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DESCRIPTION CN113273483A

A method for optimizing culture conditions suitable for the rapid propagation of duckweed

and its application

— SR T RIREREERIE R R T E RN A

[0001]

Technical Field
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ARG

[n0001]

This invention relates to the field of rapid propagation of aquatic plants, specifically to a
method and application for optimizing culture conditions suitable for the rapid propagation

of duckweed.

KRS KoK EEYRETNS, BAS I R—MERT FHREEENIEFFHMUT EREA,

[0003]

Background Technology

BRERA

[n0002]

Duckweed is a common aquatic plant that, under suitable environmental conditions, has
outstanding characteristics such as rapid growth and reproduction, strong nitrogen and
phosphorus absorption capacity, rich plant protein content, and easy recycling. It has been
widely used in paddy field weed control, high-protein feed, new biofuel preparation, and

sewage treatment.
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FER—RKERNKEEY), FEENMRFHTARERTEDE. AEIRIEEIE. EYELS
EFE. ZTRWFASFREF R, BRI ZNATERER. sZAEH. MEEYARHIE. 5
IKAbEE,

Therefore, obtaining a large quantity of duckweed in a short period of time is of great

significance for the promotion and application of duckweed.

FIERER B AR/ AEF N TR NAEREEE X

[n0003]

Because environmental factors interact, it is difficult to establish the optimal plant cultivation

scheme through single-factor experiments.

HFFREFEREER, BdRERRHERERIISRNANEIER TR,

Chinese patent application CN105638484A discloses a method for indoor cultivation and
propagation of duckweed. By reasonably controlling the light cycle and culture medium, the
number of leaves is used as a response index to determine the growth of duckweed. However,
this method does not consider the interaction effect of multiple factors, and there are also

shortcomings in the selection of response index.

10-01-2026 - Page 3



HEZFIFRIECN1I05638484A N T X ERIEF S HKENG A, B SEIEFIRER, #RE,
FRAMH A BIEAMNIETMEAFIE FEERKNIENR, BZGESEEERZSEAENEERN, TEMNTE
W ERNERBEEE R E.

Chinese patent application CN103333068A discloses a method for optimizing the extraction of

chlorogenic acid from Jerusalem artichoke straw using response surface methodology.

FEZFIFHIECN103333068ARF 7 I AN HLA M R F TR RERBVIRENT %o

Response surface methodology is a statistical method used to fit the functional relationship
between factors and response values using a multiple quadratic regression equation. By
analyzing the regression equation, it seeks the optimal process parameters and solves
multivariate problems. However, current applications are limited to optimizing extraction

conditions and process parameters.

M ER—MATRAZ T REAHLERINEGRRSHREZ BN KSR, @BIHEIIHEND
MRIRFMIZSE, BRSTEREN—MFEITGZE. EEENFRERERETRINFAHMLL

MIZSHBM,

[n0004]
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Current research indicates that duckweed grows best when the pH is controlled between 6.5
and 7.5, and its relative growth rate is higher under high light intensity, with the optimal light
intensity being 6000 Ix. Duckweed can still grow at temperatures of 5-7°C, but its growth is
severely inhibited, and if the temperature continues to drop, it will sink to the bottom in a

dormant state.

BRIFAR KA, $£H6.5-7.5MpHEY, FHERKFHRYF, HEFIESIR THANERKEES,
EI&YEIRTE60001x; FEHIERENS-T°CANIAREBERK, BREKRZE T ERVING, REAMEMRE
RN = BURBR R BIAZ TR A IK R

Duckweed grows well at 25°C, but its growth rate decreases at 35°C. Duckweed's tolerance to
low pH is limited to 5-6, and it can grow normally between 6-9. Under suitable conditions, the
bioaccumulation of *Lemna minor* is greater than that of *Lemna minor* and *Lemna
minor*. Under medium and high nitrogen concentrations, an ammonium-nitrate ratio of 1/4
or 0/5 and a phosphorus concentration of 0.1-0.3 mmol/L are more suitable for the growth of
*Lemna minor* and *Lemna minor*. In addition, the ratio of ammonium nitrogen to nitrate
nitrogen also affects duckweed biomass. However, these studies are limited to single-factor
cultivation of duckweed, and the multi-factor interaction effects during the cultivation

process are often overlooked.
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25°CTRAEFERNRYF, 35°CERKERTR, FENpHIRMRR?5-6, E6-9ZIBIREBIERE K,
EEWE T FEYMBEAT OREZFNZREE, P, SRRET1/4. 0/5895%HEL, BHR
E0.1~0.3mmol/LEE & MERFMNFTHNEK, IIMISRSHSRNLEBXY FRFEYEFE

e EXLEMRENNERT N FFHERRESF, BrIEFHNZRRE PR EERZR,

[n0005]

In summary, current duckweed propagation technology still has shortcomings such as
ignoring the interaction effects of multiple factors, inaccurate calculation of duckweed
growth rate due to simple cultivation equipment, and using simple indicators to measure

duckweed growth.

L EFR, BMEGEE ERAFREFENBMAZSEREFNN. BFRSERSBEHERETE

TER. UERERREEFIHERER R,

[0008]

Summary of the Invention

RBPAAR

[n0006]
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The purpose of this invention is to overcome the shortcomings of the existing technology and
provide a method and application for optimizing culture conditions suitable for the rapid

propagation of duckweed that can reduce the number of experiments.

