D

R2 HBMAIHKTHEER. B FEL
Table 2 Response of family, genus and species in the undergrowth to the key growth stage of the plantations

1 I I v

¥ Kind 1 2 3 4 5 6 7

A B C A BC A BC A BC A BC A BG C A B
kAW Preridophyte oo o0 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2
BL-FHY) Gymnosperm 0 0 0000 00O OO O OO0 OO O O 0 0 0 0
XLF M%) Dicotyledon 9 17 19 17 37 47 17 34 49 20 34 40 21 38 50 13 23 27 19 31 35
B F MY Monocotyledon 3 4 4 5 6 6 5 7 7 3 6 6 2 7 7 4 6 6 4 6 7
&3t Total 12 21 23 23 44 54 23 42 57 24 41 47 24 46 58 19 31 35 25 39 44
T4 Average 12(3)21(4): 23(5)43(6.5): 24(2.5)45(6.5): 22(4)35(6):

23(4) 55.5(6.5) 52.5(6.5) 44.5(6.5)

DA .B.C /B ABE  JBEFIFEL A, B and C represent the number of family, genus and species, respectively; @455 Py £ 5243 5l hy 87 -4
YiryR JB 8L The numbers in the blanket represent the number of family, genus and species of monocotyledon, respectively

3.2 WS AN TTARPR T AL R 221k

AR ALR G BUER WA [RIAE 9 12 B 35 b 0 3t 57 F0 AR T, 0K/ 2 8 D0 34Rh A A P ) B 24K
o B34 A IS N TR S A AR 1 AR AR AR S IR 5% + £ E S5 43 (Spiraea pubescens) -1
P& + K5 (Spodiopogon sibiricus) , 12 B AE JAFE b 2 FIAEH 3 70 518 L EFH LS + FH -5
( Phlomis umbrosa) + KM 4k 2k ¥ ( Clematis heracleifolia ) . + FF 45 283§ + LU 2 ( Prunus sibirica ) -/]> £1. 3§
( Dendranthema chanetii) + 2M ZEB 3% ( Potentilla fragarioides) , $#1 F1& A= BiAEHD 4 FittHh 5 R =G4
(Spiraea trilobata) + 215 K- T2 KL (Achnatherum pekinense) + #&4F M EE | L EFHF L + =S4 35-PEH
BE + /A MR EAE IR 6 FUAEHE 7 4350 9 /NIEE B ( Deutzia parviflora) + + S5 35-H 5 & +
RIS (Viola selkirkii) . =G5 + KATFE-H4H B 5 + B 2 (Arundinella hirta)

TR AR I FREE S A R B, A B RO P Fh A S R AR BE A SEASARAE ) AW S5 R R0, AR AR
KB A EEA R E DER T M T HESARE DR EU TR T ER . H—=, A KPR,
THAAK T AE R RSP (JCHRSE 2 IR R & 5 B AEIEARZ S 1 IREF i 5, sl A B W
RIZE —RHBFE R L SRS MR RKIIEAR B AR 20K, Hih 4.5.6 7 EARZREFM R R,
A B R TR BHE AR Z YRR T AR BE R UG R o R AR MR AE AR RS | RS R Bt
&R, AR AU A R A R AR R R, B A SRR 2 L S0 5% AR A AR AR
AR RS 2 AR ET RO R AR Ah , HAAR AR T AR SR AP AR T A 28 AL
3.3 WS AR T AR B 451021k

R H 3R B S50 S BB B BUB T, BRIR T VR 2 G5 A TR B8, A SCAMAVR T A 5k 19 v B A
TEEHAT T, HIERS AT, AR A [ EARE S 0.78 m, 2 A 1 1T A4 AR AR 30 T A0 AR AR
BV 23512 1.25.1.05 m 1 1.09 m JEARJZ 5B FA)Z H BB S-S Z AR, 2 AR 3 AR i K, 4 R
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29 &

HRRZ, R e RN BARGEEE 51.0% , e IR A Al A I A R 55 B O 47. 5% ,
JESR — B A 40. 0% , Ry AE TR /IN AN 14.5% o BUZ IR SEREVE T & FHRE Z (8] AR BR i S 3R5E2
B AL 3 4 AR EL AR R MO 45 SR ), RA TR A ISR A 2 X AR T AR A I 1 P B SR B R A S B/

