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Abstract: The interaction effects of gibberellin (GA,) and naphthalene acetic acid (NAA) on the tobacco growth,
carbon and nitrogen metabolism and leave quality of flue-cured tobacco were studied by field experiment. The
results show that the spraying GA, and NAA could promote the expansion of upper leaves of flue-cured tobacco
in different degrees, and enhanced the growth and accumulation of dry matter in tobacco plant, root, stem, the
upper leaves, and the effect of their interaction was more obvious. Spraying GA; and NAA could improve the
strength of the carbon metabolism in tobacco plants, and their interaction effect was more obvious, but in a
certain extent delayed maturity and yellowing time, extended the growing period in the field. Spraying GA; and
NAA could effectively improve the contents of potassium, potassium-chlorine ratio and organic potassium index
in middle and upper leaves, and reduce the chlorine content. The effects on nicotine content and the ratio of sugar
to nicotine were different. In the middle leaves, nicotine content was increased, and the ratio of sugar to nicotine
was decreased, but they were opposite in the upper leaves. There were no effect on contents of total sugar and
SO,”. The effects of GA, and NAA in the upper leaves was much higher than those in the middle leaves, and the
interaction was better, the treatment of 10 mg-kg"' GA;+10 mg-kg"' NAA was best.
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Table 1 Interaction effects of GA; and NAA on average leaf area of top leaves in flue-cured tobacco

S TR em®

' GA /% /mg-kg NAAH % /mg-kg

EARIEPR 015 d FIT30 d
AIBI1 (4f1#) 0 0 573.46" 860.27° 1074.06°
A1B2 0 10 577.29" 937.99% 1173.16*
A1B3 0 20 575.29" 1149.87™ 1287.51%
A2B1 10 0 577.97" 1135.62"™ 1431.10™
A2B2 10 10 581.69" 1262.84° 1676.89°
A2B3 10 20 583.36" 1169.28" 1575.62"
A3B1 20 0 580.95 1047.04™ 1365.27°
A3B2 20 10 566.14° 1200.53® 1666.38"°
A3B3 20 20 590.16" 1004.64° 1283.19%

RANG F R A 51T % R B % (P<0.05). FERL.

27.1%; M A ENA A AL FEA 1B2 FIA1B3E 4T
1515 dR GRS 5 99.03%F133.7%, 11730 disf 1%
& N9.23%A1119.9%. {EGA,FINAAKIAE H AL,
PLALFEA2B2 (10 mg-kg' GA,+10 mg-kg' NAA)f
RCR A, AT 0E R, LI AR AEFT T 157030 d
I PRI 23 7] 46.8%A156.1% . LE2N IR e, &b
FEA2B2 - T AR IS Ay d ok, ko BRI T AR e /), 156
BHGAFINA ALY REAS A2 B (g gF b5k I Jr,
H W3 BAER R A

MER2H AT R, GARE TS I e - TR £ 52 e
EFTTH15F130 dI573A 3 M 552 (P<0.01), NAAXT T
TS M P P T AR PR B2 e AE T T LS d oA ¥ 35 (P<0.05),
EFTTR30 disf gt 52 (P<0.01), —FH A HAEH
X P P TR AR %) 52 M0 4, /9 Bl I 5 (P<0.01).
2 FRERMNMZZEREEXERTENR I

FIRW, FTIY RS AER AR 280 Rt

2 FREFFRANZE LB M T
PS5 TR B ) F) FASL 36
Table 2 F-test of interaction effects of GA, and NAA on aver-
age leaf area of the top leaves of flue-cured tobacco

. SR Ry e T AR
A K A .
MR FIW)E15d  #THE30d
GA, 0.026 13.598" 38.511"
NAA 0.051 5.038" 10.719”
GA+NAA 0.057 5.435" 5.922"

*RINZE S 3 (P<0.05); ** RN ZE R (P<0.01). NE
il

T EKA REEZES, TG 158130 dif354
DEMNESR. SO, R B A
X0 RE A BT N, AR T E LLA3B3 i, GA,
AINAAXS TAR T 5 2 m 76 4T T 5 158130 diyik
B2 (P<0.01) (%4), (H = 3F 22 HAE X T