RPN BRIFMEN T iR LRI A SRR FENRE MR —M e/ RERER T FRER

SERVEEFR SR AR A,

[n0007]

The objective of this invention can be achieved through the following technical solutions:

AR BE BRI LUET LA TR G FREM

[n0008]

A method for optimizing culture conditions suitable for the rapid propagation of duckweed

includes the following steps:

—MER T FERREENERFMHMRNTE, BRUTTR:

[n0009]
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The main factors affecting duckweed growth were selected, and the optimal growth

conditions of duckweed under each main factor were obtained by single-factor experiments.

EREIFTERNERER, URARHWRFFFEEMNEMAR THREERFN;

[n0010]

Using the optimal growth conditions under each major factor as the median, a fractional

factorial experiment was conducted to screen the major factors affecting duckweed growth.

USMEMRR THREERFHFATRER TR, MEREEERNEREF;

[n0011]

Using the main effect factor as the independent variable and the duckweed ratio growth rate
as the response value Y, a response surface optimization experiment was conducted to obtain

optimized nutrient content data of the culture medium.

UFFRERMAFHEEE, LUFELIBRRAEA(EY, ST EAKRE, RSRLRIETRTT

nEERE;

[n0012]
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A quadratic multiple regression model was established based on the optimized nutrient

content data of the culture medium.

BT IR Rt S EBUREIL X Z Thl)IEE;

[n0013]

The response surface plot of the nutrient solution optimal conditions for duckweed growth

was obtained based on the aforementioned quadratic multiple regression model.

BETARAZRZ b B ERFER I ERNEFRRAFAFNENEE,

[n0014]

Furthermore, the main factors include culture medium pH, culture medium concentration,

nitrogen-to-phosphorus ratio, and ammonium nitrogen ratio.

H—TH, FIREMEREBIEEFTRPpH. BHRRKE. REBNRELLLFRSRLLG,

[n0015]
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Furthermore, the fractional factorial experiments and response surface optimization

experiments were designed based on Minitab19 software.

2, Pty T EIeA ML E IR s E T Minitab 193k 1% 1t

[n0016]

Furthermore, the single-factor experiment, fractional factorial experiment, and response
surface optimization experiment are based on experimental data obtained from biological
hydroponics. During biological hydroponics, duckweed is washed to remove algae and
insects, sprayed with copper sulfate solution, and the light status of duckweed is adjusted

regularly.

HE—H, FMRBERREE. SRR ENE AR E T EYIKERFIHINERE, EYkiE

By, R ERERESER, BUARRTAR, T EZEE IR RIS,

[n0017]

Furthermore, the biological hydroponics is implemented based on a cultivation device, which
includes a nutrient solution holding unit and a duckweed growth weighing unit, wherein the

duckweed growth weighing unit includes a nylon mesh bottom.
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H—H, FRREYPKIEETIEFRRERN, MAEFREREEFARBNE TN EERKITES

T, PR FERIRERTEER MK,

[n0018]

Furthermore, both the nutrient solution holding unit and the duckweed growth weighing unit

are made of transparent polypropylene material.

H—H, PR EsTREEN SR oAl F S KARE BT R ERRR R ISR S A

[n0019]

Furthermore, the duckweed includes duckweed, duckweed with few roots, or duckweed with

many roots.

HE—H, FMRFHEEEE. MREERZIRTE T,

[n0020]

Furthermore, in each single-factor experiment, the remaining factors were kept at their

original condition levels.
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H—PH, EHITEMNREERRREN, HRERFRFRIIGREKE,

[n0021]

Furthermore, in the single-factor experiment, fractional factorial experiment, and response
surface optimization experiment, the duckweed ratio growth rate was calculated using a

logarithmic model.

HE—FH, FMABRERRGE. SRR EA AN EALIRIET, FEBERERANBUIRE T ER

<8

1o

[n0022]

The present invention also provides an application of the cultivation condition optimization
method described above, which enables rapid propagation of duckweed based on the

obtained optimal nutrient solution conditions.

AR PR R —M AN EFrR BT R MU TG ZNNA, BT RGHMAEFREMFFHITEFR

B o

[n0023]
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Compared with existing technologies, this invention uses fractional factorial design and
response surface methodology to optimize duckweed culture conditions, providing a
foundation for the broad application prospects of duckweed and offering the following

beneficial effects:

S5MERAREL, SRBAXRAOUMEIRITAMNEARNEEETRFE, NFE EANNARIREE

M7 EA, BEEUTEmURR:

[n0024]

1. This invention applies response surface methodology to the cultivation of duckweed. While
improving the growth rate of duckweed, it overcomes the shortcomings of single-factor
experiments, such as the large number of experiments, long cycle, and heavy workload, as
well as the lack of interaction between factors. Only a small number of experiments are
needed to obtain optimization results, thus obtaining suitable conditions for duckweed

growth and the maximum growth rate.

1. ZA&RPRRMNERETENATFENES, EREFINERERNEN, kT EERRXE
REZ%, BERKNIGER, MEARDEERZENZEFRAFRR, XFVDEXRVAEFEINK

SR, BESTTEKNEENRHIEANEKEE,
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[n0025]

2. This invention measures the fresh weight of duckweed using a self-made strainer device,
and combines manual counting with computer counting to measure the number of duckweed
leaves and plants. It has high accuracy in measuring response variables and is simple and easy

to implement.

