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Effect of low phosphorus stress on insect-resistant
maize at seedling stages

SU He, NIU Xiao-xue, CHEN Xiao-wen, SHEN Ting-ting, DONG Xue-hui”
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract In order to explore the difference of phosphorus(P)use efficiency between Bt corn and Non-Bt corn, we take
Bt 38 (Bt maize) and the background maize ZD 958 (NON-Bt maize) as experimental materials, using hydroponics at
two P concentration levels (1 mmol/L,1 pmol/L) to test the effect. The result showed that some biological traits and
physical signs presented significant difference even under the same P concentrations between Bt 38 and ZD 958. Among
the biological traits, root length, full-developed leave area from Bt corn decreased markedly under normal P
concentration compared with ZD 958. Furthermore, plant height,root length, Stem diameter,leaf length, leaf width, shoot
fresh weight, root fresh weight all increased dramatically, while root/shoot ratio decreased significantly. Additionally,
among physical signs.compared with Bt 38 vs ZD 958, Chlorophyll content and Chla/Chlb of unfully-developed and fully-
developed leaves, solvable sugars and starch content as well as plant hormone content among different part of maize
changed markedly. Moreover, solvable proteins content, activities of anti-oxidant enzymes changed significantly under
different P concentration treatments. In a word, expression of Cry1Ac affected both biological and physical traits in Bt
corn, which lead to diverse viabilities under the same P concentrations.
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1.7 Sito#F 2.2 MEESENH
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20. 0 AT I 2001 T ZE MR 2 X2 B #E . Chla/Chlb {HE 2 m 34 B 2% % £k @ @it Chla &
K- J7 2253 Bt HEAT 7 22 5 i RE X B 647 5 22 &\ Chlb & 4 | Chla/Chlb {8 52 Wi 2 35 2 i) i 2% K
[ o PG 06 - A 2R 7 25 [R5 U X R e AT 8 S A BRSPS R @ g i Chla/Chlb {H 521
B AR AL AR B RO Oy 2 [ B S R ORI B

FHY P A 8K S [ 3 B 260 R ] 4 4 WL TE A SR & L ZD 958 it
FOBER A R T Rk Chla Fi i AR T B 38 2RI Chla &t b 37
F Bt 38, Chla/Chlb {EE%{E&? Bt 38 fI% B 4 1

B E
2 HEREHW F.ZD 958 > Chla .Chlb & & LA} Chla/
2.1 AR S R Chlb {H 3 58 % I F Bt 38;%% i Chla £ 4 Chlb

HIZE 1 AT, SEOK Y 10 APk v L R bR s L SR 7 T Bt 38, Chla/Chlb fH #t 2 % % T
b A LE Py PR AR A2 2 N RUSE MR PR 3 s BRI Bt 38,

*1 BHEXREYEEREER BKFEHEERFEST
Table 1  Variance analysis results of two factors(genotypes,phosphorus concentrations)

of maize biological traits at seedling stage

F1H
F values
5 S5 R R
S ; EREN:
ource 0 of W MK % MK MR PR B ESE BFEE Rl
variation Plant Root Stem Leaf Leaf Leaf Shoot fresh Root fresh  Root shoot
height length diameter length  width area weight weight ratio
H R Al 1 22.28"  0.71 0.01 0.96 1.12 4.43 0.19 0.00 4.90
Genotype
Tl 7K - 1 167.46* 22.87* 35.54* 0.11 104.54™ 106.92"  48.38" 2.90 209. 42
P level
SR A 1 50.47*  27.00"  9.47" 1.57 13.54™ 24.80" 7.29" 5.68" 9.39"

Genotype X P level

T % 2R E (P<<0.0D), « 225 % (P<<0.05), F &,
Note; ** means the effect of variation on parameters is significant at 0. 01 level, * means the effect of variation on parameters is

significant at 0. 01 level,same as follows.
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Table 2 Biological traits of different genotype maize under same P concentration at seedling stage