=3

HRAIHRERBYHEEESH
Table 3 Distribution of importance values of the shrub layers in the Pinus tabulaeformis plantations

W4 FH Y Important value( % )
Specices 1 2 3 4 5 6 7
Bk Quercus mongolica / 61. 481 15.674 29.574 13.571 8.502 4.728
=GR Spiraea trilobata 39.293 48.743 67.265 163. 645 54.344 41.485 164. 989
WA Prunus sibirica 24.277 43. 881 68. 258 17.357 9.798 14. 871 17.572
WK F Lespedeza bicolor 15.247 8. 460 - — — — —
+ G54R3 Spiraea pubescens 68.170 74.131 70. 631 26. 963 88. 599 69. 243 19.032
Z B F Lespedeza floribunda - - 5.527 - 13. 345 - -
%K Tilia mongolica - - 5.527 - - - -
B B IR T Lespedeza davurica - - 5.743 — 6. 464 — —
AKRAFETE Elsholtzia stauntoni - - 24. 845 11.053 24.744 — 33.—883
SE#% Corylus heteropylla - 46.742 36. 530 - - - -
INEEF Deutzia parviflora - 7.365 - 15.733 — 69. 440 19. 025
K+l Fraxinus rhynchophylla — 9.192 — - 16. 083 68.274 —
146 B & Lespedeza inschanica — — — — — — —
/N Z= Rhamnus parvifolia — — — 7.901 — — 15.215
B 111 1 Rhododendron micranthum - - - 15. 950 - - 5.170
HEM W35 % Ampelopsis humulifolia - - - 5.330 33. 607 20. 964 15.215
JNHE I Fraxinus bungeana — — — 6. 494 — — —
i WERR F Myripnois dioica - - - - 7.107 — —
WBRZE Prunus humilis — — — — 12. 637 — —
11#; Populus davidiana - - - - 19. 702 — —
L1#i Sanguisorba officinalis — — - - — 7.220 5.170
3 4% Vitex negundo. var heterophylla 153.013 - - — — — —
x4 HRAINEREVHEZEESS
Table 4 Distribution of importance values of the herb layers in the Pinus tabulaeformis plantations
4 FHEA{H Important value( % )
Specices 1 2 3 4 5 6 7
Wil 85 Arundinella hirta - - — — — 11. 084 45.799
SRR Iris ruthenica var. nana Maxim - - - 12.903 7.931 23.338 13. 687
¥# % Calamagrostis arundinacea - - - - - 7.346 -
5% Aster tataricus — — 20. 442 6. 021 — — —
BB Geranium sibiricum - - - 8. 698 - — —
KT Leibnitzia anandria - - 18.277 - 16. 547 — 11.197
Pkt E R Carex lanceolata 122. 45 14.257 19. 339 47.386 74. 483 107. 344 61.617
NP Patrinia heterophylla - - 7.011 9.800 — - -
41 543% Hypericum ascyron - - 12. 142 - — — —
53T 25 3R Rabdosia japonica - 9. 843 13.420 17.316 — — 13.903
I ES Artemisia gmelinii - 10. 956 21.304 - 7.069 - -
WRILESE Viola selkirkii - - 22.166 22.267 30.911 10. 009
BENF BB 3% Potentilla fragarioides - - 22.587 — - - -
INE1 34 Dendranthema chanetii 21.218 - 23.029 - 37.689 7.073 22.347
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gk

% FHEAG Important value( % )

Specices 1 2 3 4 5 6 7
FHEE Artemisia sieversiana. - .576 — — — — —
$R=-1 Sedum aizoon - 11.072 -
B EZY Saussurea nivea - 11. 092 - - —
W} Lilium pumilum - 12.995 - - - - -
2211} Dioscorea nipponica - 17. 806 - — — — —
KM4RERE Clematis heracleifolia - 24.752 - — — — —
K&75 Phlomis umbrosa — 25.888 - — — - -

o0

H3k %y Pulsatilla chinensis
HuHT Sanguisorba officinalis

15.919
7.257

4B Selaginella sinensis —
HTERL Achnatherum pekinense —
W 3ESE Ixeris sonchifolia -
2 Plantago asiatica -
INAEYLETBE Bidens parviflora -
ZIEE Geranium wilfordii —

