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ABSTRACT: The rice root-knot nematode (RKN), Meloidogyne graminicola, is a major causative agent to rice
production in Southeast Asia. The objective of this study was to investigate the effect of initial population density
(Pi = 0.01, 0.02, 0.1, 0.2, 1 and 10 infective second-stage juveniles (j2)/1 g soil) of RKN inoculated at different ages
(0, 10,30, 60 and 90 days after planting (dap)) of the rice cultivars RD33 on the growth (plant height, no. of
tillers/plant, shoot weight, days to 100% flowering, total chlorophyll), yield (grain yield/plant, no. of filled
grains/panicle, no. of unfilled grains/panicle, no. of panicles/plant and panicle lengths/plant) and disease severity
(galling index, no. of eggs/g root, no. of infective second-stage juvenile of RKN (J2)/g root and no. of J2/g soil and
reproductive factor). The result indicated that Pi and plant age of nematode infection were correlated to growth,
yield and disease severity of RD33. The Pi of 10 J2/g infected 10 dap rice showed the most yield loss up to
77.79%.
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Table 1 Pearson correlation analysis (2-tailed) between the 15 parameters and initial population density and plant

age at the time of inoculation

Correlation with

Parameter Pi Plant age
Plant height (cm) 0.036 0.083
Number of tillers/plant -0.182* 0.163*
Shoot weight (g) 0.271* 0.158*
Days to 100% flowering -0.068 -0.361*
Total chlorophyll (mg/g) -0.160% -0.034
Yield/plant (g) -0.215* 0.205*
No. of panicles/plant -0.214% 0.192*
No. of filled grains/panicle -0.248* -0.062
No. of unfilled grains/panicle -0.285* 0.098
Panicle lengths/plant (cm) -0.125 -0.124
Root galling index 0.145* -0.915*
No. of J2/g root -0.001 -0.844*
No. of eggs/g root 0.069 -0.881*
No. of J2/g soil 0.139* -0.279*
Reproductive factor -0.304* -0.265*

* Correlation is significant at P < 0.05.

dmsunansznuessziuiuUsrnsBuduvedldifeules nuunazenguesilegnldifeudssidn vinanesio
nswasapiulanui Armgs Sunudu tndinan Sutufuiitouniss 100% wasUiinueaslsfiadanas 9.78 - 24.21,
22.33-52.93, 18.93-34.23, 4.51-5.08 uag 12.80-58.00% n1ua16u (Table 2) Inn1siasgytAvlnvosdudinazlasu
nansEnugegaliloszAuTuIuYszaInsSuduvedldideudessinuy 10 f/Au 1 n. Wvhatedudnieny 10 fu
(Figure 1)

Figure 1 Effect of initial population of 10 J2/g soil inoculated at different ages of days after planting (dap) of plant
height at 120 day; A: control, B: 0 dap, C: 10 dap, D: 30 dap, E: 60 dap wag F: 90 dap.
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Table 2 Effect of initial population density (Pi) of Meloidogyne eraminicola and plant ages at time of inoculation

