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Effect of Freezing Injury on Growth of Corn Seeds Under Different Levels of
Moisture Content

ZHAO Yang-hui, ZHENG Qi
(1. Huining Agricultural Technology Extension Center, Huining Gansu 730799, China; 2. Pingliang Institution of Agricultural
Sciences, Pingliang Gansu 744000, China)

Abstract: The mature fresh ears (grain moisture150 ~ 200 g/kg. 200 ~ 250 g/kg. 250 ~ 300 g/kg) of corn (Zea mays L.) of
Funong 1, Zhengdan 958 and Liaodan 565 were used as experimental material. The growth of seedlings were studied after treating with
low temperature of 0 °C, -5 C, =10 °C, -15 C, =20 °C, -25 °C and duration time of 8 Hrs under the given grain moisture. The
results shows that the roots number, taproots length, plant height, underground biomass and aboveground biomass of the maize
seedlings decreased significantly after treating with different low temperature. When the grain moisture was higher than 200 g/kg and the
temperature dropped to O °C, the roots number, taproots length and plant height of the seedlings would be affected harmfully; when the
temperature dropped to =5 °C, growth of the root was bated, the accumulation of aboveground biomass reduced, seedlings growed slowly
and weakly. When the grain moisture was higher than 250 g/kg, and the temperature was lower than —15 °C, the roots of seedlings
became shorter, thicker and deformity; when the temperature dropped to =25 °C, after germination, the seeds would be no roots with
bud or no bud with roots.
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1 #MRl5HEx
1.1 AR AH

B BN RS E R 15 . FPHL 958
FL R 565 B BLAGHT AR, i HOR &R s R
Finlb A B AR AL
12 RIF ik

W e TR AR E Tl AL, AR K5
W E A (LDS-THAD ) e ks FoK i, APRL S 7K i
9 250 ~300 glkg, 200 ~250 ghkg. 150 ~200 gkg
B, 4580 S B A, 0. -5, -10, -15,
=20 . 25 C F A4 8 h, & JF W /K k4
(BCD-258WBCSTX %, ARE{EFE -25~10 °C)
i, LAZR(25 COAHXTIR , BRI 1 &
KA ) L 3457 486 B AE 2 AT TR I B D A0 455 5% 1L
(EA£20 em)H, FHERE N TS (RXZ-280%Y,
280 L)Fr it s d 4t . 3 IER, HEEHEM
100 RiFp 1 FRFHETH 75% kS5 R T4 EE 60 ~ 90
s, NTAEFASEOLE MR 27 C, IR 8h, &
5 16 h, TEEEKR 8:00 B, 20:00 Bf£4$58K 1 Ik, &
TR, SAOBREANET 10 AREETHREL, Wi
MR MRE, FHFIRF-OREE 0.000 1DFRE ML
Gy RN R E, 2 SRR MEARAE 105 CTR AR
H 10min, 85 CHLTZHE G ETH,
2 ZER5451%
2.1 A ARE . EARK ARG 0

