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DESCRIPTION CN120092689A

A cultivation method to increase starch yield from duckweed thallus

— R &R I - BRI A

[0001]

Technical Field

ARG
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[n0001]

This invention belongs to the field of duckweed biomass energy technology, and in particular

refers to a cultivation method for increasing the starch yield of duckweed thallus.

KRERPBB T FHEYIRBERRATE, LERIE MRS RN =BRSS5,

[0003]

Background Technology

BHREA

[n0002]

Duckweed has become a starch resource with development potential due to its advantages
such as fast growth rate, high nutrient utilization efficiency, and strong adaptability to various

environments.

AHREEKEER, EFFANES. AR TERAIERKENETBEFNRE, MARBFRE

TR R TR R
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Paradoxically, during the growth of duckweed, the utilization rate of its nutrients, i.e.,
biomass accumulation, is negatively correlated with starch accumulation (i.e., fast growth
results in low starch content; high starch content results in relatively slow growth). In other
words, it is currently difficult to achieve a balance between energy supply primarily for

duckweed growth and starch accumulation.

FENZE, BFFERKIRFHEFRNFIAXEYER RS EMREZENMEXIEEIERR, &N
B8, TMEES, EKMENER), UMERERERNFEFTERTFEEKEZEMIRE,
BRI RMER R — 1T,

How to simultaneously increase the biomass and starch accumulation of duckweed to
achieve effective output of final starch has always been a major challenge in the duckweed

cultivation process and is also the key to the industrialization of duckweed starch.

AR A FENENEREH IR RERLEN T~ 2R B L — = Emd iR — A

B, WRF LI W RI KT,

[n0003]

Currently, duckweed cultivation mainly involves several modes, including autotrophic,

heterotrophic, and co-culture.
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B, FHHERTBEIRER. FRNKSERF/IME.

Generally, under optimal growth conditions, the starch content of duckweed remains at a
relatively low level. However, under stress conditions such as nutrient limitation, salinity,
strong light, and plant hormone treatment, or after switching to a heterotrophic growth

mode, the starch content of duckweed will increase.

—ReKiR, EREERFHT, FUEHREENTEANBIRAIKT, BEEFRESR. HE. 38T,
EVHZELESWERHST, EERARTERELNE, FEEMaEXEM,

Nitrogen (N), phosphorus (P), and sulfur (S) are essential macronutrients for plant growth and
development, participating in the formation of cell structures and high-energy molecules
(nucleic acids, proteins, chlorophyll, adenosine triphosphate, and phospholipids). Duckweed
can survive and even reproduce in the absence of these macronutrients for a long time.
Currently, the two most studied starch induction methods are N-restriction (NL) and P-
restriction (PL). However, both strategies come at the cost of sacrificing biomass production,
leading to the accumulation of starch in duckweed. Therefore, despite the high starch
content, starch yield may be significantly affected due to the trade-off between starch
induction and plant growth. Therefore, restricting a single element does not significantly
increase the final starch yield. While heterotrophic and co-culture methods can effectively

increase biomass, their effect on starch yield is not significant. Furthermore, since glucose is
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often used as the carbon source during the culture process, the cost of the culture process
increases, making it unsuitable for subsequent industrial production. Therefore, seeking low-

cost and high-efficiency training methods is particularly important.

&(N). B (P)MIW(S)RIEMERABFILENEEERR, S5ARENNEED F(IZER. EB

Br. MHRER. ZBERRRE B, ERMNERZXEEEEFRNERT, FEAIUFEE
E¥E, Bal, AREZHENRHI(NL)FPIRE(PL)RMIEMIES HE. A, XMWHRER LR
EMEEFHRN, SIRTFEREHHRR, Hit, REEHSERS, ERTEMASNED
ERZEBINE, EMTERESRERAM. FILUKTE—REIEMTRERY, WRLTEMN™
EHLBERRIIREA. MRAMEKSEFARNEERNRAEVECXT RN~ ERRAMRHAT
BAE, MR TFIEFIRPPIRANIRE A AERESETIRETINE LA, AFREGEENTI

HEF, FRUF KSR, BESHIEFRLTAESTLNER.

[n0004]

Since duckweed has a rapid growth period and a starch accumulation period during its
growth process, nutrient solution can be added according to the corresponding growth stage
to ensure that both biomass can be increased and starch can be accumulated in large

quantities.
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ATFFFEERIBEPEFE—MREERPIUEMIRRL, AIREEKBEANNFINEFR, &

BRI S EME AT RERRIEM .

[0007]

Summary of the Invention

RPRE

[n0005]

This addresses the technical problems in existing technologies, such as the inability to
achieve a balance between duckweed biomass and starch content, thus failing to achieve a

satisfactory final starch yield.

HMMERARAPEFELEAELFTEMENTEN S 2R ETE, ERZENTERTREFEEFRAR
o
This invention provides a cultivation method to increase starch yield in duckweed thallus,

which involves dynamically controlling the concentration of added nutrient solution.

R PRIRM IR R RN - EBRIER5E, A ARBIMSEIEMNEFRIRE,
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During the rapid growth period of duckweed, a higher concentration of nutrient solution can
promote rapid growth and accumulate sufficient biomass. After entering the starch
accumulation period, reducing the concentration of nutrient solution can induce duckweed to
use more energy for starch synthesis, thereby achieving a better starch yield and realizing a
dual increase in biomass and starch accumulation. Since it is a complex system regulated by
nutrient solution, there is no limitation to certain elements that sacrifice biomass to achieve
high starch yield, nor are there problems such as high cost of adding exogenous carbon

sources. The method is simple and easy to operate.

