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Canonical Correlation Analysis between Tobacco Rhizosphere and Non-
rhizosphere Soil Microorganisms
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(1. College of Tobacco Science, Henan Agricultural University, Zhengzhou 450002, China;
2. School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Canonical correlation analysis (CCA) was applied to assess the relationship of rhizosphere and non-rhizosphere
microorganisms of flue-cured tobacco plants. The results indicated that (1) the population of bacteria was positively correlated with
those of ammonifying bacteria in rhizosphere soil. On the other hand, in non-rhizosphere soil, in addition of ammonifying bacteria,
the population of bacteria was also positively correlated with nitrite bacteria and aerobic cellulose decomposing bacteria. (2) The
populations of bacterial and actinomycete in tobacco plant rhizosphere could be predicted by the populations of bacterial in
non-rhizosphere soil, whereas the population of fungi in rhizosphere was not closely linked to those in non-rhizosphere. (3) The
populations of ammonifying and aerobic cellulose decomposing bacteria in rhizosphere were significantly positive correlated with
those in non-rhizosphere. However, the populations of acrobic nitrogen fixing bacteria, nitrite and nitrifying bacteria, and kalium
solubilizing bacteria in non- rhizosphere were not in close association with those in rhizosphere. In conclusion, there is a strong
relationship between three microbial groups and six microbial physiological groups as well as between tobacco rhizosphere and
non-rhizosphere soil microbe. The relationship between microbial flora in tobacco rhizosphere is different from non-rhizosphere soil.
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Table 1 Basic nutrient contents in the three soils studied
Agke™) (mgkg") /(mgkg") /(mg'kg™) pH
20.8 +0.55a 89.6 +3.15a 10.9+0.67b 207.5+6.79 6.60
13.1+0.41b 71.3 +3.00b 20.3+0.87a 147.4 +5.57b 5.65
10.3 + 0.42¢ 64.7 + 2.66b 21.5+0.95a 122.5 + 4.02¢ 5.20
1.2
667 m>
3 1 +
222 m? 2008
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V1=-0.904x,-0.144x,+0.151x3
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Table 2 Populations of microorganisms in rhizosphere and non- rhizosphere soils (means + SE)
/d
/
B 40 60 80
(cfueg™)
14.10 8.07 40.62 21.96 47.21 21.61 40.81 10.71 4.44 5.68 6.30 8.02
x10* 6.61 6.80 45.29 55.18 43.43 58.15 49.64  75.21 9.49 6.99 5.66 9.64
3.46 19.78 41.27 71.21 60.98 44.14 41.77 46.79 5.49 6.48 7.84 7.16
7.29 5.29 10.98 7.23 19.29 13.29 21.02 13.35 34.04 20.08 19.26 11.92
x10° 4.86 3.04 8.91 391 11.86 5.54 15.27 6.76 10.34 6.66 7.82 6.09
3.09 1.87 5.46 3.94 10.69 5.87 8.56 5.51 7.37 5.13 3.06 3.34
14.23 8.68 24.602  11.22 41.83 14.80 45.30 18.39 49.12 14.99 3591 14.22
x10° 11.35 7.03 21.06 8.21 35.35 11.83 38.22 11.27 21.99 13.80 19.69 11.29
7.77 4.12 12.65 7.01 29.57 9.72 27.15 11.52 15.58 8.52 7.23 6.62
6.03 4.20 11.58 5.81 13.23 6.60 13.93 4.93 23.51 6.55 5.44 2.45
x10° 4.64 3.73 8.32 4.62 9.44 5.41 10.39 5.53 7.23 7.49 2.54 2.05
2.24 0.62 7.81 4.65 14.24 542 15.30 5.61 13.13 6.22 1.18 1.16
431 3.06 5.93 4.25 16.31 12.66 18.62 12.21 51.71 24.25 23.96 17.98
x10° 2.34 1.44 5.63 4.26 14.34 13.44 15.83 11.16 11.32 12.41 5.75 3.86
1.87 1.24 3.65 3.05 10.99 9.88 14.67 9.62 19.82 8.39 2.38 2.84
x10° 1.31 0.79 1.50 1.78 9.29 11.98 16.38 6.48 28.64 21.83 5.39 1.75
0.90 1.46 0.65 1.64 5.01 4.64 3.62 8.70 2.66 8.24 1.35 2.35
0.59 2.54 1.34 3.20 3.46 3.87 7.68 3.74 6.64 0.94 0.43 0.62
x10° 22.33 10.87 38.29 18.30 55.51 24.85 78.87 25.26 86.18 35.26 36.87 30.2
17.81 8.29 23.64 11.07 46.40 17.89 45.06 15.66 29.93 19.34 20.37 16.21
12.54 5.11 21.49 9.33 33.07 12.43 18.73 11.72 18.99 15.04 13.40 11.1
x10° 15.75 13.6 32.96 15.67 42.52 18.71 47.89 19.37 52.04 16.77 80.26 17.03
16.60 11.98 24.68 12.81 43.18 10.19 37.23 12.01 40.38 14.96 13.73 13.37
7.41 5.41 19.94 9.02 21.17 7.19 40.03 18.63 9.08 7.40 5.83 8.04
x10* 16.06 9.67 25.74 15.26 21.71 6.78 23.11 8.82 23.58 6.30 24.50 6.40
17.32 10.52 20.97 12.77 40.72 9.34 26.96 13.88 16.48 12.00 16.41 11.37
20.18 13.95 28.34 14.87 31.02 14.57 28.32 14.30 26.66 8.75 25.52 7.15
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Tbale 3 Canonical correlation with significance test in CCA
R s af P
VW, 0.986 61.863 18 0.000
3 / V,W, 0.767 19.201 10 0.038
Vi;W; 0.714 8.570 4 0.073
Viw, 0.979 53.890 18 0.000
3 / 6 VoW, 0.820 15918 10 0.102
V3iW; 0.434 2.510 4 0.643
Viw, 0.941 31.020 9 0.000
3 / VoW, 0.349 1.807 4 0.771
V3W; 0.064 0.056 1 0.813
VW, 0.992 113.718 36 0.000
V,W, 0.952 70.143 25 0.000
6 / 6 Vi;W; 0.924 45.187 16 0.000
V4W,y 0.874 25.048 9 0.003
VsWs 0.767 9.870 4 0.043
VeWs 0.227 0.556 1 0.456
4 3 6
Table 4 Structure coefficients or correlations between the original variables and the significant canonical V; and W;
produced by CCA for rhizosphere/ non- rhizosphere
X Vv, V, y Wi W,
X1 -0.987 0.061 i -0.124 0.404
X2 -0.670 0.564 Y2 -0.954 0.220
X3 0.073 0.902 y3 -0.879 0.432
Y4 -0.691 0.217
Ys -0.778 0.319
Yo -0.871 0.086
0.476 0.378 0.590 0.092
0.854 0.682
X1 -0.970 i 0.260
X2 -0.728 Y2 -0.948
X3 0.539 y3 -0.904
Ya -0.441
¥s 0.872
Yo -0.703
0.613 0.563
0.613 0.563
X] X2 X3 W, 59.0%
Yi Ye W,
5
r=-0.954 W,
Vi 47.6% 3 Y2 ¥s
Vi -1.225 1.060
r=-0.987 W, Ys =-0.778
=-0.670 =0.073 4 W,
V1 -0.904 ¥s W1
-0.144 VW,
0.151 Vi
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3 V) = -0.579x,-0.544x,+0.106x;
=0.979 3 613% W, = -1.013y,-0.152y,-0.227y;
3 56.3% v
4 3 6 X1 X2 X3
Vi 3
V) = -0.924x,-0.160x,-0.062x3 r=-0913  r=-0.878 r=-0.059
W= 0.014y,-0.652y:-0.301y3-0.004y,-0.214y5+0. 148y 5 Vi X3
v X1 X2 Vi
X3 \\% W
Y1 Ye Yi Y2 Y3
Wl
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6 6
5