S RBERERFE Clematis brevicaudata
B E Carex onoei

FKTTESE Iveris denticulata
KL Cirsium setosum

B X Saposhnikovia divaricata

W /AYE Taraxacum mongolicum
4T Dianthus chinensis

P 5L Rubia cordifolia

KT Spodiopogon sibiricus

6. 949
9. 635
11.072
14. 839
22.127
29.590

25. 541 27.917
67.7% -

* BN EAZRRE L , 4 BRI TR N EEE 5T 10 fF4  Because of the substaintial species, herb species with the first 10 of

important valve were only presented in table 4

R5 HMRAIHRRTEBREESHETL
Table 5 Response of vertical structure in the undergrowth to the key growth stage of the plantations
S Ttem I I I v
1 2 3 4 5 6 7
HEA B Height of shrub(m) 0.78 1.19 1.30 0.98 1.12 1.13 1.04
HEK 35 BF Coverage of shrub(% ) 12.0 79.0 83.0 47.0 68.0 71.0 58.0
FEAE BE Height of herb(cm) 15.5 21.6 21.9 21.5 14.8 16.6 22.7
HA 3% B Coverage of herb(% ) 14.5 53.0 42.0 63.0 39.0 39.0 41.0
T Y 2 BE Depth of litter(cm) 4.2 2.6 3.0 3.6 3.0 3.3 3.1
HEARJZHIEE Average height of shrub(m) 0.78 1.25 +0.1 1.05 +0.1 1.09 £0.1
HEARJZ )35 B Average of coverage of shrub( % ) 12.0 81.0+2.8 57.5+14.8 64.5+9.2
HARJZHEEE Average height of herb(cm) 15.5 21.8+£0.2 18.2 £4.7 19.7 £4.3
FIAJZ 435 B Average coverage of herb( % ) 14.5 47.5+7.8 51.0£17.0 40.0 1.4
&Y JZ LR Average depth of litter(cm) 4.2 2.8+0.3 3.3+0.4 3.2+0.1

PPN — J7 AN BT A 7, — 7 T A SR SRl , IE X MMl 5 A4 7 sh 853 A8 , I T IR W= e
o MARREAR 1 FHEWRIEEN 4.2 om, FRd AR I A BUE AL T AnAF BUR A IV 205910 0 2. 8.3.3
3.2 em, BRIRH ARV B TR R EE B R T MR AR, ARV K BICAFAE R IR R E Y
TR SR AN, X —F R T Y% i R R TR S SR R, M T RE A IERES R
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ERREY WA EA — g, Fit, NiXANE B, BEYZE R EAY O &g, sl I &
2, ARG A 30 T A R AR 3 IV PR 5 2 22 08
3.4 AN TR T HE R SRR

H3 6 A, B A JZ AR BOS I AA & B H J7 W B 3 HE R 28U, £ R4 BL A< )2 Gleason , Shannon-
Wiener ,Pielou 5 #(% i LLEARZ K, M THEEHEEER FERZHEAZFEK. M Gleason, Shannon-
Wiener . Pielou 3880t % B & S B0 N K F , Gleason F5 %5 o 4E% , Shannon-Wiener $§5IK 2 , Pielou $i§ % & 5%
PR 2 o

F6 MRAIMMKTEESHEBEBETL
Table 6 Diversity indicies in the undergrowth to the key growth stage of the plantations

SRS NGBStk EAE 2 E2 dR T
RAY FESh =278 Diversity indices Averaged diversity indices of Pinus tabulaeformis
Type Plot Layer
G H J G H J
I 1 WK Shrub 1.036 1.301 0.808 1.036 1.301 0.808
HA Herb 7.817 2.222 0.769 7.817 2.222 0.769
I 2 WK Shrub 1.657 1.835 0.882 1.761 +0. 146 1.844 +0.012 0.863 +0.028
HA Herb 19.543 3.405 0.929 19.978 +0.614 3.470 £0.092 0.907 £0. 032
3 WK Shrub 1.864 1.852 0.843
B Hetb  20.412 3.535 0.884
Jil§ 4 WK Shrub 2.071 1.623 0.705 2.278 £0.293 1.887 +0.373 0.786 £0.114
HA Herb 16. 069 2.863 0.793 18.024 +2.764 2.929 +0.093 0.788 +0.008
5 WK Shrub 2.485 2.151 0. 866
HA Herb 19.978 2.994 0.782
v 6 WK Shrub 1.657 1.813 0.872 1.864 +0.293 1.706 +0. 151 0.783 0. 126
WA Herb 11.726 2.474 0.751 13.246 +2.150 2.630 £0.221 0.771 £0.028
7 WK Shrub 2.071 1.599 0.694

