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Abstract 

The high incidence of various soil-borne diseases in the monoculture field of peanut is a major 
production constraint in the red soil regions of southern China. The peanut root exudates are 
generally thought to play an important role in regulating soil-borne pathogens. The responses of 
the soil-borne pathogens, Fusarium oxysporum and F. solani to the peanut root exudates were 
studied using one susceptible cultivar Ganhua-5 (GH) and one mid-resistant cultivar Quanhua-7 
(QH) as the test materials. The components and contents of the amino acids, sugars and phenolic 
acids in the peanut root exudates were determined. The results demonstrated that the root 
exudates from both susceptible and mid-resistant cultivars significantly promoted the spore 
germination, sporulation and mycelial growth of soil-borne pathogens, F. oxysporum, F. solani 
compared with the control. The extent of the stimulation was depended on the strains of the 
Fusarium tested, and gradually increased with the increased concentrations of peanut root exu-
dates. HPLC analysis showed that the contents of sugars, alanine, total amino acids in the root 
exudates of GH were significantly higher than that in QH, whereas the contents of 
p-hydroxybenzoic acid, benzoic acid, p-coumaric acid and total phenolic acids were significantly 
lower than that in QH. Results of the study suggested that the differences in the root exudates 
from the different peanut cultivars were considered to regulate the wilt-resistance mechanism in 
the rhizosphere of peanut. The results are therefore crucial important to illustrate the mechanism 
of peanut replanted obstacle, and to develop its control techniques in the red soil regions of 
southern China. 
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Introduction 
Peanut (Arachis hypogaea L.) is an important oil 

and cash crop all over the world. China is a major 
peanut producing country covering an area of more 
than 4700 khm2 in 2011 growing season. Due to the 
limited arable land and requirement for intensifying 

regional agro-industrialization, peanut was generally 
monocropped on a large scale, and even mono-
cropped over 20 years in some fields in the hilly red 
soil regions of southern China [1, 2]. Peanut diseases 
caused by soil pathogenic fungi are a limiting factor in 
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peanut production, and have gradually increased 
with prolonged planting-year of peanut in recent 
decades [1, 3]. In China, brown root rot disease caused 
by F. oxysporum, F. solani and so on resulting in the 
death of adult plants and fruit decay in peanut is a 
major disease that limits the growth and productivity 
of peanut and causes significant economic losses. 
According to Wang and Chen (2005), the increasing 
damage by soil-borne fungi, reaching disease inci-
dence of 60% in some fields, was the main reason for 
the yield loss of peanut [1]. 

Root exudation includes the secretion of a di-
verse array of carbon-containing primary metabolites, 
such as sugars, amino acids in addition to more com-
plex secondary compounds, involves the nutrient and 
water acquisition, plant defence and stimulatory or 
inhibitory interactions with other soil organisms [4]. 
The quantity and quality of root exudates depends on 
plant species, cultivar, growth stage and environ-
mental factors. Root exudates from some plant species 
can inhibit potential soil-borne pathogens by releasing 
allelochemicals, while other promote the growth of 
pathogens [5-7]. The composition of root exudates 
from the wilt-susceptible and wilt-resistant plants was 
different, and had the different impact on the spore 
germination of F. oxysporum [8]. Yuan et al. (2002) and 
Wu et al. (2007) found that the contents and kinds of 
sugars, amino acids in the root exudates of dis-
ease-susceptible cotton varieties were more abundant 
than that in disease-resistant cotton [9, 10]. Fungal 
pathogens also depend on these exogenous carbon 
sources for the growth as they are heterotrophic or-
ganisms [11]. However, little information is available 
whether the root exudates of peanut have the patho-
genic impact on Fusarium. 

In continuous monocropping systems, plant root 
exudates provide pathogens with a substrate supply 
over time and space, sometimes leading to significant 
colonization and infection by pathogens. Recently, a 
number of research findings of the negative relation-
ship between the sugar and amino acid content in root 
exudates and the resistance of plants to Fusarium wilt 
or Verticillium wilt have been documented [12-14]. We 
tested the hypothesis that root exudates as a media 
substrate in the process of peanut–soil pathogens in-
teractions, stimulate the growth of soil-borne fungi. 
Therefore, this study was performed to determine the 
types and amounts of compounds present in the 
peanut root exudates, and to investigate their effects 
on the growth of soil-borne fungi in vitro. This pro-
vides a new insight to understand the ecological in-
teractions of peanut root exudates–soil-borne patho-
gens, and explain the increased incidence of root rot in 
peanut monocropping field. 