(days after planting; dap) on plant growth parameters of RD33

Pi DAP  Plant height (cm) v No. of Shoot weight (g) ¥ Days to 100% Total
(J2/ g soil) tillers/plant? flowering!/ chlorophyll
(mg/g) ¥
control - 132.53 + 4.86 a 12,14 + 1.07 a 200.71 £ 11.54 a 76.00 + 0.58 d-¢g 3.74 £ 0.22 a
0.01 0 115.16 + 5.88 b-f 7.86 + 1.46 c-h 162.71 + 5.75 b-d 7743 + 098 a-e 2.38 + 0.09 d-h
0.02 0 111.13 + 5.31 b-h 7.43 +0.79 d-h 159.64 + 10.12 b-¢g 77.43 + 0.98 a-e 2.70 + 0.38 b-f
0.1 0 105.41 + 4.82 e-h 771+ 111 d-h 160.36 + 11.98 b-g 7743 + 098 a-e 226 + 0.17 d-i
0.2 0 103.49 + 10.5 f-h 9.57 + 1.40 a-e 141.57 + 12.6 d-h 79.71 + 0.76 ab 2.48 + 0.27 c-g
1 0 106.97 + 5.63 d-h 7.14 + 1.07 e-h 134.57 + 7.02 ¢h 78.29 + 0.76 a-d 1.84 + 0.47 h+j
10 0 100.44 + 6.33 h 571 +0.76 h 132.00 + 6.26 h 79.43 + 1.27 a-c 217 +0.49 e
0.01 10 116.00 + 5.00 b-e 8.43 + 0.79 b-g 151.79 + 16.47 d-h  76.29 + 0.76 d-¢ 3.08 +0.39 bc
0.02 10 112.77 + 6.48 b-g 9.00 + 1.00 b-f 144.43 + 14.84 d-h  76.43 + 0.79 d-¢ 2.77 + 0.36 b-e
0.1 10 109.77 + 6.22 b-h 10.00 + 0.58 a-d 148.29 + 13.22d-h  77.43 £ 0.98 a-e 237 £ 0.16 d-h
0.2 10 101.61 + 2.49 gh 7.43 +0.53 d-h 136.14 + 6.96 e-h 79.71 £ 1.38 ab 2.20 £ 0.28 d+j
1 10 111.37 + 1256 b-h  6.14 + 1.07 ¢h 13557 + 11.05 f-h 7771 £ 0.76 a-e 1.57 +0.24 j
10 10 116.6 + 5.27 b-e 6.57 + 1.27 f-h 145,93 + 7.97 d-h 79.86 + 1.46 a 1.65 + 0.22 jj
0.01 30 118.24 + 6.14 b-d 771+ 111 d-h 158.21 + 12.71 c-h 76.43 £ 257 d-g  2.25+ 0.26 d-i
0.02 30 113.39 + 3.69 b-g 7.43 + 0.98 d-h 155.00 + 3.06 d-h 76.71 + 1.25 c-g 249 + 0.19 c-g
0.1 30 113.03 + 4.59 b-g 757 + 1.13 d-h 154.64 + 20.54 d-h 7557 £ 2.15d-¢  2.05+0.13 g
0.2 30 108.14 + 3.39 c-h 8.57 + 1.13 b-g 149.21 + 7.68 d-h 76.86 + 1.07 b-f  2.10 £ 0.18 f+j
1 30 108.60 = 8.21 c-h 771+ 111 d-h 156.00 + 16.90 d-h  76.43 £ 0.79d-¢ 203 +0.12 g
10 30 113.24 + 2.82 b-g 9.43 + 2.64 b-e 14550 + 19.70 d-h 7557 £ 2.15d-¢ 215+ 0.48 e
0.01 60 119.20 + 6.78 b-d 10.43 £ 0.79 a-c 185.86 + 12.57 ab 76.57 + 0.98 c-g 2.63 +0.33 b-g
0.02 60 11491 + 5.3 b-f 11.00 + 0.82 ab 166.64 + 19.04 b-d  76.29 + 0.76 d-¢ 271 + 0.40 b-f
0.1 60 116.57 + 4.65 b-e 8.86 + 1.07 b-f 159.93 + 8.69 b-g 76.57 + 0.98 c-g 253 +0.28 c-g
0.2 60 114.49 + 6.69b-f 8.57 + 1.13 b-g 15321 + 1278 d-h  75.29 + 1.89 e-g 242 +0.31 d-h
1 60 118.77 + 5.41b-d 8.14 + 2.19 c-h 150.29 + 1346 d-h  73.86 + 2.67 ¢ 237 +£0.21 d-h
10 60 114.37 + 5.98 b-f 8.86 + 1.68 b-f 150.86 + 10.64 d-h  74.43 + 3.31 fg 2.65 + 0.51 b-¢g
0.01 90 121.86 + 5.24 ab 9.86 + 2.19 a-d 183.86 + 17.87 a-c 77.14 £ 1.07 a-f 3.26 +0.15 ab
0.02 90 116.14 + 2.41 b-e 9.57 £ 0.53 a-e 161.43 + 9.87 b-f 77.14 £ 1.07 af 2.26 + 0.37 d-i
0.1 90 108.14 + 5.93 c-h 8.86 + 1.35 b-f 154.00 + 5.92 d-h 76.57 + 0.98 c-g 2.40 + 0.41 d-h
0.2 90 118.14 + 6.36 b-d 9.14 + 0.90 b-f 162.29 + 17.02 b-e  76.57 + 0.98 c-¢ 2.45 + 0.21 c-h
1 90 117.86 + 5.61 b-d 8.29 + 1.38 c-h 151.29 + 1396 d-h  76.86 + 1.07 b-f 3.06 + 0.23 bc
10 90 119.57 + 5.13 bc 8.86 + 1.21 b-f 148.07 + 15.63 d- 77.00 + 1.00 a-f 2.83 + 0.32 b-d