T ERREEKE, RERENEFREBIRILFREILK, RREBNEDE; FENEH
MBHE, BREFRREEBEFTTIRESHNRERTEMEMN, MMEZIBIFREMTE, £
NEMESEMMEBENNERA, BTREFRBENE MATEFERFIEM TR EYMZELNX

IEEHE, WAEEINERINRKRASFR, HiEEREZIREF

[n0006]

This invention is achieved through the following technical solution:

A &RBREE LU TR EEI:

[n0007]
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The first objective of this invention is to provide a cultivation method for increasing starch

yield in duckweed thallus, comprising the following steps:

KTEAE—TENRRE—MESFEHRE TR ENETTE, SFEUTIE:

[n0008]

(1) The activated duckweed was cultured under light in the first nutrient solution;

()REURREEESE —EFRPICIRIEST;

[n0009]

(2) Rapid growth period: The duckweed obtained in step (1) is introduced into the second
nutrient solution for light cultivation; the second nutrient solution is obtained by diluting the
first nutrient solution to a concentration of 40-50% by volume ratio, and the concentration is

kept stable during the period and the second nutrient solution is added subsequently.

2PREEKH: BIE()FASEHEANEZEFRPHRIES; MAE_EFRBIRE—EFR

RIATLEHRBEERE N40~50%152], HAEMRIERERERSHTE_EFTRK;

[n0010]
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(3) Starch accumulation period: Reduce the volume concentration of the second nutrient
solution in step (2) to 30% to 40% of the concentration of the first nutrient solution, continue

to cultivate under light, and then add distilled water.

Q)EMIMBH: BIBQ)PFFARE ZEFRNAPIIRERREELE —EFFRREN30%~40%, 45

JCRRIESR, ESRANTEARIEK,

[n0011]

In one embodiment of the present invention, in step (1), the duckweed is selected from one or
more of the genera *Lemna minor*, *Lemna minor*, *Lemna spp.*, *Lemna spp.*, and

*Lemna spp.*.

TEALBAN—IKMESS, ZR(1)P, FIEHEEZRETER. MREER. F¥RE. THEM

R TR B FR A — a2,

[n0012]

In one embodiment of the present invention, in step (1), the first nutrient solution comprises
the following elemental components by weight percentage: calcium 0.2 g/L to 1 g/L, iron
0.001 g/L to 0.0005 g/L, magnesium 0.01 g/L to 0.05 g/L, boron 0.0001 g/L to 0.0005 g/L, zinc

0.00001 g/L to 0.00005 g/L, copper 0.000004 g/L~0.00002 g/L, molybdenum 0.00001 g/L~0.
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00005 g/L, sodium 0.000004 g/L~0.00002 g/L, manganese 0.0002 g/L~0.001 g/L, nitrogen 0.06

g/L~0.3 g/L, phosphorus 0.006 g/L~0.03 g/L, and potassium 0.12 g/L~0.6 g/L.

EARRAN—IEHEGHR, FE()F, KBEEEDIT, FIRE—EFKREEUTTELES: 15
0.2g/L~1g/L. $0.001g/L~0.0005g/L. $£0.01g/L~0.05g/L. BH0.0001g/L~0.0005g/L. §
0.00001g/L~0.00005g/L. $f0.000004g/L~0.00002g/L. $H0.00001g/L~0.00005g/L. %A
0.000004g/L~0.00002g/L. $£0.0002g/L~0.001g/L. %0.06g/L~0.3g/L. #%0.006g/L~0.03g/L

#$90.12g/L~0.6g/Lo

[n0013]

In one embodiment of the present invention, the first nutrient solution comprises the
following components: Ca(NO3)2 « 4H30 12g/L~60g/L, KNO4 20g/L~25g/L, KH5PO6 1g/L~1.
5g/L, tartaric acid 0.5g/L~1g/L, FeCI7 - 6H80 1g/L~2g/L, EDTA 1.5g/L~2g/L, MgS0O9 « TH100
5g/L~10g/L, H11BO12 0.5g/L~1g/L, ZnSO13 + TH140 0.05g/L~0.1g/L, Na<sub>2<
/sub>MoO<sub>4</sub> + 2H<sub>2</sub>0 0.02g/L~0.025g/L, CuSO<sub>4<

/sub> « 5H<sub>2</sub>0 0.015g/L~0.02g/L, MnCl<sub>2</sub> + 4H<sub>2</sub>0 0.5g

/L~1g/L.

EXREZPIN— LG, FRE—EFREIELUTAS: Ca(NO<sub>3</sub>)<sub>2<

/sub> « 4H<sub>2</sub>0 12g/L~60g/L. KNO<sub>3</sub>20 g/L~25g/L. KH<sub>2<
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/sub>PO<sub>4</sub>1 g/L~1.5g/L. BALO0.5g/L~1g/L. FeCl<sub>3</sub> + 6H<sub>2<
/sub>01g/L~2g/L. EDTA1.5g/L~2g/L. MgSO<sub>4</sub> + TH<sub>2</sub>0 5g/L~10g
/L. H<sub>3</sub>BO<sub>3</sub>0.5 g/L~1g/L. ZnSO<sub>4</sub> + TH<sub>2</sub>0
0.05g/L~0.1g/L. Na<sub>2</sub>MoO<sub>4</sub> + 2H<sub>2</sub>0 0.02g/L~0.025g
/L. CuSO<sub>4</sub> + 5H<sub>2</sub>0 0.015g/L~0.02g/L. MnCl<sub>2<

/sub> « 4H<sub>2</sub>0 0.5g/L~1g/L,

[n0014]

In one embodiment of the present invention, the pH value of the first nutrient solution is 5 to

5.5;

AL — LGS, FrdE—E5RIpHENS~5.5;

[n0015]

And/or, the pH value of the second nutrient solution is 5 to 5.5; the pH value of the second

nutrient solution is obtained by adjustment.