2. rERFEIEFREMNRENEFFNEE, FAALTERNBRITRESNEF M R K

#, MpNEENNEARRESNEREHFEREZT

[n0026]

3. The growth of duckweed was fitted using an exponential growth curve. The growth status of
duckweed was reflected by the final constructed response variable—the ratio growth rate.
This method integrates data from various growth stages of duckweed, has time attributes,

and is highly accurate.

3. FAEHIEKBAXNFENERKHAT TG, BIREWENMN TS —HERER R NFERN

ERIR, SETTEEMEKNPNNE, AEHERY, BRES.

[n0027]
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4. This invention reduces accidental experimental errors by cleaning the original duckweed

seed before cultivation, spraying it with 2 mg/L copper sulfate, and rotating the culture cups.

4, AERBBIIEFRIINEERERMEITEIE, BUA2mg/LIRERE, BHITIBEFMAVICHR MBIARSLL

R

[0031]

Attached Figure Description

P 1352 B

[n0028]

Figure 1 is a schematic diagram of nutrient solution container unit A;

ElNEFRERETAREE;

[n0029]

Figure 2 is a schematic diagram of the duckweed growth weighing unit B, where (2a) is a side

view and (2b) is a top view;
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ERAFFERMESTBREE, HA, (2a)8MRE, (2b)AFLE;

[n0030]

Figure 3 shows the effect of different single factors of the present invention on Aquatic

Plantago asiatica.

E3AELZBARERREZNEFHIRME;

[n0031]

Figure 4 is a three-dimensional response surface plot of the growth rate of the ratio of
nitrogen to phosphorus concentration to culture medium concentration, ammonium nitrogen

ratio, and base 10.

El4NEFRRE. IRSRLLE. 1079/RAYRBKRE b3 H 5 L I8 K R A e Y B = 4 ;

[n0032]

Figure 5 shows the effect of different single factors of the present invention on duckweed;
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El5 7 A& BARE R R RN K HBIR A

[n0033]

Figure 6 is a three-dimensional response surface plot of the growth rate of the ratio of
nitrogen to phosphorus concentration to the growth rate of the ratio of Azolla to culture
medium concentration, ammonium nitrogen ratio, and nitrogen-to-phosphorus

concentration (base 10).

El6 N KBRS RARE. ISR LLH. 1079/RAYRBHRE Eb 3T E 5 5H b 18 K R A Pa Y 1 = 4 ;

[n0034]

Figure 7 is a schematic diagram of the process of the present invention.

E 7T A& BERREREE.

[0039]

Detailed Implementation

BiALER
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[n0035]

The present invention will now be described in detail with reference to the accompanying

drawings and specific embodiments.

E4 S M E A B A6 4 & BRI 1 TiF 4015 BR
This embodiment is implemented based on the technical solution of the present invention,
and provides detailed implementation methods and specific operation processes. However,

the scope of protection of the present invention is not limited to the following embodiment.

A SERE A R BRI AT FRABIHRHATENE, 4o 7RSS VA B RBIR(ETEIE, B4R%ERRY

RIPSEREAR R T FRRYSERE Ao

[n0036]

Referring to Figure 7, the present invention provides a method for optimizing culture

conditions suitable for the rapid propagation of duckweed, comprising the following steps:

SEZEETFR, NRPRE—MERTFRHREEENEFRFHMUSE, BFEUTIR:

[n0037]
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S101. Select the main factors affecting duckweed growth and obtain the optimal growth

conditions of duckweed under each main factor through single-factor experiments.

S101. EEREIGFFERNENAR, URRFRHAERSFIESHERNRRTHIREERFH;

[n0038]

$102. Using the optimal growth conditions under each major factor as the median value,
conduct fractional factorial experiments to screen the major factors affecting duckweed

growth.

5102, USMERERTHREERFHEAPEEHITO MR, MEMmFEEERNERER

¥

[n0039]

$103. Using the main effect factor as the independent variable and the duckweed ratio growth
rate as the response value Y, a response surface optimization experiment was conducted to

obtain optimized nutrient content data of the culture medium.
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S103. LIFFREREFHNEEE, LUFFIIERERAMNEY, #TREERKIRE, RENERE

FFRFT D EELE;

[n0040]

S104. Establish a quadratic multiple regression model based on the optimized nutrient

content data of the culture medium;

$104. ETFFMAMRARIEFRRSTD & EMIERIL RS ThlIRE;

[n0041]

S105. Based on the aforementioned quadratic multiple regression model, obtain the response

surface plot of the nutrient solution optimal conditions for duckweed growth.

$105. EFFMATRZ ) IRERFHERFEIERNEFRRAFANELEE,

[n0042]

The above method screens and optimizes the main factors of conditions such as pH,

concentration, nitrogen-phosphorus ratio, and ammonium nitrogen ratio in the culture
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medium to obtain the optimal reproductive conditions for duckweed, thereby controlling the
rapid reproduction of duckweed and laying the foundation for the broad application

prospects of duckweed.

ERFGEMNEFRpH. KE. ABIRELL. SRS FEHTHRETREFMMA, RISFFE

RIMETERM, EGIFRRERE, NFE AN AR RER T it

[n0043]

In this method, single-factor experiments, fractional factorial experiments, and response
surface optimization experiments are based on experimental data obtained from biological

hydroponics.

wAZER, PRFRRK. 2FEREAmNE AR EE T EYIKFRF ISR,
When using biological hydroponics, wash the duckweed to remove algae and insects, spray it
with copper sulfate solution (such as 2 mg/L copper sulfate), and adjust the light conditions of

the duckweed regularly.