YAverage + SD (n = 10) and different letters in the same column represent significant differences among

treatments (Tukey’s test, P < 0.05)

WieAnwinansenuressrAuTuulsznnssuduvedldifieulossinuy M. sraminicola i ogdallagnldifiou
dogidvhanedonandn wuiiminnandnanas 30.73-77.79% F1uIuMaAaY 26.74-57.73% S1uiuuinfianas 32.21-

78.74% WaYIIUILLARAUINTY 68.56-149.31% (Table 3) WlsUSsuifisufiududnunailildldinoudes Tne Aanw
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Figure 2 Relationship between initial population densities (Pi) of M. graminicola and the relative grain yield of
RD33. Markings: plus, dot, fill square, triangle and cross are plants that were inoculated with the

nematode at 0, 10, 30, 60 and 90 days after planting (dap), respectively.
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Table 3 Effect of initial population density (Pi) of Meloidogyne graminicola and plant ages at time of inoculation

(days after planting; dap) on on yield of RD33

Pi DAP  Yield/plant (g) v No. of No. of filled No. of unfilled Panicle length
2/ g soil) panicles/plant”  grains/panicle” grains/panicle s/plant (cm)

control - 19.36 + 2.11 a 10.14 + 0.69 a 9490 £ 7.10 a 36.52 + 5.69 k 26.79 + 0.94 ab
0.01 0 587 + 1.44 e-g 7.00 + 1.15 b-h 2755+ 6.77 e-g 71.62 + 8.06 a-i 26.00 + 2.09 ab
0.02 0 4.62+0.73 ¢ 771 £ 1.11 a-¢ 2169 + 344 ¢ 73.52 + 6.54 a-h 25.71 + 0.58 ab
0.1 0 6.17 + 1.39 e-g 857 + 151 ad 28.96 + 6.52 e-g 79.33 + 12.02 a-f 24.29 + 1.25 a-c
0.2 0 556 +2.24 fg 6.43 + 0.98 c-i 20.21 +4.09 ¢ 82.14 + 8.37 a-e 24.20 + 1.68 a-c
1 0 493 + 1.21 fg 7.00 + 1.83 b-h 26.10 + 10.49 fg 67.09 + 7.53 ¢ 2590 + 2.77 ab
10 0 431 +0.87¢ 5.14 + 0.90 g-i 23.14 £ 571 f¢g 62.14 + 4.58 e-j 23.43 + 1.78 bc
0.01 10 8.67 + 0.89 c-g 7.14 + 1.21 b-h 40.70 £ 4.18 c-g 78.86 + 4.40 a-f 24.29 + 2 a-c
0.02 10 7.29 + 1.46 c-g 5.86 + 0.69 e-i 34.23 + 6.85 c-g 69.95 + 10.90 b-i 25.84 + 2.06 ab
0.1 10 7.46 + 2.37 c-g 7.86 + 1.07 a-f 3502 +11.13¢c-¢  90.72+ 1530 a 23.57 + 1.69 bc
0.2 10 6.00 + 2.55 e-g 514 £ 1.77 gi 28.14 + 11.99 e-g 86.86 + 10.18 a-c 24.03 + 1.34 a-c
1 10 451 +139¢ 4.29 + 049 i 21.18 + 6.54 ¢ 64.24 + 583 d+j 2359 + 2.3 bc
10 10 430+ 151¢g 457 £ 0.53 hi 20.17 £ 7.08 g 66.90 + 7.45 ¢ 2390 + 093 a-c
0.01 30 8.32 + 1.81 c-g 7.00 + 0.58 b-h 39.06 + 8.51 c-g 90.48 + 10.91 ab 24.83 + 1.06 a-c
0.02 30 5.44 + 2.30 fg 5.29 + 1.50 f-i 2553 + 10.79 fg 91.05+ 1731 a 2520 + 1.27 a-c
0.1 30 8.02 + 2.89 c-g 9.43 + 2.51 ab 37.62 + 1356 c-g  90.05 + 11.36 ab 24.64 + 2.49 a-c
0.2 30 7.89 + 2.90 c-g 5.86 + 1.07 e-i 37.04 + 1359 c-¢ 84.05 + 4.74 a-d 22.10 + 0.44 c