Table 5 Structure coefficients or correlations between the original variables and the significant canonical V;and W; produced by
CCA for three groups / six physiological groups

X Vi Vs V3 V, Vs y Wi W, W3 Wy Ws
-0.913 -0.975
-0.878 -0.740
-0.059 0.437
0.536 0.563

0.536 0.563

0.172  0.522 0.032  0.833 0.021 0.035 0.819 -0.031 0.475 -0.222
0971  -0.229  0.006  0.050 0.037 0.919 -0.381 0.022 0.037 0.038
0912 -0.025 -0.185  0.300 0.208 0.745 -0.294  -0.275 0.305 0.425
0.756  0.049 0.451 0.218 0.244 0.460 0.123 0.478 0.368 0.596
0925 -0.092 0.132  -0.283 0.127 0.938 0.030 -0.097  -0.179 0.276
0.857 -0.314 0.129  -0.066 0.013 0.822 -0.231 0.151 0.019 -0.040
0.661 0.072 0.046  0.153 0.020 0.528 0.162 0.056 0.081 0.111

0.952

0.938
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5 ViwW,

95.2% 93.8%

V= 0.460x+0.621x,-0.236x3-0.402x,+0.903x5+0.003x
W, =0277y+0.832y5-0.215y5-0.025y,+0.483ys 0.069ys
Vo= 1.559x)-1.342x,-0.552x5-1.046x,+3.112x5-0.644x6
W, =0.700y;-0.169y,-0.571y5+0.140y,+1.074y5-0.627ys
V3 =0.129%,+2.107%,-2.097x5+1.825%,-0.557xs-1.136x
Wi =0.130y,+1.595y-1.604y3+1.157y,-0.422y5-049 1y
V= 0.161x,+0.897x,+0.337x510.649x,-2.11 7x5+0.306x6
W, = 0.668y,+0.649y,+0.954y3+0.245y,-1.550y5+0.013ys
Vs =2.193x,-2.200x,+3.401x35+2.349x4-1.041x5-1.635x6
Ws=0.601y-1.471y,+0.746y5+0.668y,+0.723y5-0.203y
A

X] X6

Viw, 66.1%
52.8%
72% 4.6% 153 2.0%
16.2% 5.6% 8.1% 11.1%
5
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X3 X4 X6

0.003 Vv, 3
Xp Xs
Wy Y2

Ys

pH

[18-19]

[15]



15

(2]

[14,18-19]

2010 31 2

309-312.

2007 3

3 6
1.
53-59.
.
2008 17 1 339-343.
. 2010 26 6
.
2009 46 3 547-552.
]
.
3 209-215.
- [M].

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1998.

Chandra Shekhar Nautiyal, Patrice Dion. Molecular
Mechanisms of Plant and microbe Coexistence[M].
Berlin and Heidelberg: Springer, 2008.

Petra Marschner, Zdenko Rengel. Nutrient Cycling in
Terrestrial Ecosystems[M]. Berlin and Heidelberg:

Springer, 2007.

. 2006
38 2 113-121.
7. 2008 17 4  41-44
47.
RRS
1.
2009 29 8  4535-4541.
. 2008 24 2
214-222.
1.
2010 16 6 759-764.
[D]. 2008.
. 2007
16 5  1504-1511.
.
2009 5 4 247-250.
M].
1998.
[7]. 2011 31
18 5225-5234.
. 2011 50 5

1058-1062.





