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Effects of aluminum stress on growth and
characters of photosynthesis and transpiration
in polygonaceae plants

LIU Qiang, YIN Li, LONG Wan-Wan, XIAO Yi-An

( College of Life Sciences, Jinggangshan University, Ji’an 343009, China )

Abstract: Three polygonaceae plants (Polygonum lapathifolium , P. per foliatum and P, hydropiper) were used to
study the effects of five aluminum(AD concentrations(0,25,50,100,400 pmol « L' )on leaf photosynthesis, transpira-
tion and chlorophyll fluorescence characteristics with the solution culture method, The results showed that the high
Al treatment(400 pmol * I.1) significantly decreased the growth of aboveground and root system, the leaf chlorophyll
content, Chla/Chls, net photosynthetic rate(Pn) , water use efficiency(WUE) , quantum yield of electron transport at
PSII(pPSID and coefficient of photochemical quenching(gP)of three polygonaceae plants. In the low and medium
concentrations of Al treatments(25~100 uymol » L'1), the biomass was significantly promoted in P. lapathi folium,
significantly reduced in P. per foliatum, promoted firstly and then reduced again in P. hydropiper compared to the
control, Meanwhile, the chlorophyll content,Chla/Chlb, Pn, transpiration rate( Tr-) , intercellular CO, concentration
(C1) ,maximal photochemical efficiency(Fv/Fm) and P were not significantly changed in P. lapathi folium and P.

hydropiper,but WUE, ¢PSII and coefficient of photochemical non-quenching( NPQ) were significantly decreased in

KR EE. 2010-09-16  fSE B 2010-12-20

EL£ME. BREEARB%ESE (30760108 LT 4 A AR % 4 (2010GQN0122) s TLFG 4 # & JT BB 11207 H (GJJ08419)[ Supported by the National
Natural Science Foundation of China(30760108) ; Natural Science Fundation of Jiangxi(2010GQN0122) ; Scientific Program of Education Department of
Jiangxi Province((GJJ08419)]

fEE BT XFR1980-), B ITWHHEMA L+ QI8 FEN S Y LA BMIFR, (E-maiD) qliu2006@163. com,



228 i - G|

31 %

P. hydropiper only. However, in P. perfoliatum, leaf photosynthesis, transpiration and chlorophyll fluorescence

characteristics other than Ci, Fu/Fm, were decreased remarkably. These results indicated that P. lapathifolium

could enhance the tolerance to Al stress under low and medium Al treatments by maintaining steady chlorophyll con-

tent, Chla/Chls,WUE , Pn, photochemical reaction efficiency at PSII and increasing non-radiative dissipation of ab-

sorbed excitation energy through NPQ.

Key words: aluminum stress; polygonaceae plants; photosynthesis; transpiration; chlorophyll fluorescence character-

istics
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Effects of aluminum on aboveground and underground biomass of 3 Polygonaceae plants

AR F R IR —EY & L EEE P<0.05 KF EEREHE

Data with different letters within a plant indicated significant differences at 0. 05 level
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Table 1 Effects of aluminum on chlorophyll contents in leaves of 3 Polygonaceae plants
W4 % Chl F W R B ¥ BF Concentration of AICI3 (pmol « L)
(mg -+ g! FW) Dt 0 25 50 100 400
species
HGEEa g e 1.9840. 14a 1.9640.12a 1.93+0. 21a 1.8340. 20a 1.59+0.15b
Chla FLAR A 0.98+:0. 08a 0.93%0. 06a 0.82+0.08b 0.7940. 04bc 0.6610. 04c
B 1.5140. 23a 1.46+0.12a 1.4440.12a 1.41%0.17a 1.31%0.13b
HEE b AL 38 0.7240.05a 0.71+0.03a 0.71%0. 05a 0.69+0.07a 0.6340.04b
Chls FLAR I 0.45+0.01a 0.45+0.03a 0.4410.02a 0.41-+0.02ab 0.39+0.02b
R 0.561+0.03a 0.55+0.02a 0.56+0.03a 0.54+0.03a 0.55%0.01a
BHgE ER A 25 2.70%0.19a 2.68+0.16a 2.64+0. 26a 2.52%0.27a 2.2240.19b
Total chl FLARIH 1.44+0. 10a 1.3840.08a 1.26£0.09ab 1.20+0. 06b 1.05%40. 05¢
B 2.0730, 26a 2.01%0. 14a 2.00%0. 15a 1.9540. 20ab 1.86+0.14b
M4 & a/b B g 28 2.77%0.21a 2.75+0.15a 2.72£0. 24a 2.66%+0.2la 2.5140.18b
Chla/Chlb FLARH 2.17+0. 10a 2.06+0.12a 1.8940. 14b 1.81%0.07b 1.7240.05¢
B 2.68%0. 26a 2.67+0.18a 2.59+0. 15a 2.63+0.20a 2.38%0.15b

E: A—THE AUMARFRER P<0.05 KPFLEREE, FH.

