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Hfects of arsenic on development and yield and quality
of flue-cured tobacco

CHANG S-min,MA Xinrming ,ZHAO Xiang-zhang

(Collegeof Agronomy, HE nan Agricultural University , Zhengzhou, HE nan 450002, China)

Abdgract : A systematic experiment was conducted by pot experimentsto determine the effects of arse-
nic toxicity on development ,yield and quality of flue-cured tobacco. The results showed that arsenic toxicity
inhibited development of flue-cured tobacco. It delayed the growing process ,and decreased leaves ,leaf area,
plant height ,and yield. Besdes,it decreased economic properties,such as output value per plant ,average
price ,and ratio of high level ,and chemical quality properties such asincrease in total sugar ,reduce sugar ,
total nitrogen,and nicotine. It also decreased content of potassum,cacium, magnesum and chlorine.
Therefore it resulted in disproportion of sugar-nitrogen , nitrogen- nicotine, sugar-nicotine and potass unr
chlorine. And hence ,arsenic induced decrease both in economic value and in chemical value. The results al o
showed that when flue-cured tobacco was planted in s0il added to 100 mg/ kg of arsenic ,it was s0 affected
that there was no production value. When il was added more than 200 mg/ kg of arsenic;flue-cured tobac-
co could not grow. When s0il was added 16. 89 mg/ kg of arsenic;yield was decreased by 10 %. Arsenic con-
tent in leavesincreased with arsenic addition in il . Accumulation of arsenic in leaves of flue-cured tobacco
was first from lower leaves,to cutters,and then to upper leaves. After cutters were burned at 300 tempera
tures,resdues of arsenicin ash were 39.58 % ,the remaining (60.42 %) were inbreathed by smokersor en-
tered into the air. The arsenic resduesin lower leaves ,cutters,upper leaves and smoke of cutters was less
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than 5 mg/ kg specified in food hygienic standard ,when the critical content of arsenic applied in s0il was
2.63,6.56,13.91 and 12.90 mg/ kg ,respectively.
Key words: arsenic toxicity ; development of flue-cured tobacco ;yield of flue-cured tobacco ; quality of

flue-cured tobacco
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CK ;20 mg/ kg 1 . 3
CK , CK 6 d;40 60 CK, ,
mg/ kg CK . 5
14 d, 8 12d , , CK
1
Table 1 Hfectsof arsenic on growth stage and plant height of flue-cured tobacco
As / /(- ) Growth stage /cm__Plant height
(mg- kg™ %)
Arsenic treatment Rosette stage Budding stage Harvest_stage Rosette stage Budding stage Harvest stage
CK 06-06 06-26 08-23 28.67 NS 148.33 a A 140.07 a A
5 06-06 06-26 08-23 25.20 NS 125.70b B 138.17 a A
20 06-06 07-02 08-23 22.40 NS 125.07 b B 115.67 b B
40 06-11 07-04 08-23 19.40 NS 113.93 b B 105.23c B
60 06-20 07-08 08-23 19.10 NS 81.40c C 78.73d C
1) 2004 2) 0.05 , 0.01 NS

’

Note: 1) The data of growth stage wasfrom the experiment in 2004. 2) Small letters mean sgnificance at 0. 05 levels. Capita letters mean

sgnificance at 0.01 levels. NS and the same letters mean no sgnificance in the same column. The same for the following tables.

2.1.2 2 , CK ;
, , , 100 mg/ kg
CK ’ ’ 3 ’
20 mg/ kg CK , 3 200 mg/ kg 10d
CK, 400 mg/ kg
2
Table 2 Hfectsof arsenic on leaves and leaf area of flue-cured tobacco
As / / L eaves /cm? Led area
(mg- kg~ ')
Arsenic treatment Rosette stage Budding stage Harvest stage Rosette stage Budding stage Harvest stage

CK 11.3a 32.0aA 20.0a A 330.81a A 440.80 NS 880.73a A

5 10.3 a 30.0a AB 17.3 ab AB 286.61 a AB 435.31 NS 863.51 a A

20 9.7a 26.3bB 16.0bB 249.37 a AB 443.37 NS 813.29 a A

40 8.3a 23.3¢cB 11.7cC 149.42 b B 434.96 NS 598.31 b B

60 7.7b 19.3dC 11.3cC 113.63cB 407.00 NS 480.53 b B
2.2 2.3

3 , , 2.3.1 ,
5mg kg , ,
CK ; 20 mg/ kg ,
, CK ( 4
CK 40 60 ,
mg/ kg , CK
) , CK

) 20 mg/ kg , CK
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5 mg/ kg , )
CK , )
CK i) 1 ’ i)
CK [14]
3
Table 3 Hfectsof arsenic on yield and economic properties of flue-cured tobacco
As /(mg- kg 1) /g / I( -kg?t) | %
Arsenic treat ment Yield per plant Value per plant Average price Ratio of high level
CK 103.23 a A 0.760 a A 6.953 a 91.58 a A
5 93.35 b AB 0.576 bB 5.499 b 79.04 bc B
20 85.80cB 0.529 bB 5.102 b 82.01 bcB
40 54.45dC 0.538 b B 5.741 ab 78.69 bc B
60 45.69e C 0.377c C 6.120 ab 75.17cB
2004 , 2004

Note: The data of economic propertiesisfrom the experiment in 2004. Value per plant and average price depended on the price of flue-cured
tobacco in 2004.

