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Abstract : Nutrient cycling played an important role in terrestrial ecosystems. The research of changes of nutrient cycling is very
poor in eroded land after vegetation restoration. Red soil developed by granite has eroded severely in southern China. Hetian
town (25°33' ~ 25°48'N, 116°18 ~116°31'E) was one of the typical regions, located in Changting County, Fujian Province,
China. There have been many treatments to restore severely eroded degradation land from the earlier days of 1980’s. The
changes of accumulations and fluxes of nutrients were evaluated in three ecosystems, which were restored from severely eroded
land to forest by different ecological restoration treatments (grass-planting to promote forest restoration (ER,), shrub-
planting to promote forest restoration (ER,) and tree-planting to promote forest restoration (ER;)) after nearly 20 years
feSpectively. The severely eroded land (control 1, CK,) and protective second forest (control 2, CK,) next to the village were
to be controls.

Accumulation of nutrients (sum of N, P, K, Ca and Mg) in vegetation pool of CK, is only 7. 494 kg/hm?® because of poor
vegetation, and those of three treatments (IERl » ER,, ER;) increased evidently because the great changes of vegetation cover
occurred after 20 years, the accumulations of ER,, ER; and ER; are 22.2,99.5 and 62. 3 times than that of CK; in vegetation

respectively. The storages of N and P increased significantly in soil (0~60cm) of ER;, ER; and ER; compared with CK,, but
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there were no significant differences for the storages of K and Ca between in soil of ER;, ER;, ER; and CK, as well as for Mg

between in soil of ER, and CK,.

Fluxes of nutrients in tree stratum of CK, are very poor too, and annual uptake and return is

0. 505 kg/hm® and 0. 141kg/hm* respectively. Annual uptake of tree stratum in ER,, ER; and ER; are 20.9,171.5 and 82.9

times than that in CK, respectively, and annual return of tree stratum in ER;, ER; and ERjare 42. 5,158. 4 and 93. 9 times than

that in CK, respectively. Therefore, after vegetation restoration in severely eroded land, nutrient cycling from exchanges of

between ecosystem and environment dominated in CK, converted to intra-ecosystem dominated in different treatments. ER, was

the best in three treatments, there were no significant differences between ER; and CK, in annual uptake and retention of

nutrients, although the accumulation of nutrient in vegetation pool and the annual uptake and return in ER; are smaller than

that of CK; and of stands of Pinus massoniana which had not been eroded in the same region. Tree density, treatment and

management had an effect on nutrient cycling during restoration of severely eroded land. We concluded that it would help

restoration of nutrient cycling in severely red soil by fertilizing, preserving existent vegetation, taking measures of soil and

water conservation, choosing nitrogen-fixed species, adopting reasonable higher tree density at first and enhancing vegetation

management during restoration.

Key words :nutrient ; accumulation; flux; red soil; erosion; ecological restoration
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Table 1 DéScription of stands with different treatments

PRA 5 BE , (m)
‘ L. FH1Z (cm) FHRR HoaERR
a3 i g . (#k/hm?) Average Sy
| , Average _ (m3/hm?)
Treatment Coverage Density height
DBH | stand volume
| (tree/hm?) of tree
# 3 {E Ak Grass-planting to promote forest restoration (ER;) 0.70 2075 7.2 6.95 30. 669
1 % {2 Ak Shrub-planting to promote forest restoration (ER;) 0. 90 3425 g, 0 10. 95 124. 739
A {E K Tree-planting to promote forest restoration (ERj3) 0. 80 1700 11. 3 12. 78 112. 149
i FF {2 ok b Severely eroded land (CK,) - 0.10 925 — 0. 8 —
Bl.7K #X Protective second I E ¥\ Pinus massoniana 0. 80 163 37.3 20. 7 "139. 691
forest (CK3z) A Schima superba ' 175 25. 3 18.2 75. 600
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Fig.1 Concentrations of N, P, K, Ca, Mg of Pinus massoniana needle in the stands with different treatments

FEHRBFEFRAERERALE . THFFBRAER B3 Values in the same element with different letters are significantly different in
figure p<0.05
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‘Table 2 Accumulations and distributions of nutrient element in the ecosystems with different treatments(kg/hm?)

