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Effects of nitrogen fertilizer methods on the content of Bacillus thuringiensis

insecticidal protein and yield of transgenic cotton

MA Zongbin' ,LIU Guizhen®, YAN Gentu®* ,DENG Shizheng” , HUANG Qun®,LI Lingli' ,ZHU Wei'
1 College of Agronomy ,Henan Agricultural University , Zhengzhou 450002, China
2 Seed Administration Station of Henan Province ,Zhengzhou 450046, China

3 State Key Laboratory of Cotton Biology, Institute of Cotton Research ,Chinese Academy of Agriculture Sciences ,Anyang 455000, China

Abstract; Nitrogen application strategies may be one of the main methods to regulate Bacillus thuringiensis ( Bt)
insecticidal protein metabolism of cotton ( Gossypium hirsutum L.). To investigate the effects of nitrogen fertilizer methods
(NFM) on the content of Bt insecticidal protein ( CBIP) in leaf,bud, hull of boll, fiber and seed, we conducted field
experiments for transgenic cotton,on a sandy loam at the Experimental Farm of Henan Agricultural University during 2009—
2010.The soil contained about 9.26 g/kg organic matter, 1.03 g/kg total nitrogen, 18.36 mg/kg available phosphorous and
96. 56mg/kg available potassium, respectively.The ratios of the application of nitrogen fertilizer before sowing, in flowering
stage and peaking bolls setting stage were 0.0:0.4:0.6, 0.2:0.4:0.4, 0.4:0.4:0.2 and 0.6:0.4:0.0, respectively. The amount
of nitrogen fertilizer was 300kg/hm’of pure N. The experiment was carried out with a completely randomized design with
three replications. The CBIP in transgenic hybrid cotton CCRI ( China Cotton Research Institute)72 was quantified using
Enzyme-linked Immunosorbent Assay( ELISA).

The results showed that the CBIP in young cotton organs tended to be the order of fiber>leaf> hull of boll, bud> seed,

but in overripe cotton organs tended to be the order of seed> leaf > hull of boll> fiber, especially CBIP in seed were 48. 5—
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68.4 times higher than that in fiber of cotton. NFM had strong effects on CBIP in transgenic cotton. With the advanced
nitrogen fertilization, the CBIP in young cotton organs were obviously enhanced, while overripe cotton organs tended to be
decreased in general. The results also indicated that NFM has stronger effect on CBIP in young cotton organs than that in
overripe organs, especially the CBIP in young leaf was more susceptible than that in young bud and boll. Under the
experimental condition of this study, we concluded that the ratio (0.4:0.4:0.2) of nitrogen fertilizer application before
sowing, in flowering stage and peaking bolls setting stage of cotton is proper. It may not only increased CBIP in cotton
organs in the early-middle period and improved the resistance of Bt insecticidal protein in transgenic cotton to Helicoverpa
armigera, but also decreased CBIP in cotton organs in later period and alleviated the pressure of Bt insecticidal protein to
environment. Moreover, the ratio (0.4:0.4:0.2) of nitrogen fertilizer application could increase seed cotton yield and lint

yield by 4.15%—11.24% , 3.73%—12.01% than three rest treatments, respectively.

Key Words: nitrogen fertilizer methods; transgenic cotton; the content of Bt insecticidal protein; yield
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Fig.1 Effects of nitrogen fertilizer methods on the content of Bt insecticidal protein in leaves of transgenic cotton
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Fig.2 Effects of nitrogen fertilizer methods on the content of Bt insecticidal protein in bud of transgenic cotton
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Fig.3 Effects of nitrogen fertilizer methods on the content of Bt insecticidal protein in boll hull of transgenic cotton
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Fig.4 Effects of nitrogen fertilizer methods on the content of Bt insecticidal protein in fiber of transgenic cotton
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Fig.5 Effects of nitrogen fertilizer methods on the content of Bt insecticidal protein in seed of transgenic cotton
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2.4 AREITFRIAE B B & R0 A
2.4.1 At E T T AL B B A A= A R

RS e B MAE LA B XS B b Bt B R SRR REY . R 1 v LA A
A7 SIS B rh B OIS AW B, WA ZNERT , A B b Be 8 E i S B RS
PN (T4 KEHRAG AL TS RIAR TBRAN) o B0, T2 H T1 AbERAG I 7 KRS M4 5T AT 4E A8 7 Bt & 240
B0 4.49 1.19.1.80,1.88 ,1.70 f%, NI[R)ifa 07 =% i - B 2K 14 75 2 A9 52 1 554 B & T2 T3 T4 43 L T1
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Table 1 Ratio of the content of Bt insecticidal protein in young cotton organs under different nitrogen fertilizer methods

