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ABSTRACT

Background: Green manure crops are cultivated to address the challenge of continuous medicinal
plants cropping. However, fungal and bacterial growth during seed storage hinders their use. To
mitigate this, seed disinfection methods such as hot water treatment are used to reduce microbial
contamination and enhance germination rates.

Methods and Results: We studied the effects of seed storage on contamination and germination of
three green manure crops, six rye varieties, and one hairy vetch variety. Along with germination
rates, fungal and bacterial infection rates were assessed by plating seeds on water agar and identify-
ing the through culture, microscopy, and morphology. Hot water treatments for varying durations at
45°C, 50°C, and 55°C were tested to evaluate sterilization and germination impacts. Alternaria sp.
and Pseudomonas sp. were common across taxa and affected germination and growth. ‘Nemajang-
hwang’ had low levels of infection and high germination. Meanwhile, hairy vetch had higher levels
of infection and an 82.2% germination rate. Rye varieties varied, with ‘Egreen’ having the most
successful results. Hot water treatment at 50 °C for 20 min was the most effective method for bal-
ancing disinfection and germination.

Conclusions: This study has demonstrated that microbial infection and germination rates vary
among green manure crops. Hot water treatment at 50°C for 20 min effectively sterilized the seeds
while maintaining their germination rate. These findings suggest that optimized disinfection tech-
niques can enhance seed quality and support sustainable agriculture.
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A7} o] FAR AL Qlovt, I Aike obF TR %
sHARE, =H] A= (S, wbie], ek 5)S Al
Hjste] Bkl $gt & HYE AnS AAEHH EYe 2
T7F Asste] ES B, 535 A IHES fdbte
Cylindrocarpon destructans®] H=% Fv|siA €4 F 3
o] Q4] ko] Stk S AR A 7 AFellA
TEHoE BRI (Lee ef al., 2016; Seo et al., 2019).

S oFE e AP Al =M A=d] &8s EYS R

% g PR ohet RS 2 FER AT

ZFolX ¢ (Cynanchum wilfordii) B2]e] 8%, & &
2= %, 9 DPPH st 4o 7MY =%or, B

=S S7A, BElg 51 AR 48
of ekt Atst 24 Fshke dl TAHQ
Sk vl ATk (Yeon et al., 2017).

Tk oY AE 7 9SS
T oSS w9 e 2A e /7
4 Boklr Fos AXAAZ T ATk (Yang er dl,
2018; Jansson and Hofmockel, 2020; Wittwer and van der
Heijdena, 2020). °o]2igt 54 $H73<] /IS 91g A W
oM T @R AL 7 89 shh B 1=
g S MAdskE ol ol frlEe] e 54
< Bl 99 AEA g2t TRl olsl d3ds Bol
Hk= Ao 2 BIHATE (Francis et al., 1995; Cherr et al.,
2006; Banerjee and van der Heijden, 2023) ©o]&{3t 544
VIFE T AEME et 7158 7T e FH] &
Bol| FE33L At (Kuo ef al., 1997; Choi et al., 2010;
Walker et al., 2023).
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TZ ZFAI)AL (Jeong et al, 1995; Lee et al., 2008; Kim
et al., 2013; Kim et al., 2022), 732} NS (Verticillium
dahliae), W3 SZHANEEXNZ (Heterodera trifolii? 7+
ES Halle 2SS A stAY (Wyland e al, 1996,
Ochiai et al, 2008; Lee 2023; Ko et al, 2024) B2 &
FE AASHH, B F71488 /WAt g 2dse 9
S St} (Baer and Birgé, 2018). T3k, 31| E AR5
Zo] olkald A WSS A7EAL (Lyu er al, 2023), EYS
HEate] Az aHE AFFEN A2A AME-S dshe
g3t I BRI E 5192 ™ (Wagger, 1989; Creamer
et al. 1996; Reddy et al., 2003; Choi et al., 2009) ©]dl
g} AETYe] SX1EY FJAE A7 BHeE™ (Zhong
et al, 2010; Lee 2023; Walker et al., 2023), =2 o]iks}
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(Kim et al., 2013; Kim et al., 2022). genera of imperfect fungi (Barnett and Hunter, 1998)"2
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gde g857 ,\l‘jr. I =1 FRjol] Rt Fgole} Al (Genera) G=<=ollA] E-F3I T
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3t} (Gitaitis and Walcott, 2007; Kim et al., 2022).
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Seeds+Soil Co. Ltd., Sidney, Australia), %% (Common,
China National Seed Group Co. Ltd., Shandong, China),
delg3 (Sun Hemp, Advanta Co. Ltd., Telangana, India)
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212 SAS Enterprise 7.2 (SAS Institute Inc. Cary,
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Table 13} 72t}

= [ele)
&} dolge

soje x| A gl A E% 46.7%, M FPES
62.2%, =Bolet Mol A AHES 37.8%= 7P =2
ZAES eI (Table 1).