HE 1, 20 3 (IR5&7KEh 200 ~ 250 g/kg,
IR —15 CALFEME], Wit —) ATRIEH, 4%
TRIRE ) FRFPT, R MR KNS, K

5, MR 1VATLIE S, FF&7KEHR 150 ~ 200
gkg B, 760 CHMT, BA&R 1 5HMREC SR
(25 C)ZEFRE, FRK, ka5 EERAR
E; FBHL 958 MUMREL . HRmIIEXTIRZE A,
FRK SR ES B E; L 565 MARE. R
K. thmSxRERRE, £ -5 CHEHET, &
1 SIREL. MRESXTIREREE, FREKS
PRSNGSR 958 HUMREL. Rt 5%t iR
ERAEE, FRRKSEEFEE; L5651
A RS RERARE, FREKSXTH2E
SWE, 7E-10 CHRAT, B4 15, A 958 F
LB 565 IAREL . MR SXHIRAR LA i, 258
BE, HER1SFERKSXHEES B, B
958 ML #L 565 FMK G ESF AR E . 7
15 CHMUETF, B 1 SHMREL. EARKSXRE
SR, eSS EESARE, K 958 I
565 AR%L . R . HRESXRESARE,
16 =20 CHMETF, B4 15 HE 058 iM%, &
WK EX 2T B2, e SX IR AR
109565 PARE S X2 g, FRK . #as
IR ZE SRR E . 16 =25 CA&UET, B4 15
RECG X RE2E E, FARK . MRS Xt e
S L 958 MUMRA. TR, PRty X
Z5E W, 1565 MAREUS X IRE 2, FAR
K. BREE S 2 e

il 5 7K BN 200 ~ 250 g/kg B, 7E 0 C 4%
PF, &A1 SRS 2R A B, R
K. BREY S X2 Wk KRR 958 MARELS
XIS ARE, FRK., RS EES
O 565 MMREL. ERKYEXNEERRE

®1 EBABHERZIMYERY. TRKRHESY
o y BR1E FhH.958 1565
Aol EL l\} VH RBE _ EE‘ _ _ - _ _ - _
REAKR WRER TRg pmk @A WR Rk BB RK HRE B
X8 (%) (em) (em) (%) (em) (em) (%) (cm) (em)
250~ 300 25(CK) 4.6 23.8 15.0 48 2.3 16.5 5.0 212 18.5
0 3.8 224 14.2 42 17.1 113 3.8% 204 15.2
-5 4.0 19.3 12,5 44 16.2 113 4.8 19.7 14.3
-10 3.6% 20.0 11.9% 3.8% 16.0 10.0% 3.8% 17.1 13.4%
-15 3.6% 18.2 13.1 4.0 14.9% 0.9%* 4.7 18.0 14.6
=20 3.6% 16.9% 11.2% 3.8% 15.6% 0.2%% 42 14.5% 13.0%
=25 3.2 16.0% 1.2 () () 6.0%* 3.6% 14.3%* 12,3
200~ 250 25(CK) 4.6 23.8 15.0 48 2.3 16.5 5.0 212 18.5
0 3.0%* 16.8* 11.7* 4.6 12.8% 10.3* 3.4% 13.5% 12.0%*
-5 35 15.9% 11.8* 3.6 14.4%* 144 3.6% 13.8% 13.9%
-10 34% 18.5% 12.3 4.6 14.1%* 14.3 3.6% 12.3%* 15.6
-15 34% 6.0%* 13.0 3.8 13.8% 14.6 3.6% 16.8 14.0%
=20 34% 5.8%% 10.3* 44 16.5 15.2 37 14.9 14.3
-25 3.3 N 0.1%* 3.0% 8.1 10.9%* 37 14.5 14.2%
150 ~ 200 25(CK) 4.6 23.8 15.0 48 2.3 16.5 5.0 212 18.5
0 3.8% 18.0 15.8 54 12.6* 16.0 4.4% 14.9% 14.9%
-5 4.0% 18.6 13.5% 5.0 15.0% 16.1 4.8 15.2% 17.2
-10 44 17.8* 15.5 4.6 19.1 17.3 5.2 183 15.7
-15 4.0% 15.4% 14.0 4.6 16.1 16.6 4.6 19.6 15.9
=20 4.0% 17.9% 153 34% 15.9% 17.6 4.4% 16.1 16.9
=25 1.8%* 17.5% 13.4% 3.2% 15.2% 11.8* 4.1% 1320 11.4%*
O* £ FZF 2 F(p<0.05), ** kT ZFHEF(p<0.01), TER,



