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Response of flue-cured tobacco cultivars to nighttime temperature
increase at high-altitude area in Yunnan
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Abstract: "Yunyan 87' and 'K326' were chosen as test material to study response of Yunnan high-altitude grown tobacco to nighttime
temperature increase in growing period in greenhouse where temperature was elevated at night and back to normal during day time.
Results showed that: with increased night temperature, total growth period of 'Yunyan 87' and the'K326' reduced by 3d and 2d each, and
underground and aboveground dry matter accumulation and plant height in different growth periods were significantly higher than control.
Total effective leaf number increased by three, and leaf cutting degree was effectively improved, especially the blade lateral growth capacity
effectively increased, leaf area expanded, and ratio of length to width became appropriate. Root, leaf dry matter accumulation responded
greatly on night temperature increase during resetting growth period while stem of 'K326' responded greatly during vigorous growing
period and "Yunyan 87" at topping period. Night temperature increase in Yunnan high altitude region will contribute to flue-cured tobacco
yield production and improve cured leaf quality.
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BEWMB: il «zw S i F s/ /s ”  (HYHH2012YL03)

YEERE A YU (1988—) , WILAFFUAE, BFFUJ7 A R AR 3 AR Al S b fAE2S, Email: xinglongfan@hotmail.com
BIEEE: AR (1957—) , ARb, #d, W LA, BF 5510 RS A 3£ 4L Email:jhzhou2005@163.com
WS EHE: 2013-12-03



VISR 2 P et At DX AN [ M it A 2t 8 0 6 ) o o

79

P SRR R S B2 . A BB 0 2
IR S RARIE b o SR B
P ©0 L R BRI T A R A
R R, A A PR R R 5
KT RPN 5, DI, (ERE SR R 2
TR, AR AR IR R R
R R A, 2 K 0 B U
25~ 28°C IR TSI (S X ARIAEE ) 1 56 2
KB R R R 0 A —
T 4 0 G EL s AT BRI 22 . A AR
[ £ AN TR B, SRR K R L RO T
AL WA CLAEEFE S IR R R L v 2
BEIT AL SURE B B R R AR 7T B
WHESORE . AR HRIREO e, L2 R
TR SEIIRAN, FIH3SE IEAETE 4B e,
FRAJSHR ] 535 4R AR XD IR SER R A 1 % B8 R 0
AR I, (L F BB FE e 5 T
FRY 3 B A A2 K B T IR 3R B M o
it . AP KR 2 75 56 PG 0 25 P
BERIRE, TRABEIC T 2 R A R

e KBTI OIS, 6 7 50 30 A AR R T
7 RS 4 B S T YER R Se e, = A eIk
Y I L 5 €6 T L R TSR0 OB fc

1 #REFE

jRETE YRS

A VAR T 2013 4E 4-9 A £ = 8 & 1L T S
B ] AR B AL 2 21 VAT AR AR B L R AR R P
g6 W kAT, S A0 4R 2050 °K, 25.40102° N,
98.51747° E, HifEEoK, Fhit. {5 HiE )4,
FIEFEEIAR 1 Fim. RIS KRG, W56
N ‘K326” Fl = MH 87, MHTE K H AL LML IETE B 1,
W — 2L TR, B R T A A e B
ANFEG AL, BRATEE 1.2mX0.5m, k&R T 4
H20 Hg—®&#, Hr, 4i%H &R 99 kg/hm?®,
N : P,O; : K,0=6.8 : 10.1 : 20.1. ZL% K 70% T
R mTEm, AERLMENERE HEEM: 30% 144
HhIEAE SIS TR 21d SRA Skt He KHE
P e 45 O L T v 0 M A P R AT

1.1

F 1 il HEEARE MR
Tab. 1 Fertility of tested soil

gy POUR BURE  EREE KSR KRS AR g R/ 2 / _
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Tab.2 Response of tobacco varieties during different growing period to nighttime temperature increase