3 R FRMZE LR BAE X% T 5
Table 3 Interaction effects of GA; and NAA on dry weight of flue-cured tobacco

o) GAKE/ NAAJREE/ T H/g =T H/g BT g

meke'  omgke'  gwk f7HUSd fTHB0d HTHRME SIS fTH30d  STTSK 4TTHISd FTR30d
AlIB1 0 0 57.04° 62.28° 76.98° 86.77" 95.79°  103.74° 29.89° 55.14°  64.63°
Al1B2 0 10 58.80" 62.50° 76.79° 90.60° 99.25*  118.21" 29.53° 65.90"  81.56°
Al1B3 0 20 60.83" 66.97  79.39 89.98" 99.25*  116.65" 30.46° 66.60"  86.29™
A2B1 10 0 60.39" 7031 78.50° 91.09°  105.22™ 116.82" 30.05° 70.09"  84.19%
A2B2 10 10 60.20" 74.89" 8572 90.13*  115.48"  133.21° 30.44° 91.99°  103.47°
A2B3 10 20 62.22° 74.78"° 8585 91.55°  108.19" 124.97"  31.41° 93.29°  99.56°
A3B1 20 0 61.59" 69.11° 79.47° 89.79"  103.77°  117.55" 30.91° 73.91" 8935
A3B2 20 10 61.45" 74.99®  86.00" 90.30°  105.85™ 130.29" 30.19° 92.53"  99.30°
A3B3 20 20 59.55° 76.25 89.49° 90.75"  101.24*  119.83" 31.28" 70.65°  85.57™
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Table 4 F-test of interaction effects of GA; and NAA on dry weight of flue-cured tobacco
N = ES S
K A .
YK FImi1sd  $77030d YK FI0i1sd  $77030d WK FITIsd  $I030d
GA, 1312 34755  10.828" 0.530 9.758" 13.8617 0.161 65208  48.619”
NAA 0.349 8.851" 8.668" 0.403 2.204° 17.8217 0.225 355177 337207
GANAA 0.819 1.070 1.421 0.323 0.714 0.993 0.027 10.1817  8.454™

TEBRA G E, 20T EAEFT G20
PLA2B25 15y, GAN T 25 5 152 A 752N B 51 B
iK% 552 (P<0.01), NAAXT 255 (1) f i 4E 4T
TiJa 15 A4 &3 (P<0.05), fE4T 11530 dyik 52
(P<0.01), 3 1922 HAE HN 251 H 1520 21 A 2
=, LES T E AT TS 24N B LA2B2 i,
FHIRIEA2B3, GAFANAAXT b it 5 ¥ 52 £F
FI TG 24 i 34 4% 55 3% (P<0.01), —H A H
B F G b 358 I = B 2 T 7R FT T 24N B R
AR 2 3 (P<0.01).
3 RERMEZBREEXERERENRIHEENT
3.1 AEZEMNEZEREEX IR R ESE RIS
NRJE — ML ih T, 2 AT i A 2
IR A e A 11 PR S g, EL VS M 1 K/ o A
AR B8 55 0 5 252013) . MRS H T 1, % 4b
HFNRIG PEAE ST T 3N R BLH 7 B3
PEZE R 2RI A B A2 B2 [ v 1 B v, o R
B IS T A, MFT TS R T T /530 d, 4R FINR
TETERRREL T AR LB, R & R S
PENIR I 5 BTG TR, fEFTTS20 disf 25 Ab 2]
AR PRI B Bk, EFT IR 30 dift FT R %, {5

it 375 ARG T X B A LB LR FRAE B R 7K. GA,
FINA A G HNRIE P R 52 00 72 4T 100 134N B 34
B R 535 (P<0.01), — 3% K928 HAF R XHEIFNR
T RS AE T TS 108130 dAAR 535 (P<0.01),
HAEFTTIE20 dEDAS 35 (3R8) . UL Wl Wi Jiti 7R 55 3R
FNZE W2 Re AN [FIRE FE M B v S I NR 135 P, A 2
A2B2 (10 mg-kg"' GA,+10 mg-kg"' NAA)KI G IE
TEFT WG R B, U GAFINAA AR w8 i £
RE I 4 A S NR AR 4
32 FRBERNECEREIEX R EEE AR
AL (Inv) 5 18 20 B AC U 35 D) AH G, BA]
DA Iz e AR ke XoF s 11 31 52 ARG A AR R 5 55, A2 A
PR AR A 8 55 1) HE 2R AR (X R Z52009; XIJH 75
52015). MFROHAI A, &AL Inv i 7R+ T
MREAE ZES, MIEST TG &0 13 F Bk
FEt e AEFTTE B3NN T, Invid 1t 35 DA i
i, AFA2B2 A, MFTTI S R B4TTNE30 d, Xf
FR ) Invig MR BER IR T S 5 T R AR L&
e, FAR AL PR I Inv i P U 3R 30 A S B A1 s B A T
H AL S . GAK InviE P i 52 Wi 72 37 T s
10, 20130 d#4 9 HK 23 (P<0.01); NAAX InviE P

