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Abstract: To explore the microecological mechanism of healthy plant growth in continuous potato fields in Gansu Province,
China, we measured contents of available soil nitrogen (NH,'-N), phosphorus (P), and potassium (K) using conventional soil nu-
trient analytic methods, abundance of soil actinomycetes using serial dilution and plating techniques, and screened antagonistic
actinomycetes from obtained actinomycete isolates using the agar block method. The selected dominant actinomycetes were iden-
tified by 16S rRNA sequence analysis, and the inhibitory effect of one dominant actinomycete, Streptomyces gancidicus, was
tested using culture filtrate. Results showed that in the four-year continuous potato field, available soil P and K contents in the
rhizosphere of diseased plants were respectively 29.9% and 12.5% lower than those of healthy plants, whereas soil NH,"-N con-
tent in the rhizosphere of diseased plant was 24.1% higher than that of healthy plant. Compared with those from the rhizosphere of
healthy plants, the number of soil actinomycetes, Micromonospora, and unidentified actinomycetes from the rhizosphere of dis-
eased plants cultured with the Gausel medium decreased by 51.1%, 83.0%, and 53.9%, respectively, whereas the number of soil
actinomycetes and Streptomyces from the rhizosphere of diseased plants cultured with the Humic Acid medium decreased by
46.0% and 46.7%, respectively. The soil actinomycetes antagonistic potentiality (SAAP) of actinomycetes with antagonistic ef-
fects on the four pathogenic fungi of potato were lower in the rhizosphere of diseased plants than in the rhizosphere of healthy
plants. S. gancidicus and S. galilaeus were found dominant in the rhizosphere of healthy and diseased plants, respectively. In con-
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clusion, the microecology of rhizosphere soil that supports healthy plant growth in the continuous potato field is mainly charac-
terized by: available nutrient combination of abundant P and K with relatively poor N contents; and a larger number of soil ac-
tinomycetes than those of diseased plants, with the numerically dominant actinomycetes showing beneficial antagonistic effect on

several common soil-borne pathogenic fungi.

Keywords: Potato; Continuous cropping; Soil nutrient; Actinomycetes; Microecological mechanism
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Table 1 Content of nutrients in rhizosphere and out-rhizosphere soil in continuous cropping potato fields

P K
H
/ Organic matter P Available P Available K Ammonium N
Plant /Continuous
cropping time Content Measured Content Content Content
O AD (%) 4D (%) B AD (%) B 4D (%) B AD (%)
(g'kg ) value (mg kg™) (mg kg™) (mg kg™)
Rhizosphere soil
2
16.25+0.28 — 8.331+0.05 — 2.58+0.35 — 176.331+6.39 — 4.04+0.17 —
HP/2 year
2 - - - -
18.461+0.43 13.6 824+0.03 -1.0 4.61+0.05 78.6 265.59+0.45 50.6 530+0.08 31.4
DP/2 year
/4
13.18+0.76 — 7.91+0.03 — 8.641+0.25 — 158.3140.03 — 3.61+£0.17 —
HP/4 year
/4 " " . "
12.954+0.52 -1.7 8.15+0.04 3.1 6.06+0.20 -29.9 138.55+0.35 -12.5 4.48+0.04 24.1
DP/4 year
Out-rhizosphere soil
2
16.47+0.26 — 7.461+0.01 — 9.184+0.05 — 276.69+0.03 — 4.4140.54 —
HP/2 year
12 " " " .
16.67+0.38 1.2 7.83+0.09 5.0 421£0.05 -54.1 180.10+1.97 -34.9 341£0.05 -22.7
DP/2 year
/4
13.794+0.83 — 8.301+0.06 — 4.46%0.10 — 166.534+0.13 — 2.50£0.09 —
HP/4 year
/4 " . "
13.36+0.29 -32 8.10£0.01 -2.4 434+0.10 2.5 140.67+1.81 -15.5 4.67+0.79  86.6
DP/4 year
+ ; 0 P<0.05 P<0.01 AD:
; HP: ; DP:

The data in the table are described as mean®SD; “and ~" represent the differences in values between healthy and diseased plants are
P<0.05 and P<0.01, respectively. 4AD: increasing rate of diseased plant compared with healthy plant; HP: healthy plant; DP: diseased plant.
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Table 2 Composition and quantity of actinomycetes in rhizosphere and out-rhizosphere soil in continuous cropping potato fields

/ Total No. of actinomycetes Streptomyce Micromonospora Unidentified actinomycetes