HAR Herb 14.766 2.786 0.79

AIRJZIR Gleason ,Shannon-Wiener  Pielou $8¥U% FF AR R & & FE J7 W R A 22 5 . A4 B8 A 3 TTHE R
JZ Gleason ,Shannon-Wiener 35505 K, 2354 2. 278 Fi1 1. 887 , #E A )2 Pielou 38 H I RMEHHERE AR I .
H#EARJZ Gleason, Shannon-Wiener #/]MA H 3 7E 5 3 A4 1, Pielou 8 HUN DL FRB AR IV &/, BEAZ
Gleason ,Shannon-Wiener . Pielou 5 $0&(EH 3 B IAER A A H 1T, 4051 2 19. 978 .3. 470 F10.907, 3 I8 HA
BB #E AR 1, GleasonShannon-Wiener . Pielou $§ 54352 7. 817.2.222 #10.769, B W, , EAE %
FEVESE B IAA R B W BUE I M BTEARZ I B . AR MRS SRR LR S AR M AR R S &
E T SO A 0 SR P 0 RO S AR, S A PR X e i b T 5 T S R
3.5 MM AR T AR B2l

MR T G0, s E AR T REAES T A ARE A 30 I A AR A 3 IV AR T A it B398 o A & 3l
4 886.02.2 724.53.1 770. 69,1 783. 65 kg/km’ , & 3k IR AL ST B SLAR ™ IR A, B T Mo 9 45
¥, XX FE AR S BEXERNEKR, EXAEZEYEUAREAR IEX, MHREEH VR, ERZEY
B S ZAHE , BIAA R A | < MBS < MRREAEN < AES T, s, T.0. M
IVHEEARJZ Heo 2330 AR T AR S A= ) B 1) 76. 0% 83. 0% (87. 5% F1 91. 6% , MR TF A BRI £ R EEE
HEARZYE 1 o
3.6 WIAATHKRTHEKRETRHEEDSL

P TTR A B R B T Y E—E A5 AN LI TR RE R R0 W58 R0, B3R 8 "I AT,
WA EHAES I EEAH T MRS A REEH VAT EES B3 RETRRBEES N
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39.51.119.88.73. 38 kg/km*Fil 66. 84 kg/km*, FKFAE Y 1 41 ALK £ 2 A ) O FE AR R B A, R 9% T 2 T
WAEFI 25 5 S PR T RLBER A0 & BV SRR R R BAGE N, H & & M B AR E AR ZREY,
SMEE G A KRR EY IR , B P AEE R R R B A R 2R K B BT IR SRR R R AR AR
THEEEREMEM L HIRFRETAMNEZEERZ —, Bl IR THMTERRBERRLA, B4

[ F/b, HAR A A T BB T BB th R AR FEAR

xR7 MBRAIHRMKRTEEE EBIEVESF
Table 7 Distribution of aboveground biomass of the undergrowth in the Pinus tabulaeformis plantations

#0443 Component ! I I v

1 2 3 4 5 6 7
A Herb (kg/km?) 212.37 502.88 420.96 134.49 307.19 129.97 169.91
HEARM Leaf of shrub (kg/km?) 110. 44 316.67 936. 14 337.95 424.93 321.33 290. 86
WAL Branch of shrub (kg/km?) 563.21 887.41 2385.00 775.94 1560. 88 1287.87 1367.35
S48 Total (kg/km?) 886.02 1706. 96 3742.10 1248.38 2293.00 1739.17 1828.12
B AT Average of herb (kg/km?) 212.37 461.92 +57.92 220.84 £122.12 149.94 £28.24
WA T Average of shrub (kg/km?) 673.65 2262.61 +1496.98 1549.85 +616. 54 1633.71 +34.66
M T Average of total (kg/km?) 886.02 2724.53 +1439.06 1770.69 +738. 66 1783.65 +62.90

