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Raising chickens in citrus orchards on fractal features of soil aggregates
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Abstract: Raising chickens under trees or bushes could improve the soil. To research the influence of the sur-
face layer’s (0-20 cm) soil aggregate composition, fractal dimension, physical and chemical properties, micro-
bial population, and enzyme activities for different chicken raising densities and to probe relationships between
fractal dimension and soil physical and chemical properties, microbial population, and enzyme activities; citrus
orchards in the Sichuan Basin low mountain hilly area were selected with four chicken density treatments (0,
600, 1 200, and 2 400 chichens per hm?) and each treatment had three replications; the 12 plots of 20 mx20
m each were arranged in a randomized block design. Soils in the surface layer (0-20 c¢m) in each plot were
collected, by snake-shaped five-point sampling method, to determine soil properties, such as soil aggregate
composition and fractal dimension. Results showed a significant (P<<0.05) increase of 1.9%-5.0% in content
of the >0.25 mm particle-sized soil aggregates (dry-sieved) and 7.3%-24.5% in water-stable aggregates (wet-
sieved) in citrus orchards that were raising chickens, with both increasing as chicken density increased. Soil
fractal dimension ranged from 2.174 to 2.760 and significantly (P<<0.05) decreased as chicken density (by
1.3%-8.7%) and the >0.25 mm particle-sized soil aggregates (dry-sieved) and water-stable aggregates (wet-
sieved) increased. Soil fractal dimension was significantly correlated with the content of >0.25 mm (r=-0.929,

P<<0.05) and >0.50 mm (r=-0.915, P<<0.05) particle-sized water-stable aggregates (wet-sieved). Raising
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chickens in citrus orchards significantly (P<<0.05) decreased soil bulk density (except 600 chichens per hm?),
significantly (P<<0.05) improved soil total porosity (except 600 chichens per hm?), and significantly (P<<
0.05) increased nutrient content, microbial population, and enzyme activities; soil fertility also increased as
chicken density increased. Soil physical and chemical properties, microbial population, and enzyme activities
were significantly (P<<0.05) correlated with soil fractal dimension. These findings indicated that raising chick-
ens in citrus orchards could improve soil aggregate composition and soil fertility with fractal dimension of the
soil aggregate and water-stable aggregate decreasing; fractal dimension of soil aggregate could also be used as
an important comprehensive quantitative index to evaluate soil physical and chemical properties when raising
chickens in a forest ecosystem. [Ch, 5 tab. 35 ref.]
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Table 1  Effects of different raising chicken treatments on soil aggregate composition and fractal dimension

R IR B 72 P 36 3R it 8 (k™) SEHRBE R RE F - ,
b " U AR MERK
>5.00 5.00~2.00 2.00~1.00 1.00~0.50 0.50~0.25 mm ¥ #/% ki 18 B/ %
1 275.9+18.5 a 327.7+18.7 a 182.5+159b 1164x11.2d 59.3+4.3 d 2.174+0.028 d 0.991+0.004%**
Touo 12.6+1.7 ¢ 21.1+x14 d
11042499 a 2063+11.7a 170.2+12.1 a 168.0+7.5 a 139.8+5.8 a 2.609+0.019 d 0.984+0.002%*
1 239.6+18.1 b 299.8+17.4 ab 191.6+10.5 ab 140.5£12.0 ¢ 79.0+4.4 ¢ 2.248+0.014 ¢ 0.987+0.004**
120 16.4+22 b 27.1+2.0 ¢
I 656492 b 1249+119b 141.1+113 b 205.7¢17.0b 191.5+6.3 b 2.680+0.018 ¢ 0.958+0.004 3
1 195.1£17.0 ¢ 276.4£25.9 be 202.5+4.2 ab 161.4+63 b 98.1+79 b 2.321+0.031 b 0.983+0.001 **
T 18.7+0.5 ab32.1x1.7 b
II 49.7+6.7 ¢ 75.4+75¢ 119.7£5.2 ¢ 2223+192 b 212.2+17.7 ab 2.725+0.011 b 0.938+0.003**
1 153.0+12.1 d 248.5+5.4 ¢ 213.1x16.0 a 182.0+7.9 a 119.8+8.0 a 2.381+0.025 a 0.976+0.004%**
20.5+1.2 a 36.7+1.8 a
I 222+33d 47.1+5.0d 74.8+5.4 d 259.9+232 a 229.2+18.0 a 2.760+0.013 a 0.907+0.008%**
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Table 2 Effects of different raising chicken treatments on soil physical and chemical properties
B it S8/ A W Ll
(mg-kg™) (mg-kg™) (mg-kg™)
Taup 1.165+0.039b 14.1 £ 0.7 a 362+ 13a 503+09a 270 +0.7a 1304 +88a 1082+ 12.6a 1773 +11.8a
Ty 1.196 £0.047b 130+ 1.0ab 359+07a 489+ 1.6ab 234+06b 1053+x64b 790+73b 1294 =+144Db
Tew 12890 +0.045a 126 +09ab 352+10a 478+ 1.1b 205+ 0.6 ¢ 90.5+66c 583+60c 90.5+72¢
ck 1324+0036a 122+08b 348+14a 47.0+09b 162 +0.8d 621 +44d 36+05d 392+354d
BT ) —F B 5 AN ) 7 RE R 25 5 B 3 (P<<0.05) .
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Table 3 Relationship between fractal dimension and soil physical and chemical properties
5 A [l 5 5 KR EL