. Plant /continuous
Soil sample

cropping time uantit uantit; uanti uantit 4D
ppIng Quantty 5 gy Y p ey QY p g,y Quantty
(10°CFU g ) (10°CFU g) (10°CFU g ) (10°CFU g ) (%)
1 Gause 1 medium
/2
1.4340.49 — 2.53+0.50 — 2.20+0.20 — 9.60+4.91 —
RS HP/2 year
12 . -
2.09+0.34 45.6 9.13£3.79 260.5 3.87+£0.42 75.9 7.87£3.00 —-18.1
DP/2 year
/2
1.79+0.59 — 3.53+2.69 — 1.87£0.70 — 12.53+5.26 —
ORS HP/2 year
/2
1.314£0.04 -26.8 3.474+042 -1.9 2.93+0.61 56.7 6.73+0.58 -46.3
DP/2 year
/4
4.95+0.59 — 7.13£0.61 — 3.93+1.30 — 38.47+6.00 —
RS HP/4 year
4 - . -
2.42+0.30 -51.1 5.80+2.09 -18.7 0.67£0.50 -83.0 17.73+£2.86 -53.9
DP/4 year
/4
2.64+0.33 — 8.53+3.06 — 0.33+0.42 — 17.53+2.21 —
ORS HP/4 year
/4
2.79+0.36 5.7 8.73+3.51 2.3 0.60+0.00 81.8 18.53+0.12 5.7
DP/4 year
Humic acid medium
2
0.60+0.20 — 6.00+2.00 — 0 0 —
RS HP/2 year
2 . .
1.80£0.72 200.0 17.33%6.11 188.3 0 0.67%1.15 —
DP/2 year
2
2.73£0.61 — 25.33£7.02 — 0 2.00£2.00 —
ORS HP/2 year
2 . B
1.27£0.12 -53.5 11.33£3.06 -55.3 0 1.33+2.31 -335
DP/2 year
/4
4.20+0.53 — 41.334+6.43 — 0 0.67%1.15 —
RS HP/4 year
/4 " *
2.27+0.42 -46.0 22.00+4.00 —46.7 0 0.67%1.15 0.0
DP/4 year
/4
2.3340.70 — 22.67+38.08 — 0 0.67%1.15 —
ORS HP/4 year
/4
2.73£1.10 17.2 27.33£11.02 20.3 0 0 -100.0
DP/4 year
+ ;0T P<0.05 P<0.01 AD:
; HP: ; DP: ; RS: ; ORS:

The data in the table are described as mean+SD; " and ™ represent the differences in values between healthy and diseased plants are
P<0.05 and P<0.01, respectively. 4D: increaseing rate of diseased plant compared with healthy plant; HP: healthy plant; DP: diseased plant;
RS: rhizosphere soil; ORS: out-rhizosphere soil.

) ) 2.3

: : 210 4

29.1%
4 18.6%



2060 39

17.1%; s
13.8% 11.9% ( ,

) 2
3 , 4 , , 4

4 )

(SAAP) 13.3% 26.7%, ,
SAAP 14.7% 26.5%,
; 4 , ,
4 SAAP SAAP

R3 DRERSHEHRRR. RIMLEERNEENERES

Table 3 Soil actinomycetes antagonistic potentiality (SAAP) in rhizosphere soil of healthy or diseased plants in potato fields

/ Intensity of Antimicrobial actions
Soil Plant /continuous Strong Middle Weak
sample cropping time An SAAP (%) A, SAAP (%) A, SAAP (%)
/2 HP/2 year 2 11.8 9 20.5 6 60.0
RS 2 DP/2 year 13 76.5 12 27.3 0 0
2 HP/2 year 0 0 9 20.5 2 20.0
ORS 2 DP/2 year 2 11.8 14 31.8 2 20.0
Total 17 100.0 44 100.0 10 100.0
/4 HP/4 year 4 26.7 9 26.5 1 3.9
RS /4 DP/4 year 2 13.3 5 14.7 11 423
/4 HP/4 year 8 533 13 38.2 3 11.5
ORS /4 DP/4 year 1 6.7 7 20.6 11 423
Total 15 100.0 34 100.0 26 100.0
An: ; SAAP: ; HP: ; DP: ; RS: ; ORS:

A, strain number of one antagonistic actinomycetes antagonized test pathogenic fungi; SAAP: soil actinomycetes antagonistic potenti-
ality; HP: health plant; DP: disease plant; RS: rhizosphere soil; ORS: out-rhizosphere soil.
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Streptomyces pseudogriseolus NBRC 12902T (AB184232)
Streptomyces werraensis NBRC 13404T (AB184381)
Streptomyces rubiginosus KCTC 9042T (AY999810)
G70

