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Influence of different typical under-forest economy modes on the plant
community diversity in China’s Southwest Mountains
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Abstract Ecological problems arising from under-forest economy have gained a wide recognition in recent years. With the
development of under-forest economy, understory farming has become more sophisticated, and ecological environments under
forests have also become more stable in Rongchang region of Chongqing. The adjacent-sample comparison method was used

to study the effects of six different typical under-forest economy modes on importance value (P), species richness index (),
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Shannon-Wiener diversity (), Pielou’s evenness index (Jy,), Alatalo dominance index (E,), Jaccard similarity index (Cj),
Sorenson similarity index (C;) and plant species diversity threshold (D) in China’s Southwest Mountains from August to
September in 2012. The investigated six under-forest economy modes were poultry feeding in Eucalyptus robusta forest (T1),
fungi cultivation in E. robusta forest (T2), poultry feeding in Dendrocalamus latiflorus forest (T3), fungi cultivation in D.
latiflorus forest (T4), livestock feeding in Pinus massoniana forest (TS5) and grass cultivation in Ficus lacor forest (T6), and
with the corresponding pure forests as the controls. The results showed that among six under-forest economy modes, the
highest species richness index (11) was observed in T6 and the lowest species richness index (2) was occurred in both T3 and
T4. Herb layer was the most dominant layer for all the six under-forest economy modes, and no shrub layer was found. The
highest importance values were of Alternanthera philoxeroides in T1 (67.16%) and T2 (71.00%), Morus alba in T3 (74. 91%)
and T4 (72.82%), and Oplismenus compositus in TS5 (54.10%), and Hemarthria altissima in T6 (59.51%). For six under-forest
economy modes, the species richness index was in the order of T6 > T1 > TS5 = T2 > T3 = T4, the Shannon-Wiener diversity
was T6 > T1 > T5 > T2 > T4 > T3, the Pielou’s evenness index was T5 > T6 > T2 > T1 > T4 > T3, and Alatalo dominance
index was TS5 > T4 > T3 > T2 > T1 > T6. Based on the analysis of similarity of species composition, T3 and T4 had the highest
similarity indexes with their corresponding pure forests, 1.0 of both Cjand C;, followed by T6 with 0.44 Cj and 0.62 C,,
respectively. The minimum C;j (0.15) and C (0.27) were those of T1 with its pure forest. Based the evaluation of plant diversity
threshold under different under-forest economy modes, T6 had the highest threshold with a better diversity. Then the lowest
threshold was for T3 and T4. Understory farming altered species composition of plant community, and different farming
methods had different results. Grass cultivation under forest had the least effect and also was the most abundant species above
all inquisitional modes.

Keywords Southwest Mountain; Under-forest economy mode; Plant community; Importance value; Species diversity;
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Table 1 Forest and plot characteristics of different under-forest economy modes
Under-forest economy mode
Index T1 T1-CK T2 T2-CK T3 T3-CK T4 T4-CK TS T5-CK T6  T6-CK
Soil SL SL ML ML SL SL LL LL ML ML ML ML
Slope aspect N N Nw NW N N Nw NwW Nw Nw N N
Stand age (a) 3 3 2 2 3 3 3 3 15 15 2 2

Slope position . . . .
Up Up Middle Middle Middle Middle Under Under Up Up Under Under

Altitude (m) 486 486 395 395 436 436 451 451 469 469 433 433

Slope degree (°) 6 6 0 0 8 8 13 13 16 16 0 0

Tree planting spacing (m) 4x5 4x5 4x5 4x5 5%6 5%6 5%6 5%6 3x4 3x4 4x8 4x8

Tree mean DBH (cm) 13.6 12.8 7.8 2.6 6.4 6.2 6.8 6.7 13.2 13.0 8.2 6.7

Tree mean height (m) 8.5 8.0 7.5 3.6 5.5 5.0 5.6 5.3 8.5 8.4 2.8 2.5

Forest canopy density (%) 90 90 95 30 99 99 99 99 80 80 35 35
T1: ; T2: ; T3: ; T4: ; TS: ; T6: ; CK
SL: ; ML: ; LL: N:  ;NW: T1: poultry feeding in Eucalyptus robusta froest; T2: fungi

cultivation in E. robusta forest; T3: poultry feeding in Dendrocalamus latiflorus forest; T4: fungi cultivation in D. latiflorus forest; T5: livestock
feeding in Pinus massoniana forest; T6: grass cultivation in Ficus lacor forest; CK: corresponding pure forest of the under-forest economy mode. The
same below. SL: sandy loam; ML: medium loam; LL: light loam. N: north; NW: northwest.

1.3 E=(1/3 P> -1)/[exp(-Y_BInP)-1] (3)
(P! (S)  Shannon- C=jl(a+b—j) “4)
Wiener (HH™! Pielou )M C=2j/(a+b) )
Alatalo AN Jaccard(C;) . Dt (6).
a J . P; i , S , J
Sorenson(Cy)!'**] (Dy) 6 b ca b A
, B
2 SPSS 18.0 origin 9.2.0
H'= PP, (1) Microsoft Excel 2003 ,
Jw=H"InS ) (LSD)
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Table 2 Evaluation criteria for threshold of plant species diversity"

