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Genotypic difference in growth and Asaccumulation in Pterisvittata
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Abdgtract : Some Pterisvittata genotypes, collected from different locations of China, were planted in pots
to evaluate their ability in As tolerance and accumulation. Results showed that there were dramatic
difference in plant height , biomass and frond number. The plant height ranged from 29. 6 to 68 2 cm,
frond number from 18 0 to 60. O per plant , shoot fresh weight from 150 to 540 g per plant and root fresh
weight from 20. 3 to 94 9 g per plant. The distinct difference among the genotypes was also found in
shoot and root As accumulation, ranging from 643 10 to 3009. 03 mge kg * and from 26. 34 to 112 38
mgekg !, respectively. It was found that accesson C108 had the highest As accumulation in shoot ,
being sgnificantly higher than all other accessons. There was a sgnificant difference among the
accessions of Pteris vittata in both transporting factor (TF) and biological factor (BF). There was a
positive association between As accumulation and some growth characters, including plant height , frond
and bud numbers, and shoot fresh weight.
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Phytoextraction, defined as the use of plants
to remove pollutants from the environment or to
render them harmless*? | is being consdered asa
highly promidng technology for the remediation
of polluted dtes due to its cost-efectiveness and
environmental friendiiness®. Pant cultivation
and harvesting are inexpensve processes and less
sscondary  waste compared  with  traditional
engineering goproaches.  Furthermore, this
technology creates minima  environmenta
disturbance*® .  Phytoextraction has generated
increas ng interest worldwide and the great efort
has been done to improve its &fidency, 9 asto
extend its application®® . However , the ahility to
accumulate heavy metals varies dgnificantly
among plant gedes and among cultivars within a
gecies. There are three strategies at present to
improve the dfidency of phytoremediation, i. e.
(2) to identify the hyper-accumulators with high
ability to accumulate contaminants; (2) to
enhance the capadty of the plant to uptake and
accumulate contaminants by adding edd
reagents; and (3) to increase the biomass or
contami nant-accumulating  ability of  hyper-
The first
goproech is the most practicad one compared to
others because it will
pollution.

accumulator by genetic modification.

not cause additiona

Pteris vittata is widdy grown in China,
egpedaly in southern China. Many researches
show that thereisa markedy genotypic difference
inplant growth traits. For example plant heght
ranges from Q 2 to 2 meters, and fresh biomass
rangesfrom 5 to 36 t hm ?!* . However , there
has been less information about the relationship
between As accumulation and plant growth. The
objective of the present study is (1) to develope a
method for sdecting As hyper-accumulator in the
fidds; (2) to determine genotypic difference in As
accumulation in Pteris vittata shoot; (3) to find

relationship between shoot Ascontent and growth
character infidds.

1 Materids and Methods

The experiment was conducted in Chenzhou
experimental station, Chenzhou Cty, Hunan

Province, China, where il was heavily
Pteris Vittata
genotypes ( accessons) were oollected from
Guangxi , Hunan, Chonggng, Guangdong and

Fujian provinces regectively. Pores were sowed

contamnated with As. Ten

on compost bed for germination and seedling
growth. When seedlings grew into the seven
leaves (180-day old) , they were trangplanted into
a fidd. A completdy randomized block dedgn
was used with three replications for each
treatment. The plot conssted of 4 lines with 4 m
of length and @ 4 m between lines. Phoghorus
as CaH:POs*2H.O, potassum as KO and
nitrogen as urea were supplied at a rate of 30, 60
and 160 kge hm'? | repectively. All P and K
fertilizers were applied before tranglanting , while
N fertilizer gpplied in four equal lits, the firg
one being applied before tranglantation and three
othersat 1, 5 and 7 months ater tranglanting.
At the end of the experiment , fronds, buds
and fresh weight per plant were counted, and the
plants were harvested as the sanmple for dry
we ght
andyss. The plants were washed thoroughly

determination and As accumulation

with tgp water to remove adhesve sils and dust ,
and then rinsed with deionized water three times,
separated into shoots and roots and dried in an
ovenfor 48 h at 85
was recorded. The wils were then ar-dried,
ground to pass a 100-mesh screen. Both il and
plant samples were digested with nitric add and
perchloric add (4/1, V/V) , and arsenic content

, and then the dry weight

was determined by an Atomic Huorescence
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Poectrometer (Haiguang AFS2202) .

