Development of Cultural Practices for Improving the
Overwintering Ability of Chinese Milk Vetch as a
Winter Cover Crop
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SUMMARY

Environmentally friendly agriculture is becoming a new paradigm in Korea due
to the increasing concern to agroecosystem and safe agricultural product. The
use of cover crop is a practical approach to the environmentally friendly
agriculture because the several benefits of cover crop like weed suppression,
reduced soil erosion, and increased nutrient content in soil. An principal
agricultural practice for improving more environmentally compatible crop
production is to develop the cropping system in which cover crops are
included. In Korea, due to the extremely low temperature in winter, the use
of efficient cover is highly limited. Up to date, hairy vetch, chinese milk
vetch, rye, white clover are used as cover crop in crop fields. However, the
cropping system with cover crop is developed in southern region of Korea
because the low overwintring capacity of above cover crop species showed
low plant density of cover crop. To develop efficient cropping system in central
region of Korea, proper winter cover crop species should be introduced into
cropping system. The aims of this research were 1) to develop Chinese milk
vetch (Astragalus sinicus) as a winter cover crop in central region, 2) to know
the overwintering and regrowth habit in spring, 3) to set up proper cultural
practices for increasing overwintering and regrowth capacity.

The Chinese mil vetch (CMV) found at Paju district in central region was
successively occurring through self-reseeding without artificial management.
However, there was no noticeable difference in growth habit between Paju native
CMV and introduced CMV from China which is currently used in farm fields.
The flowering time of CMV growing in central region was delayed 2 weeks as
compared to that growing southern region. During overwintering, there was
drastic change in leaf water potential, therefore, water status is a critical factor
to overwintering in CMV.

Seeding date of CMV determined by harvest date of rice in paddy showed

great influence on the overwintering and regrowth of CMV. Early maturing rice



cultivar is favorable to the CMV management. Cold resistance was related to the
leaf age, younger leaves showed higher resistance. The growth status before
overwintering was the most important factor to overwintering ability. The cold
damage commenced at -15C based on the electrolyte leaching from leaf disc.
Cold resistance was changed during overwintering season, the highest resistance
was observed from late-Jan. to early-Feb. and then the resistance was decreased
sharply. Morphologically, leaf angle from soil surface and crown diameter were
directly related to the cold resistance. The collection from Paju district has more
flat leaf angle and thick crown. The procumbent plant type of Paju collection
might contribute the cold resistance.

Among internal constituents, sugar level was increased when the temperature
was lowered. On a contrary, starch content and chlorophyll and anthocyanin
concentration were decreased. According the sowing date of CMV, the biomass
production was changed. The biomass production of CMV sown on Oct. was
reduced by 40 % as compared to that sown on September. overwintering ability
was increased when the sowing date was advanced as long as the CMV plant
was not over growth and the CMV seeds were sown on the bottom of furrow.
The CMV grown on flat levy showed higher anthocyanin content and lower
chlorophyll content, indicators for internal stress status, than that grown on
furrow

During winter, CMV growing under excessively wet or dry soil condition
showed extremely lower overwintering ability. In addition, straw-mulched CMV
plants have low overwintering rate. Poor root development directly increased the
drought damage of CMV plants and subsequently lowered overwintering rate.
Nutritional condition affected to the cold resistance in CMV. Deficiency of
potassium and phosphorus resulted in the lowered cold resistance.

Optimal temperature of CMV germination was 20C when the water potential
of media was 0. However, the optimal temperature was lowered as the water
potential was lowered below —-0.5MPa. When the water potential was lower than

-1.5MPa, the seed germination of CMV was poor under relatively higher



temperature ( > 20C). Flooding did not affect strongly to the seed germination
of CMV, however, shallow water depth of 20 mm strongly reduced seed
germination. It was suggested that CMV seeds can germinated properly in paddy
fields flooded with higher water depth. As the depth of covered soil was
increased, the CMV emergence was reduced. However, there was not critical
reduction in CMV emergence up to the soil depth of 5 cm.

Seed fresh weight was attained at 39 days after flowering and then decreased
until seed maturation. Without post-harvest seed ripening, the seed from the
CMV plant at 40 days after flowering can germinate with any artificial treatment.
CMV seed germinability was lower until 40 days after seed harvesting. The
germination rate increased dramatically after 100 days after seed harvesting.

CMV is known as not only a cover crop but also green manure crop. As a
cover crop, the roles of CMV are to protect soil erosion, to reduce nitrogen loss
from land, and to suppress weed occurrence. In this chapter, we examined the
effect of soil-incorporated CMYV litter on the growth of succeeding crops and the
managementof weeds in succeeding crop fields.

The effect of weed suppression of CMV extract was related to the content of
total phenolics in CMV plant. The content was lowered gradually after flowering
of CMV accompanying the same tendency in the inhibitory effect on the seed
germination. Soluble extract from CMV has strong inhibitory effect on the
germination of barley and corn. However, the inhibitory effect of extract was less
on radish and soybean than on barley and corn. The reduction of radicle and
plumule growth in barley and corn was greater than that in radish and soybean.
In CMV-corn cropping system, weed occurrence was noticeably reduced by 40 %
with incorporation of CMV residue into soil. No-till with CMV residue did not
significantly reduce the growth of weeds. Delayed transplanting in CMV-rice
field was highly effective to the weed management, especially to barnyard grass
management. Weed diversity was decreased by that delayed transplanting.

CMV as green manure was observed in CMV-corn cropping system. CMV

incorporation into soil increased leaf chlorophyll content of corn cultivated without



artificial fertilization. In addition, ear growth and ear weight was also promoted
by CMYV incorporation into soil. Clipping time of CMV on spring was an
important factor. The green manure effect of CMV was dependent on the
clipping time. The CMYV residue clipped on Apr. 13 showed the highest effect on
the chlorophyll content of corn. However, the growth and dry weight of corn
plant was more strongly promoted by the residue clipped on Apr. 27 than that on
Apr. 13 and May 11. Soil nitrate concentration showed the highest value by
addition of CMV residue clipped on Apr. 13. On the other hand, ammonium
concentration was not dependent on the clipping time of CMV.