Materials and methods 
Peanuts and pathogen strains 

Guanhua-5 (GH) was cultivated by the reclama-
tion farm of Liu-Jia station, Yingtan, Jiangxi Province, 
China, and was bred from parental peanut 
Yueyou551-11 by the radiation. It has the good re-
sistance to leaf spot and rust disease but susceptible to 
disease caused by soil-borne pathogens, and was the 
main planting variety in the red soil regions of Jiangxi 
Province [15]. Quanhua-7 (QH) was cultivated by the 
Quanzhou Institute of Agricultural Sciences, and was 
bred through the sexual hybridization between 
"028-9" (female parent) and "205-1" (male parent). It 
has the good resistance to diseases caused by 
soil-borne pathogens, and was the main planting va-
riety in the hilly regions of Fujian Province, China 
[16].  

In our study, a strain of F. oxysporum f. 
sp.vasinfectum (Atk.) Snyder et Hansen provided by 
the Cotton Research Institute, Chinese Academy of 
Agricultural Sciences (CAAS) was used for fungal 
experiments. This fungus is a race-7 strain that causes 
cotton Fusarium wilt and is widely distributed 
throughout the Yangtze River Basin and the Yellow 
River Basin of China. A strain of peanut root rot, F. 
solani was also used in this study that was isolated 
from the infected peanut plants by the Institute of 
Plant Protection, CAAS, and was provided by the 
Institute of Agricultural Resources and Regional 
Planning, CAAS. 

Collection and treatment of peanut root exu-
dates  

Peanut seeds were surface-disinfected in 0.5 % 
sodium hypochlorite (NaOCl) for 5 min, followed by 
three times washes in sterile distilled water. Seeds 
were then transferred to PDA medium in 90-mm di-
ameter Petri dishes and held in a biochemical incu-
bator at room temperature for 4 d until they 
pre-germinated. Contaminated seeds that had inter-
nal fungal infection were discarded and not used in 
the study. Seedlings of similar size (~3 cm height) 
were selected and cultivated in the culture dishes 
containing sterile vermiculite under growth chamber 
conditions at a day/night cycle: 16h, 30±2 °C / 8h, 
25±2 °C and 75% relative humidity. The Hoagland’s 
nutrient solution was added every two days. 

After thirty days of cultivation, the whole root 
systems of intact plants were carefully washed with 
running de-ionized water to remove the vermiculite. 
To collect the root exudates, all plantlets were placed 
into sterile 500-mL glass container covered with alu-
minum foil paper to avoid contamination and light, 
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and the roots were completely submerged in 300 mL 
of sterile aerated de-ionized water. Each peanut vari-
ety was cultured in triplicate and each repetition 
contained 4 peanut seedlings. Plantlets were main-
tained in a biochemical incubator at 30 °C for 24h to 
collect root exudates. The collected root exudates 
were filtered by a double layer of Whatman no. 1 filter 
paper, and immediately frozen at -30 °C, freeze-dried, 
and weighed. The lyophilized powder of root exu-
dates was dissolved in deionized water to make con-
centrated extracts 1 g/L for the bioassay and the 
analysis of the composition of organic components.  

The effect of peanut root exudates on the 
spore germination of soil-borne pathogens in 
vitro 

A stock culture of F. oxysporum and F. solani was 
maintained on slants of PDA at 4 °C. For the prepara-
tion of the conidial suspensions, a block of the stock 
culture was transferred to PDA medium for 4 d at 28 
°C in the dark and was subcultured once a week. The 
mycelium from 5 Petri dishes was scraped, mixed in 
10 mL sterile deionized water and rubbing the surface 
with a sterile L-shaped spreader. The spore suspen-
sion was transferred to the sterile centrifuge tube, 
then concentrated (3000× g, 10 min) and adjusted to a 
final concentration of 1×103 conidia/mL in sterile de-
ionized water using a haemocytometer. The effects of 
root exudates on spore germination were determined 
by adding different concentrations of peanut root 
exudates to concave glass slides (3-wells, CAT. 
NO.7101, China). The collected exudates from GH 
and QH seedlings were diluted to 3 concentrations, 
0.1 g/L, 0.5 g/L, 1 g/L respectively, then filtered 
through 0.22 μm sterile filters (Peninsula, Millipore, 
Shanghai, China). 50 μL of the root exudates were 
mixed with 50 μL of spore suspension and incubated 
at 25 °C in the dark. For the control treatment, 50 μL of 
sterile deionized water was added instead of root 
exudates to 50 μL spore suspension. All experiments 
were performed in triplicate and independently rep-
licated three times. After 5 h, the spore germination 
was determined microscopically by counting 10 fields 
(40 × objective)/well. A spore was considered ger-
minated if the germ tube length was at least as long as 
the length of the spore. 