2 Results and analyds

2.1 Genoatypic difference in growth traits

There was a dgnificantly genotypic difference
in plant height , frond number and fresh weght
when the plants were grown in the il with As
accumulation of 59 mge kg ' (Table 1). Frond
number per plant ranged from 18 0 for 09 to
60 0 for AO5, plant height ranged from 29 6 cm
for C109 to 68 2 cmfor C103, shoot fresh weght
ranged from 150 ge plant™* for C109 to 540 g¢
plant™* for C106, and root fresh weght ranged
from 20 3 geplant™* for C109 to 94 9 geplant *
for C106 The plant heght of Cl09 was the
lowest , being 29. 6 cm and 45 % of the control
(accesson C101) , while C103 had the highest
plant height, being 68 2 cm and 103 % of the
control. Shoot and root fresh weght in C109 was

a0 the smdlest, and being only 62 % and 39 %
of those in the control. C106 had the greatest
shoot and root fresh weight , being 540 and 94 9
geplant ', i e 222 % and 182 % of the control.
Smilarly, the remarkable difference in frond
number per plant could be found among these
accessons, in C109 being the smdlest (18 0 per
plant) and C105 the greatest (60 O per plant) ,
although the two accessons had the badcaly
There was a0 a dramatic
dfference in frond number per plant between
Cl107 and C104 or Cl02, but
difference was found in both shoot and root

same plant heght.

no distinct

fresh weight.
frond number per plant were closely related to
shoot biomass of Pteris vittata, thus it may
be deduced that the accesson of Pterisvittata

In general , plant height and

with higher plant height and more fronds per
plant isfavorable for more As accumulationin
above-ground parts.

Table 1  Genatypic difference in plant height , frond number and fresh weight per plant

Accesion Originated Aant height Fronds plant - * Fresh weight/ (geplant - ) Fresh weght/ (geplant - 1)

|ocation cm %" Frond % Shoot %" Root %"
ao2 Guangxi 44 2b 67 24 Oa 180 273 3 abc 112 46 7abhc 89
aos3 Guangxi 68 2e 103 22 7a 171 306 7abc 126 63 Obcde 121
ao4 Hunan 44 4b 67 27. 7a 208 230 0 ab 95 334ab 64
aos Hunan 59 8cde 91 60 Oc 451 493 3d 203 88 7 de 170
aoe Guangxi 54 2bcd 82 58 7c 441 540 0d 222 9 9e 182
aor7 Hunan 44 7b 68 300b 226 260 0 ab 107 337ab 65
aos Chongd ng 51 9hc 79 57.7c 434 466 7 cd 192 83 5cde 160
ao9 Guangdong 29 6a 45 18 Oa 135 150 0 a 62 20 30a 39
dio Fujian 53 3bcd 88 28 Oa 211 429 Obcd 176 86 2cde 165

Mean 50 0 78 36 3 273 349. 9 144 61 2 117

Notes: The same letter &ter data within a column represents no dgnificant dfference at 95 % probability. Agerisk shows that

cdculation is based on accesson C101.

2 2 Gnotypic difference in As concentration and
accumulating capacity

All parameters measured in the present study
dffered dgnificantly among the accessons of
Pteris vittata. As concentration ranged from
643 10 to 3009 03 mge kg * in shoots, with a
mean of 1283 1 mge kg ', and 26 34 to 112 38

mge kg™ * in roots, with a mean of 61 86 mge
kg ' (Table 2). C106 was the accesson with the
lowest Asconcentrationin both shoots and roots,
and C109 had the highest As concentration in
shoots, followed by C108 which had the highest
root As concentration.

Concerning As accumulation, which is the
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function of As concentration and corregponding
plant part , C108 was the highest in both shoots
and roots, beng dgnificantly higher than al other
accessons. C104 accumulated the lowest amout of
Asin both roots and shoots, athough it showed
no sgnificant difference with accessons, except in
C109. In phytoremediation, the accesson with
more As accumulation in shoot is favorable,
because the higher efidency of remediation may
be reached.

Trangporting factor (TF) is defined as the
ratio of shoot to root As concentration, and

reflects Astrangorting ability of Pteris vittata
from root to shoot. Biologica factor (BF) is
defined as the ratio of shoot to il As
concentration, and reflects As uptake ability
of Pteris vittata from soil. It may be seen
from the Table 2 that there was a sgnificant
difference among the accessons of Pteris
vittata in both TF and BF, with C109
(50. 37) and C106 (10. 77) having the highest
and lowest BF, respectively, and C110
(81 90) and C108 (17. 22) having the highest
and lowest TF.

