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Effects of ecological conditions on morphological and physiological characters

of tobacco

YAN Kan, CHEN Zongyu "
College of Agronomy and Biotechnology, Yunnan Agricultural University , Kunming 650201, China

Abstract; The effects of different ecological conditions on morphological and physiological features in squaring stage of
tobacco cultivar K326 ( Nicotiana tabacum L cv. K326) were investigated under different field conditions. The test fields
with different ecological conditions were located at Sijie (S), Dayingjie (D) and Xiaojie (X) in Yuxi City of Yunnan
province, respectively. The tobacco planted in D showed best morphological characters. However, the tobacco in S showed
worst morphological characters. Flavonoid content, chlorophyll content and ratio of chlorophyll a/b had no significant
difference among the three planting sites. Content both of carotenoid and soluble protein was the highest, while ratio of

chlorophyll/ carotenoid was the lowest in tobacco at S. The order of P LCP and LSP was test S>test D>test X. When

PAR ranging from 800 pmol-m™s™ to 1000 wmol-m™s™", the order of C,, G and T, was test D>test X>test S, and the
order of WUE was test S>test X>test D. In addition, to ascertain the effects of ecological factors on morphological and
physiological features of tobacco in different sites, the values of gray association degrees were calculated. The results show
that the main ecological factors which influencing stem length, leaf area and contents of flavonoid, MDA and chlorophyll in
K326 were light intensity, temperature, precipitation, UV-B radiation and illumination time, while content of alkali-

hydrolyzable nitrogen in planted soil was regarded as the major influencing factor on carotenoid soluble protein and rate of

P . in K326.
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AU DX 3 2 S R AR 43 BT 8., 3X — B 5 2 B T ALk 1 2 8 R 40X P A R R B DDA G, =
FREIR 00 PR BRI S A, A2 AR 22/, B 2R JEIRTE AL, H O X A WA B R i 14 2% S 26
TSR, R R RN W H 2R B AR R m R B A T — , A Y
FE A R, M Ik S DR AOE Gl KA N R TR EZ UC SR B VT E 1 #) 22 534 DL K ey i T HE
JCA AN [ LSS A R [R)E AE 1  m R 0 A S IRE B e (¥ 2 R R 1 A A 5 S R A A AT
I SEHE 3 26 18, AR 2 A 25 TR0 J AR ) A KRl AT S A2 D SR T, A 25 TN 15 R 25 S A BRI 2
A1 5 28 T KSR ARMERT TR BB GE i J7 5 0 B 48 R 18] ) SRR R (R A0 AT LGE o e 0K 40 S K
TIN5 5 AR S DR PP ek R 25 R A RS AE 7 AR S 1 R BRI R Sl B9, LU T AE Rl —
PR AN ARSI ST R A K AR R SR A AR AE R 22 5 JFRe R B I A2 S RO 5 4 31
FAE-S AR B9 AR A R BEAT TR G SR I A, LA P 2% 32 B0 PR B A SR AE g 46 478 %o 406 0 A A A A 1
Ao
1 #¥5FZ%

1.1 FORHE RS A

PAREHR AL B K326 iR Bbh ), (ARl T, B 1, R AL, ATARER 120emx50em, 336 K M T F %
T FE 7= M XA v B P BRAR(S) (ZU3E XORE BT (D) Al B MBI (X) o #5350 50 2008 4R 2009 4FH
M (5—8 F) BB /K ARk 1,

F1 BiXWAIEFE (2008 4EF12000 4F) SEARSR
Table 1 Meteorological factors during tobacco plant period of 2008 and 2009

R AEAly [%7K Precipitation/mm K Temperature/ °C
Site Year 5H 6 H 7H 8 H 51 6 1 7H 8 H
P (S) 2008 58.5 281.6 203.9 143.8 18.8 19.8 19.7 19.8
2009 44.5 229.9 115.2 106.3 19.4 20.5 20.9 20.1
KEWE(D) 2008 83.8 188.2 273.2 143.4 19.6 20.4 20.1 20.1
2009 56.1 213.5 133.6 121.4 20.2 21.2 21.7 20.8
JINME(X) 2008 66.7 216.8 194.8 126.7 19.6 20.6 20.6 20.6
2009 32.4 139.6 172.5 124.9 20.1 21.6 21.9 21.2

PUASFIINME T 2009 4F 4 H 30 HEFMNET, KEAT 2000 455 H 7 HEHk, 5 M43 24 1 58 7 45
— 1l R AR B RS B SRe R AR TR] 1 R AR K v A = A B R A4 7 FH B A, A 3 MR R B SRR IR 35
PR, DU A BRSO R P A R T e il , 8 A H R 4, /BB I RSP B0 /D | FLZ b DX 2 SO0, i
M5 KA, FEREIRRS R B AR50 K AR TR B EA 700, R AR TR0 W36 20 45 48 i F8 4
B SRR AL A SR R R K

