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Abstract

After biocontrol Trichoderma longbrachiatum T2 was applied in the rhizosphere of cucumber, the

functional diversity of the rhizomicrobes utilizing carbon sources was investigated by using Biolog

Ecomicroplates technique. The result showed that T. longbrachiatum T2 had a significant effect on

the rhizomicrobes in terms of their metabolic activity and their capacity to utilize carbon sources.

The ability of the rhizomicrobes to utilize carbon sources was enhanced at seedling stage. The

significant change of the richness and the degrees of the rhizomicrobes occured at seedling stage,

flowering stage, and final stage, while no obvious difference was observed at fruiting stage. Principal

Component Analysis (PCA) indicated that the ability of the rhizomicrobes to utilize carbon sources

was enhanced at seedling stage and final stage. At flowering stage, the ability to utilize

carbohydrates, amino acids, carboxylic acids, amines and phenolic compounds was reduced, but

the ability to untilize polymers was slightly enhanced. The ability to utilize carbohydrates, amino

acids, carboxylic acids, polymers and amines was enhanced, but the ability to utilize phenolic

compounds was reduced at fruiting stage.
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Introduction

Many investigations have confirmed that the

quantity of microorganisms isolated with traditional methods

account for only approximately 0.1~1% of the total of

environmental microorganisms (Brock, 1987; Amann et al.,

1995). Biolog analysis method is based on the physiological

property of community level. Various microbial population

prefer certain carbon sources, which could be accordingly

analyzed by using Biolog Eco-microplates (Xi et al., 2003).

Garland and Mills (1991) for the first time applied this method

to investigate soil microbial communities, and considered

that it was more advanced in investigating the structural

and functional diversity of soil microbial communities.

Currently the method is widely applied in the study of soil

microbial ecology to determine the  utilization carbon sources

and the functional diversity of soil microorganisms (Lawlor

et al., 2000; Pankhurst et al., 2001). Trichoderma

longbrachiatum T2 is a biocontrol strain isolated from the

soil, showing an activity to resist several plant-pathogens

and to promote plant growth (Li et al., 2006). However, there

is lack of in-depth study about the effect of T.

longbrachiatum T2 on functional diversity of soil microbial

communities. In the present study, the utilization of carbon

sources of cucumber rhizomicrobes was studied by using

Biolog Eco-microplates, in order to determine the effect of

T. longbrachiatum T2 on the structural composition and

functional diversity of cucumber rhizomicrobes.

Materials and Methods

Strain and cucumber seedlings : T. longbrachiatum T2

strain was provided by Agricultural Culture Center of China

(ACCC) and was grown on Potato Dextrose Agar (PDA)
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solid medium for 5 days at 28ºC and used as inocula. For

liquid culture, spores (109) from 5-day-old slopes were used

to inoculate 100 ml PDA liquid medium. Cultures were

incubated on an orbital shaker at 190 r min-1 at 28ºC for 90 hr.

Cucumber seedlings Zhongnong No.5 were provided by

the Institute of Vegetables and Flowers, Chinese Academy

of Agricultural Sciences. The cucumber seedlings bearing

2~3 euphylla leaves were used for the field experiment. A 20

ml of biocontrol T. longbrachiatum T2 liquid culture (4.5×108

spores ml-1) was inoculated around the roots of cucumber

seedlings. The same volume of PDA liquid medium were

inoculated as controls. Sixty cucumber seedlings were

separately used for each treatment and the control.

Soil sample collection : During the growth of cucumber

seedlings, rhizosphere soil within 2 cm range from the

cucumber roots and non-rhizosphere soil within 2~8 cm

from the roots were sampled every 15 day. Altogether, 16

types of soil samples at four different growth stages of

cucumber were collected.

Analysis of functional diversity of soil microorganisms

by Biolog Eco-microplates method : Biolog Eco-

microplates was a kind of ELISA reaction plates containing

multi-substrates. Every carbon source repeated three times,

with the exception of controlled hole only containing

indicator and a number of nutritional substances, while

the remaining 31 reaction holes were additionally equipped

with different substrates of single carbon resource. During

ELISA reaction process, the microorganisms utilized

carbon sources as the substrates and produced NADH

by respiration, which caused the discoloration reaction of

indicator. The difference of microorganisms utilizing 31

kinds of different carbon sources was indicated according

to OD value of the color change in every reaction holes,

so as to reflect metabolic functional difference of microbial

communities (Zak et al., 1994).