RS JREFFRANZE LR LA e MR R I i g5 78 1 52

Table 5 Interaction effects of GA; and NAA on activity of nitrate reductase of flue-cured tobacco

NRif# P /pg-g" (FW) b

et GA k% /mg-kg NAA % /mg-kg”
TSR FT10d 120 d F1 T30 d

AIBI 0 0 2.46° 2.19" 1.84° 1.59¢
A1B2 0 10 2.69" 2467 2.55¢ 2.40%
A1B3 0 20 2.58" 2.79%¢ 2.68° 2.44
A2BI 10 0 2.52° 2.73% 3.24" 2.69°
A2B2 10 10 2.67° 3.23° 3.82° 3.30°
A2B3 10 20 2,55 3.05% 3.52" 3.19°
A3B1 20 0 2.61° 2,927 2.91% 2.44"
A3B2 20 10 2.54" 3.07" 3.31° 3.09"
A3B3 20 20 2.58" 2.65% 3.15" 2.16°
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Table 6 Interaction effects of GA; and NAA on activity of sucrose invertase of flue-cured tobacco

Invifit/mg-g" (FW)-h!

i GA# % /mg-kg” NAAWKE/ mgkg'
FITI R F1T10 d F1T020 d FIT30 d

Al1BI 0 0 6.82° 6.96" 6.17" 5.85"
A1B2 0 10 6.92" 5.89° 5.24° 5.43"
A1B3 0 20 7.10° 5.62° 498" 538"
A2B1 10 0 6.90°" 573 4.69° 5.26™
A2B2 10 10 6.88" 461° 4.05° 4.87°
A2B3 10 20 6.87" 4.81¢ 417 4.89°
A3BI 20 0 7.15° 5.08° 4.72° 5.13%
A3B2 20 10 7.01° 497 4.11° 4.92%
A3B3 20 20 6.94" 5.86° 4.96" 5.34"

(RIS AE ST 7S 104020 d 9l @ 35 (P<0.01), f£3T
T 530 dA G2 GAFINAAKIAE BAEFH X Invig
PERIRZEFT TS 10120 d R 2 3% (P<0.01), 1
T JE30 dA 35 (£8). Ui Wi i GA, FINAARE
AN [ R 5 it AR A A0 T Ty PR 355 e, %o R 1) it A
I S f v HLAR I N 26 T I B 1) D DR AT e e S
PRAE AR R A TR, {H B A S0 1 R, AR
WHELIZEHTESS . A2B2 (10 mg-kg' GA+10 mg-kg”
NAA) B 1AL T 105 % B 335 8 seIK, 1 BH
GA,MINAA H_1E5 it 55z e B 2 PR A Inv ) 35 42
3.3 RBRNZCEROEXEMEREMHIFN
TERTE(AM) LK - SRR R SR TR B A
FARE, SR PR B O/ B O R PR AR Y UE A
RN EAR, AR AU R R 1) E R (R 5
2013), NFRTH AT R, 25 4b B i AMIE 7R
FU VG 3AN B S350 7 0 38 1 22 S, 349 LIKS T ) Bl vty
P, JEERA2B2 IS M B K. AFT T4 R )