1 30 8.36 + 2.93 c-g 6.00 + 1.73 d-i 39.23 +1375¢c-¢  79.52 +10.02 a-f  23.87 + 2.10 a-c
10 30 6.60 = 1.64 d-g 7.14 + 1.35 b-h 31.00 £ 7.71 d-g 60.43 + 3.06 f-j 23.86 + 1.86 a-c
0.01 60 11.28 + 2.61 bc 757 + 1.40 a-g 52.92 + 12.22 bc 51.14 + 13.24 ik 27.01 +0.57 a
0.02 60 9.29 + 2.96 b-f 7.14 + 0.90 b-h 43.59 + 13.9 b-f 70.62 + 13.44 a-i 25.54 + 1.53 ab
0.1 60 10.41 + 1.63 b-e  8.86 + 1.46 a-C 48.83 + 7.65 b-e 75.33 + 4.58 a-g 23.94 + 2.66 a-c
0.2 60 10.19 £ 0.76 b-e  6.00 + 1.00 d-i 47.82 + 3.58 b-e 73.67 + 10.46 a-h 23.57 + 2.44 bc
1 60 7.26 + 2.95 c-fg 8.29 + 1.25 a-e 34.09 + 13.87 c-.¢  74.00 + 12.5 a-h 24.81 + 1.24 a-c
10 60 747 +2.15 c-g 5.86 + 0.69 e-i 35.06 + 10.11 c-g 62.38 + 3.56 e 23.86 + 1.52 a-c
0.01 90 1341 +220 b 8.29 + 0.95 a-e 62.93 + 10.34 b 48.43 + 10.48 jk 24.07 + 1.30 a-c
0.02 90 13.71 £ 255 Db 9.57 + 1.72 ab 64.33 + 11.97 b 55.00 + 9.84 ¢-k 24.13 + 0.92 a-c
0.1 90 1343 +4.79 b 8.57 + 1.27 ad 63.03 + 22.50 b 64.43 + 13.54 d+j 2533 + 0.23 a-c
0.2 90 11.26 + 2.39 bc 7.43 + 1.90 b-g 52.83 + 11.22 bc 60.10 + 3.40 f+j 24.60 + 1.64 a-c
1 90 11.06 + 1.87 b-d  7.57 + 1.13 a-g 51.92 + 8.80 b-d 7272 + 1781 a-h  24.63 + 0.51 a-c
10 90 10.18 £ 274 b-e  7.00 + 0.82 b-h 47.76 + 12.86 b-e  54.48 + 9.50 h-k 2559 + 1.28 ab

YAverage + SD (n = 10) and different letters in the same column represent significant differences among

treatments (Tukey’s test, P < 0.05)
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Table 4 Effect of initial population density (Pi) of Meloidogyne graminicola and plant ages at time of inoculation

(days after planting; dap) on disease severity of RD33

o

v

Pi dap Root galling No. of eggs/g root" No. of J2/g root! No. of J2/g Reproductive factor ¥/