M/, FriRE ZEFKRMIpHENS~5.5; FEZEF RN pHEBIFITEE,

[n0016]
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In one embodiment of the present invention, in step (2), the volume of duckweed introduced

is 1% to 10% of the nutrient solution.

TEARLKBEN—IREGFR, TRQ2)F, FIRFERRNEIRNETREI1%~10%,

[n0017]

In one embodiment of the present invention, in step (2), the diluent used for dilution is

distilled water.

TR — 1RGSR, PERQ)F, FrdiHmERAmET & EK,

[n0018]

In one embodiment of the present invention, in step (2), the light cultivation timeis 1 to 3

days.

EXRRAN—T KRGS, TEQ)F, FrRrtiREFIEEN1~3X,

[n0019]
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In one embodiment of the present invention, in step (3), the light cultivation timeis4to 7

days.

TEARLKRBN—IKEGF, TEE)P, MR/ RIEFNEN4~TR,

[n0020]

In one embodiment of the present invention, the light intensity of the light culture is 85 pmol

/m<sup>2</sup>/s to 100 pumol/m<sup>2</sup>/s.

FERLZBHN—PEREFIF, PRRICERIEFRRIEEREE 7985umol/m<sup>2</sup>/s~100umol

/m<sup>2</sup>/s.

[n0021]

A second objective of this invention is to provide a duckweed thallus obtained by the
aforementioned cultivation method, wherein the biomass of the duckweed thallus is =140.

57%£0.85 g/m<sup>2</sup> and the starch yield is =58.87+0.47 g/m<sup>2</sup>.

EAE BN REFTREF T AFEINEFHRE, R FEHRKEREYE > 140.57£0.

85g/m<sup>2</sup>; EM=E>58.8710.47g/m<sup>2</sup>.
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[n0022]

The technical solution of the present invention has the following advantages over the prior

art:

RPN ERRALGZELEMERAREB U TR

[n0023]

(1) The cultivation method provided by the present invention has low cost, good effect and

short cycle.

(1) 2% PRIR MBS VAR, WRYF, FAHIE,

[n0024]

(2) Compared with conventional cultivation, the present invention can simultaneously
increase the biomass and starch content of duckweed by changing the nutrient concentration
according to different growth stages of duckweed. That is, the biomass reaches more than
140.57+0.85g/m<sup>2</sup> and the starch yield reaches more than 58.87+0.47g

/m<sup>2</sup>.
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2)REMITF, REBIREFTERFAEKNE, AT EFKRE R EARREAFENEMERIEN
B2, EY=:2E1140.571£0.85g/m<sup>2</sup>LlLE, EMF=EiXF|58.8710.47g/m<sup>2<

/sup>LL ko

[n0025]

(3) This invention provides a new approach to increasing the yield of duckweed starch and

lays the foundation for the development of duckweed starch resources.

(3)A&RPENRA TR T ERM TR, RAFRF R REEE M,

[0029]

Attached Figure Description

P35t R

[n0026]

To make the content of this invention easier to understand, the invention will be further
described in detail below with reference to specific embodiments and accompanying

drawings, wherein...
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NTEELBANATERZRERHIERE, TERERLPBIRARSIIEFIHESHE, WHaAkBREH

—ZIFANREE, HA,

[n0027]

Figure 1 shows the growth status of duckweed cultured in Examples 1-2 and Comparative

Examples 1-2 of the present invention;

1 s 5 BASTHEG) L~ 2138 Ll 1 ~ 2B 5SS A SRS B

[n0028]

Figure 2 shows the starch yield of duckweed cultivated in Examples 1-2 and Comparative

Examples 1-2 at different stages of the present invention.

E2 7 & BRI 1~ 280 3 L 1~ 218 77 B0 SR B RS HRE A7 = E

[0033]

Detailed Implementation

BiALER
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[n0029]

The present invention will be further described below with reference to the accompanying
drawings and specific embodiments, so that those skilled in the art can better understand and
implement the present invention. However, the embodiments described are not intended to

limit the present invention.

HEEGMEMBASSHEG XN AL BRIEE—D IR, LUIEARTURAIRARA G AT LB i IR AR A % B H

BET LASERE, {BRrZsSKiEfIAERITZA&BRRYRRE.

[n0030]

This invention provides a cultivation method for increasing starch yield in duckweed thallus,

as detailed below:

IERRRIEM T —MRSFEHRIFEM T ENETT A, BIEWNT:

[n0031]

Germplasm was picked from a plate and added to a culture flask containing the first nutrient

solution. The flask was then exposed to light to obtain activated germplasm.
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FARPKER BN ERS E—Em RSB, 1R, RISELHMER;

[n0032]

The activated duckweed was cultured under light in the first nutrient solution;

KA ENFHES —ERRPICRES,;

[n0033]

A second nutrient solution is added to the cultivation device. The volume concentration of the
second nutrient solution is 40%-50% of that of the first nutrient solution. 1-10% of the
working volume of the second nutrient solution is added to the duckweed. During the
duckweed's growth, the nutrient solution concentration is dynamically adjusted according to
the growth stage: 1) Rapid growth period (days 1-3): Maintain the nutrient solution
concentration at 40%-50% of the original concentration (first nutrient solution
concentration). At this time, the chlorophyll content of the duckweed is 0.15 mg/g-0.30 mg/g.
The evaporation volume is replenished with the corresponding concentration of nutrient
solution. 2) Starch accumulation period (days 4-7): Gradually reduce the nutrient solution
concentration to 30%-40% of the original concentration (first nutrient solution
concentration). At this time, the chlorophyll content of the duckweed is 0.10 mg/g-0.20 mg/g.