9/ i} i [ EE /g HE L
MeE/em G /em ZEM/mm i /em , N /g

WK FepHm ™ ~ ~ cm FH/em? Shoot Root
Plant Root Stem Leaf Root fresh

P level Genotype Leaf Leaf fresh shoot

height length  diameter length ) ) weight )

width area weight ratio

HP ZD 958 70.63+ 48.33+ 9.98+ 52.874+ 3.73% 22.32+ 17. 40+ 4,87+ 0.284+

1.90 a 1.21 A 0.39a 1.64 a 0.11 a 0.80 A 1.25 a 0.39 a 0.02 a

Bt 38 65.43+ 41,03+ 8.75+ 47.33*+ 3.40+ 16. 64+ 13. 47+ 3.93+ 0.29+

1.90 a 1.21 B 0.39 a 1.64 a 0.11 a 0.80 B 1.25 a 0.39 a 0.02 a

LP ZD 958 42.80+ 47.83+ 6.49% 30.574+  2.40% 10. 05+ 5.30+ 3.27+ 0.624+

1.90B 1.21B 0.39B 1.64B 0.11B 0.80 a 1.25 B 0.39 B 0.02 a

Bt 38 55.674+ 53.104+ 7.64+ 40,674+ 2.73% 12.35%+ 8.13+ 4,20+ 0.524

1.90 A 1.21 A 0.39 A 1.64 A 0.11 A 0.80 a 1.25 A 0.39 A 0.02 b

T R PE BRI AR DR 22 45 R o Al IR W K 7 AN [R]  DR 2 f LE A 45 2R AN TR/ - 1 308 28 53 1B 35 (P<C0. 05) , NA KB P iR
7R 2% AR 2 (P<<0.01), R,

Note: The data represent the marginal means 4 standard errors between different genotypes under same phosphorus concentration.

Different lowercase in a column mean significant difference at the 0. 05 level. Different uppercase in a column mean significant

difference at 0. 01 level,same as follows.

xR3 HHEMAEHEEEFRE BKEFREREFENN
Table 3 Variance analysis results of two factors(genotypes, phosphorus concentrations)

of chlorophyll content at seedling stage

TR R 5L A5 5 SR R H Chla F {} Chlb F fH Chla/Chlb F {#
Sampling parts Source of variation Df Chla F value  Chlb F value Chla/Chlb F value
Lt H R 1 9.20" 5.02 6.90"
Unfull-developed leaves Genotype
WK F 1 1.21 2.39 0.47
P level
J PR AR X 7K 1 1.06 0. 46 0. 87

Genotype X P level

4 R H PR A 1 57.00" 48.10™ 34,56
Full-developed leaves Genotype
K 1 2.957 2.54 5.86"
P level
FE R X g K S 1 2. 80 1.79 2. 86

Genotype X P level
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Table 4 Chlorophyll contents of different genotype maize under same P concentration at seedling stage  mg/g

LM Unfull-developed leaves 4 & Full-developed leaves
K H A A
~ PO =N ~ A~ L Al A~ B ~ P =N
Plevel Genotype e F i Chib 7t Chla/Chlb Chla &t Chib it Chla/Chlb
Chla content Chlb content Chla content Chlb content
HP 7D 958 0.724+0.14 b 0.20+0.04a 3.56+0.17a 2.02+0.10a 0.46+0.03 a 4.4140.13 b

Bt 38 1.304+0.14a 0.31£0.04a 4.164+0.17a 1.424+0.10b 0.292£0.03 b 4.95+0.13 a

LP ZD 958 1.02+0.14 b  0.2820.04 b 3.604+0.17b 2.03£0.10 A 0.4540.03 A 4.514+0.13 B

Bt 38 1.3140.14a 0.34£0.04a 3.8940.17a 1.09£0.10 B 0.2040.03 B 5.47+0.13 A

2.3 AIAMEREREMAESN ARV S A
H1 22 5 AJ R 3 DR R R K P R K M b ) H1E 6 Al IE (BT . ZD 958 M b i U b

VRS & R AN 0 I E B S AR A X M B S R R T Be 38, R SRR A A e LT
VEB R R SR WK P RS EAE Bt 385 RBEAAF T L ZD 958 15 Bt 38 £ AR n] ¥ E
FHOGS T 30 R o P S R B R B K e B ER S RN .

5 WAMBERIESEWNREEEE BKEREEAFESN
Table 5 Variance analysis results of two factors(genotypes, phosphorus concentrations)

of soluble sugars content and starch content at seedling stage

IR oz 78 S ok YR H RS FE TER B FAH
Sampling parts Source of varation Df Solvable sugars F value Starch content F value
Hb b HE PR Y 1 0.91 0. 36
Shoot Genotype
Bk OoP 1 0.12 0. 06
P level
5 PR A X K7 1 2.32 5.61"
Genotype X P level
T AR FE A 1 11. 40" 0.13
Root Genotype
i K 1 96. 66 16. 04
P level
L PR B X B 7K 1 17.87" 0. 57