A 10 g of rhizosphere soil or non-rhizosphere soil

collected from different growth stages of cucumber were

separately added into 100 ml sterile deionized water

containing glass beads. After shaking for 30 min at 200 r

min-1, each suspension was diluted 100 times with sterile

water. Every hole of Biolog Eco-microplates was then

inoculated with 150 µl diluted suspension. The plates were

incubated for 120 hrs at 30ºC and the data were read every 24 hr.

Determination of total metabolic activity of soil

microorganisms : The total metabolic activity of soil

microorganisms was expressed by Average Well Color

Development (AWCD). AWCD value = [��(C-R)] / 31, where

C was the OD value of 31 reaction holes, R was the OD

value of the controlled hole. The AWCD value reflects the

overall situation of microorganism utilizing different carbon

sources (Choi and Dobbs, 1999). The change rate of AWCD

reflected microbial metabolic activity (Yang et al., 2000). If

the AWCD value increased more quickly, it indicated that

the metabolic activity of microorganisms was higher (Xi et

al., 2005). The rate and the eventual degree of ELISA reaction

of soil microbial communities were connected with the

number and the species of soil microorganisms able to utilize

single carbon source (Garland and Mills, 1991).

Analysis of functional diversity of soil microorganism

utilizing carbon sources : The functional diversity index of

soil microorganism utilizing carbon sources, expressed by

Shannon index (H), was calculated by the OD values of

solution in holes of the Biolog microplates. H=- �Pi lnPi, Pi

was the ratio of the relative OD value (C-R) of No. i hole to

the sum of relative OD values of all holes of the Biolog Eco-

microplates. The Shannon index could be used to evaluate

the richness and the degrees of microbial communities

(Magurran, 1988).

Analysis of the metabolic fingerprint of soil microorganisms:

The microbial metabolic fingerprint was analyzed by

Principal Component Analysis (PCA) method. The OD

values of metabolizing 31 kinds of carbon sources formed

the multi-element vectors describing the metabolism of

microbial community. By PCA, the multi-element vectors of

metabolizing carbon sources could be converted to

orthogonal principal element vectors. And the metabolic

characters of different microbial community were directly

reflected by the location of points in the principal element

vectors space reducing dimension (Ma et al., 2006). 31 kinds

of carbon sources were merged into 6 class (Insam, 1997).

In order to reduce error, the AWCD values of the 6 class

carbon sources were separately figured out firstly, then the

data were normalized and analyzed by PCA method.

Results and Discussion

Functional diversity of cucumber rhizomicrobes at

seedling stage : AWCD variations showed that the reaction

rate and the eventual degree of microbial communities were

different among four types of soil samples at seedling

stage (Fig. 1a). Within 48 hr, the capacity of soil

microorganisms using carbon sources was in the following

order : Rhizosphere soil of treatment > non-rhizosphere

soil of treatment > non-rhizosphere soil of CK > rhizosphere

soil of CK. The average metabolic activities of microbial

communities was strongest at 24 hr and in the following

order: Rhizosphere soil of treatment > non-rhizosphere

soil of treatment > non-rhizosphere soil of CK > rhizosphere

soil of CK (Fig. 1b).

At seedling stage, the size sequence of Shannon

indexes was: Rhizosphere soil of treatment > non-rhizosphere

soil of treatment > non-rhizosphere soil of CK > rhizosphere

soil of CK and the T test showed that significant difference
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Fig. 1 : Functional diversity analysis of different cucumber

rhizomicrobes utilizing carbon sources at seedling stage (a) Variations

of AWCD (b) Variations of AWCD average development rate (c)

PCA of different soil microbial communities utilizing carbon sources

Fig. 2 : Functional diversity analysis of different cucumber

rhizomicrobes utilizing carbon sources at flowering stage (a) Variations

of AWCD (b) Variations of AWCD average development rate (c)

PCA of different soil microbial communities utilizing carbon sources

(c)

(c)(c)

0.06

0.05

0.05

0.03

0.02

0.01

0

Rhizosphere soil of treatment

Non-rhizosphere soil of treatment

Rhizosphere soil of CK

Non-rhizosphere soil of CK

0 24 48 72 96 120

Incubation time (hr)

(b)

0 24 48 72 96 120

Incubation time (hr)

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Rhizosphere soil of treatment

Non-rhizosphere soil of treatment

Rhizosphere soil of CK

Non-rhizosphere soil of CK

(b)

Flowering Stage

0 24 48 72 96 120

Incubation time (hr)

2.5

2

1.5

1

0.5

0

(a)

soil of CK > rhizosphere soil of treatment > non-rhizosphere

soil of treatment (Fig. 3b).

