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Anatomical Studies on Turion—-mediated Reproduction in Spirodela
polyrhiza
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Abstract: Spirodela polyrhiza strain DW2501-4 collected from Lingshui, Hainan was used to study turion—
mediated reproduction. Results showed that new fronds reproduced continually in half-strength Hoagland's
solution until nutrition was scarce. Dormant organ called turion was then formed. The turions were collected
and cold—treated for one week at 4 °C, and were transfered into half—strength Hoagland’s solid medium with
1% sucrose, and incubated at 24 °C. The turions germinated in 3 days. Paraffin sections of the fronds, turi—
on-like fronds, and turions were prepared to observe their anatomical structures. Results indicated that
fronds had several veins and a small amount of starch grains in the cells, and were full of air chambers. The
air chambers in the upper layer were small while the air chambers in the bottom layer were big. Turion-like
fronds contained a few veins and some small air chambers, and a lot of starch grains in their cells. Veins
and air chambers were not observed in turions. A lot of starch grains were observed in turion cells, and some
cells were observed to contain high level of tannin. During germination of turion, the starch grains were di—
gested and became smaller and smaller, and roots and new fronds were formed.

Key words: Spirodela polyrhiza; turion —mediated reproduction; frond; turion; paraffin section; anatomical
structure
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TR 5 8 37 B, A AE R (Lemna) 5
)& (Spirodela) /D H 25 # )& (Landoltia) . JoHR 7 &
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133 &3k #4E
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WiAK: A CEENE T BER I E MK, HARE
YERIE T 10 mL JE/K 288 40 mLL Z&1E7K 50 mL
TRA WA 1.5 hy 1E T 20 mL,Jo/K 4 50 mL,
ZEIB7K 30 mL VRSV IRHD 1.5 by 1E T 35 mlL,
TKZEE 50 mL ZEHE/K 15 mL IBERHIRI 15 b
1E THE 55 mL, JC/K % 40 mL. 7818 7K 5 mL &
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Fig.1 Vegetative reproduction of Spirodela polyrhiza by turion

A-B: Vegetative growth by budding; C-D: Production of turion; E: The white arrow points to the stolon which links turion and
frond; F: A turion; G: Comparison between frond, turion—like frond and turion; H-I: Germination of turion; J-L: Reproduction of

the new fronds. Red arrows indicate turions, blue arrows indicate fronds, and yellow arrows indicate turion—like fronds.
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Fig.2 Anatomical structures of frond, turion—like frond and turion

A: Transverse section of a frond; B-C: Longitudinal section of a frond; D: Transverse section of a turion-like frond; E-F: Longi-

tudinal section of a turion—like frond; G: Transverse section of a turion; H-I: Longitudinal section of a turion. Green arrows in-

dicate the upper layer, red arrows indicate the bottom layer, black arrows indicate the veins, yellow arrows indicate tannin, and

blue arrows indicate the meristematic region. “a” indicates the air chamber, “i” indicates the intercellular space. Starch gran-

ules were stained red.
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Fig.3 Structural changes of turion during germination

A-E: Longitudinal section of a turion, showing degradation of the starch grains in turion germination process. A: Control sample
before germination induction after dark and cold treatment; B: Induced for 24 h; C: Induced for 48 h; D: Induced for 72 h; E:
Induced for 96 h. F and G: The meristem in control sample; H and I: Two meristematic tissues in turion after induced for 24 h;
J: Meristematic zone differentiated into root after induced for 48 h; K: Transverse section of a root; L: Meristem differentiated in-
to frond primordium after induced for 48 h; M: Meristem formed multiple frond primordia after induced for 72 h; N: Frond pri-
mordium protected by foliage sheath; O: Transverse section of frond primordium and foliage sheath. “a” indicates air chamber.
Blue arrows indicate meristems, white arrows indicate the vessel of root, the green arrow indicates new frond, and red arrows in-

dicate foliage sheath. Starch grains were strained red, and meristem was stained blue.

WO JE P AL Iy 2, UMM RN H S s, FIC 2B A O ORIRAA, DR 4l g v sE i <%, 1R

X FEARMED) FIE 52 B AV 1T .

