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Effects of different planting patterns on composition and fractal
dimension of soil micro-aggregates in young walnut forest
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(Sichuan Provincial Key Laboratory of Ecological Forestry Engineering ,College of Forestry ,Sichuan

Agricultural University ,Chengdu,Sichuan 611130, China)

Abstract: [Objective) Suitable planting patterns under walnut forests were selected to fertilize soil and
improve the economic benefits of forest land. [Method) Under different compound planting patterns inclu-
ding walnut+cabbage+ cabbage (HGG) , walnut+ cabbage + potato (HGM) , walnut—+ Chinese cabbage+
soybean (HBD) ,walnut forest (HCK) and farmland control (corn+ cabbage, NCK), soil microaggregates
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composition, fractal dimension (D), physical properties,nutrient contents and microbial number were deter-
mined in dry-hot valley of Dadu River in Ya’an,Sichuan. The relationships between fractal dimension (D)
with composition of characteristic soil microaggregates (PCM) , particle contents of microaggregates, physi-
cochemical properties and microbial number were explored. [Result] Compared with NCK, the contents of
soil microaggregates with size of >0. 25 mm in the four planting patterns increased and the contents of soil
microaggregates with size of <{0. 02 mm decreased. D and PCM values were in the order of NCK>HCK >
HBD>HGM>HGG. Compared with NCK, natural water content,noncapillary porosity,capillary porosity,
and total porosity of soil in four planting patterns were increased by 12. 2% —50. 4% ,2.4% —14. 8%,
2.8%—29.1% and 2. 6% —23.1% ,respectively. The bulk density was decreased by 4. 6% —17. 6% , while
organic matter,total nitrogen and alkali-hydrolyzable nitrogen contents were increased by 5.1% —14. 9%,
3.9%—12.5% and 25. 1% —112. 5% .respectively. Bacteria,actinomycetes, fungus and total microorganism
counts were increased by 21.4% —54.3%,19.2% —58.1%,17.8% —58.4% and 21. 2% —54. 6% ,respec-
tively. D and PCM values had significantly negative correlation with natural water content, porosity,nutri-
ent content and microbial number, while they had significantly positive correlation with soil bulk density.
[Conclusion) The development of walnut+cabbage+cabbage planting in the dry-hot valley of Dadu River
can effectively improve soil microaggregate composition,reduce D and PCM values,and increase contents of

soil nutrients and microorganisms. It is the best compound planting pattern under walnut forest in dry-hot

valley of Dadu river.

Key words: young walnut forest; planting pattern; economic benefits of forest land; soil microag-

gregates;soil fractal dimension
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Table 1

Composition of soil microaggregates in different planting patterns under walnut forests

A AN SR R it/ 6 WEBAE  RERD)  HXRER

Planting Contents of soil microaggregates with different particle sizes A4k L g Fractal Correlation
pattern 2~0.25 mm 0.25~0.05mm 0.05~0.02 mm 0.02~0.002 mm  <Z0.002 mm (PCM) dimension coefficient
HGG 66.940+E1.479 a 9.19540.626 ¢ 13.540+1.154 b 6.494+0.499 d 3.8314+0.214 d 0.11540.006 d 2.5394+0.010 d 0.99440.003* *
HGM 61.533+1.967 b 11.18940.732 b 14.726+1.019 b 7.518+0.748 cd 5.0334+0.371 ¢ 0.144£0,012 ¢ 2.57540.011 ¢ 0.99540.001* *
HBD  58.228+1.096 ¢ 10.507+0.761 be 16.95441.480 a 8.419+0.592 ¢  5.893+0.377 b 0.167£0.013 ¢ 2.598%0.013 b 0.994£0.003 * *
HCK  53.526%1.576 d 14.407+1.094 a 13.852+0.650 b 10.02140.651 b 8.194+0.246 a 0.22340.010 b 2,644+0.003 a 0.998+0,002* *
NCK  51.27441.560 d 15.2374+0.755 a 13.202+0.390 b 11.43840.752 a 8.849+0.740 a 0.25540.020 a 2.656+0.012 a 0.998+0.002* *

1. A BB G bR A R /NS 7 B 3R A [a) b 381 ) 22 5 Wik 3% (P<<0..05)
2. % % FORM MR B3 KT (P<<0. 0D, FH.
Note: 1. Different lowercase letters significant difference(P<Z0. 05).