Grade \% v 111 I I
Threshold of plant species divesity (D,) <0.6 0.6~1.5 1.6~2.5 2.6~3.5 >3.5
Description Poor General Well Rich Very rich
1 BEREN 191 33 33 y 230 2302 , 1 2;
2.1 ,2 4 ,6 2
6 , (Gramineae)6 (Compositae)6
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(Leguminosae)2 R (Rosaceae)2 , (Euphorbia helioscopia); 2
(Solanaceae)2 (Umbelliferae)2 ;19 (Dichondra repens) (Pteris multifida)
(Juncus offusus) (Solanum nigrum)
, T6-CK 8 , (Pouzolzia zeylanica) (Sinosenecio
(Amaranthaceae) oldhamianus) (Torilis scabra) (Peristrophe
(Acanthaceae) (Urticaceae) baphica) (Aster ageratoides)
, 2 T3 T3-CK 2.2
T4 T4-CK
, 1 [21] 6 )
(Plantago asiatica) (Pternopetalum ,
davidii) (Pueraria lobata) (Asplenium 6
trichomanes) (Chrysanthemum indicum) 2 3

%3 FEKTRFERTREMEE R EEMEH 2 MAENH

Table 3  Plant species with the top 2 importance values in each vegetation community in different under-forest economy modes

(P) ()
Mode Specific name Importe(a;)c)e value Mode Specific name Import?;)c)e value
T1 Alternanthera philoxeroides 67.16 T1-CK Arrhenatherum elatius 40.63
Oxalis corniculata 11.37 Erigeron speciosus 30.58
T2 Alternanthera philoxeroides 71.00 T2-CK Imperata cylindrica 63.16
Erigeron speciosus 18.22 Erigeron speciosus 22.00
T3 Morus alba 74.91 T3-CK Geum rivale 85.19
Geum rivale 25.09 Morus alba 14.81
T4 Morus alba 72.82 T4-CK Morus alba 69.26
Eleusine indica 27.18 Eleusine indica 30.74
TS Oplismensus compositus 54.10 T5-CK Imperata cylindrica 33.31
Erigeron speciosus 23.51 Camellia sinensis 20.23
T6 Hemarthria sibirica 59.51 T6-CK Alternanthera philoxeroides 39.37
Artemisia absinihium 9.11 Kalimeris indica 24.64
3 , T3 T3-CK T4 T4-CK , ,
2 , 100%, ) ,
> >
R Tl ; TS T6
TI-CK T2  T2-CK, 2 54.10% 59.51%
78.53% 71.21% 89.22%  86.16% 2.3
2 T5 T5-CK
T6 T6-CK, T5-CK 2 ,
53.54% 6 , , , ,
Tl T2 , , (23]
67.16%  71.00%, 4
, 4 ,
5 > 5
i ,TI T2 TS T6
[22]
> >
T3 ; ,
T4 , 7491% 72.82%, T6>T1>T5=T2>T3=T4, T6 ,
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Table 4 Plant diversity indexes of plant communities in different under-forest economy modes

S) Shannon-Wiener (H'") Pielou (Jw) Alatalo (E,)

Mode Richness index Shannon-Wiener diversity index Pielou’s evenness index Alatalo dominance index
Tl 6 1.114+0.003¢ 0.572+0.002¢c 0.533+0.027b
T1-CK 7 1.449+0.008D 0.697+0.004D 0.753+0.112D
T2 3 0.794+0.018c 0.572+0.013c 0.679+0.095¢
T2-CK 4 1.009+0.006C 0.627+0.004C 0.678+0.042C
T3 2 0.563+0.015a 0.513+0.013a 0.786+0.173d
T3-CK 2 0.420+0.032A 0.382+0.029A 0.648+0.231B
T4 2 0.585+0.015b 0.533+0.014b 0.824+0.179¢
T4-CK 2 0.617+0.014B 0.562+0.013B 0.869+0.202E
T5 3 1.008+0.010d 0.727+0.007¢ 0.869+0.121f
T5-CK 6 1.650+0.042E 0.848+0.022F 0.873+0.190F
T6 11 1.527+0.001f 0.614+0.001d 0.458+0.006a
Te6-CK 13 1.914+0.001F 0.725+0.001E 0.580+0.010A

(P<0.05),

CK

(P<0.05)

Different small letters within the same column mean significant difference among different mods (P < 0.05). Different capital letters within the same
column mean significant difference between under-forest economy mode and the corresponding control (CK).

11, T3 T4 s 2, T1 .G G 0.15
, 0.27
H' T3 5 12
' O Jaccardf5%{ M Sorensonfg 4\
« 1.0 Jaccard index ~ Sorenson index
, H' <
.8
T6>T1>T5>T2>T4>T3, 208}
=
» T6 ’ o6}
1.527, T3 , 0.563, T3 =
£ 04l
6 Jw T3 i
E__\'(
5 , = 02}
Tl T2 R T3 T4 T5 T6 0 ) . ) ) )
, T5>T6>T2=T1>T4>T3, T1 T2 T3 T4 T5 T6
M 454X Under-forest economy mode
TS Alatalo T5
., T6 , T2 T3 1 FARMTEFERXTEYBEEN SHEE AR
4 LR AR IS
Fig. 1 Similarity of species composition between different
s T2 T3 under-forest economy modes and their corresponding pure
forest modes
T6 2.5
2.4 5
5 R T3 T4
1 s T3 T4 ¢ G Té6,
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, 1.1; T3 T4 0.7 2
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Table 5 Thresholds of plant species diversity in different under-forest economy modes

Mode T1 T1-CK T2 T2-CK T3 T3-CK T4 T4-CK T5 T5-CK T6

T6-CK

(DV)
Threshold of plant species diversity

1.8 2.0 1.1 1.4 0.7 0.7 0.7 0.7 1.1 1.8 2.4

2.6

T4 IV Py ) Jw > Ea

[24-25]
6 b
[28]
6 [29]
[26] ’
(Pinus massoniana)
T3 5
H' Ju
(8] 191 ’
[10] [11]
[27]
S H'
Jw E, (P<0.05) S H' 5% ik References
) , Jo E, [1] , . ,
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