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1 #R5ERE

1.1 MRERFREXRE

KIS, polyrrhizaf L. minor 120194
5H % H R A BI(N 30°32', E 114°217), FEilEid
MR . BUEAR 4 H 24T X 43, L. minoritt
AR gk, TR, 1S, polyrrhiza
MR IEHS G, RESE. HEFRAZARE 1D,
KA G FHIR BN B R 7K el v B b B g AN 1Y
TR, bR E TSk
A2 B ARG K FE TR AR K LA, fr & N S
Haa N TR
12 SERigit

T 58 3 I )N TR R ORI E & e
B KK, TRILS. polyrrhizaRIL. minor{EAS R
J5E 35 FR IR AR B A R AR A K AR, W)
A B B E B TR AR

W CA R 5", A5 %%l Hoagland
(3 1)MIHunter(F 2) i 32", 43 5 BB 5
W FERESAE AR LORT 3N BER B, BNV S &
BINEE., ENKH R AKAEILRS. pobrrhiza
FIL. minor# SERIUNE; FR M (B 429 cm, 1.5 cm)
W, YT FE R TR I IR 2/3 . T RE IR
HARZE IR, TR R D 78 28 PR /K 21 85 77 L = BE 1 2/3,
53 [ 2 0K B 490 B 55 R, AT ORIE 85 7R R R A
MW EMPT IE R WREAE. FRE
B 7 VI [R] ) g 7 PEAE Y AR i B Smin )T 3R 1
KAy, FREEEE FFEANIE R N T3
FT R 7R F6 0 B R N LA 5 (MGC-350HPY),

1 SRERF
Fig. 1 S. polyrrhiza and L. minor

1 HoaglandiEFERERERRELRS

Tab. 1 The formula of Hoagland medium and diluted concentrations

A Eram mgn TS REELOf
W WE  Dosage of Ui Ui
HFEE Concent-Concentra-  the
Nutrient ration of tion of the undiluted
salt  the stock nutrient nutrient

Dosage of Dosage of
the 1/5 the 1/10
diluted  undiluted

solution solution  solution ;l(;lltlﬁfélrtl ?;ﬁ?:;

(gL) (mg/L) (mL/L) (mL/L) (mL/L)
17\’1%5004' 4920 24600  5.00 1.00 0.50
51?1%03)2' 108.60 54300  5.00 1.00 0.50
K,HPO, 2720 13600  5.00 1.00 0.50
KNO; 5020 25100  5.00 1.00 0.5
H,BO, 286 143 050 0.10 0.05
2’11?2%12' 186 093  0.50 0.10 0.05
%584' 022 011 050 0.10 0.05
12‘11?1%004' 009 005 050 0.10 0.05
gﬁfg“’ 009 005 050 0.10 0.05
5;15;84’ 198 992 5.00 1.00 0.5
N&,EDTA 600 3000  5.00 1.00 0.5

2 HuntertEFr EREREHIRERT

Tab. 2 The formula of Hunter medium and diluted concentrations

R B gy e WEESTE FRRE10MY

&

2 Concent- Concent- Dosahge OfDosage of Dosage of
1\7111 tri;it ration of ration of undiluted The 1/5 The 1/10
salts The The nutrient diluted diluted
stosck  nutrient solution nutrient  nutrient
solution solution (mL/L) solution  solution
(g/L)  (mg/L) (mL/L)  (mL/L)
NH,NO; 20.00 20.00 1.00 0.20 0.10
1;%%04. 50.00 50.00 1.00 0.20 0.10
CaCO; 15.00 15.00 1.00 0.20 0.10
K,HPO, 40.00 40.00 1.00 0.20 0.10
Fe-EDTA 5.00 1.00 0.50
FeSO,-
7H,0 0.50
Na,EDTA  10.00
H;BO; 1.00 1.00 1.00 0.20 0.10
IMI;)SOI 1.54 1.54 1.00 0.20 0.10
%1584. 6.59 6.59 1.00 0.20 0.10
MEOTOY s 232 10 020 0o
gﬁfg“' 0.39 0.39 1.00 0.20 0.10
%3?84. 0.09 0.09 1.00 0.20 0.10
W CaCO; IR B R VA, 3577 0.1 mol/L KOH M AT
pHZE6.5—7.5

Note: CaCOj; was dissolved with concentrated hydrochloric
acid, and the culture solution was adjusted to pH 6.5—7.5 with 0.1 mol/
L KOH
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IRV E 4, B 98000—10000 1xY, B
IR SE Sy ) Q251 CRI(17+1)°C, Yo A] L 16h:
8h'"s H1TS. polyrrhiza ARAKTE13dLL 5 H LA AR
AL AL, A MR B AR, Mg TR )
78, RN 13d.

