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B ERSEARBMESREMEE AT, DAL T 5 0 AR B8 2 A0 )1 78 H1 22 1L 2R B8 w80 Ll AR (Quer-
cus aqui folioides) HEN R G 401 T H B SR T R 43010 R A YIRIFFEAE . 4558 BoR - (D JIHE & i BRR
F#EEFRICES AR . F ME A N>K>Ca>Mg>P, B F Al F 85 K Ca>K>N>Mg>P, (2))I[H
FIUAREAE S R A B F o0 E S (kg/hm?) KK A - Ca(650. 06) (N (252, 67) \K(197. 01) ,Mg(51. 18) . P
(49.22) , Horb IR v L RRME 2 6 Y 88. 6190 ~96. 10% . AR FHEAZ 5 0. 64% ~4. 22% . JATEWIE & 2. 54% ~
9.25% ., (ONEMILMEEZERTEFEZMETH TRR, HERN 67X ~81 U  FEIRAE TR TEMER R
TN e LR HE A 3 32 kobe AR S TR B AE B . (D NEE IIARENE FL R EM B E [ ke/(hm? « a) JIK
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Accumulation and Biological Cycling of Nutrient Elements

in Quercus aqui folioides Shrublands

XIE Jing"?*,ZHU Wanze’* ,ZHOU Peng'? ,ZHAO Guang'?, WANG Yaoyao'*

(1 Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China;2 University of Chi-

nese Academy of Sciences,Beijing 100049, China)

Abstract:In natural and man-made protected plantations,cycling of nutrient is an important aspect as sig-
nificant amounts of nutrients are returned to the soil through litter fall and become available for reabsorp-
tion. Nutrient distribution, accumulation and cycling of Quercus aquifolioides shrublands in the eastern
slope of the Zheduo mountain were studied. The results showed that: (1) Nutrient concentration differed
somewhat according to components., The nutrient elements patterns were N>>K>Ca>Mg>P in leaf and
branch components and Ca>K>N>>Mg>P in stem and belowground components. (2) The total nutrient
standing stocks were estimated to be (kg/hm?®):N(252. 67),P(49. 22),K(197. 01),Ca(650. 06),and Mg
(51.18). The proportions of these nutrients distributed in the shrub component,herb component and litter
component were 88. 61% ~96.10%,0. 64% ~4. 22% and 2. 54% ~9. 25%, respectively. (3) Most of the
nutrients in Q. aqui folioides shrub were distributed in the belowground components (67 % ~81%). The a-
bundant nutrient reserve in roots favored for resprouting of Q. aqui folioides after fire and coppicing. (4)
The nutrient annual accumulations in the shrubs were [ kg/(hm?® « a) ]:Ca(20. 82)>N(7. 46)>K(6.12)>
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P(2.33)>Mg(1.55). The nutrient utilization coefficient of the five elements was estimated to be 0. 09,and

the nutrient cycling coefficient to be 0. 60,and the nutrient recycling period was also estimated. The nutri-

ent use efficiency of Q. aquifolioides shrublands was low and the recycling period of nutrient was long.

Key words: Zheduo Mountain; Quercus aqui folioides ; nutrient elements; storage; annual accumulation; bio-

logical cycling
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1.1 HREXH#HR

W5 DX AN T 75 780 25 D 7 1 2 14 O )11 48 A e
EEATZ I R B (29°50° ~30°16'N,101°41" ~102°
06" E) o Ll e 23 b 55, Ja8 75 98 o i 0 1 i A
AETC R, VK I e A R AR Y 5 AR T SR
7.1 °CL IR 28.9 C, MR E—14.7 C. H
HRIN %0 1 712 hy 4EF-BRE K i 804. 5 mm, FEIK 734
AR 5~9 H KR EFRKERN 77 2% . %5
FEELPT I RBRAE 4 A, & AR5
MAEWE 2 850~3 970 m 1) BH 3% Mty , H L j 4l
M EERERR  HE NN TR AT )1 P8 2 42 (Picea bal-
fouriana) . [AME (Betula platyphylla) ., T+
R I AR SR 200 50 em, AR B
1.2 FHhR#E

