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Abstract

Aims The purpose of this study is to investigate the characteristics of nutrient cycling in Cunninghamia lanceolata
plantations with different ages, and to provide scientific basis for the management of high-yield plantationsin China.
Methods In this study, we used the ecological data of the past 25 years in Hunan Huitong Ecological Station and
analyzed the nutrient cycling characteristics of the C. lanceolata plantation forests with different ages according to
the law of tree growth and the dynamics of nutrient uptake.

Important findings For most nutrients, their concentrations ranked in order as leaf > twig > bark > root > stem
for al C. lanceolata trees with any ages. When the tree age was less than 12 years, nutrient concentrations in-
creased with age, while they decreased with age when the tree was more than 12 years old. The changesin aver-
age annual nutrient uptake with age showed two peaks. Nutrient return gradually increases with age. For the same
age, the nutrient use efficiency followed the order of phosphorus (P) > potassium (K) > nitrogen (N) > magnesium
(Mg) > calcium (Ca). After the stand was closed, the nutrient utilization efficiency increases with the growth and
development of trees. The cycling intensity of Ca and Mg was greater than that of N and P at the same stand age.
The changes in nutrient cycling intensity with age varying curve with stand age acted as parabolic curve. Utiliza-
tion of N, Pand K was longer than displayed a parabolic shape for al elements. The utilization time of each ele-
ment got shorter with increasing stand age. These results suggested that the nutrient uptake in different growth
stages was not only controlled by the quantity of biomass, but aso affected by the difference in nutrient concen-
tration between previous and current stages. The nutrient cycling processes were jointly controlled by the mecha-
nisms of nutrient redistribution and storage in Cunninghamia lanceolata, during the growth and development
stages, and the nutrient use efficiency during different growth stages.
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Table 1 Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) content of Cunninghamia lanceolata organs at different stand ages
(mean + SD) (g-kg™)

Mg Standage  JTFE Element T Stenwood ¢ Stem bark ke Twig " Needle # Root it Tota
T A N 1.69+0.089%"  389+0.169™% 512+0325%  10.86+0.567""" 293+0.162%C 2449
7-year-old B P 0.10+0.006®"  055+0.018®"  0.76+ 0.039®¢ 0.89+0.037®"  0.26+0.015% 2.56°@
K 0.64+0.033°%  421+0204°°" 492+0095°®  563+0419°¢ 227+0145%% 1767
5 Ca 051+0.026™% 384+0227™  554+0378°* 9.97+0.494P% 212+0.128%"  21.98”
B Mg 0.15+0.007%*  068+0.052"  215+0162F%  245+0.164" 0.63+ 0.033*%* 6.43%"
EE AN 1.75+0.073%%  439+0212"% 588+0342"" 11.42+0513% 3.19+0.176*" 26.63"%
11-year-old P 0.13+0.006®"  0.63+0.033"" 0.80+ 0.051% 0.93+0.052®% .28+ 0.021%" 2.73%
K 0.69+0.032°®  454+0224"% 5124+ 0329 5.87+0.425° 235+0123%"  1857°®
5 Ca 057+0.029"  414+0239™ 596+0347°" 1090+ 0573" 216+0.139%%* 2313
B Mg 0.17+0005F  074+0068"%  244+0.173F 2.68+0.189™% 0.69+0.038F 6.72%
1642 %N 1.72+0.074%  428+0224"  572+0397%%  11.02+0521%” 3.12+0159%@  2586""
16-year-old WP 0.12+0.005®"  0.61+0.036®%* 0.77 + 0.046¢ 0.90+ 0.044®% 027 + 0.017% 2.67°@
K 0.64+0.037°%  432+0245°* 507+0318°%  575+0433"* 218+0131°®  17.96%
5 Ca 052+0.026™%  4.05+0.239™° 536+0.3357% 10.17+0.492° 205z 0.122% 22.15”"
B Mg 0.14+0.004%° 070+ 0.059™*  2.37+0.125° 2.64+0.137"* 062+ 0.031%* 6.47°°
200F A N 1.70+0071%  420+0219" 563+0367"% 10.87+0.486"® 301+ 0.143*" 25.41A%
20-year-old B P 0.10+0.005®"  0.60+0.033®%  0.75+ 0.039®¢ 0.88+0.049®" 0.25+0.019% 2.58°@
K 0.61+0.033°% 425+0237°  4.94+ 0294 5.68+0.429°° 213+0.118%@  17.72%%
5 Ca 0.48+0.023°"  397+0.246™% 523+0326™%  10.06+0473°% 198+0.124%°%  21.847%
B Mg 0.11+0.005%° 07140053  231+0.176%* 259+ 0.147" 059+ 0.028%* 6.27%
254 A 1.68+0.076*%  414+0234"™  557+0351""  10.78+0445"% 290+0152% = 2507"°
25-year-old P 0.09+0.004%"  057+0.031"% 0.72+0.034"¢ 0.87+0.043®"  0.24+0.018% 2.49°@
K 058+0.034°%  418+0.248™  4.88+0.305 5.60+0.396™° 204+0.115%°°  17.28%
% Ca 045+0026°  392+0233°% 512+0.315" 9.98+0415"° 1.92+0.126°°  21.39°°
B Mg 0.10+£0.005%°  0.65+0.055"%  2.26+0.156 255+ 0.175" 055+ 0.024%¢ 6.11%