Note: In the same row,different letters indicated ‘significant differences at 0. 05 level. The same below.
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Table 2 Effects of aluminum on photosynthetic parameters in leaves of 3 Polygonaceae plants

KA R A Rl 2 ¥ Concentration of AlCl3 (pmol « L'1)

Photosynthetic Plant

parameters species 0 25 50 100 400
Bt EHE R BR R nf 3 20.8%2.21a 21.1%1.37a 20.431.91a 19.8+1.67a 17.3+1.12b
Pn LA IH 13.7%1.12a 10,440, 96b 9.89#+0.75b 8.6440,47c 6.8440.54d
(pmol » m? « s1) B 16.5%1.01a 16.9%1.25a 17.8-+0, 85a 16.4%1. 34a 13.3+1.11b
i3y AR 3 318.9422. 1a 321.6+109. 4a 313.6+16.7a 302.9+16. 2a 341.7£27. 4a
Gs FLAR I 376.7428.6a  323.1+31.7ab  354.6+27.6a 299.2+15.2b 231.9+11.9¢
(mmol » m? + s1) B 303.4%17.9¢ 356.7+28.4b 383.4+34. 6a 314.2414. 9¢ 316.5423. 3¢
Mijal CO; ¥ E RNt 3 239.1412.7a 243.4+21. 4a 256.3+14. 4a 245, 3427. 3a 246.24+23.9a
Ci LA 267.1+12.1a 236.2+9.87b 268.51+16. 4a 241.7+17.5ab 250.3+14. 1ab
(plo« LYY B3 247,47+26. 3a 252.6%31. 2a 258.4+13. 8a 245.9+11.5a 252.1%+23. 1a

£3 BNINERNEYHAZBEZRNASFAYLENLW

Table 3 Effects of aluminum on transpiration rate and water use efficiency in leaves of 3 Polygonaceae plants
y y

LR B 8 JE Concentration of AICl3 (pmol « L)
i H Item Plant
species 0 25 50 100 400

2 R T R 3 7.0140. 44a 6.9440.31a 7.0340. 452 6.9240. 68a 7.45340. 84a
Tr FLAR A 6.76+0.34a 6.2140. 46a 6.1740.82a 5.7240.76b 4.690. 31c¢
(mmol » m2? « s1) i 5.104:0.47b 5.3640.59b 5.8940. 44ab 5.8240.71ab 6.3540. 68a
K 43 ) % 2 [E 2.97+0.17a 3.04740. 24a 2.9040.19a 2.8610.23a 2.3240.12b
WUE AR A 2.034+0.11a 1.67+0.13b 1.60+0. 08b 1.51%0. 12be 1. 4610, 07¢
(pmol * mmoL.1) M 3.24+0. 242 3.25+0.32a 3.02+£0. 24ab 2.82%£0.21b 2.09-0. 15¢

2.4 M EREYH R EBERM KA AREY
A1)

B 3 A 41,400 pmol « LT 4BAPH T 3 Fh3f}
R RS FI A SRR (WUE) ) & 3 F M, 6 BB il R
(T RAEHMRARE TR, W HEAHEEMNO
W2 100 pmol « LB, BN WUE To 8 3% 4F
16, AL A A B3 WUE 4> BI7E 25,100 pmol « L*
BAb PRI 40 2 T R R RS Tr Bk
A& ATARIALE 100 pmol « L4840 PR B 2 T %
(£ 3D, RPEAHBEMT 3 HEHEY WUE, H
w3 Lk B A I B (R MR S e

2.5 BNEREYHAIHZERLSEHIHW
H& 4 LIEH,.3 FERMY PSIT & K6k
FRB(Fo/Fm)EM B R HRRE B EEER,
YLH 3 R RHE Y R LT A LA B T
ArEA e . 400 pmol « LM 4BALEE & F,3 F
FRAEY) PSIL LA T & & F 3 (oPSID
L2 K R E(qP) ¥ 8 25 F B, 3R WY o5 Wk B2 4R e
1 ERE EBAR T PSIL R O Y64k 25 53K
RRHEAREE., MELEHEAHT, BiH A 2K
BEM O 3% 100 pmol « L, B #0438 oPSII F1 P
HEAI ) B A B EEE R, FLRH oPSIL A ¢P
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43 BIFE 50,100 pmol » L 4B 4bFR I FF 46 B % T K&,
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Table 4 Effects of aluminum on chlorophyll fluorescence parametersin leaves of 3 Polygonaceae plants

AH ) #3¥ Bf Concentration of AICl3 (pmol « L'1)
5 H Ttem Plant
species 0 25 50 ) 100 400
PSII £ K [ AU 0.837£0.021a  0.83340.012a  0.83140.026a  0.82940.009a  0.833=40.011a
FetbE R FLAR I 0.84140.013a  0.84320.008a  0.84474-0.007a  0.82240.023a  0.82820. 034a
Fu/Fm B 0.85140.037a  0.84940.046a  0.85320.062a  0.848+0.018a  0.828%0.015a
PSITJL G T B n 3 0.768+0.034a  0.736+0.08la  0.757£0.016a  0.75440.025a  0.658%0.031b
16 30 B TR FLAR IS 0.734+0.051a 0.70240.077a  0.63040.033b  0.56340.042c  0.40240.015d
oPSII B 0.63940.023a  0.63440.054a 0.631+0.04la  0.554%0.053b  0.461+0.018¢c
S Ak 2% A R 3 0.986+0.048a  0.9294+0.04la  0.943:+0.035a  0.99640.126a  0.943240.012a
YEKFZHU FLAR A 0.969-£0.016a 0.916+£0.076a  0.971+0.078a  0.86540.034b  0.77940. 064c
qP B 0.96140.034a  0.963+0.116a 0.97810.077a 0.87420.075ab  0.756-£0.036b
Bl i [ AU 0.3114+0.012a  0.3214+0.017a  0.322240.008a  0.331-0.041a  0.337+0.023a
FREB FLAR A 0.2764+0.03la  0.27430.015a  0.22320.006b  0.214+0.008b  0.20440.261b
NPQ B 0.414740.029a  0.398+0.042a  0.357-+0.047b  0.341£0.039b  0.289+0.021c
IR RE I 2 Xt 6 HE IR I AL R LR E AR O B E AR
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