R b 7 4% 3 300 m M4 (29°59' 417N,
101°54"4"E) (9 BH 3, 3 BE 307, -3 1l i e, 52
J# 60 cm, 13 pH {H K 6. 04~6. 83, A HLFE &
1w 24.85 g/kgs AT AN 1. 28 g/kg. KA & &
119.70 mg/kg; & & H N 0.1 g/ke, A RBE &
o 12.78 mg/kgs TR R 21. 99 g/kg, HALHP
T 143.8 mg/kg; & o 3. 15 g/kg; &k
RN 0.26 g/kg . NEEILERN 20 4l 70 4
FRAR BRI B W A N IR 24 0 35 4F R 1. 6
~3.5 m AR EE 0. 85, % FE Ry 3 500 A /hm*, %
N TP A S35 g — B0 A B A 1Y) )1 T
fe LI BRAEAR, B 6 > 10 m>X 10 m A 4, 4 Hb 22 [H]
FHEE 10 m, DLskE S i T DR P ) SBORE 51 S 8 4
SER o R P R 5 TR R B A RE O R AT BE VR SR R A
FERE Hb N S AT A RR R R, I E B M 10 em HL AR
(D) MR 5 B CHD VIS A 3 %
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2.1 JIEBLFRENEFRTZAE

JIE L BRHE A B NOK B (R D,
BT MEHERTERCRTRELEEER (P>
0.05),LAP.Mg R &AM, Ca TR NI -
R E IR0 R & 1B Ca db i H 117 2. 0~
2.5 ffF. RACHMR R AR EF LR & RME
AR, 5HESEME, H N.K,Ca & &K1, P,
Mg &RE m. &Y ILTF# b i di, K
N.P &S FHY, SHEAd ML, 542
KN Mg & qim . B, )1 & AR i A A
R VREY CEARZE R IUE SRR N>
K>Ca>Mg>P; i F &85 MR T Hy: Ca>K>N>

Mg>P(F 1),
2.2 JIESWHELAERTENE
JIEEIIBREANE S RGN E TR i 1%

EPTEREZ (R O )INH & IR FENE R TER
SR A HE ) O 2 88, 61 %6 (ND 94, 90% (P),93. 24 %
(K).96.10% (Ca).90. 93% (M) ; {5 ¥ )2 & 0 &
Wi /b 7 E A R R B B B e 9. 2500 (ND)
3. 74 % (P) 2. 54 % (K).3. 26 % (Ca) .6. 86 % (Mg) ; #k
THRAZRSERTR T8 BBm H il T HAY %
NGB FRITR W T A7 E R D b R A
I B H A R 20 1496 (ND L 1.36% (P) 4. 22%
(K) 0. 64% (Ca).2. 21% (Mg) ., I & L KR 2 1Y
BRIGEN R EEEPERTHE . HHEZERITE
e () Fe R :67. 17 %6 (ND L 79. 96 % (P) 70, 21 % (KD |
79.37% (Ca) \81. 220 (Mg) . J1I T i 1L A% 3 J2 78 5% 0T
R R /IMEICN : Ca=>N>K=>P>Mg; i #% ¥ J2 K
WA :N>Ca>K>Mg>P; BAZAR R N . K>N>Ca

