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WEMNELEEXMMATHRIRARNFESIHBRES S RURFSBHFRMELT THEFE,HEREH: (1) BWRASAL
FONBEATAME N 0 > BB > M > B> BT ERSWFLAEH M WE W TAAEYHE Ca> N> K> Mg> {
PWE ] gyt HTARAMNMHENTERREIRAER) MELEEF R Ca>K>Mg> N> B ARAKRBENEFFE
BEEMABHARATMALZR, Q) HAAEBSRAFRILNEL 80.83% ~98.81%KFAELRARNF FARRTRLHLLR i
#0.76% ~5.52% AT HBERMR KD ZOHICEAH L RELBEK 0.05% ~0.17%F0 0.38% ~3.48% . A TLihAAMHY
F AT RBEIR T AR AR M S TG e 300 I R I BB A, 50a B FR A B O B FRAG, FHoh N R B WU T R R (30 B
R S0 WIS MRS 4.23 %), (3) THASMHL LA TR WR FE R PEL M, HIEH T E IS M, & ob A E IR o B
b b 4 A B B B K B R AR T R R AR (ET R B H RE . (4) MR ARHL E B R
ERREL0a ATHEMN, EHARIT>M>N> 1. SALXFIHERBERENERBER A > WE > 1A >R K ;
SHT A—HS&RAERERSSANFACRERITF RS BB 10 F4DMA N> Ca> K> P> Mg, A TRALM
Ca>N> K> P>M, KRS ATHEAMKMAL, (5) KAMKMRKER FEEWERFALA, ALKEELT A& EM,
RS A R K FRHRHER RGO ERE . SAMRA R RECE Ca>Mg> N> K> P HR—F M AR MK AT
R B 3 R B 488 0 T ARG, T P TR AR AR A T LA B U P R R R B AR A
SR TR PR A TR s KR 50 40 AR R AT IR L TR
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Nutrient distributions and bio-cycle patterns in both natural and artificial Pinus

tabulaeformis forests in Hilly Loess Regions
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Abstract; Pinus tabulaeformis forests as dominant communities in Ziwuling Mountain lying in Hilly Loess Regions, its nutrient
distributions and bio-cycle patterns in hoth natural and artificial Pinus tabulaeformis forests were studied in this paper. The results
were shown as follows: (1) Changes in nutrient contents for different components in the same Pinus tabulaeformis forest stood in
the order of needles > branches > bark > roots > bole, and aboveground nutrient elements in needles, branches, bark, bole

and litterfalls stood in the order of Ca > N> K> Mg > P (N contents were higher than other nutrient elements in needles, g
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branches and bole for stand I and in branches for stand IV ), but nutrients stored in the soil stood in the order of Ca> K> Mg >
N> P. The accumulative amounts of nutrient differed much among various forest stands because of differences in forest-ages. (2)
The artificial forest with 30a had the highest nutrient amounts in Pinus tabulaeformis forest ecosystems, and accumulative nutrients
in the arbor layer accounted for 0.76% ~ 5.52% of total amounts, while that in the forest floor and litterfalls layers accounted for
0.05% ~0.17% and 0.38% ~ 3.48% , respectively. The accumulative amounts of nutrient increased first and then decreased
with increased forest-ages in artificial Pinus tabulaeformis forest. The nutrient amounts reached maximum when the stand was 30-
year, and decreased greatly when it was 50-year. Particularly, N contents decreased faster than other nutrient elements, and the
reduction rate of N contents in the 30a Pinus tabulaeformis forest was 4.23 times as much as that in 50a stand. (3) The
aboveground nutrients largely stored in the needles for Pinus tabulaeformis forest, and with increased forest-ages, needles not only
increased its nutrient amounts, but also enhanced the proportion of total amounts in aboveground components. However, branches
and bole only increased their absolute amounts, while decreased their proportions of total aboveground amounts. (4) The artificial
Pinus tabulaeformis forest with 30a had the highest annual accumulative amounts of nutrient elements, and different stands stood in
the order of 1 > [ > IV > I . Comparison of annual accumulative nutrient amounts in different components stood in the order of
needles > branches > roots > bark > bole. Changes in annual amounts of various nutrients in the same component was similar
to that in various components, that is, N> Ca> K> P> Mg in 10a young forests and Ca> N> K> P> M in artificial matured
forests. So there is a parallel between natural forests and artificial matured forests. (5) The amounts of nutrient annually taken in
from and annually retained in the natural forests were significantly higher than that in artificial Pinus tabulaeformis forest. With
increased forest-ages, the amounts of nutrient annually taken in from and annually released to soil were increased in artificial
Pinus tabulaeformis forest, but annually retained amounts increased first and then decreased. The nutrient use coefficient in
various Pinus tabulaeformis stands stood in the order of Ca > Mg > N> K> P, but use efficiency of the same nutrient element
decreased with increased forest-ages. There was no differences in use coefficient and turning over-period of nutrients in both
natural and artificial matured Pinus tabulaeformis forest. The cycling coefficients of nutrient elements increased first and then
decreased with increased forest-ages.