The evaporation volume of the nutrient solution is replenished with the corresponding
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amount of distilled water. This is done 2-3 times, approximately every 1-2 days, while
maintaining a stable nutrient solution volume. Ultimately, duckweed thallus with high starch

yield is obtained.

EEFREPMAEZERRK, EEFRNETVRENE —EFKN40%~50%, FHITIEARR
1~10%NFT, EFFERKIRPFREEKMBSISERERRRE: 1)REEKIA(E1~3
R): BREFBRRENRRE(E—EFREKE)40%~50%, WIHFFEHEFEEE790.15mg
/g~0.30mg/g, ERAEMATHEERENEFK; 2)EMTRBI(EI~TX). BIREEFRRE
EFRRE(FE—EFRKE)N30%~40%, LEHFEHEEREEN0.10mg/g~0.20mg/g, EFKRZE
RAETRA TR BIZEIBK, FEREN2~3R, HE1~2R$IFTEMEK, HEFRFEFRERE

E, REARGEHTERSNFEHRE,

[n0034]

The preparation method of the second nutrient solution is as follows: at room temperature,
prepare the first nutrient solution according to the normal duckweed expansion culture, and
then add the corresponding pure water at the volume ratio and mix well to obtain a nutrient

solution with a concentration of 40% to 50%.

Hep, BEFROFIELER: BEF, REERSF R IBERE—E7R, ZEBUARIRLEMAN

MNAARS, 155140%~50%RENEFR.
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[n0035]

The nutrient solution used in this invention comprises the following components: calcium,
iron, magnesium, boron, zinc, copper, molybdenum, sodium, manganese, nitrogen,
phosphorus, and potassium. By weight percentage, the first nutrient solution comprises the
following elemental components: calcium 0.2 g/L to 1 g/L, iron 0.001 g/L to 0.0005 g/L,
magnesium 0.01 g/L to 0.05 g/L, boron 0.0001 g/L to 0.0005 g/L, and zinc 0.00001 g/L to
0.00001 g/L. 0.00005 g/L, copper 0.000004 g/L~0.00002 g/L, molybdenum 0.00001 g/L~0.
00005 g/L, sodium 0.000004 g/L~0.00002 g/L, manganese 0.0002 g/L~0.001 g/L, nitrogen 0.06

g/L~0.3 g/L, phosphorus 0.006 g/L~0.03 g/L, and potassium 0.12 g/L~0.6 g/L.

KEAFANERRNARKS EIE: 5. B 8. W $5. 8. H. #9. 5. & B 8], "RBRE
EEOI, FIRE—EHREEUTTEAS: §50.2g/L~1g/L. $0.001g/L~0.0005g/L.
0.01g/L~0.05g/L. B#0.0001g/L~0.0005g/L. £0.00001g/L~0.00005g/L. £70.000004g/L~O.
00002g/L. $H0.00001g/L~0.00005g/L. $40.000004g/L~0.00002g/L. $£0.0002g/L~0.001g/L.

#10.06g/L~0.3g/L. #0.006g/L~0.03g/LAN5#0.12g/L~0.6g/Lo

[n0036]
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The cultivation conditions of this invention are: a photoperiodic environment with alternating
light and dark conditions and a light intensity of 85 umol/m<sup>2</sup>/s to 100 umol

/m<sup>2</sup>/s, and cultivation at room temperature.

A RPRBVIEFRSR N SRR B R N24N N ERICEHRIFR, FEIRIREJ985umol/m<sup>2<

/sup>/s~100umol/m<sup>2</sup>/s. ERFZH FEo

[n0037]

The cultivation device of the present invention is a commercially available plastic basket with
dimensions of length * width * height (166mm X 114mm X 58mm), but is not limited to this

model; it can be enlarged or reduced proportionally.

AABHEFAEENTE LAIMIENEK T S (166mm X 114mm X58mm)BVEBHHE, BRETZ

BS, R Kei48/)\MIq,

[n0038]

The nutrient solution used in this invention consists of commercially available components,
including elements such as calcium, iron, magnesium, boron, zinc, copper, molybdenum,

sodium, manganese, nitrogen, phosphorus, and potassium.
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FRPEANVETRAMMDIRBETEWLERE, S8 ke &%, W, 5. 3. 8. W #H |’

B SRFTTRIYE

[n0039]

The duckweed used in this invention is a dominant duckweed plant with a high starch content

in the genus *Lemna*, including but not limited to *Lemna minor* ZH0196.

KNRPEAIEENFERTIEN S ERENMEFHEN; SFEERRTZREFEZH01%6, -

[n0040]

Furthermore, the described duckweed morphology refers to duckweed leaf-like structures.

H—IH, FRBY RS SRR,

[n0041]

Furthermore, the species of duckweed mentioned include, but are not limited to, the genera

*Lemna minor*, *Lemna spicata*, *Lemna spp.*, *Lemna spp.*, and *Lemna spp.*.
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HE—IH, FMANFEmMIBEEERRTSREERE. MRENYRE. FFE. THE. RERT

J&o

[n0042]

Furthermore, the lighting conditions can be any fluorescent lamp that can achieve the

required light intensity.

