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Crop Rotation in Paddy Soil Exhibiting Crop Failure Following Replanting:
Effect on Soil Chemical Properties, Soil Microbial Community and
Growth Characteristics of 2-Year-Old Ginseng

Sung Woo Lee’, Kyung Hoon Park Seung Ho Lee, In Bok Jang and Mei Lan Jin
Ginseng Research Division, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Crop rotation plays an important role in improving soil chemical properties, minimizing the presence of disease
pathogens, and assists in neutralizing autotoxic effects associated with allelochemicals.

Methods and Results: Five rotation crops of sudan grass, soybean, peanut, sweet potato, and perilla were cultivated for one year
with an aim to reduce yield losses caused by repeated cropping of ginseng. In 2-year-old ginseng grown in the same soil as a previ-
ous ginseng crop, stem length and leaf area were reduced by 30%, and root weight per plant was reduced by 56%. Crop rotation
resulted in a significant decrease in electrical conductivity, NO;, and P,Os content of the soil, whereas organic matter, Ca, Mg, Fe,
Cu, and Zn content remained-unchanged. Soil K content was increased following crop rotation with sudan grass and peanut only.
Rotation with all alternate crops increased subsequent ginseng aerial plant biomass, whereas root weight per plant significantly
increased following crop rotation with perilla only. A significant positive correlation was observed between root rot ration and soil K
content, and a significant negative correlation was observed between ginseng root yield and the abundance of actinomycetes. Crop
rotation affected the soil microbial community by increasing gram negative microbes, the ratio of aerobic microbes, and total micro-
bial biomass whereas decreases were observed in actinomycetes and the ration of saturated fatty acids.

Conclusions: In soil exhibiting crop failure following replanting, crop rotation for one year promoted both soil microbial activity
and subsequent ginseng aerial plant biomass, but did not ameliorate the occurrence of root rot disease.
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Table 1. Changes of soil chemical properties by pre-cultivation and post-cultivation of 6-year-old ginseng in paddy field.
Investigation pH EC OM NO; P,0s Ex. Cation (cmol*/kg)
stage (1:5) (dS/m) (g/ke) (mg/kg) (mg/kg) K Ca Mg
Pre-cultivation 4.92a 0.70a 11.7a 48.3a 85.9a 0.25a 2.92a 0.96a
Post-cultivation 4.73a 0.37b 11.1a 4.4b 76.8b 0.13b 2.40b 1.01a
IDR (%) -3.9 —47.1 0.0 -90.9 -10.6 -48.0 -17.8 5.2

*Mean with same letters are not significantly different in DMRT (p < 0.05).

March 2008 and October 2012, respectively.

IDR; Increase or decrease ratio. Collection date of soil sample;
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Table 2. Comparison of growth characteristics of 2-year-old ginseng cultivated at first planted field and replanted field in paddy soil.

Ratio of

Ratio of

Cultivation Stem Leaf Leaf survived survived Root Root Root
length length width . length weight yield
stage aerial part root .
(cm) (cm) (cm) o o (cm) (g/plant) (g/3.3 m)
(%) (%)
First planted field 5.6a 7.3a 3.5a 73.8a 90.5a 20.5a 3.64a 254.7a
Replanted field 3.8b 4.8b 2.6b 49.6b 57.1b 16.2b 1.59b 51.3b
IDR (%)" -32.1 -34.2 -25.7 -32.8 -36.9 -21.0 -56.3 -79.9

*Mean with same letters are not significantly different in DMRT (p < 0.05). "IDR; Increase or decrease ratio. Investigation date; October 2008

and 2013, respectively.
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Table 3. Changes of soil chemical properties by the cultivation of rotation crop for one year after harvest of 6-year-old ginseng in paddy soil.

