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Maize Inbreds Based on the Relative Chlorophyll Content
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Abstract :In this research,a pre-built,rapid and non-destructive determination of the relative chlorophyll con-
tent based on SPAD data was used into the different parts of the leaf at the different growing stages across 189 maize
inbred lines,which were widely used into maize breeding programs and corn production in China,under low nitrogen
and normal nitrogen treatments. The variance analysis results showed that the chlorophyll contents were significantly
difference of genotype and environment in both the low and normal nitrogen treatments. The genetic variance was
one of the most important reasons of the difference in nitrogen sensitivity among inbred lines. The chlorophyll con-
tent of the three ear leaves, the most important functional leaves in pollination stage, had high significant positive
correlation at the 0. 01 level with that of ten days after pollination stage. However, the chlorophyll content of the full
expanded leaves in pre-tassel stage only had moderate significant positive correlation at the 0. 01 level with the chlo-
rophyll contents of other leaves measured in different growing stages. We defined the nitrogen sensitive coefficient as
the ratio of the difference between normal nitrogen trait value and low nitrogen trait value versus the normal nitrogen

trait value. The sensitive nitrogen average index ranged from 23.86% to 36.00% among 189 inbred lines. Forty in-

Wris H#A:2015-04-07 f&E HHA.2015-05-04 ML H AR A HA.2015-10-14

URL:http://www. cnki. net/kems/detail/11.4996. S.20151014. 1410. 010. html

E£TH : FEKHREERELITH (31361140364 ) ;) THA R BE AR 55 435 (FE4 B} 2013 YMO7)
S—EH EENE FABE T M T, E-mail; yumi0557@ 163. com

WAEVEH AT, FEMF X KEMIISE . E-mail: wuys0771@ 126. com



7

6 11

A BT ARR ISR A R 10K A 32 R R U S 5T

1265

bred lines such as He 344 and Chang 7-2 are highly low-nitrogen resistant materials. While ,40 inbred lines out of

them such as CMIL.206 and CA375 are highly sensitive materials. This study has provided a quick and an efficient

nitrogen sensitivity way for identifying and evaluating maize germplasm,and provided some basic and important data

for maize breeding for nitrogen use efficiency and low nitrogen tolerance.

Key words : maize; SPAD-value; chlorophyll content; nitrogen-sensitive index; genotype
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Table 1 Basic properties of soil samples tested

1 #MR5EFE

IR I8 A

RIS R 189 1y F oK H 28 R LA, 43l R
TREARFR M EKZ X, K A AR 2R LR, B
AEFERB AR RIETHX RS EA
RO PPN 5 2 1 R AP R
1.2 RKEAHZE

R T 2007 4 A1 2008 4F 4 78 1 B 2 3 56
FEHHEAT . AR A R OK T R T C 2k
113 R R R B AL B, Ab 3 )5 vk B 2R R £
KEEmFFED, &4 F W ORIl AL, A 4%
1.2.1 #HiXTENFLSSENHT  LHOEICATE
HE S RUBUREYRIURE 43 B 97 4 1, O 00 L 1 3
EARZ I LSR5, ARSI IR ZR IR
HEAT AN E 5 48 & A HC10,- H, SO0, 1 -4
BB LRI AE s HIRR R S AN 4 - AR BT L (e ik
T 7 A7 280 1 5 A AL ST 5 2R T A A 4 7R
PRAAAL-2E R EA TN E 5 AL % R SRR IR
PE-JRF W BRI A  SERER it A 1R
PRI WAL 43 516 016 B 32 A 0 2 5 R L A7 32 0
pH{EH, #£1 N HEHFS &,

1.1

2R g A HLE

AR AL G

A pH fH
(g/'kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Year pH value
Total-N Total-P Organic matter Available-P Available-K Slowly available-K
2007 0.52 0.41 9.09 25.34 209.51 409.59 6.16
2008 0.55 0.49 9.20 24.17 215.61 419.35 5.91
1.2.2 RWi&It RS2 ARE BT, WA,

