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DESCRIPTION CN119605650A

A method for cultivating duckweed to induce massive starch accumulation

— AN RERRINVEFEFTL A

[0001]

Technical Field

ARG
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[n0001]

This invention relates to the field of aquatic energy plant cultivation, and in particularto a

method for cultivating duckweed that induces a large accumulation of starch.

IR KoK ERETRIEYIR U, 3B N—MiESIEM RERER T HIEFR %,

[0003]

Background Technology

BHREA

[n0002]

Duckweed is a higher aquatic plant that grows on calm water surfaces. It mainly reproduces
asexually, grows rapidly, has low requirements for water nutrients, and can absorb heavy

metalions.

R MERKTEFFVKEANSIFKEEY, UEHEEAANE, EKEER, WKEEFEK

|, AURBETEEF-
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Duckweed is a rather special species of duckweed. When its growing environment lacks
nutrients or the temperature is too high, it produces a starch-rich vegetative reproductive

body, namely a dormant body.

Hu
it

SIREFHE T EEN—MRAFINNIM, TERKIMERZEFNEEISE, Ea=E—
MBEFEEM, BIRERA,

The unique structure of duckweed allows only organic matter such as starch and protein for
its own metabolism to accumulate in its thallus, while synthesizing less lignin and cellulose. It
has great application potential for starch extraction or fermentation to produce energy

substances.

RGNS RESHTREARRERZATEEAEIEN. EARFETW, SHIRDVHIARE.
HER, W EMRINSABEE e R AR RAN AR =R

In addition, duckweed is rich in flavonoids such as apigenin and luteolin. In the field of
traditional Chinese medicine, some duckweed (dried whole plant of duckweed or green
duckweed) is also used as a medicinal material. In addition, due to the genetic stability of
duckweed, current research is increasingly focusing on using duckweed as a bioreactor for

developing animal vaccines.
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[n0003]

Starch plays a significant role in people's daily lives and production as a primary energy

source, and the required quantity is substantial.

EMERAETERERYREANMIBEREFEEEEIERXER, MEENERKX.

Traditional starch sources are mainly grain crops. In comparison, duckweed starch has the
main advantages of faster reproduction and higher production efficiency; higher nitrogen and
phosphorus utilization rate and greater environmental friendliness; unrestricted cultivation
space, good adaptability, and can be cultivated in multiple layers. Although duckweed
reproduces quickly and has a high starch content, its small biomass results in a low total
starch production, limiting the application of duckweed starch and the development of new
starch resources. Currently, there are still some problems in the research on duckweed starch.
Therefore, it is necessary to provide a duckweed cultivation method that induces a large
accumulation of starch to increase the biomass and starch yield of duckweed, and provide a

wider range of raw material options for new starch resources.
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FREHFRETEZMRIEY), SZMBL, FEEHHNETENEERERER, EF-BEXES,; Ak
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[EVFHIESR A, UWRESFENENEN LM TE, NEHHRRREE ENREEE,

[n0004]

Because duckweed grows quickly and requires a large space to cultivate, it is more suitable

for outdoor cultivation.

FERTERKERER, BAMFZERA, BEESEFIMETT.

However, there are still some problems in the application of outdoor duckweed cultivation,
including cultivation methods, industrial scale, and teaching costs. The initial investment for
such equipment is relatively large, for example, it requires the installation of water systems,
nutrient supply systems and other equipment. The personnel involved in the cultivation need
to master the techniques of duckweed cultivation, including water quality management,
nutrient supply, and pest and disease control, which is quite challenging. The lack of unified
production standards and technical specifications in terms of industrial scale has led to
inconsistent quality of duckweed products among different producers. This also leads to poor

economic benefits for duckweed. With high investment and operating costs, the economic
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return rate is not high, making it difficult for many enterprises or individuals to bear the risks
of large-scale development. Meanwhile, the yield of dry matter (such as starch) in duckweed is
affected by many factors, and the starch content of duckweed varies greatly, which hinders in-

depth research on duckweed starch.

MEFIMEFFFHINAIRER, EFAE FURCRBAZERA S EEFE L& ST
REVIREARS, HIIFERREKERSG. FORNRSGFRE, EFRAREREEELEHERHN
R, SEKRER. EFEANREENLSS, BEBRK, FUMREAERZSE—ESITE
MRS, SEAREFEZENFE T mRESERT. XUEFHTFINEFTV=mBE, &
RAMBEMTRENRRT, EFEIRERS, ERRSZEIEHDTAMELIABIIRELZERX
o, EIFFHEETYRNEN)NFERERMARRS. FEENEEEERAFRE, £17

/?Ti/E*ﬁE’J 5N )\EH‘ %?U HELES

[0007]

Summary of the Invention

YL INES

[n0005]
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To address the aforementioned problems in existing technologies, this invention provides a

method for cultivating duckweed that induces the accumulation of large amounts of starch.

HWIMERAFEN LRRR, AEBFRMET —MESENRKRERRNFFEFR %o

The method for cultivating duckweed in this invention can effectively expand the cultivation
of duckweed in an open outdoor environment and induce duckweed cultivation in
oligotrophic environments to ultimately harvest duckweed rich in starch. This provides a new
method for the research of duckweed starch resources and the large-scale cultivation practice
of duckweed. It can help to better solve the problems encountered in the process of
cultivating duckweed outdoors in terms of teaching costs, methods and industrial scale, and

produce more starch-rich duckweed more efficiently.

RRPRIEFFEEN TG ARRBRBEI P INTREY KIEFTEE. BEFERFIREZBRES TN
¥, AR TRINAR ARSI MM 575, AILEEB Bt RE P S
BRI RERBRNEFEAAS. FENFLARETERNER, ESNEFEaRMITE T,

Specifically, the present invention proposes the following technical solution:

BiEskin, AERBRETIMFRALR:
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[n0006]

A method for cultivating duckweed that induces a large accumulation of starch is as follows:

—MIESEMAERRIFFIEFT S AN T

[n0007]

Step 1, germplasm preservation: Inoculate duckweed into a solid culture medium consisting
of 4.0-5.0 g/L MS solid culture medium powder, 8-12 g/L sucrose, 8-12 g/L agar, and the
remainder being deionized water. The photon flux density is 80-200 pumol/m<sup>2</sup>/s,

and the culture is continued.

