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Bt TARTHHAEFTEIEZNL
RESFEMXEA

X, ERE, e

(MR R KEMIEBIF AT, K 410128)

BERNTHBERZHRARSMH ARIHARETFEFRTESENER, T 2003.2004 4E L) Bt #1235 NZ, Hy, H, I
R A=A AR R SIT TR, HERBRENR R RF KB E#T, RABIMKARR, #4KE
HA4GK,DRKER13.4m°, 23 FTRERER HEWE A, EENRE/DKELR 10 SRS KRS 4 HEKE 2
oL W EMRM K2R NP.K.B.CuZn.Fe. AIMM AR, HREREW - ARIRHAELHKRISBRPUNNGERELR B
BB EE - YU NZ, EREH H K H, B ER B ERKF(p<5%). HEPARBRHHT AW NP KAMBE R
WAHFEREER M Cu. IZnMn EFSRYEFEEREER, NZ, b H M H, B RRI B EL I F, #4804 8 N.K.Cu.Zn,
FeMnfIBHEBEERTF, F,(p<5%),MF,.F, NERThLEL—F,F AEHKMNEFRTENRKS F, .F, RAWEHEE
AHERENRMLYE. L. FE ARNATEESHTAEHRTRSERLOEF S, EnEYAREARZNBREEEELR, HXH
HRP ERBRETAFSNE. SKESTFRUBNERFRAEBENX(p<5%) MHEHHNIXFITENSRBSHE™
BEBEMX(p>5%). TREELHTZRLEN BXENTERES TR AR BENHEANRARBEEAFE(p<1%),
XA ML RFAEERTE; TR
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Studies on the nutrition element contents of transgenic Bt cotton hybrid leaves and its

relationship with yield

LIU Hai-He, LI Rui-Lian, CHEN Jin-Xiang" ( Cotton Institute of Hunan Agriculture University , Changsha 410128 , China ) . Acta Ecologica Sinica ,
2006,26(8) : 2510 ~ 2515.

Abstract: The purpose of this study was to compare the nutrition element contents of leaves and analyze its relationship with the
yield of transgenic Bt cotton hybrids F,, F,, Fy of NZ, , Hgy , Hys. The field experiments were conducted with plots at 13.4m?,
4 rows, the plots were arranged in randomized complete block design with 4 replications. The field experiments were conducted in
Changsha experimental base of Hunan Agricultural University in 2003 and 2004. The contents of N, P, K, B, Cu, Zn, Fe and
Mn of the fourth and second leaves from the top of main cotton stems were analyzed at flowering and open boll stages. Experiment
results showed that there were significant differences in the contents of N, K, B, Cu, Zn, Fe and Mn in the 4" leaves at flowering
stage among different cotton hybrid combinations. All the element contents of NZ, plants was the highest, that of H,; was the
second and that of Hg, was the lowest, the difference was significant ( p < 5% ) . There was no significant difference in the element
contents of the second leaves among the transgenic Bt cotton hybrids at open boll stage. There were significant differences among

the contents of N, K, Cu, Zn, Fe, Mn and B in the 4th leaves of F, , F, and F; generations at flowering stage (p <5% ), and
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the contents of F, plants were higher than F, and F;, and the difference between F, and F; was not significant. F, plants showed
higher hybrid vigor to absorb nutrition elements than F, and F; plants. The decreased hybrid vigor of F, and F; were related with
the decreasing of nutrition element contents. But there was no significant difference in the element contents of the second leaves of
F,, F, and F; plants at open boll stage(p < 5% ). The results of correlation analysis showed that the cotton yields, both seed
cotton yield and lint yield, were significantly positive related to N and K contents of the hybrid leaves at flowering stage, but the
relationship at open boll stage was not significant(p > 5% ) . The positive correlation of cotton yields and the B contents in cotton
plant leaves at flowering and open boll stages were highly significant(p < 1%) .

