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The bio-cycle patterns of nutrient elements and stand biomass in forest

communities in Hilly Loess Regions
ZHANG Xi-Biao''?, SHANGGUAN Zhou—Pingz* (1. Longdong University, QingYang Gansu 745000,China; 2. State Key

Laboratory of Soil Erosion and Dryland Farming on the Loess Plateaw, Institute of Soil and Water Conservation, Chinese Academy of Science,

Yangling, Shaanxi 712100,China). Acta Ecologica Sinica,2005,25(3):527~537.

Abstract: By means of the standard-timber harvesting methods, the bicycled quantities and bio-cycle patterns of nutrient
elements and the stand biomass in Quercus liaotungensis forest, Pinus tabulaeformis forest and artifical Robinia pseudoacacia
forest, the dominant communities in warm temperate zones were studied with Ziwulin Mountain lying in Hilly Loess Regions as
the research area. The results show that the total biomass, was 86. 247 t/hm? in Pinus tabulaeformis forest, 129. 005 t/hm? in
Quercus liaotungensis forest and 144. 795 t/hm® in Robinia pseudoacacia forest, and the arbor layer biomasses were 86. 247,

129. 005 and 144. 795 t/hm* in the three forests, respectively; it appears that the total biomasses significantly increased as the

BE4WA. EXESEMBFREERYETE (2002CB111502)
8% B | . 2003-11-05; 81T H#5 : 2004-05-20

EZEBN KAL), B, HNERBETAREBE . TENBFEFEESENITMWAETSEHEWNER . E-mail: zhangxibiao882@163. com
i I AE#H Author for correspondence. E-mail: shangguan@ms. iswc. ac. cn

Foundation item:National State Key Basic Research and Development Plan (No. 2002CB111502)
Received date:2003-11-05; Accepted date;2004-05-20

Biography:ZHANG Xi-Biao, Associate professor, mainly engaged in plant ecology and landscape ecology. E-mail;zhangxibiao882@ 163. com



528 d F F M 25 &

forest communities transit from conifer species to broadleaf species. The mean annual growths ranged between 3.275 and
5.699 t/hm®, and biomasses and annual growths stood in the order of artificial Robinia pseudoacacia forest > Quercus
liaotungensis torest>> Pinus tabulaeformis forest under the three stands, the vegetation biomasses and the litter amounts stood
in the order of Robinia pseudoacacia forest™ Quercus liaotungensis forest™> Pinus tabulaeformis forest, which mainly resulted
from the differences in stand closure and accumulative litters under forests; well-developed roots and abundant accumulative
litters in the vegetation layers under Robinia pseudoacacia and Quercus liaotungensis forests were conducive to improving soil
fertility and conserving soil and water. The contents of nutrient elements in assimilating organs were higher than those in other
organs, and the contents of nutrient elements in stems was were the lowest ones. The accumulative amounts of nutrient
elements in the arbor layers of the three forests were 0. 745, 1.378 and 1. 805 t/hm?®. The accumulative amounts of nutrient
elements differ very much among different forest stands The nutrient losses resulting from felling in the three forests were
65.45%, 53.76% and 25. 1%, respectively. The accumulative amounts of the vegetation and the litter under the three forest
stands stood in the order of Robinia pseudoacacia forest > Pinus tabulaeformis forest > Quercus liaotungensis forest. The
amounts of nutrient elements stored in the vegetation and the litter concerned were higher than those in ever-green broadleaf
forests in south China and rainforests in subtropical zones but much lower than those in coniferous forests in North China. The
differences in nutrient elements contained in the vegetation and the litter under the three forest stands were due to different
species and biomasses of living things. The total amounts stored in the three forest ecosystems were 32. 953, 296.479 and
340. 624 t/hm?®, respectively. The amounts of nutrient elements existing in 0 ~ 60 cm soil stood in the order of Robinia
pseudoacacia forest>Quercus liaotungensis forest = Pinus tabulaeformis forest. The accumulative amounts of nutrient element
in the different layers of each ecosystem stood in the order of soil layer 2> arbor layer >>litter- layer >ground layer under forest
stands. The amounts of nutrient elements stored in the soils of the ecosystems accounted for 96. 10% ~99. 38% , while the
amounts of nutrient elements in the vegetations and litters under its forest stands only accounted for 0.49% ~ 2.30% and
0.13% ~1.51%. The amounts of nutrient annually elements taken in from and annually released to soil by the three forest
stands stood in the order of Robinia pseudoacacia forest > Quercus liaotungensis forest > Pinus tabulaeformis forest; the
amounts of nutrient elements annually retained in the stands stood in the order of Quercus liaotungensis forest > Robinia
pseudoacacia forest > Pinus tabulaeformis forest;and the taking-up and cycling coefficients of nutrient elements stood in the
order of Robinia pseudoacacia forest > Quercus liaotungensis torest > Pinus tabulaeformis forest. The use coefficient in Pinus
tabulaeformis forest was 5.7 times as much as those in Quercus liaotungensis forest and Robinia pseudoacacia forest. The
enrichment coefficient of nutrient elements in the three forests ranked in the order of Pinus tabulaeformis forest > Quercus
liaotungensis forest > Robinia pseudoacacia forest; the enrichment capacity of nutrient elements in Pinus tabulaeformis forest
was 4. 28 and 4. 8 times as much as those in Robinia pseudoacacia forest and Quercus liaotungensis forest, respectively. The
higher use and enrichment coefficients of nutrient elements in Pinus tabulaeformis forest determined that it had stronger
tolerance to soil barrenness.