1, MRERE. BFHENTEEREAREYD, EREFEAR: 4.0-5.0g/LMSEXREHFER
K. 8-12g/LEwE. 8-12g/LIZfE, HRAEBEFK, FEFBEEE80-200umol/m<sup>2<

/sup>/s, FLEIEFF;

[n0008]

Step 2, Aseptic culture: The duckweed obtained in Step 1 is inoculated into a sterile culture
nutrient water. The sterile culture nutrient water is Hoagland sterile culture medium

containing 10-20 g/L sucrose, and the remainder is deionized water. The pH of the water is 5.0-
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5.5, and the photonic flux density is 80-200 umol/m<sup>2</sup>/s. The culture is continued

for 2-7 days.

$82, TEIES. BIBIPRINEHEMTERIERERKED, TEBFERKERNEL-
20g/LiEMER Hoagland E&EIEF&K, HRAEEFIK, KI{&pHAS5.0-5.5, XEFBEZEHL0-

200umol/m<sup>2</sup>/s, ¥FLEEEF2-7d;

[n0009]

Step 3, Expanded Cultivation: The duckweed obtained in Step 3 is inoculated into an
expanded cultivation nutrient water body. The indoor expanded cultivation nutrient water
body is a Hoagland solution diluted 4-6 times, with a water pH of 5.0-5.5; or the outdoor
expanded cultivation nutrient water body is a compound fertilizer nutrient solution with a pH
of 5-6, and the cultivation is continued for 3-5 days; the composition of the compound
fertilizer nutrient solution is 19-23 mg/L potassium dihydrogen phosphate and 6-10 mg/L

urea.

TE3, ¥ AEF. BB HEME KIESFEFKEF, ERY KIEFEFRKENH
¥4-6fFHoagland’®&, KIApHJ95.0-5.5; BEPIMNT KIFFEFKENEEIEREFTR, pHNS-

6, FrEEtEFR3-5d; FTREECAERI S5 RAVA R AER — S5919-23mg/L. FRZE6-10mg/L;
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[n0010]

Step 4, Induction stage: Cultivate the duckweed obtained in step 3 in deionized water or tap

water for 1-8 days, and harvest the duckweed thallus.

SBA, BN BPBMEFMITEEEBEFKEBRKP, FEEFF1-8d, RBCFHEHAR

1o

[n0011]

The indoor cultivation process involves creating an environment most suitable for duckweed
growth and starch accumulation by controlling factors such as temperature, humidity, light,

nutrients, and gases under indoor conditions.

FIRZEAEFIEN, EERFHET, BIEFIEE. 2E. XR. EFNSEFREER, CIERES
A KMEM TR BRI R #H T IS

The outdoor cultivation process involves using sunlight, climate conditions, natural water
sources, and readily available nutrients in the outdoor natural environment to cultivate
duckweed; at the same time, attention should be paid to selecting locations or water bodies

with sufficient sunlight and relatively open areas.
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7r; RREREFRERTE. BRAFENM KTk,

[n0012]

In one implementation, to reduce competitive growth of algae, the surface coverage of

duckweed needs to reach 45-60% during the expansion culture and induction stages.

F—MEEANF, DRRERSER, FHET KEFNESMERIIKEESRERRAT45-

60%:

[n0013]

In one implementation, the indoor ambient temperature of duckweed during the aseptic

culture, expansion culture and induction stages is controlled at 20-30°C.

E—MEHEA T, FEELTERESR. ¥ AEFAOESMENERREREEHIE20-30°C,

[n0014]

In one implementation, the outdoor cultivation is irradiated by sunlight, while the indoor

cultivation is irradiated by LED lights.
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ML T, FIMEFRCRFENBYE, EREFBIERALEDIT I,

[n0015]

In one implementation, outdoor-cultivated duckweed is supplemented with LED lights to

provide additional illumination for 12-24 hours.

TR A N, FIMEFFRGEEERLEDITHITEIMMNG, FENIREIKA12-24h,

[n0016]

In one embodiment, the Hoagland nutrient solution comprises: calcium nitrate tetrahydrate
1.0-1.3 g/L, nitric acid 1.4-1.6 g/L, potassium dihydrogen phosphate 0.12-0.15 g/L, tartaric acid
2-4 mg/L, ferric chloride hexahydrate 4-7 mg/L, ethylenediaminetetraacetic acid 8-10 mg/L,
magnesium sulfate heptahydrate 480-520 mg/L, sodium molybdate dihydrate 0.18-0.25 mg/L,
zinc sulfate heptahydrate 0.10-0.15 mg/L, copper sulfate pentahydrate 0.05-0.12 mg/L,

manganese sulfate tetrahydrate 3.30-4.00 mg/L, and a pH of 4.5-6.0.

TE—MEAINF, FrRBHoaglandEFF 8 RAMANKEIHERF51.0-1.3g/L, FHER1.4-1.6g/L, Bh
PR S$0.12-0.15g/L, BAK2-4mg/L, ~NKERMEK4-Tmg/L, Z-RRIMZER8-10mg/L, tKE
FREREE480-520mg/L, Z/K&HERTH0.18-0.25mg/L, tKEMEAEF0.10-0.15mg/L, FKEFRERTH

0.05-0.12mg/L, TUkK&FE$E3.30-4.00mg/L, pH}34.5-6.0,
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[n0017]

Beneficial effects

BmMBR

[n0018]

Compared with the prior art, the beneficial effects of the present invention are as follows:

BN FIERR, ELRBENEINRET:

[n0019]

This invention enables duckweed to accumulate starch during the induction culture process.
Using these culture conditions, starch-rich duckweed thallus can be harvested quickly and

efficiently.
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KRERALIM T FHEASIEFIRTRIBTY, FRZIEFFEN, JUTERESRBIRE S
SRR,

[n0020]

2.

2.

The method of the present invention is simple, has low equipment cost, is easy to operate,

and is easy to industrialize.

FEENFGEIZESR, REMAER, ZiEE, ZTRIAITIL,

[n0021]

The method of this invention enables small, medium, and large-scale indoor or outdoor
cultivation of duckweed, laying the foundation for further research and application of

duckweed and expanding its development prospects.
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KRG ZERMT FRN P KRN EAREINGST, NEFHNH—THRMRNARETE

fiti, HRTFENREIR.