18 HR AL BHE 2014 42 5

Gansu Agr. Sci. and Techn. No.9 2014

T, RE S EERN R E, -5 CRETF,
BRI SIRBS T EE R AR E, ERE . K
SN IR 25 2 FBRA 958 MUMREL. MRl
5y MERRRE, ERESGHRESEE; 1L
565 MRS . EMRK . e S EERE
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LSRR, AR PR35 X IR 2E S i
FOER 058 UAREL . BRmI X MES B, R
K5 X HE 22 S0 B 5 0P 565 MRS, FAMRK
PISXT R ES AR E, WS EES D
Tl & 7K &k 250 ~ 300 g/kg I, 7E 0 °C 5444
T, B4 1 SHEBE 058 MUARE. FHWEK . M
KISX 2 R 105 565 AUMREL S X id 2
RE, ERK. MemSNRERARE . 7
-5 CE&MTF, BA&R 15, FBH 958 FIILHE 565 1Y
WE. EREK. thm 5 RERARE . 7
-10 CHKMFF, B 1V SIREL bRss 5 xRz
SR, EREKSXEERARLE,; R 958 Al
105565 MAREL . MR 5X s R R, R
KEXBES ANEE, £ -15 CXHT, 841
SRS X EREE, FRK . eSS
ERAREE; B 958 AYMRES X IR 2 R i
FARK G2 R WA, e S0 R2ZE R B E;
ILHR 565 AREL . FRK | BRE5XIE2ES A
WE, 20 CHRUET, B4 1 50RE. 4R
K. MRmy SR 2E R R KRR 958 RUMREL .
FRK GRS B, M50 s S R
T 1L 565 MMREUS X IR ER AR B E, TRK.
PRE SRS B, 7E 25 CHAMFF, ER 1
SRS, R SR ESR B, FRKYS
XFHR S S, KRB 958 MM . FARK . HkE
5 X HE 25 S B 0 PR 565 ARSI, FAMRK
PIEXT 2R WA, bRe S0 IR SR
CEA UL RS IREW, YR &K E ST 200
gke I, B2ZGE (0. -5, -10°C)F, &K1

5. FREA 958 FIIL B 565 HUZNTEHIEL . AR KM
PR s Y BE 2 TR (A AT R R, AP K
TR, TR
22 MG TRy EfT EMYm

M 4. 5. 6 (LLFPF & 7K &~ 200 ~250
ghkg, K -15 CALH B, Wi —) wTLLEH
F, R AR R E B RS T 565 4
WAEMAK, BAREUED, WEAE, HE™E
A4l IR AR 2R 55 2F oA

M2 2 ATLUEH, 8K 150 ~ 200 gke
B, 760 CHRAT, &R 1S4 R 565k i
5XR(25 C)ESFARE, TESXIEER T,
KBEL 958 . AL 5L 565 %) kb ¥ 40-fiek B A EE 4
EximERARE, £ -5 CEHT, 8415,
KBEL 958 . AL HL 565 4 kb ¥ 40-fiek B AT E 4
HXTRESRARE, 7 -10 CEXUT, 54150
Y N AT Y S X IR A R E A
958 P4 E L R ER M S xR E R R, T
EXEE SR B E; LB 565 HILh T R o E
xR ARE, TESNEESBE., £
~15 CHMTF, BA | SR 53 fef 8 5%
AR RE, THREXEESWEE; K o581y
LI et S AR A, THEEXE
25 565 A H T o B R E Y
ExRESARE ., 20 CEHT, 5415,
KBER 958 AL ML T HR i AT 1 S0 IR 2E
AN ITH 565 AL ML TRl 5 5 %0 iR 25 55
BE, TESNEER AL E ., 7 25 CHHEHT,
WA 145 KBER 958 AU L T #R 0 ff E A Y
X Ia2E S B G BA 565 HUSHT Y T R
%2 [RBAMENEXRRSMHYEI TR EENTE
MyakE MmEE  BRIT #2958 12565