:ﬁjgﬁm:ﬂﬂ (CKI ) Hg ©

X2 ARA4ETSHEAEREECREGTRE S (kg/hm?)

B Layer

ER;

ER;

ER3

CK;

CK;

N

Ca

T KE Tree layer
# A2 Shrub layer
B &2 Herb layer
E ¥ 2 Moss layer

# % &1t Total in community

KB #EH B Litter layer

1 2 Soil (0~60cm)
B3t Total

AR Tree layer

# A 2 Shrub layer
ﬁ#}% Herb layer
8 E Moss layer

B ¥ 51t Total in community

HHEZEH B Litter layer
+ 3 Soil (0~60cm)

23T Total

FARE Tree layer
# KB Shrub layer
HEZJZ Herb layer
B8 2 Moss layer

7% 511 Total in community

W E &M 2 Litter layer
+ 2 Soil (0~60cm)

&1t Total

FFARJE Tree layer

# A Z Shrub layer
H A Z Herb layer

B # Z Moss layer

ﬁﬁﬁ" it Total in community

M % M 2 Litter layer

+ 2 Soil (0~60cm)
&1t Total

K Z Tree layer

% A 2 Shrub layer

E X Herb layer
BEE Moss layer

B 41t Total in community

Wi %M B Litter layer

+ %2 Soil (0~60cm)
B1t Total

48, 0294 3. 215a
3.86440. 236a
2. 61640, 410ab

2.98710. 404a

57. 4961 3. 965a
6. 6551 0. 676a
1232.4179. 210a
1296. 6183.115a
0.44540.031a
0. 02910. 002a
0. 01540.002a
0.0174-0. 002a
0.50640. 035a
0.01740. 002a
1089, 61 69. 243a
1090, 11 69. 878a
56. 2014 3. 734a

:3.13910.18%

1. 9154 0. 305a
1.272+0.172a
62.5271t4.123a
3.381+0. 351a
120854. 717243, 096a
120920, 6+ 7244. 785a
29. 0961 1. 845a

0. 6301 0. 038a
0.45010. 072a
0.780+0.113a

30. 956t 2. 146a
2.12410. 221a
19928. 3+1270. 155ab
19961. 4+1272. 577ab
13. 7381 0. 824a
0.40510. 024a
0.25810.038a
0.32010. 043a

14. 7211 0. 915a
0.57110.058a
24612, 8+ 1577. 744ab
24628. 1£1578. 658ab

315. 5954+ 12. 695b

2.938%0. 301a

4.186+0.575a
16.48+1.570b
339. 2004+13.563b
16. 7851-1. 285b
2566. 914-130. 751b
2922. 94141. 145b
1. 95340, 088b

0. 02540. 002a

0. 03740. 005b

0. 07310. 007b

2. 08840. 097b
0.12940. 011b
1209. 6 65. 384b
1211. 84 65. 461b
244. 0321 7. 503b
1.07840. 010b

4. 004+ 0. 556b

4. 93040, 478b
254. 044+ 8. 409b
7. 0641 0. 634b
432059. 44 7130. 346a
132320. 54 7138. 505a
109. 436+ 4. 758b
0.58340. 061a
0.793+0. 113b

. 2.34240.213b

113.154+4. 182b
3.832%0. 356b
20832. 041120. 054ab
20949. 04 1121. 290ab
34.444£1. 485b

0. 3670. 03%

0. 70240. 098b
1.301£0. 124b
36.814%1. 363b
1.73540. 154b
27776. 2+ 1501. 4162
27814. 711502. 314a