WA S AR 2 e, A3 RES
WK/ NXATE N 3.6 m, F7HE8 0.6 m, #H 0.2 m,

it AL TR R 435317 60 kg/hm? (1) P, O, il
45 kg/hm’ i K,0 FEJCAE, F 3 -3jiE 69 kg/hm*HY
AR, T RMIWU TR 172. 5 ke/hm® BI4ER; At
A BB B I it ) S 5 R AR ], oAt A=

1.2.3 SPAD EME 43T KWl E B Hiow i
FIHOB 545 10 K SPAD-502 48 2 & & 2 Y
XK T K H 22 &R R SPAD (R AT 2 , Kl
WU S R LT Ak 7 4l S g 4 ik A 00 5
BB S 10 d X AR = AT e, BT
M) 5 A% BOF-2E
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1.3 Zitsah

1.3.1 RWERFITESH KA META-R3.0
(Multi Environment Trial Analysis for R) #E4TRA St
TR,

1.3.2 R|EBEHTE FREMEREABUEIE
SRR IE R A SR T SIRE SR TR 1 225 1
WERSE TR A & 50 RS Rk
ARIAAE TR A A R AE BT, AR .

- LN
NSI = NN x100%

253 H NSI A A BUZAEZL, LN (low nitrogen ) I NN
(normal nitrogen ) 7351 AU IE & AL PR PHEIRAE

2 FHRE5HMH
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X FH TR R A A 45 I 3 0K 1 38 R4 3K

&2 189 RERBXRZREEKNSH R
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ST K A R R s R S R R AR B A
A%, AEAS [ B 1A 2 A% 206 52 i A A B R — 1 AN
R4y 1] 32 5 i) (%) A B R [R) . AR ae T, 78
2007 AFIAE0 T, AR i e K A2 B0 JE 10 KRR 1t
M2 2 Sk 8. 26, AR M /N R R WL et
M KA HN 1,79 78 2008 AR5 b | AR iR B K
JERBRIWUE I 2 3R 5 AR MR GA 5. 03, A8 R R
AN RO A RE A I i SR 5O 2. 54, FEIER
RN L 7E 2007 ik, AR iR E R A& B 5 10
FAE e S A 2. 59, AR MR/ INT) SR R
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KSR 2007 A3l 50 i IE 5 ZA 4 Mo 10 X
BT ISR R i, 8% ) /M 2007 AR
TRESRAE T OB ARG 2R 2R B i, XU AR IR
B SRR LT A IRIE R T8

Table 2 Analysis of phenotypic data of 189 inbred lines in maize

&% Low nitrogen

1E % & Normal nitrogen

LEIN AEDY - - - - - -
Trait Vear B/ME RKRME ¥IfE W% 7 F/ME BOKME ¥IfE WAL 7
Min Max Mean + SD Heritability Min. Max. Mean + SD Heritability

PN UNEE | 2007 1.48 3.27  2.30£0.32 0.6756 2.05  3.82  3.010.31 0.8127
Chl PTS 2008 1.63 6.66  2.62%0.36 0.5848 2.24  4.02 3.24£0.29 0.6616
ok 1 2007 1.93 4.49  3.1320.42 0.6520 2.83  5.12  4.07£0.37 0. 8491
Chll PS 2008 1.28 4.15  2.76+0.44 0.6389 1.75 471 3.49+0.47 0.7851
O I 2 2007 1.82 8.62 3.14x0.51 0.5830 2.85  5.34 4.14x0.36 0. 8591
Chl2 PS 2008 1.44 3.99  2.70 £0.40 0. 6408 2.05  5.00 3.63x0.42 0.7801
Bk 3 2007 1.85 4.37  3.00+0.42 0. 6820 2.86 5.40  4.13£0.38 0.8700
Chl3 PS 2008 0.18 4.05 2.56+0.44 0.7142 2,26  4.74  3.53£0.45 0.7109
Wk 10 di 2007 1.92 10.18  3.36 +0.52 0.6196 2.94  5.47  4.24x0.38 0.8765
Chll TDAP 2008 0.89 4.54  2.95%0.45 0.6516 2.27 4.74  3.72+0.45 0.8074
Wk 10 d2 2007 1.84 8.61  3.25+0.50 0.6772 3.02  5.61  4.22x0.38 0.8675
Chl2 TDAP 2008 1.25 4,22 2.79%0.44 0.6534 2.27  4.88  3.69£0.45 0.7718
Wk 10 d3 2007 1.83 8.36  3.04£0.50 0. 6485 2.96  5.41  4.13x0.39 0.8768
Chl3 TDAP 2008 1.00 4.08  2.56£0.45 0.6927 2.28  4.78  3.64£0.45 0.7613