A7 NGFEHRR R ZRARE, PTHARREREE . MR F—h R EF AR ERARE, PHARRZERRE . FoHRAER
AFEME F— R R, SRR ARSI EERT B, PMHRARREREE.
The same line in the same lowercase | etters that the difference is not significant, not the same said significant difference. A certain age in the same column in the
same letter that the difference is not significant, not the same significant difference. The same sign indicates that the same amount of elements at different ages,

or the same stetistic difference at different ages is not significant, and the difference is significant.
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T RIS RS i o 3% A2 FH T REbRS B A S Rl e 42
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R2 MAMIEA FIME G B TR s 3

Table2 Nutrient uptake of Cunninghamia lanceolata forest at different ages

WRE TR R N TARGROME IR BRI AR (L IR 177
I 53 SRR R K T IR IR A, WLAEAE DL S
(PRIEEAR P i) 77 70 S B i i /T R TR 70 = o
SEEAML-T. 811, 12-16. 17-20f121-25
N, WP BRI IR 4 & 41 980.64.
171.82. 165.42. 192.511188.86 kg-hm2.a™, &#k
W B S FR e R B AEN > Ca> K > Mg > P (&
2). MASFEIMRES B IR PR SR A, 72 0F
T4y 1 7 W VAT 2 PR % S D 7 A S UL U o £,
UG 3 ) A 8114 I 17204 . 77 43T ¥ B I
B BE AR RS A AR I T ARARLEAS [F] A B BO 57 43
TR MEIAEIEL P A KB B (8-1144),
MAY T T 920 IR N . 12-165F3E N T4 i B (b

NI AR TiE 74y 6% Nutrient element it
Standage  Biomass Item - - - - - - Total
(thm?) % Nitrogen % Phosphorus # Potassium %5 Calcium % Magnesium
1-74E 4317 R Required absorption (kg-hm™) 204.38 18.68 124.92 170.65 45.82 564.45
1to7 . B
o fyeas DA A AR R SRR 72 5 0 0 0 0 0 0

NTAPB (kg-hm™)
BRI Actual absorption (kg-hm™) 204.38 18.68 124.92 170.65 45.82 564.45
¥4 A S BRI 29.20 2.67 17.85 24.38 6.54 80.64
Average annual actual absorption (kg-hm2-a?)

8114 4251 Wik Required absorption (kg-hm?) 229.02 2235 145.73 200.89 57.86 655.85

8tollyears DA A K AT A B R E 7 5 +12.44 +146 +5.43 +7.86 412 43131
NTAPB (kg-hm?)
SzBR I Actual absorption (kg-hmi?) 24156 2381 151.16 208.75 61.98 687.26
S YA AR SE BRI 60.39 5.95 37.79 52.19 15.50 171.82
Average annual actual absorption (kg-hm2-a™)

12-16%4 6412 Rl Required absorption (kg-hm™) 286.43 29.79 197.72 264.85 77.47 856.26

12t " _ "

16 y(;ars AT Az A A2 P 5 e R BB AR 9743 -7.03 -2.14 -6.37 -9.49 -4.11 -29.14
NTAPB (kg-hm™?)
SZBRM I Actual absorption (kg-hm™) 279.40 27.65 191.35 255.36 73.36 827.12
¥4 A S BRI 55.88 5.53 38.27 51.07 14.67 165.42
Average annual actual absorption (kg-hm=2.a™)

17-204F  66.03  Riliii Required absorption (kg-hm™) 293.18 26.83 178.72 232.99 65.31 797.03

2oyaars UG K AR B SRR 953 662 212 562 902 361 269
NTAPB (kg-hm?)
SzBRM L Actual absorption (kg-hm™) 286.56 24.71 173.10 223.97 61.70 770.04
ST YA A SE BRI 7164 6.18 43.28 55.99 15.42 19251
Average annual actual absorption (kg-hm2-a™)