By addition of CMV residue into soil, soil enzyme activities of urease,
phosphatase, dehydrogenase were increased reflecting the improved soil health.
There was a difference in mineralization of organic nitrogen into nitrate and
ammonium between paddy and upland condition. Nitrate release in
CMV-incorporated soil was higher in less wet condition. Ammonium release,

however, was greater in more wet soil condition.
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Tz Hol 4THE AY =74 ARME 1TH "olEg|a A==
907t AElgt & Al A 1CH 4AT7HA sdth A2 g7 2vdH A3t
FxAAA AP Aol WFET)H 1243 Fol sEAT. HEAZ] leaf
disc7b = Al@ ol S5 SmL& ¥il 143 shaking ¥ A7 =% gs SAHs

i —%%%Jﬂr leaf discE tHA A]ﬁq%oﬂ Ytk Ad S 100TolA 1A &3F &
u
A7 EE 54 & ﬁﬁﬁé‘ TES VIESE ta Yol ofs

Percentage leaching(%) = conductivity of the leachate after the freeze test (before

heating) x 100 / final conductance after killing (heating )

3. A

d hE =2

ok

b

Ao

g

Mo

7t A A #4kst (MDA 34) 54

ZF&d AA 200mgell 0.1% trichloroacetic acid 2mLS Y1 ZxlE 71 & AAIE
g7l Y FAEHA T A5 1mLal 05% TBA(with in 20%TCA)
Fa 95TCeA 302 & ¥HEA7IaL e gl ¥hES AAAZ & v dAE
g7lel gol dAEY A7 e ARt mA 532nmet 600nmel A FFEE
9t} (Cakmak and Horst, 1991).

g 243

ZA-¢9 AA 50mgell 3% sulfosalicylic acid 4mLg Y3 922 7F & ImLS wA]
Ju AAEY F 459 05mLel 1mL acid ninhydrin LS Wi 100C
Al g AIZE o wES AT ZHEe ol WhES AAAZ F toluenes 3mL %

S8 HAolErh Toluened Wt WA 520nmol A F3 =5 F4 3

A9 50mgol 2mL 80% olet&S Yol 1A%t &9t shaking AlA FE3c}h S
al

29 AR $9% AN A7 F A5 ImLe wA A

)
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648nmeol A EFH =& =4 H(Arnon, 1949).
= PEL o= = 5.240D6ss + 22.240Dess

3 wrEsit) A E ’z}%gﬂ:—% 80C dry ovenel] % il ethanolS 34|
ot} ol A F#ud MZ ImLe] DNS €9 1mLES ¥ 100T

il
?43}?_ FeEo S "WFEA F F SHF 2mLS ¥l 570nmol A &

v}, Sucrose &

¢ B 50mgS 80% ethanol 3mLel 23 80TolA 30A7F ¢k EE50] 3
=3t &3 ABE 9AEY7 0 Yu 9AEY T ASAS FHI o] RS
3 WrES FAE ASAES 80T dry ovenol ¥ I ethanolS ITAIZ & =F
4 5mLe Y Atk AZE 0.25mLel invertase(150u/0.25mL) 0.25mL-& % 3il 37C
water bathe] 603t A gttt o] 7]e] DNS 0.5mLS 23l 100To A 1023 2 g
abal zhEe WhES WEA ¥ F FFT 2mlS ¥ 570nmelA FEEE SA T

vh A e

Glucose®}t sucrosedll ©o]€3 A5 S wa G FAle] FHSF 1.8mLe ¥Wal 10
0TColA 1023 Agfgtl. ALolA 27l % 1.25M cirtate buffer(pH 4.5)% 0.1mL<
Y31 3757400u amyloglucosidase(0.05M citrate buffer® 3]4)E 0.1mL ¥ +t}. 55T
oA 1241%F A e dE F AdolA AEA ATl Y dAEe Ao
SmL WAl DNS sol.& 05mL #H7Fstar 100TCAA 1023 A g} =

0
WAl & & S/ 2mLs 23 570nmellA] F3EE S

Ab QEEA]ol
AAA F 50mgel methanol(1% HCI €+F) 2mLS 932 Zx =2 7Hg A7 A
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T A5 NS WA methanol= 58] 3141 A]A 530nme} 650nmeol Al FFEE S4
3k}, cyanidin-3-glucoside®] &3 A14=¢1 343008 o]&3}to] ggadS 3hc),

A 02g3 FZ buffer 0.1mLS oo E3te] 1+ & AAEHA Y. A5
ZHF4FE 04mL ¥ 32 CBB(Coomassie Brillant Blue) £ 5mLS 4
= Aol 1027 A /\]i & 595nmeoll A OD#Ee =A 3},

4. Az Ae A gy A4

Ao & light shutter FHE o] &35
J(FIM 1400, ADC, UK)E& o] &3}o]

il
24
1o,
ol
e
2l
ol
R
Sy
i)
o
]
2
tlo
N &

N 2 F 9ds AAE 49 92 dgow 944 F 9ol gl nes

MeE mA AAS(FW)E %@3}1 95 petri dishell ¥ S/ 5mL
4T Fa 12A417F A3 T A S Aol & ®xdHe e BV7E AAS
ATW)E SA43t FAE 43 AE52 8

(DW)& =4t

RWC (%) = (FW-DW) / (TW-DW)) x 100
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II. 23 2 13

Photo 1. Natural habitat of Chinese milk vetch near River Imjin in Paju.
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Photo 3. Establishment of CMV over-wintered on 26 March in Chulwon

province.
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Fig. 1. Cardinal temperatures in Yangpyong (Namyangju) during experiment.
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Photo 4. Chinese milk vetch standings on the paddy field on 14 Oct. after

harvesting rice in Yangpyong province.

Photo 5. Flowering Chinese milk vetches over-wintered in paddy field in

Yangpyong province.
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in

in upland field

Photo 6. Flowering Chinese milk vetches over-wintered

Yangpyong province.
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Table 2. Comparison of the water potential of CMV plants with or without

irrigation after over-wintering

Water potential (Mpa)

Region Control Irrigated
Paju -1.79 -1.15
Namyangju -1.84 -1.40
Commercial® -1.64 -1.10
LSDo.os5 0.22 0.31

Commercial seeds were imported from China.
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Fig. 7. Changes of water potential from November to May in CMV plants

collected at different regions.
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Table 3. Analysis of variance for growth characteristics of CMV grown in paddy

fields with different cultivation methods

Over-winteri Moist
Source df ver-wintering Fresh weight Dry weight osture
rate content
Genotype 1 NS NS NS NS
Harvesting date” 1 17842 ™ 33.39 * 0.4232 29.32 *
Sowing rate 1 NS NS NS NS
Covering 2 NS NS NS NS

* Harvesting dates of rice in paddy fields affect on the growth duration of CMV
without shading of rice plants.