The effect of root exudates on the mycelial 
growth of soil-borne pathogens in vitro 

Individual plates of water agar (WA) were ex-
cised in the center of the plate by cutting out a square 
of 1.5 cm x 1.5 cm to form a well in which a plug of a 
7-day olds colony of pathogen grown in PDA was 
placed. An aliquot (200 μL) of the total exudates of 

GH and QH at the concentrations of 0.1 g/L, 0.5 g/L, 
1 g/L , were then poured into the well containing the 
fungi plug. The addition of 200 μL sterile deionized 
water to the well of WA was used as the control. Ex-
udates retrieval was conducted as previously de-
scribed. After total exudates addition, plates were 
incubated at 25±1 °C in the dark for 48 h. Radial 
growth of F. oxysporum and F. solani was estimated by 
calculating the distance (cm) from four equidistant 
points from the center of the plug to the end of colony 
growth. The experiments were performed in triplicate 
and independently replicated three times. 

The effect of peanut root exudates on the 
sporulation of soil-borne pathogens in vitro 

To determinate the sporulation capacity of the 
pathogens, Bilay’s medium was used [17]. 1 mL root 
exudates of GH and QH with various concentrations 
of 0.1 g/L, 0.5 g/L, 1 g/L and 1 mL sterile deionized 
water were added into the liquid medium to give a 
total volume of 10 mL per 50 mL Erlenmeyer flask 
respectively. Aliquots of 100 μL spore suspension of 
2×105 spores/mL were inoculated into the liquid me-
dium, and then incubated in a liquid shaker with 120 
rev/min at 28°C. During the incubation time 48 h, 100 
μL of culture broth diluted to 10−4 was spread onto 
PDA. Plates were incubated at 28 °C in the dark for 2 
d, after which colonies were counted and converted to 
the number of conidia in a liquid culture. 

Determination of soluble sugar, amino acids 
and phenolic acids in peanut root exudates 

Exudates collected from the peanut roots were 
filtered through a 0.22 μm filter prior to the determi-
nation of the contents of soluble sugar, amino acids 
and phenolic acids. The components and contents of 
the amino acids were determined using high perfor-
mance liquid chromatography (HPLC) for amino ac-
ids (HP1100, USA) as previously described by Li et al. 
(2009) [14]. In brief, chromatographic column: 
4.0×125mm C18, temperature of column: 40 °C, veloc-
ity of flow: 1.0 mL/min, wavelength: 338 nm, 262 nm 
(Pro), mobile phase: A: 20 mmol sodium acetate solu-
tion, B: 20 mmol sodium acetate solution : methanol : 
acetonitrile=1:2:2 (v/v/v). The content of soluble 
sugar was assayed by anthrone colorimetry. 

Seven kinds of common phenolic acids were 
isolated and identified from peanut root exudates 
using high-performance liquid chromatography 
(HPLC) (Agilent 1200, Germany) referring to the 
method of Hao et al. (2010) [7]. The analytical condi-
tions were as follows: chromatographic column: 
XDB-C18 (4.6 mm×250 mm), temperature of column: 
40 ℃, velocity of flow: 1.0 mL/min, detector wave-
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length: 280 nm, injection volume: 10 μL. Methyl cya-
nide (A) and 2% (v/v) acetic acid solution (pH=2.59) 
(B) 2% were used as mobile phases with a gradient 
elution (B: 100% (0 min)→60% (22.5 min)→60% (27 
min)→37% (40.5 min)→37% (42 min)→25% (52 min)
→0% (55 min)→end (60 min)). Standard phenolic ac-
ids used for HPLC analysis were caffeic acid, 
p-hydroxybenzoic acid, vanillic acid, p-coumaric acid, 
ferulic acid, benzoic acid and cinnamic acid (Sig-
ma-Aldrich Co. LLC. USA). All chemicals purchased 
were of high purity and the solvents used were HPLC 
spectral grade. Major peaks were identified by com-
paring the retention time with that of the matching 
standard. 

