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Abstract: The quality of crops attracts the attention of many scholars, and tobacco crops are no exception. Tobacco
produced in the Fujian and Yunnan ecological regions is distinguished by its delicate fragrance, while tobacco produced in
Henan is famous for its strong aroma. Research has shown that meteorological factors cause these differences, although
evaluating how the meteorological conditions of any ecological particular region influence the flavor of tobacco has proved
difficult. However, use of the stable carbon isotope technique, which has been widely used in ecological studies, provides a
possible approach for solving the above problem. Many studies have demonstrated that the amount of 8 C ( stable carbon
isotope composition ) found in plants is influenced by environmental conditions, such as temperature, moisture,
illumination, and so on. In addition, 8" C has been closely connected with various physiological characteristics. Therefore
the amount of 8" C found in plants could be a link between environmental conditions in a region and the resulting
physiological characteristics of individual plants. This paper investigates the distribution of §”C in the ecological regions of
Henan, Fujian and Yunnan provinces, China. We also wanted to know if the amount of §"C found in plants could be used
to evaluate the effect of the environment on the quality of tobacco.The Tobacco cultivar K326 was planted in three different
ecological regions; one test site was located in each of three provinces, Henan, Fujian and Yunnan. During the tobacco

growing season, the Fujian and Yunnan test zones have adequate precipitation and low average temperatures (20.8 °C and
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22.8 °C, respectively) in contrast to the Henan test zone, which has sparse precipitation and high temperatures (25.7 C)
that are not as favorable for growing tobacco. Mature leaves from different leaf positions (from ground to top, selecting the
7", 10" ,13" and 16" leaf from tobacco plants) were collected as test samples; then, 8 C, total organic carbon, total
nitrogen and LMA (leaf mass per area) were determined. The results suggested that the 8" C levels in both Yunnan and
Fujian tobacco increased with leaf position. The 8" C of Henan tobacco did not exhibit this trend. The 8" C in samples from
the Henan test zone ranged between —27.3 %o and —31.2 %o, averaging —29.7 %o. The §"C in samples from the Fujian and
Yunnan test zones had similar levels and were between —24.0 %0 and —27.1 %o and between —24.6 %o and —28.6 %o,
respectively , averaging —26.3 %o and —25.6 %o, respectively. Henan tobacco had the highest leaf total nitrogen content, but
the total organic carbon content, C/N ratio and LMA were lowest in Henan tobacco. However, the data for each
measurement of Fujian’s and Yunnan's tobacco leaves were quite similar. Additionally, while Fujian and Yunnan tobacco
obviously had similar physiological characteristics, they were quite different from Henan tobacco. The correlation analysis
suggested that 8 C was negatively correlated with total nitrogen, and positively correlated with the C/N ratio and LMA. In
conclusion, based on the relationships of 8" C with total organic carbon and total nitrogen, 8" C could provide a link for
biochemical coupling between nitrogen and carbon metabolism. Plastid segments, nicotine, protein and neutral aroma
constituents, which are known to be decisive factors that determine tobacco quality, were all allied to nitrogen and carbon
metabolism. That is, the results verified our hypothesis that 8 C could be a link between meteorological factors and tobacco
quality. In summarizing the above arguments, we believe that 8" C can be used to evaluate the effects of environmental

variables on tobacco quality.
Key Words: tobacco; ecological region; 8" C; C/N ratio; LMA (leaf mass per area)
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Table 1 Basic chemical character of soils

U ‘ KR e A
L L AU 25 o 24 WIRILR A P
. pHfH  Organic matter/ Hydrolysable N/ Available P/ Available K/
Test site Total N/% Total P/ % Total K/%
(g'kg) (mg/kg) (mg/kg) (mg/kg)
MONE) 6.21 24.4 0.128 0.075 1.19 112.8 94.9 263
iy 5.60 27.8 0.148 0.075 1.88 189.9 61.1 92
=~ 5.77 27.8 0.207 0.097 1.81 130.6 81.4 344
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Table 2 Meteorological factors of each test site during tobacco field growth period

i, P/ C SPIARRR I/ % Rk Bt/ mm B H IR h R2/C
Test site Average temperature Average relative humidity Total precipitation Total sunshine duration Temperature difference
] 25.7 75.4 250.1 707.8 10.4
Tk 22.8 81.0 821.6 - 9.0
Py 20.8 70.7 364.9 610.0 10.0
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Table 3 Contrast of physiological indicators in different ecoregions

