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Effect of Green Manure Crop Cultivation on Soil Chemical Properties and
Root Rot Disease in Continuous Cropping Field of Ginseng
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Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Some plants have harmful effects on fungi and bacteria as well as other plants. Incorporating such plant into soil as
green manure is effective in reducing population densities of soil pathogens.

Methods and Results: Twenty-three species of green manure crops were cultivated after the harvest of 6-year-old ginseng and then
incorporated into the soil at the flowering stage. The following year, the root rot ratio of 2-year-old ginseng and soil chemical prop-
erties were investigated. In the absence of green manure addition, the NO; content, electric conductivity (EC), and K content
decreased by 95%, 79% and 65%, respectively. In the presence of green manure addition, P,O5 and NO; contents reduced by 41%
and 25%, respectively. The “survived root ratio” of 2-year-old ginseng significantly increased by 56.2%, 47.5%, and 47.3%, in the
Sorghum sudanense, Ricinus communis and Helianthus tuberosus treatment, respectively. In addition, there was a significant
increase in the “survived root ratio” in the Secale cereale, Chrysanthemum morifolium, Atractylodes macrocephala, and Smallan-
thus sonchifolius treatments. The “survived root ratio” of ginseng showed a significant positive correlation with the soil pH and a

negative correlation with the NO; contents, and EC.

Conclusions: Cultivation of plant form the Chrysanthemum family as green manure, using mainly the rhizomes was effective for

the control of root rot disease of ginseng.
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Table 1. Growth characteristics and biomass of green manure crops cultivated in field harvested 6-year-old ginseng.

C Flowering ~ Plant height ~ Moisture Fresh-weight of  Dry-weight of
reen manure crops date (cm) contents (%) top part top part
(kg/10 a) (kg/10 a)
1. Sorghum sudanense Staff 7.16 181.5 52.8 9,363(100) 4,419(100)
2. Hordeum vulgare L. 5.10 69.8 48.6 2,081(22) 1,069(24)
3. Secale cereale subsp. cereals 5.10 105.5 44.8 1,511(16) 834(19)
4. Lolium multiflorum Lam. 6.30 86.3 61.6 2,849(30) 1,094(25)
5. Raphanus sativus L." 6.15 151.8 84.0 15,902(170) 2,544(58)
6. Chrysanthemum coronarium L. 6.17 135.3 69.5 6,242(67) 1,904(43)
7. Helianthus annuus L. 7.1 164.3 66.9 10,007(107) 3,312(75)
8. Ricinus communis sp. L. 6.10 157.8 68.0 7,794(83) 2,494(56)
9. Crotalaria juncea L. 7.20 154.8 70.4 4,409(47) 1,305(30)
10. Lactuca sativa cv. Cheongchukmyon 7.22 107.5 70.2 7,926(85) 2,322(53)
11. Lactuca sativa cv. Jeokchima 7.22 108.0 68.7 9,115(97) 2,853(65)
12. Lactuca sativa cv. Jeokchukmyon 8.1 88.3 63.4 2,626(28) 961(22)
13. Lactuca sativa cv. Cheongchima 8.1 101.3 67.7 4,260(45) 1,376(31)
14. Cassia tora L. 7.22 177.0 66.1 5,152(55) 1,747(40)
15. Helianthus tuberosus L. 9.3 162.5 53.7 8,248(88) 3,819(86)
16. Tanacetum vulgare L. 8.11 119.8 55.9 5,648(60) 2,491(56)
17. Cichorium intybus L. var. sativus 7.10 17.5 69.2 3,220(34) 992(22)
18. Cichorium intybus L. var. foliosum cv. Rosaitaliana 7.14 48.9 65.8 5,152(55) 1,762(40)
19. Chrysanthemum morifolium Ram. 10.5 57.3 63.5 5,152(55) 1,881(43)
20. Paeonia lactiflora Pall.? 5.20 31.5 65.6 361(4) 185(4)
21. Curcuma longa L. 9.16 120.8 74.4 5,350(62) 2,750(57)
22. Atractylodes macrocephala Koidzumi? 9.15 52.3 37.2 1412(16) 726(15)
23. Smallanthus sonchifolius H. Robinson? 9.16 71.5 64.9 4,682(54) 2,406(50)
LSDY (5%) - 13.65 3.84 4093.4 859.0

Motal weight of aboveground and underground part. ?Fresh and dry weight of rhizome per 10 a were Paeonia; 1,604, 824, Curcuma; 5,078,
2,610, Atractylodes; 2,873, 1,477, Smallanthus; 6,145, 3,298 kg, respectively. LSD; Least significant difference test.
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Table 2. Changes of soil chemical properties by the cultivation of green manure crops before incorporating the plants into soil in field
harvested 6-year-old ginseng.