AR, BORH AU HOR, SR PAS %
PSS Ehrlich IR R YL ORI YTk, BEfl
PERPRLRI R ARG 3 TR 2, 3), (EAATTRE
ARGF W5 B TE AT AN 73 e ZH TR R IR A i
Ferp AL (181 3), (HR AT D) b JE ik g
BB AR, ISR AR, XF T AR A

MEFRAT L8544 58 B IE T B V) e, AT DA R B4 1 52

U ERETLGiin

3.2 ESERIURERIRFNE TR
ARSI AT B5D) R g F, R A

HRIXTEE 2A, B, C), AT LAd & MR

VR, 2 R A ER, B RE

TR A FE Py ) S TRV REAE ;T A B 4% 200 it 245 ) 0%

PDF SCH# 4] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

4

72 A RNEE TR SR R R L 319

M L&A KRR (E 26, H, 1), ABITIA
IKIEFTIRAR . Appenroth SE 5 1 F 4 F B & B,
PR A rb i R B 25 ' HRZS S ) A SiE S, A
R /N AL A A AR IRAAR 28 5L 8 175
48 h J5TEM kAR /N (B 3C), 72 h J5 BE AR /)N
(1 3D), BEBAIRIRARRE DL AR F S ABA7 1 TE R
Wi, RRIRAA ] R FR AL F5, 08T i R A PR
K T H B A RS A B LR oK,
U2 R . 25 B A nl L, R4 B T8 B AH
X1 AR ARG TS — Fh A= A7 SR

BEAk, PRI vE b & AR &, AT LA R
YEAED =g o T, PRI S0 43 8 R UL A K
IS, fEEABNE B AR Z AN S 2 AR K, 1T
DAL RO A7 A B, AT LA R IR (4R
KR IR B R . ST, AR IR
AR 7™ A 1 A5 A2 B0 7 1B AR HIR A 15 7 R AR s
WA B E AT

2 % ik (References) :

[1]1  RAE4E, ZR1E. FHERHEB/OL). hitp/iwww.eflora.cn/sp/Spirodela%
20polyrhiza, 1978.

[2] TR KRB, DM, 55 BT RR AR YR I ST ).
HfiBl2E (YU Chang—jiang, ZHU Ming, MA Yu-bin, et al. Ad
vances in research on duckweeds—a new energy plant[J]. Chinese
Bulletin of Life Sciences), 2014, 26(5): 458—464.

(3] ARMESE, ZWHE, XUEHE, 55 B R RR IS M 17 A ) T RE Y
WM S5 KI]. ARZE@ZHU Ye-rong, LI Ya—hui, LIU Miao—

miao, ef al. Research and development of biomass energy of

duckweed—a new energy plant[J]. Chinese Journal of Nature),
2013, 35(5): 359-364.

[4] HELAR, IR, B, FFMEEI R O TR a1 BT
)], A8 T F2(CUT Jiang-wei, CUI Wei-hua, HAO Chun-
bo. The research progress in application of duckweed in envi—
ronmental preservation[J]. Environmental Engineering), 2015, 33
(suppl. 1): 306-309.

(5] XU, BROURT, JBIRE, 25 VLO5RHLIK R 8 I (K R i AE
ZH AR B LI R (LIU Lu—jia, CHEH Han-
xin, ZHOU Ming—yao, et al. Study on remediation technology
of duckweed in eutrophicated water bodies and its application
in Jiangsu Province[J]. Jiangsu Agricultural Sciences), 2014, 42
(5): 320-323.

[6] eI, G, DO, S5 JRARRISRIR S A R Z B
A FLE fEJR(XUE Hui-ling, DONG Zhi-hong, ZHAO Hai, et al.
Producing fuel ethanol from energy hygrophyte duckweed[J].
Renewable Energy Resources), 2013, 31(7): 55-59.

(7] sKie, v, SEME, 45 R [RIREMBE T PR B A M 25 BRmk
RIFFENI). LI 24 (ZHANG Zhen, XIN Jing, CAI Shu-
mei, et al. Study on growth of duckweed and its removal effi—
ciency of phosphorus under different P—concentration[J]. Acta
Agriculturae Jiangxi), 2011, 23(7) : 160-162.

[8] K=, faIMfE, Sfusesle, 55 MRS A DFSELI]. 2y
(LING Yun, HE Ban-zuo, BAO Yan-yan, et al. The research
on the chemical composition of duckweed[J]. Chinese Tradition—
al and Herbal Drugs), 1990, 30(2): 89-91.

[9] APPENROTH K J, KERESZTES A, FISCHER W, e¢ al. Light—
induced degradation of starch granules in turions of Spirodela
polyrhiza studied by electron microscopy|J]. Plant and Cell Phys—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

iology, 2011, 52(2): 384-391.