Key words: cotton; hybrid vigor; nutrition element; cotton yield

AR HEERERA LM E WA, MERAWNES, FREERALHEE TEE LML E
MRS DMEEEREER LD ARMRE S EE T BENERTENRE S EARSHE 2E
S, RATELLE MRS S SRR, I ANRIE NP RIS EEPERESS ., mMYZELY
PR A F, AR R R RAMBRRI N R PR, MERREE LD, B ERSREE
FLREREMEERREFRL TR GEEREEHREERPNXEBREEHFEHR " BHFRSE
BRI THERTARZH, REFRALSHAMEENAAREYT A EXTESRNEALS T2
BXRHR, KERB T4 F MNP KITE ™ MAeRE . L ROAAREMETESROEREH
I8 LARIE

AL B R AME AREESHEARLM AAERT A ERTESBETAER ST/
B9 5% A&, 12 B R B 2 DR 470 B 4% 38 1 0 15 7 B 2 e AR SR AL AR 4R
1 #R5HE

MRS T 2003 2004 SEEB AR KFER AR EEMHET HEESSEV ST R EREDREES
HEFERRESFR LR EHT,

R AV E L EERE ATENME, L HEAPFERE, AR LBR S RN 1180 mg/kg, £ B
(P,0,)1890 mg/kg, &4 (K,0)26500 mg/kg, 33 & 81mg/kg, BB (P,0,)23. 1mg/kg, HE L4 (K,0) 56mg/kg,
BFREA 3.15 mg/kg(HCI $2H) , A 34EEH 2.49 mg/kg(HCl $2B) , B 88k K 3.56 mg/kg(BEBL-BERRERIR ) , B
BN 12.68 mg/kg( DTPA $2EL) , B2 5 0.62 mg/kg UK ) , A HLIE 22900 mg/kg, /KR pH8.10 . KK & T
(HE)AFERATT R SLLM NZ, Hy H M BH - A=, 9 MR, NZ, WA B F &ML F
MTm#EERLERSFARRM, H, HMF, M FaEENFMAARERME, F,.F, 258 F,.F, 8 XB&
ORL IR CRIAR 3 5 MR R KRBT ST AT iR 4, H R T 2003 4 .2004 F 34T ,3 AR R 3 A
AR 9 NI AL 2, R AN X R, ER 4 K, /ADRK 3.35m, T 4m,4 17X, /NREAR 13.40° , B E R
27000 #k/hm’ . 4 A 12 H¥ER,5 A 20 H B, B 0T i 2 AL 375kg/hm” (2 & 0B, & N 18% .P,0, 4% .K,0
9%),6 AR IWIE AL IE (JR E 75kg/hm’ , & N 46 % , H A FE 300kg/hm’ , FE & RIE E). 8 AWITH . £3
o HT AR IE I T 4 11 R A R T A VT A B 3 B R AR o SE i (DB/T-97) .

MR 2 EMAETF BN EZNY RN ERTESBREGERMEARKETRAMN
EEHERS  FHARE UL R R EE 4 Rt S5 EIBE 2 BT R MR R /DK TS 10
RARRAE 4 0t 2 00, R F BT BG4 28 N.P.K # B.Cu.Zn . Fe Mo & &,

1.1 HEAH&

BREMESERBRKGEERBEN KDY, BH 0. 1mol/L HCl BIE, KN HZEB KL, R G B AR
BESHEDT BETHEXNEBENTRAT,70~80CHT AHZEXE, AEKFENE, T 1om 7, HEH
W REKESD, £H. ARMBEHREHE 10CER,

1.2 WEH&
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LB NMUEARR-SEASHEL-ZEE 2B PN EARMR-TALAHL-ARRLAE; 28K
I F R B R AL- KL ; 28 CuZn Fe Mn M E AR RAL-R FR T 6 S 28 B
oW F T IR AL I b k1

1.3 HBESH

R F Excel 1 DPS ES M EG M RBHEHRGTHIT W, OWAR SRR — R FA AR &R
TESBHNER,
2 ERE5HH

2.1 WEEBPFRSERBOSN

AFE R ER NZ, F, H A& KB X 12.6g/kg, b NZ, B F, 10.0 g/kg, & 26.0% ,H, F, H A& K
BH11.7 g/kg, L F, 10.6 g/kg, F 10.4% . ARIGEFHFETERSENB/MESBRRKEMEZT TEL N . K2
JEE N8.9% .P21.3% .K 26% , B ITE Cu #H2 58.8% .Zn21.1% ., Fe 52.8% Mn 45.4% B 8.7% ., VA N.
BAENEE /N, Cu .Fe LIRB K, RHEERABEKE(p<5%). MBHETEWERBEEMRTRAXMF .5
F, i, B\ FF, SNB5&HMF,.F, FEIBERARE,

%1 RXHAMTESHERPHEEFIRSBSH
Table 1 Nutrition element contents of transgenic hybrid cotton at flowering stage