Key words : Quercus liaotungensis forest; Pinus tabulaeformis forest; Artificial Robinia pseudoacacia forest; biomass; nutrient

elements; biologic cycle; the Loess Plateau; Ziwulin Mountain
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A

86.

AR, UENMEBE A ENEERKRBOEN. &
Y& F

247t/hm?® (26 @& MO mB 129. 005

K7/

q 85.223t/hm* 3 iin & 126. 989 t/hm?
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Table 1 Biomass and growing stock of forest community in Ziwuling Mountain
2 i 2K 4 ¥ & Biomass (t/hm?) EHH Volume
Forest types Layers F Bole . Bark ¥ Branches B Leaves B Roots &1t Total (m3/hm?)
TH # AR 45.118 6.511 14. 637 8. 331 14. 836
Arbor | . 233 89. 407
Chinese Pine 211/ Arbor layer (52. 94) (7. 64) (17. 09) (9. 77) (17. 41) 85
EAEREREHEMHEY 0.525 B B - 0.214 0. 739
Shrub and inter-layer  (71.04) (28.96) '
0. 142 0.133
Herb | . - - 0. 27
® Az Herb layer (51. 64) (48. 36) a7
62. 808 16. 743 18. 154 3. 373 30. 017
1 N k. yre l . .
IR Oak. FEAJZ Arbor layer (49. 46) (13.19) (14. 30) (2. 66) (23. 64) 126. 989 126. 312
AR K= B Y 0. 652 B B B 0. 543 | 1ot
Shrub and inter-layer  (54. 57) (45. 44) '
0. 322 0. 499
= l — — — 0.
F Az Herb layer (39. 22) (60. 78) 8z
68, 959 17. 403 18. 449 5.511 32. 168
Locu: = | . .
- BB Locust FrAUR Arborlayer 40y az2Dd (1298 (3.8D) (22.58) 088 137919
ERZEEZEBEY 0.714 - - - 0. 624 1. 338
Shrub and inter-layer (53. 36) (46. 64) '
0. 372 0.592
78z Herb layer (38. 39) - - - (61.09) 0- 919
5 18 Mean annual biomass (t/(hm? « a)) ‘Mﬁgfﬂ%
Growing stock
H#2AK Chinese Pine 1. 735 0. 250 0. 563 0. 320 0.571 3. 278 3.439
LR AR Oak. 2.512 0. 669 0. 726 0.135 1. 201 5. 079 5. 053
BB Loc: 2._ 758 0. 696 0. 738 0.221 1. 287 5. 699 5.493
-H{H Ave age 2. 335 0.539 0. 676 0. 225 1. 019 4. 686 4. 661
FBENHBRFEERNRGZEESY B K E % Values in parentheses are percentage for biomass of each layer
2.1.2 3K TREZEYIRGE MTHEVEFHKETSRZAKTR/AERSBANEEE LI LI TEZF/A TR . BB
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Table 2 Standing litterfalls stock in litterfalls layer of three forests

in Ziwuling Mountain

JE AR, 3t By 1k K

i % 4 & T B Standing litterfalls stock(t/hmzj)

