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Effects of selenium added to soil on physiological indexes in flue-cured tobacco
XU Zicheng', SHAO Huifang', SUN Shuguang”, ZHENG Cong'”, WANG Jian®, YAN Tiejun’

1 College of Tobacco Science, Henan Agricultural University, Zhengzhou 450002, China

2 China Tobacco Hubei Industrial Corporation, Wuhan 430051, China

3 Wuyishan Tobacco Company of Fujian, Wuyishan Fujian 354300, China

Abstract; Selenium is an essential trace element for humans. It plays important roles in eliminating peroxide, thereby
protecting cells from damage and delaying aging. Se also has significant effects on crop growth and quality; appropriate
amounts of Se can enhance resistance, increase crop yields, and improve many quality attributes of crops. When supplied at
the right concentrations, Se not only increases the growth and quality of flue-cured tobacco ( Nicotiana tobacum) , but also
decreases the amount and toxicity of harmful substances in tobacco smoke, especially tar. Therefore, Se-rich tobacco may
alleviate the harmful effects of smoking on the body by suppressing tumors. The aim of these experiments was to produce Se-
rich tobacco leaves, which have the potential to improve the safety of tobacco raw materials. We tested the effects of Se on
flue-cured tobacco ( variety K326) grown in pots. Se was added to soil at seven different concentrations; 0, 2, 5, 8, 12,
16, and 24 mg Se/kg soil. We evaluated the physiological properties, Se content, and Se accumulation rate of tobacco
during the growing stage. The results showed that increasing concentrations of Se in the soil were associated with greater
growth inhibition or even death of tobacco plants. At concentrations of Se less than 8 mg/kg soil, the survival rates of
tobacco were 100% . In contrast, at Se concentrations of 12, 16, and 24 mg/kg soil, the survival rate of tobacco plants was
81.25, 75, and 56.25% , respectively. At low concentrations ( <12 mg Se/kg soil) , Se promoted tobacco growth and
resulted in greater accumulation of above- and below-ground dry matter, compared with those of the control (P<0.05). At
higher concentrations (>16 mg Se/kg soil) , Se resulted in decreased dry matter compared with the control (P<0.05).

These results demonstrated that Se satisfies the Bertrand biological dose law, in that low concentrations promoted plant
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growth while high concentrations had an inhibitory effect. Low concentrations of Se ( <8 mg Se/kg soil ) were associated
with increased concentrations of chlorophyll a, chlorophyll b, chlorophyll a+b, and carotenoids in flue-cured tobacco
leaves, and increased activities of superoxide dismutase (SOD) and peroxidase (POD). Higher concentrations of Se ( =12
mg Se/kg soil) decreased SOD and POD activities, which could lead to inhibition of tobacco growth or even plant death. In
an appropriate range of Se concentrations, the concentration of malondialdehyde ( MDA; a breakdown product of lipid
peroxidation) decreased with increasing soil concentrations of Se, indicating that Se alleviated membrane peroxidation. In
addition, POD activity increased and SOD activity decreased during the growth period, and the MDA content was lower in
the middle growth stage than in the earlier and later growth stages. The Se content in flue-cured tobacco leaves increased
with increasing concentrations of Se in the soil. The rate of Se accumulation increased at the early growth stage and then
decreased. The maximum Se accumulation rate was observed at a concentration range of 5—12 mg Se/kg soil. Moreover,

there were strong correlations between Se content in flue-cured tobacco and most other physical indexes.
Key Words: selenium; flue-cured tobacco; physiological properties; soil

F1 1973 4EAG 6 A B DA A 80N E I AR TE R TT 3R 2 — DR, Tl B 52 ok 122 315G 1
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MR R TE | T g IR 0. 16 we/g, LN 2.02% |, Blif# A K 64.3 mg/kg,

