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Abstract: Physical and chemical properties of soils at five stages in the process of karst rocky de—
sertification in 2006—2013 were investigated with chronosequence method in karst plateau-eanyon
region in Guizhou. This work aims to study the spatial and temporal evolution of soil physicochem—
ical properties and provide a scientific basis for further control of rocky desertification. The re—
sults showed that controlling of karst rocky desertification had generally improved the soil physico—
chemical properties such as capillary porosity total porosity field moisture capacity capillary
moisture capacity saturated permeability pH total potassium content available potassium con—
tent and total phosphorous content. As time went on change trends of soil physicochemical prop—
erties were stable or fluctuant at early stage and became better subsequently which appeared as a
non-inear pattern. These changes illustrated that there was a lag-effect between the improvements
of soil physicochemical properties and plant community structure and microclimate and they were
probably affected by the heavy drought in southwest China in 2009-2010. At the spatial scale

soil physicochemical properties in stage of no rocky desertification had the best performance and
there were no significant differences among the other four stages of rocky desertification. This
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study demonstrated that the differences of soil physicochemical properties among different stages

of rocky desertification became indistinct after long-term control while “space instead of time”

method was inapplicable in the current work. The poor performance of soil properties in stages of

potential and slight rock desertification suggested that more attention should be paid to these two

stages in the future practice.

Key words: rocky desertification; soil physicochemical properties; spatial-temporal evolution;