Hb a5 SIAIE R FE- ) (E 57C/% R £ A Lt
Test site  Data range and average Total carbon/% Total nitrogen/% C/N ratio LMA/ ( mg/cm?)
g FHME -29.7+0.3 b 38.4+0.5 b 3.0£0.2 a 14.1x1.6 b 3.4x0.3 b

L -31.2—-27.3 35.3—41.0 1.3—3.8 9.8—29.4 1.8—5.2
binyz:s I -26.3+0.4 a 44.4+0.8 a 2.0£0.2 b 25.942.9 a 6.4+0.9 a
bieni | -28.6—-24.6 39.4—47.4 1.3—2.9 13.4—36.9 2.9—10.9
P F¥E -25.6+0.2 a 43.2+0.8 a 2.1£0.2 b 24.5+3.1 a 5.3+0.6 a
L -27.1—-24.0 36.4—47.6 1.0—3.7 11.2—46.5 2.2—8.4
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Table 4 Relationships between 6'>C and the other indicators

Hb A BE AR e Sk £ WA BRA
Test site  Physiological indicators Total carbon Total nitrogen Total C and N C/N ratio
ER 3 -0.215
£ -0.475 -0.649
] WA -0.378 0.978 " -0.476
WAL 0.566 0.431 -0.961 * 0.235
L 0.239 0.662 -0.401 0.656 0.166
JER3 0.889
£ -0.842 -0.982"
E REARE 0.898 0.998 ** -0.968 *
TRA L 0.835 0.981* -1.000** 0.966 *
[FALY 0.899 0.929 -0.960 * 0.910 0.957 "
ps¥ie 0.817
o -0.670 -0.951"
=M RAME 0.848 0.995** -0.915
RA 0.648 0.968 * -0.976* 0.945
[FAlinry 0.653 0.598 -0.330 0.672 0.478
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MR FRECN S IR, MRBEXT 8% C M oM, FUR R R 24 U145 T ol i B BE , (HER I 2 A0 TR R H 48
A5 PREE s AR D R B 2R I A RV R AR 2 S B A S IR A AR

25 BRIk AR 2 B AR A DO 61 C AR , LR BATTIR) ) e A A DX I 67 C (B Y 22 5, OR R
e 2K B S R 7 A B KRR A8 45 C L PT RE = 3 R S R 2l A Ptk ) 2 2% 2H AU kA 0
AR TR BE IR R [ P o B0 1A 1 A 2 DA Pt A [+ T g 8 Pt ) 07 28 2RISR ) SR
32 ARA XA 8% C(EH 5 A: BAR PRI IR R

KRG I 2 P o AR A A BB AR | DL A PR AR 22 6] AR SC PR B A AR | T i o5 A0 S5 AR L i
TR A PRRHEAFAE T A 22 5, 3 AR IXUEI: 67 C B -5 Ho AR BRAS AR O A SCHEAR R W], 67 C (H 5Bk AL