WAL N 17.5 me/ ke, SALH N 159. 5 mg/kg, pH {E R 7. 21, FHE F3¢He it CEC 4 18. 4 cmol/kg, XI5
m oA K326, AARIRE SR FH AR 40 em 5 35 em (¥R, BEAE R £ 20. 0 ke, K50 AR Sk 40 A 40 0 it
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(12 mg/kg) \T6(16 mg/kg) \T7(24 mg/kg) , BV %5 43 it FHAR AL 0.,0. 04 ,0. 10.,0. 16 ,0. 24 0. 32 0. 48 mg/
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1.2.3 Sitabrnik

RIE AL PR SPSS17. 0 Ge it 4234 .
2 BER55H
2.1 RI[RI GG X KA SR A5

JERe 2 A R A2 10 Jo AR A T e e B A D 2 o o M A e, B v BT M AREAE 7d 5 R AT
P (R 1) SE T L A AR S A3, A B T SRR B A FET R, Y - A IR <8 mg/kg I, 4%
AL BEARARAT 15 R38R 100% 5 24 3R =12 mg/kg B, 45 A0 BRARARAT- 6 0052 81.25% 75% .56.25% ,
TR A B T R AnSET

R HERXEEFE R AR

Table 1 Effects of selenium on the survival rate of flue-cured tobacco

Ib B il J3E TRAG 5 A FAIG REL TG
Treatments Concentration of Se/(mg/kg)  Content of Se per pot/g Survival plants Survival rate/%
T1 0 0.000 16 100. 00
T2 2 0.087 16 100. 00
T3 5 0.219 16 100. 00
T4 8 0.350 16 100. 00
T5 12 0.523 13 81.25
T6 16 0.701 12 75.00
T7 24 1.051 9 56.25

2.2 AN[E] ARG e X 95 AR A A 1 R il

TE 5 J0 A R AN R HEA 70 A (3R 2) SR T PRV BE AT X6 6 0 26 A (2 A T, > - AR BE7E 12 mg/
kg AT BT, g A b RN b0 T SRR 2, 550 B LU 344 T84 ( P<0. 05) 5 24 - BRI B =16 mg/kg
Bk, AN ) B 400 b S A 38 ) T o A O AT T N (P<0..05) o 4 IERVR Bl 8 me/kg B, BEANBT
H bR T4 o FH B A TR B AR AL, 5 X6 BEORE L 43 S 34 0 T 35. 68% 26. 18% 50.95% 41. 05% ; b T
THEAES 30,60 175 KAFIRE] T HARAE, 55X AH A 31N T 73.44% .10.55% 26.73%

F2 WIEEM EAREMERF g
Table 2 Influence of Se on overground part biomass of flue-cured tobacco
A5 FKAEL Days after transplanting/d

fifi e i/ (mg/kg)

Concentration of Se 30 45 60 75

BfE FW*  THEDW'  EEFW  FEHDW B FW T DW i T FW TH DW
0 15.65e 2.70d 84.23e 11.88cd 265. 10d 23.32d 787.24d 80.31d
2 17.35d 2.92¢ 86.25d 12.00c 344.87b 29.58b 946.38b 105.00b
5 18.25¢ 3.0lc 100.51b 13.22b 346.26b 29.23b 928.01c 98.74c
8 23.35a 4.02a 112.21a 14.99a 367.44a 35.10a 956.55a 113.28a
12 20.15b 3.51b 96.25¢ 10.78d 303.73¢ 26.43c¢ 951.35ab 111.08a
16 12. 15¢ 2.26e 71.67f 7.67e 150.38e 14.76e 696.99¢ 73.46e
24 7.62¢ 1.06f 65.56¢g 7.50e 111.02f 10. 87f 327.70f 37.34f

# Fresh weight; * * Dry weight

2.3 OR[mIth X R A S R SR A N RS RN

4 fR s mTLAE W EEAE KSR et a 4K b LR a+h LIS E M ES RS
g b v B A R N R I ST R S BRI AR A 15 B A 3 1) v S TR P B T FR I R 8 (R 0 R A K
PR AR RIS MR SR, Y IR 8 mg/ke B, AR a 1 E R AEAS A A ] 500 R
LA AN T 5. 54% 28.75% 31.99% .6.57% , M4k % b By & w43 B3N 1 26. 75% 54.14% 41.16%
4.01% W5 E a+b RS BIIEIN T 14. 75% 35. 73% 34. 54% 5. 86% , #H % N R & &0 0T
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159.9% .138.02% 41.16% 19.41% ;>4 T HEMYEE =16 mg/kg B , & I A HHE# 2K a MR b R
a+b FIZEHAEE NS EITR TR Y SR B R 5 24 me/ke B G KRN Bt S R AR PRS2 5%
MR 22 383 5% B FKF,