H—H, FTRBEIRF A NEEREIFERRER B AT,

[n0043]

The present invention also provides a duckweed with high biomass and high starch content

obtained by the above method, which ultimately achieves high starch yield.

RERRRM T —ME LRTEEFFINEEYE. BSENSENT T, REXEBEM™E,

[n0044]

The high-starch-content duckweed thallus of the present invention can be applied in the

fields of biomass energy and agricultural biotechnology.
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AR PR RN & B EHOINMA R M ABEEYI B RE TR R ARl E MR AR Gl

[n0045]

Unless otherwise specified, the experimental methods used in the following examples are

conventional methods, and the materials and reagents used are commercially available.

TRSEHEG R ERBYSRIR A MTAS IR, A EMGE, FRBMEL 5%, WERHR

BH, BRI MELIEREE,

[n0046]

The testing methods involved in the embodiments of this invention are as follows:

2% BRI e o K B 75 0%

[n0047]

1.

Determination of duckweed biomass
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AEEYERNNE

[n0048]

Collect duckweed at different stages, transfer it to a filter bag, centrifuge for 5 minutes to

remove surface free water, and then weigh it using a balance.

WEARRIRTHAESE, BHZFBIIEERF, BEO05min, UERKREBERK, RAEERRXRFENE,
Then, the sample was processed in a freeze dryer for 48 hours, the dry weight was measured,

and the biomass was calculated based on the culture area per unit area.

AR, FmTERATIENSLELSh, NETFE, BRIBESFERH#TRURRRENEYE,

[n0049]

Starch content determination

10-01-2026 - Page 25



N EENE

[n0050]

The freeze-dried sample was crushed and ground into granules in a mortar.

RAETERF TR HITIE, BRI,
Disperse 0.1g of sample in 0.2mL of 80% ethanol, then add 2mL of 2M KOH and stirin an ice

bath for 20min.

BY0.1g# fm7E0.2mL80% ZEEH 738/, NMA2ML2MEIKOHZKAHEFE20min,
Then add 8 mL of 1.2 M sodium acetate buffer (pH 3.8), 0.1 mL of a-amylase and

amyloglucosidase, mix well and incubate at 50 °C for 30 min.

ZIEMA8MLL2MERER TSR iR (pH3.8). 0.1mLa- BN EEETES, BA50°CKA
30min,
Transfer the sample to a final volume of 100 mL, centrifuge a unit volume of the supernatant,

and then perform the determination.

BREEMEREL0NL, RBMAARIREOELEHITE,

10-01-2026 - Page 26



The total starch content was determined using the Megazyme Total Starch Detection Kit.

fEAMegazymeiE B2 MR F EFHITIE

[n0051]

Determination of starch yield

T ERNE

[n0052]

The product of the measured starch content and biomass is the starch yield, which can be

expressed as:

BRI EN S ESEMENRIRRENTE, AIREN:

[n0053]
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Starch yield (g/m<sup>2</sup>) = Biomass (g/m<sup>2</sup>) X Starch content (%).

N

TEMFEE (g/m<sup>2</sup>)=EME(g/m<sup>2</sup>) X EMEE(%)o

[n0054]

The composition (g/L) of the nutrient solution involved in the embodiments of the present

invention:

2<% RSB S KRV E SRRV A (g/L) -

[n0055]

Ca(NO<sub>3</sub>)<sub>2</sub> + 4H<sub>2</sub>0 12g, KNO<sub>3</sub>25 g,
KH<sub>2</sub>PO<sub>4</sub>1.4 g, tartaric acid 0.6g, FeCl<sub>3</sub> « 6H<sub>2<
/sub>01g, EDTAL1.8g, MgSO<sub>4</sub> « TH<sub>2</sub>0 10g, H<sub>3</sub>BO<sub>3<
/sub>0.6 g, ZnSO<sub>4</sub> « TH<sub>2</sub>0 0.044g, Na<sub>2</sub>MoO<sub>4<
/sub> « 2H<sub>2</sub>0 0.024g, CuSO<sub>4</sub> « 5H<sub>2</sub>0 0.016g,

MnCl<sub>2</sub> + 4H<sub>2</sub>0 0.8g, pH 5-5.5.
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Ca(NO<sub>3</sub>)<sub>2</sub> * 4H<sub>2</sub>0 12g. KNO<sub>3</sub>25 g.
KH<sub>2</sub>PO<sub>4</sub>1.4 g. BHGFL0.6g. FeCl<sub>3</sub> + 6H<sub>2<
/sub>01g. EDTA1l.8g. MgSO<sub>4</sub> + TH<sub>2</sub>0 10g. H<sub>3<
/sub>BO<sub>3</sub>0.6 g. ZnSO<sub>4</sub> + TH<sub>2</sub>0 0.044g. Na<sub>2<
/sub>MoO<sub>4</sub> + 2H<sub>2</sub>0 0.024g. CuSO<sub>4</sub> + 5H<sub>2<

/sub>0 0.016g. MnCl<sub>2</sub> + 4H<sub>2</sub>0 0.8g, pH5~5.5,

[n0056]

Example 1:

SEhtEfY1:

[n0057]

This embodiment provides a method for cultivating high-density, high-starch-yield duckweed

thallus, including the following steps:

KGR T —MSEE. BT EFFHINENEFRGZE, SRNTIR:

[n0058]
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(1) Activation of multi-rooted Azolla ZH0196 germplasm in conical flask: Germplasm was
picked from a plate and added to a 250mL culture flask containing 150mL nutrient solution.

After 24 hours of light exposure and 15 days of light exposure, the germplasm was activated.