Key words: the Loess Plateau; coniferous forest; nutrient cycle; Pinus tabulaeformis forest; artificial forest

MTRREANEFRARALW, LR XARGRARER S ARR  ESRARNEW S I
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K TSGR REQERBAFRR . il AR ET TR A LB R EES RAY R
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1 ARMERERRAE
1.1 BFEX A AMBRA

9T X A F 8% 6 I P 3R TP W AR X R SR A HOR E T 2 P B Ak , U A 470 108°27'E,35°17'N, B R £
HE R3] O 4 ok 0 O B 58 B T AR 9 B T B VR R AR, M8 4R 1246 ~ 1756m, B B B ) KMt S RARAE, R
R A R BESERY . BETHRE 9.3C, KR 588.2mm, K 7~9 AHEEKSEE 63%, FHRAR
1228 3mm, THRE 0.72, KA MR E 60% ~ 70% , 5 H i 6d $ 2200 ~ 2400h, FTo A H 1634, = 10CH A
2645.3C. THLIFRAKB LN T, pHMENR 7.5~8.2, AT ZARBEM BRI, ZIX R L
HBEBRHN ARG ERBR. —BRIFE R DRETAR, 2 RHEARLE S, FIREARE N RERR
ARt

WK ADT R MRS 2 T 5 WA, R R R BB JE TIE AR R A KA, 60 B
RALFBRTEXREYE FE-BAFFKEYTRMOELBEE+EFERADTHRE . KRB IR
BABEE,  FHRZEEhmMR S, BIRE SR NEFLENM, W ( Populus davidiana) . ¥ ( Betula
platyphylla) ¥t BL(P. betulaefolia ) % . FIRTHEARR B A B A E R BN EHBRNEFH ZTHRAU RN ER
2, HE T KEMITARE( Qercu sliaotungensis ) MM (A . davidii ) B # ( Toxicodendron verniciflnum ) 5 8 U‘H‘ﬁ
MO RAHBRFRKERMFELREBEINEBBE . KT EKREE EETF (Ostryopsisdavidiana ) , T F
(L. bicolor ) . # H) B ( Rose xanthina ) . %2 B 3 7% ( Rosa primula ) R ¥) T ( Cotoneaster acutifolius ) KT

( Viburnum schensianum) AL T % ( Syringa pekinensis) 752 ( Lonicera ssp.) . B ( Euonymus alatus) % EA R F
BH B4 & B ( Carexlanceolata ) | JEHA B ( Thalictrum ssp.) K& 35 ( Phlomis umbrosa ) . % ( Rubiacordigfolia ) 1% ¥
% ( Epimedium brevicorum ) .45 " # X5 ( Polygonatum cirrhifolium) . X K i ( Anemone tomentosa ) . 7 M W 3% ( Patrinia
heteraphyua)%[6J o

1.2 BRIT%

1.2.1 HHEREFAREYRNNE AMERANSREE, B I BREEA-TH 108 (1) .30 &
(1) .50 &% (DA Tim A ARBE R R A TR E BB, A 80 & K AR M MR (IV) 9 4 BB (CK) , & FR B ) <7 3 4%
B 1, 4 FMAEL T S SR B MR E 4 2, mAY 667m”, R T ST FAF 40 4 15 X3 #E o v 9 AR AR 4
B AT R R E MR & A KRR T HARM T MRS T8, RGBS A KR AE A
SFRREAR I 6 BR M AR HEAR R, 3R F Monsic 43 /2 47 81 ¥ W MK & 4 S0 O A2 W0 B, T ST M N A 1 7 AR HE B AR
SREYE, ARfENERARRREYE, AR THRITLREIF TR TS L,