%3 WA THEYBHEMN g

Table 3 Influence of Se on underground part biomass of flue-cured tobacco

)5 KEL Days after transplanting/d

i D I C E
&H FW 1% DW GHFW T DW fifs FW  T°H DW i FW 1% DW
0 3.11e 0.64d 12.92¢ 2.33¢ 43.76d 7.87¢ 85.80b 16.76¢
2 3.33d 0.68d 19.41b 2.70b 54.85b 8.17b 91.47a 18.80b
5 3.51c 0.73¢ 21.49a 3.70a 53.03b 8.03be 90.70a 18.75b
8 5.49a 1.11a 16.89¢ 2.64b 61.05a 8.70a 92.17a 21.24a
12 4.92b 1.00b 14.80d 1.92d 47.40c¢ 8.04bc 87.44b 17.04c¢
16 2.71f 0.51e 8.43f 1.58e 23.59%¢ 5.28d 75.99¢ 12.12d
24 1.73g 0.36f 8.57f 1.59¢ 19.33f 4.33e 31.95¢ 6.77e
R4 WXBEAFZRMERE MRSBHHI/ (mg/kg B 1)
Table 4 Influence of Se on chlorophyll and carotenoid content in flue-cured tobacco leaves
—_ AR S5 KEL Days after transplanting/d
Concentration of Se 30 »
(me/ke) WA IPEEL MR ah RBIBNE EER. SHEED  ERab KRB
Chl a Chl b Chl a+b Carotenoid Chl a Chl b Chl a+b Carotenoid
0 0.821b 0.637d 1.458¢ 0.068de 0.814d 0.311c 1.125d 0.124d
2 0.838ab 0.760b 1.598b 0.073d 0.882¢ 0.354bc 1.236¢ 0. 144c¢
5 0.862a 0.720¢ 1.582b 0.152b 0.963b 0.368b 1.331b 0.222h
8 0.866a 0.807a 1.673a 0.177a 1.048a 0.479a 1.527a 0.295a
12 0.828b 0.746bc 1.573b 0.110c 0.855¢ 0.405b 1.260c 0. 146¢
16 0.751d 0.632d 1.382d 0.058e 0.732¢ 0.247d 0.979%¢ 0.118d
24 0.785¢ 0.606d 1.391d 0.058e 0.687f 0.248d 0.935e 0.092e
£S5 TREHEEIEEMERMEAE MRSEHRI/ (mg/ kg B 1)
Table 5 Influence of Se on chlorophyll and carotenoid content in flue-cured tobacco leaves
) F#k )5 KHL Days after transplanting/d
WK I
Concentration of Se 60 »
/(merke) A OPEE L MR ah RBIENE eEa SR gFab KWENE
Chl a Chl b Chl a+b Carotenoid Chl a Chl b Chl a+b Carotenoid
0 0.934b 0.366bc 1.300¢ 0.136¢ 1.163¢ 0.457¢ 1.620d 0.170d
2 0.998b 0.368bc 1.366¢ 0.152b 1.171¢ 0.491ab 1.662¢ 0.176¢d
5 1.045b 0.384b 1.429¢ 0.155b 1.207b 0.474bc 1.681c 0.222a
8 1.233a 0.517a 1.749a 0.173a 1.239b 0.475b 1.715b 0.203b
12 1.209a 0.381b 1.591b 0.162b 1.289a 0.500a 1.78%a 0.187¢
16 0.773¢ 0.303d 1.075d 0.113d 0.949d 0.412d 1.36le 0.168d
24 0.785¢ 0.338¢ 1.123d 0.120d 0.949d 0.392e 1.341e 0. 146e