Statistical analyses 
The data were verified for the homogeneity of 

variance using Levene’s test, and an analysis of vari-
ance was subsequently performed. The mean separa-
tions were performed using Duncan’s multiple range 
tests. Differences at P=0.05 were considered to be sig-
nificant.  

Results 
Effects of peanut root exudates on the spore 
germination of soil-borne pathogens 

The concentration of the added peanut root ex-
udates had significant effect on spore germination. 
Root exudates from GH and QH at the concentrations 
of 0.1 g/L, 0.5 g/L, 1 g/L significantly promoted the 
spore germination of F. oxysporum and F. solani as 
compared to the control (Fig. 1). The concentrations of 
peanut root exudates from 0.1 g/L to 0.5g /L gradu-
ally increased the number of germinating spores of 
Fusarium, however the germination capacity was de-
creased at the concentration of 1 g/L (Fig. 1). Root 
exudates from GH at the concentrations of 0.1 g/L, 1 
g/L significantly promoted the spore germination of 
F. oxysporum as compared to that of QH. Root exu-
dates from GH at the concentrations of 0.1 g/L sig-
nificantly promoted the spore germination of F. solani 
as compared to that of QH, and there were no signif-
icant differences for other concentrations of root ex-
udates. Briefly, root exudates from GH and QH could 
significantly stimulate the spore germination of 
soil-borne pathogens as compared to the control, in 
which root exudates from GH had significant greater 
effect than that of QH.  

 
 

Figure 1. Effects of the peanut root exudates 
at the different concentrations on the spore 
germination of F. oxysporum (A) and F. solani (B). 
The numbers after peanut name in the chart 
represent the concentrations of peanut root 
exudates. Different letter superscripts indicate 
a statistically significant difference (P<0.05) 
between the control and the treatments with 
peanut root exudates at the concentrations of 
0.1 g/L, 0.5 g/L, 1 g/L respectively. 
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Effects of peanut root exudates on the sporu-
lation of soil-borne pathogens 

Root exudates from GH and QH at the concen-
trations of 0.1 g/L, 0.5 g/L, 1 g/L significantly pro-
moted the sporulation of F. oxysporum and F. solani as 
compared to the control. The increase of the concen-
trations of peanut root exudates from 0.1 g/L to 0.5g 
/L gradually increased the number of conidia of F. 
oxysporum and F. solani in liquid culture. In contrast, 
the number of conidia formed in liquid culture was 
declined sharply at the concentration of 1 g/L (Figs. 
2-3). Root exudates from GH at the concentrations of 
0.1 g/L, 0.5 g/L significantly promoted the spore 
germination of F. oxysporum and F. solani as compared 
to that of QH (Figs. 2-3). In brief, root exudates from 
GH and QH could significantly stimulate the sporu-
lation of soil-borne pathogens as compared to the 
control, in which root exudates from GH had greater 
effect than that of QH.  

Effects of peanut root exudates on the mycelial 
growth of soil-borne pathogens 

The colony diameters on water agar containing 
the root exudates from GH and QH were larger than 
that of the colonies grown on water agar (Fig. 4). The 
increase of the concentrations of peanut root exudates 
from 0.1 g/L to 0.5 g/L gradually increased the col-
ony diameters of Fusarium, although the diameter of 
the colonies were decreased at the concentration of 1 
g/L. Particularly significant stimulation of the myce-
lial growth of soil-borne pathogen was obtained when 
the concentration of the added peanut root exudates 
was at 0.5 g/L (Fig. 4). There were no significant dif-
ferences between the root exudates of GH and QH at 
three concentrations respectively. In brief, the addi-
tion of peanut root exudates could promote the my-
celial growth of soil-borne pathogens, but the extent 
of stimulation was inferior to its effect on the sporu-
lation and spore germination. 

