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(Hippophae rhamnoides)
(Caragana korshinskii) B 8
1.2
( )
100 m>=<100 m
3 20 m>20 m 3 21
F1 I EHFERER
Table 1  Site features and vegetation composition
©) (m)

108°1020.9"E ES35° 18 1385

36°54'23.7"N

108°1024.0"E ES37° 12 1396

36°54"27.9"N

108°10'36.3"E ES41° 17 1 406

36°54'32.1"N

108°1026.8"E ES12° 14 1386

36°54'26.3"N

108°10'36.3"E ES24° 11 1303

36°54'31.0"N
1.3 2

[22]
pH o=2501 21
(
19.56%) (ER = 5.85%)
(ER = 39.58%)
35, (ER —4.44%
[23] —4.55%) (ER =42.55%)
(ER
-5.56% —2.82% —9.68%)
(PDA) (ER = 843%)
(24 28°C
(ER =
1.4 11.93%) (ER =0.87%)
Microsoft Excel 2010 SPSS 22.0 (ER =78.22%) (ER =
=85%
(enrichment ratio ER)
2.2

ER = [( - )
100%

]><
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Table 2 The pH, organic matter and soil nutrient contents in the rhizosphere and non-rhizosphere soils

pH (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)

R 8.58+0.18a 15.16£0.42a 0.86£0.07 ab 0.49+0.04 efg 15.04£0.55a 24.12+0.54a 4.01£0.14a  89.86+3.47 a

S 8.57£0.16a 12.68+0.72b  0.90+0.11a  0.44+0.03g 15.00£0.52a 23.34+0.41a 225+0.15¢c 72.10+3.92 cde
ER (%) - 19.56 —4.44 11.36 0.27 3.34 78.22 24.63

R 8.21£0.13b  12.21+0.87b 0.67+0.09 cd 0.51+0.04 def 12.81£0.74 bed 16.33£0.70d  2.01£0.22 cd  78.31+2.05 be

S 842+0.09ab 10.74£0.45cd 0.48+0.08¢  0.54+0.06 de 12.54+0.45 cde 14.59+0.48 f 1.85+0.11d  61.11%3.58 fg
ER (%) - 13.69 39.58 -5.56 2.15 11.93 8.65 28.15

R 8.71£0.19a 10.14£0.67d 0.65£0.06 cd 0.67+£0.02ab 14.87+0.85a 15.11+0.44 ef 226£0.13¢c  82.12+4.49b

S 8.67£021a 9.58+0.82de 0.63£0.03d 0.47+0.04 fg 15.15:0.73a 14.87£0.74f 1.97£020d 70.32+5.71 de
ER (%) - 5.85 3.17 42.55 -1.85 1.61 14.72 16.78

R 8.64£0.11a 11.50£0.65bc 0.77£0.07 bc  0.69£0.02a 13.81£1.12ab 19.49+0.49b 2.87+0.11b  75.10+£3.02 cd

S 8.61£0.17a 10.5320.61 cd 0.74£0.02¢cd  0.7120.03a 13.94£0.75 abc 18.32£0.54 ¢ 2.1120.11 cd 67.21£2.72 def
ER (%) - 9.21 4.05 -2.82 -0.93 6.39 36.02 11.74

R 8.69£0.09a  8.50+0.31ef 0.63£0.06d 0.56+0.04cd 12.09+0.80de 16.15+0.61d 1.51£0.19¢  60.15+4.15 g

S 8.71£0.14a  7.73x0.88 f 0.66£0.07 cd 0.62£0.03bc 11.15£1.32¢ 16.01£0.55de  1.08+0.09 f  41.04+3.12h
ER (%) - 9.96 -4.55 -9.68 8.43 0.87 39.81 46.56

R S ER + (P<0.05)

(P<0.05)
> >
( 3 5

16.06% ~ 57.77%

13.64% ~ 67.65%
(ER = 16.05%)

(ER = 5.45%)

x3 WREESIERFLERENHNE

Table 3 Abundances of soil microorganisms in the rhizosphere and non-rhizosphere soils

(x10° cfu/g) (x10° cfu/g) (x10° cfu/g) (x10° cfu/g)

R 11.04+0.53 a 0.57+0.03 a 434+047a 15.95 + 0.73a

S 7.64+0.42b 0.34+0.02 ¢ 3.89 £ 0.49 ab 11.87+0.92 b
ER (%) 44.50 67.65 11.57 3437

R 6.13+0.20 ¢ 0.32+0.05 cd 3.29+0.18¢ 9.74+0.72 ¢

S 432+031d 0.25+0.02 de 3.06+0.25¢ 7.63+£0.58¢
ER (%) 41.90 28.00 7.52 27.65

R 5.78+0.71 ¢ 0.31+0.07 cd 3.15+037 ¢ 924+ 1.15 cd

S 4.98+0.46d 0.26 = 0.06 cde 2.97+0.38¢ 8.21+0.90 de
ER (%) 16.06 19.23 6.06 12.55