Chl PTS /R KB 039 4 B -4 K &4 Chll PS ChI2 PS F1 Chi3 PS 4351 6 /% BOW W RE b ik BEA i F0RE R 2% % & 5 Chll TDAP,

ChI2 TDAP #1 Chl3 TDAP 4> 33 REM G 10 KfE ot fif s RS, T

Chl PTS stands for the chlorophyll content of the first full leave in pre-tassel stage; Chll TDAP,Chl2 TDAP and Chl3 TDAP represent the chlorophyll con-

tent of ten days after pollination of the three leaves flanking the ear from the top to the bottom; Chll PS,Chl2 PS and Chl3 PS represent the chlorophyll

content of the three leaves flanking the ear from the top to the bottom in pollination stage. The same as below
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Table 3 The F value analysis of variance for chlorophyll content investigated of 189 maize inbred lines

8 S R UR RO\ Bk IEE Le BOB ARG BOREE R Bk 10d #OBE 104 HOBE 10 d
Source Chl PTS Chll PS ChI2 PS ChI3 PS Chll TDAP Chl2 TDAP Chl3 TDAP
FH[H K Genotype 6.49 * 8.60 ** 7.47 7.74 " 9.8* 9.88 " 8.59 *

X 41 Repeat 16.64* 24.62 23.09 34.87 25.18 27.12 29.48
AEBE Treatment 3071.93 ** 3875.63 ** 4920.30 ** 5849.81* 3488.23 % 4749.70* 6045.55*
A4 Year 796. 86 ** 1257.85* 1184. 66 ** 1439. 87 ** 1133.29 ** 1335.92 * 1243.37 **
FEARD x b3 1.42* 1.50 1.46™ 1.27* 1.52* 1.51* 1.59*
Genotype x Treatment

FEREA > AR 1.60* 2.39" 2.21* 2,32 1.93* 2.25™ 2.52°"

Genotype X Year

R AR 25 R EE MK 40 0,05 0. 01

*and ™ mean that the difference is significant at the 0. 05 and 0.01 probability levels, respectively

2.3 FEXREXREAMEREMNSEREEEX

FOR AR AW B R S s A
KEREIN T 4, LI A2 MRAS B 93814 A0 G
N, BRI IR AR E R 2 AR AR A g A
FRARE, A ARSI T 2 AR PRIR 5 1t
MR, W Hrai Rnl B i 2R Z Y
BEASC R RO 1, R AF T HOb RS 5
AR I RE A I 20 2 Ok 1A i S HOR R

®4 189 REXRBXFZRMPHFRESEMNREEX

10 d B L2 2 i OB IR AL M SRR R 10
R 20 5 0 IR RS F N HOR SRR
SHEBE 10 d BEM s SR RO A M S
AU S 10 d BEALA ISR E i H., RE MR
ZIHERILE T 0.8 KL LR REFEML, A, 1
RERIE R R AEAE T R 3 oKt 4 %
A 5 A AT K 2 2K R 2 (] Y
ARSI AR

Table 4 Genetic correlation of the chlorophyll content in different growing period of 189 inbred lines in maize

