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Abstract

This project studied the eco-physiological traits of Djulis, an ethenobotanical
crop, and evaluated the suitable methods for its cultivation. We had organized four
subprojects to acquire knowledge and techniques for its massive cultivation, as well as
for its sustainable utilization. This year, our project has four main objectives: (1) to
compare the growing periods and production of Djulis among different areas in
Taiwan; (2) to shorten the height of Djulis by cultivating techniques; (3) to compile a
manual for promoting Djulis as a valuable crop; and (4) to held seminars on various
subjects about Djulis. Results from our past three years’ research showed that Djulis
had short life cycle, and crops were harvestable in 100-130 days after planting. If
planted in winter, growth period of Djulis would be longer and stem height could be
higher than 2 m, comparing to stems planted in other seasons. In Pingtung area, the
best planting season was around early October to early February. This period is a dry
season, lots of sunny days, fewer diseases, and thus easily manageable. On the other
hand, high temperature and humid weather in the raining season could arouse more
pathogenic diseases and destroyed the young fragile seedlings of Djulis. Farmers
should avoid planting Djulis in the raining season. Seeds of Djulis are of orthodox
nature. They could be well preserved if placed in 5°C and still have 95% of
germination rate even after 4 years of storage. Pingtung variety of Djulis grew well in
central and southern Taiwan. It could endure low temperature in winter, but needed
strong sun light, a typical sun plant. We pinched out its terminal buds when it grew to
30 cm, thus effectively shorten its height. Planting space of 20-30 cm was most
appropriate. We held a seminar in Pingtung at May 23, 2008, to introduce the
cultivation techniques and application of Djulis in foods. At December 17, 2008, we
held a press conference for the nomenclature and research of Djulis in Taipei. We
hope that these promotion activities would intrigue people’s interest in Djulis and

reuse this valuable crop in a sustainable way.

Keywords: cultivation technique, ethenobotanical crop, life history, orthodox,

sustainable utilization.
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Abstract

This study aimed to grind the seed of Djulis into microparticle and nanoparticle,
and then make it into instant cereal powder through Taguchi method. Results showed
that phytochemicals like pigment and polyphenol content increased after milled into
nanoparticles. Decreasing the particle size during grinding process may favor its
coloration, antioxidant capacity and general nutrient but enhance the instability during
storage. Storage temperature (5-35°C) and package condition may affect their stability.
Better pigment and antioxidant capacity maintenance achieved while stored at low
temperature and vacuum package. For the postharvest of cut-flower, the combination
of 8HQS, sucrose, ethylene absorbent and PE bag was best in prolong the shelf life of
Djulis spike. It suggested that Djulis is worthy of sustainable utilization and

application under proper method and condition.
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Auso As3o FRAP DPPH ity L Hunter a Hunter b AE

Augo 1.00 0.99*** 0.96"** 0.94*** 0.89*** 0.76*** 0.94*** 0.25 0.84***
As3o 1.00 0.95%** 0.94*** 0.89*** 0.78*** 0.93*** 0.27 0.85%**
FRAP 1.00 0.93*** 0.82%** 0.66*** 0.89*** 0.16 0.82***
DPPH 1.00 0.95%** 0.76*** 0.92%** 0.37 0.66***
T 1.00 0.87*** 0.87*** 0.57***  0.58***
L 1.00 0.61*** 0.78***  0.49**
Hunter a 1.00 0.14 0.79***
Hunter b 1.00 0.14
AE 1.00
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Abstract

In this project, antioxidant enzymes and compound were isolated from three
races of quonia and charactered their activity and amount. Red race quonia can
express strongest ascorbate peroxidase (POD) activity than that of orther two races.
Compared their catalase (CAT), yellow race quonia showed hightest activity.
Additionally, hulain race quonia contained best superoxide dismutase (SOD) activity.
In other hands, there is no significant differentment between three races in Vit C
contents. We also found H,O, accumulation in three races quonia during seed

germination.