(1)ERME N ZIRETHEZHOL96F T TARPKENFHBIIIAZE B 150mLEFFRIV250mLIESRRF, 24h

JeHR15d, FRISEWHIMEL

[n0059]

(2) The activated germplasm was inoculated into a culture device containing nutrient solution

at an inoculation rate of 80% and cultured under light for 24 hours and 4 days.

()R BT EHRB0% IFEMERN S B EFRAVEFEE RHIT24htIRY 154d,

[n0060]

(3) Add 45% nutrient solution with an initial pH of 5 to 5.5 to the culture device, and add 5% of
the expanded duckweed into the culture device according to the working volume, and

maintain a nutrient concentration of 45% for the first 3 days.
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() EIBFEETIMAIIIEPHAI5~5.5945% REMNEFT R, EIIEERNS%RFYT BERZEFEN
EHREER, FI3RERFASWHNEFTKRE,

As the duckweed grows, starting from the 4th day, gradually reduce the nutrient
concentration to 35%. The reduced amount of nutrient solution is replenished with distilled
water in the later stages to maintain the volume of the culture solution. Replenish once every
1-2 days, for a total of 3 times. The entire process is carried out under full light at a
temperature of 25°C. After 5 days of growth, high-density duckweed with high starch content

can be obtained after harvesting.

PEEFFRER, MBARTIE, BIRREFREEIS%, EFRIVAELDERHAEBKMTE, 4
FEFRIER, S1~2dih7m—R, HHFEIR, BIIRERIES, BEN2SC, FEKE

5d, WREFIRFEISZEE. BEN a8,

[n0061]

Example 2:

SEhEI2:

[n0062]
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This embodiment provides a method for cultivating high-density, high-starch-yield duckweed

thallus, including the following steps:

KLHEFHRME T —MSEE. ST EFFHINENEFRGZE, SRNTIRE:

[n0063]

(1) Activation of multi-rooted Azolla ZH0196 germplasm in conical flask: Germplasm was
picked from a plate and added to a 250mL culture flask containing 150mL nutrient solution.

After 24 hours of light exposure and 15 days of light exposure, the germplasm was activated.

(1) AR S IRESEZHO196M0 5 . FARBREXM B AN AR 150mLEFFRBV250mLIEFRA, 24h

JEER15d, FRISIEIBIFRR,

[n0064]

(2) The activated germplasm was inoculated into a culture device containing nutrient solution

at an inoculation rate of 80% and cultured under light for 24 hours and 4 days.

(2B RIRS0% MM ERN S B EFRIVIEFEERHIT24hIIRY 1H4d,

[n0065]
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(3) Add 50% nutrient solution with an initial pH of 5 to 5.5 to the culture device, and add 5% of
the expanded duckweed into the culture device according to the working volume. Maintain

the nutrient solution concentration at 50% for the first 3 days.

() EEFEETMAMIIEBPHAIS5~5.550% REMNEFR, EIIEERS%RKEYT BERZEFREN
IBFRER, FI3REREFRRENS0%,

As the duckweed grows, starting from the 4th day, gradually reduce the nutrient solution
concentration to 40%. The reduced amount of nutrient solution is replenished with distilled
water in the later stages to maintain the volume of the culture solution. Replenish once every
1-2 days, for a total of 3 times. The entire process is carried out under full light at a
temperature of 25°C. After 5 days of growth, high-density duckweed with high starch content

can be obtained after harvesting.

PEEFFRERK, MNBARTFIEETRREFTRKREELI0%, EFRIVEDEGHALIEBKATE, 4
FEFRIVER, S1~2d#h7m—R, Hi7E3IR, BIIB2RIES, BENSC, FEKE

5d, WRETSEBEE. BRYSRTT,

[n0066]

Comparative Example 1:
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XFEEBIL:

[n0067]

This comparative example provides a method for cultivating high-density, high-starch-yield

duckweed thallus, including the following steps:

A LEHHRM T —MESRE. ST EFEHRANERTE, SFNTIE:

[n0068]

(1) Activation of multi-rooted Azolla ZH0196 germplasm in conical flask: Germplasm was
picked from a plate and added to a 250mL culture flask containing 150mL nutrient solution.

After 24 hours of light exposure and 15 days of light exposure, the germplasm was activated.

(1) #ERARE N ZIRESEZHO196M T . FARBEEXM BTAI AR 150mLEFFRAV250mLIEFFHRA, 24h

FEBR15d, FRISEWHIFHR,

[n0069]

(2) The activated germplasm was inoculated into a culture device containing nutrient solution

at an inoculation rate of 80% and cultured under light for 24 hours and 4 days.
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(2B EIZ80% M EM N S B EFRAVEFEERHIT24hRY 1H4d,

[n0070]

(3) Add 20% nutrient solution with an initial pH of 5 to 5.5 to the culture device. Add 5% of the
expanded duckweed into the culture device according to the working volume. As the
duckweed grows, the amount of nutrient solution is reduced and then replenished with
distilled water to maintain the initial culture solution volume. Replenish once every 1 to 2
days for a total of 3 times. The entire process is carried out under full light and at a
temperature of 25°C. After 4 days of growth, duckweed with high density and high starch

content can be obtained after harvest.

() TEBEFEEPMAIIEPHAIS5~5.50920%RENEFR, RIIEAIRIS%RKY 1BERF RN
BAREF, MEFIENER, EFRNAEDERMUZRBKAT, HHIGREFRNGER, &
1~2d#h7E—IR, Hh7EIR, BNIRERES, BEN25°C, FEKEAM, WREARFEIEE

E. BEHaElNFE.

[n0071]

Comparative Example 2:
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XFEEHI2:

[n0072]

This comparative example provides a method for cultivating high-density, high-starch-yield

duckweed thallus, including the following steps:

AW LLHURME T —MSEE. BT EFFHINENIEFRGZE, SFNTSRER:

[n0073]

(1) Activation of multi-rooted Azolla ZH0196 germplasm in conical flask: Germplasm was
picked from a plate and added to a 250mL culture flask containing 150mL nutrient solution.

