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Abstract: This study investigated the accumulation, distribution and biological cycling of four
microelements (Fe, Mn, Cu, Zn) in a second rotation Chinese fir plantations at the Huitong Ecological
Station, Hu'nan Province of China. The quantities of micronutrients in the system could be ranked in the
following order: Fe (303558. 9 kg/hm?®) > Mn (1783.7 kg/hm?) > Zn (1672. 0 kg/hm?*) > Cu (275.2
kg/hm?®). The greatest pool of micronutrients was in the soil, and the next largest pool was in overstorey
trees. The smallest pool was found in understorey plants. In the soil, Fe was evenly distributed in
different layer whereas Zn was mainly concentrated at 0 ~ 45 cm depth. The concentration in the
distribution of Mn and Cu in the 45~60 cm depth layer indicated adsorption processes at that depth. The
overstorey trees of Chinese fir had accumulated Fe 12. 70 kg, Mn 22. 34 kg, Cu 0. 24 kg/hm?* and Zn 0. 69
kg/hm % Obviously, the highest accumulation was observed for Mn and the lowest was found for Cu.
The amounts of micronutrients in different parts of overstorey trees decreased in the order of leafs > roots
> branches >> stem > bark. Microelements storage in understorey plants and litter was up to 2. 16 kg/
hm? of Fe, 3.12 kg/hm? of Mn. 0. 05 kg/hm? of Cu and 0. 18 kg/hm? of Zn. Microelements in understoery
plants and litter constituted an important nutrient pool in Chinese fir plantations. The annual microelement
accumulation reached Fe 1.50, Mn 2. 50, Cu 0.03 and Zn 0. 08 kg/hm*. The annual returns to soil were
Fe 7.99,Mn 6.77, Cu 0.15 and Zn —17. 04 kg/hm?*, of which litterfall contained Fe 0. 22, Mn 1. 00,Cu
0.004 and Zn 0.029 kg/hm* and leaching Fe 7.70, Mn 5.76, Cu 0.15 and Zn — 17.07 kg/hm?,
respectively. The aboveground tree components in Chinese fir plantations had a strong capacity to
accumulate Zn. The total annual uptakes of the four elements were 9.49 kg/(hm?® * a) of Fe, 9.27 kg/
(hm? + a) of Mn, 0.30 kg/(hm? * a) of Cu and —16.97kg/(hm* « a) of Zn. Although the amount of
uptake was very low, it was a net uptake. The uptake coefficient, utilization coefficient, cycling coefficient
and turnover period of 4 microelements followed the order of Mn > Cu > Fe > Zn, Cu > Fe > Mn >
Zn, Zn > Fe > Mn > Cu, and Mn > Cu > Fe > Zn, respectively. The biological cycling of Zn and Fe
was characterized by low retention, short turnover periods and fast flow rates, while that of Cu and Mn
was characterized by high retention, long turnover periods and slow flow rates. These results provide
some basic information for soil nutrient manipulations and further research of biological cycling in Chinese
fir plantations
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Table 1 The property of the investigated stands(1998)
Density Mean DBH Mean I Tree number percentage of each growth grade( %)
No. Topography ]
(tree/hm?) (cm) (m) I I I I\ v
1 Hillside 1594 11.59 9.72 12. 03 23. 31 36. 09 18. 05 10. 52
2 Hillside 2164 10.71 9.55 12. 00 16. 00 40. 00 21.33 10. 67
3 Foothill 1834 11. 80 10. 01 15. 25 25.42 40. 68 7.63 11.02
4 Valley 2284 12.43 9.99 13. 25 21.19 49. 67 9.27 6.62
5 Valley 2524 11. 84 10.10 13.94 21. 21 27.88 27.88 9.09
Mean 2080 11.67 9. 87 13.29 21.43 38. 86 16. 83 9.62
1.1
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Table 2 The accumulation and distribution of biomass and microelements in Chinese fir plantation
Microelement (kg/hm?)
Composition Biomass (t/hm?) Fe Mn Cu Zn Total
Leaf 10. 43 (14.43) 2.648 13.941 0.074 0.225 16. 885(46. 94)
Branch 8.40 (11.62) 1.929 4.207 0. 070 0.156 6.362(17.69)
Stem 34.48 (47.70) 1. 887 1. 844 0.033 0.108 3.872(10.76)
Bark 7.70 (10.65) 0.783 1.425 0. 029 0.120 2.357(6.55)
Root 11.27 (15.59) 5.458 0.919 0. 035 0. 083 6.495(18.06)
Total 72.28 (100) 12.702 22. 336 0.241 0.692 35.971(100)
X Data in the bracket represent percentage
b o 2 b
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Zn > > > >
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Table 3 The storage and distribution of microelements of the soil in Chinese fir plantation
Fe Mn Cu Zn