Key words: Quinoa, Sugar, Amylase
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%@%$p¢ﬁaﬁommw@§$p¢m?ﬁﬂ$p@¢&ﬁW@Mﬁﬁmﬁ
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'}50 mMgHEAE Efk(pH 7.0) F TV o 1 ml reaction mlxtureJFErl £150 mM
potassium phosphate ( pH 7.0), 0.5 mM ascorbate, 0.1 mM H202 =% 0.1 mM
EDTA - =~ it H20239Ascorbate peroxidasel||:% (’;F:E[%?zl 0-307}*290 nm
Fp s e = -

P4 ~ Superoxide dismutase?ﬁl‘% JipT

|50 mM#gHH Efk(pH 7. 4)F 1 £10.1mM EDTAZ: TV - ]| *'|B-mercaptoethanol
% MnCI2" ffark  02-  SODJ ' JHIIl02¥NADH [~ S NAD+ JjFﬁ %2340 nm
e i [ o 1 unit fUSODEEL ?‘HTFUSO% NADHp# S fifi ™ [i
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ENTRRNE jﬁq% e %ﬁquﬁﬁ[\ztﬁﬁqt@ 101.0 U/mg protein » 5 & = 1]
:Ezi%ﬂ” J 1% %j":’% K 7E:EI'%§EJ:JJ§% E\I?J 15%J34fl;ﬂl Tbﬁfg' SOD
ifl[ﬂ:ﬁﬁ ﬂ %iﬁ iF‘IJ J r’;’! 144.8 U/mg proteln ’ :[‘ 7F[i 1% J:Ezﬂé EI” J 69.4% > ﬁ{
Tt ] 42% > BTSSR B IE %

WERITIF: » (7060 SOD VbRt PRy - Pk i (e

55



E“S—f%iﬁ‘[‘ikﬁﬁq £ 144.8 U/mg protein ; 7 7€ ¥] 70% ;F"ﬁg FUE) 58% - Tr RS
i Tbﬁféiﬁ@ﬁﬁ; £% 60.6 U/mg protein ; Fi7EfI[F] 70.8% : 770 Bt
£ 23.5% > o i EFEE R K Ff[,[ﬁf'ﬁ T N ﬁfﬁﬁffif, [4ek il £ 18.0 U/mg
protein ; 5 FE [ E] 97% ; ﬁa“‘éﬁ‘l% £| 88.5% o v F T SPIHE Tuﬁfﬁ%j%%iﬁ
[iﬁﬁ £% 100.5 U/mg protein ; FﬁbeU ] 50.8% ; A FERLE E|47% ©

P~ [ﬁJFF[![—MT%JjJ‘AT [fl ﬁ 15 I/v‘ﬁlgjﬁﬂ C & piE By

AP RS IRER ) C K- T RIFVPRE [P IS5 AT T [ i
AT IFH b Vagt © f'E' qg‘l'l il E%@ﬁ e - 'Ji?%’? BRAAE
I}Ijﬁﬂ F‘j%: F‘j%l' | F F[ FEifs % 4.80umol/g Fw ) qu*ﬁlbﬁﬁﬁ*%ﬁlﬂj N
féi—gﬁaﬁj 82.60% ; L7 F,%Ergu 78.12% ([faﬁl A) e rﬁ*‘ff ZJB ”*HF,

BV LA IREE B Ny PR ) 3.66pmol/g Fw > STRERLE Y 90.94% |
TL%%E‘;L Y 91.66% ([l B) - %F[fi;ﬁﬂ PR JF’?‘FAIJ/—Ré[’UjHH
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Abstract

The study aimed to achieve these goals including taxonomy, molecular analysis ,
ethnobotany, and conservation of Taiwan Chenopodium chenopods . Through
comparisons of physiognomic observations and specimens preserved in world
herbarium, the study identification the uncertain Taiwan Chenopodium sp. into a
native species, Chenopodium formosanum Koidz. . The type was preserved at Kyoto
Herbarium in Japan. At the same time, we revised a field key of Taiwan
Chenopodium spp.. From the molecular point views, through total DNA and
chloroplast trnL, psbA- trnH, analysis, specimens collected from diverse habitats in
Taiwan showed the trend of same the taxa, Chenopodium formosanum Koidz. Using
phylogenetic tree analysis of four taxas, we found interesting results that Taiwan
chenopods ( Chenopodium formosanum Koidz. ) is more close with Beta species. than
other Chenopodium species. Showing that Taiwan chenopod ( Chenopodium

formosanum Koidz. ) had lots to waited to be discovered.