®2 JFRHBRTERARKR
Table 2 Soil fertility of different testing sites

AP B A R AR

pH Organic matter Alkaline hydrolytic N Available P Available K

/(g/kg) / (mg/kg) /(mg/kg) /(mg/kg)
MU (S) 6.26 21.03 229.00 96. 46 67.15
KEH (D) 7.11 15.31 67.51 20.98 32.28
JME(X) 7.02 24.68 90.30 39.90 62.63
C.V (%) 6.87 23.22 67.79 74.88 35.10
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FE 4 M S5 3l AR O R AR K B A BT R, N S A 18 H R FF 4R I UV-B 4 5 5 B IO iR
B, UV-B E 53 (mW/em® ) 2% F 3 [E Cole-Parmer 2% 7] 42 7 i) RADIOMETER 48 41 8 54X ( 3 1% 71 [l
295—395 nm, PO K 312nm ) #EAT8 H G G EE (1x) I E 52 2 BN e T AR P2 0 ZDS- 10 B4 [ Bl
PR, 4 B (TR RERAM) 11:30—12.30 [R] B0 & 25 3050 4 1 UV-B 40 5 5 B2 RO B 2471304005
U BOF-FIE, R B 1 S i B 1) R 25 2 J2 R AR A5, FHRAS 1~ Y (B A 5 2 R Y UV-B 4R 59 98 B
SCRARE . R AR KR A SRS IS AT A S5 MR A BRAERAE KOG 7 2R I 2 L 43R5 i BURE 3 i (5
H18 H—7 H 9 B) WA WL 3, 1l WL UV-B %8 558 B FREK & 12 SRR I R, 5K L,
IR S A SRR TR,

£3 BRBARHINSKEY

Table 3 Main meteorological factors of each test sites

o~ UV-B &5 HIMH JERRSE H 5 {E H 5 H R 4k Rk &t
S‘f UV-B radiation intensity Daylight illumination Temperature Sunshine duration Precipitation
e /(mW/cm?) /(100 Ix) /C /h /mm
Pad(s) 0.39 492.41 19.96 243.0 305.4
KEW(D) 0.55 601.55 20.72 243.0 269.6
JIME(X) 0.65 517.31 20.95 231.0 182.7
C.V (%) 24.75 10. 65 2.52 2.90 24.98

1.2 WEJrk
1.2.1 RZEMHAR

RS b A A ) SE PR O, T B0 SO GT AR 6 A 7 4 SR A ORI 3000 30 B 4 2R e R L T ]
SR 1] 1) N S R R =S B SR £/ 10 e SANTE o s e Wl 1 O = 03 45 SR 7 = W N 1 B S o
Bk 173 R BEAL 6 A1 22 18] BE A SF XM, Rk 58 20 B 55 7.9 11 Bk (O R AR BRI AR R) |
S E AT ARAE(YC/T 142-1998 , KR HEA Z MR 73 ) T3t AL, BP I A (em® ) = I I 58
x0. 6345, BRANREE S FEHLIER 10 BRIEFTINE | SR 5 BUHFH(E
1.2.2 SHEARMEHSEL

F2009 4F7 H 4 H—9 HEFRE A 1A KA RS (EK) ,7E 9:00—11:00 A Li-6400 {E1E00 A
PRI AE 248 (Li-COR Inc, USA) il 5E &80 s R ES 7 1 (6] B) B 58 @ R IF Ry T RE M i iyt & 3 %
(P,) BALFEE(G,) JuE CO, WP (C,) LA HR(T,) FIA AN SET PAR By £k, I 5 1
KT A, = R R E N 25°C, SR I 500 wmol/s, A XTI R 45 i 7 60% —70% , PAR
1 Li-6400-02B LED 2135 6 5 H2 it % B &6 & >~ 1800, 1600, 1400, 1200, 1000, 800, 400,200, 100, 50,20, 0
pmol-m > s™ M EFHTFE M 1200 pmol - m™s™" FFURZE WG MRS TIE T, 75 T 45 A5 P61 16 8 i 1]
PR R AR, A8 T R T ot 5 4UEIUA , BOF S48, AR B E 2 005 3 Ak, SR FH B A BL 2R ASE A 7 i)
B A e S I G R i i 2, AR ERIA R

_AQY X PAR x P,

n = - Rd (1 )
AQY x PAR + P, _
A, PAR OEA A RERST ; AQY AR E TR P, W KIFIE AR R, JREIFI A
FerME R (LCP) B G A RN 0 BFAY PAR SR 24 P =0 B fRA (1) BN SRS EAME AT
LCP = Pomn X Ry (2)

AQY x (P, —R)
BRESCEE ANy A S AR Lt KRG RS A I G RN A5, (LSP ) B, e B HL ) (78 +1) %
BN, RATEHE ZEILL P, SRR KOG R 75% Y PAR FeAdiit Gim A .
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pP,.(0.75P, . +R
LSP - nmdx( nmax d) (3)

AQY x (0.25P, - R,)
KA R R (WUE) HHEAL T .