£ OHMKRTTREN TSRS E TR

Table 1 Site conditions and stand factors in various Pinus tabulaeformis forests

' i fisx 4 I wE -0 AR EHE HE 8 R B
HE ez ] . . )
Forest-age Altitude Aspect Slope Average height Canopy Density Numbers of
Stands No.
(a) (m) ) (®) (m) closure (Tree*hm™?) Species
10 ¢ A LAk 10 T 9~11 1562 NES0° 250 3.2 0.60 2870 23
0 AT B0 0 28 - 32 1598 SW40° 350 10.8 0.75 2250 32
SO AT MM S0 1 45 - 50 1600 SW30° 30° 13.5 0.85 2150 14
B0 W KA AR R0 IV 70 - 75 1620 SW55¢ 28° 16.3 0,70 2100 12

L I M A5 10,3050 B AT bk; VREXRWMAA L. andlll represent 10-, 30- and 50-year-old of artificial Pinus tabulacformis
forest, respectively; No. IV represents natural Pinus tabulaeformis forest; T 7] the same below
1.2.2 AARGERE M E F T 3MRK, HBE LS FREN T BR85S AL W
B AT BIR SEBUARAPE B 5 PRAR I8 BRI A B R RSB S R B R R R R KNS B BIRETRE .
FEturEah 15 M EE HERTHGYN 10MEE,
1.2.3 WTFHEYRAEYRER RS TR P, BT BE 10 7 4m x 4m BOBAKBETTAI 20 4 Imx Im

:
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MYRARE D EARBAMI BT, EARRESR, RARRBRSH, WEXAEYE  ARYIMEENE
SRR Sy BB, BRI EE 5 K, FET, fE R —# A 4T 13 (0 ~ 60cm) BURE , U 5E + Y B E IR, 3E RS
1000g 7 [0l LK 1T L WHR A S B HHERM N E,
1.2.4 BEFRTRUT KL RENHDHEAESCTHT BB SR UEER TESEM,105C T4
1h, HEBHFRE 0.2 ~ 0.5 #¥4% , A H,80,-H,0, LK HE R BEREA. TEARRT. S 1mm &,

YRS T N R ER - B T 22 - 0 B 40 e R B B 52 5 P, 0, FARBR 4R 20 Y B0 58 5 K,0 B KA
FEBE 18 W 5E 5 CaO MgO i EDTA (& EEME,

EHEAH7: 2 N H,S80,-CuS0,-Se & - T BRI KM E; £ P ARE-AE LA LREENE; 2
K A NaOH 7 fi# - K0 Y6 B 25 0058 s AL N IR AR 180 IR W0k 1 58 %0 P A3 NHLF-HCL 32 $2-48 05 b 684 )6
JEREEW € ; ER K A NH,0AC B 48- K AE B 1T %€ ; Ca Mg JH EDTA 48 S EH M E .
2 Z£R5ifig
2.1 WMHE[/EEFRTENIMEE

HYPERTENIMRLE - FERBTHY B SMARSE REYKHEANE R 5—FE, 28
Frab A SRR, AR L RE MR EZ WA E R EETRTRAAHBEEREY, BTHY
RRMJEOEBIEAR, AR BRAREMYEANIIERR, BERTRAEYLAARTRFRAERTE
EFR—BEPHITUEER, BEARFARENBESBTNRSITEERBKR, B Wi B& 4500
FOSR, UEHPIREE M TPRME ), HHF R 401 > W > R > BB > #T. F—HRg
HANSZS>SEHORPHESIARRNE, KBTI N N>Ca>K>Mg>P; KBTI MV KH:N>Ca>K>P>
Mg,

X FTRpRABEVEASNFEITR

Table 2 Nutrient contents in different components of Pinus tabulaeformis forest stands

ERTRE#H ERTRAER
A oy Nutrient element contents(g-kg™ ') A ik Nutrient element contents(g-kg™"')
Stands Components Stands Components