2. x % indicates significant correlation (P<C0.01). The same below.
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Table 2 Relationships between fractal dimension and composition of characteristic soil microaggregates and

particles contents (X) in different planting patterns under walnut forests

i % /mm 04 18] )4 75 & Regression equation % % %4 Correlation coefficient
Particle size D PCM D PCM
2~0.25 Y=-—0.007 1X+3.0205 Y=—0.008 5X+0.677 2 —0.941"~ —0.963" "
0.25~0.05 Y=0.016 1X+2.409 3 Y=0.019 6X—0.056 8 0.876" * 0.914 %~
0.05~0.02 Y=—0.006 6X+2.700 6 Y=—0.009 4X+0.316 9 —0.169 —0. 206
0.02~0.002 Y=0.022 8X+2.457 9 Y=0.026 4X+0.011 3 0.992** 0.984"~
<20. 002 Y=0.023X+2.3329 Y=0.027 8X—0.147 6 0.869* * 0.863*
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Table 3 Soil water contents and physical properties in different planting patterns under walnut forests
s B A& K E/ % RBUR R/ (g em ) AEBELBE/ X% BEALBE/ % HALBEE /2
Planting pattern Soil water content Bulk density Non-capillary porosity ~ Capillary porosity Total porosity
HGG 19.04740.842 a 1.064+0. 050 ¢ 24,5254+1.604 a 38.649+1.557 a 63.17443.124 a
HGM 17.765+1.559 a 1. 130£0. 065 be 23.76641.823 ab 35.192+1.260 b 58.95842. 865 ab
HBD 16.937+0.821 a 1.17240. 057 be 22.86841.274 ab 32.399+1.488 ¢ 55.26742. 730 be
HCK 14.205+1.071 b 1.2337£0.076 ab 21.89140.807 b 30.765+1.439 ¢ 52.65642.236 ¢
NCK 12.663+0.759 b 1.292+0.061 a 21.370£0.972 b 29.931+1.491 ¢ 51.30142.219 ¢
2.3 AEMEEXANZROIMKTLERSEE HNCKERARE. 5 NCK ML, HGG.HGM,
IEA HBD 1 HCK - S i 20 & 1 70 510 3 112, 5%,

FH % A4 T iR AR X A2 Bk 4 bk A P T
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14.9%.,12.3%,9. 9% I 5. 1% . + 8 4 R & 5 3
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99.8%,71. 520 1 25. 1%, & PR B X 1 . % 5 F
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B Ry 21, 9% A1 5. 0% . HBD Al HCK 1 +
A O i Ay B REA 6. 2% F128. 3% . NCK & 3
T HCKLH 2 F (KT HGG. M5 HGM 1 HBD
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Table 4  Soil nutrient contents in different planting patterns under walnut forests

Pt 2 HHLR/ (g kg D EH/ (g kg D WA/ (g kg ') AP/ (mg kg ') HAH/ (mg - kg D)
Planting pattern Organic matter Total N Hydrolysis N Available P Available K
HGG 43.838+2.340 a 2.4497+0.107 a 294.3+13.9 a 35.05+1.55a 158.0+6.7 a
HGM 42.844+2.036 a 2.403740.127 a 276.7+12.8 a 30.20+1.45 b 133.1+£7.1b
HBD 41.936+2.162 ab 2.353740.105 ab 237.5+7.4b 26.984+1.17 ¢ 124.4+6.2 b
HCK 40.089+1.982 ab 2.26140.098 ab 173.3+5.7 ¢ 20.6240.93 d 85.3+2.6d
NCK 38.1564+1.652 b 2.17640.097 b 138.5+5.4 d 28.7541.36 be 103.3+4.8 ¢
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Soil microbial number and composition in different planting patterns under walnut forests

