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o DRI ARG AE BT ST B3R B MR 2017 4
SR B TR B S o v A0k 3 PR B A i e 25 SR (R R R )
DTG s L s 280 ol ( K326, 2 40 105) K B ke Joe
LB AL Sl (G28 Al 101) i e b R AT B L
REFHERTT, LA Ry ik — 2 0F 5% 0 55 5% 43 i A BEAL
TR B 5 205 R AR o 4 (R B I AR

1 HREH%

1.1 RIEAR

AR A R A e v 2k L T A 5 b ( K326, =
A 105 ) FH kAR 20 HL ARG B8 B0E% i A (G28 L H i 101)
o A0 105 VTV M B 22 58 i 4t FoAh 3
AR B AN E DR T G IR A R R T
TRt
1.2 K@it

IS T 2018 AF 7R VL PG Al R 2% 52 50 He b i 47
KB SRR R 772X 356 6 0 vl B ) 0 R - i A
EUEE AR et O R PRk K-S0
M TERE F2 2 (KX TEXE =52 emx40 emX15 em) 5§
[ i 5 i, #E AT (KW (LP, 0. 01 mmol - ™' KH,PO,) 5
IE# W (NP, 1. 00 mmol - L™" KH,PO,) & F M AL 3 | &
FEARF R 8 L4, &5 SRR b BRI 5% 1 4, 4
48 R, EFRMBECH kS OCHR 177, 37 NaOH 1
H,S0, W35 F5 W pH 154 6.0, NP Ab 3 75 W i
J7:2.5 mmol - L"'NH,NO, . 1. 0 mmol - L' KH,PO, 2. 4
mmol + L' K,S0, . 4.6 x 107 mmol - L”' H;BO,. 5.0
mmol -L_ICaCI2 2.0 mmol-L_lMgSO4 9.0x10™* mmol -1,
MnCl, - 4H,0.7.65x%10™* mmol - L' ZnSO, -7H,0.,3. 7
X107 mmol - L' Fe-EDTA | 3.2 X 10 mmol - L™' CuSO, .
1.6x10” mmol -+ L™' ( NH, ) ,MO,0,,, LP 4t Ff
KH,PO, ¥ 0.01 mmol-L™", HAWE )5 55 NP AH[H ,
DL KCI i K, AR 3 d B8 1 ISR, K
7P 900 HAAE M E FEMA R 30 min, MAR/G—
PSSR A %S 5 d(6 H 25 A-6 A 29 H) &
AF(21:00) 122 & F2 Y pH {f, AL B 28 d J5 FF 4R
SENH AR oA R B G AR B bR .
1.3 MEEHRSHZX
1.3.1 REBEKReGmZ  SHIAEFARE(YC/T 142-
2010) " P FERR S (em) ZERL (mm) SR L HEIR
SR FHHE K 0 2 AR AR AR AR (mL) 5 3R 5 T 2 i T A
(em®) ; FI ] SPAD-502 M4 AL ( H A REIA A F)
DU KR e (R 2 28 B F A XVHEL (SPAD B o BET

B BR A b B> FIAR 52, 105°C A4 F 30 min, 75°C
MR T,
1.3.2 AZIEAragm 2 MR TE R A=
2R PO (M (triphenyl tetrazolium chloride, TTC ) i Jit
R e e I A R i R R P Bl =R (acidic
ninhydrin) ¥ ; MDA S A] S PERE & 5 R FH AR 2 Th 2
Fi% ( thiobarbituric acid, TBA) & . R X7 &
(R R AR W) T ARG BT ) 23 5 s i By ] P 2
H & & A ALY B AL i (superoxide dismutase, SOD)
I8 M 5 T2 ¥ (acid phosphatase, ACP) 3 1, H: b,
ACP LA 52 U (I 7E 37°C 5 AL AE M 30 min 74
1 mg /R HIGME B U-g™' prot; SOD LL4&E 7 2 4U7E
1 mL SRR SOD #5335 509 i T3 B2 f SOD i
R B 1AL AL Us g™t FW, SR R &
(TRINBEER AR D B ARAT BRZA 1) 235000 7 w3 48 Ak
ZH (catalase, CAT) F13d S 1L ¥ 1 ( peroxidase , POD)
Wb, Hop CAT DA T4 2R 8L 1 nmol H,0,
WA o SC Ry — NS 7 5047, B nmol - min™" - g™ FW;
POD DU se HATE R T R NAR R Th B 3B A B4k
0.01 y—EEG F B0 B0 U™ FW, B FRW pH fH
FIHIE 20 pH ME (B RR e AEsT) ME ,
1.3.3  wbARaE 38 26y b SRR B 45 2 (low-
phosphorus tolerance index,./N) [20) W s R Rl il R 2
RUIHFEAEARBE I8 T 10 2R 4 R AR JRRAE 22 55 R IR
AR 2