EYPKIEE, RBFRRAREREELSER, BURRERRAR(I02me/LIRERR), ERHBEF ERIFCR

RS
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[n0044]

Biological hydroponics is achieved based on a cultivation device, which includes a nutrient
solution holding unit A and a duckweed growth weighing unit B, as shown in Figures 1 and 2,

both of which are made of transparent polypropylene material.

EYPKBETIEFRRER, BFEE, SFETRERETANMFEERMERTTB, ME1IME

2F7R, EERRR ARG FIE B

[n0045]

In a specific embodiment, the nutrient solution holding unit Ais 10cm high and 7cm in
diameter, and can be wrapped with tin foil; the duckweed growth weighing unit B is 3.5cm
high and 7cm in diameter, with a bottom diameter of 6cm. The duckweed growth weighing
unit B has a 0.5cm outer edge for easy handling, and the bottom is a nylon mesh with a 1mm

aperture.

EE—EALMEGG, EFRBRKRETAS1I0cm, BiR7cm, INMTEHER; FFEKIFERTBS
3.5cm, HIR7cm, FimER6Cm, FHEERKIMERITTBEO.5cmIMNEU A EEN, KimAFLEN

ImmBEM,
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The duckweed nutrient solution is placed in the nutrient solution holding unit A. Every three
days, deionized water is used to replenish the lost water to ensure the normal water
requirements of the duckweed. The duckweed growth weighing unit B uses nylon netting to

trap the duckweed and harvests it regularly.

FHEFRRETEFRERRETAR, B=XRMAEBEFKAIFTHRERAIKD URIEEENIEE KD FH
XK, FHERMERTBEIERMEEFE, EHAXNZEHITHER,
After harvesting, absorb the moisture with absorbent paper and then weigh the product using

an electronic balance.

WERIEFIBWRKEIRTF KT, BERFIAEFRFHITIE,

[n0046]

In the single-factor experiment, fractional factorial experiment, and response surface
optimization experiment of this method, the growth rate of duckweed ratio was calculated

using a logarithmic model.

A ENRERFAE. 2TAERREMmNYEAARES, FHEEIEKERANRERITEIRS,

[n0047]
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In a specific embodiment, the logarithmic model can be expressed as: Iny = kx + b, where y is
the number of duckweed plants, leaves, or fresh weight (g), k is the duckweed growth rate, x is

the culture period (d), and b is a set parameter.

EE—EAELEGA, WEIREARTA: Iny=kx+b, HPyFHAIMRER. HRE#EEEE(g), kA
LB, xNEFARA(D), bAIRESH.
The methods for recording the number of leaves, the number of plants, and the fresh weight

include the following:

BRMAH. HE SENGEAEENT:

[n0048]

Number of plants and leaves: When the number of leaves is small, they are counted manually.
When the number of leaves is large, photos are taken with a mobile phone and uploaded to a
computer for accurate counting using drawing software. At the same time, the number of

mouse clicks is recorded using keyboard and mouse wizard software.

BRI, MAEC EHARHOREI AT, SHARMEXRY, BIFVnRE LEEN, BdE

BT, FENERREBRNHIEREIRREH.
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[n0049]

Fresh weight: Weighing using an electronic balance.

&8 FIABFRFHITINE,

[n0050]

In the single-factor experiment, the required duckweed variety was selected, and attached
algae and insects were removed. After washing, it was pre-cultured, and 2 mg/L copper
sulfate was sprayed on its surface to inhibit algae growth and help algae become the

dominant group in the culture system.

ARRZFRET, NARFAREEEmM, REMERRSER, KeaEETEs, AEHREBUA
2mg/LRERSINGIRELRE, MEPRERAEFERFRBEE,

Subsequently, hydroponics was carried out using Hogland culture medium.

Fa/EH Fhogland B FrRi# Tk R,
During the cultivation process, the position of the culture cup should be changed daily to

ensure uniform light exposure.
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FEIEFIERSAERERMUE, £XRYS,.
Key factors such as culture medium pH, concentration, nitrogen-phosphorus ratio, and
ammonium nitrogen ratio were selected, and different levels were set based on the values of

each factor in the Hogland culture medium.

ERMEFRPpH. KE. REBEVKRELL. BSREHIFETREE, EFhoglandiBFHRPZEHEME,
2 AIgERERIKE,
A fixed amount of duckweed (approximately 0.4 g of duckweed per L of culture medium) was

added to different levels of culture medium for each treatment.

R E8FH(RN0.4gBLIEFRAVEE) RA RN IER R REIKFIETF R

The number of leaves, number of plants, and fresh weight of duckweed were recorded
regularly. After batch processing of the data using pivot tables in EXCEL software, a
logarithmic model was used to construct response variables describing duckweed growth.

Finally, the optimal conditions for duckweed under each factor were determined.

EHRIERFFHNMH . Bk ®E, FIBAEXCELRHR#IESENARN SR THEAEZ 5, @&

MEREMBERTFERNNNEE, KeHESMER TN FEFRENFMT.
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Other environmental conditions for duckweed growth were set according to the study as
follows: light intensity 2500 lx, light cycle 16 h/d, temperature 25°C, and 1x Hoagland culture

medium.