http ; //www.ecologica.cn



3852 JAE = 35 %

W ERIEAXCR, SEAFTEENMHLCKER,

Fent | 6 C M5 A BEARE S BAILEE B VIME, p/p, A AEH T A CO, Bt -4 fr v i
CO, TR Z A AE AR F 152 my , AL BEEPE , b B /U & 58, 1 CO, (b2 32 SAL B, RAL S Kt
LH SR R, 556 A 1EH & FLERE A SC i AR RESZ AR i ) 67 C B, AN IRIG 4% SR 0
3 NSRRI R ST C S AR SR NG, X 5B R E NS, SR, R IE 250 5
BRI AR, SV C EH S M A S R B IE AR — O, R AR T, B AR AR
FL G B 30, CO, [ 3G, p /N, 87 C EIG I, 59—y T, & A il Bt B R EE i co, ¥4z
AR AL R, W0 T R AL AT CO, BN , p, Ui/ )N, 85 C B3N, AR5 8L T A0 I i 4538, mT REER #5 4
RACHME A 56, e ARG AR P Bl T 2 A I A N B F A A, I A R R R BT LA
TS R I SR S R SO RIS, e 6 A e 855, (HBLET (56 A . 0 5 55 X Al i 8 C {E 52 1w
PERFEARR, Rt AR R R — M KINNERE , © SE I FELRE o R %), 2UH i & &2 &t
AIEH 8" C M E R, A s a5, 6" C EHEXAEY K p/p, MK WK 5 F R R,
I 8RC B S &R & B2 N E, X Al e 2 AT FH e — N E, 5& A =ML, LMA
ESERHR KIS BE JI5m 55 A ST e b, TMA B0 R IR, H Sl AR R i Sy o | o B 2[Rk Ak
R, FUEE 3 A MBS FE AR E T A, He S (AN A X, AR 8 C SEIE AR, AR TR,
AH AR 8V C S LMA ¥R IEM SR, AU R 9455 . 87 C H'S LMA BiX— K R [FF 205545
BRG0P A S REN LR I ERIE A K LMA  LMA 5 6V C R R E NFaE, A0
BRFE# AN PNUE(P,/N S 280 5 B 106 A BiE F1) T L SEC o8 2 ek i R 0 AL R 05 €0, Bl 2 fr
Z12%) It §UC A — BRI RVEM ., PSRV, PNUE 5 6°C 2 MM R AL (C/N) fE—E
FREE L RE S i s S A /R AR, T R A e L LT3 (i /)N, i A 2 A i 2 L P Y b A
IFH C/N H/NYBIX AR 87 C A/, Li % NI R C/N HfE S 87 C A AR X 54
PRI TS 25 A B, 3 FT BE -t BR S AR i 5 Bl A AR A G

25 LTI, = AU R 14 8 C (B 5 TR , 25 B A 0 0 %) A BRI A R AR AL, EL 5l g R - 22
BB AT R AR 8V C H S e AR A L R IEMAE, SRR T ERE A, X
B 8" C (B RV REAS S L BA BT 25 (1 X6k e MR AR BRAGZE 552 ), BB S e 45 R il AR A R AiE , B 87 C (B 7E—
FETEIE T RBAE S5 6 M0 TR RAEAFIDE 2R YT g e ] A SRR (00 e 5 R AR = [X, A N 2 P, G HE 2 o AR (1)
T 7 AR I P X, BE A 1 R M 67 C (H S5 N A AR AR LA A A M BRI 7 22 [ RS R & LA - 8
C AR Ry 0 22 5 MR A SRS TR 1 B S B , A7 TR IR AT

52 3L HR ( References)

[ 1] XN, D805, oM, HK%E, Be e, ml AR e o el (i s R b BE e e WL A WS RE RS, 1histeA4i, 2010, 28(1) : 37-46.

[2] BaiE, Boutton T W, Liu F, Wu X B, Archer S R. Variation in woody plant §"*C along a topoedaphic gradientin a subtropical savanna parkland.
Oecologia, 2008, 156(3) : 479-489.

[ 3] Feng QH, Mauro C, Cheng R M, Liu S R, Shi Z M. Leaf functional trait responses of Quercus aquifolioides to high elevations. International Journal
of Agriculture and Biology, 2013, 15(1): 69-75.

[ 4] Takahashi K, Miyajima Y. Relationships between leaf life span, leaf mass per area, and leaf nitrogen cause different altitudinal changes in leaf 8 C
between deciduous and evergreen species. Botany, 2008, 86(11) . 1233-1241.

[ 5] ZLopes M'S, Araus J L. Nitrogen source and water regime effects on durum wheat photosynthesis and stable carbon and nitrogen isotope composition.
Physiologia Plantarum, 2006, 126(3) . 435-445.

[ 6] Z=|E, KA, Bdh. PaIbmmmt )y 85 CRMESFREE 7RI 55 TR (6 R RS54, 2011, 35(6) : 596-604.

[7] WuCC, Peng G Q, Zhang Y B, Xu X, Korpelainen H, Berninger ', Li C Y. Physiological responses of Abies faxoniana seedlings to different
non-growing-season temperatures as revealed by reciprocal transplantations at two contrasting altitudes. Canadian Journal of Forest Research, 2011,

41(3): 599-607.

http ; //www.ecologica.cn



11 4] B 45 AR A 25 DR M I A AU Bk ) 3 3R 4LSURFAE 3853

[8]

[9]

[26]

[27]

Livingston N J, Guy D, Sun Z J, Ethier G J. The effects of nitrogen stress on the stable carbon isotope composition, productivity and water use
efficiency of white spruce ( Picea glauca (Moench) Voss) seedlings. Plant, Cell and Environment, 1999, 22(3) . 281-289.