WUE=P, /T. (4)
1.2.3  AFAALIEbR

KA TFOCAAE AT 5 A Fr, AR OR 6 G0 0] S 00 = o0 A AR B AR Ak F8 hn . 6B (A R TN 0
IKEE(1:1 ARFRLG) 145 H 3 | il 5 663,646,470 nm AEWESGAE M4 a b FIZEHHS N 210 B i R
g SR T Nogues 2610 (7 ik FEAE R 3, B — a2 1 AR A i e PR Ak TP B (SRR TP B =1:99 , (&1
L) ZEARIR (4°C ) BRI R4 240, DLBALT AR Fr 300nm Ab (2 7R B0 & i ( Ay /em®) 5 T S & i
R FABACE bR L gkt nT s 2R A R % S 5 1 -G250 sk, B LA i AL 30K
1.3 HlEabs &t

18 R 6 BRI T RIS S B bR 5 A 25 B P IR0 G BREE . DAAEZS B TR b U EED (X,) %
ZHESHF MR FME NS B EE (X)) , AT KA, IR, R LU B H 5 S B 53 M &
JE FASEAET | ) LB A S 5 5080 B sk iR TR R IR,
Xl(k) B Xi

Si

A, X (k) REIREEJC i A Ab BUS 2520, X (k) SHIRAGEAE, X, AL S, 435 g [6)— 48 b (4 F- 4 (6 bR
2=,

Xi(k>: (5)

min min | Xo(k) = X,(k) |+ p max max | X,(k) = X,(k) |

E(k) = ‘Xo(k) - X.(k) \+pm£ax HiaX‘Xo(k) - X,(k) |

(6)

Ak, €(k) HRECREL, min min| X,(k) - X,(k) | HPIGUR/NE; max max | X, (k) - X,(k) | HPIGEA Iz,
p R HERE ER 0.5,
SRIREE (r) TR AR

= e (M)

JRAG IR 43 A1 A1 222 R AE Excel 2003 F5E A, FlIH SPSS17. 0 G814 #5044 %o B0 98 47 3 B AH G 40 B
(Pearson ) F1Z 5 LA (LSD ¥2%) |, LI A GG 7 gh 2k e 4740 &
2 BER5H5H
2.1 B K326 BUA 2R

TR 4 WA ROE B R R R A i 2508 2RI T[] R R A A T RS /NI X8 SR R A > /N >
PUBT . 3 0 AR 25 i B S 1] 22 SR B B 35K, B IS IR 25 L S KB i 22 Sl 3, RS
BT IR A1 (R PR 5 DU 2 R NBT 1Y) 22 Sl B 3 0 A0 e s A i TR 2 S 4R B e S KO DO T AR S R
B/ NE I 22 S 2 WO 5 /ME Z ) 25 R W3 RS IR A R 3 R IE A DG OE & (P<
0.01) ., TR 5O EIEE 2 0 3 IEAHOC(P<0.05) , 55 7 W T AR 5 - S8 s 50wt 7 1 19 07 AH SC Al J 35 ( P<
0.01) . 259 RS d- ms ik 2 U i) & A B A SCOC R (P<0.05)
2.2 RN RS 8