Green manure pH EC OM NO; P,Os Ex. Cation (cmol "/kg)
crops (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg Na
Control 5.45(100)  1.77(100)  15.6(100)  137.6(100) 183(100)  0.38(100) 4.47(100)  1.38(100)  0.19(100)
1" 6.08(112)  0.28(16) 17.0(109)  00.7(1) 123.6(68)  0.07(18) 3.68(82) 1.02(74) 0.24(126)
2 5.97(110)  0.73(41) 16.8(108) 12.709) 169(92) 0.19(50) 4.00(89) 1.14(83) 0.25(132)
3 5.88(108)  0.58(33) 14.9096) 6.4(5) 181.6(99)  0.25(66) 3.47(78) 1.04(75) 0.21(111)
4 5.83(107)  0.30(17) 15.8(101) 0.89(1)  139.0(76)  0.10(26) 3.38(76) 1.09(79) 0.17(89)
5 5.35(98) 0.53(30) 13.7(88) 34.3(25) 104.9(57) 0.18(47) 3.07(69) 0.96(70) 0.14(74)
6 5.34(98) 0.38(21) 13.1(84) 9.9(7) 143.1(78)  0.11(29) 2.93(66) 0.89(64) 0.10(53)
7 5.82(107)  0.30(17) 14.7(94) 1.4(1) 112.8(62)  0.04(11) 3.12(70) 0.92(67) 0.21(111)
8 6.06(111)  0.30(17) 14.8(95) 0.8(1) 111.8(61)  0.10(26) 3.46(77) 1.06(77) 0.28(147)
9 5.60(103)  0.36(20) 15.13(97) 4.3(3) 143.979)  0.14(37) 2.98(67) 0.85(62) 0.19(100)
10 5.32(98) 0.26(15) 12.1(78) 3.2(2) 108.6(59)  0.09(24) 2.83(63) 0.83(60) 0.12(63)
11 5.40(99) 0.32(18) 13.0(83) 3.002) 151.0(83)  0.09(24) 2.94(66) 0.88(64) 0.14(74)
12 5.18(95) 0.37(21) 13.9(89) 7.5(5) 114.3(62)  0.10(26) 2.74(61) 0.85(62) 0.13(68)
13 5.40(99) 0.35(20) 14.1(90) 4.7(3) 119.7(65)  0.11(29) 3.08(69) 0.91(66) 0.14(74)
14 5.77(106)  0.32(18) 15.8(101) 2.2(2) 150.8(82)  0.17(45) 3.31(74) 0.94(68) 0.21(111)
15 5.92(109)  0.27(15) 16.6(106) 1.0(1) 176.7(97)  0.09(24) 3.45(77) 1.08(78) 0.22(116)
16 5.40(99) 0.78(44) 12.6(81) 29.7(22) 92.1(50)  0.07(18) 3.33(74) 1.08(78) 0.24(126)
17 5.33(98) 0.29(16) 11.3(72) 7.5(5) 145.2(79)  0.18(47) 2.89(65) 0.88(64) 0.11(58)
18 5.45(100)  0.26(15) 9.9(63) 4.3(3) 113.5(62)  0.09(24) 3.01(67) 0.94(68) 0.09(47)
19 5.82(107)  0.25(14) 11.37(73) 1.1(1) 137.5(75)  0.09(24) 3.16(71) 1.03(75) 0.19(100)
20 5.43(100)  0.35(20) 12.5(80) 9.7(7) 150.9(82)  0.28(74) 3.07(69) 1.05(76) 0.15(79)
21 6.05(111)  0.22(12) 16.24(104) 0.66(0) 204.8(112) 0.13(34) 3.53(79) 0.91(66) 0.15(79)
22 6.01(110)  0.51(29) 14.24091) 2.60(2) 162.4(89) 0.17(45) 3.85(86) 1.17(85) 0.31(163)
23 6.23(114)  0.30(17) 13.07(84) 0.96(1) 163.3(89) 0.22(58) 3.48(78) 1.03(75) 0.20(105)
Average 5.68(104)  0.37(21) 14.03(90) 6.50(5) 14.02(77)  0.13(35) 3.25(73) 0.98(71) 0.19(96)
LSD? (5%) 0.22 0.22 1.09 0.81 3.30 0.21 0.82 0.26 0.21
"The name of the tested crops are shown in Table 1. ?LSD; Least significant difference test.
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Table 3. Changes of soil chemical properties by the cultivation of green manure crops after incorporating the plants into soil in field

harvested 6-year-old ginseng.