[0025]

Attached Figure Description

P35t e

[n0022]

Figure 1 shows duckweed being cultivated on a large scale in an outdoor plant factory in

Chengdu, Sichuan Province.

E12EM) | |1& &R P IMEY T RRURIE TR,

[n0023]

Figure 2 shows duckweed cultivated on a small scale outdoors in Jiaxing City, Zhejiang

Province.
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ERZEMLE BT P IMNMURIEFHE T,

[n0024]

Figure 3 shows duckweed cultivated on a large scale in an indoor environment.

EI3RAZERIFE TANEES R E,

[n0025]

Figure 4 shows duckweed cultivated on a small scale indoors.

B4R TEE N/ RS o

[n0026]

Figure 5 compares the starch content of duckweed at different cultivation stages.

EISRFEARIETRMEREN & ERIELE.

[n0027]

Figure 6 shows duckweed after being dyed with starch.
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El6Ra T MR BIEHYF E,

[n0028]

Figure 7 shows the increase in duckweed surface coverage before and after induction.

ETESAEF R KEBERIE KB,

[n0029]

Figure 8 shows the increase in fresh weight of duckweed before and after induction.

EI8E SR EF FHEIE KB .

[n0030]

Figure 9 Comparison of duckweed starch yield in expanded culture and induced culture.

B3 KigsT RiA FIBF TR OE M - E X Eho

[n0031]
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Figure 10 shows a comparison of the results of expanding duckweed cultivation outdoors

using 1/5 Hoagland nutrient solution and compound fertilizer nutrient solution.

El10F SMEA 1/5Hoagland EFr RN EECAER E TR KIgFFERE R LLEL.

[0036]

Detailed Implementation

BiALkR

[n0032]

The preferred embodiments of the present invention are described below. It should be
understood that the embodiments are for better explanation of the present invention and are

not intended to limit the present invention.

AT A4 & BB LESEREGIHTTI R, N HBMRSIHERIR N T B iR AL, FTRTREIAL

B,

[n0033]
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Test method:

Mt 7575

[n0034]

1. Method for measuring duckweed surface coverage: Take a picture of the duckweed in the
entire container from the same height directly above the water surface, convert the image to
8-bit using ImageJ software, adjust the contrast appropriately, then select the duckweed
leaves on the water surface using the Threshold function, and then use the Measure function

to calculate the duckweed surface coverage.

1. FYKEBEXRNESZ: BEERENSEMKEE LAREBEBEISRPNZT, BERET
Image AR R N8-bit, EHFTXLLE, AREEIThresholdIhEEERKIARERFE

F, BfffAMeasureiEit & FFRI/KEBER,

[n0035]

2. Methods for measuring duckweed quality and calculating dry matter yield: Pick out the

duckweed from the water, wipe the surface and roots with kitchen paper towels to remove
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moisture, and measure the fresh weight of the duckweed; after drying the harvested

duckweed leaflets in an oven at 20-55°C for 8-16 hours, take them out, and measure the dry

weight of the duckweed after cooling.

2. FFRENENMTYRFETR A KFEEMKEDPREE, BEERAMEFERRERREK

73, MEFHEEE, FUWGRINEEHRKLZ20-55°CEFET8-16h/FEXE, R AFLNEFEF

B,

The formula for calculating duckweed yield is as follows:

AEFETRE AT

[n0036]

Duckweed dry matter yield = dry weight =+ (culture container area X coverage)

FETYRTE=TE - (EXAREMXBER)

[n0037]

3. Methods for measuring the starch content of duckweed and calculating the theoretical

starch yield: The dried duckweed foliage was crushed using a pulverizer and passed through a
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0.2mm sieve to obtain whole duckweed foliage powder. The total starch content was
determined using the Megazyme Total Starch Detection Kit. The determination method is as

described in the instruction manual.

3. FHEMEENENEMBILHFENITTERE: BTIZREFHIREAMENFTE, Z0.2mmib
WS EFEHRE 2K, AMegazymeie RE2NIHFENESEMBEE, NEHESRINEA
Ho
Based on the duckweed yield and starch content, the theoretical yield of duckweed starch is

calculated using the following formula:

RIEFE=ENEN S ER TR EE AN T:

[n0038]

Theoretical starch yield = Duckweed dry matter yield X Starch content + Culture time

ML & ="FE TR & X Tk E &+ 1E5TYiE

[n0039]
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4. Duckweed starch staining and observation method: Duckweed was randomly sampled at
different time points, soaked in 80% (v/v) ethanol solution, heated in a water bath at 40°C and

shaken for 40-60 minutes to remove pigment, and washed twice with deionized water.

4, FEEMBBNMERLZE: EAREESXEFHITREVIENE, FB80%(v/v)INZEEARKZE, K
BINFR40°CEH40-60minliEBE, BEBEFKAEMK,
Then stain the duckweed leaves in a 5% (v/v) Lugol solution for 2 minutes, and rinse with

deionized water to remove excess staining solution.

BRFEH FTE5%(v/v)BILugolARFRE2min, AEBFKEREESZSREAER.

When observed under light, the blue area represents the region containing starch.

TR, BEXIEENESEEHEKE,

[n0040]

Example 1

SEhEf1
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[n0041]

A method for cultivating duckweed to induce massive starch accumulation includes the

following steps:

—MESEMAERERF TR R, BREOTPR:

[n0042]

(1) Germplasm selection: The duckweed germplasm used in this study is Duckweed ZH0196,
which is from the duckweed germplasm resource bank of Chengdu Institute of Biology,

Chinese Academy of Sciences.

(1)FhEuLsE: AARRANEIMRANSIRETEZH01I6, FRTHERFFERAERE YR FFRE
%R

Duckweed was inoculated into a solid culture medium consisting of 4.0-5.0 g/L MS solid
culture medium powder, 8-12 g/L sucrose, 8-12 g/L agar, and the remainder being deionized

water. The photon flux density was 80-200 umol/m?/s, and the culture was continued.