Keywords: phylogeography, Chenopodium, taxonomy, phylogenetic tree
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&l }Hiﬁi ,ffdff‘ :‘LH%\%;LE - fI1 (DNeasy mini spin column * collection tubes i
) > ') 8,000 rpm EE 1 5564 > '] 500uL AW i?*f&yﬁﬁfa: ~~ > F1I') 13,000 rpm
a1 oy [597732‘% (Y AW > 4g <5 DNA ') 100 L fiv TE buffer (pH 8.0) 77

leﬁii”gléﬁu 1.5 ml ,@Eu\g NG

(7)) BGAEHHIDTD tral 477 psbA- traH LSRG ] - e
%éfﬁf”ﬁ%@f TERT 2 | B DNA o [<" 5§85 trnL 47 psbA- trnH - PCR
*oTERLE] T3 Thermocycler (Biometra) 3% = YR 1A ;l/%é & TSI i > PCR &~
TP 94°CHE (5 4 558V EE DNA PO R > JREES 42 (AR ERE ~
b%’éf [EH] o RS TREE 92°C 457 iﬁgﬁ b 55°C 0 H fﬁf,ﬁﬂj FUTET, 45 ) »
% /HXF’* [(BHEE 72°C 2 756 15 7> 7 F=42 [ﬁr’ﬁﬁvxfﬁ: 10 75 &#HT 72 CHXF,
- PCR ™~ &y f NI Fi 7Y (77 500 mM KCl, 15 mM MgCl2, 0.01% gelatin, 100
mM Tris -HCI (pH 8.3), I mM dNTPs, 2 M primer, 20 ng template DNA, 1 g
RNase, » 0.5 unit Taq polymerase (CLONTECH) - ’Cfﬁ%{?‘ﬁﬂ%t 50 L-~iEx
AU P 1% agarose ﬁi@’ﬁgiﬂ‘ 1X TBE #ZfEgk™ > FH] g‘iﬁﬂﬁ,, IOOV”FILT*’E%%{’?
?ﬁ]‘l* ’ wr[fﬂl "4t (ethydium bromide) %<1 20 min % > o UV AgH Ef{ﬁljci
SRR F R S PR E U S S AR

«_
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7]
(-) -
f“%lia&' KEW 274 gF ~ S [ Missourri 24 85 ~ HI® B F 8 FI4
SR RO B O R A R ST
2 ﬁ?“%i’éﬁﬁ%iﬂ'im?ﬂﬁiﬁ* CIf 1)« RSB W10 5 A
FR e B %ﬁff[, FAR S VARG EL AT L] TR
;:Hﬂ?ﬁg’ﬁ%g@ SBEAEIT I/%Eﬁ;;[uﬁ[;ﬁ&%m@ [/;*#ﬁgﬁ; VP i
WP A B TR

d oy
A

— ~

Chenopodium formosanum Koidz. in Acta Phytotax. Geobot. 9:75. 1940. ’F }?ﬁ%
-Type: Formosa. Taito: Kinko, Taito-gun. Cultivated.,Feb. 6, 1940, M. Tagawa
2939, 2940 ( syntype: KYO!)

EAEEE > @ 25m e Ft o @ Lo5AE ﬁ A At
fFal o BT E S P = = FPR T B 3-10em > B EpR 6-20 cm e ‘F'[’I4-7
cm ; j*‘ 1= EL ﬁljﬁ =®E iiﬁ%*i’ﬁl@ﬁﬁ%ﬁﬁﬁki HiE e #
s S c‘[ o [ BTV ENRGC - BT G R8T 4 T = RJIEE LT 5 R 8-25
cm o [EURETEHTA > 01 APLEIY T IF—JF' fhi 1 f“ﬁxj‘[\gtfbk'f 7-14 JeE
TeAsRy > PEFLLE A [PHER S TRRE S Y 0 ST Imm o R ST
N (ﬁ‘/;é_L STEEN) 5 o JuplEYy, };{kﬁ&ﬁ/ o FEIS” E[:E“&;FF‘J:E ) 5”]33]:?/ EFE) ) o