T AR A8 5 = (Wl 25 10 T F8 b I (R 1E 8 9 2%
P FaARi & (i (D)o
1.4 HHESH

FIFH Microsoft Excel 2007 #4750 e 40115 [ 2=l
VB ;35 SPSS 22. 0 BEATEUIE 0 Hr , 2 H HUECR H 1LSD
xS vE: , WA K (8] 1) 2 5 PR T A2

2 HERESWH

2.1 AEMYERRERZERNER

FEE W51 DR (77 ST S R - B S B i
YRR ZRIRFERE R, 5 IEHF S L, ek
TR AR R AR M R R
KA - SPAD {34 BN, 1 AR A P s
Ko XM, G28  Fh A 101 78 2 MR AK V- T
2R E M K326, 40105 BT EE S, R,
AR E SR A ) AR bR (M 3R AR T8 bR
SPAD fH%) LN 5 NP [} 225 B3,
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Table 1 Characteristics of the agronomic trains in
tobacco varieties at seedling stage under
different phosphorus levels

FEH A Genotype

FEFR Index

G28 JE 101 =4 105 K326

3= LP  8.03dB  10.00cB  14.85bB  18.27aB
Plant hefght/em b 11 03cA 12.90cA  18.00bA 22, 17aA
LN 0.73a 0.78a  0.83a 0.83a
el LP  4.04bB 4.26bB  5.11aA 5.67aA
Stem diameter\p 4 S0bA 5. 17bA 5.51abA 5.96aA

/mm

/N 0.84hc 0. 83¢ 0.93ab 0.95a

FREK LP 16.17dA  18.20cA  31.12aA  26.24bA
Mai length
p am rootlength - \p o 15.38¢cB  14.93¢cB  23.30aB  20.95hB
cm

/N 1.05¢ 1.22b 1.34a 1.25ab

HRAAAR LP  0.28dB 0. 58¢B 1. 09bB 1.53aB
lume

Root volume NP 0.39dA  0.78cA  1.39bA 1.93aA
/mL

/N 0.73a 0. 74a 0.78a 0.79a
Hi LT LP  0.19¢B 0.24¢B 0. 64bB 0.93aB
Shoot d

oot cxy NP 0.57dA  0.70cA  1.00bA  1.33aA

weight/g

/N 0.34c 0.35¢ 0. 64b 0. 70a
T LP  0.02cB 0.02¢cB 0.05bB 0.07aB
Root d

oot <1y NP 0.05dA  0.06cA  0.07bA  0.08aA

weight/g

/N 0.35b 0.37b 0.73a 0.79a
R LP 75.84dB  84.42cB 141.65aB  121.95bB
Maximum NP 129.88cA  149.11cA 213.12aA  177.26bA
leaf area/cm?

/N 0.59 0.57b 0. 67ab 0. 69a
SPAD {8 LP 11.07¢cB  12.63cB  20.97bB  17.97aB
SPAD value NP 18.93dA  20.67cA  29.50bA  25.77aA

L/N 0.58¢ 0. 61bc 0.71a 0. 70ab

L AT AN RNG TR 3278 T I AS 3R] it Bl 0] 22 7 .35 (P <0.05) ,
[R5 A [R] R 5 < ek 3R 705 [] — it B9 AS () b B 1] 22 532 . 3 (P<0..05)
T,

Note; Different lowercase letters in the same line indicate significantly
different among different vocrieties under the same treatment at 0. 05 level.
Different capital letters in the same column indicate significant different
among different treatments of the same variety at 0.05 level. The same as

following.