7 38 N P K Cu Zn Fe Mn B

Hybrids (g/kg) (mg/kg)

NZ,F, 40.2ab 5.7a 12.6a 17.87aA 27.28aA 297.82aA 9.51aA 8.34a
NZg, F, 40.0b 5.5a 11.8ab 12.65deCDE 26.12abAB 278 .34abA 7.28dD 7.90ab
NZg Fs 38.6bc 6.0a 10.0b 12.12deDE 25.25abcAB 269.00bAB 6.54{E 7.94ab
H\sF, 4]1.7a 5.6a 11.7ab 14 .09CBC 27.31aA 286.35abA 9.46aA 8.38a
HiF, 39.0bc 6.3a 10.6b 12.39deCDE 24 .29bedABC 267.52bAB 7.88cC 8.22a
Hj,F; 38.8be 5.3a 11.0ab 11.50eDE 23.36cdB 244 .95¢B 6.72efDE 8.18ab
Hy, F, 39.9bc 59a 10.8ab 15.76bB 25.61abcAB 284 .34abA 8.59bB 8.19ab
He Fy 38.7be 5.8a 11.2ab 13.27¢dCD 24 .16bcdAB 214.74dC 7.14deD 8.09ab
Hy Fs 38.3bc 5.2a 10.2b 11.25¢E 22.56dB 194.94d4C 7.09deDE 7.71b
CK 37.8d 5.6a 10.9ab 12.96¢dCDE 23.83bcdAB 198.32dC 8.39bBC 8.11ab

* EPARFPEFFES SSRRRE0.05EEKE, KEFEFHERIX 0.0l IRBFEKFE, FFR  There were no significant difference at 5% and

1% level respectively for the means within same columns followed by the same small letter and/or same capital letter

AR R AR m 4 H 3, 4347 NZg, Hyg Hy, 3 DR EH F R .F, LR FSSBME
Fo ARGERRA MEAFAXRSHSM AREREBHHRERTESBFEER(LEK2). EFAFM
MK ERFE-ENESR, U3 MHRMEIEITHE NZ, He Hy 3 T HZHFHHAE PEER N.K.
InFe SBUNZ, ZEBRE HKZ H . REK ERFEEBREEZEKE. Cuh NZ, F BB, HyIKZ, H
BAK ,Mn M B L, HeB & NZ, I H EZF AR E TSR ARMERTENREKEFAEZR ., AR
REFSBREMERRA.F, .LE.F, BP ORI HEFRSERYGFEEE p<S5R)IMBEER (p <
1%), At REEFR S BN E R RIYFE ARG M E RSB, /4 R&MERBERNEERBARERR
PHBEERE EARSEEMNMEERREHHRE . F, HEMN F B N.K.Cu.Zn.Fe Mn M B S BB F
ZTF . F(p<5%),MF, & Cu.Fe Mn WMEBEEZF F(p<5%) HETERERERAEE(p>5%),

B PHERBRARIMAMMBERMARTZ/L BF5TBEERAEMPEXRGARBER P&
BY 23.1mg/kg) o F,.F,.F, REHAMKHF N K SBHEAL, 2RBEE.
2.2 MM EBIFEN & RASH ’