1.3 £ KIEFRRINE

i (Fresh Weight, FW)  7ER 92,
B 2 il S VS IR e . ) UG S X A 7 0L PN
HURAEAE — B AT, 8 257K 0 (TE /K B, ¥ 75
DU Pl T8O e R Bl A oK JE 4R |, B E
Sminf TR P 7K 53, H R (METTLER
TOLEDO, 5% 40.0001 g)Xf 5 7% ML P 13735 447
FREE D%, fof J 0 5 o€ B 7 RV 17 95 N 8 e dit
R B TR st U2,

MR (Frond) V#8045 5 E R
1k, o AR R4 (Frond), & — S B A
= QNG A AN R S N i /S NIN G N
S0 R SR, BRI RS JS T BOHT IR R AR 2 R,
AR . BEFR2d S o S 5% IR R, B A5 DU
(7 S F T A0 1 7, AT AR R AT 4

MEEKEH  RELAKXOMQR)SHITE
TEIEANEEE B L R AR X K 2 (RGR) I
i'%%‘ Hﬂ“ I‘EUT[B’ 24]a

RGR =(InN, — InN)/t (1)

T'=In2/RGR ()

o, N N ZIFR A P s R 2 N o TR
INF 2P A P R AR ES, TR A5 38 I 1)
1.4 HIESH

TG, B e R IR A L RS
Ak K, DAILEE A RV 08 RIS R 264 T
WA ZE 5 A 2 () AN 2) BEAT FhRE A 4
P (B 25 0 PR A4 R GRORI 5 38 Bsf 8] (1 155, A EE
B PP PR LEAS [R]85 5 K1 Ttk B 1 B AR
725, Fork, RRRUR R T7 253 AR IES. polyrrhiza
HIL. minorfEAS [ 35 721 AR 4 B AR AR R AL,
R AE S HEMNZER(P<0.01), IFiz £ B
(LSDYR Tt 3G I L A R B /K a2 77 B
BV (P<0.05) . BJE, THEE IR i IR
RAEK L, RF AR RS AT T
B WG o BT Guit 4 M AL 3R 4 i 46 FHIBM
SPSS 22#10rigin 20178 AF 47 .

2 #R

2.1 EEMEBEETHEE
S. polyrrhizaFL. minor{E-Hoagland f1Hunter:%

FRAEEIEFR13d)E, B E NG R E R
(Bl 2)o S. polyrrhizalf) i B #F Hunterd 77 55 & W 2
K % T Hoagland 5 72 2 (K] 2a). S, poly-
rrhiza®P#EEF B /E Hoagland 5 1/5 Hoagland il
1/10 Hoagland3% 7= H AL 46 i B 35 234 K& 35, P
B KA BN 14.8%. 33.8%H175.5%, £5 9%
P8 Je i B 38BN I, FPRESMARLE R b I
1k, kT BET; T 7EHunter 15 783 % /KF 1, S. poly-
rrhizafif L AE AL TR N 4R 24 R IG KB #5, Hunter
JE# . 1/5 Hunterf11/10 Hunter$s 7% (13 £ 2% 5y
HEH318.1%. 272.1%F1171.2%.

S. polyrrhizafEHunter®% 7% /K F T 1 fif &
RGR1H = T Hoagland % 15 77 /K1~ (5% 3), Bl fEHoag-
landJiR#i~ 1/5 Hoagland#11/10 Hoagland % 77
S. polyrrhizal B ¥ A X K RGR 7 A1) 8-0.01
0.027#10.03, 1fj /£ Hunter R ¥ . 1/5 Hunterf11/10
Hunter}5 72/ HHRGR40.08. 0.10F10.11, 1 7EAH [F]
[R5 FRIN ] P, RGRIBUCK, PR HE KBk Bk, RGR Y171
{H R BME R O 2 B AT, BLAS. polyrrhiza
fEHoagland 5 HH Ff £ FE T, 1M 7 Hunterd% 7%
TP bR e E A b . AP G K A ORI £ 4
I AT & 1, S. polyrrhizatt1/5 Hoagland:% 79 H,
BRI AE R R I N20d A A5 55 091,60, T Hunter ks
FEMH 6dFHEEHIIA $14.20. [k, Hunters 77 K
B Hoagland35 72 G FIT-S. polyrrhizalf £ K .

