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Table 1 Maize hybrids in experiments
B A st BT A H M
Maturity type Varieties Breeding institute Growth period/d
E I 15 R A B R RO A 108
Super-early maturing 014 YT Al R B 5 1 4y B 108
ET 35 BT A B R RO A R A 117
w2 27 TR U ARl B2 B T Ok F 5T i 126
Middle-early maturing AR 728 JE BT AR 22 B 5 K o 126
R 28 JE BT AR MA 2 g K L 130
e i 2 S E 335 it /N >130
Middle-late maturing i 958 ] 2 A B 2 AR A A W R 5 B =130
TRk 968 JU AT ARMAL 27 Bg £ ARBF R 0 >130
1.3 Fik .9 1 30 HHD P UR 19. 72 C. =10 C
L3.1 KEit BRI A3 0 A7 B BUI 1450.4 Codo 4 B ) B8 W RE

TR LG RERE X N /NX 6 17,47 5 m. 17
B 0. 65 m,/NX AL 19. 5 m* . JLER I X /)N
X 12 47.47K 6 m.f7H#E 0. 60 m,/MXHFH 43. 2 m?,
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Fig. 1 Average daily temperature and rainfall amount in experiment location
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Table 2 Days in each growth and development periods of maize varieties differing in maturity
in Harbin and Beijing (d)
TN TE R e Hiw =k 22 H 4L 22 2 R H B
I A AR o A Days from sowing to Days from seedling Days from silking
e
- Maturity nn' ) seedling emergence emergence to silking to maturity
Years Varieties — — — — — —
types ey IR 15 Jex M IR Jea M IR U e
Harbin Beijing Harbin Beijing Harbin Beijing
2014 A 24 ET 15 13 8 53 46 58 41
TEHL 14 13 8 53 46 58 41
fHEW 35 13 8 57 48 63 50
1y 13 8 54 47 60 44
B g w27 13 8 62 52 67 55
TARE 728 13 8 64 52 65 55
EL 28 13 8 62 54 69 58
1y 13 8 63 53 67 56
T JeE 335 15 8 62 53 - 57
F B 958 14 8 64 54 - 64
R 968 14 8 65 56 - 62
1y 14 8 64 54 - 61
2015 AL 2 W 1Y 15 7 49 44 56 42
TEHL 14 15 7 50 44 55 42
I 35 14 7 55 50 59 49
S 15 7 51 48 57 44
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. B Days from sowing to Days from seedling Days from silking
A EE ) s Ao . o .
Maturity o seedling emergence emergence to silking to maturity
Years Varieties
types I IR demt I IR 15 dest W IR I dest
Harbin Beijing Harbin Beijing Harbin Beijing
L 2 27 14 7 58 53 65 54
HAREL 728 16 7 60 53 62 54
B 28 15 7 62 54 67 58
T4y 15 7 60 53 65 55
H e 2 J5E 335 17 7 59 55 - 57
HE B 958 16 7 61 56 - 64
TR 968 16 7 63 58 - 62
Sy 16 7 61 56 - 61
2.3 MNMESRARABAEKRGMAFRIEE K B RAGF A2 AEFHHE =10 CA R
[F] — i i TR AN [] 2B 25 X5 B e — 2B BB B 39K 1 359,85 Fl 1 494,59 Ceod, Fitl: 2 X AHZ
TEMA BRI 4 3 AL AER/RERIL 130,74 Cods BSR4 A H B E =10 C

TR X, ERMER B RS =10 CH R
RS R 57.51 F 55.62 Cod; i Bk £ i
=10 CAHRFE S MR 712,53 F1 760. 38 C+d;
22 & A B T =10 C A BB 4 i o
661.62 Fll 871. 40 C «d, 75 My /R 1% F b 5T /5 4> 4=

£3 TRARPERRMHEEREZENERE =10 CHEHF

BRIk 1 448. 44 F1 1 740,97 Cod P
A A2 292,53 Cods M2 i A 24 F IR 2L
=10 CAHRAEAS M H 1 451,77 F1 1 826. 66 C«d,
A XA 22 374,89 C-d,
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Table 3 Effective accumulated temperature above 10 ‘C in each growth and development periods

of maize varieties differing in maturity

=10 CHRR
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Effective accumulated temperature above 10 'C/('C+d)

i)