P K Ca Mg N P K Ca Mg
I Ne 15.31 1.45 4.0 2.11 0.53 m Ne 9.32 1.25 6.24 590 1.16
Br 5.7 1.26 3.98 2.35 0.28 Br 2.03 0.49 1.87 4.54 0.69
Bo 1.57 0.81 0.62 0.62 0.04 Bo 0.76 0.10 0.40 0.86 0.11
Ba 6.68 1.04 1.93 2.36 0.35 Ba 2.70 0.44 2,74 3.41 0.55
Ro 3.20 0.68 1.30 1.27 0.31 Ro 2.09 0.47 2.40 2.23 0.57
il Ne 10.84 1.23 5.95 6.14 1.16 v Ne 10.13 1.24 5.35 6.89 1.12
Br 3.95 0.58 4.27 4.66 0.74 Br 3,69 0.92 3.06 3.08 0.60
Be 0.93 0.10 0.83 0.85 0.09 Bo 0.91 0.14 0.57 0.87 0.08
Ba 3.64 0.41 2.42 3.72 0.74 Ba 2.87 0.68 2.62 3.42 0.78
Ro 2,77 0.43 2.78 2.57 0.56 Ro 2.71 0.67 2.08 2.68 0.71

Ne: %t H Needles; Br:# % Branches; Bo: # T Bole; Ba: #f i Bark ; Ro: # & Roots

FAREMBNEHRS SR, ERRHOARTMAETRES. NH PIEANTIRRE—A 5+ BRI R Y
LA R, 5T A R AR B, RN R T8 — SRR TR ES K A R 2, R TR 90 50 4% X BE
5 RPN B TAL, £ N A P & REILE XY EXRMAME N 5 30 @A AL P K 2K
FATHMATIEFALRBM, Ca LAKARMMAD B, A LA B E K F AR E e K&,
Ca.Mg TER MM & B RA BBWIK 172 ~ 173, ERBMHELA K,

2.2 AR A S RGH SR B

B+ EEFFBMMAESEABHRITERE#E KN 16491.019 ~ 20413.968kg-hm™* (245 0 ~ 60cm 1 3
2). MARIMME R TEHNERNEMEE, UKE I A FERTERRERK, WA &/, 555
YRR, BSEYERRLA, XFERATHIEYRRREASEFRTRESE, BLEN
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28 WEE F R EREXMAATHRSG XA 0T E YR B 317 *
P R URGBMSERTRRREERNERREZ —

BHAELSRSD . FARERBBK BEEMERA, RRAMATHONEETREREBNEEIRE, IR
RESTENHESR, FFRMMAFTABRERTEMRE S F KX 130.811 kg hm™* (1 ).807.759
kg hm *( 11 ) .819.457 kg*hm > (Il ) f1 1102.444 kg-hm *(IV), SR BEF TR B EM 0.76% ~ 5.52% , T
HEREERTRARELHFENENER(R3), MYEASHS EHEERRE RARH > E LD EKE
RESHHEYENTFRAS RS BELESHEBRRR, |

FEN T AR R R T & Fe 4 08, BEE P0F AR 0938 nmr it K, (B AT o5 o b 3020 8 I B 9 LU 481
TR, RPN T bR SRS AR S , i T TR 8 R A AR AR B A K, i R s s B RE .
WAk R — A& FRSTEMNELES R 10 B4 N> Ca> K>Mg> P, MK Ca>N> K>Mg> P,

HNTHBERERALERBENSKRIFTBEEN0.05% ~0.17% (F 4). HHRBHEN, K THBEE i
BFRITEGW LB IEEE T M, T EREMAS N ERM KT EEY KB, B RE SN, £54
HEER, ERYREHAEELSY 10 BRHKEFRTENHEFES K> N> Ca>Mg> P, T BRBMKAF A N>K
> Ca>Mg> P, i F 25 5 £ B R MM T AL B M R0 R |

23 FFHMBHATFARERLIENARE
Table 3 Nutrient elemnent accumulation in arbor layer of Pinus tabulaeformis forests in Ziwuling Mountain

AR g 4 4 4B Biomass &3 L& & B Nutrient element contents(kg* hm~2)
Forest types Components (t-hm~?) N P K Ca Mg £ 3t Total

