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> Cze$¢ 1: Ekofizjologia brzdz na
zwatach pohutniczych i pogbrniczych

. cells MoPY

Article

Effect of Drought and Heavy Metal Contamination on Growth
and Photosynthesis of Silver Birch Trees Growing on
Post-Industrial Heaps

SPIS TRESC]

Krzysztof Sitko L, Magdalena Opata-Owczarek 2(0, Gabriela Jemiota !, Zaneta Gieron 1, Michat Szopinski 1
Piotr Owczarek 3, Malgorzata Rudnicka ! and Eugeniusz Malkowski !

> Cze$¢ 2: Rola pH gleby w akumulag;ji
toksycznych stezern Mn w lisciach
brzoz na hatdach pogdrniczych

Czes¢ 3: Badania ekotoksykologiczne
- metale w soku ksylemowym a
wybrane parametry fizjologiczne
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Warsaw Site characteristics
POLAND T K p
S Location Tychy Katowice-Murcki Piekary Slaskie
Altitude (m AMSL) 259 321 287
Temperature (°C)? 9.0 9.1 9.1
Precipitation (mm)? 817 807 910
Latitude 50.1043268 50.1895495 50.3681323
Longitude 18.9644241 19.0322035 18.9689818
Habitat suburban area post-coal mine spoil post-smelter spoil heap
heap
Soil characteristics
pH (H,0) 6.09+0.15 b ™ 3%68+0.06c " 7.33+0.08
EC (S cm) 160+ 28 b = i3T5 7 800+ 91 a
Total element content in the soil (ug g DW)
Ca 2140+440b 160+40c =81070+3420a -
cd 0.52+0.07 b BDL 212.51+3490a
Cu 7.2+£2.0¢ 283+09b  9615+131.8a
Fe 5160+ 300 b 6160+ 150 a 6890+410a
K 2340+570b 9560+ 370 a 670+ 110c
Mg 1070+210b ~ 210250b © "16920+£1920a *
Mn 350+ 40b 160+ 10 ¢ 3900+£190a |
Zn 25.0+3.0c 1?8.7_:|:2€§ b _25;5.1_:l: 4E0.0_a
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1: EKOFIZJOLOGIA

T K P
Growth and physiological characteristics -
F [ ] ] [ ]
; 0.08 +£0.01 0.31+0.01 0.20+0.03 b
Leaf thickness (mm) C oo ta |
TRW, (mm) 3.10+0.b Ir 3.77+0.a | 2.21+0.c
.06 £ 0. + .35+0.
TRW, (mm) 3.06£0.b \313 _Oa_' 2.35+0.c
Chlorophyll content (r.u.) 35.6+09a 31.04+1.25b 28.22+0.71¢
1.38+0.04 c 1.76 £0.02 a 1.67+0.03b

Flavonol content (r.u.)

r—_________

0.137 +0.005 a 0.141+0.003a |

Anthocyanin content (r.u.) 0.110+0.002 b

A (umol CO, m2 s) 13.8+04a ——) 11.0£05b [———)» 9.5+03c
C (umol CO, mol) 244+5b 257+3b 280+5a

E (mmol H,0 m? ) 2.98+0.15aC——=) 2.20£0.07b [———) 1.81+0.05¢
2. (mol H,0 m2 s7) 205+13a 208+ 13 a 202+7a
Element accumulation in leaves (ug g* DW)

Ca 10,200 + 560 a 7,520+ 610 b 11,580 + 1,050 a
cd BDL BDL 1.43+0.19a
Cu 54+0.4a 3.0+04b 20+03b
Fe 86+5a 82+6a 89+6a

K 5,960 + 460 a 4,100+420b 1\ 7 /) 3,720+270b
Mg 2200+110 ¢ 2910+180b @ Q) 3980+ 1803
Mn 290+90 b :3,1512303__ @Z | 110+10b
Zn 195+ 27 b 148+ 8b MSSOiBla
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Brzozy na zwatach poprzemystowych:

« Wyzsza zawartos¢ flawonoli i antocyjanow
« grubsze liscie i przyrosty roczne

« Wwyzsze niefotochemiczne wygaszanie

Pozostaje pytanie - Skad“taka wysoka akumulacja
Mn u brzéz z hatd pogdérniczych?

