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Effect of mixed-sowing of near-isogenic lines on the clubroot disease controlling
efficiency in rapeseed
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Abstract: The clubroot disease caused by Plasmodiophora brassicae has become a serious threat to rapeseed production in these
recent years. In the previous multi-plot and multi-season field experiments, we found that planting of susceptible and resistant
cultivars (near-isogenic lines) at different proportions could significantly suppress the incidence of the clubroot disease. In order to
explore the preventive and control effect of mix-sowing of susceptible and resistant cultivars on clubroot disease, and identify the
factors affecting mixed sowing. Pot experiments with different distance (0, 2, 4, and 6 cm) between the seeds of the resistant and
susceptible cultivars were set by artificial inoculation at the 7 days after germination in this study. The disease incidence, discase
index and the root biochemical components of rapeseed were measured after forty-two days. The results were as below: (1) the
incidence of the resistant cultivar showed no significant change, while the disease incidence and disease index of the susceptible
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rapeseed cultivars decreased in the mixed-sowing treatment. Further, the disease incidence was significantly influenced by sowing
distance of the two cultivars, which was significantly (P < 0.05) lower than those of the other treatments when mixed-sowed at 0
cm. (2) compared to the single planting, the content of soluble sugar and soluble protein in roots of the mixed-sowing treatment
were significantly (P < 0.05) decreased for the two cultivars, and the content of acid-insoluble lignin was significantly increased in
susceptible cultivar whereas decreased after increasing in resistant cultivar. (3) the results of correlation analysis showed that the
content of soluble sugar and soluble protein were positively correlated with the disease incidence and disease index. The correla-
tion coefficients between disease incidence and soluble sugar and soluble protein content were 0.797 and 0.403, respectively,
meanwhile, the correlation coefficients between disease index and soluble sugar and soluble protein content were 0.822 and 0.509,
respectively. In conclusion, the findings provided a new idea for prevention of clubroot disease in the field production in rapeseed.
Keywords: rapeseed; near-isogenic lines; clubroot disease; sowing distance
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Table 1 Disease incidence and disease index for Huashuang SR and Huashuang 5 in different treatments

SR Huashuang 5R 5 Huashuang 5
P. brassicae Treatment  Disease Disease severity scale Di Disease Disease severity scale
- Orass isease
incidence . incidence Disease index
0 1 2 3 index 0 1 2 3
(%) (%)
2 CK 5.0 ab 57 0 1 2 440 100.0 a 0 0 10 50 945a
T1 33b 58 2 0 0 1.1d 65.0 ¢ 21 24 9 6 333e
Pathotype 2
from Jixi T2 3.3b 58 1 1 0 1.7d 95.0b 3 10 8 39 79.4d
T3 33D 58 0 1 1 2.8¢ 95.0b 3 4 7 46 86.7 ¢
T4 6.7a 56 0 1 3 6.1a 96.7 b 2 4 3 51 90.6 b
Mean 4.0 3.0 88.0 72.5
4 CK 1.7a 59 1 0 0 0.6a 100.0 a 0 0 17 43 90.6 a
T1 1.7a 59 1 0 0 0.6a 62.5d 17 18 5 20 342e
Pathotype 4
from Enshi T2 1.7a 59 1 0 0 0.6a 80.0 ¢ 12 22 9 17 50.6d
T3 1.7a 59 1 0 0 0.6 a 81.7¢ 11 17 8 24 583 ¢
T4 0.0b 60 0 0 0 0.0a 91.7b 5 16 7 32 70.0 b
Mean 1.3 0.5 79.0 533
CK: ;TL T2 T3 T4 0 2 4 6cm4 P <0.05

CK: mono-cultivar; T1, T2, T3, and T4 mean four mixed sowing distance of 0, 2, 4, and 6 cm, respectively. Means followed by different
lowercase letters in the same column are significantly different at the 0.05 probability level.
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Table 2 Disease incidence and disease index of Bing 409R and Bing 409 in different treatments

409R Bing 409R 409 Bing 409
P brassicae  Treatment .Dl.sease Disease severity scale Disease Disease Disease severity scale Disease
incidence . L. .
1 2 3 index incidence (%) 0 1 2 3 index
(%)
2 CK 167 a s1 0 4 5 128a 833a 10 8 12 30 678a
TI 150a 51 2 5 2 100c 70.0 ¢d 18 9 11 17  483d
Pathotype 2 ™ 16.7 a 50 4 3 3 106¢ 733 ¢ 6 9 7 28 S8lc
from Lizhou
e 150a 51 2 4 3 106¢ 783 b 13 7 14 26  628b
T4 167 a 50 3 3 4 117b 80.0 b 12 6 10 32 678a
Mean 15.9 10.7 75.4 59.3
4 CK 83a 55 3 0 2 50a 100.0 a 0 3 10 47 9lla
T1 5.0b 57 2 1 0 22¢ 433 49 1 16  328d
Pathotype 4 ™ 67ab 56 1 2 1 440 483 cd 31 12 8 9 306d
from Shexian
e 83a 55 1 4 0 50a 50.0 be 30 6 11 13 372¢
T4 83a 55 1 4 0 50a 51.7b 29 4 8 19 428b
Mean 7.1 42 483 35.9
CK: STI T2 T3 T4 0 2 4 6cm4 P <0.05

CK: mono-cultivar; T1, T2, T3, and T4 mean four mixed sowing distance of 0, 2, 4, and 6 cm, respectively. Means followed by different
lowercase letters in the same column are significantly different at the 0.05 probability level.
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Table 3 Root biochemistry components variation of Huashuang SR and Huashuang 5 in different treatments