I Bt Needles 2.61 31.842 3.785 10.466 5.507 1.383 52.983
44 Branches 2.17 12.391 2.734 8.637 5.099 0.608 29.469
# T Bole 3.79 5.950 3.070 2.350 2.350 0.152 13.871
P B2 Bark 1.33 8.884 1.383 2.567 3.139 0.466 16.439
B E Roots 2.67 8.544 1,816 3.471 3.391 0.828 18.049
& Total 12.57 67.611 12.787 27.490 19.486 3.436 130.811

1 B Needles 12.23 132.573 15.043 72.769 75.092 14.187 309. 664
R4 Branches 12.65 49.968 7.337 54.016 58.949 9.361 179.630
BT Bole 35.58 33.089 3.558 29.531 30.243 3.202 99.624
B B Bark 8.42 30.649 3.452 20.376 31.322 6.231 92.031
& Roots 13.92 38.558 5.986 38.698 35.774 7.795 126.811
&1 Total 82.8 284.837 35.376 215.389 231.381 40.776 807.759

i M Needles 11.92 111,094 14.900 74.381 70.328 13.827 284.530
W4 Branches 14.32 29.070 7.017 26.778 65.013 9.881 137.758
B T Bole 53.64 40.766 5.364 21.456 46.130 5.900 119.617
B B Bark 10.36 27.972 4.558 28.386 35.328 5.698 101.942
R & Roots 22.63 47.297 10.636 54.312 50.465 12.899 175.609
41 Total 112.87 256.199 42.475 205.314 267.264 48.206 819.457

v Bt Needles 14.11 142.934 17.496 75.489 97.218 15.803 348.940
4§ Branches 16.63 61.365 15.2996 50.888 51,220 9.978 188.751
#F Bole 67.62 61.534 9.468 38.543 58.829 5.410 173.783
W Bark 13.26 38.056 9.018 34,741 45.349 10.343 137.506
R & Roots 28.64 77.614 19.189 59.571 76.755 20.334 253.464
1t Total 140.26 381.504 70.468 259,232 329.372 61.868 1102.444

HENENBRESREYRBAIRTN N EEYRE, RAR T EARIE AW EE R E D,
TP A AR T R 5 YR I 0B % ST 4 Bl R 76.94kg hm 7 ( 1) \471.78kg- hm ™ ( I] ).396.51kg* hm™?
(M) 435.33kg hm™* (V) (% 4), HHRAI 504 IR0 0.38% ~ 3.48% , #k T 8 76 47 5 32 43 1O 12 B 4 40 11 320
MUSEIE IS 300 A MMM E DI B K, B TAMHEDRE AV RAFES O EELAE A TR
MWELEREH, AEDREF IR SR TR, + 30874 TARNE, £W5 LAY R ARG THRES
B, B HERATUR F A REAI S ORIE, SRS T &R 5T S BT R, X
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ERTHEEHTARKSMER CERBGEERNRMAENEEFR TENEBR AR TE.

EMMARESRERED M T HIEF T RKBGHRS(FL) ., FATHBAKP, BEERBREN, L5
FoBASE A 8B LE LT &S KR EBREE, AR EPEFITR LS 8L B 45
BI4:90% (N),75.54% (P).92.28% (K).96.99% (Ca).97.78% (Mg) , & 50 & A T il #5 4k, F Hb 1 (% 3 .
72.01% (N).50.55% (P).64.81% (K).81.99% (Ca)Fl1 63.13% (Mg). RAMMMKLEFIZEHLST-F HH
BFBAM AR 78.14% (N).51.81% (P).72.50% (K).81.63% (Ca)#l 67.85 (Mg), 5 AT HH AR,
HTFTRERFA T BB EL S, T, B ERAARETASKE, SHATMBMNE L BRI
KIEEE TR, WS B 8L pE k.