F1 JIESLHELAEHENEFRTESE

Table 1 Nutrient concentration in components of Q. aqui folioides shrubs/(g + kg™ ')
4[] 43 Component N P K Ca Mg
M Leaf 13.1240. 67 1.2640. 25 6.1840. 44 5.174+0.78 1.1640. 39
£ Branch 9.314+0.78 1.2540.18 8.474+0.75 10.26+1. 37 1.3340. 35
T+ Stem 3.944+0. 66 0.60+0.15 3.534+0. 67 13.54+3.29 0.524+0.15
FLAHE Coarse root 3.64+0.57 2.3740. 36 3.94+0. 33 9.04+2.19 2.454+0.43
FH Medium root 3.7840. 46 2.12+0.42 3.8640.31 7.784+1.12 2.064+0.41
AR Fine root 3.934+0.19 1.8740. 28 3.5940. 25 6.26+0.67 1.8840.37
MR #H Taproot 4.52+0.92 0.66+£0. 22 3.69+0.69 17.32+3. 91 0.68+0. 20
%Y Litter 13.58+1.52 1.0740.17 2.914+0.62 12.34+2.07 2.04+0. 64
K2 Herb 12.07+1.37 1.5140.38 18.42+3.23 9.18+1.68 2.52+0.73
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A7 B8 IR 6 57 B ) P 7E B 07 T BR B AR AR Y
BRIGE MK B, DA 35E  m e R
LR P AR AR 4 0T 1 s Ll AR E AR 43 O R 1Y AR
R BRI R B B MR (GR 3. Z5R R
TEL e LI BRE NS 20 20 18 RO R A7 B R R
i) 5 E IR TR W B KN B A — 2 KK
Hp:Ca>N>K>P>Mg., %45 EFITERMNERH

RE TR & AR5 B8 e RS> T
>R >R >HUR
2.4 JIEBLHRENEFTREEYRER

BARIUR LY 3R 15 8 R o0 K h -
EY- LR RS R RS RS
{19 A 10 0 Ak 0 0k SR R L U i A7 B AR R(E R
i 0 R S A7 B R OE 2 R AT R B
FIAE PR 2 RO B AR bR A 235 R B8 8 IR LR AR IR EF
1 B bR R AR IR IR AR B FR TR

x2 JIEBLHENLEFRTREE
Table 2 Nutrient storage in components of Q. aqui folioides shrubs/(kg « hm ?)
P -y
Coril-][aoﬁnent Biomas:y(#l?gﬂi; hm™ %) N P K Ca Mg
- Leaf 2 040 26.76 2.57 12.61 10. 55 2.37
#¢ Branch 1 950 18.15 2.43 16. 51 20.01 2.59
F Stem 7 260 28. 60 4. 36 25.62 98. 30 3.78
H#i 25 B /N Total 11 250 73.51 9.36 54,74 128. 86 8. 74
HLHE Coarse root 1 400 5.10 3.32 5.52 12.66 3.43
e Medium root 3 460 13.08 7.33 13. 36 26.92 7.13
MR Fine root 5 710 22. 44 10. 68 20. 50 35. 74 10. 73
MR Taproot 24 280 109. 75 16.02 89.59 420.53 16.51
i #8 B /T Total 34 850 150. 37 37.35 128.97 495. 85 37. 80
JH7%Y) Litter 1720 23. 36 1. 84 5.01 21.22 3.51
A Z Herb 450 5.43 0.67 8.29 4.13 1.13
411 Total — 252. 67 49. 22 197.01 650. 06 51.18
x3 JIEBLUHELASESERTRERERE
Table 3 Nutrient annual accumulation in components of Q. aqui folioides shrubs/(kg « hm % « a~ ')
, e
Coriﬂpgjlem Productivity,/J(:lg ?jhm’2 ca ) N P K Ca Mg
M Leaf 58. 29 0.76 0.07 0. 36 0. 30 0.07
#¢ Branch 55.71 0.52 0.07 0.47 0.57 0.07
T Stem 207.43 0.82 0.12 0.73 2.81 0.11
HLHE Coarse root 40 0.15 0.09 0.16 0. 36 0.10
HF e Medium root 98. 86 0. 37 0.21 0. 38 0.77 0. 20
A H Fine root 163. 14 0. 64 0.31 0.59 1.02 0.31
MR Taproot 693.71 3.14 0. 46 2.56 12.02 0.47
41t Total 1317. 14 6. 40 2.10 5.25 17. 85 1.33
x4 JIEBLIFELEFRTENEMRT
Table 4 Biological cycling of nutrient in Q. aqui folioides shrubs
Ui H Ttem N P K Ca Mg 41t Total
-4 Storage(kg « hm—?) 223. 88 46.71 183.71 624.71 46. 58 1125.59
I Wt Absorbtion(kg « hm ™2 « a= 1) 29.76 3.94 10. 26 39. 07 4. 84 87. 87
Hift it Return(kg « hm=2 < a= 1) 23.36 1. 84 5.01 21.22 3.51 54. 94
17 8 4 Retention(kg « hm 2 « a~ 1) 6. 40 2.10 5.25 17. 85 1.33 32.93
I 2 %% Utilization coefficient 0.13 0.08 0. 06 0. 06 0.10 0.09
15 ¥ Z 8 Cycling coefficient 0.78 0.47 0. 49 0.54 0.73 0. 60
JE 51 8] Recycling period/a 9.58 25.38 36.67 29. 44 13.27 22.87
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F R R/NKT — 80 /T R TR R B SR
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(Mg) ;T L T #8201 B FR o0 R I & F AL P AR
g, MR E FR o0 R R R 4 19 L B
72.99% (N).42. 66% (P).69. 47% (K) . 84. 81%
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IR R AR T 57 00 F R KL A W B B A7 il
TEH 32 K RARSE TR )G« BE A AR R A8 A7 00 8 57
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kg/(hm? « a) . @ T HAR RN 4R 47 B 5 [32. 93 ke/
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Al N AR RV RS AR AR T A B AR 07 1 T R A A
THEORFICR R N>Mg>Ca>K>P &
Peo PEIRR BB T OCK ARG A B b A7 B R
N EIR R RO R GE AT B LR
JREC g 1L BRHE DA NG A7 B LG 81 e /0 o 3 3l 1 e
R0 P OAH S A7 B H ) B R s M de /. il T
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T B SR b i A S 2% L DA G R B 4 SR A
ISR g U 3 O AR 17 e 0 00 5 e A B R Y
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AN Y E TR TR G

