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Combining Ability Analysis of Yield and Resistance to Gray Leaf Spot of

Maize under Different Nitrogen and Phosphorus Conditions
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2. Institute of Food Crops, Yunnan Academy of Agricultural Sciences, Kunming 650205, China)

Abstract: This study used three test lines(T1-T3) and ten tested lines(L4—1.13) as parents and made 10X3=30
crosses according to NCII genetic design. Combining ability and some genetic parameters have been evaluated on
GY and GLS scores(GLSS) with three treatments of low phosphorus fertilizer, low nitrogen fertilizer and normal nitro-
gen and phosphorus fertilizer. The results showed that the GLSS for the 30 crosses with low phosphorus and low ni-
trogen treatments was significantly lower than that under normal nitrogen and phosphorus treatments, while no signif-
icant GY loss was observed. With all three treatments, the general combining ability(GCA) of GY was positive and
relatively high for the test line of T3(D39) and the tested lines of L7(YML524) and L10(YML545). The GCA of GLSS
with low nitrogen or low phosphorus treatments was significantly different from that with normal nitrogen and phos-
phorus treatment. The inbred lines with significantly low GLSS with different treatments were T3, L7, L10. The SCA
of TIXL10 GLSS showed significant negative effect. Correlation analysis showed that the sum of GCA(GCAs) on GY
and GLSS for the parent lines of the crosses was significantly positively correlated with the phenotypic value of F,
(P<0.01). In summary, T3(D39), L7(YML524), L10(YML545) andhad better GCA effect on GLS resistance and GY,
and the overall performance was the best.
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GLS MHT Pt B 3 1 — e & 71 (General com-
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HAE W TR RS RE . S ZRERL 26 i &
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MAWTSE T EARBURKBERG I BE AL, 425 R, A 4
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Table 1 Names and sources of test materials

G H2EH& E FeRhSEHE Eimeangily
No. Inbred line Pedigree Heterotic group Resistance evaluation
Tl H58 Derived from Ye478 Reid 5=
™ YMLI218  HuangZhaoShixWeiChun nonReid B
T3 D39 Pio. 3003-3-2-b—3-1-4-bbbb Suwanl =27
L4 YML502  ((MAS[MSR/312]-117-2-2-1-B/LH123HT)/LH123HT)-2-6-1(Y)~1 - B
L5 YML506  ((MAS[MSR/312]-117-2-2-1-B/LH123HT/LH123HT)-4-1-2~1 - B
L6 YML519  ((CML442/PHG39)/PHG39)-1-3-1-1 - B
17 YML524  ((DRB-F2-60-1-1-1-B/LH123HT)-B)-2-3-1-2 - B
8 YML526  ((DRB-F2-60-1-1-1-B/LH123HT)-B)-2-3-1-4 - B
19 YML528  ((MAS[MSR/312]-117-2-2-1-B/LH123HT)-B)-3-1-1-2 - B
L10 YML545 ((CMLA451/LH51)-B)-1-1-1-1 - iR
L11 YML575 ((CL02450/PB80)-B)-4~1-1-1-B - IR
L12 YML579  ((CML442/PHG39)-B)-3-1-2-1-B - B
L13 YML580  ((CML442/PHG39)-B)-3-1-2-2-B - B

FIE IR HBFZER, 3B FR AT 10480 2R Y R
TR 1.
1.2 HENRIEFEERE

R T 2021 4R 7E = r A A LU BL (TR 1 540 m,
104.33° E,23.60° N)X} 30 4~ 4% 38 2 A B4 7 (i AT Ak
B, 3R A i JC B 52 A B (15-0—-15)300 kg/hm?, 76 1
it 1 100 kg/hm® ZUE , KB E 7 200 keg/hm® IR
R KA AL B, 37 Rl R A AR (15- 15— 15)
300 kg/hm?, 78 78 it FH 100 kg/hm® EAE , J5 224 5
T A 5 TE R WAL B, B FP it A2 5 T (15-15-15)
300 kg/hm?, B 7 100 kg/hm> &AL , 0 WA 13 it
200 kg/hm?* JR %, 3L 3Nt AE KA BE . A (06
i 25 14, 3008 BT FE 3t ok 3% 252 5 4F A it FH 9 AR
(1) B

IR0 R S8 e FHLIX A 33, BN /N X 15
EWAT AT 3 m, ATRE A 70 em, BEAT 14 0k, PR TR
52, FIRREE 2R 60 000 #R/hm?, HoA 3 B bz 1R >4
PRI T