JEAE
PP L S ESRAT > R A b= I Dec. 19, 2007, Liao 2536
2537 ~ 2538 ~ 2539 - 2540 (SYSU) : 3 3§ » #511] > May 12,2008, Liao 2838 -
2839 ~ 2840 (SYSU) o {LT @ FyFEHTHE A Apbf 2] > Dec. 24, 2007, Liao
2545~2546 (SYSU ) i "IN * Kinko » Taito-gun > cultivated > Feb. 6, 1940 : Tagawa
2939 ~ 2940 » SYNTYPE | (KYO)
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(MECE S BT B PSSR AR AR 4 B B~ AR 4 B
PR AP A B e N SR B  HIE BRI RAR 4 A
Piig 4 B SRR 4 BE A 36 o) BIEED A fl‘l%jjé’iﬁ@?d ERIED C
centrorubrum ~ C. album - C. giganteum ’?’F'ﬁﬁﬁ:;'/f‘,?ﬁf‘f%i"ﬁﬂ’”ﬁ o [HIAEZH
H HIJ‘}?F;I‘%;]%J (C. giganteum D. Don )g?f‘,ﬁ%%;l/iﬁﬁfﬁ Eis B T 1’;’?%@
VAR T B JR P E A R

e BRI R RS TR B B 5 R (AT
[k 1 ARPIE T 8 BT HRET § RIS (IRl 1)
ORI T < (i 2)

2 IR T A B L R B T R S TR
T g

2 IR
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ViR

Chenopodium .2

—FEFLEEXEY. RELE , AW, HEEWIRERE , BB, Rk,

BER , B8R BA 35 RS, RE , B8R,
1. HEERE, EEILEMEEBL.....oo 4. C. formosanum
1. BEF BB HRK
2. HEYIBERREREZURIR. ..o 3. C. ambrosioodes
2. EYBRATERE , TERK
3.EEB 1. C.acuminatum subsp. virginatum
3. EiFAmERZ
4, BEIREE , 708 34 5. C. glaucum
4. RERGBERRE , BHA S
5 REMAIRE—BHERA ... 6.C. serotinum
S. BEREBER T . 2.C. album
1. Chenopodium acuminatum Willd. subsp. virginatum (Thunb.) Kitamura I %
BENEERSE , R l4om , &4 , ESREEHE |, AE3 Bk ; EW

R 5-25 7. B 5. BFEES
BV ZKBRBEME N

2. Chenopodium album L. %2
BEEERSE , & 1-55om , WRGEREG , EXEF , ETREEY
MY BERE 525 mm. 5 5. BFEE,
2EPRBRERHME,

3. Chenopodium ambrosioides L. &7
ERBEFEERST , &2-10cm , RRBEZERA , EXLE , KREAKE
RE ; ERERE. B#A 5, %34 . BEFREEREL,
BERMEREE

4. Chenopodium formosanum Koidz & &%
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BERZ8 , ER. EF. MEERKBER ; EEREEEERE , &
4-13cm , B 2- 11 cm ; EREHBEMRBRE. ERE 2-8cm, 84 H 5. B
FREE,
2ERBRZILIERR , BE,

5. Chenopodium glaucum L.JREEEE
ERBEFEERST , &2-10cm , RRBEEZERA , EXLE , XREAKE
RE ; EWNER. WA 5, %34 . BEFEESEL
AEEDEENE

6. Chenopodium serotinum L./N 5%
BEREERNE , & 1-55em , KRG ERSESE , EME 2HERAS  HE
FEBECFEBZZOYT , BE ; EWKR 5-30mm. fBHH 5, %34 . &
FRESEL
AP EBRERKE

T SRR B

(=) MNBFEPARR ¢ OFF = W RERRVARE 95 F % 312 (77~ 96 F 4 194 )
R EE 98 [ AR ERR ENARE 604 () - FRE IR IR I R P T
N e = F‘I417 [EIGEElNE ?’%TUFﬁﬁ% I/P%E#‘ﬁ 335 I ifg‘ﬂgh )
N Jhpﬁﬁé‘fﬁﬂv’ﬁ ek 29l > )= PR Spaesl - R4
JPfEW“‘l[E‘vEE M pﬁ%ﬁ'ﬂ% J# o fiEr 105 e FTERT S fE‘
S5~ HJE(T8 M ENEYER 38 M ERER 4T S o

