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Physical and chemical properties of ecological forest soils using different

agroforestry patterns of Chinese fir with medicinal plants
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Abstract: The objective of this research was to screen out appropriate forest and medicinal plant agroforestry
patterns of Chinese fir (Cunninghamia lanceolata) with medicinal plants and determine the effect on soil phys-
ical and chemical properties so as to promote the reconstruction of an ecological forest and healthy development
of an understory-forest economy. A completely randomized block experimental design was used to establish
eight agroforestry patterns including [SD (Chinese fir (Cf) + Nauclea officinalis ), SS (Cf + Tutcheria champi-
ont), SM  (Cf + llex asprella), SC (Cf + Alpinia katsumadai), S (Cf + Callicarpa nudiflora), S] (Cf +
Camellia nitidissima), SH (Cf + Taxus chinensis), and ST (Cf + Aquilaria sinensis) ] and a control of Chinese
fir with six physical and nine chemical indexes at 0-20 ¢m and 20-40 c¢m soil layers having three replications.
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The grey correlation method was used to evaluate the improvement effect. Results showed that eight patterns
significantly (P<<0.05) improved the surface soil physical properties and nutrient content. SD had the best im-
provement with higher soil quality water content (50.5% ), field water holding capacity (75.1% ), and total
capillary porosity (36.9% ) than the control; whereas, non-capillary porosity in SS was 1.1 times the control.
The minimum soil bulk density was reduced 22.3% in SM compared to the control. The highest contents of soil
organic matter (41.8%), available N (35.0%), available K (108.1% ), total K (35.0%), and total P (108.1%)
compared to the control all appeared in SC with soil available P highest in SL. Soil total N reached maximum
in SD with cation exchange capacity in SD (32.1%) and SJ (52.0%) higher than the control. The rank of im-
provement on soil physical and chemical properties for the eight patterns and the control was as SC>SD >
SM >SH >SS >SL>ST >5] >control. So Chinese fir and medicinal plant agroforestry patterns improved soil
quality with the best pattern being SC  (Alpinia katsumadar with Chinese fir) which was suitable for popular-
ization and application. [Ch, 3 fig. 3 tab. 26 ref. ]
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Lauraceae, 7¢3}F} Fagaceae FlIlIZ5F} Theaceae, i, 5T 1956 4F oAk 15 I AR A BT SR A AR AZ
A, B 20~25 a ffl 1 Uk, BREREGIETE 2001 4 RS R BOHT 2R 0T, 2006 SR BRI 7 B HAEB A
ti o IAFARITAR I O 0.45~0.50, P85 8.1 m, PR MFESN 11.2 em, 50 i+ B} & 46
i, TR W AR 2L, B 5°~8°, Ml Dy FHME, B b Bk R 40 A R AR I b X
S A PR A — B
1.2 Rt

) 8 Fh 2 FHAE Y 43 53 A LK Nauclea officinalis, 412K Tutcheria championi, 41542 Taxus chi-
nensis, M & & llex asprella, 454t 2% Camellia nitidissima, #1648 2k Cdlicarpa nudiflora, ¥ &G 5%
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Alpinia katsumadai F1 + 908 Aquilaria sinensis . T 2013 4F 4 H , 7ER2 K 28 Bk i@k 2 54
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Mg, A %R A 0.050 mol - L™ #H2-0.025 mol - L Hi iR = & 2 i , 481 SR 10 U0 BN 0 - I D't B
PFE , AR AT 1.000 mol - L™ LR B R 32 - JOIEG RN & , A7 AL SR FH 5 R B 4Lk - A1 o A T
S, PHES T84SR 1.000 mol - L Z, 4 58 4k 5
1.5 HESH
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Figure 1 Comparison of soil moisture, bulk density in different patterns
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M 1A HHAE B LB A 2 A L2 Z M2 R R IR S B 5K SXIEME, 24+
JE I B FLBEE AR AL RE 22 () 22 5 35 (P<<0.05),  HLF - JZ IR B2 (9 3 o 12 BBl /Ny %0 0~20 em £
JZ, BEALBE U AR+ L (SM) B R, ZAR+BRAE STk (SL) B/, B3 5 Ho B4R w5
44.9%M 21.4% . BALBUE DIAZ AR +IHA (SD)BE AR, EAR+BAERER (SLYB AR/, e KA fe/ME
1 1.2 /5 20~40 em )=, AHEBE FLEBTE MUESLBREE 2 DIAZ AR +IEA (SD)BEE R, 70l FE X B4
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Table 1 Comparison of soil porosity in different patterns

bZfem B AR BE L% BESLBE/ % MALBRE% || LR fem AEBAESLBE/ % BELBIE% BB %

SD 5.60+032a 53.60 £ 1.35 a 5920+ 193 a 646 =045 a 4837 +0.65a 5493 +224a
SS 623+0.04a 51.67 +4.84 a 5790 233 a 593 +0.07 a 4523 +0.55 ab 51.17 + 1.50 ab
SH 453+093a 51.17 £ 1.76 a 52.70 £ 0.63 a 697 +0.21 a 4573 + 0.31 ab 52.70 + 3.61 ab
SM  437+021a 5477 £ 234 a 5873 +£0.99 a 483 +0.51 a 4743 +0.71 a 5230 + 2.14 ab
0~20 SI  433x0.12a 4877 £ 422 ab 5310 £ 1.82 ab || 20~40 493 £ 042 a 3973 £ 1.16 b 44.67 = 1.35 be
SL 470 + 0.66 a 4587 = 2.11 ab ~ 50.57 = 2.31 ab 430 + 0.61 a 45.00 = 1.54 ab 49.30 + 1.47 ab