A5 ASCHH P 2K ST TP DL 1, 2SR A DU S RO A S /N 3 AN U B A 2E AN
K, 5514 30. 65 .30. 18 F129.90 A,y /em®, 250 S 2 A 25 5N 38 ) TN R 2 o0 /N > OB > DU A, 4
A4 12.90,10. 04 F19.51 nmol/cm® , /MEMRIN TN & 5 H B A 22 5 .3
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F4 FilIAEIE K326 BIRZHER
Table 4 Main agronomical characters of K326 in different testing sites
P FH Leaf area/cm’
R 275 £ B e itk Bonl mnl
Test sites Stem length/cm Stem girth/cm Internodes space/cm W W , )
the 7" leaf the 9" leaf the 11" leaf
Py 77.75 Ce 8.05 Bb 3.61 Bb 962.89 Bb 1012.90 Bb 928.62 Be
KREH 127.50 Aa 9.35 Aa 5.42 Aa 1240.76 Aa 1224.74 Aa 1248.57 Aa
/N 88.90 Bb 8.75 ABab 4.08 Bb 1173.98 Aa 1185.01 Aa 1105.81 Ab
[R5 RS PR FR 2R (P<0.01) /NG FRERRIFRR 257 .3 (P<0.05)
2.3 A COERTETEE AR @ o i
35 P, KB EIH4EZ a(Chl a) b(Chl b) g 3sp a2 om=® a
MR () i, Sy mER A, 250 77 g 7
B3 MRS Chl a b DL H44E a/b HfH (Chla/b) 2 ; ol .
g
e S e I a
ZFARWE, WA DR (Car) & iEFE, 5K ;@1 15} 3
PN B AR E o R B H
LSRR B MR I (Chl/Car) /0, BiE S X

FARMA I A W 35 22 5 . Al IR 2R 9 e
S AT W IER R C R (P<0.05) o 2R/
B R HC(ES A 5 R U R (P<
0.05),

P KEH /N
1 Bkl s K326 KEMMA_BHSE
Fig. 1  Contents of flavonoid and MAD of tobacco K326 in

different testing sites

*5 BFHARAK206AEGEENATRIEEASE
Table 5 Contents of photosynthetic pigments and soluble protein of K326 in different testing sites

R M4R a 2R b JSUIE-S S FKE PR AR EH 4% a/b k- v
’; iw“;,“ ) Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid Soluble protein K MK
est sites /(mg/dm?) /(mg/dm?) /(mg/dm?) /(mg/dm?) /(mg/cm?) Chla/b ratio Chl/Car ratio
Pk 2.25 Aa 0.80 Aa 3.06 Aa 0.57 Aa 0.62 Aa 2.80 Aa 5.36 Bb
KE ) 2.32 Aa 0.84 Aa 3.15 Aa 0.49 Ab 0.37 Bb 2.77 Aa 6.49 Aa
JINET 2.18 Aa 0.76 Aa 2.94 Aa 0.48 Ab 0.40 Bb 2.85 Aa 6.14 Aa
2.4 SR R 2R
2.4.1  FOLE A5 YR R H 2R 23
EASUM LA RE AR i s Xt A rhigoe 5 fg i
(P, ) T AT B, X 4 AL BB A B 7 s |
g i
#KF (R =0.994—0.998,P<0.01) , €2 ZH4E P, TS °f e At
s ‘ . ‘ RS 10} —— KA
SO RIS 22 ) Hh ot ma Nt 2, IR RO = £ g | +/J.\Egg1§
N —— PO HFSE
PAR 7F 0—400 pmol-m s [, P WA EE>/NMr> = O f —— R EIE
3 | —e— /NI

5, 24 PAR>400 wmol -m s Ji , K8 A /N A 1
P, KRS, R AR (AR B I L RE
B P ARZE T/ DUBT RN P, ATHOR DA bk B
fn, FHZ W T/ M, PAR £ 400—800 pwmol - m - s™'
BF, P, A REE >V >/ME . PAR=800 pmol »m™s™
BF, PUBTIER: PS5, DU > KB >/ M

St R 2R B RRE S EOILER 6, fe Kot G R

0 200 400 600 800 1000 1200 1400 1600 1800 2000
PAR/(umol'm™s™)

BE2 K326 #XEEEX PAR KNI
Fig.2 Titers of net photosynthetic rate (P, ) to different PAR in

K326 leaf
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(P ) G (LSP) FIOGAME: 5L (LCP) ¥ 5 MU > R E >/, DO K326 19 P, N 29. 48 pmol
CO,- m™-s™" | SUUHTHIEL , KB E F/NET 435K 15. 8% F120. 7% 5 VU LCP 4 28. 42 pmol »m ™™ | K&
FI/INE LG DU 20 B T 22. 4% F132. 4% 5 DU LSP 9 2166. 49 pmol - m ™2 s™" | K E 17 F1/N L PO A5 43 514
34.5% F133.7% , B REOCEHEE S H LRSI B E A E R (P<0.01) o /INERGIFI RN, K
1.38 pmolCO, m™s™" | R TR U 7 8 P 0 W5 IR S 38 85 R 4630, 4390 R 1,59 (1. 57 umolCOym 5™ K
TR (0 2 5% e, R 0. 0767 /N AR I W0 TR0 5 OB T A 3 Lt 250 AH T, O 0. 0740,
DU I ) FR T ROCR A/, R 0..0570, R FR0R 5 1 GG A & = A R B E (P<
0.01),