AV Lige) M B3 T4 i ¥
Nitrogen fertilizer methods Leaf Bud Boll hull Cotton fiber Seed
Tl 1.00 1.00 1.00 1.00 1.00

T2 4.49 1.19 1.80 1.88 1.70

T3 4.76 1.44 2.57 1.97 1.87

T4 7.51 2.20 1.37 2.10 0.48

R R A 18 5 BRI, LT ARBES B P B S S o 1 R ARy T1 B9 R8 M  JRIT IS B AR AR 2
ERigrb R R EEP N

2.4.2 AFFEIT X THAEEASE BuE AT =N
Bt 5 EZIR B TEME R B AR T, R 2 TUAE R A EAm TR BeEA ST EA W
W, MERCI , EAGE D Bt E A S R B RRA S, FIa0, T3 b T ARG A 85T LR
AEFIAR T Bt B &0 90D 56% 7% 27% F 28% . 16 & 3 BE TR A T i00 R4 2 s B Y
Bt &
#2 TEBETXTHEZREEH B EOIBOLE

Table 2 Ratio of the content of Bt insecticidal protein in overripe cotton organs under different nitrogen fertilizer methods

it 75 L) $5E LE R i ¥
Nitrogen fertilizer methods Leaf Boll hull Cotton fiber Seed
Tl 1.00 1.00 1.00 1.00
T2 0.68 0.93 0.76 0.82
T3 0.44 0.93 0.73 0.72
T4 0.42 0.53 0.47 0.64
FP R A 1S BRI AT, LU T ARV E R Be AR A A 1 AR T1 BRI AR AR E R T AR LR AR

TRyt 224

2.5 iR O HR AL R R

M3 T LAE it BT O ARG A W R Bl i R RS A AR S RS BN S R L SORF R A
R = A Je i ka4, T3 AbHk B fe iy, 2 T4 AFE A T R R, Horp, T2 AbEE Lb T1 ARER Y B A 4 45 &
FIURERR B R =42 20 B8 0 4.729% . 1.90% F11 6.80% . 7.99% , T3 AbFRH T1 4D FR ) E LE B 5 B FIRAAR | B2 AR
PR BTN 7.97% 2.94% F1 11.24% 12.01% , T4 AbBRFE T1 403 A9 B K 48 F FURERR B2 AR 7= 12 40 )
BN 2.90% 2.42%F1 5.47% 6.02% , F7 2553 Hr W], T3 b33 A% s A8 SR AR 77 i B 3 1Y i T B 3 Ak
FOHATE R EST T A AR~ B85 T TR T4 43, 30 M= EA  ZUIERTR 55 B2 ¥ AR F
P, AR AL S5 T0AE A 0.4:0.4:0.2 Al FAR LR ™=,
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£3 HBEARMIGHRRTE R~ EHM R

Table 3 Effects of nitrogen fertilizer methods on yield and its components of transgenic cotton

Jiti % 5 SR EL S HE KAy KA = it SR o
Nitrogen fertilizer No. of bolls Boll weight Lint percentage Seed cotton yield Lint yield
methods /(%x10*.hm™?) /g /% /(kg/hm?) /(kg/hm?)
T1 69.27+3.07¢B 5.78+0.22bA 37.59+1.47aA 3999.37+26.46¢C 1503.12+49.91cB
T2 72.54+2.21bAB 5.89+0.10abA 38.02+1.75aA 4271.51+£92.04bB 1623.18+50.71abAB
T3 74.79+2.18aA 5.95+£0.08aA 37.86+1.38aA 4448.91+£73.52aA 1683.71+£35.56aA
T4 71.28+2.03bcB 5.92+0.13abA 37.79£1.72aA 4218.03+32.53bB 1593.63+60.80bAB

] — B 5 KB F R R 7R 28 AR L 35 (P<0.01) /NG TR 3R 25 57 .3 (P<0.05)

3 Zr5itie
31 AR E B H & A AL

RZWFIERI], PURAR AT 855 iy Be B S i AFAE A W R 22 57, EORRAET ORI P45 R
R e B SR S O R T IR AR SRR SR RE ARS8 R U R A U i > 44 T
O B SIS, AHTFEE R T DR AR B P B SR A AUOR R AR B Y B R
FS AR BUOGAR L 4E > > Te GE>M 1 (R 4) , SATABIGC AR A 2, fEARESIE R, 7 461 B
WA R, X TR A RO A R g Be SRRSO tA M T AR BB

R4 BETRAYHHBEF BLEASEMLE

Table 4 Ratio of the content of Bt insecticidal protein in different young cotton organs