After 24 hours of light exposure and 15 days of light exposure, the germplasm was activated.

(1) #ERAMRE N ZIRESEZHO196M0 BT . FARBEEXMBTAI AR 150mLEFFRAV250mLIEFFHRA, 24h

FEBR15d, FRISEHUWHITHR,

[n0074]

(2) The activated germplasm was inoculated into a culture device containing nutrient solution

at an inoculation rate of 80% and cultured under light for 24 hours and 4 days.
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(2)RE U EIRB0% IZMERN S B EFRVEFEERHIT24htIRY 154d,

[n0075]

(3) Add 60% nutrient solution with an initial pH of 5 to 5.5 to the culture device. Add 5% of the
expanded duckweed into the culture device according to the working volume. As the
duckweed grows, the amount of nutrient solution is reduced and then replenished with
distilled water to maintain the initial culture solution volume. Replenish once every 1 to 2
days, for a total of 3 times. The entire process is carried out under full light and at a
temperature of 25°C. After 6 days of growth, duckweed with high density and high starch

content can be obtained after harvest.

B)TEEFEEFMAYIEPHA5~5.50960% REEFR, BIIEERBIS%ITT BERFETERAN
BREER, MEFENERK, EFRIBLVERIUEBKMTE, HEVIBETRNER, &
1~2d#h7E—R, HHhFEIR, BNIIRERES, BEN25°C, FEKE6, WREAFEEE

E. BEHaENFE,

[n0076]

Comparative Example 3:

XFEEHI3:
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[n0077]

This comparative example provides a method for cultivating high-density, high-starch-yield

duckweed thallus, including the following steps:

AW LLHURME T —MSEE. BT EFFHINENEFRGE, SFNTSR:

[n0078]

(1) Activation of multi-rooted Azolla ZH0196 germplasm in conical flask: Germplasm was
picked from a plate and added to a 250mL culture flask containing 150mL nutrient solution.

After 24 hours of light exposure and 15 days of light exposure, the germplasm was activated.

(1) RSN ZIRETHEZHOL96F T TARPKENFHBIIIAZE B 150mLEFFRIV250mLEESRRH, 24h

FEAR15d, FRISEUWHITHR,

[n0079]

(2) The activated germplasm was inoculated into a culture device containing nutrient solution

at aninoculation rate of 80% and cultured under light for 24 hours and 4 days.

()R AU EIRB0% IFEMERN S B EFRAVEFEE RHIT24htIRY 1H4d,

10-01-2026 - Page 38



[n0080]

(3) Add 40% nutrient solution with an initial pH of 5 to 5.5 to the culture device. Add 5% of the
expanded duckweed into the culture device according to the working volume. As the
duckweed grows, the amount of nutrient solution is reduced and then replenished with
distilled water to maintain the initial culture solution volume. Replenish once every 1 to 2
days, for a total of 3 times. The entire process is carried out under full light and at a
temperature of 25°C. After 5 days of growth, duckweed with high density and high starch

content can be obtained after harvest.

() EEFEREFMAYEPHAS~5.50940%RENEFTR, RIIEFERBVSWRKY BEIFEFRAN
BAREER, MEFENEK, EFRIALDERIUEBKTE, HEVIBETRNER, &
1~2d#h7—R, HHFEIR, BNIERIRIES, REN25°C, FEKES, BREARFEIEE

E. BEHaEnNFY.

[n0081]

Comparative Example 4:

xFEEfI4:
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[n0082]

This comparative example provides a method for cultivating high-density, high-starch-yield

duckweed thallus, including the following steps:

A LEHHRM T —MESRE. ST EFEHRANERGE, SFNTIE:

[n0083]

(1) Activation of multi-rooted Azolla ZH0196 germplasm in conical flask: Germplasm was
picked from a plate and added to a 250mL culture flask containing 150mL nutrient solution.

After 24 hours of light exposure and 15 days of light exposure, the germplasm was activated.

(1) #ERARE N ZIRETEZHO196M0 T . FARBEEXM BRI AR 150mLEFFRAV250mLIEFFHRA, 24h

FEBR15d, FRISEWHIFHR,

[n0084]

(2) The activated germplasm was inoculated into a culture device containing nutrient solution

at an inoculation rate of 80% and cultured under light for 24 hours and 4 days.

(2)RE UM EIRB0%IZMERN S B EFRIVEFEEFHIT24htIRY 154d,
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[n0085]

(3) Add 50% nutrient solution with an initial pH of 5 to 5.5 to the culture device. Add 5% of the
expanded duckweed into the culture device according to the working volume. As the
duckweed grows, the amount of nutrient solution is reduced and then replenished with
distilled water to maintain the initial culture solution volume. Replenish once every 1 to 2
days, for a total of 3 times. The entire process is carried out under full light and at a
temperature of 25°C. After 5 days of growth, duckweed with high density and high starch

content can be obtained after harvest.