TRBEIE T, A [7) 1l 2050 258 0 2 0 o %) 45 48 A A2 4k
R BEAAAE I 22 5, Hoh R iR L SPAD (E FE IR AR IR =
M 105 (17. 50% .28. 92% ) <K326 (17. 59% .30.27% ) <
M 101 ( 22.48% . 38.90%) < G28 ( 27.20%.
41.52%) ;2540 MR R AR R IR AR Ul K326
(4.87% . 12.50% . 31.20%) < = M 105 ( 7.26% .
28.57% 33.54% ) <G28(15.83% .60. 00% .41. 61%) <
HAE 101 (17. 60% ,66. 67% \43.38% ) ; Hb L1 H AR

IRFRFE IR AR Y K326 (30. 08% .20. 73% ) < == A 105
(36.00% ,21.58%) < H 4l 101 (65.71% .25.64%) <
G28(66.67% .28.21%) , EMRKIBIHMKIK A= M 105
(33.56% ) >K326(25.25%) >+ 4 101(21. 90% ) >G28
(5.14%) , b K326 1z 40 105 #0935 HR K 14 i 45
K UL EASSART I R 2R SRR IR RN HH L/N
TELRIAE T, 106 Il v 20500 0 A A Il T 3 T T e A
FERL R PR R ISR
2.2 AEBHERREAMFRPETENES

P 2 R (B a2 R i T A R A A
CAT POD F1 SOD i1k, (R#EKF T, G628 Hi4f 101,
M 105 1 K326 By CAT 5555 1E 5 Bl A B 43 4 5
T 23.63% .57.711% .67.23% F11 88.96% , POD 1% 1443
R T 23.20% ,23. 23% . 40. 78% F1 39. 68% , SOD
EHESHEE T 17.61% 9. 63% .38. 89% Al 40. 94%
RBEMNA T, G28 ) CAT POD {5 VR34 % 44 Ay f A%,
1 101 (1% SOD 1 PEH i A I , K326 1% CAT #1 SOD i
PEMS R, 50 105 f POD T MR R v . 4556
FT, 0t ey 80 it o %) 240 R DR AP B P R 2K TP
mn AP THE /N, CAT POD A1 SOD 15 1R L/N {3
A K326, =0 105 B, i 101,628 #4IK,
2.3 AEMMEAEREBBREBIENESR

FH 2% 3 AT (KB KT, =4 105 K326 R AT
HACP TR B HE T, G28 R 101 MR AT R
ACP T VEEA B (R T 2% 25 5%, M ACP %
PEBAIEAR YK R K326 (47. 94% ) >z 4 105 (25.85%) >
FRAE 101 (15.67%) >G28 (9. 52%) ; M 4 > 5 Fl )
ACP 7 P A8 {1k s e [a) AR — 2, 34 iR i KA K326
(49.02%) , H ¥k J& = M0 105 (26.67%) , IR N 4
101(8.79%) ,G28(8.77% ) e ffk ; AR AN v ACP 7 1
BRI PA K326> 740 105> 40 101>G28, 1
AR ) ACP T PR3 IR K TR IR A, AR,
K326 (1) L/N {H 1 2 T HAh 3 DA =4/ 105 7Y
L/N (B0 75 TP A 101 G285 - rp | 4% 10 B i [X] 18 Ay
L/NfHEJCE 225, 2 MaBT AR F - sh i ACP
VRl K326 Fil 2 40 105 %, Ui B i s R4 Fh e
LP HI NP Zb¥ T ¥ B A @3 w8 =808, 7l —4ib
PR, B SE I RIR P ACP TR 34 T
2.4 AEMPUERERRFARKIEE
MER

H 2% 4 v 5 IE R A L AR KT T &
FHE LRI R [ AR 2R T 0 34t 2 A AT, R v R R A R 1
G28, [ T 73.00% , K326 [ ME 5 /1N (25.26% ) . #R
G109 /N B DL K326 SN, 240 105 F1HR4E 101

