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EFFECTS OF Pb POLLUTION ON PHOTOSYNTHETIC CHARACTERISTICS
QUALITY AND YIELD OF TOBACCO LEAVES

MA Xin-Ming LI Chun-Ming YUAN Zu-Li and XIONG Shu-Ping
College of Agronomy Henan Agricultural University —Zhengzhou 450002 China

Abstract In order to examine the effects of Pb pollution on photosynthesis quality and yield of tobacco cul-
tivar pot experiment was carried out at the Research Station of Henan Agricultural University during 2002 —
2004. Cultivar of Yunyan 85 was treated with seven concentration levels of Ph** 0 150 300 450 600
750 and 1 000 mg kg=' applied with CH;COO ,Pb afier transplanting. Twenty leaves were saved after top-
ping. The net photosynthetic rate P,  intercellular CO, concentration C;  and stomatal conductance G,
of three identical functional leaves from the same position were measured during rosette budding and harvest
stages respectively using a Li-6400 Portable Photosynthesis System. Maximal fluorescence F,, fixed fluores-
cence F, and steady fluorescence F, were determined in the dark for 30 min and maximal fluores-
cence in the light F,,’ with a Hansatech FMS2 photo-fluorometer. PSI[ activity F,/F, PSIl maximum
light energy transformation F,/F, ~ chemical quenching coefficient ¢p  non-photochemical quenching co-
efficient NP(Q  apparent photosynthetic electron transport rate ETR  and the ratio of photochemical quan-
tum yield of PSII ®@ps;;  were calculated . The reductive sugar total N nicotine Kalium contents of tobacco
leaves and yield per plant were investigated.

The results showed that P, G, and C; occurred at the Pb concentrations of 300 mg kg™' in budding
stage and the Pb concentrations up to 150 mg kg~ ' in rosette and harvest stages. F,/F, F,/F, qp
NPQ ETR and @pgy decreased with increasing Pb concentrations resulting in declining ability of photo-
synthetic pigments assimilating light photosynthetic light use efficiency and P, of tobacco leaves. Higher Pb
concentrations led to increases in the ratios of reductive sugar/nicotine 9.52 - 11.96 and total-N/nicotine

1.05-1.23  which are used as the quality indexes of tobacco leaves above the standards 7 and 1 of
high quality of tobacco leaves and then deteriorated the fragrance of tobacco leaves.
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Fig.1 Effects of Pb pollution on net photosynthetic rate P,  intercellular CO, concentration C;
and stomatal conductance G, of tobacco leaves
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Table 1 Effects of Pb pollution on F,/F, and F,/F,, of tobacco leaves
Rosette stage Budding stage Harvesting stage
Concentration mg kg™' F,/F, F,/F, F,/F, F,/F, F,/F, F,/F,
0 7.09+0.185" 0.88+0.003" 5.38+0.128* 0.84+0.034* 6.01+0.558* 0.86+0.011*
150 6.62 +0.580" 0.87+0.010* 3.67+0.108" 0.79 +0.005® 7.08 +0.620° 0.88+0.010°
300 6.48 £0.293* 0.87 £0.005* 3.12+1.012™ 0.76 +0.061" 4.47+0.518" 0.82+0.018"
Pb 450 6.30+0.150° 0.86+0.003" 3.15£0.348™  0.75+0.021™ 4.37+0.339" 0.81+0.012"
600 6.30 £0.594° 0.86+0.011° 2.95+0.329™  0.75+0.020" 4.35+1.203" 0.81+0.040"
750 6.27 £0.692* 0.86+0.013* 2.97+0.335 0.75 +0.022" 4.35+0.897" 0.81+0.029
1 000 6.09+0.711* 0.86+0.015" 2.39+0.076° 0.70 +0.007° 3.88+0.539" 0.79+0.023"
* n=3 p<0.01  p<0.05 Each value was mean+ SE. n =3 . Different

capital letters and small letters in the same column indicate the significant at 0.01 and 0.05 respectively
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2 Pb qr NPQ
Table 2 Effect of Pb pollution on gp and NPQ in tobacco leaves

