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B Ao o MR R S B, §EiRft—
ol BT DU VA T3S 5 0 AR DX i A e 3Rt S e 191
DR AR R DU LA 500 A it AR 1 B A A R AR
2%,

1 #REIZE

11 R0 5 MR

RIS T 2021 A U A8 A8 T oty B3 BH A
PEAT, IZMB IR A . G AR s), +
HOhKRE L. BHUR SR 31.24 o/kg, KARA 120.42
me/kg, A3 5L B 38.14 mg/kg, B ZLEH 89.14 mg/kg,
A B 0.49 mg/kg. A AL EF 0.63 mekeg, A AL
3.95 mg/kg, RIS TEEF 15, RN,
ZnS0, F1 MnSO, W4 7 [E 254 A fb 2R A BR A H] o
1.2 st Kok

I 5 A, RAMYLIX 4, &8
3, /NIX T AL 66.7 mP, 4T 120 em,  Fk B 40
emo ARG LR 1, KA RIARELH] A 0.1%
MnSO,. 0.2% WIRNFI ZnSO, /KIER G IR W, T
FEAE 30 | 40, 50 d IR, RS L HENX Y
Jiti 2l & 165 kg/hm®, N @ P05 : K,0 254 1:0.8:2,
SR FH 2% it 5 5t FHFEAE , JEA0iG A 234 ke/hm® AT
FEHR (N:P,0s :K,0=13:0:46 ) . 450 ke/hm® JH#E%
FHEAIE (N:P,05 :K,0=10:20:20) F1 1500 kg/hm’
HSEPEAE (N:P,0s :K,0=3.5:2.5:1.5), B#k/5 35
d Bt 156 ke/hm® AEERER, HoAlh HH ) e S 0E S
T A BAT R Y M O 5T A A PR R R Y S —
AT o

1 RBGITRER

Js:] il L Jift

CK Zn:Mn:B=0:0:0 T 7K

TI Zn:Mn:B=3:4:3 7.5 ¢7ZnS0,+10 ¢ MnSO+7.5 g flllb
T 7n:Mn:B=4:4:3 10 g ZnS0,+10 ¢ MnSO,+7.5 ¢ >
T3 Zn:Mn:B=2:3:2 10 g ZnS0,+15 ¢ MnSO,+10 g Hlj#>
T4 Zn:Mn:B=3:3:2 15 ¢ ZnS0,+15 ¢ MnSO,+10 g >

AT 40 d FFARHORE, BR 10 d H—3k ke, dE
BU4 9k, BB /N IX i oA AR SR 0 et 10
Fo(10 ~ 120047 ), —#aREHRT, B)E
0.25 mm FLARGH, F T2 B 6 3 5 1 a4
53— R4y Y S AT LG 8 T A0 2 I A R AR
FE, I i R RGOk e A R
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FPERHPER 10 B, 60°CHET, BEESA T 0.25 mm
FLARTH, T IE & o A2 o B o &
1.3 WES H S ik