WMELAP B EEIERBEMBTROIBAEAERKBHE L, XXBAFRRFHFAARHARREKEIL
et EARR B RARBIEEEMNBEEFEUR -8, BEMFESN RO ESFAEER, BAR KM ORFE AR
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%2 TESH FAAHRFTHEABELHEEFA RSB
Table 2 Nutrition element contents of different transgenic hybrids cotton and its generations at flowering stage
m B N P K Cu Zn Fe Mn B
Item (g/kg) (mg/kg)
A Al G F NZ;, 39.8a 5.7a 11.5aA 14.21aA 26.33aA 281.72aA 7.77bAB 8.05a
Hybrids Hyg 39.7a 5.7a 11.3aA 12.66bB 25.05abAB 266.27bB 8.02aA 8.26a
Hey 39.0a 5.7a 10.1bB 13.42abAB 23.99bB 231.34cC 7.60bB 8.00a
AR F, 40.6aA 5.9a 11.7aA 15.91aA 26.6laA 289.50aA 9.18aA 8.30a
Generations F, 39.3bB 5.8a 10.8bAB 12.77bB 24 .92bAB 253.53bB 7.43bB 8.07ab
F3 38.6bB 5.5a 10.4bA 11.62¢B 23.84bB 236.29¢C 6.78cC 7.95b
£3 REHARTARHERHETRTKIBIN
Table 3 Nutrition element contents of different combinations of transgenic cotton hybrids at open boll stage
g S N P K Cu Zn Fe Mn B
(g/kg) (mg/kg)
NZg,F, 36.02a 2.83a 9.63a 15.58aA 18.42aA 201.48ab 8.87bcAB 8.56a
NZgF, 36.23a 3.10a 10.17a 14.20bA 16.05bcAB 211.41a 8.33bcdBC 7.18bc
NZg, F, 36.76a 3.05a 8.57a 11.56cB 14.94cB 144.79c 7.00fD 7.07¢c
H6F, 37.07a 3.13a 9.17a 11.61 cB 17.32abAB 187 . 06abc 9.07abAB 8.12ab
HF, 37.09a 2.98a 9.40a 11.63 cB 16.49abcAB 176.54abc 8.20c¢dBC 7.94abc
HigF3 35.72a 3.24a 9.77a 11.52 ¢B 15.77 beAB 161.38abc 7.27efCD 7.75abc
He, F, 36.81a 2.90a 10.07a 11.54 cB 16.32abcAB 184 .40abc 9.69aA 8.68a
H F, 37.46a 3.14a 9.13a 11.71 cB 14.43 ¢B 185.26abc 8.35bcdBC 7.50bc
He Fy 35.83a 2.95a 9.43a 11.19 ¢cB 14.80 cB 169 .41abc 7.98deBCD 7.38be
CK 36.77a 3.04a 9.4a 12.34 ¢cB 15.88bcAB 151.00be 7.59defCD 7.56bc

MRERERH . F— LEEAARGM AEHAMET R NP K EFRTREBYAFTEREEZRI,
HATENGEREER B RHE Cu. Fe.In Mu ER TR S BYHFEREFESR, NZ, MM Cu, Zn, Fe
SEHHLHEHTSHE S ARAMRB NP KZEXAFEEEER MEUBTREBENFAREE

5, BRI B X 18 8 T 2 B o

Lo BRMEBLTROTRUF &R, F AKZF, B, X8

METESRATRHE 5F 20, BEFKT F. AR E L NZ,F, 81 Cu.Zn.Fe 1 B ERER,
PR T 32 & P EE B) R B 7= B L R AT, i R R LR B R 8 RIFAE KR, T AR fFt BHIRE

HERPMUHHEREENE .

£4 TARHFALRFCHABERPERTRTBSHF
Table 4 Nutrition element contents of different combinations and generations of transgenic cotton hybrids at open boll stage
mE N P K Cu Zn Fe Mn B
Item (g/kg) (mg/kg)
ARl & NZg, 36.3a 2.99a 9.46a 13.78aA 16.47aA 185.89aA 8.07b 7.60a
Combinations Hye 36.6a 3.11a 9.44a 11.59bB 16.52aA 175.00aA 8.18b 7.94a
Hey 36.7a 2.99a 9.54a 11.48bB 15.184bA 179.69aA 8.67a 7.85a
7 1] ik F, 36.6a 2.95a 9.62a 12.91aA 17.35aA 190.98aa 9.2la 8.33a
Generations F, 36.9a 3.07a 9.57a 12.51aA 15.65bB 191.07aA 8.29b 7.54b
F, 36.1a 3.08a 9.26a 11.42bB 15.17bB 158.53bA 7.41c 7.52b

2.3 AAABEHBRERISSERESFBBXR
BB S HA M B MA KRGS S BE —FHXR, RROETH TH> 8K 4301.3 ke/hnt, 5
=& K 1709.8 kg/hm® o R 7% 62F, BB E , TH =8 N 4902.9 ke/hm’ , KA ™= & 1906 .6kg/hm’ o H¢ F, 7=
BRAK, TR & N 4067.3 kg/hm’ , KW= A 1629.5 ke/hm® o 43 #7725 7K [5) &b #2648 3 31 4w Fonk 28 HA 3 2
HEERTESR, DHREH M ETHRHELESES FTRAEB=BEHNEXRE, ERIITES,
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Table 5 Correlation coefficients of nutrition element contents and lint yields of cotton plants

m e FHr= R’ seed cotton yield H#E P B lint cotton yield

Item .4 B Flowering stage H % 8 Open boll stage 145 B Flowering stage % 8 Open boll stage
N 0.6945" - 0.1649 0.7326" 7 -0.1808

