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The Actual Situation of Variety Contamination in Lotus Root Cultivation

Yuu KASHIWAGI! and Maki KUZUYA

Summary
We investigated the actual situation of variety contamination in 9 local fields of lotus root (Nelumbo nucifera) with DNA
marker fingerprinting. DNA was extracted from seed rhizomes and leaves. Variety contamination was confirmed in 4 fields,
with incidence rates of 0.4-1.5%. The main causes of variety contamination were unharvested seed rhizomes from fields and
ridges during variety conversion. In one field, all poorly-shaped seed rhizomes removed by observation were from different
varieties. This study shows the effectiveness of local countermeasures against variety contamination, such as selection by
observation of seed rhizomes.

Keywords: lotus root, variety contamination, variety identification, DNA marker

1 Address: Plant Biotechnology Institute, Ibaraki Agricultural Center, 3165-1 Ago, Kasama, Ibaraki 319-0292, Japan
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Effects of Long-Term Low-Temperature Storage on Germination Rate of

Rice, Barley, Wheat and Soybean Seeds

Katsunori OKANO', Katsumi KAWASAKI, Tomohiro IIJIMA and Kenichi TANAKA

Summary
In this study, we investigate the germination rate of rice, barley, wheat and soybean seeds stored under low-temperature,
humid conditions. A high germination rate was maintained under the conditions of 13[] internal temperature and 35% relative
humidity. In rice and soybean, there was a difference in germination rate between varieties.
The emergence rate of soybean seeds stored at low temperature for 1 to 9 years was over 90%, and there was no relationship
between the growth and storage periods of seeds. All the soybean seeds produced from stored seeds showed a high germination

rate.

Keywords: rice, barley, wheat, soybean, seed, germination rate, low-temperature storage

1 Address: Agricultural Research Institute, Ibaraki Agricultural Center, 4203 Kamikuniichou, Mito, Ibaraki 311-4203, Japan
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Fig. 1 Exterior view of the shading facility, called as a “takesu” in Japanese, for Sarcandra glabra cultivation made by
cutting bamboo into fine boards.
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AR, RIRIR RO v — B SR RFPERRERT (DA TEA 5 35.887N, 140.626E) ORI HiE
ARCHEN L7m, FERIZ 2022 454 A 11 B225 2023 43 A 31 B E CTHEMiL7-, HEITHOERET 625m? T, 1
BB OmE & S0cm ONLEIZHE P — (RSH-4020, — A~y 7 2 v 7)) L&KiEE Y — (TR-0106,
TAT v RTAH) 245 2 H%E L, 1 Rl B Rticskit (RS-13L, RT-14, Wb =2~y 7 I v 74k
) KV BESIORIRZIE L, ZOFEARER S Lz, £HICoWT, BRERIR, AR, A
KRR, BIERER IO HEERELZEH Lz, 7ok, BESREORHICIE, WHORET —2 13 /H L
7enoTn, FNENABIONYEEFH Lz,

2. 2 w2 avEEDN—HERBERDRET

ARBRICIT. YT ORFZRARRD 3 EAA R U7, Halkkid, w2 SEE L ivE HEA
HLU7ZEAE 10.5cm OERY Ry b THEF L. PTG N CTEFE LT,

HeARGHEEEOREIL, 2019 4 8 A ICHERADEA REGIIESE  (LI-6400XT, LI-COR #:HY) ZfEH L, A4k
RS A v ¥ —RZEEET GRIRART) WO AN TN TERRENTEM L7-, ATREENOKIRIT,
20°C, 25°C, 30°CEb ko8 E L, HMIZ 16L8D & L7-, ffaiHIC, #akkas A TAG=ENICE S, B
FEEb ST, WIEE, 6em? DF ¥ L/ N—THERBR DR 2 ZEOHLIE Iy 28, 3823 20°C, 25°C,
30CIZ72 D L9 F ¥ N —NOKIRZHIE L7283 HFM LTz, F ¥ o/ N—HNOMHXHREIL, 50~60% (Zillf# L
Too T o/ X—NONGRE OtGEAtE A% (BLF, PPFD)) OEIE, 1,500pmol-m?s! TlA{k =&
7=M5, 1,000, 800, 500, 300, 200, 100, 80, 60, 40, 20, 10, Oumol-m?2-s' DNEZMK T SH-7=, HEERIDF
3KRICOWT, FDEAROEE, [ILav &7 2 0 2 LOGKEORE Z2E LT, S5CoORIET. 553 458
FREL-OBICEE L, 1 52472 0 FREEFEIT 10 0D E Uiz, SOEAEGEEIZ OV TE, LUFOIEE A
Mh# (Thornley, 1976 ; 3K, 2016) Tl L7,