FR % B E . 4= IR YC/T 382—2010 7 ]
SEMERR AN PR SR,

R A FEPER I E . fEE WALZ A ] GFS-
3000 {548 2 A A 2 o AR (P ),
sEAVENPEREE A, ISR AZO6IE, W
BRI o

BRI SR RS . IS ARRE D I NR I
PE, &k (U R AEYEARBRA R ) M
E AL F1 GS itk

2Ry WBh bR O I A R R
Je FPER T RO SRR AL AR, R
T

B ROLE SR TR T T AR A
SR E, BTSSR A ICP-OES 204X (S5,
VISTA-MPX ),

L4 BdlEsrar

K H1 Excel 2016 F1 SPSS 21.0 #F 17 54 % 7 K

A Origin pro 2021 VER

2 ERE5SH

2.1 N[RIAb BN 5 i S A R ) 5
211 R[EIAR BT iR o A 0, 28 Bt 5 M)
t#% 2 vl RERE AR A REH N, &b PR
BRI LTEEE TR, T1. T2, T3, T4 4
Y E T CK, WO 4740 i oC Z RER 4 3%
T, MR T EERAG 50 d FlIREME, teatih
BHE] M T2>T3>T1>T4>CK, T2 5 T1, T4, CK b3
ZREE, BRE 404, SOMHYEEST CK, L
T2 Fein; BARJE 50 ~ 70 d, AbPREISEE SN
T2>T3>T1>T4>CK, T2 4b Fi & 3 % T T4, T1, CK
AbPE, A5, BOREIE X U BRI T R e
SR RA R, ART A oK R R
BiAE B IR HESE, R MRS RS
GREREAR -, RIS, BARJE 40 A1 70 d,
B T4 A HEAN, £ AFEZREAS N RS & B E S
T CK, DiT28&m, 4544 0.69, 0.72 me/g; #
A5 50d, T2, T3, T1AbFE 3 50 4 CK 2 3
32.41% . 24.94% . 15.05%; F#J5 60 d, Bk T3 4k
i, T2 AMFRISEA S N B T AL AN, Bk
J& 70 d AHXTTF 50 d, ASALBSEEAE N RS iR
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4 15.08% . 24.86% . 37.87%. 31.35% . 18.47%.
2R, BREFER TR e fE M AR A K,
SRy AR A R S hr, IR R AR (B R %
fife, AR THE RSB AE R, 3R SR
BT, DA T2 AbBRAR A, T3 Bk,
x2 BROEMNEHEHREEEZSENTN
(mglg)

2w

40d 50d 60 d 70d

fibr  AbpE

4% CK 2.77+0.03d 321+0.06d 234+0.14c 1.72+0.07c

i

Tl 3.10+0.09bc 3.84+0.08b 2.57 +0.12bc 2.00 + 0.08b
T2 3.45+0.08a 4.04+0.08a 2.95=+0.14a 2.36+0.10a
T3 3.32+0.14ab 3.95+0.07ab 2.78 +0.16ab 2.23 + 0.04a
T4 3.06+0.17c 3.55+0.07c 2.46+0.11c 1.84 +0.06bc

KB CK 049x0.0lc 0.78x0.01d 0.73+0.01d 0.67=0.0lc
DES

CE

T2 0.69+0.04a 1.16+0.07a 0.89+0.02a 0.72 +0.00a

Tl 0.56+0.02b 0.92+0.06bc 0.81 +0.06bc 0.69 +0.01b

T3 0.64+0.04a 1.05+0.08ab 0.84 +0.0lab 0.72 £0.01a
T4 0.54 +0.02bc 0.82 +£0.0led 0.76 £0.01cd 0.67 £0.01c
H: AFEVNGFRFORMIM 22 R B2 (P<0.05), T,

2.1.2  AN[RIAR XS i AR 1 A 1 R 1 5

H R 3 AT, £ AR R AR i 3
BN R, BAJE 60 d kB, RIS 40
d, B T4 AP CK (A2 53R W EHh, HARRC AL
PR I O A HR Y W S T CK, DL T2 Ab 3
s BAkJE 50 F1 70 d, b A ERLL T2 felr, T3
Rz, MEAERENEZR, HHEEST
CK; FARJE 60 d, #AbGGE A CK 405
FWAN1.44. 1.07, 062, 043 [ wmol/ (m”+s) ],
SEARULH, PO AR LB OT R, g S

F3 AREAEXE MBS ERARN
[ pmol/ (m®+s)]

BRI REL

40d 50d 60 d 70d

pise

CK 2439+0.06c 25.66+0.32d 27.25+0.05¢ 26.47+0.18¢c

Tl 2496+0.13b 2648 +0.40bc 27.87 +0.29b  26.92 +0.26¢

T2 2583+0.19a 27.93+027a 28.69+0.16a 28.35=+0.14a

T3 25.08+020b 27.06+0.17b 28.32+0.15a 27.84 +0.19b

T4 2447+0.12¢c 26.05+0.34cd 27.68+0.13b  26.55+0.23¢

BRGSO, BECRUF AR IE A A i 2 RE S =
WA HL AR B, AR T e A T D [ A
1k, DL T2 AbBRRSOR Bt
2.2 AN[RIAL BT A A Rl A G 52
22,1 AN[) A 3HUX 5 5t AR Al 280 3 D B it T P 1)
A