WA dlebdske F3o] AAE 289%, Mo HHEE
44.4%, F3o)+AlTd A THE 17.8%= 7P @2 38
B}, dolg-e vupdaleA 91.1%=2 7FY Ekom, Abe-
FollA 75.6%= 7 HATE (Table 1).
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Table 1. Comparison of mold and bacterial infection rates and germination rates of four types of leguminous and green manure crops.

Contamination rate (%)

Green manures

Germination rate (%)

Fungi Bacteria Fungi+Bacteria
Hairy vetch 46.7x4.4° 62.2+5.9° 37.8+3.0° 82.2+3.0°
Crotalaria 28.9+3.0° 44430 17.8+3.0¢ 91.1+3.0°
Alfalfa 35.6+5.9% 37.8+3.0° 15.6%3.0 80.0+4.4
Chinese milk vetch 40.0+8.9® 35.6+3.0° 24.4+3.0P 75.6%3.0¢
Mean 37.8 45.0 23.9 82.2

Means = standard deviation (SD). Survey conducted with 20 seeds per crop in 3 repetitions. Means separation within columns at 5% level by

Duncan's Multiple Range Test (DMRT, p < 0.05).

Table 2. Mold and bacterial isolates detected in leguminous and
green manure crop seeds.

Green manures Fungi Bacteria.

Pseudomonas sp.,

Hairy vetch Alternaria sp. Bacillus sp.
. Alternaria sp. Pseudomonas sp.,
Crotalaria . .
Cladosporium sp. Bacillus sp.
Alfalfa Alternar'la Sp- Pseudomonas sp.
Botrytis sp.
Chinese milk Alternaria sp. Pseudomonas sp.
vetch

ol theket el XA} (conidia)s 2=
7 AEE AT

vupgslollr= dAgh oA SejHAS wu, depd A
22 3l FME Hole AHo] Sl TR #ALeL A
o7 FE A BYoRE wjdE, 2 whAEo]aL Bl ol
A AFH BAEAY 5421 Cladosporium sp7t AZEIATH.

= FEAY Ag ZaE uw Aol Q= o
M2 FAMF EAAE  (conidiophore)] ol thE HEZ 3
A, xeFolet FARE JFAE olF= HAEAE 54
2Rl Bomrytis sp7F F7=E SR1= STt

Aol 73, ] ZREoA] AR og o ghdul
A (nutrient agar)IX = W 7FssiH, AE 45 HE
stal wHE sty gk 7t Bt et dAnd w1
2 24 (eE FAEY, v B I FHIE Hole=
Pseudomonas sp”t HZF T}

glojglwl x| e} dlnpggellr=
o] M Wi & A g /PR e =5
A= FAehs FAshL dnd AN a3 F (HeE
Agm, Hepdl S we g 2ge 1t FEE Hole
Bacillus sp7t F7H 22 ET ST} (Table 2).

2 A Ay, T I A2 FEe] 2 At AHES
Zo ugt dolst S BT TS, Alternaria sp.oF
Pseudomonas spr= BE T FEHOT ZHET], ol&
nAEe] F3 =8| AZe] wol Bl 7] Aol 83k

Alternaria sp.
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& ot o]eF e A
TS A g e &
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Azo] 2 9940] Bl 4 9l
o} (Martin et al., 2022; Asghar and Katoka, 2023; Dell’
Olmo et al., 2023y= A3} X3t