APPENROTH K J, NICKEL G. Induction of turion formation
in Spirodela polyrhiza: the environmental signals that induce
the developmental process in nature[J]. Physiologia Plantarum,
2010, 138(3): 312-320.

APPENROTH K J, PALHARINI L, ZIEGLER P. Low-molec-
ular weight carbohydrates modulate dormancy and are required
for post—germination growth in turions of Spirodela polyrhiza|J).
Plant Biology, 2013, 15(2): 284-291.

NEWTON R J, SHELTON D R, DISHAROON S, et al. Turion
formation and germination in Spirodela polyrhiza[J]. American
Journal of Botany, 1978, 65(4): 421-428.

APPENROTH K J, ZIEGLER P. Light-induced degradation of
storage starch in turions of Spirodela polyrhiza depends on ni—
trate[J]. Plant Cell and Environment, 2008, 31(10): 1450-1469.
APPENROTH K J. Co-action of temperature and phosphate in
inducing turion formation in Spirodela polyrhiza (Great duck-
weed)|J]. Plant Cell and Environment, 2002, 25(9): 1079-1085.
KATJA K, APPENROTH K J. Influence of salinity and high
temperature on turion formation in the duckweed Spirodela
polyrhizalJ]. Aquatic Botany, 2012, 97(1): 69-72.
APPENROTH K J, HERTEL W, JUNGNICKEL F, et al. Influ—
ence of nutrient deficiency and light on turion formation in
Spirodela polyrhiza (L.) SCHLEIDEN[J]. Biochemie und Phys—
iologie der Pflanzen, 1989, 184(5-6): 395-403.

SMART C C, TREWAVAS A J. Abscisic—acid—induced turion
formation in Spirodela polyrrhiza L.1. production and develop—
ment of the turion[J]. Plant Cell and Environment, 1983, 6(6):
507-514.

PERRY T O, BYRNE O R. Turion induction in Spirodela
polyrrhiza by abscisic acid[J]. Plant Physiology, 1969, 44(5):
784-785.

REIMANN R, HIPPLER M, MACHELETT B, et al. Light in—
duces phosphorylation of glucan water dikinase, which pre—
cedes starch degradation in turions of the duckweed Spirodela
polyrhiza[J]. Plant Physiology, 2004, 135(1): 121-128.

MALEK L, COSSINS E A. Senescence, turion development, and
turion germination in nitrate— and sulfate —deficient Spirodela
polyrhiza. Relationships between nutrient availability and ex
ogenous cytokinins[J]. Canadian Journal of Botany, 1983, 61(7):
1887-1897.

APPEMROTH K J, AUGSTEN H. Photophysiology of turion ger—
mination in Spirodela polyrhiza (L.) SCHLEIDEN-V. Demonstra—
tion of a calcium-requiring phase during phytochrome mediat—
ed germination[J]. Photochemic Photobiology, 1990, 52(1): 61-66.
PERRY T O. Dormancy, turion formation, and germination by
different clones of Spirodela polyrrhizd]J]. Plant Physiology, 1968,
43(11): 1866-1869.

MURASHIGE T, SKOOG F. A revised medium for rapid growth
and bio—assays with tobacco tissue cultures|J]. Physiologia Plan—
tarum, 1962, 15(3): 473-497.

I, W55 22, XIS, 5. RRIAL T E SRR KEE XS 4=
KRB BRI, R ARl Rl RS2 (LT Feng-tong,
CHEN Xiu-lan, LIU Chun-gui, et al. Effects of different nutri—
ent solutions on growth and ornamental quality of hydroponic
Hyacinthus orientalis L.[J]. Journal of Central South University
of Forestry & Technology), 2012, 32(10): 130-134.

FIF, X, e [EE YL E RN /NE LA M 4
BRI, FEYI2£ IR (WANG Ling-ling, LIU Zhi, XIONG
Fei. Effect of fixation and staining methods on structure obser—
vation of endosperm cell of wheat[J]. Acta Agronomic Sinica),
2012, 38(9): 1688-1697.

B, FLTRE, VIEW, & KRR ELI A WY R Tk
U R H A5 e B LER)]. P AL AE ) 2= 4R (KANG Hai-qi,
CHANG Hong-ye, XU Yu-bin, e al. Improvement of paraffin
section methods and structural observation to endosperm de—
velopment of rice kernel[J]. Acta Botanica Boreali-Occidentalia

Sinica), 2008, 28(5): 1069-1074.

PDF SCHF# 4] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.eflora.cn/sp/Spirodela
http://www.fineprint.cn
http://www.fineprint.cn