FITJE30 d, X HE A AME PE B30 S T e ) PRI
(AR L3, AE4T TR R 20 di I8 B 5, BB it
SRR 0 T AT 5 A e, L AR A A AMY P )
RN BRI 0EA T+ AR &S, BE e
FITOE 10 diNf 25738 SR A, Ui it GA, MINAA ]
DA AME 1 FE A, 6k 55 MR AR (B AR T 5 . GA,
FINAAXS JHI AME P (1) 50 7E 4T 105 34N B 1132
IR (P<0.01), =2 158 BAE X AMIE P
S A B 25 (P<0.01) (F8). i W iE K B X
GA;. NAAUL K — 3% 122 AR FH 356 i U )
Wi 87, = 25 35) e A R0 B ARG R I AMLER) 3 2, 34 1
5055 JRLAR (0 A A 8 5
4 FRERMZE BB AEXTENE IR m R RIS
4.1 FEZRMEZREEX S EBEMEY & RIE
FRAEZ T

XoF 5 Kb B PR H R P 4 it R R AR AT 4
Mr(RO) AT A1, BBES B AISO, & B 48 kb 7 1) ¥

T IREEFANZE R AT R JHTE A B A K 52

Table 7 Interaction effects of GA and NAA on activity of amylase of flue-cured tobacco

AMIE 1 /mg-g " min™

ETRs GA % /mg-kg NAA % /mg-kg
RPN F1T10 d F11520 d F1130 d

AlIB1 0 0 2.04° 2.28" 2.92° 2.44°
A1B2 0 10 1.98* 1.59 222° 2.12%
Al1B3 0 20 2.02° 1.73° 231° 2.07°
A2B1 10 0 2.01° 1.61° 1.83° 1.99%
A2B2 10 10 2.01° 1.05° 1.42° 1.52°
A2B3 10 20 2.07° 1.23% 1.48° 1.63°
A3BI 20 0 2.04 1.27¢ 1.67¢ 2.00¢
A3B2 20 10 2.05 1.21¢ 1.49° 1.87
A3B3 20 20 2.00° 1.53% 2.17° 2.25°
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Table 8 F-test of interaction effects of GA, and NAA on activies of NR, Inv and AM of flue-cured tobacco
R K NR Inv AM
WHH R fTT10d TTH20d STTR30 d 4TTRAFE FTTHI0Od 47TH20d HTTH30d TN K $1TI0d $1TH20d 1T304
GA, 0.005  22.08" 74777 73.047 041 60.72"  129.79" 979" 0.26 30397 262257 82257
NAA 1.38 7287 18987  41.197  0.02 27.67° 48817 347 0.22 14.637 54837 3034”7
GA;tNAA 1.13 617" 221 1201 037 19.417 17.017 141 0.99 5137 33787 14207
RO FRBEFNZE LT BAF X A 8 5 b 5 e bR 1 5 )
Table 9 Interaction effects of GA; and NAA on part of quality indicators in middle leaves
, GAKE  NAAWKE/ HpE SO iy Ny o) .
i . o o . S 0 M ML A AR EU%
mg-kg mg-kg Z5/% Z5/% /% /% & E/ Y%
AlBI 0 0 25.675° 2.447° 1.737° 0.611° 1.680° 9.320° 2.844" -0.355¢
A1B2 0 10 25.771° 2.490* 1.760° 0.586  1.674° 9.115" 3.005¢ —0.288°
A1B3 0 20 25.904° 2477 1.811° 0.585  1.679" 9.232° 3.093° -0.233"
A2BI 10 0 25.786° 2.557° 1.811° 0.578° 1.682° 9.067™  3.134° —0.224°
A2B2 10 10 25.771° 2.591% 1.866" 0.564" 1.680° 8.953™ 3307 —0.139*
A2B3 10 20 25.731° 2.624® 1.848" 0.567" 1.681° 8.742¢ 3.261% -0.165
A3BI 20 0 25.612° 2.595% 1.740° 0.580° 1.673* 8.866™  3.000° —0.304°
A3B2 20 10 25.836° 2.625% 1.833*  0.568° 1.673* 8.826% 3.228" -0.176*
A3B3 20 20 25.846" 2.652° 1.738° 0.593" 1.671°  8.724° 2.930° -0.322%

AREERES, HAZIHERA BE M ER.