A4y A B FRER ROWE  AERE .
TREEENMEDER R TR LENA TN E S Forest types  Annual  Undecomposed Decomposed = /1
FOs10224) | gy by R ] 88 BT 9 AR FHLBE R 6], R [R) & 3% T litterfalls layer layer
REMMEN DR, ERTRERY R BTERR o0 sa 5225 %824 9.048
BERTLREER —BREPHNDAHREER. HERP:FFE 3 TR Ok 5. 258 6. 463 5.412  11.875
ﬁﬁ};ﬁ@%& _?%ﬁm?*ﬁﬂTWﬁﬁE%ﬁ%ﬁi(ﬁ 3),H | $#8 K Locust 6. 029 6. 214 6,423 12. 637
F R ST ERES TR R R R, SE$5{H Average 4. 920 5. 967 5.220 11.187
FHEFRTERERME. NEASEE N ZRESTIRERMMBAAK, Bl FREEEENER, U L8N ZBOER
HAF,TARE P BREMET TR, 7T LW A BT R EREE, R THES Ca WERER FITABM
WA, AMRAEHALES  FREERTEILEATHEESARREN, S 5E5REMNERTEEER. B, fALR
EERDSHERTEMNRRR S, ATT5 & £ ALt B A B2 35 5 Bobk 4 7= ) T R Leers0~323,

2.2.2 RABREBEHRTERER BHASEAT FARREBER.BEEMNT RS, LR LT UKL T2 6B 05
E FEERTEWRRLRZ ), RABRTENRRSARIERETFHAEY RN RAFD RASASFE

FLENETR. TFR 3IKDTK

HZENSTEDER 0.88%.1.09%F 1. 27% ., ME B/ EBFLER
LRUREBEERTERH THYKR NS A L BTEHE
JIRB T ARASEEYERERITREY. Flan, R 7E R
112. 314 t/hm* B HE AR R EK 1. 74 5, {HA}F

PR EEFRRE

P N B

AR5 .

2P 24 A
3 FFRIKSEFEEFLESR

BHTEFTLTREEK

-/ 7. 21

A3r

Ao

iy

E R ERF

Table 3 Nutrient element contents in different organs of three forests in Ziwuling Mountain

EEFRITEHEEDFN 0. 745t/bm?* GH#A) . 1. 378 t/bm? GLZRER) I 1. 805 t/hm* G| &) ,
2RO HFEHENER(E V., HYEKALREHDHEF
FEERSHTEBEFRLELCRE £
AN BB 435k 195. 085 t/hm? F

= AR E FE I & § B Nutrient element contents (g/kg)
Organs Forest types N P K Ca Mg

H Leaves MW #A#K Chinese Pine 10. 244 1. 330 6. 870 5. 925 1. 194
1L AR MK Oak. 19. 731 1. 986 5. 524 7. 833 2.516

FIBE AR Locust 20. 380 0. 970 7. 506 9. 382 3.771

¥ Branches J ¥ #k Chinese Pine 4. 215 0. 562 4. 693 4.672 0. 728
L R AEAK Oak. 2.472 0. 384 3. 881 4.470 0. 423

FIBRAK Locust 7. 251 0. 480 0. 862 5. 772 0.573

F Bole WA MK Chinese Pine 0. 912 0.121 0. 691 0. 804 0. 093
L KB Oak. 1. 980 0. 205 1. 786 2. 853 0. 361

I BEAK Locust 2. 829 0. 206 0. 270 3. 831 0. 327

R Bark M ¥ #k Chinese Pine 3. 452 0. 411 2. 387 3. 694 0. 812
L AR BE AR Oak. 4. 641 0. 510 3. 252 11. 324 1. 245

IR AR Locust 5.122 0. 661 3. 984 15. 316 2.121

R Roots h#A MK Chinese Pine 2.672 0.413 2. 670 2. 474 0. 543
LA BEAK Oak. 0. 675 0. 162 1. 525 1. 921 0. 334