199. 2294 8. 561c
0. 446+ 0. 094b
4.37940. 616a

10. 67211.038¢

214. 72649, 461c
14.72341.116b
2737. 0+ 142. 905b
2966. 4+152. 217b

1. 244+0. 062c

0. 006+ 0. 001b

0. 038 0. 005b

0. 05740. 007b
1.34540. 071c

0. 10520, 010b

1233. 3+ 68. 890b
1234. 81 68. 902b
153. 9454 6. 472¢

0. 555 0. 110c

6. 899+0. 992b

5. 6394 0. 676b

167. 038+ 7. 882c

4. 760+ 0. 4472b
135218. 747554 117a
135390, 5+7561. 179
55. 561 2. 381c

0. 1504 0. 018b

1. 0264 0. 145¢

1. 55240, 192bc

58. 289+ 2. 685¢

2. 799+ 0. 269ab
21378. 54 1194. 330ab
21439. 6+ 1196. 785ab
23. 159+ 0. 895¢

0. 089+0. 011b

0. 706+ 0. 098b

1. 652+ 0. 204b

25. 6064 0. 982¢

1. 6544 0. 158b
26538. 9+ 1482, 620a
26566. 2+1483. 578a

1. 269+0. 2234

0

2.10440. 242b

: |
3.37340. 392d

0. 0984 0. 009c
937.1452. 646¢
940. 6152. 747c

0, 0204 0. 003d

0

0.01110.001a

0

0. 0314 0. 004d

0, 0014 0c

415. 94:23. 365¢
415. 94 23. 365¢

1. 34740. 210d

O .

1. 2404 0. 134a

0

2. 587+ 0. 306d

0. 047 40. 004c
108527. 2+ 6095, 340a
108529. 8-+ 6095, 372a
0. 7874 0. 128d

0

0. 3814 0. 044a

0 _
1.168+0. 156d

0. 04940. 005¢
18236. 311024, 511a
18237. 5+ 1024. 625a
0. 159+ 0. 024d

0

0.17640. 019a

0

0.33540. 039d

0. 00610, 001c
21837. 511226, 246b
21837. 811226, 270b

484. 8771 16. 594e
47.12013. 114c
23. 854+1. 864c
8. 58610, 933c
564. 4371 20. 505e
37. 772:?:2. 998d
5542. 01+ 158. 343d
6144.2+176.812d
3. 97310, 150e

0. 286+ 0. 018¢
0.10140. 008c

0. 04340, 005b
4,40310.243e
0.1891+0. 014d
2575.1470.574d
2579. 7+70. 760d
342.185111. 338e
42. 254+ 2. 764d
18.173x1.432c
2.45010. 276a
405.062115.132¢
11. 2884 0. 886d
122921.043512. 029a

123337. 41-3518. 989a

153. 77515, 321e
24.743+2.521c
3.806+0.297d

1. 38310.150c

183. 707 £ 6. 804e
7.84340. 622d
22167.3+£633. 351b

1 22358. 8+638.833b

61. 5261 2. 129

9. 9004 0. 986¢
2.24740. 176¢
0.735+0.078¢

74. 4081 2. 856e
3.535+0. 281d
27468. 11:784. 806a
27546. 01787, 029a

THEE R FIYE R HEZE Data are means £+ SE, »=3;f—TT A HRAFHBERAERARE . LHRFHERS~EZ R EF For each element,

values in the same row followed by different letters are significaﬁtly different p<0. 05
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Table 3 Annual uptake, retention and return of nutrient element of tree stratum in the ecosystems with different treatments (kg/hm?)

KSR E IS HE treatment ER, ER; ER; CK, CK;

N %t Uptake 4.39341. 265a 40. 03145, 021b 19. 98142. 917¢ 0.19020. 043d 44.911+5. 106b
7£ 5 Retention 1. 446+0. 451a 28. 2824 2. 842bc 13. 296 1. 125d 0.12140. 030e ©19. 706+ 2. 967bd
J95% Return 2.947+1.013a 11. 7494 1. 783b 6. 685 0. 816b 0. 0694 0. 015¢ 25. 205+ 2. 379d

P ik Uptake 0. 04040, 010a 0. 5424-0. 068b 0.13620. 019¢ 0. 0024 0d 0. 296 0. 034b
778 Retention 0. 01340. 004a 0. 4524-0. 045b 0. 080+ 0. 006¢ 0. 001+ 0d 0.170+0. 023b
J33F Return 0. 02740. 008a 0. 09040. 013bd 0. 05640, 007b 0. 001 4 0c 0.1263-0. 011de