2.4 SRR £ X 405 A 10 58 A R A Y R iR
2.4.1 A[EEFH POD {5V L

POD &) IZ AEAE TAEYIAAR N B — i M 8 A OR3P 8, B % T A S AP AR A P 3 M LA T A6, s B ot it
TGRS R A R e MR E B L R L AT, 2 I <8 mg/kg B, ARSI POD T
H I ATV R 3G T T i, ELAESS 30 KNSR 60 K I B8 g A~ Ab 3L 55 06 B B T W 2 1 25 5% T 46 45 K
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AR 75 KAEHeE, A T4 LbBRS 0 IR 8] (1) 22 T 7E 5% 7KF EAF) 2 5 Y 30 B >8 mg/ kg I, BN IH
AN[F LR POD 5 Mz Fifi 25 i v J3E o 38 A0 g FAAEG (L TS AE A5 i 300 B 5 0 IR 1) 22 53k 1) T W 8K BBk e
5560 KA 75 K POD 16 M ZE IR FE W & K T5) 30 RANEE 45 K, ZEA R0 LBt B T T5 Ab3
Ah, HAR B AL EER) POD TEPEIEEE 75 K> 60 K>56 45 R>H5 30 K, K50 POD & Bl % A= K 1 19 4E
Kmisg .,
2.4.2 A[FEETHE SOD 1M

R ) T Ak ) A A IR e A AR AR AR P SOD 35 T #R & A A S AR A, X6 AR R P 1 L AR R B AR 4
PERT I 2 ATLIE 2 - ik B <8 mg/kg AiF 4 AN TG SOD TG ERE % Se e J3E A 338 fin i 7+ 75, HL
B 5 T i 2 22 5 X 5 POD TR PR A — 20 24 - eV T > 8mg/kg I, 4 I IR SOD 176 14 Bl 4
Se ¥ FE AIE TN FAA, BR T 55 60 KA T7 AbFRAN Ay 4 AN A A4 b B 556 R 22 [ ) 22 53 a8 3] dl 35K
o FEATRIBS ARG ELB H, T1 T2 (T3 T4 Fi1 T6S A~ALFE(R) SOD 3G PRI A . 55 45 K>H 30 K> 75 K>
60 K, T5 Fl T72 AEFENZRI Ny - 55 45 K>H5 30 K>5 60 K>H 75 K, FEARIH Z [ 19 22 vk L i, H
A 3 RIS 4 WY 2 (8] 25 5 AR IR B /K HA A AN =2 18] () 25 S 24 18 31 I 5 /K

4500y 1600 - it 300 comed5d ke 60d e 750
4000 | “ 1400} e — .
oessntiee L o
@350 . >‘< ; 3 120.0- y .
SH000f e 2 ol
E 2500 L et ‘ N o 3 100.0
a® 0l A § Q 800r
F e B .. 2 ool
e B 1500 F g, ';;:::.‘::::::ZEZ: ~~~~~~~~~~ PO L 5 ool
21000 [ eI ot | £ ook
2 500 | B . . . . ) . ‘
© \ ; L \ ) ) ) 2 0
A ’ T1 T2 T3 T4 T5 T6 T7

T1 T2 T3 T4 T5 T6 T7

Different treatments Different treatments

H1 REEHEALE POD B B2 TREREETLE SOD FHEMLE

Fig.1 POD activity of treatments in different periods Fig.2 SOD activity of treatments in different periods

2.4.3 KA MDA S & HLiR
N IR R o SR AL ) B o it =), IR L 7= A 7.00 e .

)

BORE T - RERCLR , 5 28 11 RS S R A i H 500
. 127 422 430 O B St , S0 26 14 A £ R sool | ET ———
2.00

MDA YR 2 0] B2 XoF 5% 0 40 Jf s 1l — i il 40 1
HE 3 FTLE W R K SR MDA &l
e B2 1) It e th BT SRR S T A U] 1 e
T8 A BRI 22 4 IR i A i B o R E . S
HER MR <8 mg/kg W}, [A]— I 30 AS [R) b 38 49 MDA 5 B3 FEMAEMNKELE MDA 8L