F2: 23.82%
5
P
¢
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F1: 40.96%
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Site code T K % M
Site characteristics
Location Tychy Kostuchna Wesola Murcki
Altitude (m AMSL) 259 339 270 321
Temperature ("C)’ 9.0 9.1 9.0 9.1 '8
Precipitation (Inm)" 817 910 853 807
Latitude 50°06'15.5"N  50°11'03.0'"N  50°10'29.6'N  50°11'24.0'N
Longitude 18°57'52.3"E 19°00'14.6"E  19°05'45.3'"E ~ 19°01'56.2'"E
Habitat suburban area post-coalmme  post- c.oal mie post—c. oal mme
spoil heap spoil heap spoil heap
Soil characteristics
pH(H,O) 7.16£001la 427+001d 457=0.02b 449+0.02¢
pH(KCI) 736 0.00a 336+001d 352+00lc 3.71+0.02Db
EC(“Scm'l) 173+ 2 a 112+1¢ 67+2d 140+2Db
Pseudo-total element concentration (mg k g'l DW)
Mn | 490+15al  146+4c 236+5b 266+ 11 b
7n 2IT5a 52+23d 804 b 64+2¢c
Phytoavailable element concentration (g kg'l DW)
Mn 09+0.1d 69+02c¢ 123£05b 18.1+0.7 a
VA 04+0.0d 1.1£0.1¢ 1.6x0.0Db 1.8+0.0 .a>
Cu 0.05£00lc 048+0.04a 0.06+x00lc 0.16+x0.01D

Fe 0.13+£003Db 1.59+£06la 033£0.13b 032+0.06Db
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T K W M

Leaf growth parameters _40%

Dry weight (g) 0.110+£0.010a 0.091+0.004a' 0.066 + 0.004"——=+ 0.004 a

Thickness (mm)  0.139+0.009b  0.197+0.014a| 0.219+0.013| +6()9% £0.009a

Lenght (cm) 4.52+0.21a 4.01+£0.16b 2.94+0.10 3.831+£0.08 b

Width (cm) 3.85+0.17a 3.58+0.08 ab 2.93+0.08c 3.46+£0.07b

Ratio L/W 1.18+0.02a 1.12+0.05a 1.00+0.01 110+0.02a

Area (cm?) 11.6+1.1a 9.6£0.5b 6.2+0.4c| -45% Fo3b

Pigment content

Chlorophyll 37.6+0.7a 28.6+0.4b 22.5+0.5¢ 27.2+0.4b

Flavonol 1.42+0.03¢ 1.67+0.02b _ 1.79+0.02a _ 183%0.03a

Anthocyanins 0.002+0.000c  0.006+0.001c r 0.040+0.003a _ 0.015+0.002b

Element accumulation (mg kg™ DW) TesT ="

Mn 660+ 70d 1650+ 80c 2520+120b 4440 + 300 a
>

AV (rn)

0,05

—
o T X

i

c - ABS/CS
C -TR/ICS
e . B -RCICS
[ -ET/CS
c| LC 3 -DI/iCS
02
oK
0,15 oW
Al
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0.05
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AR gt iy,
Fay
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population T K W M