Layer S D S D S D S D
(em) (kg/hm?) % (kg/hm?) (€ZP) (kg/hm?) %) (kg/hm?) %)
0~15 77528. 66 0. 256 257.70 0. 147 61.09 0.222 435. 32 0. 260
15~30 74990. 08 0. 247 456. 35 0. 259 69. 28 0.252 444. 25 0. 266
30~45 76809. 31 0.253 525. 81 0.299 76.59 0.279 419. 04 0. 251
45~60 74215. 96 0. 244 518. 34 0.295 67. 94 0. 247 372.51 0.223
Total 303544. 01 1. 00 1758. 20 1. 00 274.90 1. 00 1671.12 1. 00

% S storage, D percentage of distribution

2.3
4, s
307 289. 708 kg/hm*, , 307 248.23 kg/hm”?,
99% s s
0 37.873 kg/hm?*, 35.971 kg/hm?*,
0.0134% .
4 : > >
> > C 4. 1.121 kg/hm?, Fe (0. 622) >Mn
(0.460)>Zn (0. 032)>Cu(0.007) ), 0. 781kg/hm?*, Mn (0. 437)
>Fe(0.310)>Zn(0. 027)>Cu(0. 007), 3. 605 kg/hm?, Mn
(2.225)>Fe(1.228)>7Zn(0.118)>Cu(0. 034), N
5.507 kg/hm?, 0.002% . 15.31%, s o
4
Table 4 Microelement accumulation and spatial distribution in Chinese fir plantation
/ Microelement (kg/hm?)
Biomass /Soil
Stratum (t/hm?) Fe Mn Cu Zn Total
Tree stratum 72.28 12.702 22. 336 0. 241 0.692 35.971
Under stratum
Shrub stratum 0. 70 0. 310 0.437 0. 007 0.027 0. 781
Herb stratum 0. 64 0.622 0. 460 0. 007 0.032 1.121
Litter stratum 3.23 1.228 2.225 0. 034 0.118 3. 605
Soil stratum(0~60 cm) 7080 303544.01  1758. 20 274.90 1671.12 307248. 23
Total 303558. 872 1783.658 275.189 1671. 989 307289. 708
2.4
= + bt 1 ;

N ’ o
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—2.209kg/ (hm”* » a), 1.257 kg/(hm* « a), —3.446
kg/(hm* « a), Zn s
s Zn 1. 554 mg/kg, Zn
. 0.108 mg/kg  0.562 mg/kg, N Zn
, o s (Cu,Zn.Pb.Cd),
0 ) |:H):Io
5
Table 5 Microelement biological cycling in Chinese fir plantation
Items Fe Mn Cu Zn Total
Storage (kg/hm?) 12.702 22.336 0. 241 0. 692 35.971
Absorption [kg/(hm? » a) ] 9. 485 9. 268 0.296  —16.965 2. 084
Total Return [kg/(hm? + a)] 7.986 6. 765 0. 150 —17.043 —2.209
Return of litter [kg/(hm? « a) ] 0.221 1. 003 0. 004 0. 029 1. 257
Return of leaching [kg/(hm? « a) ] 7.698 5.762 0.146 —17.072 — 3. 446
Retention [kg/(hm? « a)] 1. 499 2.503 0. 028 0. 078 4.108
Absorption coefficient 0. 0001 0.0360 0.0048 0. 00003
Utilization coefficient 0.75 0.41 1.23 0. 06
Cycling coefficient 0. 84 0.73 0.51 1. 00
Turnover period(a) 0.63 3.30 1.61
5 ,Fe s Mn, 4 :Fe>Mn>Cu>
Zn, :Mn>Fe>7Zn>Cu, :Fe>Mn>Cu>Zn,
~ ~ "18”'20-\0
, ( 5) s Mn ., 0.036,
Cu, 0.0048, Zn, s Mn ,Cu »Zn s
:Mn>Cu>Fe>Zn,
0. 06, ,Cu 1.23,
Fe(0.75) . Mn(0.41),Zn( ) ) Cu Mn . Fe,
»Zn ,Fe ,Cu s :Zn>Fe>Mn>Cu,
) s s o
s Zn.Fe s ,» Mn.Cu s s o
, o 2
:Mn>Cu>Fe>Zn, Zn s . Fe, Cu.Mn
s o 4 o
3
Mn.Fe.Zn Cu 4 35.971 kg/hm?, Mn>Fe>Zn>Cu,
s > > >
> o 0
Fe ,Zn 0~45cm 1671.12
kg/hm*, Mn,Cu (15~60 cm) , 24 Fe
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