F6 FiNMWA K326 XMEMEETESH
Table 6 Main parameters of photosynthesis of K326 leaf in different testing sites

. I P IR S SUR T &
) N P M SR s AR ALK
A P, LCP LSP o Aoy R
Test sites " L S /( molCO, - /(molCO, -
/(pmolCO, *m™+s™) /(pmol-m™-s™") /(pumol:m™-s7") .
m2-s7!) mol ™ photon)
DUtk 29.48 Aa 28.42 Aa 2166.49 Aa 1.57 Aa 0.0570 Aa 0.985—1
Kt 24.81 Bb 22.06 Aab 1419.89 Ab 1.59 Aa 0.0767 Aa 0.996—0. 999
N 23.36 Bb 19.22 Ab 1436.20 Ab 1.38 Aa 0.0740 Aa 0.991—0. 999

2.4.2 Jf[a] CO, VREE AL RE 20 3 38 KoK 43I FHASCERT a1y e 1 i 2

Kl 3 M) CO, WIE (C,) %t PAR BYM HHZE . PAR 7E 0—400 wmol -m s~ I, £ il £k B RF R A8 10t |
C, 2RI TR, 4 PAR>400 pmol-m™s™" J& , & MZ AR T2, KEHT K326 C, ferm ,/ME C, B5AR, HIUATHIH
SN, 7E PAR A 400—800 wmol -m™s™" i, PUTE C, feflX, Mif5 XA B LT+, 7F PAR 4 1000—1200 pmol -m s
Wb F KB AN 2 18] B S T B PAR 7E 1600—1800 umol - m s~ 3 Bl PN B IUMIG /1 i

WE 4 FiR, SELSFEE(G) B PAR FUSE NS K, ZE 54K PAR(0—200 pmol -m ™ s™" ) B}, G, SA/ME>K
EE SV, PAR>200 pmol -m™ 5™ J& , KEM G, K, /M G, B PAR 35 i 4 N F- 22, i ik G, ¢
PAR 7£ 800—1200 pwmol-m™>s™" B KHEHE I, = PAR>1200 pwmol -m s i X222 WA TR, PAR 7E
200—1000 wmol-m™>s™" B, G, AR EE >/ NME>PUAT ; PAR>1000 wmol -m s~ B, KOS > PUHT >/ M

450 ¢ " 0.7
—— 1l
= 400 —— REH 06
‘Mé 30, M T 0.5
< 35 20
XS !
S g
92 300l po 04
Q3 Up =
= £ S 03
=3 250} rs " .
3 £ 02 N
200 | 3 —— R
—a— /MM
150 0.1 I

0 200 400 600 800 1000 1200 1400 1600 1800 0 . . . . . . . . )
PAR/(umol-m2s7") 0 200 400 600 800 1000 1200 1400 1600 1800
PAR/(pmol-m2s7")

3 K326 Hi[a] CO,(C;) REXT PAR KNG RZ
B4 K326 SILEE(G,) Xt PAR BN

Fig.4 Titers of stomatal conductance ( G.) to PAR in K326 leaf

Fig.3 Titers of intercellular CO, concentration (C;) to PAR in
K326 leaf
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Fig.5 Titers of transpiration rate (7,) to PAR in K326 leaf 6 K326 k5% A (WUE) 3F PAR Kyl
Fig.6 Titers of water use efficiency (WUE) to PAR in K326 leaf
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Table 7 Grey correlation degrees of morphological and physiological characters with ecological factors

length eaf area Flavonoid MDA Chlorophyll  Carotenoid orotein
UV-B 4 5f UV-B radiation 0.603 0.769 0.518 0.798 0.486 0.469 0.457 0.480
YEHRBE Daylight illumination 0.998 0.713 0.520 0.636 0.699 0.522 0.556 0.510
H &% Sunshine duration 0.572 0.571 0.731 0.471 0.814 0.632 0.589 0.662
H 5 J8 Daily mean temperature 0.620 0.832 0.491 0.739 0.510 0.453 0.446 0.460
F& 7K £ Precipitation 0.528 0.506 0.829 0.488 0.746 0.707 0.658 0.745
H LT Organic matter 0.456 0.519 0.511 0.722 0.575 0.537 0.579 0.515
Wi Alkaline hydrolytic N 0.561 0.455 0.805 0.566 0.532 0.889 0.990 0.836
P Available P 0.574 0.463 0.781 0.556 0.514 0. 841 0.926 0.806
AL Available K 0.452 0.575 0.598 0.595 0.483 0.617 0.661 0.595
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