Y] K A R E D W 2 it 22 7 2EEMH
R Maturity it i Sowing to seedling Seedling emerge Silking to Whole growth
Years types Varieties emergence to silking maturity duration
I R k(- W R 1 Jemt I R et W R Jbst

Harbin Beijing Harbin Beijing Harbin Beijing Harbin Beijing

2014 e B2 BT 145 46. 50 62. 14 645. 89 682. 90 682.01 734.60  1374.40 1479. 64

I 14 46. 50 62. 14 645. 89 682. 90 682,01 734.60  1374.40 1479. 64

I 3 45 46. 50 62. 14 681. 34 713. 14 688. 06 874.98  1415.90 1650. 26

1y 46. 50 62. 14 657.71 692. 98 684.03 781.39  1388.24 1536. 51

e L 38 FH 27 46. 50 62. 14 763. 63 781. 35 646. 52 937.68  1456. 65 1781.17

BARF 728 46. 50 62. 14 785. 47 781. 35 624. 68 937.68  1456.65 1781.17

L 28 46. 50 62. 14 763.63 816. 67 649. 27 964.68  1459. 40 1843. 49

E 46. 50 62. 14 770. 91 793.12 640. 16 946.68  1457.57 1801. 94

o e 2 S E 335 59. 90 62. 14 772.07 798. 66 954.33  1459.40 1815. 13

FRE 958 52. 30 62. 14 791. 57 816. 67 1040.59  1459. 40 1919. 40

R 968 52. 30 62. 14 802. 97 851. 46 1005.80  1459. 40 1919. 40

Sy 54. 83 62. 14 788. 87 822. 26 1000. 24 1459. 40 1884. 64

2015 & w15 63. 85 49.10 583. 45 666. 30 665.58 686.30  1312.88 1401. 70

i 14 63.85 49.10 595. 10 666. 30 654. 93 686.30  1313.88 1401. 70

R 35 49, 80 49.10 640. 40 706. 20 677.38 799.30  1367.58 1554. 60
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=10 CHZIRE Effective accumulated temperature above 10 C/('C+d)
4] 4 70 R E B HH E 22 i 22 78 B Ela =R
A Maturity it Sowing to seedling Seedling emerge Silking to Whole growth
Years types Varieties emerge to silking maturity duration
I R 1 dbme W IR bl I R bl W IR dbxe
Harbin Beijing Harbin Beijing Harbin Beijing Harbin Beijing
Py 59.17 49.10 606.32  679.60  665.96  723.97  1331.45  1452.67
rh L3 27 49. 80 49.10 691.15  754.70  693.63  856.50  1434.58  1660.30
TR 728 73.20 49.10 723.75  754.70  642.28  856.50  1439.23  1660. 30
5T 28 63. 85 49.10 747.25  771.50  633.03  898.80  1444.13  1719.40
S 62. 28 49.10 720.72  760.30  656.31 870.60  1439.31 1680. 00
o e 2 JeE 335 80. 90 49.10 716.05 789. 00 - 881.30  1444.13 1719. 40
HBHL 958 73. 20 49.10 737.90 807. 10 - 937.10  1444.13 1793. 30
R 968 73.20 49.10 737.90 846. 00 - 898.20  1444.13 1793. 30
Py 75. 77 49.10 730.62  814.03 - 905.53  1444.13  1768.67
2.4 FNESEARAPERRMHYERRE SRR A 7 A R A ) B R R R b R 4100 RN
T A 4H1E 5 %0 v R Bl 40 4R R 29 V0 R 24 06, v B A