H BE AR Locust 4. 825 0. 388 1. 317 3.125 0. 527
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FHEMREMERFHRESRATEFLRNRAREATERY . F2HREH . ETFA

J= b b R4y B AR, AR o B A

EWBERESH R 187. 686 kg/hm* (JH#2),901. 976 kg/hm? (AL AR HRI M 970. 426 kg/hm* (FI#) , S EFRTTEH R EM 25. 1%,

65.45% M1 53. 76 % . FFRIEH T Ca Ml Mg W RKEBH KL, M5 EIARFEN Rk L BRERE. EF L BREAEFH3EF
B, HHAEE TR B AERLE IR EERIENTHMEASBPETHRHER . LHBRSBFEEFTR
BUEHFHELFAH . BEENBLEFRTENRE N THERETSRENERBIA MR T AFEEFT L,
X4 FFRIKSFAEESFRcENTRRRE
Table 4 Nutrient element accumulation in arbor layer of three forests in Ziwulin Mountain
e o A Rt B FEILE & B Nutrient element contents(kg/hm?)
Organs Forest types N P K Ca Mg A3+ Total
H Leaves i #A#k Chinese Pine 85. 309 11. 080 57.234 49. 320 9.914 212. 857
L R EEPK Oak. 66. 549 6. 679 18. 619 26. 411 8. 466 126. 724
R B Locust 112. 314 5. 346 4]1. 366 0l. 704 20. 782 231. 512
¥ Branches ML Chinese Pine 61. 622 8.197 68. 648 68. 355 10. 539 217. 359
IL R EEAK Oak. 44. 840 6. 899 70. 438 81.148 7.625 210. 949
BB AR Locust 133. 774 8. 856 15. 903 106. 488 10. 571 275.591
+ Bole M A2 MK Chinese Pine 41. 057 5.414 31.131 36. 094 4, 061 117. 758
L RBEAK Oak. 124. 360 12. 562 111. 798 179. 191 22. 674 450. 585
R AK Locust 195. 085 14. 206 18.619 264. 182 22.549 514. 641
J¥ Bark B B2 AK Chinese Pine 22. 463 2. 669 15, 496 24. 026 5.274 69, 928
il R EEAK Oak. 77. 688 8. 5389 54. 415 289. 989 20. 761 451. 391
W BR BK Locust 89.103 11. 486 69. 264 249. 034 36. 894 455. 785
B Roots M A AR Chinese Pine 39. 642 6. 127 39.612 36. 660 8. 056 130. 097
il REEAK Oak. 20. 262 4, 086 45. 746 57.693 10. 026 138. 591
R BE AK Locust 155. 211 12. 481 42. 366 100. 525 16. 953 327.536
& 1 Total i #4 #k Chinese Pine 250. 064 33. 443 212.121 214. 439 37.798 747. 868
1L R Oak. 333. 698 39. 540 300. 895 634. 372 69. 552 1378. 057
R BE K Locust 685. 487 52. 374 187. 517 771. 936 107. 745 1805. 063
2.2.3 ATHIBEEZEEFTEHEE TTBR3IKIHNTHEEZEEFR LEHER DTN 40. 628,.87. 750kg/hm® #l 89. 425 kg/

hm? (3% 50, L R/NHEFR 0 I BR AR > IL R AR AR > T AR AR . 3 PR AR T A 8

ZERTESBHE—ERNER, MAMMEZER T HHE

BEEFLTESEHEF I K(39.08%)>N(29.10%)>Ca(22. 76 %) >Mg(5. 25% ) >P 3. 83% ) s U A M BEEFR LE S EIHE
¥ :Ca(40. 94 %) >K(29. 26 % ) >N (20. 90 %) >Mg(5. 94 %) >P(2. 86 % ) ; MMM BE EF L ESEBHIFE X :Ca37. 711 %) >

K(29.77%)>N(23. 91%)>Mg(6. 01 %) >P(2.59%), X f 2 5 3
ZEFRILEREREE BAEBDIENENRE
HYEHEY BRI REr
FHETREEFRILREESS,
167. 058kg/hm? . K 55. 309kg/hm?, Mg 29. 813kg/hm? 1 P 9. 710kg/hm?,
(kg/hm?) (4 #i1l,Cg 17. 38,N 102. 08,K 48. 94,Mg 36.45,P 4. 33)P3 I3
K 40.8,Mg 36. 45,P3. 28)053; {H 3 %

2.2.4 BEY,
AL B RAE S B EE S RUTE2027]
T4 3K TREDZ

5[26,2?]