21254 7376 Rtk Required absorption (kg-hm™) 352.41 32,05 217.53 288.29 79.92 970.20

ggty‘;ars DA A KA T R S 0 75 -6.47 -2.02 531 -883 82 2589
NTAPB (kg-hm™?)
SR Actual absorption(kg-hm™) 345.94 30.03 212.22 279.46 76.66 944.31
S AE S BRI 69.19 6.01 4244 55.89 15.33 188.86

Average annual actual absorption(kg-hm=-a™)

- DRI A B BUE KB R N TR0 DA BIX — R T BOW AR AR P TRy, +, X R A BOBTRC A IR 2 it e AR AR 7 B BB E ik

W TR

—, the nutrient was transported from individuals at the previous stage to the new growth biomass at this stage; +, the newly absorbed nutrients in this growth
stage flew to the nutrients of the existing organisms in the previous stage. NTAPB, representative nutrients transferred or newly absorbed in previously grown

biomass.
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AR KRR T ), BAR AR AP )1 (12.83
t-hm?a?), EEEINTHAEYE, FTH 7R
GED, FOPIHEERCE . 3T A
53 (L7-204E2E), M B2 IR K (1651 t-hm?a™h),
M FMAERKBE, B ERKERIT—EKNEZ,
BT CAFE o PR E g i B RN S, %
2 A BT R IR WS, RO )TN B (14.75
t-hm?a?), SEFRS T RRE IR .

23 FEMERFARERREMEFTSE

MNFEIE H, T — I TR &2 L EM
HEPNMREEFE YA, 5 E B E135.42%-
37.88%; HIKiECa HEf R E1127.11%-29.65%;
G RK, NIRRT ICEFER R AT 122.71%-24.16%,
Mg. PREEMXTE D, 4R R AEN
7.40%-8.60%#/13.34%—3.55%. X 5[ A K Ak 4y
WIS 7R TE R RN IT —3(3R2), WK, M
TR IR TR ER S, FRIEAZ KN
FIXMTREREE .

THEARM N, Can K. Mg. PR EE 25
4170.27. 139.54. 106.86. 38.20f115.71 kg-hm™, |
254F A I 3 1) 14411 51)696.59., 498.51. 444.17. 136.13
F163.43 kg-hm?, %3570 T2 B R BEE MRS 138
pINTREYII

MAFRAy TE R R S B A R E N H 5 LLBE AR
BAERI)E H, KRR SRR E 7 b
PRESHE I3 K, Callll FEAREE S i o, 744
FILEA, NRRE B RENEH 5 AT R,
VA G, T BERMR RS N30, MR R & e
RENH > LLREMRR L SNIG I I, PR &Y
M Z BT, FE165E A LLRT B AR ES 18 b i 1
I, 164 A= J5 BEARES G N R B, (HARGAN K . 3R
B I3 TC R R B TR AR ES 1R DA R

R3 MARMAFEI T AJZ IR I TR

24 ARENERBEFRBZHFSALE

B 1-7AE AR IS IR AL SR 2 1 /S PR S B AE K1)
W RS BRI A1, AR MRS B B RG SEA EAS 2 1-T4F
PRUS BEAE K BB RE SRR, T A2 DART RS B AR K 1)
B A7 88 X AN A A B BORE 8 1 (BR D AR 2 1 Ak
U5 B N RIS R D TR AR K R ) . BIF LR A,
1-7. 8-11. 12-16. 17-20F121-255F k54 F- )14
TR BRI 911,94, 47.21. 76.19. 111.6271101.63
kg-hm2.a™ (£4). 1-204 N 350 L RS oA 4
K B 8 i i 2 g 3G, 1E N A 5 77 43 3k
BH TR RN 2R ARRESE KRR
BHIE 7Ry &2, Cale %, HEWKRIEN. K. Mg
FIP,
25 AFREEKMERIFE D TBINFHE

2 [FRZARMRTE AR Z A FIARES T2 08 2R 9543 IC
KR HRECE UL U B —#R#g, Ca (0.112-
0.220) > Mg (0.113-0.189) > N (0.099-0.179) > P
(0.095-0.178) > K (0.096-0.172). 3:43 JL & A H] £
ORI, MRAK 270 2 (R FH R Bk v (R ZE 2 45,
1991). HILA A, 2 [FRZARMAE — KB BUBIN,
P. KIFESFIFHREA KT Ca. Mg. N. P, K.
Mg 22 2 AR e 38 4 B (R AR (a4, 11
A DL BE AR S 38 KT 3G 0, 114 DU B AR S 1 K1
TR, CalfiFI 2 00U B AR B 3G I gs b . AT AR
SRS, 95455 J0 3 BIA RO B A MROR AR KB
BRI i 3 K