A= @lctAmax—/ (@lc+Amax)®—49IcAmaxb R
net— 20 -

Ao VIS BGRE . A | TEIFIE T CORRIEARGHE, [/ IZERmAEH T2 0 OIENRZIF 72858 (PPFD) . ¢
IIWIIAEL (TS CONFIRZNE) . R IIREPFRGEHEE, 21X O E 2R3, £/, B e LT 4w
D 80%I\TEE L7 Rf D PPFD AR ed7z, 7o, EMEMENTICIIHNGGT Y 7 B R (ver.3.0.2; Thaka and Gentleman, 1996)
@ nls Bk GERIEEIED) &M=, 72, ERERNOZEBERERS L ORILa &7 Z v A1k, FERMOWE
% Tukey-Kramer DZ HHEGEIZ L0 e LTz,



2. 3 EREHRANIZEITLEHREMEES K U ERER

RIS T OIRFERARTED 2 FFAERE M U, R, Rt BB L E—FER =T 1 b
EARFEE10:3 :2 0 1 TIRA LB H2 78 U7 B 12e0m 5 S 13em OIRFERARY RNy b CTEE L, R
I, FTND 2. 1 & [Rl—OMERESEER N TITV, RBRXIIm Z25 5 — N CHE L, 2O T I AF v
OB WE4T7XHE 326X i E 76mm) Za%E L, & 2 MR A W72, WK, Btz RY » 7 a3y
72D X O CHENE Ui K T = — 7 & W CL YK RIREREAEIZ & 0 S92 U7-, AEBHE, YK IR AR AR
B (227 Iy 7 A2 A&B. OAT 7 7'V A1) % N-P,0s-K,0 = 25.0-12.5-36.0mg L' DIREEIZ /2D K O FREE L,
R4 729 20~60mL % 15 H fiti i L7=,

PRERIE, 20224 H 8 B2 D3 L7z, Rl HICHEMELAIZERATS 16 A XBIT, SAROZERFEIC DOV TR
FEGT (GA-5, HROLEMASHEY) 2 HWTHE L7z, BEmEHER, B, 2%, RIS T 80°C T 48 IFfHILL I
HEEEE S, P EAZRE Lz, FfEOREEZ6 H6 H, 8 H1 H, 10 H3H, 127 H, 202342 H 13 A
BELOAA 1 HIZEMEL, &H 16 #kX 7 B0 112 #k53 & i Uiz, S oiv-2EmiE, 3, XB LR
R JEIC, REMT CHW OGN DFEEE  (Blackman, 1919; Pandey etal., 2017) ZHH U7z, pREMT & 13, H
NS 72 0 ORI AEFE R DY ORI B DR 2 242 HiETh D (ZH, 2016), KFidiioz
SYOFEIZIL, FIHAER 2 LIRS 0 E T 2 FEN . OTF—F 2T & LCEE LT,

3. R
3. 1 EBITOMEELERNORERE

A F O ABIKIERS L OMEIL Table 1 D &Y TH o7z, HIEHKIR, BxEAIE. HERESKIRIZ, 8 A
NZENZN26.7C, 326C. 23.0CTHRbEL . 1 AN 34°C, 94C, -1.7C TR L& -7-, BRERIELE B
FRIROZT, 9 AN 8ICERB/NEL, 2 AN NS CEHERHLRENST,

HYYEHRREEIX, 6 A3 3.8731x &icbm<. IRWT T A, 5 AB@E-oTz, —J5, 12 A2 1,371Ix & bik<,
WWNT1H, 12 ATHo7-, BEKRBEZ, 7 A28 12,086x Efcbm<., 12 A233,615x L biE->7-,

Table 1 Temperature and illuminance of each month in Takesu.