Jti s Lipes ik e e i
Nitrogen fertilizer methods Leaf Bud Boll hull Cotton fiber Seed
T1 0.18 0.21 0.24 1.00 0.28

T2 0.43 0.14 0.23 1.00 0.25

T3 0.43 0.16 0.31 1.00 0.26

T4 0.64 0.22 0.16 1.00 0.06

KB P 1—5 Bl e UL 4Erh Be B A B 0 1, ARy 5O AR EF R A RO i R ORI 8 O 4h A AR AR S E
7 AR T N ]

PUHARIT R BT R RS LA SOOI ZS  Be A R EAR A AR, e — e A F W) s £
e R R R Y B B UM IREE T REIE B TE G, — AR ISR i L iR B Y B B R N F (R V] BB AEAE
e RS, E R, XU AR E AR A B B AR AR D SRR ST T i U X AR AL AR B iR
RS, 25 1R W] b Be B S i mcR . AR R ML 2GS B Bt E S R IR
SR SESESMREF4E , ARt Z U7 A FE T fh A B b Bt 221 & 13K 737.67—1158.66 ng/g( Kl 5) , /&
LI F Y 15.90—22.35 £, S FE Y 30.50—47.48 7%, AR LT 4E 1Y 48.49—68.37 15 (% 5) . R
HEIFZE R 01, 451 Be 8 (X & b2 7= e s ) (A e KB ST A 0, TR, I aE— A e X
PR T F T2 0= I RIS, LUEBRIE 9% 5 1 S 18 , AR A R MLr4Erh B 2 (5% B U
10.79—22.72 ng/g( &l 4) R NEAE B L4,

K5 BETAZABZEFBLEASTEMNLE

Table 5 Ratio of the content of Bt insecticidal protein in different overripe cotton organs

[ TE=WIEN i 45T ikagdis UiRR
Nitrogen fertilizer methods Leaf Boll hull Cotton fiber Seed
Tl 3.76 1.30 1.00 59.80

T2 2.17 1.59 1.00 48.49

T3 3.48 1.65 1.00 57.07

T4 3.31 1.44 1.00 68.37

KPR P 1 5 BRI DIARET 4 b B 2R B 1, HAAS B RUE AR LT 4R B8 8 M o V& 01, A4 2 B 4458 AT 2R
il 3l
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3.2 AR SN E BLEATE

H AT, ity OGP AR RS T B 2R IR Rk B s A R ASEIFST R it U SR AR A 4 o
ELRAGE D Bt EA S EIA A B, SRRICYHE ZIERT , e B D B B A 2 BN
POJLHENT B Bt A R OB, B RAL RIS, AL S 2 E P B AR A ) 2 B R Y
g UL EIEIE BERTRS A A TUl DAL B AERE 1 Bt BB, AW R, i R 7 s gl s B o
Bt 25 (& s R R TR 2GR B Bu B S AR, PR U, Fh R T AR s T e RUIR R R R RS, —
D5 T WM e B B B A, SR R AR A M BRI BE ) — O T, FRARE G B R Y Be R, b x
A S ISR RN 36 0 SR 1 T 7 IXURS: |, 8 ik T 21 2 o B R DR i 22 A R (R HHL
3.3 AR SR

RAEZBERMEEYAE K AT REEGRE" | Dol e 3 WS T AL AR e % 3 A~&0E
FLHt FE A FL B (0 201 101 A 1:2) , S5 EGE H R 102 AbERAY R AR e A BB 11 T 201 A HEAY
N 3.66% K1 7.33% , Yang %" FE-K VT bkial 0 Ke & B0 AY it 20 72 (IR 300 kg/hm® , FEA0: FF AL AL 101
30%:40%:30% ) ERAE Jyfiti &t 225 kg/hm? , FEAL: FFAE R AL TN 0%:40%:60% , 25301, J5 & T 3 = i A
AW MORFEEOR =, A58 W, M AL 204 300 kg/hm?® 2R FHFEAE: 144 AE: 55 THAE A 0.4:0. 4:0. 2 )
Jit & T AR A e w7 i, LAy 3 At 2 AR A 7 S R R A et A3 3G 4.15%—11.24% F1 3. 73%—
12.01%, X—&5F 5 T o A U0 7 BT i U 06 45 SR 0T (0 Yang %60 FE K VTR B AT I6 25 SR AR TA]
AR IR PR A VTS A B B I A A AR K B TR v R, RUIE RS Y5 B R s i i
TERE LA X, RIS B 1T RE 23 AR AL U8 , IR, 385 AT BEVS/ D G e 1 b B 25 (A & i, R AIRAR AL Bt
HPERR, 5 — 7 TH B R R AAEY B D B AR I a3 O A AR IR RN R 1 R
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