AR AR R R AR S A HL R R R A G
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ARy AR Y IR 20 V- A B EEAE s [ i, RS AR
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PRIET IEL o L AR O A 355 3 1 35 S fEL b A AL
BUNREGZ  BER N EBRZEY SR 2 ]
RETE— B LI m AR AR, &
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L HR T DA R 00 R A SR R/ PP 2 AR — B W]
WL s 5 IR I AR SRR 29 FOE BROR B2 G 3
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P LU BRTHE DA - S8 7 22 5 g 52w )10 L
BRAENAEZS R G0 57 0 W) WOICRAE B A ik — 20
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(FALEWFRN2013 EFH L T ELTH %I

CPHACAE D 2 402013 4255 1~12 IR B 3 370 J CEHHE B IC 9 R i SCILARTS 754 D&% K0P

FEEWH B SH P BRI OGRS TUH X 2,03 4. f 362 jm it SCH RS & B 58 B 4 0 3 HF L o TR
WICEE 97,800, HA . T8 B SCH 1 B G 30RF . I8 SCHEEUY 210 1005115 R SCH 2 TURE 4 3045
I SRR 31 106597 REIR SR 3 WA k4 SR IR ORI 26. 2200, (PYEAE YR )2013 4
BB SR LGB SCIE O 0. 978, B CEEB H B MR RS TT 45 R AT

1 ERREES 290 W, 5L H SN 38,4620, b R A RBE R4 160 T, [5 5 8 LAl iF

FEA TR B Z 9737 R 16 3T, [{ 588637 Rl Bk 4 14 T, [{] 589487 Kk 4 7 T, [ S 1 - jl k4 5 1
bR HEE 2 BD9 T, E K H e W H R4 84 I,

2. P EREBEE S 20 T, F A AT H BB 2. 700, Hob AR TR A 4 I IO A S

T e SR 11 0,

NS

3.BREEESE 104 I, FIEHH SEY 13,800 Hrb B ARAE S 8 T BF S AES 20 T Al A AL

432 Ui, EEMW RS 27 Wi, 3T 4 17 T,

4. FSNEERSE 2 I, HREE I H SEY 0.27%
5. KRFEE 74T IS TH S8 9. 8%
6. &4 () EEMEES 264 T, HE 4T H B 35.01%