X EE AR s 18] 4 A 2R R R SRR SRR IR A
FEALER L2014 AFE MR B E T 2015 AR (K 4, AR
DRI EAT HE 4 s My JR U A 25 X0 A5 358 BRI ) %
H5AEMBURAE = HOR AR L m T A0 R 20
TP A A M IR T AR A X, AT ORI R R R A

x4

AERBERRMHERRE

T o3 B2 5 23 %M1 29% . BB TR L HA SRR
I 23 B AT ORI A P ORAN TR A A R
1 H I 2 Rl G S X A R R R 4 R
74.38% .82.30% F1 84. 18 % , A WU BRI A 72 Rk %
43K 5. 96.7. 35 F1 8. 22 kgehm?®+ C'od?,
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Table 4 Effective accumulated temperature utilization rate and production efficiency of maize

varieties differing in maturity

A ROBUR R AR A R
AR A R Effective accumulated Effective accumulated temperature
Vears Maturity Varieties temperature utilization rate/% production efficiency/(kgshm?+ C1-d!)

e M /R ¥ Harbin 4t 5T Beijing M /R Harbin 4t 5T Beijing

2014 &R T 15 88.03 59. 30 5.76 a 4.77 b

T 14 88.03 59. 30 5.72 b 6.82 a

(EL AR 90. 69 66. 14 5.75 a 6.21 a

T3y 88. 92 61.58 5.74 a 5.93 a

ot RLh 27 93. 30 71.39 8.65 a 6.42 b

UREL 728 93. 30 71. 39 8.76 a 5.89 b

B 28 93.47 73. 88 8.11 a 6.48 b

-3y 93. 36 72.22 8.51 a 6.27 b

LREAE JEE 335 93.47 72.75 10.61 a 7.34 b

2 958 93,47 76.93 9.83 a 6.31b

R 968 93,47 76.93 10.93 a 6.52 b

S 93,47 75.53 10.21 a 6.71b

2015 e L 2 fEBET 15 83. 84 59. 81 6.01 a 4.98 a

T 14 83. 90 59. 81 5.71 a 5.73 a

MEEW 3 5 87.33 66. 34 7.68 a 6.32 b

S 85.02 61.99 6.48 a 5.70 a




#3Z 48 A% 2 oA xR % A % 9 1
g
AR R A1 BRI A 7 R
A AR b Effective accumulated Effective accumulated temperature
Vears Maturity Varieties temperature utilization rate/ % production efficiency/(kgehm?+ C1+d )
re M /R % Harbin 4t 5% Beijing W /R % Harbin 4t 5t Beijing
L 2 27 91.61 70. 85 7.78 a 6.76 a
FARE 728 91.91 70. 85 8.40 a 6.64 b
L 28 92.22 73.37 7.13 a 7.13 a
1y 91. 91 71.69 7.77 a 6.85 b
T JeE 335 92.22 73.37 9.40 a 7.79 b
FBER 958 92.22 76.52 7.68 a 7.10 a
AL 968 92.22 76.52 7.81 a 8.10 a
Sy 92. 22 75.47 8.30 a 7.67 a

TE B S5 AN TR) 5 B 23 551 2 R AR [R] — f Bl A (7] 22 25 X i) 28 5735 0. 05 12 357K F o

Note: Lowercase indicate significantly difference of different experiment locations of same variety in the same year at 0. 05 level within

the same row.
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TR 22 [ B SRR (— 1. 66) > 175 &= i By
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Table 5 Correlation and path analysis of average temperature,cumulative temperature during period

of growth stage and cumulative temperature production efficiency

X R W27 Path analysis
ﬁm;g
s Correlation coefficient 15y 9 5y 35y 1oy 55y 6oy
Independent ’ . ’ ’ ’
variable  MUREE b mRE S de0 O BRE R mRE dbx mARE O st mERE b BmRE Jesi
Harbin Beijing Harbin Beijing Harbin Beijing Harbin Beijing Harbin Beijing Harbin Beijing Harbin Beijing
x1 —0.08 —0.25 —4.33 —14.39 0.16 9.98 0.02 3.66 4,04 —0.03 —0.25 0.17 0.75
X2 0.67** —0.03 .82  —13.53 —0.38 10. 62 0.05 2,42 —1.43 - 0.24  —0.76 0.29 1.22
x3 —0.81** —0.59** L21 —11.08 0.21 542 —0.08 475 —1.43 - —0.,27 0.8  —0.46 —0.47
x4 —0.01 —4.29 - 0.13 - 0.03 4,08 - —0.01 - 0.18 -
x5 0.96** 0.64** 0.39 2,16 —0.28 4.88 0.07 —2.28 —0.12 0.31 —1.66 0.43 1.85
X6 —0.57" 0,48 1.26 —5.32 0.19 6.37 —0.07 —1.09 —1.31 —0.24 —1.51  —0.58 2.04