Genotype X P level

F6 HEABMTKETARNEERERTBRERMENSELR

Table 6 Soluble sugars and starch contents of different genotype maize under same P concentration at seedling stage mg/g
Hb I3 Shoot i H Root
W 7K Fe [H] Y - -
. IR 7 s TEM IR 7 s TE M
P level Genotype
Solvable sugars content Starch content Solvable sugars content Starch content
HP ZD 958 1.19+0.07 a 11.50+1.10 a 1.20+0.11 a 8.56+£1.28 B
Bt 38 1.3240.07 a 8.63+1.10b 1.3040.11 a 10.36+1.28 A
LP 7D 958 1.2340.07 a 8.24+1.10 a 2.744+0.11 a 16.09+1.28 a

Bt 38 1.1540.07 a 10.57+1.10 a 1.914+0.11 a 14.91+1.28 a
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Hi 3% 7 AT, R RU X 4 - ABA & AT B %
LM X6 4 JE I ZR B i 5 W 8 2 5 A A S R
R AN (2 L KO X 4 JE A R B R R 8
IR EN A 5 2 KO e At A% AL R S R R
. AN AL S B KT 19 58 TAE XL I GAE
SR G X A R I AR ZR 5 A

2 8 AL, IE b 258 T . ZD 958 it GA
SR DEST Bt 38, ABA fl ZR & &6 Bt 38 % 5%
A E;ZD 958 & @i ZR & % T Bt 38,
WP HEMESEEFARE ., BT .ZD 958
HBt799 HWMESTHER AR E.ZD 958 2 gt
ABA &8 2K F Bt 799, 1L 4k, ZD 958 R ZR

o EF LT Bt 38,

x7T HHEHRFERDPHZCEERR BAKIEBERFESN

Table 7 Variance analysis results of two factors(genotypes, phosphorus concentrations) of plant hormones at

different part of maize at seedling stage

HURE R AL 72 S AR A H HER FH VA R F{H MR FHE
Sampling parts Source of varation Df GA F value ABA F value ZR F value
Lt 3 [
3.37 0.46 0. 04
Unfull-development leaves Genotype
BT _
2.65 0.50 2. 65
P level
3 PR 1Y X K
15.73* 0.01 3.79
Genotype X P level
B He R 7
3.77 8.06" 24,40
Full-developed leaves Genotype
WK i} »
13.58" 53.047 41.597
P level
3 PR 1Y X W K
1. 06 8.08" 22.89"
Genotype X P level
Gisd A ] Y
0. 24 0. 89 0. 80
Root Genotype
K7
2.90 0.01 1. 80
P level
FE PR AR X K P i}
0.52 2.25 25.02™

Genotype X P level

®8 HEMHRET,AREEREXRAZIAEUER

Table 8 Plant hormones contents at different part among different genotype maize under same P

concentration at seedling stage ng/g
B BT HEE AEEAR B My
Sampling parts P level Genotype GA content ABA content ZR content
NG HP ZD 958 12.644+1.19 b 764.92+63.26 a 201.98424.42 a
Unfull-development leaves Bt 38 19.564+1.19a  813.93463.26 a 159. 46424, 42 a
LP 7D 958 19.31£1.19 a 726.61+£63.26 a 148.03+24.42 a
Bt 38 16.77+1.19 a 763.20+63.26 a 200.56+24.42 a
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IR ER A7 WK FE A FER A& It 7 R AN 5 HER &
Sampling parts P level Genotype GA content ABA content ZR content

4 HP ZD 958 33.624+3.10 a 1068.93452.33 a 193.23+13.41 B
Full-development leaves

Bt 38 22.1843.10 a 1068.77£52.33 a 323.62+£13.41 A

LP 7D 958 18.09+3.10 a 539.05+52.33 b 170.914+13.41 a

Bt 38 16.9543.10 a 836.34452.33 a 172.99+13.41 a

R HP ZD 958 21.86+1.74 a 537.24+47.89 a 183.15+10.82 a

Root

Bt 38 19.75+£1.74 a 420.22+47.89 a 138.734+10.82 a

LP ZD 958 17.63+£1.74 a 459.79+47.89 a 114.534+10.82 b

Bt 38 18.04+1.74 a 486.49447.89 a 178.29410.82 a

2.5 EX2RMAAUBREECSERNELYES

E ST

12 9 FIR L DR R R MR R T K Ax
R 2R A A SOD 6 1 L 3% HO R TR A
) POD i 1 . SOD L1 J7 5 B 7K F X CAT i 1 3%
M AN A 255 Xk JF Al % 415 s 52 0 157 38 30 4% 35 7K 5
PR 2 55 e K Y B9 52 LA X ATV R R POD
FU T 7 52 00 B 25 Ok AL A % ) 52 0 R 2