(ghg) (C) @& TE HE T& HF T8

250~300  25(CK) 65340 5450 79870 7720 743.10 71.60
0 321.90% 29.00** 355.60* 32.70* 805.00 40.80
-5 34610 39.40  398.70* 37.50 790.10 46.10
-10  346.80 29.20%* 395.00* 37.00 737.90 41.40
-15  288.70** 31.30* 453.80* 43.10 715.50* 54.20
-20  295.40%* 32.50* 354.90* 3890 647.50** 46.40
=25 293.00%* 3490  0%* 0% 623.00%* 38.40%

25(CK) 65340 5450 79870 7720 743.10 71.60
0 33360 3637 283.66% 30.95% 696.88 33.13*
-5 31106  29.07% 307.72% 37.07 669.65 32.52*%
-10 34556 35.68 49370 4267 583.58 41.76
-15 31799 3441  280.30% 34.88 642.39 42.15
-20  213.62% 38.14 47114 4485 517.01* 43.77
-25  169.00%* 34.71 91.39%* 11.04%*423.04** 33.25%

25(CK) 65340 5450 79870 7720 743.10 71.60
0 42900 32.02* 460.00 5258 717.00 44.19
-5 46194 4260 39884 5577 698.25 40.92
-10 42608 44.14  346.70* 5230 692.18 33.13*
-15  376.00% 10.69** 425.53 42.59* 67471 44.32
-20 45191 37.26 43919 46.14 544.23* 38.40
-25  240.10%* 6.33** 110.34** 11.29** 534.60** 43.05

200 ~ 250

150 ~200
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A2 15, FBEA 958 LB 565 ML T ¥/ ff i
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W T H 565 AT M T R 0 IR 22 S
WE, TESMHRERDE,

Fh 78 7Kl 250 ~ 300 g/kg I, 7E 0 °C 444
T, @R 1S R S X R 22 R
E, THEXHESWEE; A 958 MM T
TR AT ER I ST IR 22 5 2 LB 565 M4
B P E M THEY S RER A RE, 7
=5 CHMT, EA 15, 108 565 i~y
et TR I S X IR R 2E  ABER 958 HZhTE
Rt SRS R B, THEESMEERA
W, =10 CHRUFT, BR 1 SHLHH T
E SN IR S R, TE S i e
FEL 958 MLl N S X IR R R, T
HEEXTIRZEF AR E; 1L 565 (L) T ok
AT EYEFEERALE . 7 -15 CHUT,
EAR 1S LI T o e S 0 R 25 e R
THEEX S BE; A 958, 105 565 W4
R E A X IR S 2, TSR
SABE, 1E-20 CHAT, BR 1 ST
RO EEE SN IR A S, TR SXTRE R
FEL 958 MLl N X IR R R, T
HEEXTIRZEF AR E; 1L 565 ML) T/
HEH SRR, TEYSXRER AR,
FE =25 CAMUFTR, &R 1 ST R S
P22 AR, THSXTEERRRE; B
958 [N H b T 43t F RN E 44 55 0 HE 25 Sl

5 LLER 565 ML T A 0] E 2 S
F, TESHEERDE.

SERTUA LSRR DR, YRS KRR
150 ~ 200 g/kg. i AE R T -20 CH, AIEFEEE K
IR F XTSI T T 00 & FE s A AR ) 5
A5 KN 200 ~ 250 o/kg. TR N —15 CHY,
LT HL T A (B N R LA YA K
HH 250 ~ 300 gke. MREEMRT -10 CH, &>
FT4 0 BT AR A S R s i SR 25 °C
Bf, ABEL 958 RAEZE, M F TYIRERANE, EXK
1 5L 565 M T T80 & it TR 2k, HY
Fh 35 7K 5 H 250 ~ 300 kg BF,  —10°C AR 4
X Gy P b B AT B e AR R R
TIsZm, RRMARZ,