AL JEVESZ I A 05 Bk [ iR B2, KA
PRI SE A 1E R = AR B BRI TE M 55 K4 T Bk
it R OB, R AR AR I A KRR L
B 1A W51, ALTGMEREAE B It r, 2%
Meta i, 7ERARIG 60 d A FW(l, FUIMHM A AY
A o B i A 55, PSR BR, PRIE T S
MH BRI R 554k, BAR5 40 d FEg Ak S
60 d, £ A4bFALEMES W& T CK, AL
A T2>T3>T1>T4>CK, T2, T3 4k # % CK 43 H &
FRE 121, L1765 134, 1.226%; B G 50
160 d [ AL % P A X F 40 d 43 51 34 T 29.99%
33.72%. 37.71%. 35.63% . 33.14% #143.98% .
45.70% . 49.17% . 46.10% . 45.77%; # )5 70 d,
FACH AL G R R, (HA LB AL 35 PR B3 5
F CK. FWITC 55 BB 40 G R BE B R =
T AL WGV, SR ek SR, X BEOR R AP
EFEAERERE, XAmAQEEME ., e, &
2 g5

NR Fl GS S A 4 0 g ok i v S e ) 380 5 il
TP, HE Ak S KR S AR 0
ME 1B, CHH, £ AbBEH I NR F1GS 16 PERERS
KRB IR B R TR, DI AR K
HTI AR TR EBOR, A K5 A G
TEPETRE, QR AR ey, ST AR s o i R
fig 540, AT 40 d, DL T2 F1 T3 AbFE NR 11
femr, —AMICEEZES . A5 50 d Hr NR F
GS W PEIN B A (e, A ALFLL T2 fe i, A iilds
CK 3511 84.44% . 147.23%., %Ak 50 ~ 70d,
T2 A SR I NR 35 P 5 2 s T AR AL 3, 4300
17.59., 1549, 13.61 wmol/ (h - g), 5 NR % 1 HH
o, MR GS GRS 40 ~ 60 d LA T2 4bFH
ferm, HY5HABGPEAAEREZES, 55 CK B
FHEN 5.00, 1043, 6.93 pmol/ (h + g). UiWARC
PEER TR A AT HE S A A A R R TR,
S5 FL A Bt T 2% RS e MR I T R R i i
i, R AR, R ER R, BAT2
HI T3 A HR R -
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20 . CICK T T2 T3 R T4

e

}o

TEMBHEVE[mg/(min - g)]

0 e 70
TG RAL (@)

(@)

BRI RS [umol/(h - g)]

222 A[EALFEXT I AR A A G R

ME 24, BHJAL BEGRSRE BT, %
AbERN H R R S R TR R L, RS 60
d IS FNUEEAE,  [a)—Hs J09 45 A BLAR P B 5 B 44 v T
CK., TEBHRG 40 d, VIT2 bFR&Eie, 513,
T4 Wb FRTC I 3 25 5 FERAR)E 50 ~ 70d, T2 &b
BSOS B R E S T, 5 CK /e Y
H2.23% ., 1.95%. 1.97%. &5 EAL S R
SR, BAEIR 40 ~ 60 d, if JFH &5
5 ETHER, ULAREE BAR S A, JaR N
AR K 2 B e, (A OB A A AR G R v
B R, TR 60 d kiR, BiE 70
d MR A O S LG R, T, T2, T3 4b
M EE T CK, (B TR EE R, 4558
LA, O R 0 2 R SR R Y A S AR SRR
HERR, LA T2 0 T3 AbFHSCR Al WA B

R I R T S o R R S R AR T 1)
MG, HE2C A H1, BA)E 40 ~ 50d, #5403
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THIRICJEHET P [pmol/(h - )]

o o
ARG REL (d)

CICK T [ T2 I T3 ] T4

TR RAEL (d)