Ex. Cation (cmol */kg)

Green manure pH EC OM NO; P,Os
crops (1:5) (dS/m) (g/ke) (mg/kg) (mg/kg) K Ca Mg Na

Control 6.17(100)  0.71(100)  19.66(100) 57 8(100) 257.2(100) 0.42(100) 4.63(100) 1.28(100)  0.11(100)
1 6.64(93) 0.61(86) 21.51(109) 3011 133.7(52)  0.35(83) 4.80(104)  1.22(95) 0.23(209)
6.11(101 0.73(103 16.79(85) 38 9(67) 130.1(51) 0.32(76) 4.43(96) 1.37(107)  0.24(218)

3 6.37(97) 0.63(89 12.49(64) 29.3(51) 180.2(70)  0.40(95) 3.81(82) 1.20(94) 0.20(182)

4 5.96(104) 0.87(123) 19.83(101) 53.6(93) 149.4(58) 0.27(64) 4.04(87) 1.16(91) 0.25(227)

5 5.96(10 ) 1.73244) 19.31(98) 146.1(253) 198.3(77) 1.01(240) 4.52(98) 1.45(113)  0.33(300)

6 5.92(104) 0.88(124) 15.27(78) 43.9(76) 166.1(65) 0.50(119) 3.81(82) 1.25(98) 0.28(255)

7 6.24(99) 0.70(99) 17.79(90) 32.7(57) 131.4(51) 0.45(107) 4.04(87) 1.21(95) 0.25(227)

8 6.25(99) 0.85(120)  19.44(99) 49.7(86)  139.2(54) 0.34(81) 4.58(99) 1.35(105)  0.24(218)

9 5.83(106) 1.19(168) 16.30(83) 92.6(160) 136.9(53) 0.47(112)  4.18(90) 1.26(98) 0.23(209)
10 6.02(102)  0.78(110)  15.84(81) 43.3(75)  161.8(63) 0.53(126)  4.19(90) 1.33(104)  0.21(191)
11 5.87(105) 0.76(107)  16.21(82) 42.0(73) 160.9(63) 0.43(102) 3.93(85) 1.20(94) 0.19(173)
12 5.97(103) 0.73(103)  16.43(84) 42.9(74) 141.6(55) 0.41(98) 3.92(85) 1.28(100)  0.22(200)
13 5.93(104) 0.94(132) 17.75(90) 62.9(109) 166.1(65) 0.61(145) 4.01(87) 1.26(98) 0.24(218)
14 6.10(101)  0.90(127)  19.96(102) 64 3(111) 133.7(52) 0.41(98) 4.73(102)  1.38(108)  0.25(227)
15 6.44(96) 0.57(80) 19.70(100) 1011 ) 148.7(58) 0.56(133) 4.30(93) 1.60(125)  0.23(209)
16 6.11(101)  1.30(183)  14.63(74) 84 5(146) 156.9(62) 0.46(110) 4.45(96) 1.39(109) 0.30(273)
17 6.32(98) 0.83(117)  15.88(81) 43.9(76)  159.9(62) 0.50(119)  3.93(85) 1.24(97) 0.23(209)
18 6.27(98) 0.71(100)  16.28(83) 47.0(81) 133.9(52) 0.56(133) 3.91(84) 1.17091) 0.23(209)
19 6.09(101)  0.63(89) 15.61(79) 30.9(53) 135.1(53) 0.35(83) 3.95(85) 1.34(105)  0.23(209)
20 6.34(97) 0.40(56) 18.69(95) 10 5(18) 143.3(56) 0.31(74) 3.80(82) 1.36(106)  0.19(173)
21 6.49(95) 0.34(48) 15.56(79) .5(8) 156.4(61) 0.32(76) 3.78(82) 1.04(81) 0.18(164)
22 6.72(92) 0.32(45) 17.36(88) 9(10)  130.6(51)  0.26(62) 4.12(89) 1.20(94) 0.18(164)
23 6.67(93) 0.39(55) 23.00(117) 1 2 6(22) 177.5(69) 0.50(119) 4.60(99) 1.62(127)  0.19(173)
Average 6.20(101)  0.77(109)  17.46(89) 43.2(75)  150.96(59) 0.45(107)  4.17(90) 1.30(101)  0.23(210)

LSD? (5%) 0.23 0.24 1.35 1.91 3.33 0.23 0.91 0.31 0.28

"The name of the tested crops are shown in Table 1. ?LSD; Least significant difference test.
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Table 4. Growth characteristics of aerial part of 2-year-old ginseng
by incorporating of green manure crops into soil in field
harvested 6-year-old ginseng.