I R AE
HERRREN SRR EDA

REAFRMBAENEEFRTENEBAR A,

2.2.35
6,

7 13 BRaY

-

WA 34.30% ~36. 70% Z B, EZHAK, ] LMK EFR TR T

(SN o
R £

HO & IR
0~20

=

FoXREEAR AT RFHRREEDIHAERE
FA Be U [R] 2 4 py &5 R 1189091
2.2.6 IHDAETRAEFR LRBRRABLS

SREYRBAIBRFH-TEEY R
b &

m.EMARERZ R ERT . HHTF

H]

X P 22 5% ] BE

=B H PR T AR BB B EE A TR B B

BT KB

f PLHF TR AR (kg/hm?) (BB FIR ,Ca

5

1 T A

=)

| 3R 51 A

H

H

KB ISR . =2

RN EFTEWE 69 ~S7TU M MKE KT E
Hb 87 FFHE Ca 200. 185kg/hm?,
HNTREYEFRCELERES T F K SMEMTHK

LRIKIKE N

28. 8,N 87.04,

~ 4 b & MK (kg /hm?) (GE H 4 ,Ca 336.4,N 360.1,K 173. 3,Mg 69.5,P 31. 7)0¢ | Zx Ak
It BB A B R T RED RS EBARRNE N, TR R AN KBEEREYEBERLERE
HEYREBRFENEFRTR . BN E M AES Y 1k ; i B AR 25 A
+ SFAE H BAK Ay s SE g ) . B
EMEFAESEHEFARM

B W& T & o4k @A
R %2 E B R KRR ICH D) . ¢ 1 4K
THIE S B R MFFLL, FRERRE W H
| bR W2 e B K B R T R R AR

BhERATELNFE 3HKS0~60cm T EEHRITCERGER RN 31.667.294. 631t/hm? 1 338. 222 t/hm?(F
CEICERITRERAMMAAKR 1. 15 551 10. 68 5., &
FEFILTENTRE2HM Y ZMT 0~60cm T EH40BER 37.09%.19. 22% F1 29. 29% ;20~40cm 2

tRERTRAGROERAME

BREPERE  MULUKFEARANREARB T > EEZERFEFT T
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o £33

LS | 3 MR AER
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AFE (@ O0~60cm L EISHEFILERL
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~340. 624 t/hm* (R D), RIBHR > L R EARS WK, HP L BEEFEEFTOECE L RELTER 96.10%6~99. 38X, HEZ M
BBEYENEFCERREEMNG 0.49%~2.39%fM 0.13%~1.51% ., REBEREHFCEHNEBNIHEFN . TEE>>HA
R>REVES>SKATHHEE. 1 BERZEIREERAENIEVFE AFHKETREREYEBRAPEE T EENIE
Ul oy P SH TR -Ha 8 BEF ARV ETAAREAFHENER MARMKSEFR TELREEMANEBA R

RS THrH3IKSHKRTHEBENARVWEERTEZNFARE

Table § Nutrient element accumulation in forest floor and litterfalls layers of three forests in Ziwuling Mountain

B K AR B ITE M ER Nutrient element accumulation (kg/hm?)
Layers Forest types N P K Ca Mg 41t Total
M T M E Forest floor layer  Jli#2 #k Chinese Pine 11. 821 1. 554 15. 876 9,245 2.132 40. 628
L ZRBEAR Oak. 18. 431 2.512 25.671  35.923 5. 213 87. 750
R BEAK Locust 21. 382 2.312 26. 624 33.725 5. 382 89. 425
¥1{H Average 17. 211 2.126 22.724  26.297 4. 242 72. 601
%Y E Litterfalls layer M F2 Pk Chinese Pine 108. 431 9.125 34.782 211. 331 16. 521 380. 200
R BEAK Oak. 189, 321 10. 881 76.724 185.125 36. 375 498. 400
R R Locust 203. 423 9.125 54.421 204.121  36. 542 507. 611
¥1{H Average 167. 058 9. 710 55.309 200.185 29. 813 462. 070

o6 THFRIKSHKTIHETHFRTENAFR

Table 6 The existing nutrient elements in soil layer of three forests in Ziwuling Mountain