pH 4.0 5.0 6.0 4.0 5.0 6.0 4.0 5.0 6.0 4.0 5.0 6.0
Growth parameters

Shoot FW (g) 4.49 ab 4.47 ab 5.39a 5.03a 5.16a 5.0l1a 348D 4.11ab 3.59a 4.89a 4.54 ab 5.06 a
Leaf FW (g) 0.38 ab 0.37ab 0.35ab 0.39ab 0.35ab 0.41ab 0.41ab 0.44 a 0.39ab 0.41 ab 0.35b 0.38ab
Leaf DW () 0.096 abcd 0.096 abcd 0.078d | 0.095abcd 0.090 bcd 0.111abc | 0.087cd  0.083cd 0.087cd | 0.118ab 0.121a 0.096 abcd
Leaf thickness (mm) 0.42c¢ 0.44c 0.50 abc 0.57a 0.43c 0.54a 0.46 bc 0.56 a 0.51 abc 0.57 a 0.54 ab 0.54 ab
Leaf lenght (cm) 8.12 abc 8.33ab 7.84 bc 8.19abc 8.06abc  8.24 abc 8.73a 892a 8.27 ab 8.50 ab 7.38¢ 8.28 ab
Leaf width (cm) 6.83abc  6.87 abc 6.59 bc 7.10abc  6.89abc  7.09 abc 7.42a 7.08 abc 7.37 ab 7.20 ab 6.31c 6.78 abc
Ratio L/W 1.19ab 121a 1.19ab 1.15 bed 1.17abc  1.16 bcd 1.17 abc 113 cd 1.12d 1.19ab 1.17 bed 122a
Leaf area (sz) 34.7abcd 35.1abcd 32.0cd | 35.3abcd 33.6bcd 36.0abcd | 39.7ab 41.0a 37.3abc | 37.7 abc 29.6d 34.3 abcd
Pigment content

Chlorophyll - 18.8 bed 16.9 fy 16.4 ¢ L34 b 18.9 bc 18.2 cde [ 17.6 de 17.9cdef 173¢ 21.7a 17.1¢ 14.1 h
Flavonol ~.0.33d 0.33d 0.44 be 0.37 cd 0.38 cd 0.48 ah N14e 014e 0.31d 0.48 ab 0.52 ab 0.55 a
Anthocyanins 0.078d  0.085bcd  0.093 @ 0.076d 0.079d__0.083 bed, 0,086 bcd 0.095b  0.082cd | 0.083 bcd 0.088 bcd  0.130 3
Chlorophyll a fluorescence parameters

Fo 5810 bc 5960 bc 6520 b 5500 bc 5450 bc 5860 bc 8220 a 6390 bc 6220 bc 5360 c 6000 bc 5720 bc
Fm 32090 a 30650abc 28380cd | 30720ab 30910ab  28980c | 31280ab 30240abc 29390b | 31650ab 28410cd 26600 d
Fv 26280a 24690 abc 21860 cd | 25220ab  25470ab 23110 bed | 23060 bcd 23860 abc 23170 bed | 26290a  22400cd 20880 d
¢Do 0.18lcd 0.195bcd 0.233ab | 0.179cd 0.177cd 0.202bcd | 0.267 a 0.214bc 0.212bcd | 0.169d 0.215bc  0.216 bc
oPo Q.818ab _0.804abc 0766 cd |(NB820ah ___0822ah _0797ahc,! 0.732d 0.785hbc___0.787 abg, | [0.830a 0.784 bc___0.783 bc
yEo 0.358ab 0.293bcd 0.266cd | 0.351ab  0.371ab 0.329abc | 0.238cd 0.305abcd 0.272 cd 0.419a 0.353 ab 0.252d
¢Eo 0.295ab 0.237bcd 0.212cde | 0.288ab  0.305ab  0.264 bc 0.184e 0.241bcd 0.216de 0.348a  0.282abc  0.200 de
dRo 0.301cd 0.465 a 0.449a | 0.364abc 0.331bcd 0.422 ab 0.250d 0.313cd 0.409abc | 0.298cd 0.317bcd 0.452a
oRo 0.088abc 0.104ab 0.089abc | 0.103ab  0.101 ab 0.108 a 0.054d 0.072cd 0.088abc | 0.102ab 0.084 abc  0.083 bc
ONPQ 0.367a 0.268 abcd 0.151 de 0.092 ¢ 0.108 ¢ 0.133de | 0.340ab 0.274abcd 0.323abc | 0.139de  0.193 cde 0.213 bcde
Manganese accumulation (mg kg'1 DW) SSITLEES SSITLEES SSITLEES TLLLLLY
Mn in leaves 246de  269cde = 332b: | 270cde  380ab x343bci | 353bc  329bcd = 444a i| 235ef 173f 821 bedd
Mn in stems 111 bed 118 bcd  _J3l.hcd 99 cd 175ab  ,173.4p. | 145 bcd 170abc  .24Qa.~ 83d 138 bcd 142 bed.
Mn in roots 66 cd 79cd T 282b = 55 cd 84 cd 523as 43 cd 52 cd =146 ¢ E 28d 154 ¢ = 388D E