H 2 10 W1, IE % B & F 7, ZD 958 POD {f
PEA SOD 7% 1 35 & 3 1% F Bt 38,SOD i /1 # &
FALT Bt 38, Al PR T i M CAT iEPE S B 38
RN E AR . ZD 958 W E S &
W B FEALT Bt 38,POD 15 Bt 38 2748 B3,
R 3% o B2 5 F Bt 38, SOD I 4 0% 8 2 1% F
Bt 38,SOD [t J; 5 Bt 38 2R K%,

®9 HHERHUANERSE MEABEMHERE BIKTERARFESN

Table 9 Variance analysis results of two factors(genotypes,phosphorus concentrations) of anti-oxidant enzymes

activities in full-developed leaves at seedling stage

F{i
8 F values
SR
SR —
Source of HonEnEA SR dEMAkw  JELkY  HEAR  JELE BEANKWE BELYEEL
variation Z Solvable it 7% P ity LL 3% ) it 355 P it bL 3% 15 W}
Df proteins POD POD specific CAT CAT specific SOD SOD specific
content activity activity activity activity activity activity
[ 7 1 16,77 9.13" 0.42 0.03 0.02 67.67" 8.06"
Genotype
W K 1 128. 82" 24. 41" 27.00™ 5.11 220.55™ 10. 95" 130.73™
P level
EHEAXBEAKTE 1 23,417 1.21 14,49 0.13 0.33 3.60 1.04

Genotype X P level
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F10 HEBRRET, FAAEAREEXEEMRENXYEIELE
Table 10 Anti-oxidant enzymes of full-developed leaves among different genotype maize under same

P concentration at seedling stage

M@REATE  SEMAeY A FUR A/ A ) B4
Wk RN Y Solvable it 1% 1 il LU 1% it 15 il LU 3 it 15 11 it} LU 1% )

P level Genotype proteins POD POD specific CAT CAT specific SOD SOD specific

content activity activity activity activity activity activity

HP ZD 958 10. 19+ 2 533.19+ 248. 26+ 30. 40+ 2.98+ 172.55+ 16. 96+
0.59 a 125.56 b 20.89 a 1.75 a 0.19 a 10.07 b 1.85 B

Bt 38 9. 88+ 3 050. 93+ 314,19+ 30.49+ 3.13+ 236.32+ 24,10+

0.59 a 125.56 a 20.89 a 1.75 a 0.19 a 10.07 a 1.85 A

LP ZD 958 4,68+ 2 051. 07+ 436. 34+ 3.61+ 0.774+ 186. 794 39.99+
0.59 B 125.56 a 20.89 a 1.75 a 0.19 a 10.07 B 1.85 a

Bt 38 6.70+ 2 292.25+ 343. 22+ 4,96+ 0.73+ 288. 774+ 43.35+

0.59 A 125.56 a 20.89 b 1.75 a 0.19 a 10.07 A 1.85 a

T 4 U B AL me/ g5 B PSR, U/ (g » min) 5 FOi% J3 9462, U/ (mg » min)

Note: Protein content units, mg/g;enzyme activity units, U/(g * min); enzyme specific activity units, U/(mg * min).

2.6 HHAZREMEREBEXESH PR ZEHE 2 1) S A 3 A OGRS A A5 A= )
SR EY L I E KR YRS 2R PR B
AN SN Y e TR ST S (S T AR EIE S/ S

F11 HHEXRZEWIERBABEXESF

Table 11  Correlation analysis among maize biological traits at seedling stage

PEAR AW i T AR e Lis8iS ML
character Biomass Leaf area Plant height Root length Stem diameter
ER7): 1. 000 0.879" 0.879" —0.076 0. 909
Biomass
- T R 0.879" 1. 000 0.818" —0.137 0. 909"

Leaf area

0= 0.879™ 0.818™ 1. 000 —0.076 0.788*
Plant height

RE —0.076 —0.137 —0.076 1. 000 —0. 046
Root length

ZEM 0.909 0.909 0,788 —0. 046 1. 000

Stem diameter

T A 56 R BCH Kendall A7 R B, » 7R 48 5 [B) AR D VAR 838 (P<T0. 01) , » 7R 48 7 [A] A S 18 3 (P<<0. 05)
Note: The correlation coefficient refer to Kendall coefficient, ¥* means correlation between parameters is significant

at 0. 01 level and * means significant at 0. 05 level.
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S35 B 5 175 P 4600 B il 2 DR AR ) iR N ) o 5
AE AR IE W HEAT 00 S T AR dn SR 40 L P T M AR
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(k.
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958 X 7T F AR I BE J) & AR AR L X FE TE R R B
BB 38 P AR 45 48 F Bt 38 i1 ZD 958 A= ¥y 14 4Rk 18]
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