At fruiting stage, the size sequence of Shannon indexes

was: Non-rhizosphere soil of CK > rhizosphere soil of treatment

> rhizosphere soil of CK > non-rhizosphere soil of treatment,

and the T test showed that no significant difference (P<0.05)

existed between the soil samples (Table 5). PCA indicated that

carbohydrates, carboxylic acids, amino acids, polymers and

amines had a high load on the first principal component factor

(PC1), and phenolic compounds had a high load on the second

principal component factor (PC2) (Table 6).
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Fig. 3 : Functional diversity analysis of different cucumber

rhizomicrobes utilizing carbon sources at fruiting stage (a)  Variations

of AWCD (b)  Variations of AWCD average development rate (c)

PCA of different soil microbial communities utilizing carbon sources
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Fig. 4 : Functional diversity analysis of different cucumber

rhizomicrobes utilizing carbon sources at final stage (a)  Variations of

AWCD (b)  Variations of AWCD average development rate (c)  PCA

of different soil microbial communities utilizing carbon sources
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(P<0.05) existed between rhizosphere soil of treatment and

rhizosphere soil of CK, non-rhizosphere soil of CK (Table 1),

suggesting that the functional diversity of rhizomicrobial

communities utilizing carbon sources was improved at

seedling stage after biocontrol T. longbrachiatum T2 was

applied. PCA indicated that carbohydrates, carboxylic

acids, polymers, amines and phenolic compounds had a

high load on the first principal component factor (PC1),

and amino acids had a high load on the second principal

component factor (PC2) (Table 2).

Fig. 1c showed the corresponding projective points

of four kind of soil samples presented different spatial

distribution on the coordinate axis. The corresponding

projective points of rhizosphere treatment and non-

rhizosphere treatment lay at the first quadrant and fourth

quadrant, while that of rhizosphere CK and non-rhizosphere

CK lay at the second quadrant and third quadrant.

According the scatter area of every point, the capacity of

soil microorganisms of treatment utilizing carbon sources

loading on PC1 axis and PC2 axis was greater than that of

CK, indicating that the capacity of cucumber rhizomicrobes

utilizing 6 categories of carbon sources, carbohydrates,

carboxylic acids, amino acids, polymers, amines and phenolic

compounds, was improved at seedling stage after the

biocontrol T. longbrachiatum T2 was applied.

Functional diversity of cucumber rhizomicrobes at

flowering stage : Within 48 hr, the capacity of soil

microorganisms using carbon sources was in the following

order : Rhizosphere soil of CK > rhizosphere soil of treatment

> non-rhizosphere soil of CK > non-rhizosphere soil of

treatment at flowering stage (Fig. 2a). The average metabolic

Table 1 : Functional diversity indexes of microbial communities of different soil samples at seedling stage

Seedling stage                     Shannon indexes   Mean Significant analysis (P<0.05)

Rhizosphere soil of treatment 3.191976 3.184145 3.215576 3.197232 a

Non-rhizosphere soil of treatment 3.042963 2.984265 3.066614 3.031281 b

Rhizosphere soil of CK 3.215229 3.161182 3.106824 3.161079 ab

Non-rhizosphere soil of CK 3.117605 2.894692 3.117605 3.043301 b

Note: a, b showed that significant difference (By T test, P<0.05).

Table 2 : Component Matrixa at seedling stage

Categories of carbon Principal component

 sources factors PC1 PC2

Carbohydrates 0.838 -0.405

Carboxylic acids 0.812 -0.282

Amino acids 0.479 0.823

Polymers 0.952 0.135

Amines 0.728 -0.221

Phenolic compounds 0.668 0.310

Extraction Method : Principal Component Analysis; a. 2 components

extracted

activities of microbial communities was strongest at 48 hr

and in the following order : Rhizosphere soil of CK >

rhizosphere soil of treatment > non-rhizosphere soil of CK >

non-rhizosphere soil of treatment (Fig. 2b).