Temparature® Iluminance”
daily daily daily daily daily
Month average maximum minimum average  maximum
(0) (Ix)

April 14.3 19.7 9.3 3,098 8,531
May 17.9 23.5 13.3 3,707 10,567
June 22.2 27.9 17.8 3,873 10,940
July 26.7 32.6 22.9 3,723 12,086
Augest 26.7 32.6 23.0 3,596 10,920
September 23.7 28.5 20.5 3,419 9,521
October 16.9 21.6 13.0 2,508 6,715
November 13.3 18.1 8.5 1,825 5,456
December 54 10.9 0.7 1,371 3,615
January 34 9.4 -1.7 1,630 4,657
Febuary 5.7 12.0 0.2 2,609 8,228
March 11.6 17.1 6.5 3,653 11,740

a) Average, maximum, and minimum temperatures for each day were first calculated, then the averages
for each month were determined.
b) Average and maximum illuminance (excluding nighttime periods) for each day were first calculated,

then the averages for each month were determined.

3. 2tV IavEED—IERBIRORET
U a UEEEOIERDDE AR Fig. 2 (R Uiz, YeriESIE, BEE 20°C Tl 6.4umol- m™ s, 25°C
TlE 4.6pmol m?> s, 30°C TiE 54umol m? s L FIEFREDETH - 7=, Hfafnsi, HER 20°C Tl 144pmol- mr



251, 25°C Tl 164pumol m? s, 30°C Tl 374umol m? s & FEENEWNE E Do T2, IcAEAAGEE L, B8R
20°CTlE 1.3umol' m? s, 25°C Tl 2.5umol m? s, 30°C Tl 2.6umol: m?> s & IER A EV ME E RO A O
T oTo, FARIE, B8 20°0C T 0.03, 25CH LV 30CTIZ 0.05 TIRFFEFTh o7z, MR,
HEIR 20°C Tl 0.2umol m? s, 25°C Tl 0.22umol m? s, 30°C Tl 0.23umol' m? s' CR%H ThH o7, F£o,
IRBNDOZEBORE I L OVRALa &7 & o 22D TR, FEHRB CTHERZTRD bR 7es FERBEWIE
EWTbEE A ThH -7 (Fig 3. Fig.4),
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Fig. 2 Photosynthesis irradiance response curves of individual Sarcandra glabra leaves at three different leaf
temperatures (n=3).
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Fig. 3 Transpiration rate of individual Sarcandra glabra leaves at three different leaf temperatures. The error bars
indicate 95% confidence interval (n=3).
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Fig. 4 Stomatal conductance of individual Sarcandra glabra leaves at three leaf temperatures. The error bars indicate
95% confidence interval (n=3).

3. 3 MEENERANIZHITIEHREYMEES L UBEENT
TV a v 2 FAROREIRIR A ER L OERBEOHER 4 Table 2 (R L7z, FREAETIE, 8~10 A, 10~12
AL, 2~4 A EDFIEIOFAE R & g LT, AEICEMN L, BN=IEZn21213%, 189%. 158% TH
oko%ﬁ%@i BET 8~10 A, 10~12 AB XU 2~4 AD 3 ], XL L OMRIZ 10~12 A, 2~4 AIZH
(ZHEAIN L, BEL B UCHY 2 o H BN CREIEINASR® DTz, HEEFEIT 8~10 AIZHEREITHEIM L7228, 10
~uﬁ\u~2ﬂ\p%ﬁifiﬁiﬁ%Miﬁ@%nﬁ#oto
IR AR AT O FI L Table 3 1R L7z, FERIEGRHEE X 4~6 H, 6~8 H, 8~10 H £TiX 1.2x10%d" &
[FFEEE T, 12~2 HIZiE-2.0x10%d" L F L <MK T L7z, FRRIC, #iFEMEEE T 4~6 A, 6~8 H. 8~10 A, 10
~uﬂifiﬂ&§f\uﬂ«aﬂ;iﬁ?bto*ﬁ\%ﬁﬁwu&%ﬂznammﬁyk%%%<\%@
%10~12 H, 12~2 AB XU 2~4 A2 CTHEIIKT Uil T 72, BEEIE, 6~8 AR LTU8~10 A730.57
~0.58g g b m<, 12~2 HB L 2~4 A7230.50~0.50g g' LK o~7-, HIEEREIZ4~6 H, 6~8 H. 8
~10 A7232549~264.1cm* g' LHcbm <, 2~4 A 73 159.5cm* g! L bIE o7z,

