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Effects of arsenic on carbon metabolism in flue-cured tobacco Nicotiana tabacum
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Abstract Arsenic a high toxic heavy metal is one of the most serious contaminants in soil and potential threat to crop
growth and human health. Carbon metabolism plays an important role in growing period and formation both of yield and
quality in flue-cured tobacco. It is necessary to study arsenic toxicity to carbon metabolism in flue-cured tobacco.
Therefore a systematic experiment was conducted on the farm of Henan Agricultural University Zhengzhou China. Using
Yunyan 85 planted in 400 mm x 340 mm plastic pots treatments were layed out with 5 arsenic levels of 0 CK 5 20

40 and 60 mg kg' added as sodium arsenate Na, AsO; 12H,0  to determine the effects of arsenic toxicity on
metabolism of carbon. The results showed that arsenic toxicity significantly affected carbon metabolism during the whole
growing period. Chlorophyll content photosynthetic rate and sucrose synthetase SS synthetic direction activity of the
leaves during the growing period as well as activity of sucrose phosphate synthetase SPS after budding stage were all
decreased. But activity of SS  decomposition direction and content of soluble sugar during the growing period increased.
The results suggested that carbon assimilation and sucrose synthesis in flue-cured tobacco be inhibited and sucrose
decomposition be accelerated as a result of arsenic toxicity which was not favorable for carbon transformation. It was also
indicated that activity of soluble starch synthetase SSS both at rosette stage and harvest stage and accumulation of starch
at harvest were inhibited SSS activity at budding stage activity of adenosine diphosphoglucose pyrophosphorylase ADPG-

PPase during the growing period and starch content both at rosette stage and budding stage were all increased by arsenic
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toxicity. Therefore arsenic toxicity caused the disorder of carbon metabolism and decrease in starch content during the later

part of the growing period.
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Table 1 Effects of arsenic on chlorophyll content and photosynthetic rate in flue-cured tobacco

Chlorophyll content

-2 -1
pmol m™* s

Photosynthetic rate

mg kg'l
Treatments
Rosette stage Budding stage Harvest stage Rosette stage Budding stage Harvest stage
CK 34.2aA 46.8 a A 28.2 a A 19.6 a A 19.5a A 18.3 a A
5 32.3 ab AB 44.4 a AB 27.0a A 18.3 a AB 19.0 a AB 18.5a A
20 30.6 b B 41.4b B 22.1bB 17.6 ab ABC 18.6 a AB 17.8 ab A
40 29.3 b BC 38.5¢cB 18.2b B 15.6 be BC 19.8 a A 15.7b A
60 25.5cC 31.6dC 13.8 ¢ C 14.7cC 16.1 b B 9.8¢B
0.05 0.01 NS

Small letters mean significance at 0. 05 levels

significance in the same column. the same below
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2 SS SPS
Table 2 Effects of arsenic on activity of SS synthetic direction and SPS in flue-cured tobacco pwmot g~} min !
SS SPS
Sucrose synthetase synthetic direction activity Sucrose phosphate synthetase activity
mg kg ™!
Treatments
Rosette stage Budding stage Harvest stage Rosette stage Budding stage Harvest stage
CK 0.846 NS 0.856 NS 0.909 a A 0.842 b 0.856 NS 0.893 a A
5 0.844 NS 0.855 NS 0.889 b B 0.857 a 0.855 NS 0.892 ab AB
20 0.843 NS 0.852 NS 0.887 b B 0.855 ab 0.854 NS 0.889 b AB
40 0.845 NS 0.851 NS 0.880 be B 0.858 a 0.850 NS 0.867 ¢ C
60 0.845 NS 0.848 NS 0.876 ¢ B 0.850 ab 0.851 NS 0.884 be BC
2.2.2 SS
SS UDPG .
SS 3 3 3 SS
CK 5 mg kg CK CK
3 CK
CK
3 SS

Table 3 Effects of arsenic on activity of SS decomposition direction and content of soluble sugar content in flue-cured tobacco

Ss FW  pmot g~ min~! DW  pg g
Sucrose synthetase decomposition direction activity Soluble sugar content
mg kg™
Treatments
Rosette stage Budding stage Harvest stage Rosette stage Budding stage Harvest stage
CK 1.538 b B 2.005 ¢ C 3.274d C 37.564 b 67.321 d C 73.419 NS
5 1.943 a A 2.224 ¢ BC 3.634 ¢ B 38.256 b 74.043 ab AB 74.834 NS
20 1.691 ab AB 2.497 b B 3.789 a A 39.051 b 71.680 ¢ B 73.800 NS
40 1.819 a AB 3.148 a A 3.666 b B 46.870 a 73.011 be AB 75.074 NS
60 1.717 ab AB 3.252 a A 3.598 ¢ B 47.658 a 75.012 a A 75.580 NS
2.3
2.3.1 SSS ADPG-PPase
SSS  ADPG-PPase SSS ADPG-PPase
4 4 SSS
5 mg kg SSS CK
CK
DPG-PPase 1- G-1-P ADPG ADPG
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2 ADPG-PPase 4 3 ADPG-
PPase CK 40 mg kg™ 60 mg kg™ CK
CK ADPG-PPase
ADPG-PPase
4 SSS ADP-PPase
Table 4 Effects of arsenic on activity of SSS and ADPG-PPase in flue-cured tobacco pmot g~ min ™'
SSS ADPG-PPase
Soluble starch synthetase activity ADPG-PPase activity
Treatments
-1
mg kg
Rosette stage Budding stage Harvest stage Rosette stage Budding stage Harvest stage
CK 1.291 a A 0.989 c¢d BC 1.493 a A 0.931b 0.810b B 1.171 b B
5 1.268 a AB 0.946 d C 1.479 a A 0.992 b 0.834 b B 1.302b B
20 1.231b B 1.011 ¢ BC 1.352b B 0.948 b 0.835b B 1.343 b B
40 1.229 ¢ B 1.071 b B 1.345b B 1.277 a 0.897 b B 1.498 b B
60 1.227 ¢ B 1.376 a A 1.323 b B 1.097 ab 1.380 a A 2.083 a A
2.3.2
5 CK 40 mg kg™
CK
5 pe g !
SSS Table S Effects of arsenic on content of starch in flue-cured tobacco
ADPG-PPase
Treatments .
- Rosette stage ~ Budding stage ~ Harvest stage
mg Kg
3 CK 11.517 ¢ C 10.508 e E 17.497 a A
1 5 10.668 d C 12.615dD 16.180 b B
20 11.216 cd C 14.471 ¢ C 14.110 ¢ C
40 16.506 a A 25.646 b B 16.151 b B
60 14.881 b B 36.269 a A 15.766 b B
3 10
4
> Marin ~ * Cd Pb
24
ATP ’
2
SPS SS
SPS SS
JHA ’ Jha 7 o- B-
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