Table 4. Effects of harvesting date of rice on the over-wintering capacity and
growth characteristics of CMV

) ) ) . Moisture
. Over—-wintering Fresh weight Dry weight
Harvesting date content
(%) (g) (2)
(%)

Oct-03 80.96 4.15 0.54 85.98

Oct-03 23.77 1.40 0.23 83.4

LSDo.os5 10.9 2.24 0.22 2.28

2. A2 4F R WEH Bolsh 29
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Table 6. LTs) of the leaves of CMV collection on May 12

Upper leaves Middle leaves Lower leaves

Sacheon —8.20 —5.87 —3.60
Namyangju —-4.61 —-2.53 —-5.92
China —4.34 -6.09 —3.32
Wando —5.03 -3.61 —9.67
Paju -6.98 —-4.81 —6.56
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Fig. 8. Relationship between freezing temperature and solute leaching (logit) in
upper leaves of CMV (chinese milk vetch) on Mar 20. X and Y axis indicate the

treated temperature and logit response of leaf discs, respectively.
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Fig. 9. Relationship between freezing temperature and solute leaching (logit) in

upper leaves of CMV (chinese milk vetch) on May 11. X and Y axis indicate the

treated temperature and logit response of leaf discs, respectively.
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Fig. 16. Changes of growth characteristics of CMV genotypes during

overwintering in 2005.
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Table 7. Growth characteristics of CMV overwintered in field condition
Leaf Plant  Shoot Shoot  Moisture . Crown Root
. . Stem dia. ]
Collections angle  height FW DW content ( ) thickness FW
mm
) (cm) (g) (g) (%) (mm) (g)
Paju #1 63.8¢c 19.0f 9.30c 1.44c 34.0b 1.88d 6.62b 1.83b
Namyangju 75.7a 31.8b 5.83d 0.77d 86.8a 2.11c 5.21d 0.45d
Wando 67.9b 254c  6.36d 1.05d 83.3b 2.16¢ 5.75¢ 0.67d
Paju #2 60.1d 22.1e  10.26¢ 1.67c 83.8b 2.09¢ 7.04b 1.34c
Sacheon 65.5bc  23.0d 17.30b 2.69b 84.4b 2.54a 8.50a 2.25a
China 73.2a 349a 24.82a 3.72a 85.0b 2.41b 85la 1.71b
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Table 8. Comparisons of chemical components, shoot dry weight, and RWC
between CMV collections on Feb. 23

Reduci D
Collecti Anthocyanin Chlorophyll — Sucrose educing Proline 'ryht RWC
ollections sugar weig
(mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW) (%)
e &e e (mg/g FW) &8 (g/plant) ’
Paju 69.9+3.6 3.12+0.3 16.3+2.0 159+1.6  0.30+0.02 1.28£0.20 84.1+2.0

Namyangju 77946  3.01£0.08 18.1+1.8 17314 0.32+0.03 0.89£0.06 84.2+1.5
Wando 658114  3.34+0.19 16.9+0.1 19.3+14  0.46+0.02 1.14+0.08 79.8+0.4
Sacheon 90.4+3.2  317+0.06  25.7+1.9 201+1.0  0.22+0.01 3.41+0.36 87.5+3.6

China 82.1+6.2 3.76+.42 159425 19.3£1.3  0.24+0.03 0.91£0.17 87.1£0.8

Table 9. Comparisons of chemical components, shoot dry weight, and RWC
between CMV collections on Mar. 26

Reduci D
. Anthocyanin Chlorophyll ~ Sucrose cducing Proline ry RWC
Collections sugar weight
(mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW) (%)
(mg/g FW) (g/plant)
Paju 70.7+6.2 3.85+0.07  152+2.7  27.0+0.9 0.16%£0.02 5.33+0.14 79.0+1.7

Namyangju 88.1+2.3 432032 17411  26.6+£1.3  0.18+0.02 6.03+0.27 76.1+1.8

Wando 97.6+8.3 458+0.35  12.4+1.0 275+31 0.26+0.02 545+0.25 79.4+2.1

Sacheon 87.1+11.8  3.89+0.31 187+1.8 254+1.8 0.15+0.01 8.07+0.53 85.0+2.4

China 88.1+6.9 457+0.35  17.0¢1.3  27.6+1.0 0.07+0.03 991+0.46 84.6+1.0
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Fig. 21. Changes of chlorophyll fluorescence (Fv/Fm) in CMV collection during

overwintering period.
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Table 10. Comparisons of the content of chemical components in CMV collections

acclimated at 0 and 4C

Reduci
MDA Sol. Protein Proline cduans Chlorophyll Starch
sugar
(mmoles/g FW) (mg/g FW)

China 4°C 62.4%5.50 7.10£0.17 0.99+0.32 25.4£1.69 4.24+0.12  1.60+0.10
Paju 4°C 70.2+4.93 7.68+0.53 0.97+0.17 26.9+2.47 4.75+0.08  0.83+0.40
China 0°C 68.2+12.7 6.82+0.59 0.44+0.05 28.0£1.91 3.95+0.13  0.31+0.07
Paju 0°C 73.449.9 6.63+0.12 0.57+.09 27.7+1.01 4.18+0.14  0.44+0.06
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Fig. 28. Comparison of anthocyanin content in CMV after overwinter under

different sowing practices.
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Fig. 29. Changes in anthocyanin content of CMV during overwintering.
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Fig. 34. Changes in chlorophyll fluorescence of CMV during overwintering.
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Fig. 39. Comparison of relative water content in CMV after overwinter under
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Table 11. Survival rate after overwinter of CMV sown in different regions
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Table 12. Effects of sowing date on the survival rate and CMV growth after

overwinter
Sowi Date
owine Germination (%) Survival (%)
date 12/1 3/13 4/13 5/10
Dry weight (g/plant)