R L B IA A 2 KBS [ 88 %2 A= R e b K Bt
9 AR o A AR b 0, ZEFFAESS 30 d, SR AT AN
1~ 9 B G o3 AR L SR A /N XK B T 43
(Gray leaf spot scores, GLSS):
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Table 2 Yield and gray leaf spot scores measured in 30 crosses under different nitrogen and phosphorus conditions
kgt R %8 Normal N and P {K# LowP KA LowN
Descriptive 74 (kg/hm’) IRBEIR VS Pk (kg/hm?) IRBEFR T4 7 (kg/hm?) IRBERVE Sy
statistic Yield GLSS Yield GLSS Yield GLSS
e/ IME 3028.40 1.00 3169.50 1.00 3015.00 1.00
e KM 13 417.90 9.00 12 840.00 7.00 12 555.00 7.00
SO (e} 8 397.66 5.37 7 827.20 4.03 7504.72 3.73
P2 2 995.99 2.03 2 789.52 1.71 2 813.60 1.60
i BZ -0.16 0.22 -0.07 -0.22 -0.03 -0.36
W BE -1.04 -0.75 -1.12 -0.54 -1.16 -0.71
N -0.61%* —(0.59%:* —0.65%*
e =" FORAE 0.0 ST L2 5 2. R,
Note: ** indicates significant at the 0.01 level of probability. The same below.
15000 10
a a
a
a
12500
8 -
" b b
< 10000 - g
- <R 2 64
— bk 3
& > g
E 7500+ k5>
= G
2D ﬁ s
& 5000 l £
2500 27 l
0 T T T 0 T T T
R AU B A IEEBE (iR A

T AREFHERIRTE 0.05 K P LAFER 25

Note: Different letters indicate significant differences at the 0.05 level.
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Fig.1

T HLE A 2E S . A T E X — F T, R [ A B
ZAFF 30 A s AL A B TR R R BERR P4 E A
[ R FVEA T SE T . 5 R (R 4), RIR X 4[]
7 R R B 437 AN () 2 42 i) () A S 28 i A
FOK A A S A A e A TR X 4 ) R BUAH SRR A
TR X 4 A i B AR G 4 o 1 FH ) 25 5 A AU
TRARIREIRZE . MALBEXAL A Ab B 56 Fh |
A B 56 o> I 2R ) 58 EAE I 255K AUA T
AN D 2557 (P<0.01), JKBERE PEor AR ) 8 3
225 (P>0.05) S5, LA D98 Ff A0 5 A x
B ZR A A R A BT 19 o R 8 5 oA — BT = e A
ARIRAHE R 22 F 85K HIL, ZEMRARRHE 4 1F T ik
P 7 R AL A TR o A R BAERLON , 35
S FFARAEAL AR | BRI BB & R PR ok

Means of yield and gray leaf spot scores of 30 hybrids under different nitrogen and phosphorus treatments
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15030 GPREHI(ER5), AFRPERTER— AL R Z
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LRZAWAB KN ZESR . T mkil, 7E1E 5
RUEFAMET , GCANIERN 1Y HAZ R A 61, Hrr,
B R L1017 L6 FIM 55 T3 /) GCA U fE K
MR T 05 850 2 L8 L13 A1 T1 (19 GCA
SRR b ORI 5 ARl AR 25 B 77 i GCA 3R
S IEH BB AL —8 X T T KRR BRI
ek, R R R BB E A IR oK R b e e,
I, IRBERG T4 GCA Ry 3500 1) [ 38 78 2 T 2 1) i
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Table 3 ANOVA results
il s IREERG IV 53
75 5 Sfe 3 1 g Yield GLSS
Source of variation DF ¥ 9 P Pl ¥ )y e P
MS F value P value MS F value P value
L 2 12 267 530.43 411.17 0.000 4536 63.37 0.000
A (b3 3 222 460.15 7.46 0.000 3.24 4.53 0.005
H & 29 49921 045.16 1673.22 0.000 15.71 21.95 0.000
GalES 9 12930 212.84 433.39 0.000 14.03 19.61 0.000
UL ek 2 537477 442.06 18 014.81 0.000 137.76 192.47 0.000
G ESSIEned 18 14 243 528.34 477.41 0.000 2.99 4.18 0.000
EiRE eyl 58 82373.10 2.76 0.000 0.69 0.96 0.557
B F x4 3 18 45738.52 1.53 0.098 0.52 0.72 0.781
T A< A 3 4 314 739.59 10.55 0.000 0.72 1.01 0.407
Ak PR 22 X0 45 e 36 74 871.90 2.51 0.000 0.77 1.08 0.379
W% 87 29 835.30 0.72

x4 AECEEGT=EMRBEFITSEES BPEXME

Table 4 Correlation of yield and gray leaf spot scores between replications under different treatment conditions