4 %$

AHFFETIL, 1B TOM IR ORSEEREE B L O v U a wEIED YRS, JeifE S 2 b Uiz, W
%%ﬁ%%_w&#ék\H%ﬁwmﬂmjck&otsﬂfi\Ewk%ripwnmﬁflmmmmﬁﬁ
k@@@%ﬁ%@@%@mmmwmﬂmlﬁkﬁ%Q@kﬁokﬁﬁaE%ﬁﬁmﬁﬂﬂCEOKSHT@
H i KRR EE X PPFD #25 C 202umol- m™ s & 72 1 BEIR 30°C O YR 374pumol m? s AN Ch o7z, 2D &

A TR EhEaR  MEBE D YA & % L IOEABFELL T &> TR Y | I AR Sz 2

2, B a T OARICHE LSRR o TV D T EAVRIB SN,

EZEDYE - tAm@ﬁ_waxﬁ TIFHER 25 COYEIFNSIT 164umol m™ s TH Y | KIR 25°CD¢fa
* MA72% 300pmol m? s & L7z Bae et al. (2016) DOHE & i3 5 L R0RRENERTH 72, ZHuE, HE. K
TRy %m@ﬁm%i BREZICIE UCL AR ENZ L LIz AE U2 Tl RN e B2 D, Bz
L RNy va 7= TIEIRAERINC K 0O GRHER ORI S Z & (Shimadaetal., 2017) X, 7 X
X CIHMEIRE S TR 2 LR NME T35 (D, 1992) Z L3 STV 5, SRIOFME TIX, 77
BTITCEH LBV av4d 8 HICE L7223, Bacetal. (2016) OE TRy FEEBIELI-E=—/1



Table 2 The temporal transition of dry matter weight and leaf area of Sarcandra grabra in second year of seeding throughout one year.

Leaf Area

Dry weight

Total

Root

Stem

Leaf

Percentage
increase

Percentage Percentage Percentage Percentage

No. of

Survey
period

b . . .
) Average increase Average  increase Average increase Average
(%)

increase

Average

plants

Survey date

(%)

(cm’)

(@

(Y/M/D) (No.) &) (%) &) (o) &) (o)
2022/4/8 0.04 a
2022/6/6

2022/8/1
2022/10/3

346 a
112.9 ab

1799 b

033 a

0.14 a
0.16 a
0.35 a

0.15 a

16
16
16
16
16

16

326

203

0.67 a

114

219

250

220
223

0.10 a

280

042 a

Apr.—Jun.

159
230

187
213

125 a

0.22 ab

164
238

0.69 a

Jun—Aug.
Aug.—Oct.

413.1 ¢

2.66 b
502 ¢

154
309
105

0.49 be 0.54 a

0.90d

1.64 b
245 ¢

4924 cd 119

189
98

1.67 b
1.76 b
240 ¢

184

149

Oct.—Dec.

Dec.—Feb.
Feb.—Apr.

2022/12/7

93
118

457.5 cd

4.94 ¢

89
175

0.80 cd

140 e

100

245 ¢

2023/2/13

542.1d

158

7.80 d

136

159

3.90 d

16

2023/4/11

a) Different letters in the same column indicates significant differences between the averages at P<(0.05 (Tukey—Kramer test).