9/15 4.7 0.19 0.44 0.99 1.46 76.5
9/20 65.3 0.13 0.23 0.65 1.46 71.1
9/24 47.2 0.05 - - - <2
9/29 16.7 0.025 - - - <1
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Table 13. Depth of frozen layer of unaggregated soil on Feb. 14 in 2005

Remark

Depth of layer
(cm)

Status of CMV

Region

2.8

overwintering

Namyangju PD1

rice straw mulching

2.2

overwintering

Namyangju PD2

4.6

dead

Namyangju PD3

sandy soil

5.3

dead

Namyangju UL1

high organic matter

2.9

overwintering

Namyangju UL1

sandy soil

7.8

dead

Ansung UL1

4.2

overwintering

Ansung UL2

5.5

dead

Gangrung PD

: upland field

PD : paddy field, UL
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Table 14. Estimation of LTs of CMV treated with different nutrient levels
Nutrient LTso Regression equation R
No-Nutrient -8.59 y=-0.3802x-2.3172 0.9151
Control -8.11 yv=-0.3161x-1.5642 0.8311
1/5K -8.00 y=-0.5515x-3.4127 0.6604
1/10K -7.30 y=-0.7178x-4.2409 0.8018
1/5P -7.67 y=-0.7064x-4.1600 0.7749
1/10P -7.26 y=-0.7165x-4.2014 0.8051

Table 15. Effect of potassium and phosphorus on the growth of CMV under

artificial nutrient supplying system

Nutrient Root FW Shoot FW Height RWC
Control 0.92+£0.09  1.09%£0.01 13.3£0.98 97.68+0.31
1/5 K 0.66+£0.15 0.84%0.23 12.27+£1.97 94.83%+2.17
1/10 K 0.44+£0.10 0.71£0.13 11.00£0.20 95.67%1.53
1/5 P 0.69+0.11 0.66+0.03 11.30+0.92 94.33%+2.20
1/10 P 0.57£0.05 0.46%+0.05 9.33+x1.03 91.80%2.89
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Table 16. Changes in metabolites in CMV according to the modification nutrient

concentration
. . . Reducing
Nutrient Sol. Protein Proline Chlorophyll Starch
sugar
condition  (mg/g FW)  (mg/g FW) ) (mg/g FW)  (mg/g FW)
(mg/g FW)
————————————————————— mg/g FW -~ ———————--—-————————
No-Nutrient 5.18%£0.32 0.53%£0.09 25.4+£1.92 3.33+£0.32 2.02+0.63
Control 5.91+0.83 0.65%+0.09 23.1£0.99 4.11+0.28 1.45+0.67
1/5K 6.48+0.73 0.76£0.08 22.5+0.94 3.98+0.08 1.30+0.72
1/10K 6.42+0.57 1.02+0.36 26.9£2.79 4.60%0.19 2.19+£1.04
1/5P 5.94%+1.56 1.27+0.74 24.0£1.83 4.38+0.39 3.44+0.68
1/10P 6.05£0.56 1.24+0.18 25.7£2.00 4.29%£0.14 2.65%0.19
0. AHgedel wel ¥ FA 54
A FARE XA B Auje] A5 Ryt vyt 87 do) Ed st
Agetn dwtr oz w o]l 5¥E AHee ¢Hd FTAE AEst EGURE
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A deAER e 7 ZEel vlE] Ao g A§Ert Fof ol
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Table 17. Analysis of variance for germination and cumulated germination of

CMYV seeds under different temperatures and water potentials

Mean squares

Source df Germination Cumulated germination
Temperature (T) 3 2854.1™ 892.2™
Water potential (W) 3 5147 4556.2"""
T X W 9 904.6™" 371.5™
CV 13.72 14.5

Table 18. Effects of water potential of media solution on the germination and cu

mulated germination rate of CMV seeds under different temperatures

Temperature (C)

Water
potential Germination Cumu'late'd
(MPa) germination
10 15 20 25 10 15 20 25
(%)

0 88.00 86.00 94.67 88.67 58.10 65.43 76.57 71.24
-0.5 87.33 90.67 86.67 75.33 56.95 67.52 61.43 52.86
-1.0 67.33 87.33 54.67 34.00 38.10 60.00 33.71 24.38
-1.5 72.00 79.33 17.33 12.67 31.24 49.43 11.90 7.43

LSDo.05 19.53 13.71 21.50 16.74 17.89 7.23 12.64 12.10
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Table 19. Analysis of variance for germination and cumulated germination of CM

V seeds under different temperatures and water depths

Mean squares

df

Source

Cumulated germination

Germination

3257.9™

2733.6™

3
4

Temperature (T)

4984. 7

3235.9™

Water depthl (W)

TXW

208.8"™

237.47"

12

17.3

12.79

Cv
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Fe w200 Ueh v

T

_84_



5T A9t 40%% FAA olath et 0TAAE 72% o] Wolgg
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o7} JEA ehgtort A4d e 2129 25T 20N BaAd wE wolg
As AEsk b 2 et 18 sl A Baael ol d4E JHon woln
E EF ATHE WHhe pHo| Zejso] Wold Astsh et AR F4W
o xd zAA  ogv]el 59 0974 elvhe FHAY AuWF LEE 2
0C Amelms o A7|E 7Fox & W 954e] 20mm o] 4o AHetE 48
Qo wel ZA EAIZF glovk AWl gl B 5 Qi AAY wolrt Joju}

Table 20. Effects of water depth of media solution on the germination and

cumulated germination rate of CMV seeds under different temperatures

Temperature (TC)