23(| Streptomyces gancidicus NBRC 15412T (AB184660)
Streptomyces capillispiralis NBRC 14222T (AB184577)
sarStreptomyces cellulosae NBRC 13027T (AB184265)
Streptomyces minutiscleroticus NBRC 13000T (AB184249)
Streptomyces azureus NBRC 12744T (AB184837)
Streptomyces levis NBRC 15423T (AB184670)
Streptomyces lusitanus NBRC 13464T (AB184424)
Streptomyces prunicolor NRRL B-12281T (DQ026659)

-Streptomyces novaecaesareae NBRC 13368T (AB184357)
Streptomyces aureocirculatusNBRC 13018T (AB184260)
Streptomyces chartreusis NBRC 12753T (AB184839)

Streptomyces phaeoluteigriseus NRRL ISP-5182T (AJ391815)
Streptomyces galilaeus JCM 4757T (AB045878)

G170

Streptomyces bobili JCM 4624T (AB045876)

Streptomyces resistomycificus NBRC 12814T (AB184166)
-Streptomyces pseudovenezuelae NBRC 12904T (AB184233)
Streptomyces alboniger NBRC 12738T (AB184111)

71

100| 29

72

0.005

Bl 1 MBMLEE G70 M GL70 ALK L FH WK
Fig. 1 Phylogenetic tree of dominant actinomycetes strains G70 and G170
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Table 4 Quantity and proportion of dominant actinomycetes in different soil samples

S. gancidicus S. galilaeus
/
Soil sample Plant/c?ntirTuous Quantity Percentage Quantity Percentage Quantity rf:lti-o between
cropping time S. gancidicus and
(10°CFUg™") (%) (10°CFU g™ (%) . galilaeus
RS /2 HP/2 year 0.3%0.3 1.9 1.340.6 8.8 0.2
/2 DP/2 year 0.6+0.2 3.4 2.9+0.4 16.4 0.2
AD (%) 125.0 — 131.6" — —
ORS /2 HP/2 year 0.940.1 42 0.7+0.6 3.2 1.3
/2 DP/2 year 0.3%0.3 2.0 1.740.1 12.7 0.2
AD (%) -69.2° — 150.0° — —
RS /4 HP/4 year 5.6%0.2 11.3 0.9£0.3 1.8 6.4
/4 DP/4 year 23+0.8 8.6 0.6+0.2 2.3 3.8
4D (%) -59.5" — -30.8
ORS /4 HP/4 year 2.74£2.0 11.3 0.5+0.3 2.2 5.2
/4 DP/4 year 2.540.9 8.9 0.7£0.6 2.4 3.7
AD (%) -9.8 — 25.0 — —
+ ;0T P<0.05 P<0.01 AD:

; HP: ; DP: ; RS: ; ORS:
The data in the table are described as mean+SD; “and " represent the differences in values between healthy and diseased plants are
P<0.05 and P<0.01, respectively. AD: increaseing rate of diseased plant compared with healthy plant; HP: health plant; DP: disease plant;
RS: rhizosphere soil; ORS: out-rhizosphere soil.



2062 39
(S. gancidicus) 3.7/1, 2 ,
, (S. galilaeus) 2 (S. gancidicus)
4 s 2 , 4
4 1.4 , (S.
48 2 gancidicus) , 5
4 1.4 24
(S. galilaeus) , 2 5 , (S.
, (S. galilaeus) gancidicus) 40 h
131.6%  150.0%, (R. solani) (F.
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Table 5

Inhibition effect of agar block and culture filtrate of S. gancidicus to four potato pathogenic fungi

Pathogenic fungi

Indicators of inhibition effect
Rhizoctonia solani

Fusarium solani

Fusarium sulphureum

Verticillium dahliae

. . 9.8/+++
Diameter of inhibition zone (mm)

Inhibition rate (%) 249439

7.7++ 7.8/+ 7.3/++

26.9+3.1 9.3%2.0 28.61+7.1

o+ +

+++, ++, and + represent high transparency, semi transparency and slight transparency of inhibition zone, respectively.

Culture filtrate
of 8. gancia

B2 REZRESEHEEMSRERERMABERANIMLEZENEHER
Fig. 2 Colony characteristic of S. gancidicus and Inhibition effect of its agar block and culture filtrate to R. solani

A: ; B~C:

A: colony characteristic of S. gancidicus; B-C: inhibition effect of S. gancidicus’s agar block and culture filtrate to R. solani, respectively.
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