AN FEIRREE T A2 B TR 8 R R A DL A
1-74E4 Mg > N > Ca > P > K, 81144 Ca >
Mg>N >K > P, 12-1654ACa>Mg>K >N =P,
17-20F121-25FE 4 I yMg > Ca>P>K >N, i,
BRANARBY BR(I-74E42) 4, T4 LR & R BB,
N. P. KIIFREIA R#E0E /N FCa. Mg; N, P, K,

Table3 The nutrient accumulation in the tree layers of the Cunninghamia lanceolata forest at different ages

gANitS WAFA A B F:4y 7% Nutrient dlement (kg-hm) e

Stand age Existing biomass (t-hm™) % Nitrogen % Phosphorus #fl Potessum 45 Calcium %t Magnesum 10t (kghm™)
174 1to7years 40.06 170.27(36.18) 15.71(3.34)  106.86(22.71) 139.54(29.65) 38.20 (8.12) 470.58 (100)
8114 8tollyears  75.65 336.92(35.42) 3341(351) 21889 (2301) 280.20(29.46) 8180 (8.60) 951.31 (100)
12164 12t0 16 years 114.67 480.60 (36.28) 47.48(355)  313.36(23.44) 376.64(28.29) 113.85(844) 133202 (100)
1720 17t020years 161.09 580.29 (37.14) 54.76 (345)  377.92(23.88) 437.63(27.50) 12593(7.94)  1586.53 (100)
21-254F 21to25years 209.84 696.50 (37.88) 6343 (3.45) 44417 (24.16) 49851 (27.11) 136.13(7.40)  1838.83(100)

155 NATE I H

The number in bracketsis a percentage.
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Table4 The average amount of nutrient returned by Cunninghamia lanceolata at different stand ages

gANit B/ %Y F4y 6% Nutrient dement (kg-hm2-a?) e
Stand age Organ Dead matter (thn™.") % Nitrogen % Phosphorus #f Potassum 45 Calcium %t Magnesum 1ot (kg-hm™.a”)
1-74F . Twig 0 0 0 0 0 0 0
LIOTYeAS 4 Needie 0444 4.07 035 2.28 4.24 1.00 11.94
&t Totd 0444 4.07 035 2.28 4.24 1.00 11.94
81145 B Twig 0175 0.93 0.13 0.85 101 0.41 3.33
Blollyears i Neede 1555 14.58 126 8.17 16,09 378 4388
&1 Tota  1.730 1551 1.39 9.02 17.10 419 4721
12-164F B Twig 0700 358 0.48 3.28 3.60 1.54 12.48
121010Y8S 14 Needie 2308 21.46 182 11.82 22.95 5.66 63.71
&iF Totd  3.098 25.04 230 15.10 26.55 7.20 76.19
17-204: B Twig 1750 8.65 115 7.86 8.70 3.74 30.10
Hto20years 1 \eedie 3153 27.46 230 14.94 29.60 7.22 8152
it Total  4.903 36.11 3.45 22.80 38.30 10.96 111.62
21-254 B Twig 2004 9.66 1.26 8.64 9.70 415 3341
ZLOZYES 4 Needie 2600 23.08 191 12.40 24.83 6.00 68.22
&iF Totd  4.694 32.74 3.17 21.04 34.53 10.15 101.63

Ca. Mg B IR Z 0 HE RS 19 0 1) A2 4k it 2 35 3 4)
2, WL T S AE17T-205E N . 255N, P. K. Ca.
MgFIFEPR 22 5505 il & 74E I 13.40. 4.02. 3.91. 4.65
4331, T3 o WIIEIE Z Kbl AR 15 I 3 hn o
TR A REGHOK, HIE T IR Z, A5
THEFRSRR, RZIMA. b rT L, 749242 P
JESRBMET, No P KIIFRIEIR 25 Lk Ca.