FEEREMIFRFARIENR, RENICIRBE2500lx, FRAERL6h/d. RE25°C. 113

HoaglandiZ# &,

[n0051]

In the fractional factorial experiment, based on factors such as pH, concentration, nitrogen-
phosphorus ratio, and ammonium nitrogen ratio of the culture medium, the optimal growth
conditions of duckweed under each single factor obtained from the single factor experiment
were used as the median value. The experiment was designed according to the factorial
design of Minitab19 software to screen out the main factors affecting duckweed growth with a

smaller number of experiments.

AIVTEIRIEH, BEFEFRpH. RE. AREEREL. ZFSARIFER, URRFRHXLFIRF
SEESMBERERTHREERKFHNFIENE, RIEMinitablOUHEFigit# TR, MBI

SRR £t

R RN S A KAV EME Fo

[n0052]
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In the response surface methodology experiment, based on the results of the fractional
factorial experiment, the major effect factor with significant influence was used as the
independent variable, and the specific growth rate of duckweed was used as the response
value Y. The experiment was designed using Minitab19 software according to the Box-

Behnken Design principle to determine the optimal nutrient content of the culture medium.

MEER SRR, REIDMERBNLR, UPHEENTRETHETE, THILHEK
EHRIMRIEY, FIRMinitablo%¢HRIEBox-Behnken Designi&it BII#THIGE , M ALB0HE

FRIFTDEE,

[n0053]

The above method is applicable to common duckweed species including the common green
duckweed (Lemna minor L.) and the less-rooted purple duckweed (Spirodelaoligorrhiza (Kurz)

Hegelm.).

ERAERIE R EEIEE WS (Lemna minor L.). MEESHE (Spirodelaoligorrhiza(Kurz)
Hegelm.

) and multi-rooted duckweed (Spirodela polyrhiza (Linn.)
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)0 2R 2% (Spirodela polyrhiza(Linn.

Schleid.

)Schleid.).

[n0054]

Example 1

SEhEf)1

[n0055]

The main materials in this embodiment are: KNO<sub>3</sub>, NH<sub>4</sub>H<sub>2<
/sub>PO<sub>4</sub>, Hoagland culture medium (one concentration), deionized water, HCI,

NaOH, CuSO<sub>4</sub>, and duckweed.

AEHEFIBEEMEL: KNO<sub>3</sub>, NH<sub>4</sub>H<sub>2</sub>PO<sub>4</sub>,

HoaglandiZ# & (—ZKE), EBF7K, HCl, NaOH, CuSO<sub>4</sub>, &%,

[n0056]
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(1) Single-factor experiments were conducted: The original culture conditions were set as pH
6.0, light intensity 2500 lx, photoperiod 16 h/d, temperature 25°C, and 1 times Hoagland
culture medium for culturing *Pediatrica spp.*. Single-factor experiments were designed, and
the following treatments were made for each factor: pH: 3,4, 5,6, 7, 8,9, 10, 11 (nine levels);
phosphorus concentration: 0 mmol/L, 0.25 mmol/L, 0.5 mmol/L, 1 mmol/L, 2 mmol/L, 4 mmol
/L (six levels); culture medium concentration: 0.25X,0.5X,1X,1.5X,2X,4X (six levels);

ammonium nitrogen ratio: 0%, 20%, 40%, 60%, 80%, 100% (six levels).

(1)F#TRERFRE: RERIBEFFMEIpH 6.0, HEERIRE2500(x, JFHRERIL6h/d. JEE25°C. 1
BHoaglandiBFRIBF T ¥, WITRRRAK, MEIMHERFEMEBIMTLRIE: pH: 3 4. 50 6. 7.
8. 9. 10. 11ANKFE; BHAKENOmmol/L. 0.25mmol/L. 0.5mmol/L. Immol/L. 2mmol/L.

Ammol/L7RNKF; BFRBRRE0.25X, 0.5X, 1X( 15X, 2X, 4XNKFE; BESREGIA
0%. 20%. 40%. 60%. 80%. 100%7:17KF,

When conducting each single-factor experiment, the other factors are kept at the original

conditions.

EHITENRRERHARN, EREZEFRFRIGFGKT,
Four replicates were set up at each level. The culture was carried out in disposable plastic

cups with a volume of 300ml and 250ml of culture medium. The fresh weight, number of
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plants and number of leaves of the duckweed were recorded every 3 days. At the time of
inoculation, algae and insects attached to the duckweed were removed. The duckweed was
sprayed with 2mg/L copper sulfate and cultured for 15 days. During the culture period, the
order of the culture cups was rotated, but the culture medium was not changed. Deionized

water was used to replenish the water.

BIKFIREANEE, ABEMR300mIFVEERI—RMKIFIEST, 1BFR&RA250ml, §3XRIERE FAVES
B, HREAHFE, EMRNERTYINERRSER, BUA2mg/LERERTH, 1E5F15XK, 1B5-HAER
HUBFFIRT, AEREFR, BEBEFKITKD.

The experimental results were analyzed using an Excel pivot table, and the results are shown

in Figure 3.

RIS RAEXCELEUIRBMRFTON, SRINE3,
It can be seen that the optimal single-factor culture conditions for *Peperomia stenoptera*
are pH=8, phosphorus concentration=0.5mmol/L, culture medium concentration=0.5 times,

and ammonium nitrogen ratio=20%.

ALEY, FERENERREFRFHNpH=8. BERE=0.5mmol/L. EFRRENOSME. S

A ELH17920%,
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[n0057]

(2) Conduct factorial experiments: The high and low levels of each single factor are obtained
from the conclusions drawn from the single factor experiments. The factorial design table is
obtained using Minitab19 software. The corresponding treatments are set according to the

table and the experiment is carried out.