[FIFE, L. minorff B 7E Hunter %135 752 /K P F K
5 T Hoagland % 7K~F- (K 2b). L. minorFh i i 5
7 Hoagland ¥« 1/5 Hoagland#11/10 Hoagland$%
TR RS 46 15 KB BOIA fie iy G K 22530 937.3%
95.2%F1167.5%, T 7E8d = ¥ 5 &1 i T b (HAE

200 r 4

o 150 L™ Hoagland -~ 1/5 Hunter
E DO F s Hoagland —< 1/10 Hunter
E 100 F= 1/10 Hoagland / I
o -+ Hunter
ey 50 ——
0 2 4 6 8 10 12 14
[} 1] Time (d)
8 b
o
g 60
B 20 ————3
ke 0 -

I} [R] Time (d)

2 BRI MEAN R IR T IS E AR
Fig. 2 Variation of fresh weights of L.minor (a) and S.polyrrhiza
(b) under different nutritional conditions
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Hunter 572K &K P, L. minor® B 15537 8 8] N
—H MK, HunterJR3%~ 1/5 Hunterf11/10 Hunter$%
TR A IE K A3 BIE F895.2% 469.1%F1396.3%.

L. minorff EERGRTEHoagland % 7 3 Fh 5 77
KR 43 51 8-0.03 1 0.02410.07, i £ 3 Ff Hunter
R FRWR RGR 23 540,12 0.13F10.18(F 4), 4
FAL. minor{EHoagland 5y H B i 5L 12, 1 7E
Hunterd: 78 4 8 3 A K0« PP BE I K A5 5k
IG5 E, L. minorft1/5 Hoagland 15 783,
T T I AE KRN 10d N 5 3 $0R2.5; 7 Hunter R
TR IR 2 P S AR AR B A D IA 29,90, 45 KK
Hunter & 3 77 R B Hoagland 3 77 Wi [R]# 55 F L.
minorff) £

MR R TT 2= TR GR 5, P<0.01)R; 758
B R g FRAKERT G 2 5 A N
83.3%, WA T o5 75 22 AL 5 73 BN 3.7 %, T A
B IR BT AR BT o5 7 27 5 E 4 b 6.5%, 1X
HH V7 8 i e R 5 7 2 IS TR ) e B A N B R B
W 25 ) SR, R 2 TA) R A8 EAE FH s R
= EWEREFRIEAFE F2KF T L. minorff) 5
Pt K & TS, polyrrhiza(B 3); LSDZ &
bb 5 3R B Hunter 55 77 9 14 3 F 8% 77 25 fF filHoag-

land 3% 72 W [ 3 0P s 77 26 A1 B W 35 1 22 e, o
Hunter 7 ) 18 75 2R 55060 T P9 Fh 7 3 6 EERGR 5
NER(E 3).

22 EEMEMIRARTLEEE

S. polyrrhizaFL. minor{E-Hoagland f1Hunter:%
FrAEEHEEFR13d)E, MR AR SR AL 5 AR 4k
(K 4). S polyrrhizalf M RAATE Hunter s 77 5
B E N K R E T Hoagland £ 77 3 (] 4a). S.
polyrrhiza® i IR A H £ Hoagland R . 1/5
Hoagland#11/10 Hoagland$% 77 i H i 46 38 K B Bt
I B K 253 0°860.0% 59.2%F1113.8%.
7T—8d /5, M HOIR AR S I 2 s AL, HHRAR TG
LA R R, M A HBLAE T 10 £ Hunter 85 55 57
KN EER K3 HunterJR . 1/5 Hunter
1/10 Hunter % 77 W 1 A 3 73 5535 £ 484.7%
440.2%71300.1%, BRI ERIRIFE .