Mg/, RIS 7255 FIEAF] T LIERIN, P K

1

SRS AR MRS R PR BE G 2 A B I KN -7
fE> 8-114F> 20-254F> 12-164F> 17-204F . L&
FEWIRAF T 2 AR A A K P R I Tl K,
W, RIHE RS . RIcE B, 2ARGIRII(1-7
)RR 5 R v B A K (8-114F), &5 FR T
FF F B 8] EEAZ AR T 2R KB B (12-164F) T34
PRI B (L7—204F) S AR B (21-254F) K. K5
WRTEH, THEAE DS & K BB, N Py KT JE %
WIKFCa. Mg, EME EATHERH B E L Ca.
Mgk .
3 g

SR KEFRILRIKEN>Ca>K>Mg>P,
HIhfe BRI 7R 0 W B Bk, A 3 B 5 55
IR TR FR AR BE fe /b, IR 5 EAZ AR TR 4 B AX
ZE R (Y, 1983, DR H5E, 1985, B RE,

2000; XI5, 2005)fH [ . AN & EFRITOR
WE M R ICR AR KIS K B E R
ZE . RHFARREUE AR NNEEN B S, AT
IR B BEAE A BhE T R B o Miller (1984) A
RIRAAN PRI F7 53 FE Bt A AR AT B2 B T AT
1E AR FKIAR A TE 5 i, AEFR A0 AN SR 1)L
H TR BT R (A P4 7% 3 5 B R I 4 LA

RFEARITE R & E IR TR, CalHib &
. CHMFRY, EYEERSER N, P,
KR 10375 (R H- 2L AU R (IE 4%, CaltiRs s i 2 s
RAFFR . AW TR IR vh Cady & s T is
HI I % (Kost & Boerner, 1985; Schlesinger et
al., 1989; VLEMSE, 1993; RAER5E, 1997). HT42
ARB ARG FER Cal L P AN A g 42U 7%, kBt Ca
ik RR, SEHACERS .

AT T H 8—114F A A2 K MR % 0 R HI A R 4L
(F5) 5 T AL 55 (2002) 1 78 1154 A8 43 (N 0.26, P
0.25, K 0.27, Ca 0.68, Mg 0.60)fLt, FENHITEI &
5 DA S (2002) 4T Ak, HAR TR IR R
E EE U A5 (2002) A 570N, BRP KOEIR R
FEELIE A AN 0.32, P 0.17, K 0.08, Ca 0.46,
Mg 0.29)(XI| 5% 245, 2005) K4k, HAh o &/ THEE
LA . AR T 21-254FE K T R RIS R B(E
5)¥) k4= [F]214E4: (N 0.45, P0.49, K 0.29, Ca 0.35,
Mg 0.39)(E5Hi%s, 1985), R #314FAE(N 0.39, P0.24,
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RE MARMAFEIEE BLIFR IR

Table5 Nutrient cyclein different stand stages of Cunninghamia lanceolata forest

AN WiH Item 759y 76% Nutrient element it
Stand age % Nitrogen f#% Phosphorus #f Potassium 45 Calcium %% Magnesium Total
1-74 TAEE AR 7-year-old existing stock (kg-hm@)  170.27 15.71 106.86 139.54 38.20 47058
%;C;ars AEWR I Annual absorption (kg-hm2-a™) 29.20 2.67 17.85 24.38 6.54 80.64
% E Annual restitution (kg-hm™2-a™) 4.07 0.35 2.28 4.24 1.00 11.94
FIFI %% Utilization coefficient 0.171 0.170 0.167 0.220 0.171 0.171
TE¥F Z % Cycling coefficient 0.139 0.131 0.127 0.133 0.153 0.148
JE £ E] Turnover period () 41.83 44.88 46.87 4307 38.20 39.41
g—tcljli 1A/ R 11-year-old existing stock (kg-hm?)  336.92 3341 218.89 280.29 81.80 951.31
llyears  EWUCE Annual absorption (kg-hm™?-a™) 60.39 5.95 37.79 52.19 15,50 171.82
A% E Annual restitution (kg-hm™2-a™) 1551 1.39 9.02 17.10 4.19 47.21
FIFI %% Utilization coefficient 0.179 0.178 0.172 0.186 0.189 0.181
iE¥F Z %k Cycling coefficient 0.257 0.234 0.239 0.328 0.270 0.275
JE £ E] Turnover period () 21.93 24.04 24.49 16.38 19.26 20.15
g—tcl)‘ﬁ 164F4E BIA7 5 16-year-old existing stock (kg-hm2)  480.69 47.48 313.36 376.64 113.85 1332.02
16years  EMUTE Annual absorption (kg-hm?-a™) 55.88 5.53 38.27 51.07 14.67 165.42
A% E Annual restitution (kg-hm™2-a™) 25.04 2.30 15.10 26.55 7.20 76.19
FIFI %% Utilization coefficient 0.116 0.116 0.122 0.136 0.129 0.124
iE¥F Z %% Cycling coefficient 0.448 0.416 0.395 0.520 0.491 0.461
JA SR Turnover period () 19.20 20.64 20.77 14.17 15.79 17.48
g—éﬁ 204EA: JifE R 20-year-old existing stock (kg-hm™) 589.29 54.76 377.92 437.63 125.93 1586.53
20years  “FWRILE Annual absorption (kg-hm™?-a™) 71.64 6.18 4328 55.99 15.42 192,51
{EIHIEE Annual restitution (kg-hm™2-a?) 36.11 345 22.80 38.30 10.96 111.62
FIFI %% Utilization coefficient 0.114 0.113 0.115 0.128 0.122 0.121
iE¥F Z % Cycling coefficient 0.504 0.560 0.527 0.684 0.711 0.580
JA#ERF 1A Turnover period (a) 16.32 15.83 16.58 11.43 11.48 14.21
ﬁ—tiﬁ 254 i fE R 25-year-old existing stock (kg-hm™)  696.59 63.43 44417 49851 136.13 1838.83
25years  4FWILE: Annual absorption (kg-hm™?-a™) 69.19 6.01 42.44 55.89 15.33 188.86
{EIHIEE Annua restitution (kg-hm™2-a?) 32.74 3.17 21.04 34.53 10.15 101.63
FIFI %% Utilization coefficient 0.099 0.095 0.096 0.112 0.113 0.103
iE¥F Z %k Cycling coefficient 0.473 0.527 0.496 0.618 0.662 0.538
JA ISR Turnover period () 21.28 20.78 2111 14.44 13.41 18.09