PEAR Traits Kmwlod  #oksiil sokf2 #ogiis s 10 dl HkE 10 42 kS 10 d3
KHIWLCT Chl PTS 1.00 0.75 0.74 0.72 0.73 0.73 0.66
WO 1 Chll PS 0.76 1.00 0.98 0.90 0.98 0.94 0.84
Hoky i 2 Chi2 PS 0.72 1.00 1.00 0.98 1.00 1.00 0.94
ORI 3 ChI3 PS 0.72 0.82 0.88 1.00 0.92 0.98 0.97
BOBYE 10 d1 Chll TDAP 0.70 1.00 1.00 0.82 1.00 0.96 0.91
HWoBYE 10 d2 Chl2 TDAP 0.65 0.97 0.97 0.91 0.98 1.00 0.97
WU 10 d3 Chl3 TDAP 0.61 0.78 0.83 0.95 0.78 0.91 1.00

R BRI S R B IA B TR B KR

All the coefficients of the genetic correlation are significant at the 0. 01 probability level

2.4 FREXRZABRHBIEHRMEREITMN

ARG WA B 19 oK [ ZZ R 0 SPAD fH,
KR SPAD fH (x) SR & & (y) Z A/
LA 1R 5 AR T S A X R, ) METAR 3

B2 AR Rt e R E R BLUP B, 2R )5 &
ANBH K A 28 R SRR S A BLUP {HIT R4
A E oK [ 38 2 1 R U AR U, s BOT- B {E A5 2
#EARALRMAEARRIEE(FKS) .
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Table 5 Nitrogen susceptible index for tolerance to low nitrogen and the corresponding type of inbred line in maize

EA AHURIREL FeAl ZFR RBURSREL FeAl ZFx RBURSREL |
Name (% )NSI Type Name (% )NSI Type Name (% )NSI Type
4 344 15.432 HNT €28 21.622 HNT Jan-67 23.225 MNT
&7-2 15.938 HNT H152 21.718 MNT 706 4% 23.257 MNT
Jan-89 18.380 HNT i 52106 21.785 MNT K22 23.278 MNT
W24 18.654 HNT Mi4 21.867 MNT 713130 23.301 MNT
£28 18.870 HNT 31778 21.909 MNT #1598 23.310 MNT
P138 18.919 HNT H3 22.063 MNT & 11 23.384 MNT
J002 19.035 HNT 21 22.086 MNT JE DUk 23.472 MNT
330 19.331 HNT 7 853 22.116 MNT ES40 23.497 MNT
Joo1 19. 660 HNT 196 22.207 MNT 1 68 23.517 MNT
T 465 19.761 HNT 444 22.209 MNT W 477 23.572 MNT
T 842 19. 804 HNT Py 273 22.350 MNT Iy 287 23.704 MNT
#11-8 19.972 HNT T8 22.359 MNT Jedi 11 23.789 MNT
P 533 20.086 HNT 48 59 22.420 MNT 523 23.837 MNT
CA156 20.123 HNT Py 387 22.449 MNT 3 209 23.849 MNT
h# 64 20.133 HNT 7884 22.461 MNT 3189 23.895 MNS
CA339 20. 139 HNT Feb-95 22.521 MNT w136 23.941 MNS
KRR 20. 147 HNT Ji 321 22.546 MNT Feb-48 24.011 MNS
¥R 30 20.243 HNT B 53 22.547 MNT Mol7 24.013 MNS
#C 20.303 HNT 4379 22.564 MNT Pu % Py 24.063 MNS
3 319 20. 308 HNT SH15 22.713 MNT Feb-79 24.089 MNS
3 205 20.311 HNT A B 55 22.723 MNT 1 478 24.113 MNS
QB8O 20.434 HNT PI10 22.766 MNT 8001 24.148 MNS
HF Y 20. 440 HNT 3318 22.783 MNT TifE 17 24.176 MNS
FHE 02 20.515 HNT #5829 22.810 MNT i 107 24.182 MNS
77 20. 627 HNT HH 218 22.817 MNT fin 1P6Co 24.224 MNS
Rh i 28 20. 647 HNT 65232 5 22.837 MNT 81565 24.302 MNS
OH43 20.815 HNT CN962 22.849 MNT Y 144 24.331 MNS
1106 20.906 HNT B73 22.859 MNT K14 24.334 MNS
314 20.942 HNT R18 22.908 MNT Y75 24.336 MNS
2531 21.015 HNT T 495 22.938 MNT 1029 24.339 MNS
#1037 21.063 HNT CAL70 22.980 MNT 888-9 24.351 MNS
B104 21.079 HNT T 412 23.014 MNT 502 24.372 MNS
137 21.177 HNT g3 23.016 MNT 8002 24.508 MNS
1X9801 21.268 HNT 9046 23.065 MNT Hr451 24.545 MNS
F} 340 21.299 HNT 5022(B) 23.074 MNT 49 24.585 MNS
X178 21.323 HNT 1 H 01 23.097 MNT 501 24.588 MNS
K12 21.528 HNT 7 818 23.151 MNT MO113 24.596 MNS
¥R 58 21.542 HNT 599 23.197 MNT TZ18 24.645 MNS
CMI292 21.611 HNT D # 212 23.217 MNT 7R 156 24.661 MNS