B HEMTREERES, EREFEARA: 4.0-5.0g/LMSERIZFEMEK. 8-12g/LEEME. 8-
12g/LizfE, HERNEBFK, HEFREFEI80-200umol/m2/s, FFEEETT.
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[n0043]

(2) Aseptic culture stage: Several duckweed plants were picked from the germplasm
preservation culture medium and inoculated into aseptic culture nutrient water. The aseptic
culture nutrient water was Hoagland aseptic culture medium containing 10-20 g/L sucrose,
and the rest was deionized water. The pH of the water was 5.0-5.5, and the photon flux density

was 80-200 umol/m<sup>2</sup>/s. The culture was continued for 2-7 days.

QEEEFMER: FEEMRRFIEFEPRBRBREM T TRIEFEFKEFR, TEETE
FrkE N E10-20g/LiERER Hoagland EEIEF R, HRAEBFK, K{FEpHA5.0-5.5, FHEFE

EZE780-200umol/m<sup>2</sup>/s, FEEEF2-7d,

[n0044]

(3) Expanded culture of duckweed: After the duckweed in the germplasm preservation stage
was activated by aseptic culture for 7 days, it was placed in 1/5 of Hoagland culture medium
for open expansion culture. The culture medium composition was: calcium nitrate
tetrahydrate 0.236 g/L, potassium nitrate 0.304 g/L, potassium dihydrogen phosphate 0.0272 g
/L, tartaric acid 0.6 mg/L, ferric chloride hexahydrate 1.08 mg/L, ethylenediaminetetraacetic
acid 1.8 mg/L, magnesium sulfate heptahydrate 0.1 g/L, sodium molybdate dihydrate 0.024

mg/L, zinc sulfate heptahydrate 0.024 mg/L, copper sulfate pentahydrate 0.016 mg/L,
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manganese sulfate tetrahydrate 0.724 mg/L; the remainder was deionized water, and the pH

of the water was adjusted to 5.0-5.5 with KOH or HCL.

QM KIBFFF: BMEFREFMERNFIEITRESFTMEGENERTdE, BBRAL/SEN
HoaglandiB5F P THBRIY KBS, B RARNKEIHERT50.236g/L, FHEZFR0.304g/L,

R — 21390.0272¢g/L, BAER0.6mg/L, 7KERILEX1.08mg/L, Z_RRIMZER1.8mg/L, tKE

m

MEREE0.1g/L, —/K&EERT0.024mg/L, tKEMELFF0.024mg/L, HKEHEREH0.016mg/L, ™
KEMERSE0.724mg/L; ERAEBEFK, AKOHEHCHETIK{EpH/35.0-5.5,
During the initial stage of expansion cultivation, ensure that duckweed has at least 50% water

surface coverage.

T EEM BRI EEDS0%EKEE SR,
The culture environment was 25°C, with a photon flux density of 80-200 umol/m<sup>2</sup>

/s, under full light for 24 hours, and cultured continuously for 3-5 days.

EFRTIERE N25°C, HEFBERENG0-200umol/m<sup>2</sup>/s, 24he}tHB, 1HFEEFHF

3-5do

[n0045]
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(4) Indoor induction of duckweed starch accumulation: Remove the duckweed from the
nutrient solution, wipe off the residual moisture on the surface, and transfer it to a culture
container filled with deionized water. In the initial stage, ensure that the duckweed coverage

on the water surface is about 50% and the fresh weight of the duckweed is about 2.00g.

(AZERFBSLHEMRE . FHENEFTRPEE, BTFREKEKD, BEEREEEFKAE
FaSsP, MEMBRRIDPEIEKENESRFEES0% AR, FENEFE2.00gE5,
The induction environment was set at 25°C, with a photon flux density of 80-200 umol

/m<sup>2</sup>/s, under full light for 24 hours, and induced for 2 days.

BERIMFEE R25°C, HEFBEFEEN80-200umol/m<sup>2</sup>/s, 24hE3HR, EFEEF

2do

[n0046]

(5) Harvesting duckweed: Before harvesting, take photos to calculate the coverage rate of
duckweed; take the duckweed out of the water, wipe off the residual moisture on the surface,
and weigh the fresh weight as soon as possible; then dry it in an oven at 40°C for 12 hours, and

weigh it to constant weight to obtain the dry weight.
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(S)WERF . WERATHHRRITREFENEEER; KFEMKPEE, BTFREREKD, RIRITEE

&; B2IHBE40°CHtTF12h, MEREFRIETE,

[n0047]

Example 2

SEhE {512

[n0048]

(1) Expanded culture of duckweed: After the duckweed in the germplasm preservation stage
was activated by sterile culture for 7 days, it was placed in 1/5 of Hoagland culture medium for
open expansion culture. The composition of the culture medium was the same as in Example

1.

(L) KRIFFEFTE: BMRERFNMERNEFEIEITRETM B EHIERTdE, BRAL/SER
HoaglandiBFFR R THRIY KIEFT, B RARMIEGI1ER.,
During the initial stage of expansion cultivation, ensure that duckweed has at least 50% water

surface coverage.
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TR BRRIEEEED50% N KEBE SR,
The culture environment was 25°C, with a photon flux density of 80-200 umol/m<sup>2</sup>

/s, under full light for 24 hours, and continuously cultured for 3-5 days.

EFRIERE N25°C, HEFBEZRENS0-200umol/m<sup>2</sup>/s, 24he}tHB, 1FEEFHF

3-5do

[n0049]

(2) Indoor induction of duckweed starch accumulation: Remove the duckweed from the
nutrient solution, wipe off the residual moisture on the surface, and transfer it to a culture
container filled with deionized water. In the initial stage, ensure that the duckweed coverage

on the water surface is about 50% and the fresh weight of the duckweed is about 2.00g.

Q)ERNFSFFHEMIRE . BFEMNEFRPRE, BTFREAKXREKSD, BEBERFEEF/KIE
FAaSP, MEMBRRIDPEFIEKENESRFEES0N AR, FENEFE2.00gE5,
The induction environment was set at 25°C, with a photon flux density of 80-200 umol

/m<sup>2</sup>/s, under full illumination for 24 hours, and an induction time of 20 days.
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BEERIMFEEE R25°C, HEFBEFEEN80-200umol/m<sup>2</sup>/s, 24h=3HR, FSHSE

7320d,

[n0050]

(3) Harvesting duckweed: Before harvesting, take photos to calculate the duckweed coverage
rate; remove the duckweed leaf-like bodies from the water surface, wipe off the residual
moisture on the surface, and weigh the fresh weight as soon as possible; then dry them in an

oven at 40°C for 12 hours, and weigh them to constant weight to obtain the dry weight.