SRR, 2 B DOt RIS, A3B3 S5y, Ui Wi GA A
NAATE— € T2 B2 b REAL Hh F 00 i 1) R sl 55 AT P
Bom. AR E. BPECELATE HLERFE By DL IE B
iX, A2B2#g . 1t Wit G A FINAAREAS [ 15 52
PR S AR AR S L PREULL A HLAT R 4,
HLLbFEA2B2 (10 mg-kg' GA,+10 mg-kg' NAA)
F:. A G E DO IR,
Mt GA FINAARE A 25 B AIK b R - 1)
DLA2B2 b BE 30 5L B B W o B LU DA B A =,

NEVE S 54

A2B2ER (I, BEH

VP =—N

F T,

H

TR 5 5 RS2 MR A A 2 25 (P<0.01), NAAXT H 52
i A ¥ 3 (P<0.05), {H 35 (1) 22 HA F X = 1 520

AR . GAXT R EREHSO,
F(P<0.05), fHNAA. GA,FINAAZE HAF HI%t
Wi AN 25 o G A K R TS 8 s L )

2- A. =L
o

=%
W

FAIRZ I
HEY

Ay

M g K

#(P<0.01), NAAXS I ({5200 0y .2 (P<0.05), {H =

& )32 HAR R

=
W

Dﬁ{ﬂxﬁ%o GA3\

NAA. GA,FINAATAE B AE X A S0 i e 2
) ARSI R N E
4.2 FREEMECREEX EIREM AR S MG

A2B3 A%, Ul W GA MINAATE —E 2R B %
KT TP EBAE I ARERR LE . GALFINAA ST o 3 10 i
PiE R, ASE. WAL PR B R 1Y)
M2 (P<0.01), 3 1A FLAE F A X Le 48 AR 11

S A 2 2 (P<0.01) (£10). GA X H1 B JHIH

e

RIS 25 AL B 1 1 FOMR B 00 o i b AT
TAIHT, AT, L SO A RSO, A
RAEALE Z (M BA RV R, RS W AR AE
KeER TR BE 22 R MRS B AN S B L

K10 FRERANZE LR LA b SR -8 0 SR B S0 ) F ARG 06
Table 10 F-test of interaction effects of GA; and NAA on part of quality indicators in middle leaves

A AT 771 SED TR B B o SO & & BT L PRELE L IR iR
GA, 0.41 51.66" 32.74” 35.527 3.80" 19.08” 102.56™ 60.66"
NAA 1.58 5.64" 15.53" 17.50" 0.43 3.63 53.13" 35.74"
GA,+NAA 0.87 0.46 8.45" 8.36" 0.30 1.15 22.05” 14.617
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Table 11 Interaction effects of GA; and NAA on part of quality indicators in upper leaves

S GAIKIE/ NAAWSE/ K S . o So,” X EepiiR:
. R . P W EAES WL At e
95 mg-kg mg-kg /% /% ZH/% HBEU%
AlBI 0 0 26.311° 3.126° 1.006° 0.539" 1.146" 7.584° 1.868" —0.618°
A1B2 0 10 26.351° 2.870° 1.108° 0.531° 1.133° 8.241¢ 2.085° -0.473¢
A1B3 0 20 26.314° 2.811% 1.187% 0.494° 1.080° 8.398% 2.405* ~0.277°
A2B1 10 0 26.554° 2.695¢ 1.277% 0.486" 1.157* 8.823" 2.628° —0.234"
A2B2 10 10 26.574 2611° 1.549° 0.459° 1.101° 9.070° 3.374° 0.182°
A2B3 10 20 26.724° 2.610° 1.505° 0.475° 1.114° 9.056" 3.168" 0.096"
A3B1 20 0 26.710° 2.752% 1.293° 0.490° 1.084° 8.595™ 2.638° —0.144°
A3B2 20 10 26.750" 2.589¢ 1.468" 0.472° 1.077* 9.192° 3.109° 0.091°
A3B3 20 20 26.558" 2.689" 1.195% 0.487° 1.139° 8.772° 2.456% ~0.316°

12 FRBEEFRNZE O EAEXS_EFRIH B3 BT HE AR 5200 1 FAS 56
Table 12 F-test of interaction effects of GA; and NAA on part of quality indicators in upper leaves

TR AT 7 SMEEERE EEE B AsE SO HE B EL L AR EL
GA, 5.82 173.39™ 105.38™ 200.94” 0.54 129.89" 198.12" 131.26”
NAA 0.05 57.65" 29.34” 36.96" 0.55 38.07" 50.97" 40.88"
GA+NAA 0.52 12.29” 13.647 26.47" 1.48 719" 23.34” 24,127
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