(Dry weight (or Leaf area) of a given sampling data / Dry weight (or Leaf area) of the previous survey date) *100.

b) Percentage increase for each tissue

JAFCTEEH LB Y avd 9 AL TR0, H
ENHEAT B RTOFIEERET N R > T D, 51T, B

U 3 ZIZBWT b EBOFHIOHE R T HEEO S
FHIFRZ B ST B MER D D,

TV a vONEEGHE IR OMEEZZF, BEHE 20
~30°COHPATIE, 25CH L 30°CHOLMETHARHE
i b iE Do T OTEMIC U T b HER ORI ARk
NSNS Z LA I TWD, flxiE, 4152
(FOHE &, 2010) °H %Y (HF - KHE, 1985), 7 A
RTHA (FRE DL, 1989) Tik, Kl Bk v &L=
VHEY B AR KOGEROREE S HINT 5 & & I RIR T
AHHREN B E D Z L THRARHEENEE L L ShTEH
.U a U THRBROBIENBIR L TV D B2 6
77

AEMER L7k — e G pkdh #f T, b »n
1,500umol-m?s! T, HABGHEDFEE /MK TITERD 5
Niehotz, —J. BV a 73 (PgRITmKR
2,000pumol-m?-s!) DEH A S CHbE T2 L 3ENHIE
U CAEFEBIENE U, 20 F FEMFFERGT 5 L34 5,
AMElL 1,500pumol m?st DS T T b LG RGRE DR T 73
D BTN B & L CARIZE CIIoE % RS L 72
I3 3~10 3 TH o722 L E 2 D, —#RIZ, JefiaFim
B2 DE (LT, 5Y) 12K DEEOREITLMHE &
FEEAL, SREIC L0 PR T EE L, FEOH T R F
—Z AL ETHIEMETT D (FR FES) - K,
1999), —B#F CHIUTNAMIRITHCMEET D8, B
Hez B BB ERRRT & 5 & D Lk F R 0N
WHE S, LA RHEREDIRT, 3O H b EOAEFREEN
AT D, (ZI, 2016), 4lE], 3~10 S3FRE O5#E Tl
T DA% T OIEEREC & 0 B RkREIc i B %
B2 ol LB 2 HiD, RV Cd 2 KA A 4
F=rVrh, fafsITE ) 3 v LERRED 200~
400umol'm?s' T& 5 7 (Lee etal., 2012; Zhang et al., 2022)
FEZHARIH 370pmol-m?-s! DYEIREE TR LielT 2 & ok
FHEDORBIZ LY SPAD fHDK FRRDAEKRAME LT 2
ZevHiEIN TS U, 2023) 72, EROMLEN
L OHILTWD, 207, ARl RIS E 72
ST, Atk JEEERE & RIS U a UK HEFIC
L2 2B EZHEL T Z L AEBHENA Ul
K2 AT 570121, R RTH D,

TV a v ORI LU i) 6 | 236 &K
OMRIE, BEL MR LT 2 » HiB Cziiin+ 5 2 &
DA BN E T o T, Hi B ORI O B HE FERORT
JHRRAE (FRER) OWMESEIINT 5 2 L3 T AT H AT
LG I TWB, ZiudH B oY AR L 572 Rk
FEMOERIZ L DD EEZ BN TS (HAE - §fH,
1994), £V 3 vOXIZIE, FHEOFHENFEAET D HIBS



HODIERZELEENTEY , ZEOMPOIEMEE L TR L TV A AREE DB 2 b ivDd, SRIOFEERNS
H% {ZIK@EL%EFZEﬁ)f%jJH L7z 8 AURRICE I EN S E Y . S EPERDEINOZRD BT 12~2

XV DMENTT 5 FTREMEAVRIB S 472, 7038, BB TOBIASRE Tl 3~4 AIZHEiET 2 A EH 53
%’7< . 8 AR DIBARI LI TIEZe vy, A%, FEEIBINCHEM RN O BERERL A AT U, IReRI D 53N
BEA I SMNCT 5 2 LT RN IBEEBLOEE L 45 Z L i s h 5,

Table3 The growth analysis of Sarcandra glabra in second year of seedling throughout one year.