K 0.19, Ca0.52, Mg 0.42)(XI| 5% 24, 2005)4% A k77
IIEIR R B, /N T 242854 (N 0.87, P 0.72,
K 0.73, Ca0.74, Mg 0.93) (I #f84%, 1991)#2 K77
B RHL

AW T 8-LLAE AR AL A IR IR 43 F FH R A (KB H,
Ca. MglLbIi A6 (2002) F 7t it L1 A= 1 [H] — hR
(N 0.15, P0.13, K 0.15, Ca0.33, Mg 0.27)/>, N. P,
K EE 303046 55 (2002) K ;- Bk Call /I T4 22 1148 4=
¥ AM(N 0.17, P0.14, K 0.12, Ca 0.20, Mg 0.15)(X
%555, 2005)4k, HARITERFH R KT 4R &
[F)o AHIF T 20-254F A A2 AR 77 43 R &R 3 (% 5) 5
15 53 )i 555 (1985) I 71 1 £ [F] 204 AR 42 AR (1) 45 (N
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0.10, P 0.12, K 0.07, Ca 0.10, Mg 0.09)4Hif; 4P|
H RZEK T PH24-28F A2 AR ML, KR mRY
INTF TR GRZEBSE, 1991); CalIMgR ] &%
FEESEAAM(N 0.14, P 0.11, K 0.07, Ca 0.11,
Mg 0.12)(X1| % 545, 2005)FHiT, PLLARZERI R, N K
ELAR /N

KA FLB-LLAFE A2 A ME 5 70 2= 1 A e W (GR
5), H:AK 5550 A 25 (2002) B 58 H 1L4E A A2 AR R
455N 2554 a, P30.94 a, K 24.74 a, Ca 4.41 a, Mg
6.20 A [F], N P #i [1] o 15150 46 55 (2002) 14,
Ca. MgELTI L2 (2002) ) Ca. NJE % Al
FEEITEAFARIR(N 17.94 8, P41.11 a, K 103.00 g,
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Call.26 a, Mg 22.21 @)1, P. K. MgELAEEE %6
AHIE T 21254 A 42 AR 25 0 2 A3 A 1 (3 5) 24
) 242842 AN 7.5, P17.1 8, K 11.3 3,
Ca 6.7 a, Mg 3.0 Q)(#EREEE, 1991)i) A K; BENF
JE B b 1) LU AR B SLAFAEAZ AHR(N 19.02 &, P 37.21 &,
K 82.28 a, Ca 16.95 a, Mg 20.01 a)(Xl| 5% %£4%, 2005)
K Ab, AR 02 i B LU AR 2 R [