B BOEMEEMENE. HREREBNS S5 S RS R
T ARVNG PR AR R BRI BN 22 5% 3% (P<0.05 ), T,

JH rp AR SR8 LT, EBARE 60 ~ 70 d iR
SR, X i T AT 00 | AR R VR G R R
A, R AR RR AR O A P ) B ) A N i
B, BARIT 40 . 60 . 70 d, T2 5L B
250, XU A LB B TR, (R R
PRI B B R IGRR A T N R, Bk 70 d AR
B R, SRS 40 d AL, ZrBIEE N 11,75,
12.56. 15.56, 11.25, 10.63 {5, MK 2D A] %1, %%
AR BRI S AR B I T R R RS (R
— B A b B v S A ST CK, U
PEER BT RN A R R WAL RS, FEIT
TR YNRER, IR ERKET . BRE
40 ~ 70 d, T2, T3 AbHR & & =B EFHIKTF CK,
ERAE 50 F160 d, A4 OA G &Y B EKT
CK, T2 AbFREAE ST T3 3, Mt pih
(B#)a 70 d) 5845 40 d F L, SAbP A&
R 2 98 26.87% . 27.02% . 34.02% . 27.80% .
26.58%,
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B2 RAEXMEFEMDHE. EEE. BENSESENM

2.3 N[RIAb ST K S 25 A - ok B S
2.3.1  R[FIAbIENT & e 2 A A o
EiN) A

4 AT, R G 28 X A T8 e 5 A
i AL S B A R AR B IR
WS R T CK, 4 T4 403, HAAb o5
IR E T CK, DLT2 4hHifr e, )5BS & CK
WEMT A, LIT2 &8, T3IRZ; T1,
T2, T3 AbERAEGE & 1 53048 CK B 35 REAIK 10.94%
12.08% . 11.70%, T2 F1 T3 AbFH A & 34 10 3%

THABAL TR, 435K 2.84% . 2.73%; HHM S &
A T2>T3>T1>CK>T4; B % &5 DL T2 Fl T3 &b B 5
., HREST CK; SOMMEALH KT 4, 77
AL S AR AR PR 5 25 AR U0 L 2
KF 1, CK. T1. T2 FI T4 bFE L E X R, %
W Bt A T 2R AR IR L, BRI A
WEALEY NI Z B EOCR, B
SRR JEBR . BRAGEUKE, BRI UK, A
B, PR LLECNIEH, LZRG A, T2 ZbHEA A
WAl 8 SN MEN A= Raaar) 3R

x4 BAEXNEZEFSMEMAERSSENRME

sl (%) wIHE (%) MEBK (%) B (%) (%) (%) k0 R
CK 035£0.03d  0.17+0.0le  265+£006a  356x0.06a  028+00lc  215x0.06c  7.81+029b  1.34x00la
T1 0.53£0.02c  036x0.02c  236+0.08b  3.11£007b  037x0.03b  251£0.04b  688x057c  1.32x0.04a
T2 0.72£0.02a  051£0.03a  233+0.13b  284x0.12c  052+0.02 269003 5190184  1.22+0.02ab
T3 0.66+0.02b  043+0.02b  234x0.14b  273x0.16c  049£0.03a  264x0.07ab 545+041d  1.17+0.12b
T4 0.36+0.03d  023+0.02d  249x0.03ab  330+0.05b  024+0.0lc  226x0.1lc  9.61+047a  1.32+0.03a
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232 AN[AIALIEDN S oAt A R I TR S i
op=A!

HHe 5 W, A5 AR B IS MR B o i
CK A £S5, Bamll T2 e, T3IAERZ, 435
1 56.31. 52.77 mglkg; A T2>T35T4>T1>CK,
Ay 9 #5¢ CK W% $2 55 1.98, 177, 1.63., 1.60 fi; T2
T3 AR S RO E S, SHAME A
WEZES, 4 CK N 17.08% ., 14.86%. %55
FEH, ORI 0 20T I S R R S S A
WIRLE G, DL T2 A BIUR A, T3 bR .