JI042p

. SHIBAL XMZD R W2 o2 ZdEn Wl

A2 o]F, FAEFY ofHwH FH] Ao FA
o|ELT} ol FHH|FAe] AA 717ke] w9 FQ85te]
2HEo] F2} A% 7|17ke] mAE AHET wolgd vX]
JEFS AR v, 3 7 7 50 380 AYES 53
"ol 10.0%Z 7P 243, Yeade] 257%2 7P E94Th
A ZE9ES 339 (201339 Arhot T2 (20129 A
2hel Zbzh 5.2%9F 5.1%2 7P Weken, A=1do] 15.1%
2 7P =3t Fgolet Alg BA AHEES R=1¥o]
5.6%% 7PE E=9kar, o]a’o] 1.5%= 7P 2UTh

wolg-o o]a@o] 79.5%E 7P =9k, 39 (20139 A
27t 63.6%= 7P wgkth, 3 R Wi dolge
69.8%= EFSTH (Table 3).

w3 oy A 5 ) EFFC FFol
(7.5%)¢}F 5713 (7.6%)7F 718 @kar, E9)
=tk Mt AAES f7110] 3.3%=2 7
6.8%= 7P =ATE FFolet Mt FA FEES F7147
2.1%= 7P werom, Eolo] 5.6%= 7P EUTH

dolg2 f7147F 95.0%2 7P =9kom, EYo] 68.7%=
7P ekt slofe il A] #Ee] Het ok 94.0%= e}
o} (Table 4).
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Table 3. Comparison of mold and bacterial infection rates and germination rates for seven rye green manure seed varieties.

Varieties of Rye Production year - Contammatmh rate (%) - - Germin?tion rate
Fungi Bacteria Fungi + Bacteria (%)
Coku 2012 16.3£2.3¢ 8.2+1.7° 2.8+1.0% 64.2+3.0%
2013 15.242.1¢ 5.2+0.8° 2.60.8> 63.6+2.9°
2012 15.6+2.3¢ 5.1+1.9° 2.4x0.9° 64.2+4.9%
Duru 2014 20.3+2.6 5.2+1.0¢ 3.1+0.8 68.5+3.9
2018 21.0+1.5° 14.1+1.0° 4.8+1.0° 76.0+3.4%
Seed Green 2019 15.2+2.7¢ 15.1+1.9° 5.6+1.22 75.4+4.4°
Winter Green 2011 25.7%3.17 7.8+1.0° 2.4+1.00 68.0+2.4%
Egreen 2017 15.8+2.2¢ 5.6+1.9° 1.5+1.9¢ 79.5+2.9°
Chunchu 2012 10.0+1.1¢ 7.5+1.0P 2.0+1.0¢ 68.5+1.5°
Means=+SD 17.2+4.5 8.2+1.4 3.0%1.1 69.8+3.3

Means + standard deviation (SD). Survey conducted with 20 seeds per crop in 3 repetitions. Means separation within columns at 5% level by
Duncan's Multiple Range Test (DMRT, p < 0.05).

Table 4. Comparison of mold and bacterial infection rates and germination rates for five hairy vetch green manure seed varieties.

o . Contamination rate (%) Germination rate
Varieties of Hairy vetch - - . . o
Fungi Bacteria Fungi-+Bacteria (%)

ToeicT 26.0+4.2° 6.8+1.9° 5.6+0.5 68.7+2.3°
OrganicT 8.2+1.1¢ 3.3£0.9° 2.6=0.5¢ 93.7+1.5¢
Organic2 7.5+0.9¢ 5.5+1.2° 4.5+0.9° 93.0+1.0¢
Organic3 7.6+1.24 5.1%1.3¢ 4.8+0.9° 94.3+1.5"
Organic4 8.8+1.4" 3.6+0.5" 2.1£0.5° 95.0%2.0°

Means+SD 8.0x1.2 4.4%1.0 3.0+0.7 94.0+1.5

Means + standard deviation (SD). Survey conducted with 15 seeds per crop in 3 repetitions. Means separation within columns at 5% level by
Duncan's Multiple Range Test (DMRT, 'p < 0.05).

Aol u)x= Jeknt EoF U] o] o] & Ay w et al., 2016; Li ef al., 2019; Rétif et al., 2023).

ofell ol S I WIAE=A AT (Asghar and e, slojelmAle] B f7] FEE2 Ak o vk
Katoka, 2023). uAE 79EY 2o dolgS HyloH, o= JIBAIE AL

H
AR 58 AEst gek 2ge] Sol WAT FA % gl Blske A7 WAl A4 B MR RS
ohge] Aol7t Y F YL BTHI ¥ AT A B JAISIL Wb PIHE IHAA JTL VAL A
W3 slofelil ) FE el MR PR wolgel o] @,
7 et 59 E5 F ola9e B wolad W
AR wslon, R ASIRE Fe ol U A 3. UK SEHAKKRIN TE SSam Holsol Uikl
7 ADEL HYSOIE Brekn AHoR ke wolgas g
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o

