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Effect of anmon a on the ultrastructure
of duckweed Fecies

CHONG Yun-xiao"?, HU Hong-ying, Q AN Y{
(1 College of Resources and Enviorment, South ChinaAgric Univ. , Guangzhou 510642, China;
2 Envimmmental Smulation and Pollution Control State Key JointLab, Deparment of
Enviommental Science and Engineering, Tsinghua University, Beijing 10084, China)

Abstract: The changes of ultrastructure under scanning electron microscopy and transnission electron microscopy were de-
<cribed in tvo duckweed gecies of Lerma aequinoctialis and Spirodela polyrrihza cultivated in anmonia medium in present
study, contrasted by the ones growving under nitrate medium  The result showed that outstanding cell wall in lowver epidemis
became crinkly and disgppeared partly in fronds under anmoniamedium  The siomata on the upper epidemis opened much
wider far more than ones under nitrate medium. The chloroplastmembrane Iimiting becane blurred and disgppeared partly in
fronds under anmoniamedium.  The whole chloroplast of fronds under anmoniamedium presented the trending of disassam-
bly And the internal membrane network including grana lanellae and strama lanellae break off  In contrast  ones under ni-
trate medium, more starch grain gppeared anongst stima Based on the resultsof observation, the toxicity mechanisn of un-
ionized anmonia (NH;) and anmonium ion (NH, ) t duckweed were repectively discussed
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Duckweeds gecies, namely Lemnaceae gecies  duckweeds up-takindl's].

Duckweed gecies are qit-

are a group of free-floating aguatic plants They have
leaf-like body, called frond The frond could take up
nutrient such as nitrogen and phoghorus from water.

To control eutrophication with lov cost, it isapreferred
choice o convert these nutrients into plant protein by
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able © be poultry and fish feed®"’.

Ammonia, largely existing in domestic wastevater,
ismain nitrogen resurce to duckweed gecies Howev-
er, anmonia is toxic to aquatic organisn and could in-
hibit the growth at high concentration In addition, due
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o their snall size and ease of growth, duckweed gecies
were often used as expermental material 0 testing the
r° % But the
past investigations or testing more paid more attentions
to the relationship betveen anmonia level and visual
color, root

aquatic plant toxicity of anmonia in wate

gmptom such as frond number change,
change etc

Nitrate is another nitrogen resource for duckweed
gecies and generally it has no toxicity except extramely
high level U sing the fronds growing under nitrate medi-
um as comparion, the damage of anmonia to ultra
structure of o duckweed Pecies frondswere described
here The objective is b make clear the toxic mecha-
nign of anmonia © duckweed Pecies, furthemore, the
mechanisn o aquatic plant

1 M ater mlsand methods

1 1 Collection and acclimation of duckweed ecies

Spirodela polyrrihza (Linn ) Schleid and Lemna
aeguinoctialis W elwitsch are repectively conmon e-
cies of wvo main genera of Lenna and Spirodela in L em-
naceae And they were often used in wastevater treat-
ment Thematerialswere collected fran awetland near-
by Dianchi Lake (located in Kurmming City, Yunnan
Province, China) and acclimated to the artificial bal-
ance media suitable © culture of duckweed ™.
1 2 Cultivation of duckweed ecies

The fronds of S polyrrihza and L. aequinoctialis
were cultivated firstly o adgpt the conditionswith ni-
trate or anmonia as only nitrogen reurce S the ni-
trogen in the artificial balance medium was adjusted ©
wo conditions p (NH, N) =20mg/L andp (NO; N)
=20 mg/L by replacing NH,NO, with NH,CI| and
NaNO; repectively The pH of medium was adjusted
7.0+0.3 Twenty healthy fronds of each ecieswere
placed into themedia The cultivation wasperfomed in
plastic container with 200 mL medium. In order
make frond adgpt the growth condition fully, the culti-
vation lasted 24 days At the end of the cultivation, 5
fronds of in each condition were taken out randomly for
the observation of ultrastructure The expermentswere
conducted in laboratory condition with fluorescent lamps
of light intensity of 2 000 - 3 000 Ix (16 h-light, 8 h-
dark). The temperature was 26 - 30
13 Treatment of smplesfor SEM & TEM

The frondswere fixed in 4% (w) glutaraldehyde

and postfixed in 1% (w) osnium tetroxide in
0. 1 mol/L phogphate buffer with pH 7. 1 Dehydration
was accamplished in a graded acetone <eries lastly.

Sime sampleswere taken out for the observation of
chloroplast of parenchymatic tissue by transnission elec-
tion microscopy (TEM ). The sampleswere infiltrated
and embedded in Epon (Spurr). Thin sctionswere cut
with a diamond knife, stained with Reynold’ s lead cit-
rate and exanined with a Hitachi-600 TEM at 80 kv at
last Other ssmpleswere taken out for the observation of
the epidemis of upper and lower sides by scanning e-
lectron microscopy (SEM ). The whole frond was cut
into segments firstly, fixed in glutaraldehyde, dehydra-
ted in acetone, critical-point dried, puttered with gold
and exanined with a Hitachi-505 SEM at last