(BUWERFT: WORAHEBRHEFINEER, FKERFEHRERE, BFREREKD, RiR

MEEFE; BEIMEA0°CHTI2h, MEEEERITE,

[n0051]

Example 3

SEhtEf)3

[n0052]

(1) Expanded culture of duckweed: After the duckweed in the germplasm preservation stage

was activated by sterile culture for 7 days, it was placed in 1/5 of Hoagland culture medium for
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open expansion culture. The composition of the culture medium was the same as in Example
1; or the duckweed was placed in compound fertilizer nutrient solution for open expansion
culture. The composition of the culture medium was 21.7 mg/L potassium dihydrogen

phosphate, 8.8 mg/L urea, and pH 5.5.

(LI KIBFEY: BMHRRENRNESEESITEIEFMEEIERTRG, BIRAL/S5ER

HoaglandiBF & R#HITHRIY KB, B RARMLFIIEER; S EFTRNEREBEEF K
THRE KIE5F, BFRARAMER _S5#21.Tmg/L. FKRZ&8.8mg/L, pHA5.5,

During the initial stage of expansion cultivation, ensure that duckweed has at least 50% water

surface coverage.

FEAEM B ARIEFEE D 50% K EE SR,
The culture environment was 25°C, with a photon flux density of 80-200 umol/m<sup>2</sup>

/s, under full light for 24 hours, and cultured continuously for 3-5 days.

IEFIMFEERE H25°C, HEFBEFEEN80-200umol/m<sup>2</sup>/s, 24hEItHR, FLEEFF

3-5do

[n0053]
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(2) Outdoor induction of duckweed starch accumulation: Remove the duckweed from the
nutrient solution, wipe off the residual moisture on the surface, and transfer it to a culture
container filled with deionized water. In the initial stage, ensure that the duckweed coverage

on the water surface is about 50% and the fresh weight of the duckweed is about 2.00g.

Q)FPIMNESEHEMIRR . FEEMNEFRFPEL, BTFREREKD, FEEREGERE FKE
TP, YBEMEBRFRIEEHEKENBEREFESONLA, FHNEEE2.00gkH,
The induction environment was outdoors, with an temperature of 16-23°C, using sunlight, and

the induction time was 2 days.

BRMR ARSI, [EN16-23°C, FAKAIER, FSEEN2d,

[n0054]

(3) Harvesting duckweed: Before harvesting, take photos to calculate the coverage rate of
duckweed; take the duckweed out of the water, wipe off the residual moisture on the surface,
and weigh the fresh weight as soon as possible; then dry it in an oven at 40°C for 12 hours, and

weigh it to constant weight to obtain the dry weight.
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(U ERF . WERATHHRRITREFENEBEER; K EMKPEE, BTFREXEKD, RIRIFEE

&5; BEIHE40°CET1I2h, MEZEEREITE,

[n0055]

Duckweed was cultivated in different outdoor environments, as shown in Figure 1 and Figure
2: Figure 1 shows the induction of duckweed in a water tank at an outdoor plant factory in
Chengdu, Sichuan Province. The water tank is 2m wide, 50m long, and 2m deep, with an
isolation area in the middle of the water tank; Figure 2 shows the induction of duckweed
outdoors in Jiaxing, Zhejiang Province. The cultivation container is 15cm*10cm in size, and

the induction solution is 400ml.

AAEARRMG A INFE FEFEE, MEL. ERFR: WELIZENIIERETFIMEYI I /Y
HHEARIESES, KiEE2m, K50m, FR2m, FEKBPEIKINISERE; ERREMIEETH

FIMES T, BFA8RNRT15cm*10cm, FR&YH400ml

Duckweed was harvested after 2 days, and its starch content was measured to be 18.45%

-32.35%.

dEWEREE, NS EN S8 /918.45%-32.35%0
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[n0056]

Example 4

SEhtEf4

[n0057]

(1) Expanded culture of duckweed: After the duckweed in the germplasm preservation stage
was activated by sterile culture for 7 days, it was placed in 1/5 of Hoagland culture medium for
open expansion culture. The composition of the culture medium was the same as in Example
1; or the duckweed was placed in compound fertilizer nutrient solution for open expansion
culture. The composition of the culture medium was 21.7 mg/L potassium dihydrogen

phosphate, 8.8 mg/L urea, and pH 5.5.

(LI KRFFEFE: BMREREFNMERNEF IS LRSI EHIERTdE, BRAL/SER
HoaglandiBF P THMI KIBFF, 1IBFRAMRMEFILIER; SRFEIMANERERERRK
BT KIBF, EFRRAR BB _S521.7mg/L. FR%ES8.8mg/L, pHAI5.5

During the initial stage of expansion cultivation, ensure that duckweed has at least 50% water

surface coverage.
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T IBYIEM B RIEEEED50% K E B E R,
The culture environment was 25°C, with a photon flux density of 80-200 pumol/m<sup>2</sup>

/s, under full light for 24 hours, and cultured continuously for 3-5 days.

EFIFEEE H25°C, HEFBEFEEN80-200umol/m<sup>2</sup>/s, 24hEItHR, IFLEEFF

3-5d,

[n0058]

(2) Outdoor induction of duckweed starch accumulation: The duckweed was removed from
the nutrient solution and transferred to an outdoor plant factory culture pond. In the initial
stage, the duckweed coverage on the water surface was at least 70%. The outdoor ambient

temperature was 25-35°C. The induction time was 20 days using sunlight.

QUFINAERFFEHIRR . FFIMNEFRTPEL, BRBEEFINIEYII BrtF, nhRR
IBFFHEKENBERFEELDRNT0%, PINFREEN25-35°C, FIAXELHE, #SEA

20d,

[n0059]
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(3) Harvesting duckweed: Use a fishing net to scoop the duckweed out of the water, use a spin
dryer to remove the remaining water, place it in a clean and ventilated place outdoors to dry,

and then dry itin an oven at 40°C until it reaches a constant weight.