RS BAEMNEZBESMENY RITRESENFI

(mg/kg)
gL B i ]
CK 34.08 + 1.42d 92.08 + 1.71c 54.09 + 1.40c
T1 48.88 + 4.70bc 147.25 + 16.35h 58.27 + 1.19b
T2 56.31 £2.28a 182.70 + 11.86a 63.33+1.11a
T3 52.77 + 3.04ah 162.85 + 10.53ab 62.13 + 1.96a
T4 42.72 +1.82¢ 149.74 £ 17.57h 55.48 + 1.43bc
3 itie

3.0 BEERBIRCHEXS AR O SRR R

Jo A 2 L (9 6 R P R A E R
HEZMMERRMIEE RN, AR EFY
AR KRR A SR, 75 e ST T il 1o e
oA RN E YR L SRR, R
PR S RO G R B R R B3 in 22 5 7+
F R RGBS, AR @R SR S0 e R
PRFRT CK, RKWIECHEIE & 0 F 5 T = bE
Pt AR T, RO R, X AThE
Je T C it e HG B ) A R TR B e e A AR A
KEFHIEYE, JFRESE S ARR IR DL 7 W B8 Fii Rk
B, OB PR ORISR P A R
ORI B EER IR &5 20
BREGEOL A HER P EMGIAERT, X T GER A Dy id &
(AR B B A AR A R R b LR B AT, T
M LR AR FEIOLE MR A RIS, AR
PRI A T
3.2 AFERBIECHE XS SRR A AR

RN BB AU AL OB B 52 | BRZK 5
Fefeizts . RURMMRE R, JEIE BRI
J5t B8 2 R OR SIE AR I o BE AR R AR, 5
PIR AL, AR UIARSE P AL PR AE SR H
HAM BRI, BB R b i Gl 0
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BERS AR I A HEE, AL 35 TS BB FE JFORE & AR
feaAilE, S E R e, BLaH
P L W1 o = 1 S 2 W AL R ) IO L e e
KPR R A S, IR AR B iz, LA
SRR G A A TG Sh ARG I IR S5 T L AR A
REfE, 5 mgE ) X iR TR R 2
PIRFFEEE T —5 AACFEAY AL 3G ERAIE IR
B B K T CK, LA [A] B4 T R
ANAAT 4 = ARRR R A RIS 21, 3 RERG SR KRR S 3
X K A R B A0 R BE 10 LA T2 AbBRASCR B, T
B2 T T2 Ab B A0 L 5 oM iE B Y4,
I HEEER T RIS AR 4 B Y
AT, AR A AT Sl G T P S A A 3
THBHE R, SRR T A ROR
TE—EFEIE [ HGERCIsR Sk A YRR, X
HEAMEB TGRS

P A B R R R S F R R, I
PLwIEIAL R 3, Hirh NR #1GS 2 A A kit 72 b iy
CHERRE R, NR ADHE NOy RJFh NO,T, Fihlfs s
RINESRMEAL, GS WD SR N A VLA,
P B AR AR 0 B R ARl
AT TR MRS AR, FmhErA
HUER . A . UiFEg s LR . B A I nT
AR A A R EESE AR B E S
B 0, ZEHFRI, MM Y NR R GS S ERE AR
BT 2T R RN R, ERRE 50 d
KB, ULBAFEAE A B I AT R A T AR
FEREAAW, TR, RS R
FrH AU, Shineds U mpr st oA B
BT, ATRESE B T3 it A 7 AR X g s Jd S 4 T T
WRTE. AT, BATEE TR
B, AR S AT, U AR AR AR
R RS, X R RSO R A, T Tk — e
AR R AR T T R P B B, A R R A A R
o KPR NR, GS ML) T2 AbH R &, T3 4b#f
W2, FREIECHEER T 2 BEHE = AU A DGR
M, Ptk S A AR R, CRIEE A
HHTRE .
3.3 B B il %ot A TR S 5 A R SR R
JCE & 1R

TR TC R AEMAR I B I, 38 W T AR A
(X JE R 69 KA LR AR AT AR 2, A AESE
FeH 12 B g R OTE B AE A A R A K
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(T

RE, SRR, SRR TR K B
HIIT Z I REREOC A T WA L. RS E
TR AE A K B rh R A I SRR,
SR SO Y AR O R R X
I TR TR A i G BT R, R
v T R S A R R R R 2 —, 1
T e 2 T B RS 1 O R
7 25 06 2 % U5 35 AR AR AL 2 4 . AR AN T
ZORWA B ERW, LT AR ERLE, e
RO TR A P OB SRR L AR, FRIR
PO . SRE R, AT AR R T S A B B
TR EEMOE T, SRR s Ak
3, A Ay S EE MR, FN, BT
B, BOEMRISS S, BRI R E A
Ji O, TN A G 2 A Ak v R TR AR P A
FILE SR, Sl R TS 45 A
o BB, A JEORE 2 R 3 2 I B P R T ik
P A OB, AR B, SR AR
TR0, A I B
B, SR P SRR