 

 
Figure 2. Effects of the root exudates from GH and QH at the different concentrations on the sporulation of F. oxysporum. The numbers 
after peanut name in the chart represent the concentrations of peanut root exudates. Different letter superscripts indicate a statistically 
significant difference (P<0.05) between the control and the treatments with peanut root exudates at the concentrations of 0.1 g/L, 0. 5g/L, 
1 g/L respectively. 

 

 
Figure 3. Effects of the root exudates from GH and QH at the different concentrations on the sporulation of F. solani. The numbers after 
peanut name in the chart represent the concentrations of peanut root exudates. Different letter superscripts indicate a statistically 
significant difference (P<0.05) between the control and the treatments with peanut root exudates at the concentrations of 0.1 g/L, 0.5 g/L, 
1 g/L respectively. 
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Figure 4. Effects of the peanut root exudates at the different concentrations on the mycelial growth of F. oxysporum (A) and F. solani (B). 
The numbers after peanut name in the chart represent the concentrations of peanut root exudates. Different letter superscripts indicate 
a statistically significant difference (P<0.05) between the control and the treatments with peanut root exudates at the concentrations of 
0.1 g/L, 0.5 g/L, 1 g/L respectively. 

 
Determination of soluble sugar and amino ac-
ids in peanut root exudates 

Amount of soluble sugars was detected from the 
peanut root exudates, in which the content in GH was 
significantly higher than that in QH (Fig. 5). There 
was no notable difference in the kinds of free amino 
acids between the root exudates of GH and QH (Fig. 
6). Ten kinds of free amino acids were detected in the 
root exudates of two cultivars, including as aspartic 
acid (Asp), threonine (Thr), glutamic acid (Glu), gly-
cine (Gly), alanine (Ala), valine (Val), lysine (Lys), 
proline (Pro), histidine (His) and arginine (Arg) (Fig. 
6). The most abundant amino acids in the root exu-
dates of GH and QH were Arg, Pro and Gly. The 
contents of Ala and Pro in the root exudates of GH 
were significantly higher than that in QH, and no 
significant differences were found in the other amino 
acids contents (Fig. 6). 

Identification and quantification of phenolic 
acids in peanut root exudates  

The phenolic compounds obtained from the root 

exudates of GH and QH were analyzed using HPLC. 
According to the retention times of the phenolic acid 
standards, p-hydroxybenzoic acid, coumaric acid and 
benzoic acid were detected in the root exudates of GH 
and QH, while cinnamic acid was only found in the 
root exudates of GH (Table 1). The content of 
p-hydroxybenzoic acid, coumaric acid, benzoic acid 
and total phenolic acid present in the root exudates of 
GH were noticeably lower than those found in the 
root exudates of QH. Moreover, the content of benzoic 
acid was the highest among the phenolic acids identi-
fied in peanut root exudates and accounted for up to 
60 % of the total phenolic content. 

 

Table 1. Quantitative determination by HPLC of phenolic 
acids in the root exudates of GH and QH (μg/mL) 

Peanut 
cultivars 

p-hydroxybenzoic 
acid 

coumaric 
acid 

benzoic 
acid 

cinnamic 
acid 

Total 
contents 

GH 0.04 0.08 0.58 0.33 1.04 
QH 0.29 0.33 0.91 ND 1.52 
“ND” refers to no detectable. 
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Figure 5. Content of soluble sugar in the root exudates of GH and QH. * indicates a statistically significant difference (P<0.05) between 
GH and QH. 

 

 
Figure 6. Contents of free amino acids in the root exudates of GH and QH. * indicates a statistically significant difference (P<0.05) 
between GH and QH. 

 

Discussion 
Soil-borne diseases of monoculture peanut field 

in the red soil regions of southern China seriously 
affect the yield and quality of peanut. Research 
findings demonstrated serious incidence of soil-borne 
diseases, especily peanut root rot and significant 
decline of yield in the monoculture peanut field [18, 
19]. Soil organism can be affected by the exudates 
secreted from peanut root during its growing period. 
But how peanut root exadates affect the soil-borne 
fungi under in vitro condition was not studied before. 
In the present study, our results showed that peanut 
root exudates significantly promoted the spore ger-
mination, sporulation and mycelial growth of 
soil-borne pathogens, F. oxysporum and F. solani. These 

observations could account for our previous results 
that serious incidence of peanut root rot in the mon-
oculture peanut field [19]. 