6 2R BT AN R R A R K B R R A UL R SR 1269
xR5(8)
Ak ABURSR Al SR ABURIREL FH B RBURIREL Al
Name (% )NSI Type Name (% )NSI Type Name (% )NSI Type
%5 28 24.674 MNS 5 133 25.643 MNS CA091 26.814 HNS
i 204 24.707 MNS 7 846 25.725 MNS B84 26.892 HNS
Il 273 24.779 MNS T 4112 25.776 MNS PI42 26.925 HNS
91 24.851 MNS £ 29 25.780 MNS Y7 26.983 HNS
i 9-21 24.854 MNS K10 25.798 MNS HELY 26.985 HNS
U8112 24.940 MNS BJ0OO5 25.800 MNS 7922 27.080 HNS
I 1073-7 24.947 MNS 698-3 25.863 MNS i1 2345 27.191 HNS
HZ85 24.961 MNS 374 25.870 MNS 8902 27.217 HNS
8415 24.979 MNS K3 26.026 HNS L102 27.377 HNS
RILTE 24.979 MNS £]5 92 26.083 HNS CA335 27.505 HNS
H21 24.989 MNS *:17 26.137 HNS 22 27.518 HNS
%12 25.045 MNS 200B 26. 151 HNS i1 5114 27.642 HNS
CA112 25.064 MNS 803 26.164 HNS #2548 27.960 HNS
515 25.156 MNS N528-1 26.169 HNS WF9 28.093 HNS
iT 68 25.360 MNS % 5003 26.216 HNS DP62-7 28.095 HNS
Jan-37 25.420 MNS H17 26.259 HNS 7138 28.260 HNS
118 25.434 MNS €8605-2 26.332 HNS 7 81162 28.264 HNS
H10 25.436 MNS 4: 7 96B 26.359 HNS 835 28.405 HNS
H201 25.524 MNS CMLS51 26.574 HNS i1 3053 28. 406 HNS
Y F1 25.552 MNS o 321 26.598 HNS CN165 28.619 HNS
PI143 25.573 MNS 5213 26.673 HNS HiLE 4C1 28.872 HNS
S 153-2 25.611 MNS iTH 371 26. 685 HNS s 30.896 HNS
7 63 25.617 MNS TEE 26.709 HNS CA375 31.430 HNS
$37 25.623 MNS N28 26.776 HNS CML206 32.600 HNS