Soluble sugar (mg g™") Soluble protein (mg g')  Acid soluble lignin (%)  Acid insoluble lignin (%)
5R SR SR 5R

P brassicae Distance Huashuang > Huashuang 8 Huashuang 8 Huashuang >
SR Huashuang 5 - Huashuang 5 - Huashuang 5 SR Huashuang 5

2 NI 37.01 a 25.60 ¢ 487 ¢ 2.67 ¢ 1.86 b 126 ¢ 19.57a 18.99a
Pathotype2 CK 12.45b 4598 b 7.16 b 8.90 ¢ 1.17 be 1.90 be 1634 b 17.92b
from Jixi T1 12.81b 26.82 ¢ 3.97d 4.504d 134bc  2.00b 1841 a 15.80 ¢
T2 12.13 b 54.64 a 415c¢d  12.70b 293 a 2.87a 1472 ¢ 1541 ¢
T3 10.04 ¢ 5528 a 3.79d 19.70 a 2.98 a 3.28a 1524 ¢ 1543 ¢
T4 7.95d 55.84 a 9.43a 20.81 a 3.04 2 3.17a 13.65d 1543 ¢
4 NI 37.01 a 25.60 d 4.87d 2.67 ¢ 1.86 b 1.26 de 1957 a 18.99a
Pathotype 4 CK 27210 4385a 10.81a 12.05a 1.63 b 1.63 cd 1730 b 18.16 b
from Enshi Tl 20.68 ¢ 17.40 ¢ 6.77 ¢ 2.80d lllc 2.11 be 17.60 b 18.13 b
T2 15.07d 33.26¢ 8.63 b 530 ¢ 276 a 2.79b 16.08 ¢ 1521 ¢
T3 1091 e 3540 b 8.99 b 5.06 ¢ 2.75a 3.56a 15.78 ¢ 1593 ¢
T4 7.01 f 36.78 b 9.30 b 7.49 b 2.90a 3.74 a 14.43 d 1545 ¢

NI: ; CK: ;T T2 T3 T4 0 2 4 6cm4 P<0.05

NI: not inoculation; CK: mono-cultivar; T1, T2, T3, and T4 mean four mixed sowing distance of 0, 2, 4, and 6 cm, respectively. Means fol-
lowed by different lowercase letters in the same column are significantly different at the 0.05 probability level.
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Table 4 Root biochemistry components of Bing 409R and Bing 409 in different treatments

Soluble sugar (mg g™') Soluble protein (mg g')  Acid soluble lignin (%) Acid insoluble lignin (%)

P. brassicae Distance 409R 409 409R 409 409R 409 409R 409
Bing 409R Bing 409 Bing 409R  Bing 409 Bing 409R Bing 409 Bing 409R  Bing 409
2 NI 33.46 a 35.64 d 3.22d 8.30 ab 1.87 be 1.50d 1573 a 16.10 a
Pathotype 2 from CK 31.69 b 55.76 a 9.37a 535¢ 2.50 ab 3.14a 14.76 b 13.44d
Lizhou Tl 16.10 ¢ 25.90 f 6.59 ¢ 8.64 ab 1.32¢ 1.61d 15.83 a 15.00 b
T2 15.83 cd 3238 8.34b 8.90 a 2.48 ab 3.04a 14.00 b 13.55d
T3 14.51d 43.26 ¢ 8.68b 973 a 2.80 a 235bc  1443b 14.98 b
T4 14.074d 50.71 b 7.13 be 9.39a 292a 2.83ab  10.66¢c 14.26 ¢
4 NI 33.46a 35.64 ¢ 3.22d 8.30b 1.87b 1.50 ¢ 15.73 b 16.10 a
Pathotype 4 from CK 16.82b 66.57 b 523bc 1550 a 322a 274ab  15.44b 15.17b
Shexian T1 16.27b 39.60 d 3.42d 8.87b 1.86 b 1.52¢ 16.45 a 14.67b
T2 15.68 ¢ 48.43 ¢ 5.75b 483 ¢ 3.15a 33la 13.88 ¢ 1228 ¢
T3 12.55d 49.88 ¢ 1133 a 3.54d 3.15a 27lab  11.09d 10.79d
T4 11.50 ¢ 76.25 a 2.99d 2.54d 344a 321a 11.57d 11.83 ¢

NI: ; CK: ;T1 T2 T3 T4 0 2 4 6cm4 P<0.05

NI: not inoculation; CK: mono-cultivar; T1, T2, T3, and T4 mean four mixed sowing distance of 0, 2, 4, and 6 cm, respectively. Means fol-
lowed by different lowercase letters in the same column are significantly different at the 0.05 probability level.

, , 3 i
3.1
' 2
, SR
«C ) ; ’ ’
409R () , ’ ’
: 50( ) 409 ( € ) ’ :
) , 2 ;
, , C )
3.2
b ( 5) b

£S5 BEMEREANSSRFBERFBIEREHBXIED T

Table 5 Correlation analysis among the root biochemistry components, disease incidence and disease index after inoculation

Parameter Soluble sugar Soluble protein Acid soluble lignin ~ Acid insoluble lignin Total lignin
Disease incidence 0.797" 0.403" 0.177 0.089 0.165
Disease index 0.822" 0.509" 0.176 0.074 0.164
” 0.01 n =140, Rops=0.312, Roo1 = 0.403.

" indicate significantly different at the 0.01 probability level. n =40, Ry os= 0.312, Ry = 0.403.
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