R 7.21£0.69 b 0.47+0.05b 3.47+0.12 be 11.15+0.85b

S 457+035d 0.30 = 0.05 cde 299+0.12¢ 786051 ¢
ER (%) 57.77 56.67 16.05 41.86

R 469+0.21d 0.25 +0.04 de 2.13+0.14¢ 7.07+0.38¢

S 3.12+044 ¢ 0.22+0.01¢ 2.02+0.08¢ 536+0.53 f
ER (%) 50.32 13.64 5.45 31.90
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2.3 (ER = 23.38%)
(ER = -14.67%)
(ER = 24.96%) (ER =
17.21%)
(ER =31.90%) (ER = -18.87%)
(ER = 42.83%)
(ER = —14.04%)
FT 4 IRPRLIBANAEIRPR IEEGE LR
Table 4 Soil enzyme activities of the rhizosphere and non-rhizosphere soils
(ml/g) (mg/kg) (mg/kg) (mg/kg)
R 1.05+0.03 a 16.43 + 1.78 be 1496.13 +£98.66 a 13.90+0.38 a
S 0.99 +0.08 ab 19.11 £1.79 ab 1213.72+42.46 b 11.86 £0.49b
ER (%) 6.90 -14.04 23.27 17.21
R 0.94 +0.19 abc 18.74 + 1.46 ab 848.05+90.01d 9.35+0.67 cd
S 0.79+£0.13 ¢ 15.89 £ 1.14 be 727.81 £60.48 ef 7.48 £0.42¢
ER (%) 19.70 17.98 16.52 24.96
R 0.83 £ 0.04 bc 18.62 +2.08 ab 831.11 +£59.48 de 12.06 £ 0.56 b
S 1.028 +0.174 a 18.327 £1.719 ab 758.412 +£42.565 de 9.66+0.46 ¢
ER (%) -18.87 1.57 9.59 24.82
R 1.07+£0.08 a 21.01+242a 1011.37+3542¢ 11.82+0.57b
S 0.81 £0.03 be 1471+ 1.87 ¢ 1185.20 £ 60.48 b 9.85+0.48¢
ER (%) 31.90 42.83 -14.67 20.07
R 0.83 £0.05 be 17.80 +2.09 abc 775.92 £ 49.57 de 8.81£0.53d
S 0.80 = 0.02 be 16.21 £ 1.65 be 628.89 £29.12f 734+£032¢
ER (%) 3.51 9.84 23.38 19.97
2.4
0.890"
( 6
2.5
14
7
69.338%
77.424%

85.377%
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Table 5 Correlation coefficients between soil nutrients and contents of soil microorganisms and enzyme activities in rhizosphere soils

pH —0.198 0 0.040 0.331 —0.040 0.041 -0.210
0.782 -0.329 0.890* 0.699 0.935* 0.868 0.955*
0.891* -0.188 0.958* 0.809 0.963%* 0.994** 0.881*
—0.078 0.768 —0.401 0.104 —0.382 —0.140 —0.221
0.378 —0.171 0.639 0.950%* 0.679 0.659 0.774
0.818 —0.342 0.974* 0.731 0.955% 0.948%* 0.798
0.799 -0.258 0.963* 0.917* 0.978** 0.976** 0.934*
0.510 -0.256 0.702 0.825 0.775 0.696 0.923*
1 0.207 0.738 0.583 0.763 0.897* 0.774
0.207 1 —0.456 —0.194 —0.402 —0.113 —0.175
0.738 —0.456 1 0.817 0.992%* 0.936%* 0.865
0.583 —0.194 0.817 1 0.835 0.842 0.845
0.763 —0.402 0.992%* 0.835 1 0.950* 0.921*
0.897* -0.113 0.936* 0.842 0.950* 1 0.903*

0.774 —0.175 0.865 0.845 0.921* 0.903* 1

* P<0.05 *x P<0.01

F6 FMIELFESFSEMEMNE. BEHEEXRE

Table 6 Correlation coefficients between soil nutrients and contents of soil microorganisms and enzyme activities in non-rhizosphere soils

pH 0.273 0.143 -0.123 0.077 —0.228 -0.206 -0.497
0.364 0.385 0.773 0.751 0.890* 0.894* 0.978**
0.451 0.447 0.785 0.848 0.711 0.788 0.501
-0.770 -0.926 0.042 -0.410 -0.651 -0.267 -0.566
0.836 0.592 0.621 0.864 0.777 0.746 0.782
0.341 0.431 0.840 0.833 0.823 0.879* 0.683
0.504 0.307 0.778 0.792 0.784 0.856 0.912*
0.646 0.417 0.670 0.785 0.765 0.780 0.872
1 0.890* 0.247 0.715 0.685 0.453 0.544
0.890* 1 0.115 0.598 0.719 0.384 0.531
0.247 0.115 1 0.848 0.728 0.951* 0.735
0.715 0.598 0.848 1 0911* 0.934* 0.817
0.685 0.719 0.728 0.911* 1 0.903* 0.939*
0.453 0.384 0.951* 0.934%* 0.903* 1 0.892%*
0.544 0.531 0.735 0.817 0.939* 0.892* 1
0.305x51+0.274x7,+0.316x3+0.298x410.306x,0+0.254x,+
7 0.101x,,+0.289x,5+0.303x14
F>=—0.099x,—0.140x,-0.246x5+0.173x4-0.253x5—
0.089x4+0.165x7—0.014x3—0.080x9+0.004x,4+0.387x,,+
Fi 0.706x,,-0.353x,5+0.040x 4
F, K F3=—-0.172x,-0.023x,+0.852x3+0.090x,—0.172xs+
(F») 0.135x5+0.180x7—0.07 1x5+0.173x9—0.090x19—0.094x,  +
(F3) 0.206x1,-0.0.018x,3+0.247x 4

