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Abstract: The changes of ultrastructure under scanning electron m icroscopy and transm ission electron m icroscopy were de2
scribed in two duckweed species of Lenm a aequinoctia lis and Spirodela polyrrihza cultivated in ammonia medium in p resent

study, contrasted by the ones growing under nitrate medium. The result showed that outstanding cell wall in lower ep iderm is

became crinkly and disappeared partly in fronds under ammonia medium. The stomata on the upper ep iderm is opened much

wider far more than ones under nitrate medium. The chlorop last membrane lim iting became blurred and disappeared partly in

fronds under ammonia medium. The whole chlorop last of fronds under ammonia medium p resented the trending of disassem2
bly. And the internalmembrane network including grana lamellae and stroma lamellae break off. In contrast to ones under ni2
trate medium, more starch grain appeared amongst stroma. Based on the results of observation, the toxicity mechanism of un2
ionized ammonia (NH3 ) and ammonium ion (NH +

4 ) to duckweed were respectively discussed.
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氨对紫背浮萍和稀脉浮萍超微结构的影响
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摘要 :选择紫背浮萍和稀脉浮萍 ,利用 SEM和 TEM分别对在对照液硝酸盐氮培养液和含有较高氨氮培养液中生长

个体的超微结构进行了观察和分析. 结果表明 ,与在硝酸盐氮培养液中生长的个体相比 ,在氨氮培养液中生长的 2

种浮萍上表皮的气孔张开程度明显地增大 ,下表皮细胞突起的细胞壁消失 ,细胞发生明显的变形 ;生长在含有氨氮

培养液中的 2种浮萍个体的叶绿体内膜结构均受到严重的损伤 ,叶绿体中淀粉粒明显增多 ,整个叶绿体处于解体状

态 ,而生长于硝酸盐氮培养液中浮萍的叶绿体则完好无损.
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　　Duckweeds species, namely Lemnaceae species,

are a group of free2floating aquatic p lants. They have

leaf2like body, called frond. The frond could take up

nutrient such as nitrogen and phosphorus from water.

To control eutrophication with low cost, it is a p referred

choice to convert these nutrients into p lant p rotein by

duckweeds up2taking
[ 1 - 5 ]

. Duckweed species are suit2
able to be poultry and fish feed

[ 6, 7 ]
.

Ammonia, largely existing in domestic wastewater,

is main nitrogen resource to duckweed species. Howev2
er, ammonia is toxic to aquatic organism and could in2
hibit the growth at high concentration. In addition, due



to their small size and ease of growth, duckweed species

were often used as experimental material to testing the

aquatic p lant toxicity of ammonia in water
[ 8 - 10 ]

. But the

past investigations or testing more paid more attentions

to the relationship between ammonia level and visual

symp tom such as frond number change, color, root

change etc.

N itrate is another nitrogen resource for duckweed

species and generally it has no toxicity excep t extremely

high level. U sing the fronds growing under nitrate medi2
um as comparison, the damage of ammonia to ultra2
structure of two duckweed species fronds were described

here. The objective is to make clear the toxic mecha2
nism of ammonia to duckweed species, furthermore, the

mechanism to aquatic p lant.

1　M a ter ia ls and m ethods

1. 1　Collection and acclima tion of duckweed spec ies

Spirodela polyrrihza (L inn. ) Schleid and L em na

aequ inoctia lis W elwitsch are respectively common spe2
cies of two main genera of L em na and S pirodela in Lem2
naceae. And they were often used in wastewater treat2
ment. The materialswere collected from a wetland near2
by D ianchi Lake ( located in Kunm ing City, Yunnan

Province, China) and acclimated to the artificial bal2
ance media suitable to culture of duckweed

[ 11 ]
.

1. 2　Cultiva tion of duckweed spec ies

The fronds of S. poly rrihza and L. aequ inoctia lis

were cultivated firstly to adap t the conditions with ni2
trate or ammonia as only nitrogen resource. So the ni2
trogen in the artificial balance medium was adjusted to

two conditions: ρ(NH
+

4 2N) = 20 mg/L andρ(NO
-

3 2N )

= 20 mg/L by rep lacing NH4 NO3 with NH4 Cl and

NaNO3 respectively. The pH of medium was adjusted to

710 ±013. Twenty healthy fronds of each species were

p laced into the media. The cultivation was performed in

p lastic container with 200 mL medium. In order to

make frond adap t the growth condition fully, the culti2
vation lasted 24 days. A t the end of the cultivation, 5

fronds of in each condition were taken out random ly for

the observation of ultrastructure. The experiments were

conducted in laboratory condition with fluorescent lamp s

of light intensity of 2 000 - 3 000 lx ( 16 h2light, 8 h2
dark). The temperature was 26 - 30 ℃.

1. 3　Trea tm en t of sam ples for SEM & TEM

The fronds were fixed in 4% (w ) glutaraldehyde

and postfixed in 1% ( w ) osm ium tetroxide in

011 mol/L phosphate buffer with pH 7. 1. Dehydration

was accomp lished in a graded acetone series lastly.