Rotation pH EC  OM  NO;  POs Ex. Cation (cmol"/kg) (mg/kg)
crops (1:5)  (dSm) (ghke) (mg/ke) (mg/ke) K Ca Mg Fe Mn Cu Zn
Control 473a 037a 11.1ab  4.4b 76.8a  0.13abc 2.40a 1.01ab 180.0ab 10.44a 1.33ab 1.01a
(100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
Sudan arass 952 0.27ab  12.0ab 18.4a 66.3ab 0.17a 2.17ab 1.26a 158.7ab 8.17ab 1.59ab 0.95a
8 (105) (73) (108)  (418) (86) (131 (90) (125) (88) (78) (120) (94)
Sovbean 476a 0.23b 12.2a 6.9b 541c  0.09cd 2.27ab 0.75b 189.4a 10.68a 2.07a 1.07a
Y (101 (62) (110 (157) (70) (69) 92) 74) (105) ~ (102)  (156)  (106)
Peanut 493a 0.18b 10.6ab 4.7b 59.1bc 0.15ab 2.26ab 0.94ab 149.4b  6.57b 1.35ab 1.01a
(104) (49) (95) (107) 77) (115) (94) (93) (83) (63) (102)  (100)
Sweet 4.80a 0.30ab 10.3b 7.5b  583bc 0.07d 2.33ab 1.11ab 1723ab 7.81b 1.44ab 1.01a
potato (101) (81) 93) (170) (76) (54) 97) (110) (96) (75) (108)  (100)
Perilla 475a 0.20b  109ab 1.2b  62.3bc 0.10cd 2.10b 0.87ab 191.5a  8.45ab 1.04b 0.98a
(100) (54) (98) (27) (81) 77) (88) (80) (106) (81) (78) 97)
*Mean with same letters are not significantly different in DMRT (p < 0.05). Collection date of soil sample; October 2013.
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Table 4. Comparison of soil microbial communities by rotating crop cultivation after harvesting 6-year-old ginseng in paddy field.

Rotation (%) (pmol/soil g)
Crops G—-/+" AJAA S/US F/B F B A VAM TMB
Control 0.487c¢ 0.354b 4.357a 0.036¢ 227.6b 4,757ab 447.5a 328.8ab 10,558b
Sudan grass 0.640ab 0.587a 3.044b 0.076ab 531.0a 6,992a 258.0d 435.1a 16,454a
Soybean 0.631ab 0.553a 2.960b 0.040c 265.3b 6,692a 334.7c 436.3a 15,109ab
Peanut 0.602ab 0.555a 3.172b 0.056bc 324.3b 5,719ab 398.6b 360.6ab 12,986ab
Sweet potato 0.576b 0.591a 3.085b 0.049bc 322.1b 6,454a 224.5d 418.2ab 14,917ab
Perilla 0.673a 0.581a 3.145b 0.098a 509.0a 4,652b 385.7b 302.1b 11,041b

*Mean with same letters are not significantly different in DMRT (p < 0.05). "G-/+; Gram negative microbes/Gram positive microbes, A/AA;
Aerobic microbes/Anaerobic microbes, S/US; Saturated fatty acids/Unsaturated fatty acids, F/B; Fungi/Bacteria, F; Fungi, B; Bacteria, A;
Actinomycetes, VAM; Vascular arbuscular mycorrhiza, TMB; Total microbial biomass.
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Table 5. Growth characteristics and vyield of rotation crops
cultivated after harvest of 6-year-old ginseng in paddy

soil.
. Dry
, Plant Stem ~ Moisture weight '
Rotation hei . contents . ield
eight diameter of aerial
crops of plant (kg/10a)
(cm) (cm) %) part
(kg/10 a)
Sudangrass 230a  0.81b  64.9c 2,223a -
Soybean 101c 1.02a 76.4a 251d 232c
Peanut 52d 0.46c  66.7c 268d 540b
Sweet potato - - 70.0b 658b  1,681a
Perilla 128b 1.11a 66.4c 422c 183d

*Mean with same letters are not significantly different in DMRT (p <
0.05). Variety of crops; soybean (Daewon), peanut (llpyeong), sweet
potato (Yulmi), perilla (Dayu). Investigation date; sudan grass (Autumn
24), other crops (September 10). Yield; sweet potato (fresh tuber
weight), other crops (seed weight).
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Table 6. Growth characteristics of aerial part of 2-year-old ginseng
replanted at paddy soil where cultivated rotation crops
for one year after harvest of 6-year-old ginseng.