T axlox2 A x3 A0 A F0 2 il 2k 22 A 22 2 A B B SR s xd D B 6 A RN R R R R 2 Fnt 2 E AR BAMBE. 15y.25y.3 5y
5v.5 oy, 6 oy MR B 2 it 2 B A B H R SR AR kR e 2 A 22 B AR B A R B R R R A

AFERERREEL 0,01 810,05 KT

Note: x1,x2 and x3 are the average daily temperature from sowing to seedling emergence, seedling emergence to silking and silking to maturity, respectively; x4, x5 and x6 are the effec-

tive accumulated temperatures from sowing to seedling emergence, seedling emergence to silking and silking to maturity, respectively; 1 -y,2 5,3 5y,4 5y,5 >y and 6 -y indicate

path coefficient of x1,x2,x3,x4,x5 and x6 with cumulative temperature production efficiency, respectively;

* %

and * indicate significant difference at 0. 01 and 0. 05 levels, respectively.
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Effects of Ecological Zone on Growth and Development
and Effective Accumulated Temperature Production
Efficiency of Maize Varieties Differing in Maturity

QIAN Chun-rong' , WANG Rong-huan®, YU Yang' ,XU Tian-jun’ ,GONG Xiu-jie' ,HAO Yu-bo',
JIANG Yu-bo' ,ZHAO Jiu-ran’

(1. Institute of Crop Cultivation and Farming, Heilongjiang Academy of Agricultural Sciences /Scientific Ob-
serving and Experimental Station of Crop Cultivation in Northeast China, Ministry of Agriculture, Harbin

150028, China; 2. Maize Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing
100097, China)

Abstract; Northeast and north China is China’s important maize planting area. In order to promote the scientific
distribution and popularization of maize varieties,nine maize hybrids differing in maturity duration were planted
in Harbin and Beijing at the same time in 2014 and 2015 to study their growth and development process and
characteristics of accumulated temperature demand and utilization in different thermal resources. The results
showed that in Beijing experiment with abundant thermal resources,both accumulated temperature allocated to
vegetative and reproductive growth increased progressively with prolongation of growth,but in Harbin experi-
ment with limited thermal resources, accumulated temperature allocated to vegetative increased progressively
and those allocated to reproductive growth decreased with prolongation of growth.and varieties with longer rip-
ening periods self-regulated their heat requirement during reproductive growth to respond and adapt to limited
thermal resources. In Harbin, the mid-early maturing varieties could mature normally and made maximum use
of thermal resources with average accumulated temperature utilization rate of 92. 64 % and average accumulated
temperature production efficiency of 8. 14 kgehm?®+ C'+d"', however, the mid-late maturing varieties had the
risk of failing to mature normally. In Beijing, even mid-late maturing varieties had accumulated temperature
waste phenomenon that average accumulated temperature utilization rate of 75. 50% and average accumulated
temperature production efficiency of 7.19 kgehm®+ C'+d". In Harbin area, effective accumulated temperature
production efficiency was mainly affected by the effective accumulated temperature from sowing to silking
stage, while in Beijing area,accumulated temperature production efficiency was mainly affected by the daily av-
erage temperature from seedling emergence to maturity stage. To sum up,northeast spring maize area,in order
to adapt to the full mechanized operation of corn demand,should not excessive pursuit of accumulated tempera-
ture utilization and the use of accumulated temperature grand slam varieties,and the utilization rate of accumu-
lated temperature can be further improved in spring corn area of north China.

Keywords: maize; growth period; effective accumulated temperature utilization rate; effective accumulated tem-

perature production efficiency