lag effect; drought.
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Table 1 Basic features of the sampling plots
(m) (") () (%)
824 25 15~20 15~25 ( Opunitia stricta) . ( Rubus
(1-3) corchorifolius) ( Coriaria nepalen—
sis) ( Pyracantha fortuneana) .
( Lonicera japonica) . ( Broussone—
tia papyrifera)
796 25 20~25 25~50 ( Toona sinensis) .
(14-6) ( Koelreuteria bipinnata) ( Sapium
sebiferum) . ( Trachycarpus fortunet) .
( Dodonaea viscosa)
710 30 25~30 50~75 + ( Zanthoxylum bungeanum) .
(17-9) ( Lonicera japonica) . ( Hylocereus
undulatus) . ( Citrus sinensis) .
( Prunus salicina) .
745 0 25~35 60~ 80 + N N N ( Zea mays)
(11012) ( Arachis hypogaea) . ( Penn—
isetum sinese) .
810 25 35~40 >80
(113415)
<5° SE  NW.
. ; p, = (1.22g*cm™) (1.26
93.947-32.995b b » ; g*cm”) o
: Po=P7P. 2.1.2
p() p(' ; N
( 1994) . L (
1.2.3 pH 251 1 2005) . ( 1. 2. 3)
; 2013  ( 38.73%)
; - - ; 2009.2010.2011 2012 ( P<0.05)
: - - 2010 (32.15%) 2006.
; - 2008 2013 o 2006 ( 16. 81%) 2013
: (17.31%) .
( 2000) . 2011 (57.62%) 2010
1.3 (53.01%) .
Origin 8.0 SPSS 19.0 -
. . ( P>0.05) (57.73%)
, (53.22%) .
2.1 2.1.3
2.1.1
(
2010) . ( 1. 2. 3):
( Zhao et al. 2012; 2014) , o
( 1. 2. 3): 2013 (1.07 g *
cm™) 2010 (1.25ge<cecm™ P (P>0.05) .
<0.05) o 2012 2013 ( 40. 73%
(0.90 g * em™) (1.15  41.97%) 2006
o+ em™) (1.13 g * em™) (35.75% P<0.05) 2006 2009
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Table 2 Changes of soil physical-chemical properties with time of treatment
2006 2008 2009 2010 2011 2012 2013
X1 1.13+0.18 ab 1.15£0.11 ab 1.13+0.17 ab 1.25+0.11 a 1.13+0.12 ab 1.12+0.11 ab 1.07+£0.09 b
X2 36.35+1.97 ad 36.13+1.07 ad 34.35+1.51 bhd 32.15+2.77 be 34.80+1.59 hd 35.07+3.13 hd 38.73+3.36 a
X3 16.81+2.30 a 20.64+2.40 b 20.81+2.17 b 20.86+1.49 b 22.83+1.95 b 21.97+3.62 b 17.31+£2.57 a
X4 53.16+3.07 ab 56.77+2.58 ab 55.17+2.37 ab 53.01+1.96 a 57.62+2.03 b 57.04+6.36 ab 56.05+3.83 ab
X5 13.94+2.25 a 32.31+2.83 b 29.11+7.80 b 22.59+5.17 ¢ 15.83+4.70 a 6.26+2.50 d 12.18+2.63 a
X6 35.75£2.71 a 32.54+4.69 ab 30.17+3.24 b 29.46+3.13 b 33.23+2.74 ab 40.73+2.54 ¢ 41.97+4.00 ¢
X7 34.59+£6.24 a 31.78+2.37 ab 29.78+4.00 ab 24.79+5.55 ¢ 28.62+5.14 be 37.22+4.07 ad 41.53+3.08 d
X8 7.08+£7.50 a 5.62+5.32 a 21.85+12.83 ab 26.71+£16.50 ab  41.28+33.49 b 47.51+£35.79 b 53.07+43.88 b
X9 7.37+0.19 ac 7.61+0.12 ab 7.65+0.03 hd 7.32+0.21 ¢ 7.39+0.29 abe 7.53+0.33 abe 7.92+0.21 d
X10 49.76+£22.46 a 47.54+20.40 a 46.19+25.43 a 42.52+25.32 a 49.50+18.11 a 59.35+21.20 a 62.45+14.69 a
X11 1.79+£0.30 a 2.31+0.83 ab 2.87+1.19 ab 2.42+1.04 ab 4.16+£1.49 b 7.59+2.55 ¢ 7.06+2.30 ¢
X12 0.99+0.16 a 1.12+0.10 ab 1.42+0.23 ¢ 1.29+0.12 be 1.34+0.14 be 1.44+0.34 ¢ 2.24+0.30 d
X13 3.82+2.09 a 3.76+2.00 a 4.24+2.18 a 4.26+1.34 a 3.54+1.78 a 2.74+1.64 a 3.64+1.28 a
X14 0.20+0.13 ab 0.23+0.10 ab 0.31£0.11 a 0.29+0.07 a 0.22+0.10 ab 0.11+0.12 b 0.12+0.10 b
X15 0.11+0.03 a 0.13+0.06 a 0.15+0.06 a 0.17+0.05 a 0.58+0.23 b 0.92+0.36 ¢ 0.77+0.32 be
X1: D X2: 0 X3! s X4 » XS ; X6: s X7: ; X8: » X9: pH
X10: s X11: s X12: s X13: s X14: ; X15: P<0.05
2006( 7.08 mm * min~') 2008 o
(5.62 mm min”~' P<0.05) , 2012(0.11 g - kg_l) 2013
(62.97 mm * min") (0.12 g = kg™") N 2009
(13.08 mm * min™") | (15.24 mm * min™") (031 g+kg') 2010 (0.29 g=kg™)
(16.54 mm * min™') N
2.2 ° (0.38
2.2.1 pH ( 2. 2. 3): g kg™) N o
2013 (7.92) pH 2.2.4 P
2009 (7.65) 2010 .pH
(7.32) 2008( 7.61) .2009( 7.65) .2013 N ( 2012) .
( P<0.05) . ( 2006—2010 ) ( N N 3): 2013 (2.24
(2010—2013 ) g kg™) p
. ( P<0.05) P
pH o o
2.2.2 p o
2.2.5 K N
( Schmidt et al. 1996) . ( 2. 2. 3): o K K
K K 0
(P>0.05) . (62.97 ¢ » (2. 2. 3):2012(7.59 g+ kg") 2013
kg™ o (7.06 g+ kg™ K
2.2.3 N N (P<0.05) 2011 (4.16 g = k™) K
N N 2006 (1.79 g+ kg™")
N ( K
2005) ( 2. 2. 3): 2010 (242 g-+kg™").
N ( P>0.05) , K

(6.78 g * kg™") N
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Table 3 Soil physical-chemical properties of different degrees of rocky desertification environment
ST M SL L N