(2)F#THRMMEIRE . BIRERRALFHIE TR RERARNSKFENEKFE, iZAMinitabl9
REERI D IEIRITR, BRIERRISERNGEHTITIHI,

Before cultivation, wash the duckweed with 2 mg/L copper sulfate solution to inhibit algal
growth. Record the number of duckweed leaves every 2 days. Cultivate for 10 days without

changing the culture medium, and replenish water with deionized water.

SRR 2mg/LRERIARE A D G RERER, S2RIERFTHHFE, 1H710X, BFRHAE
AEHIETTR, BEBFKITTKD,

The experimental results were processed using Minitab19 for factor analysis.

KELE R FAMinitabl9 B# 1 TE F 7340

The fractional factorial design and results are shown in Table 1.
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DITEIZ I RERRR L,

[n0058]

Table 1. Fractional Factorial Design (Main Factor Screening Design)

R1DTAEITH(ERE FImikigit)

[n0060]

As shown in Figure 5, concentration, NHANER6NER7, and the logarithm of the nitrogen-
phosphorus ratio are the main factors affecting the growth of *Lysimachia christinae*. The
optimal conditions obtained from the single-factor experiments are the zero level of the Box-

Behnken experimental design.

HESAH], JRE. NH<sub>4</sub><sup>+</sup>. RELLMEAEMEFEKNEREF, U

BRZFIREAIERIESR 4 HBox-Behnkenid 3i& i+ HIZKFE,

[n0061]

(3) Conduct response surface optimization experiments: Box-Behnken experimental design

was carried out on the three main factors obtained by the fractional factorial design. The
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corresponding treatments obtained from the design table were tested. Before cultivation,
duckweed was washed with 2 mg/L copper sulfate solution to inhibit algae growth. The
number of duckweed leaves was recorded every 2 days. The culture was carried out for 10
days. The culture medium was not changed during the cultivation period. After algae

appeared, they were removed manually. Deionized water was used to replenish the water.

()TN ERLIRE: RESNMELITFIN =1 EREAFHE#1TBox-Behnkenitieigit,

RIBIGITRRIG D AAER A IB#H TR, BFERIA2mg/ LRI RE AT ELUINGREREK, §2
RIERFTHNHFE, HF10K, EFHEAERIERR, HIRERBATIEER, M RKDBER
F Ko

The experimental results were processed using Minitab19 for response surface optimization

analysis.

KL R FAMinitab 1920 # 1T N E LK 73 4o

The response surface design and results are shown in Table 2.

MR i it R R AR 2,

[n0062]
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Table 2 Response Surface Optimization Design

K2 E R

[n0065]

(4) Perform multiple regression analysis based on the data from step (3) and establish a
quadratic multiple regression model equation: Y =0.139 + 0.1693X1 + 0.00093X2 + 0.202X3 -

0.0662X1*X1 - 0.000020X2*X2 - 0.0600X3*X3 + 0.000690X1*X2 - 0.0268X1*X3 - 0.000281X2*X3.

(4)1RIEL B () EIRHITZ TR, B XZxhIEEHFFZ: Y=0.139+0.1693X1+0.
00093X2+0.202X3-0.0662X1*X1-0.000020X2*X2-0.0600X3*X3+0.000690X1*X2-0.0268X1*X3-
0.000281X2*X3,

Where the response value Y is the growth rate of the Aquatic Plantago asiatica ratio, X1 is the
concentration of the culture medium, X2 is the proportion of ammonium nitrogen, and X3 is

the logarithm of the nitrogen-phosphorus concentration ratio (10).

HeplaMEY A E R KER, XIAEFRRRE. X2ARSRLG. X3nRERELLRY10/9/K3

o

[n0066]
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(5) Using Minitab19 software, the relationship between the independent variable and the
response value Y is plotted and analyzed based on the quadratic multiple regression model to
obtain the response surface plot of the regression equation, which is used to indicate the
optimal nutrient solution conditions for duckweed growth, thereby obtaining the optimal

conditions for duckweed growth.

(5)FAMinitabl193XH1RHE — R Z Ol IR HITLE ST B R EMMNEYRX R, FEIRITSIE

RENEE, BTERFYERNERRENFS, MTRHFEERNRERMT.

[n0067]

Figure 4 is a three-dimensional response surface plot of the logarithm of culture medium
concentration, ammonium nitrogen ratio, and nitrogen-phosphorus concentration ratio to
the growth rate of *Leptochloa crus-galli* in this embodiment. In the figure, a is a three-
dimensional response surface plot of concentration and ammonium nitrogen ratio to the
growth rate of *Leptochloa crus-galli*, b is a three-dimensional response surface plot of
concentration and nitrogen-phosphorus concentration ratio to the growth rate of
*Leptochloa crus-galli*, and c is a three-dimensional response surface plot of the logarithm of
ammonium nitrogen ratio and nitrogen-phosphorus concentration ratio to the growth rate of

*Leptochloa crus-galli*.
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BEl4AARSEHEGIETFFRRE. SR, RBNRELLRY1079 RN F5H LB K IR A W =4
B, Hf, apREMRSERLLGINEEIEKENMNE=4E, bAREMRERELLRII0AE
B LI KRN E =4 E, cARSRLLFIFRERELLRI10 RN E F5E LB KA
Mo 7 7B = 44 =

It can be seen that the three effects interact with each other.