2 Realts

2 1 Changes of ultrastructure n lower epiderm is
of frond
The lover epidemis of fronds groving under am-
moniamedium looked obviously different from ones un-
der nitrate medium. For fronds under anmonia medi-
um, the outstanding wall betveen cells becane very
crinkly in S polyrrihza (Fig 1c) and even disgppeared
partly in L. aeguinoctialis (Fig 1d), which made the
cell take on blurred array. Thewall between cells stand
out on the lowver epidemis of frond under nitrate medi-
um, which segarated the cells and made the cell ar-
range orderly (Fig l1aand Fig 1b).
monia in themediun could directly cause the damage o
thewall of lover epidemis cell
2 2 Changes of ultrastructure n upper epiderm is
of frond
L ike the conditions of lower epidemis, the upper
epidemis of fronds under anmonia medium looked ob-
vioudly different fram those under nitrate medium. The

It seamed that an-

most change was the behavior of stomata They kept
open dlightly in frond under nitrate medium (Fig 2a
and Fig 2b), but opened much bigger under anmonia
medium (Fig 2c and Fig 2d). The epidemis cells
aurounding somata alo were a little different They
were more expanding under anmonia medium, not like
one under nitrate medium. It saned that anmonia
could affect the mobility of stomata of duckweed ecies
fronds
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a:S. polyrrihza growing in nitrate

b:L. aequinoctialis growing in
nitrate medium

c¢:S. polyrrihza growing in amm-
onia medium.

d:L. aequinoctialis growing in
ammonia medium

Fig 1 The SBM photograph of the lower epidemis

a:S. polyrrihza growing in nitrate
medium

b:L. aequinoctialis growing in
nitrate medium

c:S. polyrrihza growing in amm-
onia medium

d:L. aequinoctialis growing in
ammonia

Fig 2 The SBM photogrgph of the upper epidemis

2 3 Changes of ultrastructure of the chloroplast
The chloroplasts of fronds under nitrate medium
kept complete structure (Fig 3a and Fig 3b). The
membrane of the chloroplastwas very clear The lanel-
lae foming granapiled up densely together The strama

24 1994-2008 a Academic Journal Electro ubl

lanellae connecting the grana kept continuous and
fomed intact stroma lamellae netvork The dense stro-
ma contained a starch grain and several globuli On the
contrary, the chloroplast of fronds under anmonia was
destroyed evidently (Fig 3c and Fig 3d). The man-
brane became blurred and disgppeared partly, even dis-
appeared tally in S polyrrinza (Fig 3c). The grana
lanellae was not be adpressed densely any more, but
arrayed loose The strama lamellae connecting grana
was cut off, which made strama lamellae netvork break
off More starch grain gppeared anongst stoma The
chloroplast of fronds under anmonia tended  be disas
sambly All these changes presented more obvious for
S polyrrihza (Fig 3c).
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a:S. polyrrihza growing in nitrate
medium

10 .0kx200M 80KUY
T 04.01,14 04 1 S

b:L. aequinoctialis growing in
nitrate medium

10 .0kx200M 80kV1 170
T 04701714 Qd 1 .0um
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c¢:S. polyrrihza growing in amm-
onia medium

d:L. aequinoctialis growing in
ammonia

P: plasioglobuli S starch grain 9.: strama lanellae G granaMe
menbrane of chloroplast

Fig 3 The SBM photogrgph of the chloroplast of the fronds

3 D iscussion

Itwasobserved that the size of fronds under anmo-
nia medium was snaller than ones under nitrate medi-
um. This should have relationship with the damage of
anmonia o the cell wall, which possibly caused by the
NH, . Brito et a'*”! hasproposed that NH, could re-

ing House. All rights reserved. http://www.cnki.net
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duce the content of sIme esential cations such as the
calcium, magnesium in plant issue by replacement
These cations, egpecially calcium had very important
ole © keep the strength of plant cell wall Possibly it is
NH, that resulted in the changesof lower epidemis cell
wall under anmonia medium.

For the higher plant, the behavior of stomata is
mainly contolled by the ognotic presauure of somatal
guard cell Many factors could affect the osnotic pres
aure of stomatal guard cell such as potassiumn, abscisic
acide etc But there is sldom report that emmonia
could cause the change of the osnotic pressure Fur-
thermore, Severi et al'*® founded that the somata in
full grown frondsof Lenna pecies always kept open and
the guard cell had lost the function, but for Spirodela
pecies this function ill exists Fram the observation
result of this study, both stomata of S polyrrihza and
L. aequinoctialis opened wider under anmonia mediun
than nitrate medium. W e didn’ t consider that the sio-
mata behavior was caused by the effect of anmonia
the osnotic pressure We tend to conclude that the
crimpy shgpe of other epidemis cells, egecially those
of lover epidemis drawv out the stomata indirectly,
which was caused by the toxicity of NH, indirectly.

W hole chloroplast of plant iswraped by double lay-
ermembranes The inside one is strama lamellae and
grana lamellae, which is canposed of folding single lay-
er manbrane Based on the reault of this study, the
membrane structure of wo duckweed ecies under an-
monia medium was danaged evidently The unionzed
anmonia (NH,;) oould disturb cell membrane when it
traverses largely. Obviously, unionzed anmonia (NH;)
resulted in the damage of the chloroplast because itwas
existent in anmoniamedium of this study. The level of
NH; was very low, about 0.15 mg/L according the e
quilibrium betveen un-ionized anmonia (NH;) and
anmonium ion (NH, ) "', But it resulted in great dan-
age b the chloroplast of duckweeds This confimed that
the toxic mechanisn of anmonia o duckweed should be
more attributed © NH; instead of NH, .
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