(Z) BRSO ”ﬁﬁ’ﬂﬁﬁfﬁ iR 53 e 95 W??
A Y ESRGT WAL > 8 RS RER A [T 1500 2t LT m[&mg‘
HIEESCRE=R SR I il € Tt ?Fﬁﬁéwfﬁ pﬁ%w*j
PO RE 3 F R %ﬁ%%wnw’HW%rﬂiiu S
AT b R Y BT - ERETTE 71 RIRSRAOD WS >
NGk A SRR~ = PRI 5 0 S AR - gl
#wgﬁwx*q&*ﬂnwygrﬁ@ﬂﬂsmwwgngJo
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TR 1) PAUPYAT MBGA 5O A5
[ > FRH | DNA -3 BioEdit ﬁjﬁgpﬁ#lﬂ (Thompson et al. 1994) - 11 'ﬁ?qﬁ[ﬁﬁ]
X Kimura [ two-parameter 5=V ]"Ef[ Rl oo B g AT Q%ﬂ FII I parsimony *
neighbor-joining {47 13k 5Z 1 branch- and-bound search /&4 » £l f[1 bootstrap -+
BIEE 1000 WEIT o (Y VIR BTN

)= 7]

5 15 25 35 45 55
D-chen-137 CTGACCCTAG CCGCTATCGA AGCTCCATCT ACAAATGGAT AAAATTGCGT TTTTCGTCTA
D-chen-140 TCTTCTTAGA CTTAGCCGCT ATCGAAGCTC CATCTACAAA TGGATAAAAT TGCGTTTTTC
D-chen-138 ATTCTCTGAC TAGCCGCTAT CGAAGCTCCA TCTACAAATG GATAAAATTG CGTTTTTCGT

D-chen-139 CTTCTCTTGA CTAGCCGCTA TCGAAGCTCC ATCTACAAAT GGATAAAATT GCGTTTTTCG

65 75 85 95 105 115
D-chen-137 GGGTTTACGA GTTATTGAAA GTAAAGGGGC AGTGCTGATT TCTTGTTCTG TCAAGAAATT
D-chen-140 GTCTAGGGTT TACGAGTTAT TGAAAGTAAA GGGGCAGTGC TGATTTCTTG TTCTGTCAAG
D-chen-138 CTAGGGTTTA CGAGTTATTG AAAGTAAAGG GGCAGTGCTG ATTTCTTGTT CTGTCAAGAA

D-chen-139 TCTAGGGTTT ACGAGTTATT GAAAGTAAAG GGGCAGTGCT GATTTCTTGT TCTGTCAAGA

125 135 145 155 165 175
D-chen-137 GGTTATTGCT CCTTTACCTT TACTAGTTAG GAAGAGTTAA TTTGTACTAA ATTAGGAAAG
D-chen-140 AAATTGGTTA TTGCTCCTTT ACCTTTACTA GTTAGGAAGA GTTAATTTGT ACTAAATTAG
D-chen-138 ATTGGTTATT GCTCCTTTAC CTTTACTAGT TAGGAAGAGT TAATTTGTAC TAAATTAGGA

D-chen-139  AATTGGTTAT TGCTCCTTTA CCTTTACTAG TTAGGAAGAG TTAATTTGTA CTAAATTAGG

185 195 205 215 225 235
D-chen-137 GGGCGGATGT AGCCAAGTGG ATCAAGGCAG TGGATTGTGA ATCACCATGC GCGA.....
D-chen-140 GAAAGGGGCG GATGTAGCCA AGTGGATCAA GGCAGTGGAT TGTGAATCAC CATGCGCGA
D-chen-138 AAGGGGCGGA TGTAGCCAAG TGGATCAAGG CAGTGGATTG TGAATCACCA TGCGCGA..

D-chen-139 AAAGGGGCGG ATGTAGCCAA GTGGATCAAG GCAGTGGATT GTGAATCACC ATGCGCGA.
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S X X

C S B

B B S
MEGA (MP) MEGA (NJ) PAUP (MP)

S: Spinacia vulgaris
C: Chenopodium ambrosioides
B: Beta vulgaris

X: =%

TS EIRGE VA A o R RST AT RERRE o IR A Rl
T R B PSS e R e Pf‘*fl VLY BOERDT 347 > 7
Yﬁﬁ%ﬂé‘ﬁﬁ@t (Beta vulgaris) I H1 35 AP AT o =2 (R B B Fﬁ ( Chenopodium
ambrosioides ) k% (Spinacia vulgaris) Fl[[{iE5 - %ﬁi}’}ﬁ%ﬁdﬁ@@@i s s
(TEpE- Wkl “Ril
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