IRk K B 75
Al AbER BB EM HERH
Hiy f2ark%e HM ek B BEEREC HW 4RETAR%K
K326  NIT 20/4 3/6b 20/6 b 4/7b 12/7b 83
CK 20/4 /6 a 4 24/6 a 4 7/7a 3 14/7 a 2 85
ZMf 87  NIT 20/4 25/5b 17/6 b 28/6 b 4/7b 75
CK 20/4 30/5a 5 22/6a 5 1/7a 3 7/7a 3 78

T NIT: SR AL HE 5 CK: HARERAL I, b B A 20 8 iy, HEKAE RO 13 Jriy, B A — e LIeI s, 17508
IEFATTN o FEISIASRAMEANG 7R R BRI A Gt 2 (P < 0. 05).
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Tab. 3 Response of agronomic traits during different growing period to nighttime temperature increase

L EH ety Phimi fem  Hke HE3sG K2 755?‘5‘(,”* RORM K MKEAS B s g AR i
Bip:t / (cm/d) R /em K& /(em/d) /em /(em/d)

NIT 9.01k3.04a 0.20£0.23a 8 35.6£1.23a 0.811+0.23a 14.5+2.33a 0.33£0.06a 0.41b

i CK 7.5+2.56a 0.17£0.34a 8 26.8+£3.04b 0.611+0.12b 11.9£3.07b 0.27£0.22b 0.44a

3 NIT 43.3%1.67a 2.02%0.12a 13 52.7+1.78a 1.01%£0.04a 23.4%0.78a 0.52%0.12a 0.44a

e CK 37.7£2.14b 1.78£0.13b 13 55.84£3.69a 1.711£0.06a 20.5£1.02b 0.51£0.05a 0.37b

K320 . NIT 106.742.77a 4.5340.56a 18 70.5£3.08a 1.274+1.22a 23.940.56a 0.37£0.01a 0.34a

o CK 87.5+1.03b 3.5640.02b 15 73.7£1.03a 1.28%+1.03a 22.7%2.13b 0.16%£0.03b 0.31b

NIT 132.6%2.12a 3.24+£0.76a 18 81.2+3.05a 1.34£0.78a 27.5£1.78a 0.45+0.23a 0.34a

am CK 117.2%6.79 3.71£1.11b 15 83.8+1.82a 1.26%£0.36a 25.5+2.06b 0.35£0.12b 0.30b

NIT 10.9%1.35a 0.31£0.12a 8 26.8+1.02b 0.77£1.02a 8.1%2.34a 0.23+0.18a 0.30a

i CK 8.01+2.44b 0.20£0.33b 8 31.7£232a 0.79£0.79p 8.3+1.33a 0.21£0.05a 0.26b

. NIT 46.3+2.35a 1.48+1.01a 13 57.5£0.51a 1.284+0.38a 22.441.30a 0.60+0.06a 0.39a

ZH e CK 38.6+2.07b 1.33+0.76a 13 60.5+£2.10a 1.254+0.98a 23.4+1.23a 0.66+0.12a 0.39a

87 . NIT 115.440.98a 6.28+1.03a 19 67.5£256a 0.91%+1.22a 26.9%0.97a 0.41£0.23a 0.40a

o CK 78.6%1.56b 4.4440.45a 16 70.5£0.32a 1.11%£0.56a 25.4%2.35b 0.22+0.34b 0.36b

NIT 147.54+2.50a 4.59+1.07a 19 82.5+2.06a 2.14+1.04b 31.94+2.72b 0.71£0.45b 0.39a

i CK 125.2£10.90b 6.660.36b 16 81.84+3.15a 1.61£0.83a 27.7£2.76a 0.33£0.75a 0.34b

e Ry CPIME £ riEZ)  RSIASRAMIR/NG 7R FROR B A it 228 L (P < 0.05).
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Tab.4 Response of leaf blades during topping to nighttime temperature increase