Water
. Cumulated Oxygen
depth Germination L .
(cm) germination concentration

10 15 20 25 10 15 20 25 10 15 20 25

0 77.0 91.3 91.7 89.7 455 78.2 79.9 784 21.0 21.0 21.0 21.0

20 37.0 44.3 71.7 40.0 13.6 13.1 43.6 15.7 46 4.8 43 54

40 40.3 52.3 70.7 29.3 14.0 15.5 47.6 14.2 6.9 52 38 5.0

60 49.3 52.3 76.0 34.7 18.8 21.9 52.0 15.5 74 46 3.0 4.8

80 55.0 54.3 78.3 41.0 221 21.9 58.3 25.3 7.2 48 31 4.8
LSDoos 13.6 18.9 10.4 10.0 6.8 11.5 11.1 13.5
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Fig. 41. Effect of temperature on the germination and cumulated germination rate

of CMV seeds.
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Table 21. Analysis of variance for emergence and cumulated emergence of CMV

under different sowing depths or water depths

Mean squares

Source df
Emergence Cumulated Shoot DW Root DW
emergence
Sowing 5 2276.4" 2220.4"" 0.09589™  0.0357""
depth
CcV 16.5 14.6 27.7 25.4
Water depth 3 3821.5™ 2482.2" 0.1721"°  0.04806™
CcvV 29.2 28.7 30.7 26.2
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Table 22. Effects of sowing depth or water depth on the emergence and seedling
growth of CMV seeds

Cumulated
Emergence Shoot DW Root Dw
emergence
Soil depth (cm) (%) (g)
0.3 51.4 40.7 0.28 0.17
1 50.2 37.9 0.36 0.17
3 49.6 34.3 0.24 0.19
5 43.8 7.4 0.24 0.15
8 27.6 11.1 0.13 0.08
10 14.6 4.6 0.10 0.05
15 0.0 0.0 0.0 0.0
LSDo.0s 5.86 3.4 0.06 0.03
Water depth (cm)
0 48.2 37.6 0.31 0.17
1 48.4 37.3 0.28 0.14
5 19.8 14.5 0.10 0.05
10 10.4 6.9 0.04 0.02
LSDo.o05 8.38 6.3 0.05 0.02
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Days after flowering

Germination (%)

Fig. 42. Changes of germination percentage of CMV seeds during seed

maturation. GA treatment was conducted with 0.1mM aqueous solution.
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0.0 - - - - 0

22 29 39 46 52
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Fig. 43. Changes of seed weight and moisture content of CMV seeds during seed
developmental stage. Germination tests were conducted at 20C and gibberellin

(GA3) was treated with 0.1mM aqueous solution.
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Fig. 44. Changes of the contents of reducing sugar and total protein in seeds

according to the seed maturation of CMV.
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Fig. 45. Time course of the water uptake of CMV seeds at 15C 25TC.
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Fig. 46. Changes of moisture content and reducing sugar contents during the

imbibition of CMV seeds at 15C and 25C.
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Table 23. Analysis of variance for emergence and cumulated emergence of CMV

seed collected at different maturation

Mean squares

Source df
Germination Cumulated germination
Date (D) 4 77.18™ 19.28""
Moisture (M) 4 42.92"" ] .84
Part (P)" 1 14 59" 10.87°
D XM 4 17.4™ 9 94"
P XD 4 391" 1.91%
PXM 1 11.57 2.72°
PXDXM 4 7.96° 141
cv 63.6 59.0

" Seeds were sown with (seed) or without (pod) threshing.
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Table 24. Effects of the degree of seed maturation on the emergence of CMV

seeds with or without threshing

Seed Pod
Date WaFe-r Cumulated Cumulated
condition Emergence Emergence
emergence emergence
(%)
1-May Control 0 0 0 0
Waterlogging 0 0 0 0
7-May Control 0 0 0 0
Waterlogging 0 0 0 0
17-May Control 9.5 3.85 1.67 0.58
Waterlogging 0 0 0 0
24-May Control 9.0 4.52 5.33 2.41
Waterlogging 5.33 2.41 3.00 1.46
29-May Control 3.08 3.08 3.50 1.92
Waterlogging 5.33 2.92 3.33 1.70
* Seeds were sown with (seed) or without (pod) threshing.
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Fig. 47. Effect of seed storage condition on the germination of CMV seeds. The
and 120 days, respectively, R and L mean room temperature (25C) and low

storage duration of 7/19 (Jun 19), 8/8, 8/28, 9/17,

temperature (4C), respectively.
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Effect of clipping of over-grown aerial part of CMV before

Table 25.

overwintering on the overwintering ability of CMV plants

Overwintering (%)

Plant height (cm)

Treatment

58

5.0

Clipping

27.6 11

Untreated
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I A8 2 49y
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20049 49 13Y, 49 27¢, 594, 5¢ 2549 AFHE dFHst &3
FAE 2ol 26mLel 95% ethyl alcohol<

7 ¥ oA (Whatman #1)2 AL o3 JA0AdsSH
goto] dAES TN UE SHF =5 bml ¥olAd FEES 59U
= < A Ee°l 10em?Ql petri dishel 0, 0.2, 1, 5SmL& % 7}sk4q
238kt A FA= 25T F27| A HolE At wolg 3
]

qurobg g AT ol AFY FHe) AolF FFHAL.

FA ol & (Weighted germination percentage)

(K x Ny + (K-1) x N2 = - - -2 x N(xg-1) x Ng) x 100

K x 100 (A3 F4 )

oobdh TR

Z

K @ 2opAzl o4

2. A2 total phenolics &%

(ot
ull
ot

=
=

"

A9 2 100mgS 80% Methanol ImLel ¥ i 44]3F St o =
FE=T ARE dAEY7d ¥ AR § 45 dv 0.2mLwA Methanol® 10
109 A" AME 02mLol S5 2.8mL<S %3l phenol reagent
. 5% A3 F 20% sodium carbonate sol.2 6mL % il 40Tl 30%

A g F 720nmoll A F3EE FA gt Standarde gallic acid 10mgs 5
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3. EOR Qe Was gEcls A §F 54

E<F 5gol 2M KCl &9 25mL< 7bsbar 13 X" & A&
2 A' F &9 v NOs sk NH/9] 58 Z4start

7}. Nitrate 5% =4

ol
e
e
Y
(il
ofN
o

1—H

1) S7FH

MgOE 718te] NHs BlE F%3 F Devarda’s alloyS 718t NO; B A4S
NH, B A2z ASAA 2% Hrgde A4S ¥3s2  1/140N - HCl = AA
&tk

(A 4h)

(T-B)xfxN(1/140)x14x1,000/7A A F.(g)x A/ 7} o (20mL)
(T-B)*0.1x1,000/71 X 5.(g)xA/o] 7} 8 (20mL)
Doyl AAE(mL), B ¢ Blank A #FHmL), A 1 FEN + (FAR FA - AA