P 0.0584 - 0.5063 0.0205 -0.3680

K 0.7850" * 0.3879 0.7677" " 0.3538

B 0.7219° " 0.7365" " 0.7433" " 0.7017"

Cu 0.0582 0.2912 - 0.0488 0.1564

Zn 0.6399" -0.2175 0.5725 -0.3329

Fe 0.5345 0.7040" 0.5038 0.7134"

Mn -0.3012 -0.3222 -0.2881 - 0.3431

* RAMAELSRHBEKF, » » BRE 1%HWEBEKTE Significant at 5% and 1% level respectively, T [F] the same below

MERSTR, ERHUBEHRFENBSTFRSBNRBZEFEFMHR(p<5%), ML LMY E N &,
MEMETBEXLAIBE, REAEBOAEX, ERP HEH P TENTESHUETBEYATFEREN
HRRXR, ERHBEH K TESES TRAER“BEREENHER(p<1%), ML EHRAHXREEE
KF(p>5%). EHRMHWHEBTRED, SMETBHEXEEENE B RPN I ES TR W™
BRMHXYAERBEKRKF(p<1%) HEHHWBIRSFRTENHEXBEB THREEKF(p<1%),.5
BT ENMEREB TEEKFE(p<S5S%), Mk CuMn SERETFTHRTEMERTCBRBEEHRE, HEBHY
InMEESTHREBHXEE MEEREHEXAEE. HEHREKTAF FeNEBSFHR . ERTEK
MERHYBE(p<5%). AT AN NZ,H A ZE Cu BT HHM He , ZERBE MARMENAE,ILF, K& B
B5F.FARBEER,
2.4 ARMARKFESSTREVETBHRE

SRR, F, F, TR KM E5 LR/ PRHER TR S BENMHXXREA, S RRA HXE
BEKFHEL HP PEF WNTFHE~E.KBEF, WFHR. KW R, Z05F, WFH EHRTZEXITE
EMKX(p<5%),

%6 ARERBENEFRARSBS TFR-BUERSRUEXRY

Table 6 Correlation coefficients of nutrition element contents and lint yields of different hybrid combinations and generations of transgenic cotton

hybrids
BRTRS R d & =
Nttt e S FRSR B A = g FH~R B A Fhae B AR
Seed cotton yield Iint cotton yield Seed cotton yield lint cotton yield Seed cotton yield lint cotton yield

N -0.0842 0.0057 -0.1786 -0.3275 0.1206 0.0522
P 0.3885 0.4272 0.3585 0.3109 0.5341° 0.4397
K 0.3447 0.2524 0.6671" 0.5433" -0.0363 0.0255
B 0.2768 0.2850 -0.5543" -0.6006" 0.3398 0.2192
Cu 0.4323 0.2803 -0.1523 -0.1952 0.3995 0.3909
Zn -0.0255 -0.1105 -0.0229 -0.0715 -0.5336" -0.6185"
Fe 0.4717 0.4445 -0.4733 -0.4331 -0.1869 - 0.0592
Mn -0.1181 -0.0787 -0.0283 0.0314 -0.0869 0.0265

3 g

3.0 MEEHRPEREERAFTAEERABREENNH, HEHEFTRSBSMHRNERRTRAE
X, BRX—FRHHAFIEBNESERBENTHASHRNEZERER BEARAENURKRTAERE
ER,RPARKRABMAENBEETRESEAEKHFAMAFMAIEHEFTESEERHOREREE,
3.2 MWMILEBHARE G ARREHEAHEK NK.Cu.Zn Mn TR EBZRU L, TENRLE LW
LW SN EEER, MALLEZHEERRRWIENTR, MM EMEAERET NP KEEER
ABE EHEBTESEEREE WFHMEBEXERSAENERAEEUNRE, M BESHHRSHREE S,
ERHAERE ANTESELRE, RESHSEFRNEL B EN B IERN M, AHEKER ™
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BRE, X5TE4" BEg" wE" REEFE " ki EEHUNER.

33 AXMF REAHEMNERKRKBH-EER,F, A F, REBEAFER, FEFRERERF AR &F
REBRNMEEED BERTAFEIBHRMUERN MBS, RERM AR, H R ERE DR
NSRBI EETR, SEEAEMH A ERTRTBNER IMERANSHIETBRYERAE
BEMX FNBSHESERANERRXRED MERSFERTERBERHEHAMEMmESL. B
W ERRBETFAEMNAEZN,
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