K F s 3 / 9 H s |

A AL (B L) Ab PR & fem (cm/d) 5% /em (em/d) TE
5 NIT 76.2£3.55b 0.92£0.02a 25.0£1.06a 0.30£0.12a 0.33a

CK 80.24+0.72a 0.94+£0.15a 23.5£2.00a 0.28+0.14a 0.29b

10 NIT 74.8+8.33b 0.90%0.34a 23.612.68a 0.2840.06a 0.32a

26 CK 78.8+3.82a 0.93+£0.56a 22.5+2.78a 0.26£0.08a 0.29b
15 NIT 69.2£6.29a 0.83£0.03a 20.2+£2.88a 0.24+£0.11a 0.29a

CK 71.8£4.25a 0.84+0.15a 15.5+0.86b 0.18£0.12b 0.22b

5 NIT 81.5£1.06a 1.09£0.56a 27.9%0.72a 0.37%0.06a 0.34a

CK 80.2+1.61a 1.03£0.02a 26.7£1.01a 0.34£0.07a 0.33a

10 NIT 78.9+£2.22a 1.06+1.01a 25.94£3.79a 0.35£1.02a 0.33a

=M 87

CK 79.8+3.18a 1.021+0.98a 24.7+1.76a 0.32£0.34a 0.31a

15 NIT 75.5£5.15a 1.01£1.04a 23.7%0.72a 0.32%0.33a 0.32a

CK 76.5+£6.26a 0.98£0.66a 19.8£2.01b 0.25£0.55b 0.26b

e By CPIE £ frdEE)  RSIASRAMIR/NG 7R FROR B AT i Tt22 L (P < 0.05).
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Tab. 5 Response of dry matter accumulation of different flue-cured tobacco varieties to nighttime temperature increase

H1ER HE K
CU L ST S R AR % / - R/
g (g/d) =8 (g/d) =8 (g/d)
K326  NIT 050+0.14a  0.01+0.10a  4.70+045a  0.25+0.23a 15.631+0.84a 0.500.34a
CK  030%0.09b  0.01%0.14a  3.13:£027b  0.17%0.12b 10.870.95b 0.39£0.55b
2% NIT  1.50+037a  0.03+024a  18.40+0.67a  0.99+0.05a 80.38+3.60a 2.82+1.78a
CK  130%032a  0.03%0.16a  14.32+£0.44b  0.77%0.13b 71.6241.80b 2.87+1.06a
- NIT 890+1.48a  020%+03la 5846+133a  292+1.02a  123.90+4.87a 2.97+2.78a
CK  7.00%£1.10b  0.15+£0.29b  56.874+0.82b  2.93+0.45a  106.30%2.62b 2.06+1.96a
EEsE Afk NIT  10.90+0.78a 81.56+0.68a 219.91+1.35a
CK  8.60%=1.33b 74.3241.03b 188.79+£2.03b
=87 M NIT  030£0.07a  0.01%+0.16a  1.75%0.15a 0.04+0.05a 8.80£0.39 0.41£0.05a
CK  020%0.05b  0.01%0.11a  1.15+0.18b 0.02+0.03a 7.58+£0.47b 0.43£0.07a
2% NIT 1.40+0.04a  0.04+022a 14.78+0.72a  0.38+0.34a 90.16+1.55a 4.43+0.23a
CK  1.10%0.18b  0.03£031b  12.88+£0.70b  0.30%0.24a 64.2143.73b 3.42+1.78b
- NIT  6.90+038a  020%+1.08a 4534%126a  1.10£1.02a  12520+6.04a 4.70+2.89a
CK  580%021b  0.15£0.56b  40.84+1.64b  0.88+1.05a  111.72£2.29b 4.73+1.76a
a4k NIT  8.60+0.75a 61.8740.97a 224.16+0.87a
CK  7.10%£0.33b 54.8740.78b 183.51£1.27b

e Ry CPME £ b)), FIFIARAMRE/NG PR R R A it 228 L (P < 0.05).