% EXﬂ“,EF{?FH Hﬁ-ﬁﬂjﬁ Fjﬂgﬁﬂi,fﬂﬁﬁﬁ /I\Bﬂ‘ﬁﬁﬂg % /l\ ﬁfi Fig. 3 MDA content of each experiment treatment in
SR ) 2 R R T R e e

A DR X R 22 S XA B T R KO 2 - S vk B >

8 mg/kg I, MDA F = 7E45 30 A I i T HoAth 3 A, H5HE 3 AR 22 7k 8] T 5% WK, 5
3 BT AP Z 8] ) 22 SRR RETA B B K . ANFEIEHAAR R, R TS A0EEE) MDA & 802 .56 30 K>
5545 K> 60 K> 75 K, HAUC TR H B A 45 30 K>H5 75 K>5 60 K>55 45 K I HEMAKIE 3 4
At 114 5 58—~ 00 2 7 1 3 (P<0..05)

1.00

T1 T2 T3 T4 T5 T6 T7

Content of MDA/(mmol/g

Different treatments
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it A S R ARG PRI e 5 ST AT A i e o AR I e AT AR AN [T Ak B KA I e S
RLEAE 4 I AR AR V7 B 58 60 I, 66 KA A b (90 5 i B A A A A S T T N, 26 60 K
Ja e AR R e ) R B A T U S T AT TR AR o [ IR AS () Ak B LU, A ]t Ak RS A -
HR A 5 e g 0 IR AR T 35 22 5 (P<0. 01) , I HLAS [RIE A A2k B[] 9 22 S 0 ik 21 1 A 1 28K F i ad 4
AR PP i R SRR AT DU (B S) | B A SR R A A v 5 Y B R A B AR, X
FEA R IS FROC R I — MR RS RS R 7—11 J8, X8 3R e E A WOSGR B e KA, 24 4 1 v i 1
T <12 mg/kg(T5 AL ) I, Bt S5 At 35 S BB o, 54 kST 06s 0 - G 5 0 B R R 12 i bR
YR B> 12 mg/kg ST, I MR el ) AR SR A O A s e S R B R
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Ko MR R G 5 - A A W A A AR R AT AR SC T (3R 6) L AR R IT MBI b Se 4
Ml R MR AR AR B S A R B SR G KA R R I AR a AR b M SRER a+h Sl
TSR VIR R  HARER a 155 I IS0 35 AR LA 035 1 AR 5%, 2R3 b MIF2R K a+b 7EK5
HAREHR 5 BRI 60 45 5 8 5t 3 A9 SAH 5 (P<0. 05 ) |, FERS R G 55 75 KA 1 S A% i 35 FUMI DG (P
<0.01) ;2KWIE R SIS EICHISCE ; POD Tl PE A SOD IEVEAEA AN IS 5 K5 JA M- i

x6 RBEWMSEYERGRERBRNAXESN

Table 6 Correlation analysis between selenium and biomass as well as physiological indexes of flue-cured tobacco

645 Index 30d 45d 60d 75d

1 E AT FW of overground part -0.657* -0.695** -0.825** -0.806**
Mo b5 DW of overground part -0.637" -0.799 ** -0.777"" -0.715**
i R E FW of underground part -0.423" -0.764** -0.825*" -0.862**
1 FFH DW of underground part -0.452°" -0.733** -0.873 ** -0.868 **
H4%% a Chl a -0.725** -0.649 ** -0.692** -0.701 **
M4tZ b Chl b -0.518* -0.513" -0.593" -0.758 "
M4¢2 a+b Chl a+h -0.621" -0.606 * -0.484" -0.720**
JHAE N2 Carotenoid -0.353 -0.343 -0.292 -0.288