(QWFRFF: ERBMEEEMNKEE L, ARTFREBRTRRKS, BEFPIHMEZ. BT,

H—P I MFEA0°CIETEIEBE,

[n0060]

The outdoor induction cultivation environment is the same as in Figure 1. Duckweed was
induced in a water tank in an outdoor plant factory in Chengdu, Sichuan Province, with a

water depth of 10-15 cm during the induction stage.

FINESHIEFIMERIEL, TSR ETAIMEYI T 8K MPIERESE, FSMEBKERE
10-15¢cm,

Duckweed was harvested after 28 days, with a starch content of 6.32%-8.54%.

28d/RWERFETE, TEMEEN6.32%-8.54%.

[n0061]
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Example 5

K5

[n0062]

(1) Expanded culture of duckweed: After the duckweed in the germplasm preservation stage
was activated by sterile culture for 7 days, it was placed in 1/5 of Hoagland culture medium for
open expansion culture. The composition of the culture medium was the same as in Example
1. The culture environment temperature was 25°C, the photon flux density was 80-200umol

/m<sup>2</sup>/s, and the light intensity was 24h for 3-5 days.

(D RIEBFFE . BHRREMERNERESITREFMECENIERTdE, BBRAL/SEH
HoaglandiBss &I T AN KIEF, BFRRARMEFIIERE; BFRRRE~EN25°C, HETF

BEZE80-200umol/m<sup>2</sup>/s, 24h&JtiR, FEHEF3-5d,

[n0063]

(2) Outdoor and indoor induction of duckweed starch accumulation: Remove the duckweed

from the nutrient solution, wipe off the residual moisture on the surface, and transferit to a
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culture container filled with deionized water. In the initial stage, ensure that the duckweed
coverage on the water surface is about 50% and the fresh weight of the duckweed is about

2.00g.

QU PHESERNESTEEMIRER: FETIMERKRFRE, BTREXEKSD, EBEREESET
IKIEFAEF, YEMERRIEEFEKENBER T HES0%ER, FHRIEEE2.00gL A,
During the daytime, when the weather is sunny, the duckweed induction environment is
outdoors with an air temperature of 16-23°C, utilizing sunlight; at night and on cloudy days,
the induction environment is indoors with an induction temperature of 25°C, a photon flux

density of 80-200umol/m<sup>2</sup>/s, 24h full light, and an induction time of 2d.

FEAXKSBEARETIESIME RPN, [IEN16-23°C, FIBKRFAYE; £ ERAXRNESIFE
NEAR, FFFIEREN25°C, HEFBE=EENS0-200umol/m<sup>2</sup>/s, 24hL£H g,

B FEE2d,

[n0064]

(3) Harvesting duckweed: Use a fishing net to scoop the duckweed out of the water, use a spin
dryer to remove the remaining water, place it in a clean and ventilated place outdoors to dry,

and then dry itin an oven at 40°C until it reaches a constant weight.
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BWFRFF: ERBEMFEFIMNKERG L, BRTFRETRRKD, BHEFPMR. BXLET,

ST M40 CHTEIEE,

[n0065]

The indoor environment for cultivating duckweed is shown in Figures 3 and 4.

EREFTE IR N E M EA4R .

Duckweed was harvested after 2 days, with a starch content of 34.60+0.47%.

2ERIET, SEHEER34.6020.47%,

[n0066]

Example 6: Duckweed cultured outdoors using compound fertilizer nutrient solution

SEhtEf6 P IMER S ECERIE FFRY KIBFrBVEE

[n0067]
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(1) After the duckweed in the germplasm preservation stage was activated by sterile culture
for 7 days, it was then placed in a compound fertilizer nutrient solution for open-type
expansion culture. The culture solution consisted of 21.7 mg/L potassium dihydrogen

phosphate, 8.8 mg/L urea, and pH 5.5.

(1) RBMRAREFN RIS TRIBFMEBENIERTdE, BRAEREREFRR#ITHRIT X

m

127, IBFERARNBEE_S5H21.7mg/L. FRE8.8mg/L, pHA5.5,
In the initial stage of expansion cultivation, ensure that the duckweed has a water surface

coverage of at least 50% and a fresh weight of about 2.00g.

B BRI = D50% K EBER, FHENEEERE2.00gE6,
The propagation environment is outdoors, with a temperature of 16-23°C, utilizing sunlight in

the environment.

FIBIR AR5, SIRA16-23°C, FIRMRIRHRAPRY .

[n0068]

(2) After harvesting duckweed, measure the coverage rate and fresh weight yield.
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QUBRFEENEBEER, BHETE,

[n0069]

Comparative Example 1: Duckweed during the germplasm preservation stage:

Xt LB LAk B R B ER BV 755

[n0070]

Prepare solid MS medium with the following composition: 4.0-5.0 g/L MS solid medium

powder, 8-12 g/L sucrose, 8-12 g/L agar, and the remainder being deionized water.

FeHIEAMSIET TR, HAM: 4.0-5.0g/L MSEIRIEFFEKR, 8-12g/LiEE. 8-12g/LiFlE, H&R
NEBF Ko
The prepared culture medium was placed in an autoclave and sterilized at 115°C for 20

minutes.

FCOF RV IBEARERASEXRER, £115°CTFRKE20min.
Once the MS medium temperature has dropped to around 50°C, pour it into plates while it is

still hot, about 25 mL per plate.
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FHMSIEFRERERESCER, ERBINTR, SREIL925mLEFE,
After it cools and solidifies in the laminar flow hood, pick out healthy, sterile duckweed and

place it on a flat plate, then seal it with sealing film.

HHAEBHERNLHNERERE, INERNEEFLETIRP, ANORHEO,
The ambient temperature was 25°C, the light-dark cycle was 16:8, the photon flux density was

80-200 umol/m<sup>2</sup>/s, and the culture was carried out for 14 days.

IFMRRE25°C, NEBERARAN16:8, HXEFBERE /980-200umol/m<sup>2</sup>/s, FLIEFF
14K,
The duckweed was dried at 40°C for 12 hours, ground into powder, and the starch content was

measured using a reagent kit.