U2/ g soil) index ¥/ soil
0.01 0 4.57 + 0.53 ab 22952.38 + 3267.00 b-f 11000.00 + 4038.00 c-e 2.50 + 0.68 3395.49x10% + 643.85 b
0.02 0 4.57 + 0.53 ab 19500.00 + 5318.55 d-g 12047.60 + 4067.40 b-d 2.18 £ 0.83 1577.49%10° + 389.84 d
0.1 0 4.43 £ 0.53 a-c 20857.14 + 4834.70 c-f 12357.10 + 3966.80 b-d 2.58 + 0.84 332.17x10° + 81.83 f-h
0.2 0 4.86 +0.38 a 25285.71 + 4054.85 a-d 12190.50 + 3006.80 b-d 3.01 +0.47 187.40x10° + 21.07 f-h
1 0 5.00 £ 0.00 a 26476.19 + 4344.46 a-c 11714.30 + 1609.30 b-d 3.13 £ 0.44 38.19x10° + 4.81 f-h
10 0 5.00 £ 0.00 a 28595.24 + 4739.37 ab 10952.40 + 1985.40 c-e 2.99 + 0.50 3.95%x10° + 0.33 h
0.01 10 4.29 £ 0.76 a-c 29738.10 + 3558.84 a 15571.40 + 1742.30 ab 2.22 +0.50 4531.18x10° + 355.45 a
0.02 10 4.71 £ 0.49 ab 20404.76 + 4207.42 c-f 14333.30 + 3153.50 a-c 2.01 +£0.43 1737.01x10° + 207.76 d
0.1 10 486 +0.38 a 18761.91 + 2058.98 e-g 17500.00 + 1726.70 a 221 +0.47 362.64x10° + 32.81 fg
0.2 10 486 +0.38 a 25809.52 + 3731.04 a-d 10119.00 + 3167.70 c-f 2.24 +0.27 179.66x10° + 31.41 f-h
1 10 5.00 £ 0.00 a 20571.43 + 3220.10 c-f 7166.70 + 3104.70 e-h 2.56 £ 0.33 27.74x10° + 3.45 gh
10 10 5.00 £ 0.00 a 26714.29 + 3915.44 a-c 10738.10 + 3027.40 c-e 2.39 + 0.62 3.74x10° + 0.31 h
0.01 30 371 +£0.76 b-e 22500.00 +2654.49 b-f 5952.40 + 1413.30 f-i 2.85 £ 0.46 2845.53%x10° + 339.64 C
0.02 30 343 £ 0.79 ce 18285.71 + 1978.39 fg 4857.10 + 969.10 g-j 2.69 +0.32 1157.28x10° + 116.81 e
0.1 30 3.00 + 0.58 d-f 23904.76 + 4264.25 a-f 433330 + 1496.90 h-k 238 +0.27 282.40x10° + 43.75 f-h
0.2 30 4.00 + 0.82 a-d 23047.62 + 3412.55 b-f 10809.50 + 1834.40 c-e 3.26 + 0.59 169.30x10° + 23.47 f-h
1 30 4.29 +0.49 a-c 25119.05 + 1899.60 a-e 10119.00 + 2231.30 c-f 291 +0.46 35.24x10% + 3.62 f-h
10 30 4.57 + 0.53 ab 23904.76 + 6519.10 a-f 8738.10 + 2795.30 d-g 3.11+0.92 3.26x10° + 0.7 h
0.01 60 1.71 + 0.49 h+j 2238.10 + 774.94 j 1571.40 + 629.90 jk 1.39 + 0.34 381.09x10° + 110.32 f
0.02 60 1.86 + 0.69 g-i 2285.71 + 643.45 j 1381.00 + 487.90 jk 1.59 + 0.46 183.41x10° + 49.08 fgh
0.1 60 1.71 + 0.49 h+j 3666.67 + 763.76 j 1761.90 + 615.10 i-k 1.65 + 0.69 54.30x10° + 9.22 fgh
0.2 60 2.29 + 0.95 f-h 13452.38 + 2362.35 gh 2619.00 + 826.20 i-k 2.18 £ 0.62 80.37x10% + 9.09 fgh
1 60 2.86 + 0.69 e-g 10761.90 + 3933.30 hi 2523.80 + 1123.9 i-k 221 +0.75 13.29%10° + 4.37 gh
10 60 3.14 + 0.69 d-f 4500.00 + 1194.12 jj 3476.20 + 830.20 h-k 191 + 0.64 0.80x10° + 0.19 h
0.01 90 0.71 £ 0.49 j 29991 + 267.94 j 285.70 + 208.90 k 1.77 £ 0.51 58.74x10° + 33.87 f-h
0.02 90 0.86 + 0.38 ij 220.71 + 145.46 j 266.00 + 261.70 k 2.65 +0.42 24.47x10% + 17.56 gh
0.1 90 0.86 + 0.38 jj 153.33 £ 96.30 j 181.00 + 24.40 k 2.08 + 0.68 3.36x10° + 0.86 h
0.2 90 1.00 + 0.00 ij 24524 + 179.17 j 323.80 + 135.40 k 248 + 0.63 2.86x10° + 1.13 h
1 90 1.14 + 0.38 ij 1142.86 + 390.02 j 666.70 + 372.70 jk 2.05 +0.62 1.81x10% + 0.65 h
10 90 1.29 + 0.49 h+j 714.29 + 356.35 ] 571.40 + 317.10 jk 2.53 +0.60 0.13 x10° + 0.05 h

YAverage + SD (n = 10) and different letters in the same column represent significant differences among

treatments (Tukey’s test, P < 0.05)
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Figure 3 Non-metric multidimensional scaling (NMDS) using Bray - Curtis dissimilarities for 15 parameter of initial

population densities (Pi) and plant age of RD33. Markings: plus, dot, fill square, triangle, cross and oval are
plants that were inoculated with the nematode at 0, 10, 30, 60, 90 days after planting and non-inoculated

plants (control), respectively.
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