% MDA 0.544 " 0.755** 0.689 ** 0.630 "
ALY AL SOD -0.721** -0.656** -0.776 " -0.714"*
i ALY POD -0.782*" -0.685** -0.706 ** -0.877**
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e H BEAS TRV R B2 A A6 T, FIX BB AR FE AT R BRI T 18, 75% .25. 00% 1 43.75% , B3 KTl 58004
A7 AL N O RFFE 1 ZR I L S0 B >8 myg/ kg Bt 95 MH A A A2 BB AR 587 S0 e P 25 T 8 mg/ kg i
WA IE A, AR AR TR AE KA IS, X AT e 5 48 Sl (a0 S b et B A A A 45 1 5
HERK,

(2) WAF & T TC X A PR RN Y Bertrand A= 4) 701) d LA | RIAER VA B s, Xof A 40 1) A A A A 2500, ok
S UK R AL R )Xo TG X ) R e A ) AR L A 4 i G T 4 SR S T A T AR S 1
R A e, 7 — R R P R A K R R RS, AT S8 = MR RS AR IR A AR I, 24 - S v A 12
mg/kg VLRI, K5 400 b 5B 58490 0 (R R B o 2 0 2 v T IR 2 IR T =16 me/kg B, AS[RIHE
Ho AN R T R B TR, X S e A g R AR— 8, FEH Y b it R e i
FERIAE KA A A SR WL LA RO /K e = Bt A R e ) 4t SR 3 T SR AR T 30 mg/kg B, X 2K A
B A KA REIEVE R, B4 109% —14% 515 T 30 mg/kg B, KA K IFURZ BN K52, =i R, SR AR
IR AT /N ) A S R gy ) A SRt e . AU BEAE 10 mg/kg LA N XN A AR 3l Al
WETEANFEY) AR 20 R A A, T RESE A [R] A4V 4 JHe A A 35 AL LA R A e £ 3 el 2 v 9 4 A2
SIS, R VA% TCHLATG () W SR 37 - 198 I b 55 PR 22 A0 ol 24, 20005 T8 T A0 o) AV 40 % ST A6 PR i ) IR AL
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4R TR L R A B E " A —ECY

(4) MHHYIE 2o e N 2 2 E e RN R A BT B F A S S 2 R o A e 4
[ s £ B 6 P AR RS i . H, 0, & A AR R IRl 40 M B Az 2415 . SOD il A7 76 T S iR N, & —Fh
B AR BT A LA ; MDA J2& RS i 01k 14 5 2800 7= 0, HL 5 6 70 A 2 e 4 B I g ok 4R Ak K OF
POD 7] LLVE R H,0, , BAEYIAR N FEZEHE R RS2 — . ik SOD MDA F1 POD 7] LAE R %€ A P b ik
PR AR R . ARG R, SR T R AR I SR R AR A Pk AR AT 4 SR I . 8 0 A S () B A0
() POD 11 SOD {if- P35 it 2 4= HE A e 3 i 7 v th B 772 TR R a3, I BLAEAS B 30 A i 5 i
POD SOD I PEZ [MIAELE AR R, iAo J0A0G 75 et 5 s 2 =2 [ ) A DG 38035 30 d 3BT, BB 3 Y e
SRR SRS R BT | X 5 B S TORAE S R EE ) Oy AR AR — 2, R E A K & R
2 5 L S A7 — S0 . SR K 0 - 398 2 A S 0 B s 0 o 7 ARG ) A A B Bt O SR I il
JCRMG SHIMEAR P MDA &2 A VIR, ARAFIT S5 SRR . YAl B <8 mg/kg B, 40 LAY MDA
O it 2 G U T 14 T e T RARATG Y - SR IR B >8 mg/kg I, MDA 5 MR FH s, 1 B AR B s o
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Syt 3 - P G A 1 1 0 M I R G R A R B R 1 e 3G s K I v G e e I
Mg I B AR AR RS X IR 2 (0] 1 22 S 3438 8] T i K (P<0. 01) | AS[A] i At A 248 6] 9 22 SR ) 1
K, — BB IRERS RS T—11 AW IS FR 0 R R Y AR gE R I b A R 45 Ak

http ; //www. ecologica. cn



7186 A E = 314

RS AR F il 9 B RSB R AE R RS 5 75 TR B AH 5 B 39 v i 55 B pg SO, e A i ) AR SR AR B B
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