M EE RS YR ESR D, L RIE VAR RN EERE LG, EAEREN—MEERE K
T, MANGEMEEEEAE . TEENEHEMNERRENRRIFTE, EXREERSNERIES
Mo F—MBEEHESRE, AR T HELZHHES DR EERNER, FRBRET FERERE
B 1 SRR 5 BRI MRS o TR IR AT A MR R 4 R 7E R A MOR AR I e . b 47 A T30 F T 6 , 57 3 4k Ak
TREAERM AR ARY, R8RS RKRE, B TATHHATEERIRE, R EAH
TR, PRt A 9 A BE AR AR, 1 AR ) R T R, 7E VAL PRAR ) 3K B R LUS MR RS IR, AR AR R
B4 /MR IR AR RS ARG R LKA RAEEH - ERERE, AEY S
R R AnGR, (R E Y LA 3, R T B B B R R - E R BEER
e -sl RERL A TR KT — B B B SN A RS N TR RS MAERE R
B BRmHE L,

#4 FHRURBMBHARKTHERAEYENIHRETFLENRRR

Table 4 Nutrient element accumulation in forest floor, litterfalls and soil layers in Pinus tabulagformis forest in Ziwuling Mountain

b 3] B HHRTLEFRE Nutrient element accumulation (kg*hm™?)
Forest types Layers N P K Ca Mg &1 Total
I T HPEZ Forest floor layer 2.36 0.48 2.55 1.98 0.59 7.96
BEWE Litterfalls layer 34.30 1.54 16.32 21.89 2.89 76.94
+ 35 (0 ~ 60cm) Soil layer 4786.254 757.153 3015.425 7214.361 1124.168 16897.361
I T H HE 2 Forest floor layer 10.53 1.30 12.97 8.49 1.58 34.87
A& Z Litterfalls layer 198,52 8.81 102.26 126.56 35.63 471,78
+ 3B B (0 ~ 60cm) Soil layer 5698.124 847.192 3208.724 8114.361 1231.158 19099. 559
it AT HBEZ Forest floor luyer 6.73 0.49 3,23 2.68 1.59 14,72
&2 Litterfalls layer 134.19 9.75 98,72 120.13 33.72 396.51
+ % (0 ~ 60cm)Soil layer 3967.254 717.154 2915,425 6703.361 957.138 15260.332
v #F B JZ Forest floor layer 5.48 0.36 2.56 3.33 0.94 12.67
F %Y 2 Litterfalls layer 144.29 10.53 96.98 148.67 34.86 435,33
+ 582 (0 ~ 60cm) Soil luyer 5489.134 812.252 3008.754 7965.361 1131.168 18406, 669

Mt A T AR 3270 24 B KB, R AR R R T B 28 B 3% 4340 Ut 5 28.60% ~ 32.97% , 3 R 53 3%
AR TR AR H A 72 ) B S WAR B K, B S SE M Y BRI TR R, AR MRS 3R 00 TR K A
EAMET S, BT HAATAR PR BMEARMESRELRELYR EREERTANRE
B BN R TR SR TR WA/, M T (6K 4 5 3t B 40 18 B A S R 9, B LASE S B9 )2
REWEFLRLSAS LA,

2.3 JhiAARM EEE ST SHMERRE

MRS H P A ERBR L0 RA TARB (K S) AR, FoFRRBEZEME, BT >
M>1> 1. BEAFRAMERBEBHELBER S0 > B> BE > HE>HT. A-A3ERIF
BRI & 414 3240 1P B AL Ak — B, B 10 A4 N> Ca> K> P> Mg, A LRBRAM Ca> N>
K> P>Mg, RRME A TRBAMM, FEHA, EXHATHRAKELTT 10~ 30a B A A AR KR,
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BIFE 11 ~ 124 F 25 ~ 26a, A BB AR E LA 16 ~ 232 Z (B B . ML 30a G, R B BB S, F A A
AEREE HERT, AR 7R MRS ER AR,

%5 BMRBREENRINEARR
Table 5 Annual accumulation of nutrients in different components of Pinus tabulaeformis forests