[25]

F1=0.298x,+0.258x,—0.090x35+0.246x,+0.276x5+

X 14
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Table 7 Factor loading matrix of main composition and principal

RT ERSETFHETEMERERS IR

component eigenvalues

F F Fs

0.922 0.014 ~0.036
0.729 ~0.319 -0.268

0.515 -0.507 0.161

0.781 -0.115 0.464

0.294 0.072 0.884
0.88 -0.05 ~0.381

0.953 0.151 0.089
0.859 -0.473 -0.137
0.827 0.211 -0.055
-0.232 0.417 -0.185

0.761 ~0.021 0.25
0.853 0.04 ~0.234
0.874 0.356 ~0.168

0.719 0.597 0.069

9.427 1.412 1.113

(%) 67.338 10.086 7.954
(%) 67.338 77.424 85.377

( 9
4

3.1

[27-29]

[30]

*8 EFHSAFEIRIEBRAKERESES

Table 8 The scores of principal component factors and soil fertility levels

[26]

F, F, F;
R 6.085 -1.278 -0.517 1.391 1
S 2.896 0.273 -1.336 0.653 3
R -0.022 0.864 -0.562 0.030 5
S -2.673 —0.432 —0.755 -0.796 9
R —-0.093 0.596 1.703 0.186 4
S —0.658 1.755 —0.685 —0.055 6
R 2.185 1.104 1.668 0.818 2
S -0.611 -2.171 0.914 -0.292 7
R -2.709 0.120 -0.170 —0.699 8
S -4.399 —-0.829 -0.260 -1.235 10

3.2

[31]

[18, 32]

[33-36]

[37]
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Microbes, Enzyme Activities and Nutrient Characteristics of
Rhizosphere and non-Rhizosphere Soils in Forests of Loess
Hilly Region

LIU Zhao, WEI Tianxing, ZHU Qingke, CHEN Jue, ZHAO Yanmin

(Key Laboratory of Soil and Water Conservation of State Forestry Administration, Beijing Forestry University; Engineering
Research Center of Forestry Ecological Engineering of Ministry of Education, Beijing Forestry University, Beijing 100083, China)

Abstract: In this study, 4 types of forests (Hippophae rhamnoides, Pinustabuliformis, Robiniapseudoacacia and Populussimonii)
were chosen to measure microbial abundance, enzyme activities and nutrient characteristics of rhizosphere and non-rhizosphere
soils to make a comprehensive comparison of the soil fertility between rhizosphere and non-rhizosphere soils. The abundance of
soil bacteria, fungi and actinomycetes, the activities of catalase, polyphenol oxidase and urease, soil organic matter (SOM), total
nitrogen (N), total phosphorus (P), total potassium (K), alkai-hydrolyzadle N, available P and available K were determined and
One-way analysis of variance and analysis of correlation were conducted. The results indicated that: 1) the differences of the
contents of SOM, available P, alkali-hydrolyzadle N and available K between rhizosphere and non-rhizosphere soils were
significant (P<0.05). SOM and available nutrients accumulated in rhizosphere soil. 2) Microbial abundance and enzyme activities
of rhizosphere soil were generally higher than non-rhizosphere soil. With exceptions, catalase activity in Pinustabuliformis and
and urease activity in Populussimonii were lower in rhizosphere soil than non-rhizosphere soil. 3) There was a significant
correlation between urease activity and abundance of soil bacteria and fungi. There was also a significant correlation between
catalase activity and abundance of soil fungi. SOM was significantly correlated with the abundance of soil bacteria and
actinomycetic, and urease activity. The soil available P and alkai-hydrolyzadle N contents were significantly correlated with
urease activity, and the abundance of soil bacteria and fungi. In non-rhizosphere soil, the correlation of the contents of soil
nutrients with soil microbial abundance and soil enzyme activities was lower than that in rhizosphere soil. 4) The comprehensive
fertility level of the rhizosphere soil was higher than that of the non-rhizosphere soil. The fertility level of rhizosphere soil
followed the order: Hippophae rhamnoides > Populussimonii > Pinustabuliformis > Robiniapseudoacacia > abandoned
croplands. The growth of Hippophae rhamnoides can improve soil fertility more effectively than the other species. Hippophae
rhamnoides is suitable for afforestation to help improve soil fertility and make contributions to revegetation.

Key words: The grain for green project; Soil enzyme activity; Rhizosphere; Non-rhizosphere; Soil nutrients; Soil microbes