HRRAR AR HE K R RGRIER W, S. polyrrhizaft
Hunter$% 77 7K~F T () HRAARGRE [F] £ 5 T Hoag-
land %1577 7K (& 6). HoaglandJ5i¥#i. 1/5 Hoag-
landF11/10 Hoagland$% 77 ¥ HH M- ARAAEURGR Y 711 A
0.03. 0.04£10.06, 1/10Hoagland % 7 7 6d 5 4 FF
U5 EIA%; M Hunter /L3« 1/5 Hunter#11/10 Hunterds

®3 TEEFFHTEFEMEEET W (THEATEE)

Tab. 3 Fresh weight variation of S. polyrrhiza population under different nutritional conditions (mean+SD)

R 7R (M Time (d) EFREW (me)
Hoagland 1/5 Hoagland ~ 1/10 Hoagland Hunter 1/5 Hunter 1/10 Hunter
51.00+6.94 33.1747.71 30.70+3.06 28.6743.15 43.9343.63 42.234+5.25
4 58.53+9.35 39.73+5.80 43.6349.14 33.27+5.61 60.87+5.31 55.70+£14.58
55.83+10.17 44.37+9.41 53.87+4.91 50.77£11.45 81.07+8.89 79.27+16.69
10 56.00£10.40 44.20+4.61 45.87+4.15 77.27£29.26 121.93+28.72 100.07+33.47
13 47.00+1.30 43.23+1.96 48.00+5.86 119.83+11.60 163.43+30.94 114.60+27.71
KA HMultiples of growth 0.90 1.30 1.60 420 3.70 2.70
RGR (/d) —-0.01 0.02 0.03 0.11 0.10 0.08
{2 4415} /5] Doubling time (d) ~110.00 34.00 20.00 6.00 7.00 9.00

R4 TREEFFHTEFMEEETU(PHIEANRES)

Tab. 4 Fresh weight variation of L. minor population under different nutritional conditions (mean+SD)

R 720 [ Time (d) BHREW (mg)
Hoagland 1/5 Hoagland 1/10 Hoagland Hunter 1/5 Hunter 1/10 Hunter
5.87+1.43 4.97+0.50 7.60+0.82 6.30+0.46 8.40+0.53 10.77+2.08
4 7.60+1.13 8.40+2.07 13.60+1.11 13.30+2.87 10.37+1.20 13.13+5.40
8.06+1.59 9.03+1.06 17.23+6.4 23.07+5.70 17.23+0.55  24.73+11.38
10 7.43£2.14 9.70+1.15 20.33+8.12 38.63+3.58 28.17+7.62  35.37+14.20
13 4.19+3.19 6.77£0.64 18.80+3.05 62.67+20.80  47.83+8.69  53.43+17.67
KA HMultiples of growth 0.70 1.40 2.50 9.90 5.70 5.00
RGR (/d) -0.03 0.02 0.07 0.18 0.13 0.12
%181 18] Doubling time (d) -27.00 29.00 10.00 4.00 5.00 6.00
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FEWFIRGR 2 HM0.114 0.13F10.14, JE i
RAEEEAE1—2d5 R aa R G K . X R MAEM
[FIEEF= AN, S. polyrrhiza ™ IRARE AR 4k B AT b i
FRAN A K, B Hunter 5 350 3&E &S, pobyrrhiza
AR R A K .

L. minorFHEHIRIATE Hunter 594 FE R #9 K 3R
75 T Hoagland (/& 4b). H7EHoagland R« 1/5
Hoagland#11/10 Hoagland¥% 7% ¥ H iR A4 B 58 24
I B K 2 00 7 Sh256.5% 242.3%F11238.8%;
1M 7E Hunter % 35 7% /K F R 21428 K& %5, Hunter
JEW« 1/5 HunterF11/10 Hunter:s 2 118 K K 4y
HIEEN1102.8%. 753.8%H1740.2%, ‘2.3 =T Hoag-
land3 77 FE R A H S TE 26

IR A4 R X 48 K SR RGRAE F B, L. minorfE
Hunter®% 78 7KF F B IR AR GRAE 5 T Hoagland %

RS EFMETEHERNISKE, MREFBHEIIEKENE
RREM

Tab. 5 Two-factor analysis of variance of the RGR of fresh
weight and frond number of L. minor and S. polyrrhiza

77 7278 53 1 43 . Variance of variation (%)
Wb B PoFhc s Rk .