4
Table 4 Hfectsof arsenic on chemical components of flue-cured tobacco o/ kg
As /(mg- kg~ 1)
Arsenic treatment Total sugar Reducing sugar Total nitrogen Protein Nicotine
CK 154.926 e D 144.754c C 15.321e E 55.494 d D 6.422 b B
5 203.790d C 189.728 a AB 17.012d D 58.304 d D 7.683 aA
20 208.047 c C 175.887 b B 18.122cC 86.702c C 4.250c C
40 274.254 a A 186.160 a AB 19.226 b B 94.146 b B 4.163d C
60 231.601 b B 191.471a A 21.570a A 113.485a A 3.412e D
2.3.2 K Ca CK , K*
Mg Cl , ca" Mg” ,
5 , 20 mg/ kg ca’* ,Cl , CK
CK, : ca” a- , cl- ,
K* Mg*" C” CK ,
K+
5
Table5 HEfectsof arsenic on content of minera elementsin flue-cured tobacco mg/ kg
As /(mg- kg™ %) + 2+ 2+ .
Treatment K ca Mg a
CK 26.15aA 14.16 a 8.15aA 2.50
5 24.25bB 10.72 b 5.59 b AB 2.37
20 24.18 b B 14.38 a 7.98 aA 2.39
40 24.08 b B 9.50 b 6.15 b AB 2.46
60 20.18cB 9.07 b 5.16 bB 1.94
2004
Note: The data of this table wasfrom the experiment in 2004.
2.3.3 ,
6 ’
CK, , CK

CK, 20 mg/ kg CK , ;
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6
Table 6 Hfectsof arsenic on coordination between two chemical components of flue-cured tobacco

As /(mg- kg~ %)

Arsenic treatment Raitoof TNto NT Raitoof TSto NT Raito of TSto TN Raito of Kto d
CK 2.3718c C 24.051e E 10.121d D 10.464 a A
5 2.214c C 26.525 d D 11.949 b B 10.249 ab AB
20 4.264 b B 48.954c C 11.481 b BC 9.998 bc BC
40 4.618bB 65.881 b B 14.270 a A 9.802cC
60 7.113aA 67.876 a A 10.743 c CD 9.419dD
TN, TS,NT
Note: TN ,TS,and NT mean content of total nitrogen and total sugar and nicotine ,respectively.
2.4 ,
7 L L 3 L > >
7
Table 7 HEfectsof arsenic on content and distribution in leaves of fluecured tobacco mg/ kg
As /(mg- kg 1) Ashin cutters Gasfrom cutters
Arsenic treat ment Lower leaves Cutters Upper leaves | % | %
Content Percentage Content Percentage
CK 0.84eE 0.39dD 0.24eD 1.22cC 38.42 0.22cC 61.58
5 1.97dD 1.04dD 0.61dD 3.80cBC 53.81 0.47cC 46.19
20 5.18cC 2.62cC 1.88cC 5.49 ¢BC 29.67 1.88 bBC 70.33
40 10.79bB 4.41bB 2.49bB 11.56 bB 35.61 2.84bB 64.39
60 13.00a A 8.15aA 5.27aA 23.87aA 40. 40 4.90aA 59. 60
300 , 39.58 %
(7 : 2.5
13.6 %, 7 , ( 8
, 10 %
, kg 60. 42 % , 16.89 mg/ kg
8

Table 8 Regresson anays's between content of arsenic applied in s0il and yield per plant and leaves

/
(mg- kg™ 1)

Index Regresson equation Critical content of
arsenic applied in il
Yield per plant y =- 0.986 0 x + 109. 561 0.9611 * * 16.89
Arsenic content in lower leaves y =0.2224 x- 0.085 4 0.8845 * 2.63
Arsenic content in cutters y =0.1129 x- 0.240 6 0.957 5 * * 6.56
Arsenic content in upper leaves y = 0.0714 x- 0.4935 0.9129 * 13.91
Arsenic content of gasfrom cutters y = 0.0759 x- 0.4798 0.9856 * * 12.90
0.5 mg/ kg mg 12.90 mg/ kg
' 0.5 3
mg/ kg 2.63,6. 56

13.91 mg/ kg, kg 0.5 1)
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