£8 WMAIMMKTEBM ELBHSRKBTERRSH%H (kg/hm?)
Table 8 Accumulation and distribution of the macroelements of the aboveground undergrowth in the plantations
4
fyﬁ% ﬁi{f‘ Elﬁofni)onent N P K Ca Mg 'l‘:é:):z Aj:?ge
I 1 HA Herb 5.35 0.91 9.93 1.09 1.31 18.59 18.59
WA Leaf of shrub 2.41 0.42 2.07 1.06 0.69 6.65 6.65
W KA Branch of shrub 4.11 1.58 4.55 2.76 1.27 14.27 14.27
/Nt Sum 11.87 2.91 16.55 4.91 3.27 39.51 39.51
I 2 WA Herb 16.94 1.35 18.91 3.21 2.60 43.01 39.98 +4.29
WA Leaf of shrub 20.60 2.00 15.55 9.28 6.78 54.21 35.32 +3.65
W A K¢ Branch of shrub 4.81 3.48 7.06 3.04 1.38 19.76 44.58 £1.90
/Nt Sum 42.35 6.83 41.52 15.53 10.76 116.98 119.88 +4.09
3 HA Herb 14.42 0.58 17.82 2.46 1.65 36.94
WA Leaf of shrub 7.26 0.70 3.18 3.67 1.62 16.43
W A K¢ Branch of shrub 19.91 4.79 20.51 20.11 4.06 69.39
/Nt Sum 41.59 6.07 41.51 26.24 7.33 122.76
1| 4 HA Herb 1.13 0.40 3.63 0.75 0.54 6.46 10.30 £5.43
WA Leaf of shrub 11.10 0.99 6.38 3.11 2.04 23.62 29.45 +0.30
W KA Branch of shrub 3.06 1.51 7.72 6.33 2.62 21.25 33.63 +0.59
/Mt Sum 15.29 2.90 17.73 10.19 5.21 51.33 73.38 +31.18
5 HA Herb 2.38 0.72 8.34 1.61 1.09 14.14
WA Leaf of shrub 12.18 1.07 16.33 3.24 2.46 35.28
W A K¢ Branch of shrub 20.59 1.34 9.09 11.53 3.46 46.00
/Nt Sum 35.15 3.13 33.76 16.38 7.01 95.42
v 6 HA Herb 4.75 0.36 3.70 0.44 0.46 9.71 10.35+£0.91
WA Leaf of shrub 14.33 0.35 5.11 3.49 1.84 25.13 23.35+0.18
W KA Branch of shrub 10.26 2.44 10.93 4.80 3.91 32.33 33.14 £0.98
/Nt Sum 29.33 3.15 19.73 8.74 6.21 67.17 66.84 +0.47
7 WA Herb 4.72 0.48 4.37 0.91 0.52 10.99
WA Leaf of shrub 9.05 0.73 7.65 2.57 1.58 21.57
W KA Branch of shrub 7.68 3.30 9.80 10.64 2.52 33.94
/Nt Sum 21.45 4.51 21.82 14.12 4.61 66.51
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MAGTRRBZE LR, MIAARIE T, A EARM FEARE S EH 2R REHFE —EE
Fo FEAN [ BAR EANMEARITRBRERSS ) 18.59.6.65 kg/km* il 14. 17 kg/km® | B > MEARL
> VEARM, EATEWIA AN TR AR EA T EEEZEM . BEA 1 AEARE > BA > AR, K
AVERE —E T MRS A AR B A BRIV 2 0 AR > BEARM R > BEA  REIMA A BRI B,
KRB T EALEFRMEA R 5 ERIEM.