A FEH B AR 43 5 TS A 55 (2002) BF FL 1 A2 [F]
— MG, BV AR RN B AR YD IAT B RN 3R IR
A . AFEEIR R B AP R, X2
LA AL (1)T0 32 Ak 55 (2002) B A2 — AN B[] B
1114, AR FE A 2 R -7 4E FI 8114 A
IF1A) B, B AR B T ROBEAS —HF, B Fe 45 SR A
—Ffo (2T A0S (2002) (1B Ft AL BB B 2 AR A
TIF 72 A AR IS B P9 52 AR LR YR M il B, A
SR B A K ARG R, 3R E A
AAEEE, RIS HE AN (W VEAF,
T SCAK 5 (2002) F 2B ) AT = 10 R v ) e Al B A
&, AHEFR A A K IR AR R B AT S
PRGN 5E P AR ) B A S AR B A 7 i T
1055 (2002) K I “ IR WS =17 B8 + V138" 1 7 12k B AR 43
FRAT S EE, AR S 98 7305 2 AN IE R ik, 7
S 2UH AH R A= Py BRAT- B RN 7 43R P8 e mity 5080 1) ) —
WA BT A tH AR 23 R IR RS B AR . 53
TR L8 RAFIEZ 3, B BT R A, & F —A4
JR PR A 9T 5 oAl [R) S 09T 9% F0) ST HB IR 5 2% 1 R 5
ZARIE], [E— WP E AN R ) S A SR 26, TR
I8 S ARACKS 3857 43 IR IR SRR AR 575 73 W FE 1) 22
e, M FEEE SRR E 2R

TERE FARMIE G b, A2 5238 To— W4 th
H K F IR =AF BE + VA58 3X AP 47 20K 43 FR AR
TR EIRFAE o« IR 2 R 9 1% BeRff 708 HAEMR 7 e —
MRES I 52 7 R AR BRI AR R iR, BT
R — o e Fim, H XA Xk 2 B Mo R E|
MIDAER 7 N M 5K /8 =1l 7 N B 1 7 9= N b S N N )
WA IFR VG, AR FIOTVERE T 1 IR 7RI I A
IENA A T IR ARSI A4 A 5% 43 40 BC S
P (Miller, 1984), FAkud B ) 77 5 FEA 4
AT B AR IS RS B R AR PR P N A e ik 2
A — AREE B AR 20 25 72 B 7E A PR W B8 A3 (1) ) of
Wo B AIRUES B2 A2 = W 5t 1 57 53 3 AR B
A5, AR T — RS Bk g3 AR R I AE AR RRES Bk

MR HTE4E RN THIR A BRI A2 RS AE 181

AFIG D5 e RS ORI TR BRI 25X A pRiie
BOMRA I IR 73 i 1 — RS BUR, AT — MR B
RGP IAE A RS BOL AR (W o A 7773 0 2
T, B, AR Bk o IR 3 ) R 0 AT — s
6 B BT — MRS BOMK 7 A2 7= IAE A BRI BOR AT )
JFRA o ARREX A RS B A TR R AR T BT — 4K
W BL, B4R — AR B 2 A= AR AR S BUEAF
W N TR SRR T, XS P A
I Fe RS LR T MR AR 77 o B, — A
WOy, BRSO R AR R AR AN B A,
EHFR mHCH —E AR, AR B O3
FEREFE AR B B4 0 BN TR AR R )
IR SE I A 58 A AR IR A MRS B P 22 7= W IR,
AR AT RE RS LRI AR IS B A= i, e A4
BN ORAEAME BARESE . UL mT I, AEAR ) JEAR
I BURI IR 70 SR F AN 58 4055 T IX AR BUI 97 20
FHEESEEZ M. RAREDIER AR —
MR RIS RE, Bk, TR =17 B+ L
R~ T AN RE AT S BRAR AR IR 7 R A IR (1 45
. DAURYEW I AV 2R E . AR
ANTFEFEIIA, TR BERL 2 ST & LR I 757 20
(BN pIRE