()BT EEPMANIIEPHAIS5~5.50950%RENEFR, RILIEFIRIS%RKY 1BERF RN
BARER, MEFIENER, EFRNEDERMUZEBKAT, HHIGREFRNGER, &
1~2d#h7m—IR, HHFEIR, BNIIRERES, BEN25°C, FEKES, WREAFEEE

E. BEHaElNFE.

[n0086]

Figure 1 shows the growth status of duckweed cultured in Examples 1-2 and Comparative
Examples 1-2 of the present invention. As can be seen from Figure 1, the higher the nutrient

concentration, the better it is for the growth of thallus, and the less starch accumulates.
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AR BASSHEG 1~ 2 3 EL B 1~ 21E SRR E KORSEWE LR @IE 1R UER, EFRER

SEATHRENERK, EMREED,

[n0087]

Figure 2 shows the starch yield of duckweed cultivated in Examples 1-2 and Comparative
Examples 1-2 at different stages. As can be seen from Figure 2, different nutrient

concentrations lead to different thallus growth cycles.

s R ERASERE G 1~ 23S b 51 1~ 218 R R F S A E RS R = EE N E2FR 7R ; HER2AILIE W, FFE

EFREESFISEHREERBEARRE,

[n0088]

Table 1 shows the optimal biomass, starch content, and yield of duckweed thallus cultured in

Examples 1-2 and Comparative Examples 1-2, as detailed below:

RINKHEGI L~ 2R IS L FI 1~ 2B GE IR A REEYE. "HSERTER R, BEOT:

[n0089]

Table 1
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&x1

[n0090]

<I[CDATA[Biomass/gm<sup>2</sup>]]> Starch Content % <![CDATA[Starch Yield/gm<sup>2<
/sup>]]> Example 1 145.68£0.53 42.60+0.46 61.77+0.44 Example 2 140.57+0.85 41.88+0.53
58.87£0.47 Comparative Example 1 127.98+4.80 42.06+0.76 53.80£1.06 Comparative
Example 2 171.05%+3.60 31.13£0.22 53.24+0.74 Comparative Example 3 131.44+0.93 37.82

+0.3349.71+0.56 Comparative Example 4 138.21+1.08 35.11+0.28 48.37%0.77

<I[CDATA[EYIE/gm<sup>2</sup>]]> TEMEE% <![CDATALEM = &/gm<sup>2</sup>]]> SCiE
{511 145.681+0.53 42.601+0.46 61.7710.44 SCH#Ef5I2 140.57£0.85 41.88+£0.53 58.87+0.47 XF L1
1127.98+4.8042.06%+0.76 53.80£1.06 *fLbf12 171.05+3.60 31.13%+0.22 53.24+0.74 FELAHI3

131.44£0.93 37.8210.3349.71£0.56 *ftkffl4 138.21£1.08 35.111+0.28 48.37£0.77

[n0091]

As shown in Table 1, by changing the nutrient concentration according to different growth
stages of duckweed, the biomass of duckweed reached a maximum of 145.68+0.53 g
/m<sup>2</sup>and the starch yield reached a maximum of 61.77%0.44 g/m<sup>2</sup>,
which is much higher than the comparative method using a single nutrient solution

concentration.
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BIRIFTUEL, RIEFEIRNRERNE, REEFRRELTAEFFINEYERS1XE]145.68
+0.53g/m<sup>2</sup>, M= EREAEI61.771£0.44g/m<sup>2</sup>, EmFTXAE—E
FORRERIXTELB,

This is mainly because duckweed in Examples 1 and 2 requires a higher concentration of

nutrient solution in the early stages of growth to support rapid cell division and growth.

XEFBRZRAARLMAEIL. 27 FEERKIBFEERENEFRRERZFIRENVAR I HNER,
At this stage, sufficient nutrition can promote the development of duckweed's leaves and
roots, laying a good foundation for subsequent growth; while in the later stages of growth, the

growth rate of duckweed gradually slows down, but starch accumulation continues.

bR, REMEFRAUEHZFNHFMBRRNEAE, NESENEKIT TREFNELDL;, MEEKE
HA, "HENEKEREZIRSE, BietrIfiRINTE4rss,

At this time, appropriately reducing the concentration of nutrient solution can prevent
excessive nutrient supply from causing excessive plant growth, while maintaining a certain
nutrient level to maintain starch synthesis and accumulation, ultimately increasing starch

yield.
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RS, BYHFREFRKERTUBREENEFHN SEIERER, RRRS—ENETFKFLUES
TN ERMRAE, RERAENTE.

Comparative Examples 1 and 3 clearly show that when the nutrient concentration is high, it is
mainly used for biomass accumulation, and the starch accumulation is not high. In
Comparative Examples 3 and 4, when a single nutrient concentration is used for cultivation,

as the duckweed grows, the nutrients can no longer supply the duckweed for growth in the
later stages. Although starch is being accumulated, the starch yield at this time is not as high

as in Examples 1 and 2.

LBl 3EEPAREREFRESNEERTEVENRNRR, EMMREERS; MWLEHI3. 4ER

BEFREESBEFENEK, FHEFREHNF LFENER, RERREMELIIBES

/

ERMFEIEFIL. 2.0
[n0092]

Obviously, the above embodiments are merely examples for clear illustration and are not

intended to limit the implementation.

£, ERALHEFNERERMIHEAPRERNEG, HIEXLiEANAIRE.
For those skilled in the art, other variations or modifications can be made based on the above

description.
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N TR E @R ARA GRS, £ LEREANEM EEr] UM EERREAZUHER.
It is neither necessary nor possible to exhaustively list all possible implementation methods

here.

XEBERMIEEMNABENE/SG TS A,
However, any obvious changes or modifications derived therefrom are still within the scope of

protection of this invention.

MELLFRS I RHEBE M5 WA S Z N F A L BREhSHRIFSEE Z Ho
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