T/ (X10° CFU - g~ 1)

Table 5

ol it A X /(X108 CFU « g~ 1) HBF/(X10' CFU » g 1) B4/ (X10° CFU - g 1)

Planting pattern Bacteria Actinomycete Fungus Total microorganism
HGG 14.923£0.972 a 11.63640.561 a 4,721+0.228 a 16.13441.025 a
HGM 14.2124+0. 886 ab 10. 89640. 641 ab 4.33240.301 ab 15.34540. 855 ab
HBD 12.90140. 844 be 10.37440.625 b 4,2514+0.275 b 13.98140.817 be
HCK 11.7340.663 ¢ 8.77140.540 ¢ 3.51240.136 ¢ 12.64640.611 ¢
NCK 9.66940.708 d 7.35940.638 d 2.98140.118 d 10.43540.772 d

2.5 L#EDMPCM 5 LEENLIEIRMBEXNE
t22 6 A0, D fl PCM 5 4 38 0K 1T i 2 4%
BEIEME. 588 R &K LR E JdEEE AL
Iﬁ!ﬂﬁ%mi‘trﬂ-@rﬂn,u%%ﬁ) T RO 2R .
ik it 20 A 55 B R S Ak ) 7 e B R W (AT R B
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Table 6 Relationships between soil fractal dimension and composition of characteristic soil microaggregates,

PR R TR R RUAE W) B B B B O S i
Bl D Fl PCM 4 K /N AT LAAR B 3ty 3 AaE o A A58 0% %
BEARTT S b 558 L AL BUIR 00 137 0 5 i S B A= )
ok SRR

soil physicochemical properties and microbial number in different planting patterns under walnut forests

o A 815 75 A A R AL

AR Regression equation Correlation coefficient

Index D PCM D PCM
H #R & /K & Soil water content Y=—0.016 3 X+2.866 9 Y=—0.019 3 X+0.492 4 —0.863"* —0.878"*
BT & Bulk density Y=0.349 9 X+2.193 8 Y=0.416 5 X—0. 308 1 0.752** 0.768*
B 45 FLBR B Non-capillary porosity Y=—0.019 3 X+3. 046 Y=-—0.0211 X+0.6640 —0.715"* —0.671* "
L FLBRE Capillary porosity Y=—0.0118 X+2.994 9 Y=—0.0129 X+0.610 7 —0.917** —0.865"*
BALBRE Total porosity Y=-—0.007 9 X-+3.049 Y=—0.008 7 X+0.669 5 —0.881** —0.830**
A HLE Organic matter Y=—0.0116 X+3.084 3 Y=—0.014 0 X+0.759 7 —0.701*~* —0.725**
4% Total N Y=—0.0007 X+2.759 8 Y=—0.293 0 X+0.863 4 —0.742"%* —0.776*
WA Hydrolysis N Y=—0.0007 X+2.759 8 Y=—0.000 8 X+0.365 7 —0.947 —0.967*
38 Available P Y=—0.006 3 X+2.779 7 Y=—0.006 2 X+0.354 5 —0.717* —0.608"
B Available K Y=-—0.001 5 X+2.782 2 Y=—0.001 6 X+0.371 1 —0.908" * —0.833"*
4T Bacteria Y=—0.019 2 X+2.849 4 Y=—0.023 3 X+0.478 7 —0.853"* —0.890" *
HZE B Actinomycete Y=—0.0250 X+2.852 8 Y=—0.030 3 X+0.482 0 —0.903* —0.939"*
B 14 Fungus Y=—0.0625 X+2.8519 Y=—0.0737 X+0.472 8 —0.912** —0.923%*

A Total microorganism Y=-—0.0181 X+2.854 Y=-—0.022 0 X+0.484 1 —0.864" —0.901*~
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