. ) Speciesx
Species  Medium Medium Error
fie WK 2R
ﬁ%%*ffxg\;kz 3. 7HE* 83.3%H* 6.5%%* 6.5
HR s K %
¥E: #P<0.05, **P<0.01, ***P<0.001
0.25 r
[ Lemna minor £
0.20 | EXJ Spirodela polyrrhiza
e
i 0.15 . i e
L—g 0.10 d d
g 0.05 | e be [ ]©
0.00 [ (
b
—0.05
a
70.10 1 1 1 1 1 J

Hoa. 1/5Hoa.1/10Hoa. Hun. 1/5Hun.1/10Hun.

B3 MR i ERGRAE AN RIRE 7R 464 T I 2 HE LR
Fig. 3 Multiple comparison of fresh weight RGR of L. minor and
S. polyrrhiza under different nutritional conditions
Hoa., 1/5 Hoa.f11/10 Hoa.’yHoagland. 1/5 Hoagland#11/10
Hoagland#%7%3&; Hun., 1/5 Hun.f11/10 Hun. AHunter. 1/5
Hunter£11/10 Hunter}% 72 3%; A
Hoa., 1/5 Hoa. and 1/10 Hoa. are Hoagland medium, 1/5 Hoagland
medium and 1/10 Hoagland medium, respectively; Hun., 1/5 Hun.
and 1/10 Hun. are Hunter medium, 1/5 Hunter medium and 1/10
Hunter medium. The same applies below

K 32KV (3% 7). HoaglandJii#i . 1/5 Hoagland !
1/10 Hoagland 3% 7% 1 HHIR (A Z R GRAA 73 1 M
0.06. 0.04F10.06, MiHunter2¥% . 1/5 Hunterf11/10
Hunter} 72 PRGRAA 73 7 90.16. 0.17410.19.
AT R A 38 K5 B R A3 G ) [R) AT Y, L. minorf)
HOR AR EE 1/10 Hoagland 5 753, 12d3% 77 W11
WK AEHUN2.10, 178 Hunter J5U A, HERARETE 55
AdBE K AL HRIIA $]12.00, KW L. minorIRAETE
Hunter A K 5B 47,

MR R TT Z 3 Br & R R WI(GE 5, P<0.01), 55 5¢7
FRM R EFKVFI ST EZZ R E 7N
81.1%, VI o5 77 278 57 F 43 HE N S5.5%, T4 Fh Al
Rr ek 2 (A )22 BAE F s AN B 2, Ul BB 7R 2 28
BY e FE SR 7KV R i Moo IR AR R 38 K B
W . P e Fh s 7K (1) 2 E LA
(LSD)Z& WY P i 3 IR A4 25 19 U8 7E Hoagland 5 77
TR3FREE 7R A N JC B3 2 3¢, 1 fE3F Hunterks 77
WA N BAEEZERT, KL minorf) 4R AR
TEE 75 HA N A X 38 K 2 205 TS, polyrrhiza, 1E
Hunter 537 ik 2 5 K (B 5).

2.3 CEEREERE

PR PEAEAS R R 5 77 3 I HUE FR 7K R,
o i B R DR AR (1) B U 29 B SR B AN R AERE 7R
W, 25 ) fE Hoagland 55 78 5L [ . Bk 1/5 A1
/108930 E FR/KF T, FCEF 5 L RARE LU AR
YJR2 TR, H1/5 Hoaglandf11/10 Hoagland &
TR HER IR AR 7 AR B 0 SE R (B 6a), FREHN
TR K I 3 TR R B USSR
AL, EEEREEY M BIE A B, NS
AR, 8 ROGE AR A 73 AR B 45 0%, (45 R 2 H

40 - Hoagland —+- 1/5 Hunter

-+ 1/5 Hoagland -« 1/10 Hunter
-4~ 1/10 Hoagland
20 r—v Hunter

PR A%
Frond (num)
S

—_
oS o

] Time (d)

URINGY

Frond (num)

I+ Time (d)

4 FHHFERIEFAEA R TR T IR 21k
Fig. 4 Variation of the number of fronds of (b) and (a) under
different nutritional conditions
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R 6 REEFFHTEEMBEITRETUCEEHREE)