Table 2 Genotypic difference in As concentration and accumulating capacity among accessions o Pteris vittata

As concentration/ (mge kg™ 1)

As content/ (mgeplant - 1)

Accesson  Onignaed TF BF
location Shoot Root Shoot Root
aoL Guangxi 1236 86ab 66 67abc 49 97a 0 85a 17. 72a 20 70ab
ao2 Guangxi 1159 69ab 44 91a 62 6la 0 49 26 59b 19 41ab
ao3 Guangi 1070 32ab 59 35ab 76 97a 1 14a 18 28a 17 92ab
ao4 Hunan 845 13ab 44 44a 50 36a 0 48a 20 Ola 14 158
aos Hunan 743 38a 31 6la 94 38a a 97a 23 98ab 12 44a
aos Guangi 643 10a 26 34a 83 3la Q 7% 26 44b 10 77a
aor Hunan 1465 74ab 75 05abc 91 04a 0 80a 19 73a 24 54ab
aos Chongging 1621 53b 112 38¢ 174 66b 2 84b 17. 22a 27 14b
ao9 Guangdong 3009 03c 110 68bc 82 60a 0 55a 27. 88b 50 37c
a1 Fujian 1036 13ab 47. 13a 91 86a 107a 81 90c 17, 34ab
Mean 1283 09 61 86 85 78 100 27.97 21 48

Notes: The same letter ater data within a column represents no dgnificant dfference at 95 % probahility; TF: Trangorting factor ;

BF: biologca factor.

2 3 Rdationship between shoot As concentration,

accumulation and plant growth characters
Rdationships shoot As

concentration, accumulation and plant growth

between

characters were shown in Table 3. There were
sgnificantly negative corrdations between shoot
concentration and plant height or fresh weght,
indicating that the accessons with larger plants

Table 3 Rdationship between shoot As concentration, accumulation and plant growth cheracters

Character Line regresson Sgnificance
Hant height Yas mncentration = 2707, 62 - 27. 81X r=-048"
YAsaccumulation = 73 12 + 0. 25x r=0 07
Frond number per plant YAs concentration = 1665 62 - 11 25x r=-0Q28
YAs accumuation = 42 14 + 1 28x r=057"
Bud number per plant YAs oneentration = 1460 54 - 6 72x r=-019
YAs accumulation = 61 08 + 0. 94 x r=048"
Shoot fresh weght YAs wncentration = 2197. 22 - 2 77X r=-054"
YAs accumulation = 36 34 + 0. 15x r=052"

Notes: n=12; Asterisk shows sgnificance at 95 % probahility.
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tend to contan lower As concentration. On the
other hand, the dgnificant postive correlations
were found between shoot As accumulation and
fronds per plant , buds per plant or fresh weight.
However there was no dgnificant correation
between shoot As accumulation and plant heght.

3 Discusgon

Arsenic contamination has emerged as a
major environmenta issue worldwide. Heath of
damaged in

Indan because of arsenic

millions of people has been
Bangladesh and
poi i ng
a9 caused the great damage to human health.
Therefore, the
contamination has been paid edad attention.
Success ul phytoextraction requires those
plants which are capable of producing high
biomass while accumulating large amount of
contaminants through uptaking from oil.
Pteris vittata has been proved to be capable of
accumulate high As and maintaining a large
biomass, thus it is a promisng candidate for
A's phytoremediatio Moreover , it was
shown that its bio-accumulating factor (BF) of As
ranged from 7 to 80" . In addition, unlike most
other Astolerant plants, which have lesser

In China, arsenic pollution has

remediation  of arsenic

n[10 122-25] .

accumulation coeficent in shoot, Pteris vittata
shows quite high accumulation ocodfident,
tranderring goproximately 90 % of Astaken up to
the above-ground parts*?! .
few reports on the differences among the various
accessons (genotypes) of the fedes in As
accumulation and growth regponse to As toxicity.
The present results showed that there is a large
difference in plant height , shoot and root biomass
among the accesdons with different origin.

The plants
contaminants should have the following trats:
(1) to betolerant to high levelsof metdloid; (2)
to accumulate a large amount of metaloid in its

However , there are

used as extractant for

harvestable parts; (3) to be fast in growth rate
exposed to the contamination; (4) to be great in
biomass production; (5) to have a developed
roots®*#® Urfortunatdy, most
accumulators available now are relatively small in
plant sze and dow in growth rate**" . Datafrom

hyper-

the current experiment illumnated that it is
possble to screen out the accessons of Pteris
vittata with high biomass and As accumulation in
above-ground parts. However, more research
should be done in the fidd condition to identify
the accesson or genotype stitable for use in the
practice of remediation of As contaminated oils.
In addition, the experiment showed that thefrond
and bud number are postively corrdated with As
accumulation ability, suggesting that these
growth parameters may be used as theindicator of
As accumulation ability of Pteris vittata.
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