+ = (ecm) KA 5 R B IF L E M EER Nutrient element accumulation (kg/hm?)
Soil layers Forest types N P K Ca Mg 211 Total
0~20 A5 Ak Chinese Pine 3085. 102 185. 272 1698. 781 6235. 451 542. 225 11746. 613
iL ZRER AR Oak. 5826. 312 848. 547 13075, 552 32539. 621 4327. 452 56617. 311
I #E AR Locust ~ 8626. 428 1128. 825 46675. 231  38425.824 4235. 661 99091. 812
20~40 H A5 K Chinese Pine 3961. 285 228. 410 1265. 365 5009. 881 398. 438 10861. 662
iL REEAK Oak. 4751. 492 965. 154 25248. 292 32913. 862 42579. 472 106457, 942
RIBE AR Locust 4912.513  1258.742  38245.273  38440.661 41257.725  124114.751
40~60 M #2#K Chinese Pine 1652. 331 834.773 1245. 615 4870.129 458. 311 9059. 824
L ZREEAK Oak. 3845. 443 1208. 472 30041. 752 41523.540 54937. 671 131555, 981
R PR Locust 3471. 212 1287. 252 29470, 632 39751.441 41036. 338 115015. 522
& it Total M # Ak Chinese Pine 8698. 110  1247.237 4208.751 16114.471  1398. 231 31666. 643
1L ZBRAK Oak. 14423. 125 3022.121 68364. 712 106976, 923 101844. 104 294631. 152
W B8 AK Locust 17009, 912 3674. 722 114390.423 116617.481 86529. 625 338222. 455

|“1~

2.2.7 FEEFALREXNEDRIABEBIFIE ADBEIREFALEMEDRI SR ORNAILE, BEIHR KA T HE
KR EFEEMAR 3 M RRNAEBRASEIREEERFPHE D2, SR ERTREAYBEHREARAKR O ERTLREE
&4 7 A 189. 26,322, 89kg/hm?® fl 332. 592 kg/hm?, FEIHA &4+ 51K 79. 80,190. 03kg/hm® i 161. 712 kg/hm*,N HI P #)
IR B AR H R B O RUBR AR I R BR AR > a4, T KL Ca 1 Mg IR IR 4 538 8B B IL R TR S RIBIAR > AR AR . AR
PRES R B E TR BB, WM AE - R RN 3K ERTRFFAEE AN 109. 46,132. 86kg/hm® A
170. 88kg/hm?, H.tp NP K Il Mg 77 Bl & N R B> IR PR S TR AR . Ca BIF7F B B NI R BRAR > RIBEAR > AR R
ESRER BT R LESRICARE P BRI RLORRAE . Wl &R BOUL 96 5 LB 8] | 357 T ARUHE ) B IR MK
MEMTRNESLEPHN IREEZH AN S BT TENEFEREY RN F LR BT REH K BB R By AR
MRS IR AR (R 9. MARBC B E B EREDHRRENEF TR ESHFETHYRGTFEPHAU TR E
BZW, RBRESRELRFCERL K/, ZREE K, R B i EY X %5520 T K B A7 88 0l oK A AR A R B0
LARBARAAEAL 5. 7R . EEFPRTEEY LRI ESELETFRRTENXRR . ARAXN G RXFEH EHAZMHPEGR . B
2 RO TR > B AR > LR R H o il AR AR & SR B8 0 70 S R I BR AR RLAL 2R PR AR Y 4. 28 0 4. 8 35 . A AR AT IR WA A= % F
IRBENERERRBIRT TURBERAR RS, EFREELANE BV EREDHCBESHENRKEZLE, RK T IUREE
BHAEEPHERERRDNERREEBA, ZATRBEINHERBER, RGP EHE R BB, M shERK . 783 R B
P 2R L0 AR AR PR > TR A5 K > T A AR, BT I S AR AR AR R AR AR S {0 AR B R T R E SR LA AR S, T BB FF o R TR E R
A BRI 3030

L
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Table 7 Nutrient element accumulation in different layers of three forests in Ziwuling Mountain
=¥ 2 A b EFILEH EE Nutrient element accumulation (kg/hm?)