Raeini-Sarjanz M, Chalavi V. Effects of water stress and constitutive expression of a drought induced chitinase gene on water-use efficiency and
carbon isotope composition of strawberry. Journal of Applied Botany and Food Quality, 2011, 84(1): 90-94.

Cai Z Q, Schnitzer S A, Bongers F. Seasonal differences in leaf-level physiology give lianas a competitive advantage over trees in a tropical seasonal
forest. Oecologia, 2009, 161(1): 25-33.

IRKEL, ReRidly, AR, XIS, XCR, 1%, EIERDL WSO R TR L A AR M 61 C AR AR SRR, 2011, 22(11)
2841-2848.

eI, kIR, Bk, INEES, B, ENL REMWLAE R 8 C[H S A IRIRAI R R, WA S, 2008, 19(5)
1166-1171.

B, RS, BRoSH, B, (dER. IR I LA 25 DR R AR Sl v, AR AR, 2012, 31(4) : 870-876.

SR, e e, Z2H, SRk, SFRA. AR ARE R AR S CRITF. P EMEFERE, 2012, 33(4) : 42-45.

R, B, 7, SR, RIARM R RUE BRI A 2 53 (8 X PRETRR BE AmA 1oL, AEZ544R, 2010, 30(14) : 3828-3838.

Gebrekirstos A, Noordwijk M, Neufeldt H, Mitlshner R. Relationships of stable carbon isotopes, plant water potential and growth: an approach to
asses water use efficiency and growth strategies of dry land agroforestry species. Trees, 2011, 25(1) : 95-102.

TEBA, Tt TE X 478 Fh CoAEP M 7 fcte e MR R AR 5 K 3 RIS, MRS, 2011, 35(2) : 119-124.

Correia I, Almeida M H, Aguiar A, Alia R, David T S, Pereira J S. Variations in growth, survival and carbon isotope composition (§C) among
Pinus pinaster populations of different geographic origins. Tree Physiology, 2008, 28(10) . 1545-1552.

XU, EEZ, BT, B30, B, BRI PEACTRBCSHE CHARY 87 C 5 R OC R K H XK R BCR 1R R,
AR, 2011, 31(1) ; 123-136.

LiCY, Wu C C, Duan B L, Korpelainen H, Luukkanen O. Age-related nutrient content and carbon isotope composition in the leaves and branches
of Quercus aquifolioides along an altitudinal gradient. Trees-Structure and Function, 2009, 23(5) : 1109-1121.

X e, A HLE IR e A A BRI BURM RIBEE [ D] R8N AR AR, 2006.

ERAR, SERE, WA, R, TR, TORML, O R, AR XS A UK R IR 52 . 0 A 2524, 2011, 22(9) -
2227-2232.

Zhu L, Li S H, Liang Z S, Xu X, Li Y. Relationship between carbon isotope discrimination, mineral content and gas exchange parameters in
vegetative organs of wheat grown under three different water regimes. Journal of Agronomy and Crop Science, 2010, 196(3) . 175-184.

TRKLT, Rk, SEUERY, XUHESE, MR, A, R CRS R S BRI R 8" C X R R IR . RS AR, 2011, 31(13)
3629-3637.

Hikosaka K, Nagamatsu D, Ishii H S, Hirose T. Photosynthesis — nitrogen relationships in species at different altitudes on Mount Kinabalu,
Malaysia. Ecological Research, 2002, 17(3) : 305-313.

Guo R Q, Ruan H, Yang W J, Liu B, Sun S C. Differential responses of leaf water-use efficiency and photosynthetic nitrogen-use efficiency to
fertilization in Bt-introduced and conventional rice lines. Photosynthetica, 2011, 49(4) . 507-514.

Cai Z Q, Poorter L, Cao K F, Bongers F. Seedling growth strategies in Bauhinia species: comparing lianas and trees. Annals of Botany, 2007, 100
(4): 831-838.

http ; //www.ecologica.cn