% pH &
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Table 2 Cell protective enzyme activities in tobacco varieties at seedling stage under different phosphorus levels
_ FEAI AL Genotype
F88 Index
G28 HAE 101 = 105 K326
CAT/(nmol+min™! - g ' FW) LP 15.75dA 21.78cA 23.73bA 26. 02aA
NP 12. 74bB 13. 81aB 14. 19aB 13.77aB
L/N 1. 24c¢ 1. 60b 1. 65b 1.87a
POD/(U-g 'FW) LP 2 922.22dA 3 621. 58cA 5 718.73aA 5 458.37bA
NP 2 371.92dB 2 938. 89¢B 4 062. 22aB 3 907. 77bB
L/N 1.23b 1.23b 1.41a 1. 40a
SOD/(U-g 'FW) LP 130. 73cA 137. 14cA 160. 11bA 207. 75aA
NP 111. 16¢B 125. 09LB 115. 28¢B 147. 40aB
L/N 1.18b 1. 10b 1.39a 1.41a
®3 ARMEBEGTREEEREZ R EBRREE T x4 TRHBEHTREEERBRREN
Table 3 Acid phosphatase activities in tobacco varieties Table 4 Root activities in tobacco varieties at
at seedling stage under different phosphorus levels seedling stage under different phosphorus levels
P KA Genotype Ab ¥ FEH T Genotype
Treatment G28 101 ZE4H 105 K326
Tissue G28 FE 101 2 105 K326 e
LP 4.02cB 5.25¢B 17.94bB 26.01aB
R LP 1. 38dA 1.55¢cA 1. 85bA 2. 16aA
Root NP 14.89cA  14.49cA 28.36bA  34.80aA
NP 1. 26bA 1. 34abA 1. 47aB 1. 46aB
L/N 0.27¢ 0. 36bc 0. 65ab 0.75a
L/N 1. 10c 1. 15¢ 1.26b 1.48a
-
LP 0. 62dA 0.99cA 1.33bA 1.52aA —
Leaf ‘ ‘ ! 1~%55 K, LP 43 G28 H 4 101, 24l 105 il K326
NP 0. 57bA 0.91aA 1. 05aB 1. 02aB
¢ ¢ ¢ 7 pH {H H 6.00 43 5 F & % 3.90,3.81,3.54 F
L/N 1. 13¢ 1. 09 1. 26¢ 1. 50¢
: ‘ : : 3.11,NP 4b BN pH {H 1 6.00 705l T Ff % 4.21,

W2, G28 fedlk, 2 FH B ARAMOM B i A A AR 2R 1 1 A2 AIK
Tl 30 1) 52 i B Sy B

FE 1 A] 0, LP A1 NP AbBER | 45 4K 5 35 R A 1)
BRI pH (HRE A AL B (] A9 2E 4 35 SRR 34, 4%

4.18 4.15 F13.88,L/N NI Hy 1. 00 4351 F % % 0. 93
0.91.0.85 F10.80, LP I NP AbBEF 4% 5P pH 78
AR RN K326> 200 105> 10 101>G28 , 1 HH
e e S S AP B AIRAR PR pH B Y B 7 W I v T B AR AL
il

A e 5 DR R ) pH A AR AR AT AR 22 5, A B pHAE IR 26

pHAA pH value

7.00¢
6.50
6.00+
550
5.00
450
4.00¢+
3.50¢
3.00+
250+

2.00

= K326 = ZHH105 < 101+ G28

A 7.00 B 1.057 ¢
650}
1.00}
6.00}
5501 0.95¢
5.00% 0.90f
4500
085"
4.000
150l 0.801
. , , , , 300 . , ‘ .
1 2 3 4 5 1 2 3 4 5 OB %5 4 s
PEREpHE J5 R B

Days after adjusting pH value/d

Note: A:LP. B:NP. C:L/N.
1 AREHBEFHTIHEEERBIZESRRK pH EEL

Fig.1 Changes of pH value of nutrient solutions in tobacco varieties under different phosphorus levels
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%5 %0, LP Ab R, 4 AN HREL 5 AR B a] i %
W U S 2R S MDA & 535 W3 & T NP, 1 vl i 4
N EAR T NP, BRI R B PR AR A
PEEE A & R IE AR IR A = M8 105 (35.31%) <K326
(37.51%) <"H4H 101 (51.51%) <G28(56. 11%) , MDA
BRI R G28(62. 50% ) >HH4H 101 (54. 32%) >
M 105(22. 82% ) >K326(22. 46%) , I B I 2 & =
BRIV R 5 4 105 (65.75% ) >K326 (64.37%) >t
M 101(27. 62% ) >G28 (19.77%)) , A] P4 25 2 14 i
IR R K326 (61.42%) > == M 105 (46.36%) > G28
(31.96% ) >4 101(27. 08%) , LP 1 NP 4bHE T, A]
VS PERR 1 AT PR I 2 R 5 e 34 D v RO R Y
(K326 FI=HH 105 ) 55K, Wi I A B ( G28 Al rh
101) B/, Bk 3 AN EFREY L/N (EZR W, 453 H
RIS MDA & HE7E NP AR AR R I Th 4 101>
=M 105>G28>K326 , {H TG fi 3 2% 5%, i 7F LP AL BT
A IR 208 e R 8 5t A O] il 285 v Tl v 0 R PR ARt