possible
deficiency of

Increase: g Extremg & other ions and
2 accumulation decivanad
NP, of Mn in immunity
anhocyanins, laoves
flavonols, . <

Decrease:
chlorophyll,
PSII activity,
gas exchange
leaf area

Mn
extreme
uptake

he concentration of Mn
is many times higher
than the concentration
of other ions competing
for the same
transport proteins

1)pH gleby nie jest czynnikiem bezposrednio

wplywajgcym  na  akumulacje  toksycznej
zawartosci Mn w lisciach brzoz.

2) Niskie pH gleby zwigksza biodostgpnosc jondw

Mn i w zaleznosci od przewagi liczebnej, jaka
Mn uzyskuje nad innymi jonami dwu-
dodatnimi, mozna spodziewac sie wiekszej lub
mniejszej akumulacji w lisciach roslin. To
stezenie frakcji biodostepnej ma kluczowe
znaczenie dla procesu akumulacji i ogdlne;j
zyznoSci siedliska.

3)Podczas gdy toksyczny wptyw Mn na rosliny

jest dobrze znany, wydaje sie, ze mechanizm
ochronny w ro$linach moze obejmowal
zwiekszong synteze flawonoli i antocyjandw
oraz wzrost niefotochemicznego wygaszania
kosztem fazy jasnej fotosyntezy.
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Chlorophyll content (r.u.)

Metal bioavailable form in soil (mg kg) 3
cd BDL 43.8+0.4a 11.6+0.1b 0
Fe 0.23£0.06 b 0.58+0.13a 0.68£0.04a 16 b a
Mn 7.0£0.2b 6.0£0.2¢ 87t0.2a — c _y
= 1,2 /
0.5+0.0c 340.3+11.2a 2659+3.7b = —
Zn =
5 =
Pa ram etry Metal concentration in xylem sap (mg I) 2 0.8 /
[&] 2 ’
WOdy pitne;: cd BDL 0.10£0.01) D (! ¢09+0.01 x18! E
. - =
Cd: <5 pgl Fe 0.07+0.02a 0.05+0.02a 0.07+0.03a =04
Fe: <200 pg " | wn 32+0.7a 33:08a| x66! J2:04a| x44l
Mn: <50 ug I | 4, 3.50.1c 143+05b 17.4+0.7 a 0
_ 0.12
Z n. b ra |’< Metal accumulation in leaves (mg kg?) a
T —— 1 — T
cd BDL | 105.8+8.5 a_l 179+09b ; b
47.1+3.2b 79.2+39a 39.0£4.9b 5 0.08
) 148 £33 148 £ 19 116 £ 22 § i : /—'
+ a + a + a -
201+11c 1303 +100a | 645+83b | s, /
Zn N N N N N B N N N N 50,04 /
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Podsumowanie

Sukces brzoz na hatdach wynika z plastycznosci i modyfikac;i
fizjologii!

« Wydajna strategia rozmnazania;

« Nieenzymatyczne drogi walki ze stresem oksydacyjnym;

« Dostosowanie wzrostu do warunkow siedliskowych -
grubosc lisci;

« Ochrona aparatu fotosyntetycznego — rozpraszanie
nadmiaru energii + antocyjany;

« Mechanizmy tolerancji na wysokie dawki metali - czy
100ppm Cd w lisciach wystarczy do wydajnej fitoremediacji?
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IETU - Remediacja gleb, rozwigzania oparte
na naturze i rolnictwo miejskie

www.ietu.pl

ietu@ietu.pl

E-mail: krzysztof.sitko@us.edu.pl // kr.sitko@ietu.pl
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