3 k54t

T V) 35 B T v 5 2 e w2 R I R R AR
AR R AEE R, ‘8T Al ‘K3260 EH
MBS (REREAT I ) O AR TIAREL 3 A 2ds
R A I A ) A K R 7 i A IR T v 1 ) R S 4
m, MR R, KT R, XRS5 R
B &S EE SR NIREA R, X S5EaH M &
TN (R OB i A2 R e AR ot Pt e R A AR
R FE Y 3 5 R, B i e B R A
EL GRS = Bei S IO 7oe - O N

M 87 A ‘K326 AEK MK E Rk
SARPRX BIRTE i RN B AN ) SRR R R T
SLAFLEFLE o ] A v VPR i ol Ak BEL AR U ) 12 3589 Sy 2 T
PR, PURE BT O IR e s AR ‘R
M 87" BRAEK RS, ‘K326 FRPBIRRN, HAeAdS

MACFRAN R 2 s AR A B R 2 R
X AR ik M 7 i BB S5 g T RR IS o e Ak, = 4T TS
PR it R A BRI AR A O R D 3 e, XS
PR &5 e, Hasrsss ey, Hitrs
FAEK, BTl BRIRZER, A HRT 6 E A5 A
R 2k, ARTHREEKKE, BRIRZED,
AT = AE N IR, A T4 s i
JR RN U SR T A T R AR B

Y510 TP AR R ) 2 /0 E s R e, %
PR R AR e B U G s R,
BR ‘K326" FIARE AL B IE S22 2 U, ‘o
MW 877 A ‘K326° M. 2. MAEXKLEE T A TR
ST A R A oot B R RN, AR R TR A X 7
B NAFEZE . ‘M 87 Al ‘K326” AHIRAR.
-4 o R B X6 AR i i 7 e R R A 7 AT BRI, B S



84

PR 2014 42 12 A 552045 55 6

AR X6 18] TR BT 55, T AR R iR Tt
W FEAN H A R AR, EZE DR A AN R AR

B3 5 W ) I R (D).
3):1355-1359.

LR R, 2012, 40(

= ¢ PR « — 5 H_’D- #’\ﬁ‘ﬁ%‘\/:lxx J]. —J-k
RRKBIBIVEIES - K026 ik, i )RR SILLEE RIATLL wEe
877 WNATIN, S MABRMNRIANITE () mr, mom, o, %, Bosmim 5
e JE AR AFTIE 0], HEMEER, 2004(3):38-41.

i LPriR, BRI RN T = iR X (71 FEMAl. JEAEEEXCT X B 5 R B
VI DRI T 4 MO E BB R A R i@%‘j%&ﬂ; o E';% MQ% o T
¥ : o ] i » %, Wisr, S R SR A
#, W R L TP sEet B
B A RE AT BN, TN IR (B 8 S e I 2006(1): 531-534. \