RFEHE40°CHET 120, B, BEFEENERMSE.

[n00T71]

Comparative Example 2: Duckweed during the aseptic culture stage:
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Xt L B2 B S b ER B 5

[n0072]

Prepare liquid Hoagland medium with the following nutrient solution composition: calcium
nitrate tetrahydrate 1.18 g/L, potassium nitrate 1.52 g/L, potassium dihydrogen phosphate
0.136 g/L, tartaric acid 3 mg/L, ferric chloride hexahydrate 5.4 mg/L,
ethylenediaminetetraacetic acid 9 mg/L, magnesium sulfate heptahydrate 0.5 g/L, sodium
molybdate dihydrate 0.12 mg/L, zinc sulfate heptahydrate 0.12 mg/L, copper sulfate

pentahydrate 0.08 mg/L, and manganese sulfate tetrahydrate 3.62 mg/L.

okl {AHoaglandiZFFE, EFAKRAMNIKEIHELFS1.18g/L, MHERTR1.52g/L, B2 _ S
0.136g/L, ;BAEE3IME/L, 7NKERUWEHS.4mg/L, ZRIUIZEIMg/L, tKEMELEE0.5g/L, —
KETEERH0.12mg/L, tKEMERE0.12mg/L, R/KEHRERTH0.08mg/L, K EMELTE3.62mg
/Lo

Add 1.5% (w/w) sucrose to the culture medium, with the remainder being deionized water,

and adjust the pH of the water to 5.0-5.5 with KOH or HCL.

HEEFFRPIMNLS% (w/wW)BIEE, HERAEXEFK, AKOHZHCHEATIZK{&pHA5.0-5.5,
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The prepared culture medium was placed in an autoclave and sterilized at 115°C for 20

minutes.

FRUFRUEFREBANBEXE R, £115°CFKE20min,
After the culture medium cools down, sterile duckweed germplasm is inoculated. The culture
environment temperature is 25°C, the photonic flux density is 80-200pmol/m<sup>2</sup>/s,

and the culture is continued for 2-7 days.

FEFRLAE, BEMITEFEMR, BFRMEREN25°C, XEFBEZRE80-200umol
/m<sup>2</sup>/s, ¥FEEIEF2-7d,
The duckweed was dried at 40°C for 12 hours, ground into powder, and the starch content was

measured using a reagent kit.

R 4240°CHEF12h, B, BiAFIZENEEHEE.

[n0073]

Comparative Example 3: Duckweed in the indoor extended culture stage:

Xt ELFI3ZE R RIEFFI EZRYF %
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[n0074]

Prepare a nutrient culture medium consisting of 1/5 times the volume of Hoagland medium.
The medium composition is as follows: calcium nitrate tetrahydrate 0.236 g/L, potassium
nitrate 0.304 g/L, potassium dihydrogen phosphate 0.0272 g/L, tartaric acid 0.6 mg/L, ferric
chloride hexahydrate 1.08 mg/L, ethylenediaminetetraacetic acid 1.8 mg/L, magnesium
sulfate heptahydrate 0.1 g/L, sodium molybdate dihydrate 0.024 mg/L, zinc sulfate
heptahydrate 0.024 mg/L, copper sulfate pentahydrate 0.016 mg/L, and manganese sulfate
tetrahydrate 0.724 mg/L. The remainder is deionized water. Adjust the pH of the water to 5.0-

5.5 using KOH or HCL.

ECHIEFIETR, HN1/5EMHoaglandigF ik, 1B RAMNMKSEHERT50.236g/L, FHERTR
0.304g/L, BB8—S$80.0272g/L, B AFEL0.6mg/L, 7NKERMKTK1.08mg/L, Z_FEMZEE1.8mg
/L, EKEWMERER0.1g/L, —/KEIHERTN0.024mg/L, tKEMERT0.024mg/L, AKERERH
0.016mg/L, M/KEHiERIA0.724mg/L; HRAEEFK, FAKOHZHCIETIK{ApHA5.0-5.5,
Remove the sterile cultured duckweed from the nutrient solution and conduct open culture in

a container of appropriate size, maintaining at least 50% water surface coverage.

RERBEFNFEMNEFTRFEL, FEIRIBSFSTEITHRIUES, REELDS0%HIKEES

=z

o
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The culture environment was 25°C, the photon flux density was 80-200umol/m<sup>2</sup>

/s, and the culture was carried out for 4 days.

IEFIFIRBE N25°C, HEFBEEE80-200umol/m<sup>2</sup>/s, FL&EIEF4d,
The duckweed was dried at 40°C for 12 hours, ground into powder, and the starch content was

measured using a reagent kit.

RFETL40°CHET 120, B, BEFEENERMEE.

[n0075]

Comparative Example 4: Duckweed cultured outdoors using 1/5 Hoagland medium:

B4 9MER 1/5Hoagland 7k R E S |

[n0076]

After the duckweed in the germplasm preservation stage was activated by aseptic culture for
7 days, it was then placed in 1/5 of Hoagland culture medium for open expansion culture. The

composition of the culture medium was the same as that of comparative example 3.
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B R AREN BB S TR B E ISR 1d/E, BMAL/5ENHoaglandiEFFRH#HITH
WY KIBFT, BRAKRRITEEFI3,
Open cultivation should be carried out in appropriately sized containers, maintaining at least

50% water surface coverage, with the fresh weight of duckweed around 2.00g.

EEERT A SsPRITAKRIUER, FRIFELVS0%KEBER, FENEETE2.00gLH,
The culture environment is outdoors, with an temperature of 16-23°C, and the culture is

carried out continuously for 4 days using sunlight.

TR RS, SREN16-23°C, FAMIEHRRRRYE, FEREF4R,

After harvesting duckweed, measure the water surface coverage and fresh weight yield.

WERFERNEKEBEER, BETE,

[n0077]

Figure 5 is a comparison chart of the starch content of duckweed in Comparative Examples 1,

2, and 3 and the Example.

BEISAMEEFIL. 2. 35K FE TS EXN LR,
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As shown in Figure 5, the starch content was very low during the germplasm culture, aseptic
culture, and scale-up culture stages, with the starch content ranging from 9.76% to 11.11%,

4.85% t0 5.52%, and 1.94% to 4.51%, respectively.