PR 57 FAe) LYAAA ) 1e 4% ko) wolgo) v)
uHOR FYoIt At 4P FA Wokgel ¥HH @ A& JFL RARE A, Table 59 vERE mish 7o), 5

TS AT, Q- ATAME B FYoIsh Aol Mot FAY AP 2wk FNBSE 25 W} T 4%
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3] S0TCIA 20 & A2 Al wgolet Aol B 0%=
7P EE &5 33 YR UokeE 75.8%
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o] FAe] Aksl &S FFH, Y 2EH 2 tigk uig
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Table 5. Seed disinfection effects and germination rates based on temperature and duration of hot water-cold water immersion

treatment for rye.

Treatments

Contamination rate (%)

Germination rate (%)

Temperature ('C) Time (minutes) Fungi (%) Bacteria (%)

Control - 17.8+1.2° 7.5+1.0¢ 69.8+2.0°
10 18.2+1.4 8.2+1.4 69.5+2.0¢

15 15.4+1.5° 7.7+1.0¢ 65.6=2.58

45 20 8.3x1.5¢ 8.3+1.27 60.22.0'
25 5.7+1.0f 6.7+1.0° 60.4+2.0"

10 8.4+1.1¢ 2.3+0.5" 68.2+2.2f

50 15 3‘2i1.0f°> 1‘5¢0.2§g 70.4%4.0
20 0.0+0.0' 0.0+0.0' 75.8%3.5°

25 0.0+0.0' 0.0+0.0' 60.2+3.0

10 1.0+0.2" 0.7x0.1" 68.4+2.5¢

15 0.0+0.0' 0.0+0.0' 50.2+3.0

> 20 0.0+0.0' 0.0+0.0' 20.5+2.4
25 0.0+0.0' 0.0+0.0' 20.4=1.8

Means = standard deviation (SD). Survey conducted with 20 seeds per crop in 3 repetitions. Means separation within columns at 5% level by

Duncan's Multiple Range Test (DMRT, p < 0.05).

3 Zlog dAckE)

glojeux] FFe] 2RFAA Tl e A5 aFef Wo}
£l MXE P AR A3 Table 62 72t} Slojgulx] &
AL GA] 227t S7Eel wEl A% G537t Sk 50Tl
A 20 B A Al FFol9h Aol 2R 0%E HAYSHA] &
ko, Wolge 925%= HlwA =A §AEHAC. 2y

55CellA 20 & o]l HoME Tol&o] 66.7%004
51.7%7MA F43) Ak ole 3 FAke) nzr xR
2 R 27 B8 Lo o) &4 Az FYEn

U3} FojeulR] FAke] L8R 2] 2x9k Al7ke] F
A zAd Fa Ao W=, 50TAA 20 B7+e] 2=
] 2HEoA 3 AldS G302 A|ASEME 2

Table 6. Seed disinfection effects and germination rates based on temperature and duration of hot water-cold water immersion

treatment for hairy vetch.

Treatments Contamination rate (%) Germination rate
Temperature (C) Time (minutes) Fungi (%) Bacteria (%) (%)

Control - 9.0+1.0% 4.5+7.5¢ 94.3+2.0°
10 8.5+1.5° 4.5+1.5¢ 94.0+2.0%
45 15 34.0+2.0° 46.7+2.3 94.2+2.5
20 10.0=1.0° 11.7+1.3b 90.4+2.0
25 6.7+1.3 10.0£1.0° 90.2+3.5°

10 1.3x1.2¢ 3.3x1.7% 93.5+3.0%
15 1.7+1.3 2.3+0.7% 94.2+2.12

>0 20 0.0x0.0f 0.0£0.08 92.5+2 5%
25 0.0x0.0f 0.0£0.08 85.2+2.3¢

10 0.7+0.3% 1.7+1.3f 90.6+3.4%
55 15 0.0+0.0f 0.00.08 90.4+2.4°
20 0.0+0.0' 0.0+0.08 66.7+2.3¢
25 0.0+0.0f 0.0£0.08 51.7+2.11

Means =+ standard deviation (SD). Survey conducted with 15 seeds per crop in 3 repetitions. Means separation within columns at 5% level by

Duncan's Multiple Range Test (DMRT, p < 0.05).
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