Rotation Plgnt Stem  Leaf L_eaf _Stem sliart/li?/eo(;
height length length width diameter .
crops (em (cm) (em (cn) (cm aerial
part (%)
Control  129a 3.8a 4.8b 2.6a 1.67a 49.6ab
Sudangrass 13.6a 4.1a 5.0ab 2.8a 1.62ab 53.9ab
Soybean 14.1a 4.5a 54a 2.8a 1.70a 66.2a
Peanut 144a 4.7a 53a 29a 1.70a 56.1ab
SWEEL 4350 392 5.1ab 2.8a 143b 47.1b
potato
Perilla 142a 4.1a 53a 28a 1.61ab 57.4ab

*Mean with same letters are not significantly different in DMRT
(b < 0.05).
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Table 7. Root growth and root rot disease of 2-year-old ginseng replanted at paddy soil where cultivated rotation crops for one year after

harvest of 6-year-old ginseng.

Rotation Ratio of Root Taproot Root Ratio of Root Ratio of
crops survived length diameter weight rusty yield 9 root
root (%) (cm) (mm) (g/plant) root (%) (/3.3 m’) rot (%)

Control 57.1ab 16.2ab 7.02ab 1.59b 67.7a 51.3a 44.8ab
Sudan grass 42.4b 15.4ab 7.22ab 1.90b 41.0a 53.1a 67.8a

Soybean 69.5ab 15.4ab 7.59a 1.77b 62.2a 67.4a 42.6ab
Peanut 46.8b 13.4b 6.05b 1.34b 73.6a 46.0a 57.2a
Sweet potato 81.8a 16.1ab 7.06ab 1.26b 57.8a 52.4a 22.6b

Perilla 54.2ab 16.4a 7.85a 2.62a 56.9a 82.3a 48.2ab

*Mean with same letters are not significantly different in DMRT (p < 0.05). Ratio of root rot; (withered plant+diseased plant) / planted number x 100.

Table 8. Correlation coefficients between soil chemical properties and the ratio of root rot disease in 2-year-old ginseng replanted at
paddy soil where cultivated rotation crops for one year after harvest of 6-year-old ginseng.

RRDY pH EC OM NO, P,Os K Ca Mg Fe Mn Cu Zn

RRD"  1.000

pH 0.519 1.000

EC -0.193 -0.362 1.000

OM 0.614 0.071 -0.012 1.000

NO; 0.527 0.656 0.185 0.529 1.000
P,Os 0.328 -0.148 0.707 -0.029 0.057 1.000

K 0.849* 0.716  —0.053 0.287  0.505 0.460 1.000

Ca -0.508 -0.220 0.738 -0.367 -0.126 0.425 -0.099 1.000

Mg 0.248 0.576 0.475 -0.071 0.762* 0.403 0.467 0.260  1.000

Fe —-0.284 —0.909**  0.150 0.211 -0.474 -0.020 -0.676 -0.165 -0.617 1.000

Mn -0.023 -0.713 0.495 0.583 -0.103 0.273 -0.274 0.195 -0.358 0.736 1.000

Cu 0.014 0.059 0.017 0.714 0.433 -0.434 -0.105 0.034 -0.106 0.070 0.464 1.000

/n -0.553 -0.486 -0.046 0.135 -0.432 -0.451 -0.559 0.311 -0.675 0.388 0.498 0.607 1.000

* #%Gjgnificant at the 0.05 and 0.01 probability levels, respectively. "RRD; Ratio of root rot disease.
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Table 9. Correlation coefficients between soil microbial community and the ratio of root rot disease in 2-year-old ginseng replanted at
paddy soil where cultivated rotation crops for one year after harvest of 6-year-old ginseng.

RRD"

RY G-/+ AAA S/US F/B F B A VAM T™B
RRD" 1.000
RY 0.042 1.000
G-/+ 0.353 0.617 1.000
A/AA 0.020 0.274 0.847*  1.000
SUS  -0.028  -0.276 -0.858* -0.981**  1.000
F/B 0.441 0.220 0.850* 0.870* -0.812* 1.000
F 0.479 0.054 0.752 0.833* -0.781* 0.958**  1.000
B 0.090 -0.314 0.282 0.545 -0.592 0.391 0.603 1.000
A 0.073  -0.877** -0.552 -0.222 0312 -0.041 0.123 0.233 1.000
VAM 0.011 -0.078 0.547 0.790* -0.834* 0.580 0.709 0.935**  -0.005 1.000
T™B 0.140  -0.255 0.367 0.619 —0.647 0.496 0.695 0.9971** 0.227 0.948**  1.000

* **Significant at the 0.05 and 0.07 probability levels, respectively.
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YRRD; Ratio of root rot disease, RY; Root yield.
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