Layers Forest types N P K Ca Mg 41t Total

FFAJZ Arbor layer M #5 AK Chinese Pine 250. 064 33. 443 212.121 214. 439 37.798 747. 868

ILZRBRAR Oak. 333. 698 39. 543 300. 895 634. 372 69. 552 1378. 057

BB MK Locust 685. 487 52. 373908 187.517 771. 936 107. 745 1805. 063

KT L8t E Forest floor layer  Ji#2 Mk Chinese Pine 11. 821 1. 554 15. 876 9. 245 2.132 40. 628

LR EEBK Oak. 18. 431 2.512 25. 671 35. 923 5.213 87.752

I BR AR Locust 21. 382 2.312 26. 624 33.725 5. 382 89. 425

%Y Litterfalls layer {4 #k Chinese Pine 189. 321 10. 881 76. 724 185. 125 36. 375 498. 400
il AR Oak. 108. 431 9.125 34. 782 211. 331 16. 521 380. 200

BB AK Locust 203.423 9.125 54.421 204. 153 36. 542 507. 611

1B E Soil layer (0~60cm) il #4 7k Chinese Pine 8698.124  1247.192 4208.724  16114. 36 1398. 158 31666. 558

1L KRR Oak. 14423. 122 3022.125 68364. 773 106976. 921 101844. 444 294631. 132

B R A Locust 17009. 911 3674.712 114390.434 116617.463 86529. 681 338222. 214

#4948  Total MALMK Chinese Pine  9149.334  1293. 074 4513.445 16523.169  1474.463 32953. 454

1L R Bk AR Oak. 14885. 660 3073. 177 68726. 048 107858.526 101935. 686 296479, 107

R BB K Locust 17920. 192 3738.511 114658.962 117627.161 86679. 269 340624. 099

"8 THRRIMDESREATIEEFAENENEAR
Table 8 Biologic cycling volume of nutrient element for three forests in Ziwuling Mountain
m B AR AR E £t E R Nutrient element accumulation (kg/(hm? « a))
Items Forest types N P K Ca Mg 4 it Total
U B Annual absorption M ¥ Ak Chinese Pine 61. 316 6. 335 40, 225 68. 048 13. 361 189. 265
i HREEBK Oak. 90.173 8. 151 50. 093  157. 561 16. 925 322. 894
R BEAK Locust 111.182 9.575 41. 222  152. 541 18. 082 332. 592
IHi#f B Annual return M ¥A Ak Chinese Pine 29. 854 2. 551 11. 425 30. 814 5.176 79. 823
1L R EBEMR Oak. 51.732 4. 684 24. 677 08. 248 10. 712 190. 031
H B8 AK Locust 59. 782 7.014 18.491 66. 872 9. 565 161.712
78 & Annual retention A4 HR Chinese Pine 31. 462 3.784 28. 856 37. 232 8.194 109. 465
1L R kR Oak. 38. 443 3.472 25.423 59. 326 6. 214 132. 864
W B AK Locust 51.424 2.561 22.734 85. 672 8.521 170. 882
R FARIFSESRGEZEEFRAETNEVERBESH
Table 9 The biologic cycling characteristic parameters of nutrient elements for three forests in Ziwuling Mountain
m H MR A4 25 7Y H 3L E Nutrient elements
Items Forest types N P K Ca Mg 43t Total

Wk & 3 Absorption coefficient  jlI#3 Ak Chinese Pine 0. 0075 0. 0051 0. 0096 0.0042 0. 0096 0.2531
1L R EE K Oak. 0. 0063 0. 0027 0. 0007 0. 0015 0. 0002 0. 2343