AUEL, ZMYNEFEREER.

[n0068]

According to the model, the optimal nutrient concentration for cultivating *Peperomia
stenoptera™ is 1.187 times the normal concentration, the ammonium nitrogen ratio is 0.523,

and the lg(N/P) ratio is 1.340.

RIEIREAR], B HEFRNREEFRFDNLISTEKRE, BSALLH170.523, I1g(N/P)A
1.340,

Under these conditions, the maximum specific growth rate of duckweed is 0.390.

FULLFAH T BRI KZE0.390,
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[n0069]

Example 2

SEhEf512

[n0070]

The main materials in this embodiment are: KNO<sub>3</sub>, NH<sub>4</sub>H<sub>2<
/sub>PO<sub>4</sub>, Hoagland culture medium (one concentration), deionized water, HCl,

NaOH, CuSO<sub>4</sub>, and duckweed.

AREFIEEMEL: KNO<sub>3</sub>, NH<sub>4</sub>H<sub>2</sub>PO<sub>4</sub>,

HoaglandigFFi&(—ERE), EBFK, HCl, NaOH, CuSO<sub>4</sub>, %5%,

[n0071]

(1) Single-factor experiments were conducted: The original culture conditions were set as pH
6.0, light intensity 2500 |x, photoperiod 16 h/d, temperature 25°C, and 1 times Hoagland
culture medium for culturing *Pediatrica spp.*. Single-factor experiments were designed, and
the following treatments were made for each factor: pH: 3,4,5,6,7, 8,9, 10, 11 (nine levels);

phosphorus concentration: 0 mmol/L, 0.25 mmol/L, 0.5 mmol/L, 1 mmol/L, 2 mmol/L, 4 mmol
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/L (six levels); culture medium concentration: 0.25X%,0.5X,1X,1.5X,2X,4X (six levels);

ammonium nitrogen ratio: 0%, 20%, 40%, 60%, 80%, 100% (six levels).

(1)#TRRFRRE: KBRGBBFFHE9pH 6.0 JFEB8RE25001x, JEEREHAL6h/d. EE25°C. 1
BHoaglandiBFRIBFE ¥, WITRERRAK, MEMHEFEMEBIMTLRIE: pH: 30 4. 5. 6. T
8. 9. 10. 11AMNKE; BERENOmMmol/L. 0.25mmol/L. 0.5mmol/L. 1Immol/L. 2mmol/L.
Ammol/L7AMNKF; BFRBRREF0.25X, 0.5X, 1X( 15X, 2X, 4XNKFE,; BEREGIA
0%. 20%. 40%. 60%. 80%. 100%7517KF,

When conducting each single-factor experiment, the other factors are kept at the original

conditions.

EHITENRRERHARN, EREZEFRFRIGFHHKT,

Four replicates were set up at each level. The culture was carried out in disposable plastic
cups with a volume of 300ml and 250ml of culture medium. The fresh weight, number of
plants and number of leaves of the duckweed were recorded every 3 days. Algae and insects
attached to the duckweed were removed before inoculation. Copper sulfate of 2mg/L was
sprayed. The culture was carried out for 15 days. During the culture period, the order of the
culture cups was rotated. The culture medium was not changed. Deionized water was used to

replenish the water.

10-01-2026 - Page 39



BIKFREANEE, BARA300mIBER—REKMFIEF, EFRA250ml, S3RIBRETENE
. BREMH AL, EMNEARKENERESER, BUA2mg/LIRERE, H5r15K, HriHiEke
HIBEFMIRE, FERIESTR, BEBFKTEKD.

The experimental results were analyzed using an Excel pivot table.

R I0LE RAEXCELEUR SR HAIT O

The results are shown in Figure 5.

Z5R ILES,
It can be seen that the optimal single-factor culture conditions for *Lemna minor* are pH=6,
phosphorus concentration=1mmol/L, culture medium concentration=1, and ammonium

nitrogen ratio=40%.

AUEL, BERENRERREFRFGApH=6. BRE=1mmol/L. BEFRRKENIE. BSALL

517940%.

[n0072]
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(2) Conduct factorial experiments: The high and low levels of each single factor are obtained
from the conclusions drawn from the single factor experiments. The factorial design table is
obtained using Minitab19 software. The corresponding treatments are set according to the

table and the experiment is carried out.

2)#1TARNMERE: BIRERRALFHNELERNRZERFRNSKENEKE, iEZAMinitabl9
GRS MEILITR, RIEFRBIZEENGIEHITIA,

Before cultivation, wash the duckweed with 2 mg/L copper sulfate solution to inhibit algal
growth. Record the number of duckweed leaves every 2 days. Cultivate for 10 days without

changing the culture medium, and replenish water with deionized water.

SRR A 2mg/LIRER IR R DGR E K, S2RIERFZEHNH A, 1B5F10K, B
REHIEFR, BEBFKITEKD

The experimental results were processed using Minitab19 for factor analysis.

KL R FAMinitab19 E# 1 TE F 534,

The fractional factorial design and results are shown in Table 3.
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DITEIRITRER K3,

[n0073]

Table 3. Fractional Factorial Design (Main Factor Screening Design)

R3IDIMTA L HERE FimEiit)

[n0075]

As shown in Figure 5, the concentrations of NHANER13 and NER14, and the logarithm of the
nitrogen-phosphorus ratio are the main factors affecting the growth of *Lemna minor*. The
optimal conditions obtained from the single-factor experiments are the zero level of the Box-

Behnken experimental design.