23 MR EHRSHETRTEGY R

ME 1, 2. 3 (DIFPF&7KER 200 ~ 250 gke,
IR 15 CARE R, U =)W LI B A
IR R FEADE T4 i A . 3 3 40#r
AIHT, KR E AL R A )
T E R R, MRS K 150 ~ 200 g/kg
W, 750 CHAIFT, &4 1S4 Lo ff
xR nE, TESMNRESARE,; MR
958 A iR xR B, THEYS
XTHRZE AN 25 TT B0 565 HYAN P H, 13043k 2 Al
THLGXEERARE ., £ -5 CHRHT, 841
SR L M E SN IR R B, TR SN
WL AR FRBA 958 AL L 3ot & Fn 1
FH SN FOR N (L5 565 M4 M A
AT EY SXTRZE R B E . £ -10 CHRAET,
EAC 15 L 565 FYZJ v HE bR AT Y

#3 RBABHERE MDD ERIEENTE
MEakE pmEE  EKLS 12 058 i1 565
(gke)  (C)  @E FE #E TE #HF T&
250~300 25(CK) 65340 5450 798.70 7720 743.10 71.60
0 661.82 57.18 61044 7753 69218 68.38
=5 416.03* 4563 460.32* 6292 69825 52.16*
=10 409.06%* 4273 315.67* 38.32*%*674.71 50.44*
=15 331.26%* 27.57* 291.70**38.31** 544.23* 60.01
=20 166.74%* 21.56* 294.54* 34.30%* 534.60* 59.56
=25 86.90%* 9.83** [47.00%*25.72** 309.49%* 36.18**
200~250 25(CK) 65340 5450 798.70 7720 743.10 71.60
0 51791 46.58 84036 7273 669.65 65.01
=5 432.82*% 40.88*% 468.43* 53.76* 696.88 61.86
-10 44388 4446 72527 7370 517.01* 50.85*
=15 45437 47.62  472.10% 52.01* 64239 49.77*
=20 353.70* 40.32* 348.86%*36.17** 583.58* 55.88
=25 171.00%* 16.25%* 249.00%* 15.77%* 423.04** 48.15*
150~200 25(CK) 65340 5450 79870 7720 743.10 71.60
0 421.70** 53.80  658.70% 77.78 700.30 70.20
=5 473.00% 46.40 68720 7020 647.50* 64.50*
-10 55260 53.00 760.70 63.70* 650.00 66.80
-15  500.50* 46.50 647.50% 68.10 620.00* 68.40

-20 63380 5220 737.10 61.70% 655.00 64.90*
-25 588.60 40.40*  0**  0**  633.00* 63.10*
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AN, SXTREAHLE, M b ERoff 5 AT
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5500 BORH Lb 25 Sk BB B 35K . ATk
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R, R EoKE S, IREEEAL, Rz
PREREDB™E, AR, K,
3 &g
LN AR AL PR £ KFh T R 28 G, Ay
AL s, EMREK . bR HT A T
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Effect of Combined Applying Phosphorus and Manure on Yield of Winter
Wheat

GUO Min-jiang', E Sheng-zhe?, LUO Zhao—xia', YANG Zhi—qi'
(1.Tianshui Institute of Agricultural Sciences, Tianshui Gansu 734000, China; 2. Institute of Soil and Fertilizer and Water—save
Agricultural, Gansu Academy of Agricultural Sciences, Lanzhou Gansu 730070, China)

Abstract: In a split—plot design, through field experiment to investigate the influence of mixed applying phosphorus and
manure on winter wheat yield. The results shows that under the basis of applying nitrogen 150 kg/hm?, simultaneous applying
phosphorus 150 kg/hm? and purity chicken manure 7 500 kg/hm? the winter wheat yield was the highest among all treatments and
reached by 5 589.29 kg/hm?, compared to without phosphorus and purity chicken manure treatment increased by 38.86%.

Key words: Phosphorus fertilizer; Manure; Application rate; Combine application; Winter wheat; Yield
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