Some samp les were taken out for the observation of

chlorop last of parenchymatic tissue by transm ission elec2
tion m icroscopy ( TEM ). The samp les were infiltrated

and embedded in Epon ( Spurr). Thin sectionswere cut

with a diamond knife, stained with Reynold′s lead cit2
rate and exam ined with a H itachi2600 TEM at 80 kV at

last. O ther samp leswere taken out for the observation of

the ep iderm is of upper and lower sides by scanning e2
lectron m icroscopy ( SEM ). The whole frond was cut

into segments firstly, fixed in glutaraldehyde, dehydra2
ted in acetone, critical2point dried, sputtered with gold

and exam ined with a H itachi2505 SEM at last.

2　Results

2. 1　Changes of ultra structure in lower ep iderm is

of frond

　　The lower ep iderm is of fronds growing under am2
monia medium looked obviously different from ones un2
der nitrate medium. For fronds under ammonia medi2
um , the outstanding wall between cells became very

crinkly in S. poly rrihza ( Fig. 1c) and even disappeared

partly in L. aequ inoctia lis ( Fig. 1d) , which made the

cell take on blurred array. The wall between cells stand

out on the lower ep iderm is of frond under nitrate medi2
um , which separated the cells and made the cell ar2
range orderly ( Fig. 1a and Fig. 1b). It seemed that am2
monia in the medium could directly cause the damage to

the wall of lower ep iderm is cell.

2. 2　Changes of ultra structure in upper ep iderm is

of frond

　　L ike the conditions of lower ep iderm is, the upper

ep iderm is of fronds under ammonia medium looked ob2
viously different from those under nitrate medium. The

most change was the behavior of stomata. They kep t

open slightly in frond under nitrate medium ( Fig. 2a

and Fig. 2b) , but opened much bigger under ammonia

medium ( Fig. 2c and Fig. 2d ). The ep iderm is cells

surrounding stomata also were a little different. They

were more expanding under ammonia medium , not like

one under nitrate medium. It seemed that ammonia

could affect the mobility of stomata of duckweed species

fronds.
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Fig. 1　The SEM photograph of the lower ep iderm is

Fig. 2　The SEM photograph of the upper ep iderm is

2. 3　Changes of ultra structure of the chloropla st

The chlorop lasts of fronds under nitrate medium

kep t comp lete structure ( Fig. 3a and Fig. 3b ). The

membrane of the chlorop last was very clear. The lamel2
lae form ing grana p iled up densely together. The stroma

lamellae connecting the grana kep t continuous and

formed intact stroma lamellae network. The dense stro2
ma contained a starch grain and several globuli. On the

contrary, the chlorop last of fronds under ammonia was

destroyed evidently ( Fig. 3c and Fig. 3d). The mem2
brane became blurred and disappeared partly, even dis2
appeared totally in S. polyrrihza ( Fig. 3c). The grana

lamellae was not be adp ressed densely any more, but

arrayed loose. The stroma lamellae connecting grana

was cut off, which made stroma lamellae network break

off. More starch grain appeared amongst stroma. The

chlorop last of fronds under ammonia tended to be disas2
sembly. A ll these changes p resented more obvious for

S. poly rrihza ( Fig. 3c).

　　P: p lastoglobuli S: starch grain SL: stroma lamellae G: grana Me:

membrane of chlorop last

Fig. 3　The SEM photograph of the chlorop last of the fronds

3　D iscussion

It was observed that the size of fronds under ammo2
nia medium was smaller than ones under nitrate medi2
um. This should have relationship with the damage of

ammonia to the cell wall, which possibly caused by the

NH +
4 . B ritto et al[ 12 ] has p roposed that NH +

4 could re2
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duce the content of some essential cations such as the

calcium, magnesium in p lant issue by rep lacement.

These cations, especially calcium had very important

role to keep the strength of p lant cell wall. Possibly it is

NH
+

4 that resulted in the changes of lower ep iderm is cell

wall under ammonia medium.

For the higher p lant, the behavior of stomata is

mainly controlled by the osmotic p ressure of stomatal

guard cell. Many factors could affect the osmotic p res2
sure of stomatal guard cell such as potassium, abscisic

acide etc. But there is seldom report that ammonia

could cause the change of the osmotic p ressure. Fur2
thermore, Severi et al

[ 13 ]
founded that the stomata in

full grown fronds of L em na species always kep t open and

the guard cell had lost the function, but for S pirodela

species this function still exists. From the observation

result of this study, both stomata of S. poly rrihza and

L. aequ inoctia lis opened wider under ammonia medium

than nitrate medium. W e didn’t consider that the sto2
mata behavior was caused by the effect of ammonia to

the osmotic p ressure. W e tend to conclude that the

crimpy shape of other ep iderm is cells, especially those

of lower ep iderm is draw out the stomata indirectly,

which was caused by the toxicity of NH +
4 indirectly.

W hole chlorop last of p lant iswraped by double lay2
er membranes. The inside one is stroma lamellae and

grana lamellae, which is composed of folding single lay2
er membrane. Based on the result of this study, the

membrane structure of two duckweed species under am2
monia medium was damaged evidently. The unionzed

ammonia (NH3 ) could disturb cell membrane when it

traverses largely. Obviously, unionzed ammonia (NH3 )

resulted in the damage of the chlorop last because it was

existent in ammonia medium of this study. The level of

NH3 was very low, about 0115 mg/L according the e2
quilibrium between un2ionized ammonia ( NH3 ) and

ammonium ion (NH
+

4 ) [ 9 ]
. But it resulted in great dam2

age to the chlorop last of duckweeds. This confirmed that

the toxic mechanism of ammonia to duckweed should be

more attributed to NH3 instead of NH +
4 .
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