EHESAIA, JRE, NH<sub>4</sub><sup>+</sup>, RBLLMIARIMEXFERNERAF, U

BRERIREIERESH HBox-BehnkeniBig it HZ /K FE,

[n0076]

(3) Conduct response surface optimization experiments: Box-Behnken experimental design
was carried out on the three main factors obtained by the fractional factorial design. The

corresponding treatments obtained by the design table were tested. Before cultivation,
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duckweed was washed with 2 mg/L copper sulfate solution to inhibit algae growth. The
number of duckweed leaves was recorded every 2 days. The culture was carried out for 10
days. The culture medium was not changed during the cultivation period. Algae were

removed manually after they appeared. Deionized water was used to replenish the water.

)TN EAKIREE: RIBSNMRIGIHERN =T EREZWNH#1TBox-BehnkeniXi&igit,
RIBIGITRRS D ER A IB#H TR, BRI A2mg/ LIS RETEELINEREREK, §2
KIERFHNHFE, 1J5F10K, BEFHEAERIERR, HIGRERBATEERR, M RKDBER
F Ko

The experimental results were processed using Minitab19 for response surface optimization

analysis.

KL RAMinitab1 9B #H TN E AL 534,

The response surface design and results are shown in Table 4.

MR i it R4 R R4

[n00T7T7]

Table 4 Response Surface Optimization Design
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XA E I

[n0080]

(4) Perform multiple regression analysis based on the data from step (3) and establish a
quadratic multiple regression model equation: Y =0.104 + 0.0853X1 - 0.00031X2 + 0.158X3 -

0.0263X1*X1 - 0.000003X2*X2 - 0.0410X3*X3 + 0.000843X1*X2 - 0.0420X1*X3 - 0.000792X2*X3.

(4)ARIED B ) HVEIEFHIT LA, BIITRZEIEEHE: Y=0.104+0.0853X1-
0.00031X2+0.158X3-0.0263X1*X1-0.000003X2*X2-0.0410X3*X3+0.000843X1*X2-0.0420X1*X3-
0.000792X2*X3,

Where the response value Y is the growth rate of the aquatic plant, X1 is the concentration of
the culture medium, X2 is the proportion of ammonium nitrogen, and X3 is the logarithm of

the nitrogen-phosphorus concentration ratio (10).

HohlaEY ASHLIE KR, XIAEFRRE. XQQAKSRLG. X3HRBRELLAN10//ERT

Ho

[n0081]
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(5) Using Minitab19 software, the relationship between the independent variable and the
response value Y is plotted and analyzed based on the quadratic multiple regression model to
obtain the response surface plot of the regression equation and the optimal conditions for

duckweed growth are obtained.

(5)FAMinitabl 93X 1RHE R Z Al IR B HITLE BT EMMNEYRX R, FEIREITSIE

B EE, FEFFERNREFR,

[n0082]

Figure 6 shows the three-dimensional response surface plots of the 10-base logarithm of
culture medium concentration, ammonium nitrogen ratio, and nitrogen-phosphorus ratio to
the growth rate of *Leptochloa crus-galli*. In the figure, a is the three-dimensional response
surface plot of the 10-base logarithm of concentration and nitrogen-phosphorus ratio to the
growth rate of *Leptochloa crus-galli*, b is the three-dimensional response surface plot of the
concentration and ammonium nitrogen ratio to the growth rate of *Leptochloa crus-galli*,
and cis the three-dimensional response surface plot of the 10-base logarithm of ammonium

nitrogen ratio and nitrogen-phosphorus ratio to the growth rate of *Leptochloa crus-galli*.

EloNEFRRE. BSRLLE. RBERELLBI10RI SN T KRNI m=4E, HA,

aREMABERE LRI 10 AR B SRE LIS KRN E =45, bAREMRSRALLFINRFE
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EEIE KRBV E =4 E, cHIRSRELFIFRERE LAY 1079 B #0555 LIS K R B e i [ = 2
S

It can be seen that the three effects interact with each other.

AUEL, ZMENEFEREER.

[n0083]

According to the model, the optimal nutrient concentration for culturing *Lysimachia
christinae™ is 0.936 times the concentration of nutrients, with an ammonium nitrogen ratio of

20% and a lg(N/P) ratio of 1.25.

RIBRI AT, KHERNREIEFRADN0.936/FKRE, WEALLHI720%, 1g(N/P)H1.25,

Under these conditions, the maximum growth rate of *Lysimachia christinae* is 0.231.

FRFRA TRERARRERKERN0.231,

[n0084]

The preferred embodiments of the present invention have been described in detail above.
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A EJFRER T 45 & BRRVE = BARSRE
It should be understood that those skilled in the art can make numerous modifications and

variations based on the concept of this invention without creative effort.

R IR, ARTURRYEBRAARTR NS TS s el LURIE A & ARV B E S A Tk,
Therefore, any technical solution that can be obtained by those skilled in the art based on the
concept of this invention and through logical analysis, reasoning, or limited experimentation

on the basis of the prior art should be within the scope of protection defined by the claims.

Fitt, NARARTMWHFRAARKEALENEBERERANEM FESZES . HIEHEGRN

SRR R AR RINBRATL R, ENEBRNFBERBRFHERNFRIFSEER,
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