SC  450+036a 48.53 +2.65ab  53.03 + 2.98 ab 7.57 040 a 4713 £+ 1.05a 5470 £0.15 a

ST 447+0.76a 49.60 + 0.00 ab ~ 54.27 + 0.76 ab 6.77 = 0.07 a 4737 +170a 5413 +1.11a

ck  543+022a 37.80 £2.39b 4323 +0.55b 4.53 + 0.06 a 3373 +£122¢ 3827+021¢

YL PI AR EDE o [ — b2 BT A /NG 5 B R R A )R 28 S 1 3 (P<<0.05)
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Figure 2 Comparison of soil available N, P, K in different patterns

RRFDITH, 0~20 em b JZH, 2R B SR 2 5 k3] T K (P<0.05) (K
3)o RIERREFRE DU AR+PA (SD) B m, HXIREFEHRINT 32.1%, HREZAK+H G
2 (SOOBER . BAHLLTAL (SHIBER, 2RI I 27.3%F1 23.5% ;3 4Tl 1 4 B 5 5 435045 % AT L
B T2 AR+ B2 (SHBEAT RSN, HR AR R, HA IR AR+ 0% (SCORE e, 20l
XHRRG 1.4 F1 1.3 4.

HIZE 2 1. 7E 0~20 em =, SHEA LT 0 R B0 Z (8] 22 5 R A 31 2 3 K7, (HA5 X
MEALE, SR B DA AR+ 5 5 (SCORE e i, A2 AR+ (SD)BEA U, 73 51 EE X 3 hm
41.8%%1 31.4%; -+ 4 pH (AP 7o et , ARSI 0] 225 B3 (P<0.05), Hrf. AR+
(SLORECHY pH (&R, HEX B3R 1 4.3%; PHES T A2 | 25 5 3%, fER2 R+@ B2 (S))
BT IRB R, X IR S 1 52.0% ., AREGEEAXS 20~40 em + 22 4 34l e 52 o A5 32 28/ 1 0~20
em 1JZE, 9 MEEEbRT, DURRER . a0k, SRS A 2 Rk E B 2 KF (P<0.05) .

22 MAEEGHEX TEEBUISRHREKEST

N T RPN ARME B A5 B R IR B0, e 0~20 em HIEAEE (v), HIET
K (xn), HRIFFKE (), FFBESBE (v), BELBEE (x5), BBE (v, pHfEH (v), AHL
(x5), BA(x0), &Wi(x10), 2 (v), AR (xn), AR (x), HHCH (o) B E 550 He 5 (x)5), 3
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Figure 3 Comparison of soil total N, P, K in different patterns
®2 MAEKXTLEPpH EMBNEMAEFRBRELR
Table 2 Comparison of soil pH, organic matter, and cation exchange capacity in different patterns
- j:Jz—'/ pH {H[mu » Mok ﬁ*ﬂ»fﬂ‘i/ BH%%?&%%/ PH Tﬁ[mu » Mk ﬁ*ﬂ,ﬁ/ KH%??@%/
(N +JZ/em
cm = 1.0:2.5] (g-kg™) (cmol -kg™) = 1.0:2.5] (g-ke™) (cmol -kg™)
SD 413 +0.28 ab 6027 £921a 11.71 £ 1.56 ab 425+044a 1943 +1.13a 7.87+0.00a
SS 417 £0.05ab  49.03 £ 241 a 1094 + 0.94 ab 417 +0.14a 21.17+044a 868 +034a
SH 4.09 +0.05ab  57.17 £ 0.03 a 10.36 + 0.25 ab 425+013a 1848 +243a 884=x135a
SM 4.08 +0.14 ab  49.01 £3.48 a 11.16 + 2.46 ab 419+0.10a 2224+185a 833x+050a
S] 0~20 3.96+0.16 b 5223 £503a 1417+ 120 a 20~40 416 +£0.04a 2643 +127a 1031+020a
SL 437 +031 a 46.80 + 474 a 11.37 + 1.54 ab 427+015a 2305+211a 7.87+0.08a
SC 4.09 +0.03 ab  65.07 £3.37 a 1243 + 0.42 ab 433 +0.16a 2409+053a 856=x123a
ST 407 £0.16 ab 5197 +583 a 1091 £ 0.15 ab 420+020a 1987 +147a 722x0.15a
ck 419 +0.11ab 4588 £337a 932+024b 429+008a 2487+049a 7.61 £0.00 a

LT BRI AR 2 o [ LR EER A NG TR R R A [ 22 S 2 (P<<0.05) .