At flowering stage, the size sequence of Shannon

indexes was: Rhizosphere soil of CK > non-rhizosphere soil

of treatment > non-rhizosphere soil of CK > rhizosphere soil

of treatment, and the T test showed that significant

difference (P<0.05) existed between rhizosphere soil of

treatment and rhizosphere soil of CK (Table 3), suggesting

that the functional diversity of cucumber rhizomicrobial

communities utilizing carbon sources was reduced at

flowering stage after biocontrol T. longbrachiatum T2 was

applied. PCA indicated that carbohydrates, carboxylic acids,

amino acids, amines and phenolic compounds had a high

load on the first principal component factor (PC1), and

polymers had a high load on the second principal component

factor (PC2) (Table 4).

Fig. 2c showed the corresponding projective points

of rhizosphere treatment lay at the four quadrant, while

that of rhizosphere CK lay at the first quadrant, that of

non-rhizosphere treatment lay at the third quadrant, and

that of non-rhizosphere CK lay at the second and third

quadrant. According the scatter area of every point, the

capacity of soil microorganisms of treatment utilizing

carbon resoures loading on PC1 axis was lower than that

of CK and the capacity of utilizing carbon sources loading

on PC2 axis was slightly greater than that of CK, indicating

that the capacity of cucumber rhizomicrobes utilizing

carbon sources loading on PC1 axis, carbohydrates,

carboxylic acids, amino acids, amines and phenolic

compounds, was reduced and that of utilizing polymers

was slightly enhanced at flowering stage after biocontrol

T. longbrachiatum T2 was applied.

Functional diversity of cucumber rhizomicrobes at fruiting

stage : Within 96 hr, the capacity of soil microorganisms

using carbon sources was in the following order : Non-

rhizosphere soil of CK> rhizosphere soil of CK > rhizosphere

soil of treatment > non-rhizosphere soil of treatment at

fruiting stage (Fig. 3a). The average metabolic activities of

microbial communities was strongest at 48 hr and in the

following order : Non-rhizosphere soil of CK > rhizosphere
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Fig. 3c showed that the corresponding projective

points of four kinds of soil samples presented different

spatial distribution on the coordinate axis. According the

scatter area of every point, the capacity of soil

microorganisms of treatment utilizing carbon resoures

loading on PC1 axis was greater than that of CK and was

slightly lower than that of CK, and the capacity of soil

microorganisms of rhizosphere treatment utilizing carbon

sources loading on PC1 axis was strongest, indicating that

the capacity of cucumber rhizomicrobes utilizing

carbohydrates, carboxylic acids, amino acids, polymers and

amines was improved and that of utilizing phenolic

compounds was slightly reduced at fruiting stage after

biocontrol T. longbrachiatum T2 was applied.

Functional diversity of cucumber rhizomicrobes at final

stage : Within 48 hr, the capacity of soil microorganisms

using carbon sources was: Non-rhizosphere soil of CK >

rhizosphere soil of treatment > rhizosphere soil of CK > non-

rhizosphere soil of treatment at final stage (Fig. 4a). The

average metabolic activities of microbial communities was

strongest at 48 hr and in the following order : Non-rhizosphere

soil of CK > rhizosphere soil of treatment > rhizosphere soil

of CK > non-rhizosphere soil of treatment (Fig. 4b).

At final stage, the size sequence of Shannon indexes

was: Rhizosphere soil of treatment > non-rhizosphere soil

of CK > Rhizosphere soil of CK > non-rhizosphere soil of

treatment and the T-test showed that significant difference

(P<0.05) existed between rhizosphere soil of treatment and

rhizosphere soil of CK (Table 7). PCA indicated that

carbohydrates, carboxylic acids, amino acids, polymers

and amines had a high load on the first principal

component factor (PC1), and phenolic compounds had a

high load on the second principal component factor (PC2)

(Table 8).

Fig. 4c showed that the corresponding projective

points of soil samples mainly lay at the third quadrant and

fourth quadrant. And the capacity of soil microorganisms

of rhizosphere treatment utilizing carbon sources loading

on PC1 axis and PC2 axis was greater than that of rhizosphere

CK and the capacity of soil microorganisms of non-

rhizosphere treatment utilizing carbon sources loading on

PC1 axis and PC2 axis was lower than that of non-rhizosphere

CK, indicating that the capacity of cucumber rhizomicrobes

utilizing 6 categories of carbon sources, carbohydrates,

carboxylic acids, amino acids, polymers, amines and phenolic

compounds, was improved at final stage after biocontrol T.

longbrachiatum T2 was applied.

The study showed that T. longbrachiatum T2 had a

great effect on the functional diversity of cucumber

rhizomicrobes, and the influence was the most significant

at seedling stage.
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