Creen Plant Stem Leaf Leaf siarE:i(\)/g(;
manure  height  height  length  diameter .
aerial part
crops (cm) (cm) (cm) (cm) %
Control 17.51 6.92 6.34 3.12 73.3
1 16.15 6.15 5.86 2.96 89.3
2 16.92 6.78 6.03 3.00 89.0

3 19.38 8.09 6.77 3.43 92.0
4 20.85 8.39 7.12 3.56 84.7
5 17.16 6.93 6.06 3.12 76.8
6 16.16 6.89 5.76 2.77 80.0
7 19.49 7.85 6.44 3.42 91.0
8 20.11 7.80 6.88 3.50 93.3
9 18.35 7.99 6.14 3.05 85.3

10 15.52 6.02 5.47 2.75 89.3
11 18.54 7.66 6.46 3.22 80.3
12 18.33 7.42 6.45 3.19 89.8
13 19.23 7.65 6.58 3.20 86.3
14 17.30 6.92 6.38 3.14 92.5
15 17.98 6.63 6.43 3.21 87.0
16 16.18 6.91 5.74 2.68 85.8
17 15.29 6.19 5.58 2.66 77.9
18 18.16 7.92 6.21 3.08 83.3
19 16.24 6.51 5.92 3.16 92.5
20 18.34 7.81 6.61 3.27 85.3
21 17.47 7.50 6.16 2.93 92.3
22 15.38 6.65 5.63 2.73 83.0
23 18.31 7.69 6.12 3.11 82.5

Average 17.69(101) 7.50(108) 6.21(98) 3.16(101) 86.49(118)
LSD? (5%) 1.72 1.12 0.72 0.38 7.77

"The name of the tested crops are shown in Table 1. ?LSD; Least
significant difference test.
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Table 5. Root growth and root rot disease of 2-year-old ginseng by
incorporating of green manure crops into soil in field
harvested 6-year-old ginseng.

GCreen  Ratio of Root . Ratio of  Root rot
) . Root yield s 3

manure survived  weight (ke/10 a) root rot”  index

crops  root (%)  (g/plant) (%) -4

Control 18.4 1.09 69.5 98.0 3.52
1Y 56.2 1.55 259.8 75.8 1.60
2 32.7 1.15 115.7 96.0 3.11
3 37.2 1.30 152.8 96.7 3.03
4 14.7 1.06 524 100 3.68
5 17.8 1.18 67.4 96.3 3.39
6 16.7 0.96 48.5 98.7 3.58
7 31.2 1.28 118.7 97.7 3.14
8 47.5 1.10 159.0 85.7 2.15
9 22.8 0.90 65.2 97.3 3.40
10 25.0 1.17 89.6 98.8 3.42
11 18.0 0.90 48.2 99.3 3.58
12 24.3 0.83 62.6 97.5 3.33
13 19.5 0.82 53.3 97.3 3.45
14 23.8 1.05 81.2 98.7 3.34
15 47.3 1.30 185.9 83.8 2.16
16 24.8 0.85 69.3 97.3 3.24
17 10.1 0.75 23.6 99.4 3.79
18 22.5 0.88 61.1 98.5 3.42
19 34.7 1.15 121.4 95.3 2.99
20 16.7 0.84 47.0 98.0 3.59
21 35.5 1.81 200.0 97.5 3.12
22 40.3 1.15 144.0 92.7 2.65
23 37.8 1.23 142.7 92.5 2.75

Average 28.57(155) 1.10(101) 103.02(148) 95.25(97) 3.13(89)
LSDY (5%)  6.69 0.27 51.40 8.16 0.42

YThe name of the tested crops are shown in Table 1. ?Ratio of root
rot; (withered plant+diseased plant)/planted numberx100. *Root
rot index; (X0 X 0) + (X1 X 1) + (X2 x 2) + (X3 X 3) + (X4 X
4)/ (X0 + X1 + X2 + X3 + X4), X0; on lesion, X1; rotted area below
10%, X2; rotted area below 50%, X3; rotted area below 70%, X4;
completely rotted root. “LSD; Least significant difference test.
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Table 6. Correlation coefficients between soil chemical properties and the ratio of survived root by the cultivation of green manure crops

in 2-year-old ginseng.

n =25 pH EC OM NO; P,Os K Ca Mg Na RSR

pH 1.000

EC  -0.665%* 1.000
OM 0.326 -0.094 1.000
NO; -0.685%* 0.960**  —-0.080 1.000
P,0s -0.116 0.216 0.082 0.313 1.000

K -0.310 0.684**  0.061 0.670**  0.394 1.000

Ca 0.185 0.266 0.671 0.243 0.173 0.147 1.000

Mg 0.175 0.119 0.530%*  0.063 0.069 0.328 0.579**  1.000

Na  —0.380 0.731*%*  -0.054 0.580 -0.274 0.520%*  0.126 0.205 1.000
RSR" 0.652%* —-0.419* 0.262  —0.521** -0.307  -0.289 0.381 0.264 -0.134 1.000

*#**Gjgnificant at the 0.05 and 0.01 probability levels, respectively. PRatio of survived root (%).
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