ARSI FE 2 [RIAZ ARMRAS R AR  B (K77 73 A A i
FESEAIS B ZE = B RSB B AN TR 0 R AT ) A
Hb, R T SEGINREARRTTE. T AFE
R B TR AR, TR M R 18
HARM RS SHOR A . BRI Tli=
A7 B+ 1 AORSRIE TR AR, A ARHTTL
PRI RIFR M R 8 830 R JA R 4
SRR EFR ARSI §
Se NIXEEZ AN E L Bt TR AR R E e X
FEFALIN ] A TR M TR S A e 3
ST HYIF BT AN TR S B A8
JARRE XN T IZ ARG P E S AT
— RGN HAL TR), FAT R B AR N 5
&2 L (MR R 2 RiLindley, 1983). At 5t FH bk
BRI B T AR RO 70 3R W ST B AR SR AE AR 23
DA R PRI R TR SR %R U R R4,
FHAR B AE MR BUAF B (1 2 70 3 0 R AR B
W73 BT AR (AR B e 2 R VT8 B A R e R 1 A
Fe R, IXFEE RBATRI IR A R 5 A%
JEINEESHOTBA SR ENTER IS S TR R 5L
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NI TR] ., AT RAE IR R LR RS
BRI [ B TR AR MR AU o G 2 i 2 L (il B
S5 1991), FRATH IE & A I Pt & R A 2R R 40
Mo IAEAET, 7R R =A7 B+ 08" (1P 7 2 72
TRAFHPEIR R B 17753 VIR & 58 AR TR I AT
I E] FRAL T A AR TR 4 AR . 9 TT BUIX
FEERAR, TERTTOM S SEARES B3R A BRI, HER
13RS BN I 7R 4 IS B AR &, st e TR R
VI R 57 43 2 i ARRE B L7 40 Hh IR 2 R SR AE S
SRAKMPIR A, BT X IR R A XA
RS BLHE F (TEPR A R EE b A B i e
FAAE R [] PR IE IR FR 53— T8 A& 3X — B AT I ] IR AL 1)
FEor ). T H AT C AT, BT R SR AR R
AR AR, A RA —E AR, eAe
A AT Re AR B AL SR A 78 A A2 IR MRS B 4 A
PRI R AR SRR, AR LIRS B AE K B E
PEARIS BN A REBERT . BARIE IR B e R IR IR
FANLIN[A] S BRLA THI R A IR IS R 20 R IE 1, Sk
RBH A K EARRE . Rk, RATE B HIAAA
SO FERR G T2 53 G I 7 VR G IR SR bR T & 75 0 1
A A S RN, R SRR R EH
BUA N IR 0 B e &AL (Miller, 1984) FIARA
A KT R I AR AR

B G TE 5] — R 3 52 6 3% B2 5 A [R] Wk B
RO £ B FAS R 28 B IR 97 2 VR B Sty 1 dE 4T 11,
T G T B S B e AP 5 T VR R B, AT A 4 R AR IR
S T RS ) — SO AN ) R R S

4 Z5ig

TEMRES 1-254F N, < [FIA2 K 88 B 7% 0 Ik E
H>F > >R>TF, FaREFR—IuETEIMIK
/NBFEREN > Ca> K > Mg > P S4RE AR 5 (124F
A JT), BE IR BE ARSI R B

TEMR IS 125 N, PRS- 8 77 70 2= 1) 2= 4T
N > Ca>K >Mg > P BRI1-7FAM DRI 17555
B4 T Y0 & (GBS SE)) T LAY I IR 97 43k
FEAR, T4 5 & A K BRI 72 70 FEASE T R4
K B A= I R e LA R (7= iR B o IR T
PRI HB A G FRIAR A AR PN 37 53 543 B B e 48 L 5 1S
(170 %515 A MR AT B I PR 2 14D 2 A 2 30008 0
2k, PHUES B H BLTE8-124E F117-204 .

B 1-THE AR HIE 37 7 2R AR MRS B 2R
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F= PR PIAS D FR IR A, HoR B RIS B IR 1
T oy A TE AR IS B AR K R A R
VAIE (), A L2 7E DUFT MRS B A K s A7 B 2
MW B R IR E TR Y . TR IR B RO
ARKHERR MM 0. TEAT — RIS BB 1 35
h, CatmERE, HUGEN. K. MgHIP.

TE1-254F MRS Y, RIS AM & B 7770 2% 1A
FRCRERZEP > K > N>Mg > Ca; N. P. KF|H#FE
MRS K TG K, Ca. MoFl A RICRAE 1-114E R Ak
U PR T B, LR AR Jis S PR U 1 R T 1 K o FE AR
1% 1-250F 1, Ca. MgIIPEM R K TN, P, %5 3%
T Z G A 558 JEE i A 15 18 1 A8 1 2R T o A 28
BRI S, & 0 RGP 90 BE AR 38
MK AR BIN. Py KA AT i 18] be
Ca. Mgl, FILEBAZAE KR AN MEE K E
TR T 45 5

IR S =AF B+ U P A XU A T R —
KM P FIN K I FR IR B, 23 BT DO AR 2
SE MR A= ) RO A PRI 97 43 P 3K — RIS B (19
SRR BTGB, FH R BT SR RS [F] AR
BT ERAN— B AEE G .
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