Increasing evidence suggests that root exudates 
initiate and modulate dialogue between roots and soil 
microbes, composed of both pathogenic and beneficial 
microbes [20-24]. For example, plant species (Ara-
bidopsis thaliana and Medicago truncatula) are able to 
regulate soil fungal community composition through 
their root exudates [25], and transgenic tobacco that 
over-accumulates iron selected fluorescent pseudo-
monads more antagonistic to the plant pathogen than 
the wild type [26]. These findings showed the im-
portance of root exudates to defend the plants against 
soil pathogenic microorganisms. It is therefore a good 
idea to exploit the allelopathic effect of root exudates 
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on soil-borne pathogens in peanut moncropping sys-
tem. Monoculture of French bean resulted in serious 
incidence of soil-borne diseases, especially Rhizoctonia 
root rot (Rhizoctonia solani) [27]. Monoculture of soy-
bean increased the numbers of soybean cyst nema-
todes and soybean fungal pathogens, and caused an 
obvious allelopathic effect [28, 29]. The result of this 
study showed increased stimulation of soil-borne 
pathogens with the increased concentrations of added 
peanut root exudates, and thus provided strong the-
oretical evidence that higher incidence of peanut dis-
eases in the monocropping system of south China 
might be due to the peanut root exudates. 

The relationship between the root exudates and 
the plant’s resistance to soil-borne pathogens, such as 
F. oxysporum is connected with the components of the 
root exudates [30, 31]. Plant roots release a wide range 
of compounds including sugars, polysaccharides and 
amino acids, that are involved in attracting strongly 
and selectively many bacterial or fungal pathogens 
and forming the special associations in the rhizo-
sphere [32, 33]. The kinds and amounts of amino acids 
and soluble sugars in the root exudates from suscep-
tible cultivars of either cucumber or cotton were much 
higher than those in resistant ones [9, 10, 12, 13]. Our 
earlier result also indicated that the amounts of amino 
acids and soluble sugar were positively and signifi-
cantly correlated with the disease indices and could 
be used as important biochemical criteria for predict-
ing plant resistance to soil-borne diseases [14]. GH is a 
susceptible cultivar with the poor resistance to 
soil-borne diseases, such root rot and bacterial wilt, 
while QH is a resistant cultivar with the good re-
sistance. The result of our study showed the content 
of sugar and amino acids in the root exudates of GH 
were higher than that in QH, and the root exudates of 
GH had greater stimulative effects on soil-borne 
pathogens than that of QH, which were probably one 
of main reasons for the different resistance of this two 
cultivars to soil-borne diseases.  

Some phenolic acids, such as hydroxybenzoic 
acid, vanillic acid, coumaric acid and benzoic acid 
were detected in soils from the monoculture peanut 
fields by HPLC, and increased with the prolonged 
planting-year of peanut [19]. In the present study, 
hydroxybenzoic acid, coumaric acid and benzoic acid 
were also identified in the root exudates of both pea-
nut cultivars upon HPLC analysis that were con-
sistent to the result of Li et al. (2010). The amount of 
coumaric acid, benzoic acid and total phenolic acids in 
the root exudates of GH was much lower than that 
from QH. Furthermore, cinnamic acid was only found 
in the root exudates of GH (Table 1). Several interre-
lationships between conidial germination and cin-

namic acid concentration may exist. For example, the 
high concentration of cinnamic acid not only signifi-
cantly promoted the conidial germination of F. ox-
ysporum, but also significantly increased the incidence 
of Fusarium wilt in cucumber plants [34-36]. Overall, 
the presence and absence of these specific phenolic 
acids and their different effects on soil-borne patho-
gens may explain the different resistance of the tested 
peanut cultivars to soil-borne pathogens. 