D, AANERFA() ¢ FEFEEFE BAE] FAIRS FAE AR AR &

b -

>

2) ISE(ion selective electrode)

o]kl 10mLel ISA((HN.SO4)E 0.2ml. #H7}3}aL Nitrate selective =& o]
g3te] ZAg . Calibratione NO;E 107, 107, 1074, 10°M=Z 3¢ gAox
AA g

1}, Ammonium &% 4

7h S5

of o 20mLE AY Zehx=o] HI F MgO 7hstar 2% Fagdel x4 3
A4E 1/140N HCl & H A3 nitrated] 3t F=E AL

NH," =9 5mLo] phenol solution ZOOuLQ]r nitroferricyanide 200uL,
oxidizing reagent 500uLE ¥t} vortexing & 1A]7Fo] A WHAIAI 7] & 630nmel]

Al ODE 9=t} Standard:= NH, & 500, 400, 300, 200, 100uL/L & FH]gkc},
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ol AAEA Aol AMEE W FF S slon, ofefot o] A A
JHE dFHste] EdAEs 16Y Fo 25¢ BE 6€¥€ 20¢¥ A4AZ 30X18cm=E
Aol sttt Aglgozs HH2HE I z=7, 2+ 3= @B0ton/ha), #
Z(40ton/ha), WFF(20ton/ha) .2 E4A2 ottt 72 HJHEN-P-K =
21-17-1D)5 A&3 F odisel A&

o

~
o
1
2
jus)

o EQe 2R AT FaAkx WE Sl DAY Haw /0 nelshol
B ool 159 Ae] £} F ZEPE 28] Zo} YA oY F olEA EF

A2 A2l cyclosufamuron-butachlor QA& ESA gl sto] 2wk
Hol A5 3 FHFAE A9

o H =
T4 B4V @ E570d 2AFE A A, FHTFAHLAE FASS
7TEE AR &Y 54

7}. Urease 4

E% 05go 80mM urea £ 0.25mL¥} 75mM Borate buffer 2mLS ¥ al 37Tl
Al 2A1ZF v eFgth. Control urea Al =5 AR&ste] wigksint, vik % 2M KCI
< 3mL H7betal 3027 S5t A S Ao 0.2mLe WA 1.8mLS 52t

=1t o] 7] 9] 1mL<] salicylate/NaOH  solutions =i 0.4mL¢]
dichloroisocyanuric acidE 2t} A2 2087F W% 690nmolA ODE 9=

Y. Phosphatase

E9 0.5g°9] 0.5M acetate buffer (ph 5.5E 0.2mLS Y1 0.115M
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Fig. 1. Changes of total phenolics content in CMV after overwintering in

2005.
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Table 1. Effect of CMV extract on the germination of barley

Concentration” CMV collection date
(volume of

extract) Apr. 13 Apr. 27 May 4 May 25

0 71.1+£5.7 71.1+£5.7 71.1+£5.7 71.1£5.7

Weighted 0.2 25.6+4.5 33.9+3.3 35.6+7.3 44.8+6.5
germination 1 14.1+£9.7 2.3+2.1 9.7+9.3 22.1+12.3
percentage 5 0.0+£0.0 0.0£0.0 0.0+£0.0 2715
0 85.7+4.2 85.7+4.2 85.7+4.2 85.7+4.2

Germination 0.2 34.0+£5.6 474475 48.3+10.3 54.746.7
percentage 1 22.0%15.1 11.0+114  16.7+16.1 29.8+18.4
5 0.0+£0.0 0.0+0.0 0.0+0.0 5.3+2.1

‘CMV (5g) was extracted with ethanol and redisolved into 10mL distilled water

Table 2. Effect of CMV extract on the germination of radish

Concentration” CMYV collection date
(volume of

extract) Apr. 13 Apr. 27 May 4 May 25
0 88.0+4.1 88.0+4.1 83.0+4.1 88.0+4.1
Weighted 0.2 85.3+35 83.9+3.2 87.0+2.5 88.0+6.0
germination 1 72.0£3.1 66.9+6.3 779+1.9 78.8+0.3
percentage 5 40.9+8.7 36.0£3.5 57.2+5.2 75.1+3.0
0 94.0+3.5 94.0+3.5 94.0+3.5 94.0+3.5
Germination 0.2 90.7+4.0 90.3+3.1 92.3+2.1 94.0+5.6
percentage 1 81.7+4.0 82.3+7.4 84.7+4.9 85.0£1.7
5 44.3+14.8  66.5%16.5 85.0+3.0 90.3+1.5

*CMV (5g) was extracted with ethanol and redisolved into 10mL distilled water
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Table 3. Effect of CMV extract on the germination of corn

Concentration” CMYV collection date
(volume of

extract) Apr. 13 Apr. 27 May 4 May 25
0 86.5+2.4 86.5+2.4 86.5+2.4 86.5+2.4
Weighted 0.2 84.9£3.0 80.2+2.0 84.3+1.7 87.1+1.3
germination 1 79.2+2.9 76.8+6.0 78.2+12.7 86.9+3.2
percentage 5 40.8+4.0 31.2+3.7 62.4+5.0 72.8+3.4
0 98.0+2.0 98.0+2.0 98.0+2.0 98.0+2.0
Germination 0.2 96.7+3.1 95.3+1.2 96.0+2.0 99.3+1.2
percentage 1 96.0+2.0 96.7+£2.3 91.3£13.3 98.7+£2.3
5 65.3+4.6 51.3+3.1 88.0+2.0 92.0+5.3

*CMV (5g) was extracted with ethanol and redisolved into 10mL distilled water

Table 4. Effect of CMV extract on the germination of soybean

Concentration’ CMV collection date
(volume of

extract) Apr. 13 Apr. 27 May 4 May 25
0 97.2+16 97.2£16 97.2£16 97.2%16
Weighted 0.2 95.045.0 95.1+2.6 91.1+2.1 91.5+5.6
germination 1 92.8+2.6 90.6+2.4 92.1£3.9 88.9+2.0
percentage 5 67.7+5.4 57.0+7.2 73.1+1.2 74.6+2.2
0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0
Germination 0.2 98.7+2.3 98.7+2.3 94.7+3.1 96.7+4.2
percentage 1 98.7+2.3 98.0+2.0 98.0+2.0 98.7+1.2
5 96.0+4.0 86.7+6.1 96.0+0.0 97.3+1.2

‘CMV (5g) was extracted with ethanol and redisolved into 10mL distilled water
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Fig. 2. Effect of CMV extract on the plumule growth of barley.
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Fig. 3. Effect of CMV extract on the radicle growth of barley.