JEIDIN IEH A i it &
Trait Normal N and P Low P Low N
Vil 0.993#:* 0.999:#: 0.999:#:
IKRBERG V53 0.645% 0.812% 0.947%%

®5 FAREXRZRBFTSMTEERNRDRBEFE TH GCARM IR

Table 5 GCA effect for gray leaf spot scores and yield of maize inbred lines under different nitrogen and phosphorus treatments

EH AW ik % it &
B EEES Normal N and P Low P Low N
No. Inbred line 7k IRBEIESS 7k IRBEIESS 7k IRBEIESS
Yield GLSS Yield GLSS Yield GLSS
T1 FK 58 =3 428%* 1.23%%* =3 173%* 0.87%#* =3 192%* 0.87%#*
T2 YMLI1218 T42%% 0.63 623%* 0.87%#%* 583%* 0.77%%*
T3 D39 2 686** —1.87%%* 2 550%* —1.73%% 2 609%* —1.63%%*
14 YML502 —253%%* 1.63%%* =390%* 1.97%#%* —122%%* 1.60%%*
L5 YML506 =38 1%* 0.63 —=322%%* 0.97%#%* —182%%* 0.60%*
L6 YML519 937%#* -0.03 780%* —0.70%* T35%% —0.40%*
L7 YML524 1 070%* -1.03* 1 038%** —1.03%:* 915%* —0.73%:*
L8 YML526 -1 036%* -0.37 —902%#* 0.30 —1 040%* 0.60%*
L9 YML528 —611%* 0.63 —6227%%* 0.30 =515%* 0.60%**
L10 YML545 1 497%* -0.70 1 440%* -0.37 1 398%** —=0.73%%*
L11 YMLS575 -820%* 0.63 -867#* 0.30 —812%* 0.60%*%*
L12 YML579 289%* -0.70 408%* —1.03%%* 295%* —=0.73%%*
L13 YMLS580 —-693%* -0.70 —-562%* =0.70%%* —672%* —1.40%%*

e e B FORAETHEAE 0.05 F10.01 K |22 W, N,

Note: * and ** indicate the estimates being significantly different at 0.05 and 0.01 levels, respectively. The same below.
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GRIC A 1800 3 B Al R FEAS R B A T il —
2R PTBC A 2238 21 B B[R] — 2838 2 i AN TRl iR ]
RFIRTC & I RON F A R 22 57, LA AC AR TR A
e R e ] 4 i) 5 K = AR BERR B L I ELXT A
PR AETE2E R . HEI2 A, 28 5c &7 i
AR SCA TEA [ A B AL P 2 18] 22 AN K, FEAN TR
AL FRZ [8] T2X14  T3XL11 Al T1XL13 7= &5 SCA ¥ %
TR f 2 T AR, FRBH I 3N A AL A A R Y
Mt (A RV R ) , 18 BRI AE AUk = (R HL X

IRBHEITIISCA

Gray leaf spot scores SCA

B2 B0NERFEZRAARIFESM=EEARRBEMG TH SCAREE
Fig.2 SCA effect values of 30 maize hybrid crosses for gray leaf spot scores and yield traits

under different nitrogen and phosphorus conditions

TEIE B BB 55T, 22 28 41 & [a] K BE9 17 53
SCA RN 22 K (I 2). 44 TIXL10, T1xL13 F
T2XL9 ) SCA FRILH B K BNAE (A A BB G it
Ry K. EMBEAET 4 TIXLT T
L10.T2xL12 FI T3XL6 F) SCA 2 H i 45 K i 17 34
{8, X 344G TEARBE 55 1 B A BT 1 IR B9
ok s FEARA AT 44 TIXLT  TIXL10,T2X14 |
T2x112 FIT3XL6 [ SCA & B Ay I 35 ol I 3% £ 5l
N, Tk 5 AN H G TEAIRA S TR —E K
KR P, AT T1. T2 AL A9 2428 Fl, 5 T3 P46
Foft 20 e 119 23% 58 4 5 K B9 DT 43 SCA TEAS [R) b B 4%
TN R E o