KR o 4y FHEER % TG X8 Nutrient element contents (kgrhm™>-a”')
Forest types Components Annual biomass (1*hm *+a™') N P K Ca Mg A1t Total
I £ 1t Needles 0.261 3.184 0.379 1.047 0.551 0.138 5.298
¥ # Branches 0.217 1.239 0.273 0.864 0.510 0.061 2.947
¥ fZ Bark 0.379 0.595 0.307 0.235 0.235 0.015 1,387
BT Bole 0.133 0.888 0,138 0.257 0.314 0.047 1.644
# A Roots 0.267 0.854 0.182 0.347 0.339 0.083 1.805
43t Total 1.257 6.761 1.279 2.749 1.949 0.344 13.081
i £ B Needles 0.408 4,419 0.501 2,426 2.503 0.473 10.322
¥ 4% Branches 0.422 1.666 0.245 1.801 1.965 0.312 5.988
W Bark 1.186 1.103 0.119 0.984 1.001 0.107 3,321
¥ T Bole 0.281 1,022 0.115 0.679 1,044 0.208 3.068
& Roots 0.464 1.285 0.199 1.289 1.192 0.260 4,227
1t Total 2,760 9.495 1.179 7.180 7.713 1.359 26,925
m £ 1 Needles 0.238 2.222 0.298 1.488 1.407 0.277 5.691
P Branches 0.286 0.581 0.140 0.536 1,300 0.198 2.756
W Bark 1,073 0.815 0.107 0.429 0.923 0.118 2.392
T Bole 0.207 0.559 0.091 0.568 0.707 0.114 2.039
R A Roots 0.453 0.946 0.213 1.086 1.009 0.258 3.512
&1t Total 2.257 5.124 0.849 4.106 5.345 0.964 16.389
1\ £ Mt Needles 0.202 2.042 0.249 1.078 1.389 0.226 4,985
# 4 Branches 0.238 0.877 0.219 0.727 0.732 0.143 2.696
B ¥ Bark 0.966 0.879 0.135 0.551 0,840 0.077 2.483
BT Bole 0.189 0.544 0.129 0.496 0.648 0.148 1.964
7 Roots 0,409 1.109 0.274 0,851 1.097 0.291 3.621
&3t Total 2.004 5.450 1.007 3,703 4.705 0.884 15.749

2.4 FAMRH F IR ML PR R

BERTENEYRACERYREALBEFRUEHER TR A - R TG A E Tk,
W 53 — 34y TR B A EY WY R KU IR L . B IRICR IR MR R IR 1
FIRSFEH LB RERGLERT Y RAMMAMNELSRUE AREHH B AT AT HBMA. AT
PREEE LA AR B, MR R E A G R, THE B AR KT (R 6) , XUEFBHMIEK
G LR RS WHATRAERERRZ —,

BRAB FARBRERREERMESREFRMEFR TR, RUCRHOR 18 807 A [ 807 i
BPHEOFBREEMTROBS TP TR EBZ L H DS P TRACFR LAY A& TR
MmREAR. SBBEMARKENTEX, BARTRZEFEESR (K 6). FIRRR S A H, #
MEREY TR ER TR B S FETEY AR P TR AR RESRETRAEFH
RN e AT AR AR G R 2R B BB PR % £ 38 P T PG, T BB 5 TR R M T A 0 o R G B A el
R, RERTHAMRE R TR BT 50 # A DA

VB R R YR B0 o i | B A3y T AR S B 5 M R MR 2 B, OB T S R TE P 3R b A B R KD,
R BRI, RATREF B E R, RE DR GIBD, TR st &, FH R, X NP,
K BB 35 25 LA BEAR K (38 I S5 FH IS B, T Ca Mg AHEL , RAR MBS ARIETF BB A T 50 B A TR
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MG BB RBA T 0 BRI DR AN R ARG, FEWAEE A SWAE K, T BN 5
SFo B, N AP 035 SR 1S B A A, 0 S R 8 R 0 A K O A e O R S
7, LR Bt R AR S T

o6 TRMRKBEETRTRNEDHER

Table 6 Biologic cycling of nutrients in different components of Pinus tabulaeformis forest