Relative Growth ~ Net Assimilation = Lear Area Leaf Mass  Specific Leaf

Period of Rate” Rate” Ratio” Ratio® Area”
growth analysis (RGR) (NAR) (LAR) (LMR) (SLA)
D) (g em”dh)  (em’g)) (gg) (cm’ g™)

Apr.—Jun. 12x102% a 8.4x107 a 138.0 a 0.54 a 259.6 a
Jun.—Aug. 12x1072 a 7.9x107 a 150.8 b 0.57 be 264.1 a
Aug.—Oct. 12x102 a 8.0x107 a 147.1 ab 0.58 ¢ 2549 a
Oct.—Dec. 1.0x102 b 7.9x107 a 121.8 ¢ 0.54 a 2244 b
Dec.—Feb. 2.0x10% ¢ -1.0x10° b 96.3 d 0.50 d 194.9 ¢
Feb.—Apr. 0.8x1072 b 11.0x10° ¢ 80.3 e 0.50 ad 159.5d

a) Different letters in the same column indicates significant differences between the averages at P<0.05 (Tukey—Kramer test).
b) RGR = {log(present plant dry weight) - log(previous plant dry weight)} / period of analysis.
(RGR) indicates the increase in plant mass per period of analysis.
c) NAR = (present plant dry weight — previous plant dry weight ) x {log(present leaf area) —log(previous leaf area)}
/(present leaf area — previous leaf area)/ periods of analysis.
(NAR) indicates the increase in plant mass per leaf area per period of analysis.
d) LAR = (present leaf area — previous leaf area) X {log(present plant dry weight) — log(previous plant dry weight)}
/ {log(present leaf area) — log(previous leaf area)}/ (present plant dry weight — previous plant dry weight)
(LAR) indicates the efficiency with which a plant uses its leaves to produce plant material.
¢) LMR = (present dry leaf weight - previous dry leaf weight) X {log(present plant dry weight) — log(previous plant dry weight)}
/ {log(present dry leaf weight) — log(previous dry leaf weight)}/ (present plant dry weight) — previous plant dry weight)
(LMR) indicates the allocation of dry matter to leaves.
f) SLA = {(present leaf area - previous leaf area) X {log(present dry leaf weight) — log(previous dry leaf weight}
/ {log(present leaf area) — log(previous leaf area)}/ (present plant dry weight) — previous plant dry weight)

(SLA) indicates how much leaf area could be expanded with 1g of leaf. The lower the value, the thicker the leaf.
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Photosynthetic Characteristics and Dry Matter Production of Sarcandra glabra

(Thunb.) Nakai

Kenta WATANABE!, Satoshi MURAZAKI and Motonori TAKAGI

Summary

Sarcandra glabra, a plant that bears many small red fruits and green leaves even in winter, are cultivated for use as traditional
New Year’s decorations in Japan. The plant was grown in shaded facilities called fakesu made by cutting bamboo into boards
to provide shade, though new shading methods and facilities for the S. glabra rearing system are needed, given the high cost
and shortage of bamboo. However, there is a lack of basic knowledge regarding the photosynthetic characteristics and dry
matter production of S. glabra for field trials. Therefore, this study aims to show the cultivation environment of conventional
shaded facilities, the light-photosynthesis curve, and season-specific dry matter production of S. glabra. The results of this
study showed that monthly mean daily temperatures in the shaded facilities ranged from 3.4 to 26.7°C and maximum daily
irradiance ranged from 3,615 to 12,086 Ix. The estimated light-photosynthesis curve of S. glabra indicated that the light
saturation point increased with leaf temperature and ranged from 144 to 374 umol m? s™! between 20°C and 30°C. Dry matter
production during one year showed an increase in dry matter weight of the entire plant from August to December and from
February to April. Growth analysis of dry matter production showed that the relative growth rate was high from April to
October, low from October to December, and returned a negative value from December to February of the following year.
These results suggest that the photosynthetic rate of S. glabra changes not only with temperature and growth stage but also
with leaf thickness and dry matter partitioning.

Keywords: shade plant, photosynthesis irradiance response curves, light intensity, temperature, growth analysis

1 Address: Kashima Horticultural Research Station, Ibaraki Agricultural Center, 2815 Ikisu, Kamisu City, Ibaraki 314-0133,
Japan
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