K W& Uptake 3.45140. 965a 27. 034+ 3. 375b 12. 796+ 1. 868c 0.17440. 039d 21.182+ 2. 414b
77 B8 Retention 1. 77140, 534a 22.30242. 341be 10. 2664 0. 884c 0.1414-0. 033d 13. 650+ 2. 031ce
J35F Return 1. 680+ 0. 580a 4.73240. 710bc 2.53040.311c  0.03340.007d 7.53240. 742be

Ca W4 Uptake 1.93940.571a 14. 757+ 1. 815b 6. 602+ 0. 970c 0.11820. 027¢ 11. 886+ 1. 367b
77 B Retention 0. 88340. 258a 10. 203%+1. 061b 3. 5184 0. 305¢ 0. 08440. 021e 6. 65340. 991b
JH5% Return 1. 0564 0. 362a 4. 55440. 677bc 3.084+0. 378c 0. 0344 0. 007e 5. 2334-0. 504b

Mg B i Uptake 0. 70740. 213a 4. 25010. 540b 2. 37240. 344c 0. 0214 0. 005d 4. 74530. 541b
778 Retention 0. 42340. 130a 3.03640. 303b 1. 49340. 127c 0.0170. 004d 2. 386 0. 381b
93 Return 0. 28410. 098a 1. 214+0. 180b 0. 87940. 109b 0. 004=40. 001c 2. 3590. 227d

F P PIE N {H L 4rHEZE Data are means £ SE, n=23;[d]

values in the same row followed by different letters are significantly difierent p<C0. 05
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SRR . ERTERKE FEEMNALER,  IRENNAERTREFEARERK/PHNERZREZ —, MK

AT HEMBEREEETERRELR . BT HFAEACER . BER ZPEML"“EBEFUE . EZFEKLR"OIAR, W ER,

ZIANTHBEAITE . IULRER MEBREREMNIREZ — ., Switer Ml Nelson AR ZH , KIEMHA LEERRE 40N KRBT

B %M #9454, T Richter 2R EWH, LEEHMMAAE 300 kg/m? N BELEKEBE D, BERBHEFEA K 10 kg/hm?HS K
THERSMILAIRBLER  WHHZYHRTEXRMALES, FMEEEMNRM PEGE %YW EBR O BEFRE KA A &Y
RFEEBRAMADSAZRED, B . RHEBERESHN TR, RPHEBEAZARNT . BB ENFSBAIHE . EETKE T E

FAFEEREL A EESKESBRPUESHALFFR EALIRRXHRRE A BRABE , A Al AR IEAE SR E 1N

HHETT
4 Fie

P
— Y
sl

e

IR ERMHBAEAERE S EENFE R 7. 494 kg/hm? , EFR TR EBRMK, T ARZFEREERE 0. 505 kg/hm?, F 738
B 0. 141kg/bm®, £ B E K E R BUG BUE T B8, B 57 0 R I 248 M 3R BE 12 1t b 49 3t BR AL 22 48 37 3% =) LA A P9 48 36

’

TR RV BE TIRERM M PR E R 8 EHMER, ER, M ER, # EAAH K N.P.K.Ca.Mg JTX K&

MR A RRERMME 22.2.99.-5 FH 62. 3 . T REEF ARFRNE o HI RBE R 20.9.171. 5 f5H 82. 9 fiF,

FRRBLNNRBRERMHAA 42.5.158. 4 5F 93. 015, F B R4 RBRER MM 12.5.176. 6 451 78. 7 5.

ARBEHNKESRAR, AN TEAGEEHEERATERABARERS T LRIEL,ERXERZAF NS EREKRES
W KBRERS . BREERINEBHER AYRADEEAZENESREWER HBAKBATE MAESRAEERT
EEYREAIENKERERFHER, CEZSEFIREANEREBRPEFERK  REEEFRAFAREFIE, BR
W FEAFE RKEMARERNETRBFREARMOGERK, BEHERCENRKENFEES CK IRAESE
2R REREEHSE AN KLRFILER BB, B EENE N WR, GHEYHESNSEE . REIE P INEEH
B, AN TARBHBETRENEFRTRBEIF NEHKE .
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