I B ltems HH Stands N P K Ca Mg &1 Total
R U B/ Absorption(kg-hm2+a~!) 1 19.011 2.489 5.889 18.399 5.294 51.201
I} 34.705 3.209 23.96 26.863 5.299 93.915
i 18.064 1.969 8.266 43.915 15.414 87.629
I\ 27.295 2.527 9.333 52.625 13.144 104,919
J33L B Retum(kghm™?-a"') 1 12.254 1.211 3.144 16.451 4.952 38.121
i} 25.211 2.034 16.782 19.155 3.944 66.994
i 12,941 1.122 4.164 38,575 14.451 71.241
I\ 21.844 1.521 5.637 47.928 12.265 89.172
17 @ & Retention(kg-hm 2-a ') I 6.761 1.279 2.749 1.949 0.344 13.081
] 9.495 1.179 7.180 7.713 1.359 26.925
I 5.124 0.849 4.106 5.343 0.964 16.389
I\ 5.450 1.007 3.703 4.705 0.884 15.749
TR Ut % ¥ Absorption coefficient 1 0.0039 0.0033 0.0020 0.0026 0.0047 0.0030
i 0.0061 0.0038 0.0075 0.0033 0.0043 0.0049
I 0.0046 0.0027 0.0028 0.0066 0.0016 0.0057
I\ 0.0050 0.0031 0.0031 0.0066 0.0116 0.0057
FIH R Utilization coefficient I 0.281 0.195 0.214 0.944 1.541 0.391
1 0.122 0.091 0.111 0.126 0.130 0.116
I 0.071 0.046 0.040 0.164 0.320 0.107
v 0.072 0.036 0.159 0.162 0.212 0.095
T35 B Cycling coefficient I 0.644 0.486 0.533 0.894 0.935 0.744
Il 0.726 0.633 0.700 0.713 0.744 0.713
i 0.716 0.567 0.503 0.878 0.934 0.813
\j 0.800 0.602 0.603 0.911 0.933 0.850

3 #ig

3.1 Fl—WmMABE AT EBOEAGER H > KB > WK > BR>HT. F—mikim =&
MR L WA R THERS PRI E Ca> N> K> Mg> P (A [ M4 o AT RARE IV B AL
NEBRBZHETESER) MELEPEFESE Ca>K>Mg>N> P, BOKHT NAEEREMYEPHRE
BEM EFMRERHEERBEF. SHUEHEDERLEE. EATHLT W EEHAG NTBEER
B AR B AT PR, AT BB S5 A TR SR I R B — |, PR 4 o0 SR MEBE IR, AR /N AE BB AL, PR A
BREFX. FRAAEREFISEERBHIFmAESF .

3.2 HWHMAEDSRAEFTRLLEL 30a AIHEE,FABRIRSEICEN 0.76% ~5.52% , K T HEHBZ
MAEMRRFEST BN EREAT B 0.05% ~0.17% M 0.38% ~3.48% . AT IMAAMEEE 6 & M ik
B3I, I B Se 7S [, AR 15 B 308 BY 20 BB K, 50a B, FA B KKK, HP NESFBREEHLS
(30 AR R 50 WA AREY 3 4%) , EEEF BN A THAHEBRBMNGE, AEYX—-EENE %
FABRBZHE,FBERB D, HARA/NEERL, R Y Xk,

3.3 A LI FATEFEE P A, B TIMAMEES T E A8, & m A E R A
i 4R 4y MR H B O R AR R T R A X I B 3, (BB o b b AR B LB T R

3.4 HEHBERSFZSNWEHRBRD 300 NTHES, BABHEAIT>T>N> 1. SEHIRTHFR
BELDHTEBER A S>RE>BESRES>HT., Bl -E28#%0FRERS&ENFACETLN
REdA—F, B0 10 4E4E4HK A N> Ca> K> P>Mg, ALRBAEM Ca> N> K> P> Mg, KEAME A T AN
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. |
3.5 KAMATN AE R EF AT A, A T A ARBH 5B AR A0S, I BRI B K,
BRI, S AMHAI RECN:Ca> Mg> N> K > P B — 3 4RI, ik A LARBEH M 86 19
HMTTREAR. 98 44K 55 A LA AR 0 8 R0 0 4 1, A0 B 5 e 9 38, %
R BCERE M, TR K & 95 S HUIUF X P> K> Mg > N> Ca, 1 N, Ca RMAAKE S R it
BERMTR P REFERERZ—.

ML LR E TR T R4 0050, 9538 FUAM 5 00 B2, 4 924 10 A LA A S A
S A 0 S 00 53 Q15 K, B0 3 ) EE M XHIR I ARSI B 5 61 £, MO A BT 38, ;
R U AR BB G 2 0 AR, . 65 K 0 O K, LA 2 4 0B 5 D B o 53 1 o A
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