FRESEIA, EMBIEST. TERIBF UK KIBFMEEM 2 2R, NS EREERKIR9.76%
-11.11%. 4.85%-5.52% 1A %21.94%-4.51%:
In this example, the starch content of the induced duckweed can reach 45.03%, which is 4.9-

23 times that of the comparative example.

ML SEMEGIXIA ST ERYF SRR M & 8 P LUIAEI45.03%, EXtEbHIrY4.9-231F,
This indicates that the starch content of duckweed can be significantly increased after

induction.

W EEMEIIEFEAI U EZRSEN S

f

[n0078]

Figure 6 is a comparison of the starch staining of duckweed in Comparative Example 3 and

Example 1.
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El6 XS Lb 5135 LRI LBV F SR R B IT L E.,
As shown in Figure 6, duckweed starch accumulates in large quantities in the leaves during

the early induction period.

RE6RA, BSFAHF T EMEH R PARERR,
This indicates that the starch content of duckweed can be significantly increased after

induction.

REFEENEdIEREFAUEZRSEME E.

[n0079]

Figure 7 shows the duckweed surface coverage before and after induction in Examples 1, 3,

and 5, to determine the growth of duckweed.

E7Rseifll. L3, SSEfISE RS KEBEERER, MUILRAIE RIS KIE .
As shown in Figure 7, duckweed continued to grow under all three conditions even though

nutrients were reduced within two days of induction.

RETAH, EF2KA, BAEFHLD, BR=MERTFHENTEERK.
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Moreover, the growth of duckweed cultivated outdoors and indoors is similar to that of
duckweed cultivated indoors; at the same time, the growth rate of duckweed cultivated
outdoors alone is slightly lower than the other two cases, but it should be considered that

poor outdoor light conditions may have a certain negative impact on duckweed growth.

MERPIMEREFRFFEKBREERNERZFE KB RERL; BIYEFIMEFIEEEKRER
BRTFEHMORMHER, EREEZEIPINRBARER RS EFFERTE —E A Em,
The above demonstrates that outdoor cultivation of induced duckweed is feasible and can

maintain strong growth vitality in duckweed.

U ERBAFIMETTA SR AITH, SRR ERERNERE .

[n0080]

Figure 8 shows the changes in fresh weight of duckweed before and after induction in

Examples 1, 3, and 5, which can be used to further quantify the growth of duckweed.

B8R KHEHIL. SEHEfI3. KEFISTEERRIEFFHENTWRER, LRI LOE—S BT HHE

KI5
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As shown in Figure 8, the accumulation of duckweed material increased again within 2 days of

induction.

FRESEIA, BF2XRA, FERIRBEIBIEM,
Similar to the water surface coverage situation, the growth of duckweed cultivated outdoors
and indoors is close to the fresh weight of duckweed cultivated indoors; however, the growth

rate of duckweed cultivated outdoors alone is lower than the other two situations.

S5KEBRXRBENEM, PIMEREFFRIERBASENETFIHERT; MREFIMNEFTRF
SEERKEEZRTEMARMIE R
This indicates that outdoor lighting combined with supplemental lighting provides a better

induction effect.

AP I AN OE SRR BT

[n0081]

Figure 9 shows a comparison of duckweed starch yield in expanded culture (Comparative

Example 3) and induced culture (Examples 1, 3, and 5).
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ElOATEY KIEFF (X ELFI3) RiE S35 7 (Sl 1. SKhEfI3. SSheffls)my e = E 3T LbE.,

This indicates that oligotrophic induction can significantly increase starch production in
duckweed thallus, whether indoors or outdoors. Although the outdoor + indoor induction
method is not as good as completely indoor culture, it is still better than completely outdoor

culture.

HEATIRREERNLZREL I, BERBSHYAUEEREFEHREEM™E, BLLRY, REFR

IMERRIESTATNTEERESF, BEREERL T2 IMETT.

[n0082]

Figure 10 is a comparison of the results of expanding duckweed cultivation outdoors using 1/5
Hoagland nutrient solution (Comparative Example 4) and compound fertilizer nutrient

solution (Example 6).

El1087EFIMER1/5Hoagland 257K (X L 14) N E ECABRVE Tl (S5 6) 3 RIEsm SRR R
EbE,

Under outdoor conditions, the effect of using compound fertilizer nutrient solution for
expansion culture for 4 days is better, with water surface coverage reaching 100% and fresh

weight also higher.
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TERINFHT, EREEIEREFRRY IB4RGHIMRELY, KEBEXRIXF100%, HEHLES,
This may be due to the significant variations in factors such as sunlight, temperature,
humidity, and wind speed under outdoor conditions, which may cause the nutrients in
Hoagland nutrient solution to be rapidly consumed or degraded, making it unable to

continuously provide the nutrients needed by the plants.

XEJRER BT FINFHTRIER. BE. EEMNERFRZZWIRA, AJieTHHoaglandE5RHY
SO WIREEFETERE, TAFSREEYFIENETT.
Compound fertilizers may be better adapted to this dynamic environment and can release

nutrients for a longer period of time.

MmE B AR EE N XMEIASIFR, EBRERAMBRER.

In addition, in outdoor environments, 1/5 Hoagland nutrient solution is more susceptible to
the influence of microorganisms and algae, which may compete with duckweed for nutrients;
while compound fertilizers may inhibit the growth of these organisms to some extent, thus

better supporting the growth of duckweed.
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55, PINFIRS, 1/5HoaglandEFKRER SR EIMEYAELNZ N, XEEY RIS SFE

REES; MEREHARE—ERE LINHXEEYNER, MBS ERNER,

[n0083]

Although the present invention has been disclosed above with reference to preferred
embodiments, it is not intended to limit the present invention. Anyone skilled in the art can
make various modifications and alterations without departing from the spirit and scope of the
present invention. Therefore, the scope of protection of the present invention should be

determined by the claims.

BAREKRAE UBRELEH AL, BEAFIEBLURERLAE, EAPAELERANA, EFRELR
ZPARTREHILEER, HMAMSTNREISE, RItALZBRERRIFEREN & UNFER B R ER

o)
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