Tab. 6 Variation of fronds of S. polyrrhiza population under different nutritional conditions (mean+SD)

Hoagland Ji7 % ) 2088 55 57 75 W B2 X T 75 ¥ A 1)

BRI ] IR 4% Fronds (ind.)
Time (d) Hoagland 1/5 Hoagland 1/10 Hoagland Hunter 1/5 Hunter 1/10 Hunter
10.00+0.00 9.00£1.73 7.33+1.53 6.67+£0.58 8.33+1.53 8.33+2.89
4 15.33£1.53 12.33£1.15 13.00+0.00 12.67+1.15 16.00£3.00 13.3342.52
16.00+3.61 13.33+1.15 15.67+1.53 17.00+2.00 22.00+5.29 20.33+4.73
10 14.67+2.52 13.67+1.15 13.33+£3.06 27.67£3.21 34.33+11.5 32.67+15.04
13 14.00£2.00 14.33+£1.53 15.00+1.00 39.00+1.00 45.00+£6.24 33.33+£14.19
K AEHMultiples of growth 1.40 1.60 2.00 5.90 5.40 4.00
RGR (/d) 0.03 0.04 0.06 0.14 0.13 0.11
{5181} (i) Doubling time (d) 27.00 19.00 13.00 5.00 5.00 7.00
* 71 TFEHEFEHTEEMEITRATHEESREE)
Tab. 7 Variation of fronds of L. minor population under different nutritional conditions (mean+SD)

e N IR Fronds (ind.)

Time (d) Hoagland 1/5 Hoagland 1/10 Hoagland Hunter 1/5 Hunter 1/10 Hunter
5.33+0.58 6.33+1.53 10.33+1.53 12.00+3.00 13.00+2.00 13.33+1.53
10.67+3.79 13.33+0.58 19.33£1.15 28.00+7.00 19.67+5.13 24.00+5.29
19.00+2.65 19.00+1 35.00+£3.61 46.00+£16.09 39.67+8.74 46.00+£12.17
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OPTIMIZING THE NUTRITIONAL CONDITIONS OF DUCKWEED RAPID
ASEXUAL PROPAGATION BASED ON ARTIFICIAL CULTURE

GAO Xiao-Yu"’, CAO Te', NI Le-Yi', ZHANG Xiao-Lin' and CHOU Qing-Chuan'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Duckweed plants reproduce fast and can be used as raw material for non-food biomass energy production,
and also be used as feed for fish, poultry, etc., which can produce high quality edible protein. To optimize the artificial
cultivation technology of duckweed for further resource development and utilization, this study explored the fresh
weight and frond number variation in Hoagland and Hunter culture medium with different nutrient levels using the
widespread species Spirodela polyrrhiza and Lemna minor. The results showed as follows: (1) The fresh weights of S.
polyrrhiza and L. minor increased first and then decreased under different nutrient levels of Hoagland medium, while
the fresh weight of S. polyrrhiza and L. minor showed a continuous increased trend in Hunter medium; The maximum
relative growth rate (RGR) of S. polyrrhiza and L. minor were 0.11 and 0.18, respectively. The fresh weight was signi-
ficantly affected by duckweed varieties, medium type and nutrient level (P<0.05), and the L. minor in Hunter stock had
the highest biomass. (2) The number of fronds of S. polyrrhiza and L. minor in Hoagland and Hunter medium had the
same trends as fresh weight. The maximum relative growth rates of fronds of S. polyrrhiza and L. minor were 0.14 and
0.19, respectively. The fronds variation also significantly affected by duckweed varieties, medium type and nutrient
levels (P<0.05), and the L. minor in Hunter stock had the highest fronds. (3) The fresh weight/fronds ratio of the two
duckweeds in different nutrient levels of Hoagland and Hunter medium showed a downward trend, indicating that the
progeny frond prefer to reproduce to expand the fitness of the species when adapted to different nutritional levels. In
summary, the Hunter stock solution is the optimal cultivation condition for widespread species L. minor to have large
fresh biomass and great frond number in a short time and provide raw material for further resource utilization.

Key words: Hoagland; Hunter; Fresh weight; Frond; Relative growth ratio; Reproductive strategy; Duckweed
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