X1 1.15+£0.06 ab 1.13+0.06 a 1.22+0.07 be 1.26+0.07 cd 0.90+0.07 e
X2 35.02+£2.20 a 36.70+£4.08 a 34.73+£3.15 a 34.01£2.40 a 36.39+1.74 a
X3 21.17£1.88 a 21.04+£4.60 a 19.39+£2.27 a 19.20+£3.82 a 20.09+£2.27 a
X4 56.18+1.82 ab 57.73+5.98 a 54.12+2.74 ab 53.22+2.37 b 56.48+2.36 ab
X5 19.82+9.77 a 17.18+9.83 a 15.47£9.47 a 18.26+£10.07 a 23.71£10.45 a
X6 35.24+4.26 ab 36.53+4.59 ab 31.94+£7.00 a 32.57+£5.57 ab 38.07+4.85 b
X7 33.86+7.61 ab 33.42+8.54 ab 30.36+5.38 a 29.33+5.78 a 37.53+2.49 b
X8 13.68+6.09 a 36.66+33.10 ab 15.24+10.74 a 16.54+10.32 a 62.97+39.81 b
X9 7.48+0.42 a 7.65+0.21 a 7.45+0.19 a 7.64+£0.24 a 7.47+0.28 a
X10 36.32+13.29 a 43.73+12.18 a 46.83+3.25 a 41.94+11.81 a 86.40+£5.31 b
X11 3.93+2.84 ab 4.14+3.07 ab 5.05+3.01 a 4.90+2.44 ab 2.11£0.82 b
X12 1.36+0.46 a 1.30+£0.35 a 1.29+0.34 a 1.56+0.49 a 1.51+£0.51 a
X13 2.88+0.65 a 2.91+0.63 a 3.35+0.54 a 2.66+£0.56 a 6.78+0.90 b
X14 0.17+£0.09 a 0.22+0.10 a 0.17£0.10 a 0.13+£0.06 a 0.38+0.07 b
X15 0.41£0.42 a 0.49+0.50 a 0.43+0.40 a 0.47+£0.40 a 0.22+0.06 a

4
Table 4 Correlation of soil physical-chemical properties in rocky desertification environment

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15

X1 1.000
X2 -0.421" 1.000
X3 -0.010 -0.263 1.000
X4 -0.342"  0.570% % 0.643** 1.000
XS -0.081  -0.097 0.128 0.032 1.000
X6 -0.541** 0.590* * -0.155 0.336"  -0.519** 1.000
X7 -0.666** 0.609* * -0.248 0272 -0.237 0.759** 1.000
X8 -0.544** 0382" -0.064 0358 -0.209 0.505* * 0.368" 1.000
X9 -0.091 0.237 0.023 0.207  -0.029 0.255 0.321 0.173 1.000
X10 -0.777** 0320 -0.051 0210  -0.040 0.463** 0.549** 0.651** 0.078 1.000
X11 0.124 0.155 0.114 0220  -0.666** 0.418" 0316 0.154 0329  -0.014 1.000
X12 -0.197 0.203  -0.101 0.075  -0.249 0.447%* 0.386"  0.491** 0.580* * 0.317 0.473** 1.000
X13 -0.704** 0.057 -0.048 0.004 0.388"  0.061 0.201 0.399"  -0.181 0.769* * -0.470* * 0.054 1.000
X14 -0.493* * -0.166 0.200 0.039 0.576**-0.219  -0.133 0.227  -0.265 0.448™ * -0.699 * * -0.149 0.832** 1.000
X15 -0.011 0.186 0.295 0399  -0.676** 0511** 0347  0.238 0.296 0.078 0.913** 0.451**-0.382" -0.572** 1.000
RN «=0.05.0.01 B

5 - . . N
Table 5  Regression equation of soil physical-chemical N
properties and time

PE— (X,) (1) (R

X2 X2=40.215-3.5561+0.469, 0792 0.043 =0.8)
X3 X3=13.045+4.385:-0.52¢ 0783 0.047 ( 5.
X5 X5=49.282:-13.652:%+1.04413-22.103 0.969 0.009
X6 X6=45.916-12.026:+2.632:>-0.139: 0.919 0.038 3
X7 X7=43.148-8.531+1.194: 0.814 0.034 . . .
X8 X8=10.538-9.2741+5.1631>-0.4261 0.982 0.004
X9 X9=6.761+0.865:-0.273:>+0.025:> 0.902 0.041
X10 X10=56.595-7.5711+1.236:> 0.897 0.011 ( LUgO
X11 In(X11) = Inl.311+In1.278 0.877 0.002 1997; 2004; 2013) .
X12 X12=0.173+1.04:-0.303:2+0.028 0.949 0.019
X15 X15=0.612-0.642:+0.205:>-0.016> 0.908 0.046

( Mishra et al. 2003;
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