x5 ARHBMEGTEREEERNBEHTIEELEER
Table 5 Main physiological indexes in tobacco
varieties at seedling stage under different

phosphorus levels

BT FEPH Y Genotype
Index G28  PE 101 ZAH 105 K326
AT LP 9.63cB 9.97¢cB  21.51bB  30.21aB
Solubl i
OUDIPIOIEI NP 21.94cA 20.56cA 33.25bA  48.34aA
/(mg-g™")
I/N  0.44h  0.49ab  0.65a 0.63a
AN LP  25.56cA 23.70cA 37.57bA  51.72aA
Soluble sug:
oHbTe sue NP 19.37cB 18.65¢B 25.67bB  32.04aB
/(mmol-g™")
/N  1.32 1.27¢ 1. 46b 1.62a
Ui B3 I 2R LP  13.63dA 28.97cA 97.43aA  85.21bA
F li
ree pronne NP 11.38dB 22.70cB  58.78aB  51.84bB
/(pgeg)
/N 1.20b  1.28h 1. 66a 1. 64a
N LP 3.90aA  3.75aA  2.96bA  2.89bA
MDA
» NP 2.40aB  2.43aB  2.41aB  2.36aB
/(pmol-g™)
/N 1.63a  1.54h 1.23¢ 1.23¢
AJ \A
3 iTie

VEMITE A RTINS B 2K ke = 2 FURK, SR It
2 AL TR AR K A S I st 2
SRR, AL 53 5457 B, T T BORLRR AR KRR
ARBEFEA TP A BE 240 Fe DA Y A R 252 31 W 5

M, HoAR = 2R b BT R AR ARt
ARt 7 SPAD fH 4T NP K-, 48 8 5 Ak A 7Y
FIARTRIFE bR (bR K326 . 54| 105 FZEHHS1) 76 2 R R
TRV Y 22 5 Y9308 13 7K P 5 A [l 205 230 ) e e R Y
XAt AL P e by AN [] 4 v 2580t ol ( K326 AT 4 105)
A /| B A8 AR AP A% b ( G28 FTrp A 101)
F Il 2 280 PR E Wl v B B MR P I L R AT B DR AR 3
FIEY R dERFIEH £ Vejchasarn 267 ifF 5 R 1,
A ) TE AR 390 58 r i aod SO 38 AR 3R T 5 1 e ol 2R R A
B, XA RAR, AW T, 7E LP 43
T, =00 105 K326 FF A/ 101 F1 G28 2 4R 43 1] 384 K
33.56% .25.25% 21.90% .5. 14% , 9" K T M 2% shi
Bl 380 T AR AR SRR p 4l AR AR T AR SO
FAE L8R E Ty IEE AR, P &84T, A
[7] 5 A1 A8 AP R (%) R 3R 48 b A7 7E ] I 25 S, L K326
FARE MRAEFARTEAY L/N H5 50 1.25.0.79,
0.79, 48105 4 1.34 0. 78 .0. 73,628 4 1. 05.0. 73 ,
0.35, %4 101 & 1.22.0. 74 .0. 37, it B =5 50 b
HRARFEARIY L/N (B8, 32 AR i 52 ) 1] 11/ ) A
FIE MR T BRSO A . X SR AT 45
SAHME

RBEA A 0 AR 2R T 25 7= A6 3 AR 1k, 18
Syl R E abk & E— R AR
IR ZR 0 3 3 AT LI , 328 43 P WA 9] BH 8 55
SIRCARPR , LAREARARPR pH L, 75 1k 5 22 X M i )
FEATE 2 HLBE K f O ARERSE P, G28 KSR
pH {E M 6.00 TR Z 3.90, U 101 &= 3.81, = /A
105 [ % 3. 54 ,K326 [ % 3. 11, {8 AR T 45 00 5 3
IR 5529 pH A, H.BE & W0 i) (8] 9S24 pH {E
AR, I AMSBIF ST 38 & BLES J2 3 pH {E iR A1
s PP S, B v 5 R pHL (AR b IR R B K, B BB R
AR BRRAIE T 25 A WS, 38 AR BE 3T 35 . X ST A
P ANAE S AR b BT A SR 2R, U
FE— 5 0 Rl Y, AICBA A B ) (BB AT AR B pHL (R K
Y ARARE SRR AR RER E B B ARz —, )
FE— R I S AT % K 43 RN 40 Jo ) AR
W R B AL T BT p SRR RG>, x5
ARG EE AR, AGFFER A, AS [ BE R FAR R
T T REARTR BE AN [m], B MR A K B2 G28(73.00% ) |
R 101 (63.77%) , B /N A 5 | 105 (36. 74%) |
K326(25.26% ) , it WA B AR 30 it 0 1100 R 28 A B 1 A2
I 5 e B A T R A A AR AR A R R
B PR AR EE T