4 HFit5iie

AW ZHETEIE AR T AR A R B 2RV B R , A ZHEERE —BERATREMERZ —. T
MR AP ER AR FEARZ YIS B — , 50 (& B, 3R 03 0 i R A8 KT R M E I SE O B =,
o FEAZ MR | Gilliam ™ A Kyt 36 B A 2 B0 i AR A B RGPS B0 80% , H bk B
PP SRR Z B R HOA N R B EARZE R, MM EA)Z Gleason , Shannon-wiener 35 %3 H.
FEARZ R, TR B A M B A A Pielow 38 BUR THEARZ . WMIAFEAE AR K F B Gleason , Shannon-
wiener VRSB AR B A > MAFRGRAE A > M AR A > W AR , Pielow F8ECH R B AR > R A > 1
FREHAHA > MR A A o AR T A B 32 B R e 1 N B J2 0 e B8 ) B A 2 X7 AR ) ) b Ok 4 v B
FEEM,

AWy B B R SR — R ZERE IR h D BB A R R/ N — AN d8m , B g — R BRI R R BB D R4+ RE T
BN EEERARAECNBEAIRNEE LY, cEREBRYREEWN RN, BELE™ 2
1416 1 18 MG B AR N TR PSS A& B30 AW & b T30 AW & B UL M
D B Z . B TIZF R U A B BT, ARG AL BT RS — RS TR
TS N TR R B B R %R B 57 B PE [RIRE A Bt , A 2 AR AR 3 > A RR R A > MR A
> R A, R AR > RG> MARE A > mE A . AR T HEM SRR, &AM S
HAM N AE T S B, R A R O . R R FT BBAE T AL g BHPE S B A, SR AR FE A HTHAA FE 54K
TAERE AR E TE S GO, WA SR T AR R F R A R SRR BRI o T PATEYE IS SRR AR
TEGHE B B A AR EE B B A KA RIS MBS R o AL A K B B IE 2 T PA 41 8 M STE LLI AR AR 4 o
PR AR ISR A 40 ) T AR A PR AR, MRORAM AR )3 A X G2 A, RAE S 20 10 48 Ry (N PA R AEAE
5 I EARE TS b AR EX, B B AA TR S AR T AT SR OB . R, T AR AR A S BT AR By
B, X R R B R A B B 1E  , AR B S AR TR R R . X ANEIE AR
T H R R0 ) 0 K AR B 1) & R AR AR KB, WA S AR T AR E AR
%, LI B B A RSB AR RE IR RS B AT AR R o RGP R A 0 AL R R S AR A
HIZE G 25 I, AR T A RS AR I B T A M R A R B TR IR R B A AR
FEE HIREAIR , BRI , 322 B B IO i 528 Xof bk 3 2 [ AR B, FE 40 & B PR A 5 LA 4 4R AR 4 3tb 7 0 45 S8 4 B
RIEo

WA FEARR AR BRI F AT BB B A —E MR R, BRAEYE S, EAREMESR
JZ7E Gleason ,Shannon-Wiener Pielou 1§40 . TR & & . 5 EE i LA AR,

A S PR B R AL, WA T B AR B/ (H TR 2020t T AR SRARE/INERX 3140 G 4L BURR, Wy
ABBFEEEBUKRY . Hik, KT RS A BRI Z 2R E B, WA FZE BB, AT g s
fL %5 Shannon-Wiener 385 R H AR > MR > MR A A > BB AR, AR TSR HF AR 1k
REH K,

FRAMRE PIEE B XA PR VR 75 4 1T 22 2R B R BRI B s A7 7e % o MR B R e e —or
HuHE = 1 AR AL R B 55 2 EERE T, 3 EITO v 8 10 95 B R4 8 B AR T LB UK 2N bk
T FERANTATZ LB o WA TS EEA T A A — R, KA T ey B
TR A= Wy B o) 8 B T L A R BB TC R AR B BB B /o AR M8 P BERTETM AL & B B Bt R %5
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BEILFRMER TS . R KB BRI AR AR 35 B — 20, AP PR = , A B S X e BURE i RIEE R .
BRI M , SRR BEFE AR 20 52 v B B8 140 7 TR AT

M AR R 2R AR S TR EL 0K ROL, FE N TG EE B R , EEEA P g SR
BN A K B BN F BB 4, A TARAE S RG S ERse Bl BImR e . Ak, REFFAIHE
ORI S VTR S 454 B IR T, B UMK T LB 4t O B = o ASBIR G R A , AR ML T S bk 4
FEREA AR R SRR A ) Fh B3 4 0 R RIBM PR TR EFEMR I ERETXEE NS
M,
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