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Abstract; This study focused primarily on the biodiversity of microbial communities in soil between the rhizosphere and
non-rhizosphere in summer and autumn among four types of common trees—the Tooth Oak ( Quercus aliena var.
acutidentata) , Chinese pine ( Pinus tabuliformis) , armand pine ( Pinus armandii) and spruce ( Picea asperata)—on the
Qinling Mountain, China, using the micro BIOLOG method. We found that: (1) The Average Well Color Development
(AWCD) of the soil in the rhizosphere was significantly different from that in the non-rhizosphere in most of the seasons,
with AWCD in the non-rhizosphere being higher than that in the rhizosphere, except for the soil where spruce was grown in
autumn. (2) Biodiversity of microbial communities differed remarkably between rhizosphere and non-rhizosphere in the soil

where the four different types of trees were grown in either summer or autumn. For soil where tooth oak was grown, the
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biodiversity of microbes in the rhizosphere was lower than that of the non-rhizosphere in both summer and autumn, and both
these values were in lower in summer than in autumn. While the biodiversity of microbes in soil among the other three
coniferous trees showed similar trends to that of tooth oak in summer, they exhibited the reverse of this trend in autumn.
Furthermore, the biodiversity of these soils in autumn was lower than that in summer in the non-rhizosphere but higher in
the rhizosphere. (3) The results of principal component analysis indicated that the biodiversity of microbial communities in
the soil for these four types of trees was significantly different, and the principal component scores for biodiversity among the
four studied species in either the rhizosphere or non-rhizosphere in different seasons also varied substantially. The highest
score among all studied species was found in the non-rhizosphere of the soil where tooth oak grew, followed by that of
armand pine, and spruce, with that of Chinese pine being the least. The principal component score for the soil in the
rhizosphere varied with season—in summer, the score was relatively high for Chinese pine and armand pine and lower for
spruce. In autumn, the score was relatively high for Chinese pine and spruce and lower for tooth oak. The correlation
between the comprehensive score and biodiversity index in all cases was positive or extremely positive. (4) Redundancy
analysis showed that the combined effects of soil properties have a significant impact on the biodiversity of microbial

communities in the soil.
Key Words: microorganisms; soil; rhizosphere; non-rhizosphere; biodiversity index; season
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Table 1 The basic information of the plots

, M BE WA A R/
==t %K‘?j! Z355 pelicy
i $E%ﬁ7< Forest density/ Shrub density/ Herb density/ Litter fall/ IE Q%E
No. Vegetation type ) N ) N Latitude Longitude

(s/m”) (s/m°) (s/m) (/hm*)

TO BLHR 0.065 0.383 0.258 2.761 E 106°59' 30.7" N 34°13' 345"
cp LI 0.055 0.535 0.675 2.190 E 106°59' 12.3" N 34°13" 26.5"
AP IR N 0.151 0.528 0.96 6.068 E 106°59" 3.7" N 34°13' 14.0"
SP 2 0.053 0.470 1.673 9.960 E 106°31' 38.0" N 34°16’ 51.4"
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#* 2 Gompertz FEEMEIESH
Table 2 The parameters of Gompertz fitting equation

Hipk prRss ODygy=A * exp[ —exp(U,, ¥ e* 1/A % (A-t)+1) ]
Vegetation Numbering A U, (%1072) A R?

Bl bR TO-S-N 1.20 2.10 35.43 0.999
TO-S-R 0.55 0.80 41.70 1.000
TO-A-N 1.06 1.20 32.46 0.993
TO-A-R 1.18 0.60 50.28 0.974
THAL CP-S-N 1.18 1.50 39.60 0.999
CP-S-R 0.71 1.00 35.32 0.995
CP-A-N 1.83 2.10 29.03 0.989
CP-A-R 1.06 1.20 41.01 0.997
LI AP-S-N 1.23 2.80 31.30 0.998
AP-S-R 1.10 1.40 36.71 0.997
AP-A-N 1.37 2.00 31.43 0.998
AP-A-R 1.03 1.30 35.24 0.995
N A SP-S-N 1.23 1.80 33.89 0.996
SP-S-R 0.95 1.20 36.23 0.999
SP-A-N 0.83 0.80 31.49 0.986
SP-A-R 1.28 1.90 35.11 0.999

TO.CP AP SP F/RELN R A RN A2, S FR T, A FORBkTE N FORAEMR PR L3 R FORARBR 1%

£3 TEREMEESHEER

Table 3 The diversity index of soil microbial communities

ik s FHEEAAR EEEE(S)  Shannon #540(H)  Melntosh 5% (U) Gini $54(D)
Vegetation Numbering AWCD Richness index Shannon index Melntosh index Gini index

Bt bR TO-S-N 0.76+0.009a 19.33+0.333a 2.92+0.008a 5.83+0.045a 0.939+0.001a
TO-S-R 0.23+0.009¢ 11.66+0.333¢ 2.53+0.038¢ 2.2620.062¢ 0.905+0.003b

TO-A-N 0.48+0.014b 17.0020.000b 2.75+0.029b 3.81£0.030b 0.94120.001a

TO-A-R 0.17+0.009d 11.00£0.000¢ 2.67+0.021b 1.57+0.070d 0.915+0.006b

LN CP-S-N 0.46+0.003b 16.00+0.000b 2.84+0.029b 3.79£0.026b 0.932+0.002b
CP-S-R 0.3620.007c 15.66+0.333b 2.83+0.022b 2.9620.035¢ 0.932+0.001b

CP-A-N 0.33+0.011d 14.000.000c 2.73+0.089b 3.03+0.033c 0.915+0.006¢

CP-A-R 0.95+0.015a 21.00£0.000a 3.0120.008a 7.02+0.090a 0.943+0.000a

£l AP-S-N 0.9620.006a 20.66+0.333a 2.97+0.003a 7.25+0.073a 0.941+0.001a
AP-S-R 0.49+0.003¢ 17.00+0.000b 2.77+0.018b 4.36+0.005¢ 0.920+0.001c

AP-A-N 0.49+0.003¢ 15.00£0.000¢ 2.73+0.022b 4.18+0.015d 0.925+0.001b

AP-A-R 0.78+0.004b 21.00+0.000a 2.99+0.003a 5.94+0.035b 0.940+0.000a

= SP-S-N 0.67+0.002a 19.00£0.000a 2.80+0.012b 5.78+0.073a 0.923+0.002b
SP-S-R 0.35+0.010d 16.33+0.333b 2.66+0.024¢ 3.44£0.100c 0.901+0.004¢

SP-A-N 0.41£0.007¢ 17.00+0.000b 2.80+0.009b 3.30£0.035¢ 0.933+0.001a

SP-A-R 0.60+0.014b 18.66+0.333a 2.96+0.021a 4.73£0.109b 0.937+0.002a

[RIZ) A ) 7Bk e 7R 22 57 1. 35 ( P<0.05)
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Fig.2 Principal component analysis of soil bacteria communities for different tree species
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Table 4 The comprehensive scores of four treatments

T bk G LA ik ErRes Aty
Vegetation Numbering comprehensive scores Vegetation Numbering comprehensive scores
B HE TO-S-N 16.04 ETIE /N AP-S-N 9.67
TO-S-R -9.07 AP-S-R -7.39
TO-A-N 5.89 AP-A-N -4.21
TO-A-R -12.86 AP-A-R 1.92
THIR CP-S-N -2.64 =tz SP-S-N 5.13
CP-S-R -8.25 SP-S-R -10.30
CP-A-N -11.81 SP-A-N -0.36
CP-A-R 22.69 SP-A-R 5.53
3 itig
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