25 MREANEFREENEELSHT

XF 30 N 22 38 4 A AEAS [ A BG4 1) 7 2
IRBERVEATE A 15 PR BUEIA AT, 2558
FW(F6), 7 SCA 5 F R AUEALE FE# A (R=0.42,
P<0.05) . i # (R=0.42, P<0.05) F1 {i & (R=0.43, P<
0.05) b HHA AT 52 I 35 IEAH O 5 IKBER PE 43 SCA 5
F AU TR IE 5 AR AR RS IR T 2 A e
Ul PR 9 SCA RETE — P2 B2 b R by (R 3 .
FEE UK BER PE4r GCAs 5 F R RUE AR 34 Ab Hi 4%
PR YRR A 35 A ek o 7 RN BRE T4 1
SCA 1 GCAs Z [H] 7E 3 Ak B 25 1 T 1 1A AH ¢
Yo LR, AEAN A AL BER P 1R KB A SCA
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Table 6  Correlation analysis between fitness and I, phenotypic values for gray leaf spot scores and yield traits

JehEE Yield IKBERGTFS; - GLSS

FXHER

ol n R i o % & E A 15 B 1%

Normal N and P Low P Low N Normal N and P Low P Low N

SCA-F, 0.42% 0.42% 0.43% 0.49* 0.30 0.38*
SCA-TCA 0.42%* 0.42% 0.43% 0.507%:* 0.30 0.38*
GCAs-F, 0.91%* 0.913%:* 0.917%:* 0.877# 0.95%: 0.93%%:
SCA-GCAs 0.00 0.00 0.00 0.01 -0.01 0.10

T : GCAs FIRLBIAR GCA Z Al TCA FIRBIAR GCA HAAEH G SCA Z A F FRIR A A AR R EUH
Note: GCAs denote the sum of the two parental GCAs, TCA denotes the sum of the two parental GCAs and the hybrid combination SCA;

F1 denotes the phenotypic value of a trait in the hybrid combination.

26 FXLHEBBEESHSN

Xof 7 g AR BERR BT EAS R AR T (3L
ZHRGIHEAT 9T o BERERWIERT), AL BKE- T
PR ARBTG5 K F B
2%, GCA J7 ZDTHCR R T 78% , bt B IX Atk
TEAN[R) A B A5 AT 22 22 35 PR (R im0 s
I, 75 7 o S O 0 235 AR By 7 FX P EIR Y GCA %
N o ARHE MRS N IR Ty 25 AR IR R A
Sl VB AREE MRASRE T = S RUKBER P2 R
BESMAR/N o AEAS [RIAL BEAK SR 7 K B 1

SR SCE AL T (>90%) FI Bk L35 1% 11 (>60%) 3%
R, FHL AR 5728 53 32 A A% P = 5l 7
PR AR ] e 7 TR B AT o

3 shieiie

3.1 REMEBERER T ERIBURIIFERRE, T
AN TR RARBEXS P~ B IE R AR R

FR IS 25 e ) TR A - TR T T 2R A
R, TR AT TR HR R . BT B,
JRBERFR ) K M 23t R A i ol R A TR SR A

R7 BESHSWER

Table 7 Results of genetic parameter analysis

PR Yield IKFERVESS GLSS
Wk ix

Variance component TEH B i A TEH B i w A
Normal N and P Low P Low N Normal N and P Low P Low N
FRPR A Ty 2% Vi 9494980.00  8255815.00 8434 887.00 2.57 221 1.94
\0 0.00 0.00 0.00 0.30 0.80 0.66
Vir 2566 683.00 224233500  2342865.00 0.57 0.10 0.52
v, 15994 667.00 13978 920.00 14 072 500.00 5.06 5.60 4.83
vy 10266 731.00  8969339.00 9371 462.00 2.28 0.41 2.08
Ve 36 517.00 4308.00 3928.00 0.72 0.28 0.07

5 25 BTHRER (%) GCA 79 79 78 83 97 83

SCA 21 21 22 17 3 17

1815 71 (%) H3, 99 99 99 91 96 99

Hy 61 61 60 63 89 69

TE: Vo Vi Vi 2 IR I B0 Rh B 2= 0B8R0 580 28 B9 AR T 28, Vi Vo Ve 2 B e vk BREE 5 28 . BRI A3 BI3RR ) X

AL TR S A% Ty

Note: Vi, Vi, and Vi denote the variance of the test species, the tested line, and the interaction between the test species and the tested line, re-

spectively, and V., Vi, and Vi denote the additive, dominant, and environmental variance, respectively. H’; and H’y denote broad and nar-

row sense heritability, respectively.
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A A B E RS R A T AR R T
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BT ™ H il A AR
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F K HAZFR NFEA, L Griffing 1138045 52 Bl 531X K
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