Root exudates from disease-resistant varieties 
are known to supply fewer nutrients to F. oxysporum 
[37], or to contain inhibitory substances to pathogens 
[38]. The contents of sugars and amino acids e.g. Ala, 
Asp and Glu in the root exudates of dis-
ease-susceptible varieties were more abundant than in 
disease-resistant varieties [9, 10, 14]. Booth (1969) 
compared the amino acid contents of the root exu-
dates of cotton varieties that were either resistant or 
susceptible to Verticillium wilt [39]. Among the eight 
amino acids tested in his study, the greatest difference 
in the amino acid content was Ala, and no major dif-
ferences were determined in the contents of the other 
seven amino acids. Ala could obviously promote the 
spore germination of soil-borne pathogens in vitro [7, 
10]. Our results showed large number of sugars and 
amino acids secreted by peanut roots. Moreover, the 
contents of sugars and amino acids in the root exu-
dates of GH were higher than in QH, and very signif-
icantly differences were observed in Ala content. 
These results were consistent with the aforemen-
tioned studies, indicating that the root exudates of 
peanut could provide abundant nutrition for the 
growth, development and host invasion of soil-borne 
pathogen, such as F. oxysporum and F. solani. This is 
probably one of the reasons for the observed in-
creased incidences of peanut root rot in monocultuer 
system. 

The study determined that the stimulation of 
soil-borne pathogens was decreased when the con-
centration of peanut root exudates was added to 1g/L 
under in vitro condition, which suggested that the 
peanut root exudates contained some amount of bo-
tanical antimicrobial substances. Some studies found 
that phenol acids, especially benzoic acid and its de-
rivatives in the plant root exudates can act as growth 
inhibitors to the soil organism or plant itself [7, 19, 40, 
41]. For example, Ju et al. (2002) reported that the 
high-concentration phthalic acid and malonic acid (1 
g/L) have allelopathic inhibitory effects on the 
growth of pathogenic fungi of soybean root rot [42]. 
Hao et al. (2010) and Zhou and Wu (2012) also found 
that p-coumaric acid more than 70 μg/mL can have 
the significant inhibition to F. oxysporum [7, 43]. In the 
present study, the concentrations of some phenol ac-
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ids, including p-hydroxybenzoic acid, coumaric acid 
and benzoic acid determined in the peanut root exu-
dates were lower than 1 μg/mL. The results above 
strongly suggested that these phenol acids may be not 
the only antimicrobial substances, and peanut root 
exudates could contain other substances. More re-
cently, several papers have documented that organic 
acids, esters, diterpenes and cyclohexenone are potent 
allelochemicals in the root exudates [44-47]. These 
chemicals also exhibit promising suppression of fun-
gal pathogens. Whether these compounds also exist in 
peanut root exudates and what effect they could have 
on the growth of soil-borne pathogens remains un-
known. Therefore, further clarification and identifica-
tion of these allelochemicals is warranted. 

The method for root exudates collection we used, 
by immersion of root systems into an aqueous media 
for a defined time period, is easy to perform and re-
flects the changes of secretion of the whole roots. 
However, this method also has its restrictions, such as 
the mechanical impedance imposed on roots is 
weaker in liquid culture media resulting in lower 
concentrations of root exudates than in the solid 
growth media [7]. Therefore, a better method for root 
exudates collection should be developed to disclose 
the natural secretion of plant.  

The findings of the study demonstrated that 
peanut root exudates significantly promoted the 
growth of soil-borne pathogens, and its stimulation 
was increased with the increased concentrations of 
added peanut root exudates under in vitro condition. 
Peanut root exudates contained sugars, amino acids 
and phenol acids, and had greatly different composi-
tions between the different cultivars, which suggested 
that the kinds and content of root exudates could be 
used as important biochemical criteria for predicting 
peanut resistance to soil-borne diseases. It is proposed 
that peanut root exudates were possibly one of the 
key reasons for the observed higher incidence of 
peanut diseases in monocultuer system.  

Obviously, root exudates play vital role in the 
peanut replanted obstacle, especially the interaction 
of soil-borne pathogens. However, it needs to conduct 
comprehensive studies on this issue as root exudates 
are complex in types and vary greatly in composition, 
and only a part of allelochemicals have been analysed, 
many of them have biological activities and always 
cause the cumulative effects. Therefore, comprehen-
sive effect of root exudates needs to be determined to 
get a full disclosure of their effect on soil-borne 
pathogens in monoculture peanut field. In addition, 
soil-borne pathogens are only a little portion of soil 
microorganisms, the high incidence of soil-borne 
diseases was often caused comprehensively by the 

change of soil organisms in monoculture peanut field. 
Therefore, further investigations are expected to find 
out the influence of peanut root exudates on soil bac-
terial community structure, fungal community struc-
ture and antagonistic bacteria such as Pseudomonas, 
Actinomycetes etc. 
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