4 #Fig

i F TR, TR BE AR A OC K ECHE AL B
T A R L e A AR OC IS 1 A
E . WL R G EWA W EL W, P
HREA RS, & 4bH A R, IR GE,
AL, NR, GSI&PE, BB, WS EYLETE
B, MBS R DT ES, AAGEE MR/
T2 (Zn:Mn:B=4:4:3) AP BR G E . Bk
AR R, kAT M DL SR
S, MBALE RS EE T, R AL
Hifi; HAR G W gk b2z sl o Ui, 0 e
RoafmEm. Ht, 7ENE AR X R A T2
(Zn:Mn:B=4:4:3) KbFEFER TR B LLF, T3
(Zn:Mn:B=2:3:2) AbELRZ . AWF5E A R PU)I4E
PR AR s To R L IS A AR R Al

S Lk -
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Effects of combined application of zinc, manganese and boron on photosynthetic characteristics, carbon and ni-
trogen metabolism and quality of cigar leaves

YUAN Hua-en', GUAN Qing-linl' WU Yong-hingl , PIAO Sheng-yuan] , LI ]ia-yiz, LEI Yun-kangz, QIN Yan—qings,
CHATI Zhi-shun®, WANG Jun”
Research Center, College of Tobacco Science, Henan Agricultural University, Zhengzhou Henan 450002; 2. Deyang

, ZHAO Ming-qin'" (1. National Tobacco Cultivation and Physiology and Biochemistry

Branch of Sichuan Tobacco Company, Deyang Sichuan 618400; 3. Sichuan Company of China Tobacco Company,
Chengdu Sichuan 610041; 4. Cigar Tobacco Technology Innovation Center of Tobacco Industry, Chengdu Sichuan 6100005
5. Technology Center of China Tobacco Zhejiang Industrial Co., Ltd., Hangzhou Zhejiang 310024 )

Abstract: To investigate the effects of different ratios of zinc (Zn ), manganese ( Mn ) and boron (B ) elements on
photosynthetic characteristics, carbon and nitrogen metabolism, and quality of cigar tobacco leaves, the variety of ‘Dexue
17 was selected as the experimental material, and the stromal pigment content, net photosynthetic rate, carbon, nitrogen
metabolism enzyme activity, the chemical composition of fermented tobacco leaves and Zn, Mn and B element contents
of the tobacco were analyzed. The results showed that: (1) The application of Zn, Mn and B at different ratios increased
the stromal pigment content, net photosynthetic rate and the Zn, Mn and B contents of cigar tobacco leaves, improved the
activities of amylase ( AL ), nitrate reductase ( NR ), glutamine synthetase ( GS ) and carbon and nitrogen metabolites,
and coordinated the carbon and nitrogen metabolism of tobacco plants. (2 ) Compared with CK (Zn : Mn : B=0:0:0),
the content of total sugar and reducing sugar in T2 treatment (Zn : Mn : B=4 : 4 : 3 ) increased by 51.39% and 66.67%,
respectively, the content of nicotine and total nitrogen decreased by 12.08% and 20.22%, respectively, the content of Zn,
Mn, and B increased by 0.17, 1.98 and 0.65 times, respectively, the ratio of potassium to chlorine and the ratio of nitrogen
to alkali was better, which met the production requirements of high-quality cigar leaves. In conclusion, it could be concluded
that the Zn, Mn and B ratio of the T2 treatment ( Zn:Mn:B=4:4:3) and T3 treatment ( Zn:Mn:B=2:3:2 ) was suitable
for the production of cigar tobacco in Shifang city, Sichuan province, which could significantly enhance the photosynthetic
characteristics, carbon and nitrogen metabolism intensity and improve the quality of cigar tobacco, and provide theoretical
basis and technical guidance for the production of high-quality cigar tobacco in Shifang city, Sichuan province.

Key words: foliar fertilizer; zinc, manganese and boron; cigar tobacco leaves; photosynthetic characteristics; carbon and

nitrogen metabolism; guality
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