15 M HEHR . AR bR 1 DG R BRI DG BE D2 30 bl 3 3 T e A A e 3 A A R 1) DG K B B
+ e R BRI KN A2 R+ 5L (SC) (0.676 9) > 2 AR +HA(SD) (0.672 8) > A2 A +Hfg 1 455 (SM)
(0.604 3) > K2 A +41 5 AZ (SH) (0.597 3) > K2 K +13 54K (SS) (0.583 8) > K2 A+ 46 £ ¥k (SL) (0.500 5) >

PR+ U0A (ST) (0.498 4) > 2 R+4:4E 745 (S]) (0.458 7) > %} B (ck ) (0.379 9)
it
KEBFERY], EELEHEXR R FLBRE . KRR 2 0 200 T — RO

3
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R3 BENIXHKANEXKE

Table 4  Relation coefficients and degrees of soil physical and chemical properties indexes

iz %1 X X3 X x5 Xe X7 X Xo
SD 0.567 5 0.861 5 0.666 8 0.601 3 0.878 9 1.000 0 0.460 7 0.666 6 1.000 O
SS 0.512 2 0.606 1 0.572 3 1.000 O 0.732 4 0.860 0 0.506 2 0.374 3 0.564 7
SH 0.600 0 0.845 3 0.690 4 0.358 5 0.702 1 0.695 2 0.422 7 0.548 4 0.721 7
SM 1.000 0 1.000 0 1.000 O 0.338 1 1.000 0 0.991 3 0414 1 0.374 0 0.468 9
SJ 0.355 9 0.580 3 0.457 5 0.3333 0.585 8 0.566 9 0.3333 0.427 7 0.443 9
SL 0.368 4 0.484 1 04355 0.383 1 0.488 0 0.480 6 1.000 O 0.344 3 0.3333
SC 0411 8 0.419 3 0.509 9 0.354 5 0.576 2 0.564 1 0.422 7 1.000 0 0.821 8
ST 0.466 7 0.424 9 0.523 6 0.350 2 0.621 3 0.618 3 0.405 9 04228 0.393 4
ck 0.333 3 0.3333 0.333 3 0.542 8 03333 0.333 3 0.532'5 0.333 3 0.408 9
= x0 X xn xn X4 x5 IR JE ey
SD 0.850 1 0.469 0 0.503 1 04320 0.638 3 0.496 4 0.672 8 2
SS 0.772 7 0.493 7 0.3550 0.491 4 0.487 9 0.428 8 0.583 8 5
SH 0.515 1 0.624 0 0.597 2 0.465 8 0.783 7 0.388 9 0.597 3 4
SM 0.377 8 0413 4 0.392 6 0.409 7 0.438 0 0.446 2 0.604 3 3
SJ 0.3333 0.3333 0.371 3 0.407 4 0.350 9 1.000 O 0.458 7 8
SL 0.586 2 0.456 1 0.333 3 1.000 0 0.3333 0.481 6 0.500 5 6
SC 1.000 O 1.000 0 1.000 0 0.491 4 1.000 O 0.582 2 0.676 9 1
ST 0.607 2 0.632 4 0.582 2 0.402 8 0.598 5 0426 5 0.498 4 7
ck 0.377 8 0418 6 0.357 4 0.3333 0.394 0 0.333 3 0.379 9 9

fHERT AR IR AR D, ZHOCHIRIE M, B MR, AP AR . 8 Pkt 1 58K 43-4)
PRSP RISR oy S A RN R B ks . FE BRI IRE . AR G aE RS0 Taik, ks
R, PAEYIRRISR, A B TR LR, NI A R IR 0 o, b aT R R 43 B
BUEFFIG IS T AR LI . L RMAER RS, A 90% 1 Z A8 L) R i 60% 1) I
th 7 37 70 F 2 T8 3 SR 006 PR AR D R b gE A8 e i S R I A3 A AR B DR R ML R A £ 2 A I
TIEAR A IE L, AT R EEE AR A, BESERS L2 LI R BB R T ali b
X, WRW LB B MFRizsy, G @ Emen2fn, FRERRMET, B8R - ER
SrHE R, WAMRER: ZEAESRGET, R RGBS TR IBOE T2 T ok i 1E 11 i 2% i i ot
YEYIAR R G B 32 43, @k PRI D) AR 2 0 B VE SR AR 08 50, (i A K™, &
B BRI T Aok UL, MBI R, OGRS R, REOSAR L M U At R R 55, 2 BB
TR B PR 2 W, A XA 8 T iy AU, AR K S 7E 1800 mm DL F, K43 451
RAF, BEUSARLF Hb W R A AE K MK ik, B, R AR 73 e e AR FE ZR B/ . AT I, B A
SERXE - MAIGEGWNIERG, HoZEA “ZCi” 1, B EE R Rt T4k,
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