- 114 -




Hypocotyl length (cm)

Fig. 4. Effect

Radicle length (cm)
N W A O O N 0© ©

O -

Fig. 5. Effect

0 0.2 1 5
Added extract volume (mL)

of CMV extract on the hypocotyl growth of radish.

0 0.2 1 5
Added extract volume (mL)

of CMV extract on the radicle growth of radish.

- 115 -



6 | —e—4/13
—~ —o—4/27
= —7—5/25
-
o 4 |
c
Q
Qo 3
£
527
o

1 L

0

0 0.2 1 5

Added extract volume (mL)
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Fig. 7. Effect of CMV extract on the radicle growth of corn.
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Fig. 9. Weed occurrence in the corn fields treated with different CMV and weed
management practices. Filled and empty bars indicate weed number and dry
weight In unit area (Im%). Corn seeds were sown on May 30 and weed
occurrence was investigated on Aug. 23 in 2005. C, N-til, W-C, No-C, and
No-W mean CMV, no-till, weed control, No-CMV, and no-weed control,

respectively.
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Fig. 11. Effect of CMV cultivation on the dry weight of weed occurred in the
paddy field.
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Table 5. Weed occurrence

heading stage

in CM.V.-Rice cropping system paddy field at the

. Life Classification? Number Dry weight
Weed species eycle” assification (No/m?) (@/m?)
Cyperus difformis A S 12 4.41
Lindernia procumbens A B 9.5 0.33
Ludwigia prostrata A B 22.5 6.42
Monocharrs vaginalis A B 9.5 7.02
Sagittaria pygmaea P B 14.5 1.85
Sagittaria trifolia P B 20.5 8.71
Total 88.5 28.74
Simpson dominance 0.187
Simpson diversity 0.813
1: A= Annual, P = Perennial, 2 : G = Grass, B = Broadleaf, S = Sedge

Table 6. Weed occurrence in traditional paddy field at the heading stage

Weed . Life Classification? Number  Dry weight
eed species eycle! assification (No/m?) (a/m?)
Anerlema keisak A B 7.5 2.00
Bidens tripartita A B 0.5 1.70
Cyperus difformis A S 40.0 73.10
Cyperus flaccidus A S 0.5 0.02
Cyperus Iria A S 2.0 2.95
Echinochloa crus-galli A G 2.5 6.95
Ludwigia prostrata A B 409.5 248.45
Monocharis vaginalis A B 8.0 13.07
Polygonum hydropiper A B 2.0 22.50
Rotala indica A B 1.5 0.04
Sagittaria pygmaea P B 13.0 3.44
Sagittaria trifolia P B 16.0 12.30
Scirpus juncoides P S 3.0 3.60
Total 506.0 390.11
Simpson dominance 0.664
Simpson diversity 0.336
1: A= Annual, P = Perennial, 2 : G = Grass, B = Broadleaf, S = Sedge

woll A AEgel o FHx A A myE 20059 FE A3 ¢ke] 2004
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Table 7. Weed occurrence in paddy field at heading stage in 2005

. . Dr
CMV Herbicide Weed species Llfe]) Clasgf;; Numb%r Weigyht
cycle” cation” (No/m®) (o/m)
g/m
Aneilema keisak A B 2 0.17
FEleocharis kuroguwai P S 2 0.47
Ludwigia prostrata A B 1 0.47
. Monocharis vaginalis A B 2 3.70
Sagittaria trifolia P B 5 9.00
Scirpus juncoides P S 2 0.57
TOTAL 14 14.38
' Aneilema keisak A B 3 153
Cyperus difformis A S 1 0.94
FEleocharis kuroguwai P S 4 1.35
Ludwigia prostrata A B 1 0.88
- Monocharis vaginalis A B 4 15.92
Sagittaria trifolia P B 3 11.69
TOTAL 16 32.31
Aneilema keisak A B 1 0.33
Cyperus difformis A S 5 0.29
FEleocharis kuroguwai P S 4 09
Lindernia procumbens A B 2 0.02
. Monocharis vaginalis A B 2 7.14
Sagittaria pygmaea P B 2 1.29
Sagittaria trifolia P B 4 16.35
- Scirpus juncoides P S 1 04
(Artificial TOTAL 21 26.72
fertilizer)
Aneilema keisak A B 23 19.72
Cyperus difformis A S 8 10.64
FEleocharis kuroguwai P S 7 3.79
_ Monocharis vaginalis A B 14 59.01
Sagittaria trifolia P B 17 41.28
Scirpus juncoides P S 4 20.45
TOTAL 73 154.89

1 : A = annual, P = perennial, 2 : G=grass, B=broad leaf, S = sedge
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Table. 8. Changes of chlorophyll content (SPAD) of corn plant by CMV and

weed management practices

June 18 June 28

June 5

Management practice

———————-—-———- SAPD value —----—-—-—------

37.5 bc

42.6b

38.5bc*

CMV+ No-till

52.2a

53.1a

48.1a

CMV+ Weed Control

41.3b

43.1b

40.1b

No CMV+ weed control

38.2bc

40.0b

37.5¢

CMV+ No weeding

33.8¢

30.2c

28.8d

No CMV+ No weeding

* same letter in a column means no difference statistically by DMRT at 0.05

probability level.

Aed Aol w}
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Table 9. Changes of plant height of corn plant by CMV and weed management

practices
Management practice July 5 July 18 July 28
————————————— height (cm) ————====-=---—-

CMV+ No-till 114.9¢ 193.1c 190.1c
CMV+ Weed Control 163.2a 222.6a 230.3a
No CMV+ weed control 127.0b 213.9b 215.6b
CMV+ No weeding 114.9¢ 187.8¢c 187 .4c
No CMV+No weeding 93.0d 164.4d 175.6d

* same letter in a column means no difference statistically by DMRT at 0.05

probability level.