R B AR Locust 0. 0066 0. 0026 0. 0004 0.0013 0. 0002 0. 1843

) FH & ¥ Utilization coefficient ML HK Chinese Pine 0. 0067 0. 0049 0. 0089 0. 0041 0. 0091 0. 0057
L R EEAK Oak. 0. 0061 0. 0027 0. 0007 0. 0015 0. 0002 0. 0011

| 38 AK Locust 0. 0062 0. 0026 0. 0004 0. 0019 0. 0002 0. 0010

H £ Z ¥ Enrichment coefficient JH#2#k Chinese Pine 0. 0288 0. 0268 0. 0504 0. 0133 0. 0270 0.0227
LR EEBK Oak. 0. 0231 0. 0131 0. 0044 0. 0059 0. 0007 0. 0047

R BE AR Locust 0. 0403 0.0143 0. 0016 0. 0067 0.0013 0. 0053

TG 72 Cycling coefficient M F2 K Chinese Pine 0.4869 0. 4028 0. 2839 0.4528 0. 3869 0.4216
1L R BR AR Oak. 0.5737 0.5742 0. 4925 0. 6235 0.6329 0. 5885

R BR AR Locust 0.5377 0. 7325 0. 4486 0. 4384 0. 5288 0. 4862

3 it

(D B ERX FFIE M. CARBEARMBIRA LR 3 Mo B4

LI

B R 98% LA L, BBV £

R R R LB AR BE TR B A

7 P TH B A9 4

=B Bk 86. 247 ~144. 795 t/hm?, Fr AR B 4
- RENHABAEMEE., FHERKERN 3.275~5. 699 t/hm?, £ Y
BAMEAKBEHEFAPBAIMAR ST REASHAK . ER L EEXBBEAGE Y BB

X7/§ =}

YRR, XEAE TR
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BR X 1%
(

X BARFEREHE.
2) SHMAMTHBZEYE FEYT BRI NS ILRFERS MM K THBEEZETENER TERE B RS

i o

Ll

MEMKRTREDHARGIEARIBAFMLIAEAR TEEEASHRANRENAZYRANENTRERE L EE S . WH

XF 7K -

(

FRFAEEEE N,
DIMDEREERLERIRYAMA, R LRAAFETHEM TR IERTHESRE . ZTEFLENTERK.F

AEEFRTERZBHF N - WBEARS T AR WK ARSI AR EF I CERNRAEEZHB KA. HREMTIER 3 Ao
MR ST Tk B I AR BRAR TR AR AR 23 51 15 65. 4550 0 53. 76 %0, M MAA RN A 25. 100, MHIBEFR TR RER K, FH& Ca
M Mg BI3LK & T R BE AR R IL A PR AR bR dth £ 388 38 40 4 Jo B9 ol 28 SR A 7™ 5 R e

(

) IR THEZMEABZYERNERTEREZRHERF N HBEARSTAFERSHLRK, AEDEFTECERTES

HHEAMAMERTEA BT/ TRILEHAR AERHBERTHEHBEZNEABYEZHER CERNEREHD TAEYFENEY
BHAFSIER.

(

5) 3 WAkt 0~60cm LEEFRTRAFRBMESRE (BH 0~60cm +/Z)EFITRE BIC B HEF 0 F M > IR PR

> RESEREFTCEREREHRFEN . T EESSORARSREYESHTHEERZ. TEFEFXREBLIZAZL
BH 96.10%~99. 38% . HEEMMBAEYWEMWT 2 H 0.49%~2. 3% M 0.13% ~1.51%,

(
s IR

6) 3 k38 I8 7 K FRCE A F T8 B HEFF O R AR AR>S IR SRR Sl AL AR SR B 2 1P 0 AL AR PR AR > B AR > i
W 2R BCHE P 0 IR AR > LR AR AR > AR AR o TR AR AR BO R FH R BURIL AR SRR AL RIBR AR Y 5. 7 45 . B R R EBHEFF e pR>

W AR > IR BRAR ; Ho R R AR B & SR BE 0 70 3 BRI BB AR AL AR PR AR Y 4. 28 W1 4. 8 1% . MMM B A H R BN E & R EUR
€T ERABBEINRERES I REHF AL RS RIS WA, 0T RILRBRARA RN AR EFR TR ER
P PR, T BB F7 JT R BB 0 3 R B A AR AR
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