ACP JEA Y AE KA 7 v — D 2 A /K i 1, GRS
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PEREA ML A K A, B2l 35 10 AR A ke T
W] AEY)LE BB S50 T RN Y ACP 35 P25 b 2
SR X AR A AR, AT 4500
KRR ACP 5 P 35 2 3 ka5, 6B ACP 3% PR3 o
SEAH PRI B 300 038 O P s 1, sk VA 4 B 5
I AHYIBERCR 5 ACP 357 2 1B A 56, 76 AR 56
WAFEIFHRIZE 1, LP X T AR ACP I PR 2 5
w L K326 Al = M 105 R B K, 47 BN 47.94% |
25.85%, 40 101 F1 G28 M EE /N, 43 BN 15.67% .
9.52% , M L K326(49. 02%) .z 4l 105(26. 67%)
SR, HIH 101(8.79% ) \G28(8.77% ) JE/N, BA
32 Ve WA SRS R A ) o DR R A )5 07 9 ACP 3% 38 i
LE TN 7 (1 G TR UG e = e R 7/ N NS £
ACP G Pt s i, (HA A 245 Y R, ACP (U AE
PrXH B M0 A5, T S RERICR JE G, HLAR R R A
AR — R

VRE AL FAR B A AR P 237 A R A
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Effect on Growth and Physiological Characteristics of Tobacco
Genotypes With Different P-efficiency at Seedling
Stage Under Low-phosphorus Stress

GONG Siyu LIANG Xihuan YANG Shuaiqiang ZHANG Shichuan

ZHU Xiaowen LIU Qiyuan”

( Key Laboratory of Crop Physiology, Ecology and Genetic Breeding , Ministry of Education/College of Agronomy ,
Jiangxi Agricultural University, Nanchang, Jiangxi 330045)

Abstract;In order to reveal the response mechanisms to low phosphorus stress of different tobacco genotypes, the
experiment was conducted using the tobacco genotypes with low-P tolerant and P-efficient genotypes K326 and Yunyan
105, low-P sensitive and P-inefficient genotypes G28 and Zhongyan 101 with low P (0. 01 mmol+L™", LP) and normal
P (1.00 mmol-L™", NP) two treatments to study their responses of main agronomic characteristics and physiological
indexes to low P at seedling stage. The results showed that the agronomy indexes ( plant height, shoot dry weight, root
dry weight, etc) of P-efficient genotypes were significantly higher than those of P-inefficient genotypes at both
treatments, which indicated that P-efficient genotypes could grow well under the level of LP and NP and they had higher
P absorption or utilization efficiency. The main root length of P-efficient genotypes increased more, and dry weight and
plant height decreased less at LP, namely the growth of P-efficient genotypes were less affected by LP and their tolerance
to LP were stronger. For physiological indexes, the activities of three protective enzymes [ catalase ( CAT) | superoxide
dismutase ( SOD) . peroxidase (POD) |, acid phosphatase ( ACP) activities, soluble sugar content and free proline
content increased more, MDA content increased less, soluble protein content and root activity decreased less, and the
pH value of hydroponics nutrient solution decreased more in P-efficient genotypes. The LP tolerance indexes of
agronomic characteristics and physiological indexes of P-efficient genotypes were higher than that of P-inefficient
genotypes. In summary, under LP stress, P-efficient genotypes had strong scavenging ability of active oxygen. They
could maintain cell osmotic potential by accumulate more osmotic adjustment substances to protect cell well and improve
the absorption and utilization of P by enhance ACP activity to promote P activation to maintain their normal growth and
metabolism. The results of this article provided theoretical support for the efficient phosphorus uptake and utilization of
tobacco.
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