Ao Aol We Saie) ABFL 247 A 4T wdoy 24 uy
g Aol7h HERATHE 10). 559 ARFES 489G A olyg A Wy
of % 2A Qe vtk b ARFol B v

By A AA of i
= z

g Al 5 F2WAE AAT A=
o
=

ox
1o
2y
o
f
3R
iy
do
¥
4
rr
i)
[0
i
=
Ao
o
o2
ME

- 126 -



Table 10. Changes of dry weight of corn plant by CMV and weed management practices

Management practice July 5 July 18 July 28
——————————— dry weight (g/plant) —————————-——-

CMV+ No-till 9.8¢c 53.3b 65.9¢

CMV+ Weed Control 21.0a 74.0a 126.0a

No CMV+ weed control 12.5b 72.8a 104.6b

CMV+ No weeding 11.7¢c 58.9b 57.6¢

No CMV+ No weeding 7.9d 40.7¢ 59.8¢c

* same letter in a column means no difference statistically by DMRT at 0.05 probahility level.

HolFe 954 FFEV/Fm) g2 Aztels 2ozt
o #EAel FAHA WA

!
e S5 FHY 5 Aol A

%

Table 11. Changes of chlorophyll fluorescence of corn plant by CMV and weed

management practices

Management
. July 5 July 18 July 28
practice
————————————————— Fv/m - —————-——--———~
CMV+ No-till 0.7979ab 0.7963ab 0.7958a
CMV+ Weed Control 0.7911bc 0.8111a 0.7920a
No CMV+ weed control 0.8044a 0.8066a 0.7982a
CMV+ No weeding 0.7837c 0.7978ab 0.7897a
No CMV+ No weeding 0.7861c 0.7819b 0.7964a

* Same letter in a column means no difference statistically by DMRT at 0.05

probability level.
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Fig. 13. Changes of corn height according to the CMV and weed management

practices.
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Fig. 14. Changes of chlorophyll content of corn according to the CMV and weed

management practices.

Aeq Aol we P43 fH29 AV Aele 1y 133 1 1de] vt 9
th 984 FHSPAD)Y A9E 271%E Aol Fasgort g 74 79Y

B Aol7k Al e 1 Aol A% fA Ak

- 128 -



Ear length (cm
Ear width (cm’
8 8% 8 8 &

o

CHN-ill CHW-C No-C+W-C CHNo-W No-C+No-W CHN-ill CHW-C No-C+W-C C+No-W No-C+No-W
Treatment Treatement

Ear fresh weight (g
Ear dry weight (g)
>

CHN-ill C+W-C No-C+W-C CH+No-W No-C+No-W C+N-ill C+w-C No-C+W-C C+No-W No-C+No-W
Treatment Treatment

Fig. 15. Ear growth responses of corn plant on July 28 to the different CMV and

weed management practices.
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Fig. 18. Leaf N content of corn plant treated by different CMV litters harvested
at different growth stages.

Table. 12. Differences of corn growth on May 21 treated by CMV litter

harvested at different growth stages.

Treatment SPAD Plant height Fresh weight Dry weight

(cm) (g) (g)
Control 34.3c 21.9c 3.5¢c 0.36¢
4/13 44.0a 28.1b 6.2a 0.62a
4/27 44.1a 3l.1a 6.9a 0.63a
5/11 40.8b 26.4b 4.9b 0.48b
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Table 13. Differences of corn growth on June 4 treated by CMV litter collected
at different growth stage

Treatment SPAD Plan(tcilqe)zight Fresh(gv;/eight Dry ( ;\;eight
Control 18.2¢ 35.8¢c 9.6c 1.34d
4/13 33.5a 66.7a 35.4a 4.43b
4/27 26.6b 67.5a 37.6a 5.01a
5/11 24.6b 53.2b 21.4b 2.60c

Table 14. Differences of corn growth on June 23 treated by CMV litter collected
at different growth stage

Treatment SPAD Plan(tcrlrl]e)zight Fresh( gv;reight Dry ( ;\;eight
Control 13.13b 48.00c 15.36d 2.52¢
4/13 17.03a 85.41a 71/ 74a 13.06a
4/27 15.61a 84.90a 69.73b 12.17a
5/11 15.51a 78.61b 57.68¢c 9.33b
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Fig. 19. Chlorophyll content of corn leaves treated by different CMV.
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Fig. 20. Changes of corn height treated with CMV clipped at different stages.
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Fig. 21. Changes of corn cry weight treated with CMV clipped at different

stages.
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Fig. 24. Effect of CMV cultivation on TKW of rice cultivated with various
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Fig. 25. Effect of CMV cultivation on percent ripened grain of rice cultivated

with various cropping systems.
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Table 15. Comparison of the price and farm income of rice produced with

conventional cultivation and CMV-used cultivation

Brand name Packing unit(kg) Price Income (won/10a)
of =2 80 208,000 1,157,000
A 80 216,000 1,201,500
37 A n) 80 196,000 1,090,250
73l o =4k 80 196,000 1,090,250
Ty 80 188,000 1,045,750
s
80 256,000 1,146,880

Apg-g (g H)

g = 2003d Eol Y =4 Eo] Furt SkEdH(R 16), oldg Ay
&7 71detslel A o R Fso] Bt o] Aol ko] Awt
HETE FojE o] FE RuU7] o]F 2t nj= gt W¥FE T 2% F53 A
2o gk A4 EFF % yale eF ‘wive] out= Qe W 2 5 93|
So] Qelojt} o]¢} Ze XANAE BHuFH dgHAG o] =L olfFE A2
kol A A ogt X187 Holet= o] f wjiFolm Ui el o] W FF
S FAT A 1 A FYEE o =obd AR YEwTh

Table 16. Rice yield and milling recovery rate in 2003

Rice name Yield (kg/10a) Milling recovery (%)
L 358.4 52.06
dEH 398.4 54

National average 445 *
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Fig. 28. Changes of glucose content in aerial part of CMV after

overwintering in 2005.
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Fig. 29. Changes of sucrose content in aerial part of CMV after

overwintering in 2005.
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Fig. 30. Changes of starch content in aerial part of CMV after overwintering
in 2005.
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