HNT 75 BE MM R, HNS Sy 5 BE AR AR, MNS Sy Hh BESSURR)  MINT Ay H B T E 228

HNT ; highly nitrogen tolerant, HNS : highly nitrogen susceptible MNS ; medium nitrogen susceptible, MNT : medium nitrogen tolerant, NSI, nitrogen suscepti-

ble index

T LR A 0 S5 E oK H 2 R RTA
JIES 8 SRR |, SR B 53 25 1%, BRIV DA AU A )
BEACT- I A o B 3056 44 R 2 A i G 20 A R
BRURK 2 2 B4R LA 2 RS (8 R FEE i 58
R v BE TR 20 ( HNT) AP SRR 0 ( MNT) |
Hh B2 BIUR (MINS) il g B2 BUER (HNS ) 4 Fh R AL &
JEE T AV 2800 A b R U BN T 21, 667 % ,
it A 20 19 A4 RF A B HE A T 21, 667%  ~
23.875% Z Il , v B AU 4 RE OB BN T
23.875% ~ 25.934% Z [], = & SR 0 A4 R AU
JRIEHUK T 25.934% |,

M 5 Al A L FE 2007 4512008 AR, E
KH3E RT3 AU AE B 23. 857% , i =i A

CML206 , ZEBUEFE KON 32. 600% ; TR iR 2 A 344, A
HURAR N 15. 432% , FeIN 1= B b AK  b kLA
5344 RN B 7-2 % 40 03, PR TR A A R
H152 Fl4K 52106 % 52 By, th BERBURR A LA 698-3
H1374 4 57 oy, v BE OB A OBHAT CML206 Al
CA375 %5 40 17,

3 itig
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ABEFEF T SPAD {5 F oK F 4% 3R & A7
TERY BB LA 5 2, T (8] 422 B e F K it 3155
RO, Tk ASE R M SR R A & i R
JE E R B IOK R A Z 6E T . 2T IR, &
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I S 2R n] B R RE ), [RIAL g ) ko
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B, R R AR R RE 1 55, e A W R B,
2R O A AR I R N S AR E KT
TR i A K 1 — BB it S T L o i b ) 5 5 I
BRI H N B i, 3K i REAR G b W R OK T 5
N EUNCIES SEEEPOE -0 Y = o<
WS, W, B E S S EH A S T R
— LR G ER B a 25 5, R IR R S A R A
Xt R 2 N SRR T AR

P 5 K [ 28 & 1 BB XT T A S
MEMAEHER IAEEHRARMNERAR
FIFLIZ HEAET “HAA S bk d H A
A R AR F A A ARk AR AR
Y R T2 B E I R R E IR AN
{7, R R TC B3, LA B 1 R K
e R BT 5 1, R B SPAD il it {84 ]
SE LI A Ak R A R AR 48 2 H D) EURE B A
TR PRI 2 I A G T AT
SE B BT AR J15 SPAD {5 EH C 48 7 1y [ml
U5 /% B R4 ) R oK [ B2 R gk = A
B TR N T 2R EY b, R i e R
VEYI Rt 25 4 i 5 SPAD (B 22 [ % 28 11 5 5 R
— B, PRI RE I AR 4 R A TS [RIE
IR R 5 SPAD (B R, Bk o A ) i
[i) P2 28 2 2 S 0T 0D 2 45 AR, 7 3o BT
F o fer ok A DB s A 4 e o AT
Ivi] i 07 36 - - ik

ARTIFE LA S 2R i M AR BR AT 189 13 FI &8 &
FEANTR A A I R 2 28 B R AEAR ORI I 8 U451
TFRYFER IR G2 R R R R A IE# A
SN WAL Z MAFE T 2 il 22 5% TEIRA
FIER &M T  HU A EOR 5 10 d FOKREE =0t
2R 28 1 o 22 (] (10 a8t A% AH OG0 v i i 3, 244
ARZIE 3815 A 56 RABCEE 2R 3 15 Rk, Kl
T 6 oK 4 R I i & 28 5 b 5 45 15 00 4% 8 40 -

RO Z s A CRIAIR, K4/ N T 0. 75 (&
SR E A OE) o R T AL TEAN R ORIk B AR
MIPEM AR, 4 5 Bk i, FeATT AT L A Ho
SRS R A g A T 3 4 J e SPAD {E I 4k R
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