T 9 Z A i s 2% 1 T R AF 1 i 2%
AR D=1.036 3+1.001 Ix D=1.850 2+0.678 0x 0.914%* 0.861%*
BB D=3.122 4-0.064 9x D=3.256 2-0.043 5x —0.779%* —0.725%*
EEFLH D=3.230 0-0.026 7x D=3.454 7-0.021 4x -0.646* -0.599*
SALER D=4.101 7-0.037 5x D=3.994 4-0.026 8x -0.730%* -0.726%*
EERiINGR D=2.707 9-0.019 6x D=2.991 5-0.013 7x —-0.972%* —0.944%*
ik A L D=2.577 1-0.003 1x D=2.898 1-0.002 1x -0.961%* —0.925%*
A W D=2.402 5-0.002 Ox D=2.777 9-0.001 4x —0.941%* —-0.913%*
A D=2.444 0-0.001 5x D=2.809 8-0.001 1x —0.954%* -0.950%*
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Table 4  Effects of different raising chicken treatments on soil microbial population and enzyme activities

e TR RO (VR T2 A - 271 A B/ i At/ TR TR T/
ME (x107)  HE(X10°) KA (x10°)  BHAEY (x10)  (mg-g'-d™) (mg-g-d™) (mg-g-d™)
Tuw 1059 £051a 775+ 043 a 1679 + 091 a 10.76 + 0.52 a 11.77 + 0.54 a = 0.497 + 0.021 a 1.211 + 0.099 a
Tow  913+040b 434 +037b 13.09+0.72 b 9.26 + 0.39 b 9.07+025b 0364 +0034b 0743 £ 0.055b
Teo 570 £ 056 ¢ 3.61 £024c¢ 11.35+048¢ 581 +£0.57 ¢ 821 +037c¢ 0303 £0.026c  0.673 = 0.066 b
ck 320+030d 247 +x0.16d 720+0.62d 336 £0.29d 6.71 £ 0.57d 0.178 £ 0.020d  0.242 + 0.030 ¢
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Table 5 Relationship between fractal dimension and microbial population or enzyme activities

5iH P 1m0 07 5 LIBT3

RRE S I 97 A5 1 RRE S I 97 A5 1
YA D=2.471 3-0.026 5x D=2.828 4-0.018 9x —-0.9527%%* —0.941%%*
W D=2.451 8-0.037 6x D=2.818 4-0.027 6x —0.928%*%* -0.946%*
Tk D=2.546 2-0.021 9« D=2.879 8-0.015 4« —0.952%%* —0.932%%*
SEY D=2.472 4-0.026 2x D=2.829 2-0.018 6x —0.953%%* —0.942%%*
THE B il D=2.639 5-0.040 1x D=2.958 1-0.029 6x —0.935%%* -0.961%%*
I it D=2.502 6-0.660 6x D=2.853 7-0.478 5x —0.958%%* —-0.965%*
Tl T2 il D=2.438 2-0.219 3« D=2.806 9-0.158 6x —0.948%%* —0.954%%
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