Rosette stage Budding stage Harvesting stage

Concentration mg kg™! qp NPQ qp NPQ qp NPQ
0 0.90 +0.066* 0.32+0.111° 0.90 +0.054° 0.25+0.070° 0.94+0.069" 0.27 +0.180°
150 0.84 +0.039" 0.12+0.012 0.85+0.072% 0.20 £ 0.065" 0.94+0.033" 0.18 £0.105"
300 0.83 +0.009" 0.12+0.019" 0.76 £ 0. 147%* 0.10+£0.044" 0.93+0.054" 0.13 £0.044%
Pb 450 0.82+0.031" 0.11+0.003" 0.76 +0.032%* 0.10+0.016 0.91+0.022* 0.12£0.045%
600 0.82+0.010" 0.10£0.043 0.75 £0.056"° 0.09 +0.020° 0.89 +0.047* 0.12+0.026%
750 0.79 +0.069" 0.07 £0.035 0.70 +0.032" 0.08+0.011" 0.86 +0.068" 0.09 +0.010
1 000 0.78 £0.004 0.04 +0.008" 0.65+0.179° 0.08 +0.056" 0.71£0.078° 0.08 +0.048"

1 Notes see Table 1
3 Pb ®ps;  ETR pmol m™2 571

Table 3 Effect of Pb pollution on @ps; and ETR pmol m~* s™! in tobacco leaves

Rosette stage

Budding stage

Harvesting stage

Concentration mg kg™ D ETR Dy ETR Dy ETR
0 0.76 +0.046" 80.43 +5.611° 0.72+0.018* 62.57 +2.1844 0.80+0.059* 39.10+3.774*
150 0.72+0.039% 72.36£3.927°  0.64+0.062"  52.53+5.749"%  0.77+0.025"%  38.17+0.755""
300 0.70 +0.004% 68.46+1.116"  0.56+0.050%¢  43.92+4.468%¢  0.74+0.033*"  35.60+3.3314%
Pb 450 0.70+0.028%  66.70+2.218"  0.54+0.039%  43.55+3.812%  0.72+0.008""  34.77+1.876""
600 0.67+0.017" 61.50£1.085  0.54+0.035°C  39.46+3.147°  0.69+0.041""  33.01+1.211""
750 0.67 +0.066" 57.93+6.454"  0.50+0.034°¢  33.61+3.606  0.68+0.050" 30.73 +3.823°
1 000 0.65 +0.020 47.31+£0.867¢ 0.44+0.126° 26.69 + 8.566” 0.55+0.064¢ 17.37+3.277¢
1 Notes see Table 1
4 Pb
Table 4  Effect of Pb pollution on quality and yield of tobacco leaves
/ /
Concentration Total N Reductive Nicotine Kalium Sugar/ N/ Yield
mg kg™! % sugar % % % nicotine nicotine g pot™!
0 2.11+0.095 14.69 + 0.624" 2.12+0.095 1.96 +0.200" 6.93 1.00 165.96 + 6.964*
150 2.07+0.101% 22.81+0.701% 1.91 £0.066™ 2.51+0.137% 11.96 1.08 165.20 + 4.252%
300 1.99+£0.070"  20.27 +0.650" 1.89 £0.072% 1.95+0.082" 10.75 1.05 162.04 + 5.586"
Pb 450 1.99+£0.026"  19.12+0.464%  1.84+0.159" 1.76 + 0. 159%¢ 10.39 1.08 153.00 + 5.5684%
600 1.99 +0.050" 17.39 £0.610° 1.83+0.113" 1.55+0.120™ 9.52 1.09 145.68 + 6.147°
750 1.97+0.053" 17.90£0.251"  1.71£0.192™ 1.24 £0.154 10.48 1.15 129.95 + 5.986¢
1 000 1.96 +0.061" 17.22 +0.453" 1.60+0.187° 1.02 +0.079" 10.75 1.23 125.00 + 5.030¢
Standard 1.5% ~3.5% 18% ~24% 1.5% ~3.5% >2% 3~7 1
The total N reductive sugar nicotine and kalium content were percents of dry weight of
tobacco leaves 1 Others see Table 1
p<0.01 Pb
150 300 mg kg™!
p <0.05 1990
Pb 300 Pb
450 mg kg~! 600 mg kg~!
p<0.01 150 mg kg~! p<0.01 Pb

2%
1999 / /
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