M SER AR PRI BIR R . B, 2/ (o] ew, WIEM, £ 2. SR SEEIE &
R X R R — B X A K 5 R B 5 8 O SO 0], o A2,
RAIGEYIMISE, 254 FTNVRIFHR R EGHS ELBESNEAR 2003, 11(4)158-160. o
EERRIT R, ke ripn, 100 T BRE LRI F S I KR
=) 7, . =N » v = 1= R S ’ : - .
e, T SES UL R URIOR, gy g s . s BT A 2 PR
AT ELA HUIBAE X, RS X DL A X S 0], PEIHER, 2001 (2) : 15-18
F ARSI Rt — AR RIBIE. [12]  FAKAE . AR SR it oS e R T (0], o
MHERLE, 2007, 28 (3) : 43-46
S2H [13] s, k5, £, 5. ZBBIENERR S
e : . . \ . KRR [J]. BURFAEE, 2007, 29(2): 84-90.
1 % HET BB E It OGR4 2 o
(11 ARIEWE zrf AT 25 P AR A TR R R (4] ol el R 22 e 9 7 . o [R5 b2 (M. -
(], EARZER, 2008, 24(8):196-200. e IR AL, 1987:59-84
(2] HBEN, T, BT, S A A SRt A e O A o S e
Fo . [15] W25, Bk, T . = A EY 4 2004—2006
PRI [T]. HRERHY 2002,(10):40-45. AR 1SS [M]. 2006.9.1
o, SRS, S, . RESHOHEED S J o X ,
GBI, OIS, Wi % WRSAGHRBERIEE 0 ae, meree, R . A RORNE TR
WPAHEIOR, TRETARE, 201 3102357311 TN b RO TSR 1], FH AR
[4] fRE. S, SR, % RS T LY 01135 (115 . o0 w
[ E#EE 77 71 ] BER ST, DL AP AR S B TH, 2003:38-40.
[32] Bindler G, Plieske J, Bakaher N, et al. A high density
[24] Leon A J, Lee M, Andrade FH. Quantitative trait loci for genetic map of tobacco (Nicotiana tabacum L.) obtained
growing degree days to flowering and photoperiod response from large scale microsatellite marker development [J].
in sunflower (Helianthus annuus L.) [J]. Theor Appl Genet, Theor Appl Genet, 2011, 123: 219-230.

2001, 102: 497-503. [33] Tong Z J, Yang Z M, Chen X J, et al. Large-scale

[25] Aidyn M, Frederic C, George C. Control of flowering time: development of microsatellite markers in Nicotiana tabacum
interacting pathways as a basis for diversity[J]. The Plant and construction of a genetic map of flue-cured tobacco [J].
Cell, Supplement, 2002, S111-130. Plant Breeding, 2012, 131: 674-680.

[26] Putterill J, Laurie R, Macknight R. It" s time to flower: the [34] ¢ %, skEE, (TR, % . & CMV Btk 5 H QTL

genetic control of flowering time[J]. BioEssays, 2004, 26: SEAL [J]. FEEBLRE, 2013, 34 (3): 55-59.

363-373. i [35] Lander E S, Botstein D. Mapping mendelian factors

271 RS, whiE, BRIAE . EEIFE LR (). 5 underlying quantitative traits using RFLP linkage maps[J].
FHE 2001, 9: 36-40. B Genetics, 1989, 121: 185-199

(28] EE4E, Al Xile, 5. MEECRR BHRIE RTE [36] XM, Fi4:F% . MapDraw, 7F Excel 22 il gt 44 &84
AL FRIE [M]. ‘:F‘Z?ikﬂjﬁ&ﬁ:, 2006. \ 1% [J]. 84, 2003, 25(3): 317-321.

[29] 2=t VO, #hARRE, S5 A ERIGHSEM e [37] Zeng Z B. Precision mapping of quantitative trait loci[J].

DNA 17735 [1]. frh ol K2 %4, 1994, 13 (5): Genetics, 1993, 136: 1457-1468.

531‘523 ) L ‘ [38] Galbraith D W, Harkins K R, Maddox J M, et al. Rapid
[30] ERICHF, SEMT, EX . AE AL Bl flow cytometric analysis of the cell cycle in intact plant

AR 3 B BB PR B AL AT (D). AR 224, 2009, 35 tissues[J]. Science 20: 1049-1051.

(9): 1646-1654. [39] Suerro N, Battey J N, Ouadi S, et al. Reference genomes

(311 Bt , #poet, [EaEpk. R S 0V 20 B A ik
ANE L RUR A HE R ) 70 AR E KN (D] s

and transcriptomes of Nicotiana sylvestris and Nicotiana
tomentosiformis[J]. Genome Biology, 2013, 14(6): R60.



