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Effects of spacing intervals on the ageing process and grain yield in winter wheat

under wide bed planting methods

FENG Wei, LI Shiying, WANG Yonghua, KANG Guozhang, DUAN Jianzhao, GUO Tiancai "
National Engineering Research Center for Wheat, Henan Agricultural University, Zhengzhou 450002, China

Abstract: The grain yields of wheat plants are synthetically affected by geographical locations, ecological and environmental
factors, various genotypes and production conditions. Different wheat genotypes are characterized with high yield through
differential ways under the given areas and ecological conditions. In previous studies, high grain yields of wheat plants were
usually acquired by using the conventionally drilling-planting methods. To our knowledge , however, the studies on influence
of the wide bed planting method on ageing processes and grain yields have not been reported so far. The aim of this study
was to provide theoretical basis and technical means for wide bed planting methods, in order to achieve higher grain yields
of wheat plants and high-efficiency utilization of agricultural resources. Field experiments were conducted to measure ageing
processes and grain yields under different planting patterns using wide bed planting method (8 c¢m of bed width) with three
methods, including spacing interval 7 ecm (KF7), 12 em (KF12) and 17 ¢em (KF17). The conventional drilling planting
methods (20 cm spacing interval (1—2 cm of bed width) was used as control ( CK). Two wheat cultivars, Lankao Aizao 8
and Aikang 58, which are widely planted in Henan province and characterized with large- and multi-spike, respectively,
were grown in the experiment farm of Hennan Agricultural University in the growing seasons of 2010—2012. Physiological
parameters (e.g. chlorophyll relative content (SPAD, Soil and Plant Analysis Development) , content of malondialdehyde
(MDA) and activities of superoxide dismutase (SOD) , catalase (CAT) and peroxides (POD) ) were measured in the flag

leaves during the wheat grain filling period. The results indicated that, compared to conventional drilling planting methods,
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chlorophyll degradation in leaves of wheat plants grown using three wide bed planting methods was delayed and contents of
MDA were decreased, whereas activity of antioxidant enzymes, spikes numbers and grain yield per unit area were
significantly increased. For Aikang 58 cultivar, the contents of chlorophyll pigments, the activities of antioxidant enzymes
and grain yield was the highest in KF12, followed by KF17, and the worst being KF7. For Lankao Aizao 8 cultivar,
however, the tendency was KF7>KF12>KF17. Under the given growth conditions in this study, the highest contents of
chlorophyll pigments, the most activities of antioxidant enzymes, and the lowest contents of MDA appeared in both
treatments KF12 with Aikang 58 and KF7 with Lankao Aizao 8. It can be concluded that the special spacing interval of 12
cm for Aikang 58 and 7 ¢m for Lankao Aizao 8 under wide bed planting conditions can be used as feasible and promising
planting patterns with the enhanced physiological activities of grains and the delayed senescence processes, resulting in the

reasonable yield components.

Key Words: winter wheat; wide bed planting; spacing intervals; senescence; yield

A TR 7 R 7 S MU PR A S BRI AR DR BRI AR 7 S R A DR R I 2555, TR — b DRI S
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FEAT TR R R A EAGRAR T, KRR/ SR LUHRRL AR AR 0 38 e G i i ok e AR
P A B AL R A BE A, A LR /N T RE N R AR B AR AT R
R IR AR A5 ) B T B S AR B B, 5 BRAOATIEIC &, AU W BT 2 25 20 B LR 55, i
A WFERTIKEFEDIRE > i YRR AR, AT A B REOR S5 R | B RO B 55 /N 2 TFAE IS AR R 1 AR
PGP, SRR BT 5R FE SRR 11T, AR S A8 DL AR AR 7 U R AT, AR T 3L
BREEIE /N BRIA] 58 S 58 | BARRE IR T ARG T SR A M AN B il ol 0 38 A2 785 0 R0 224 1t 14 D1 T /K 9 ROdE LA A+ 3]
FEOF KA ISR B P 2R e R ™ TG T Sy 47 A Ay 3XO0S /N 22 S R B 7™ ik 1) 52 W iy R L AR
iH o W AR I A 20T, Ve IR 4 T AR A P AP R I A/ NAZ A ol B AT S AT 1 Al
(]P0 2 /N2 T2 2 A K™ B R RSN, 15 7 S PRI BB R A /N2 it o 5 kel 5 v o B (BRI Al 5 T
ERORH .

1 #R5FE

1.1 REsT

IR T 2010—2012 4F B 76T B AV R 2F RN DX (GBM) 647, a0 o g 4 [ oK (Zea
mays ) , 5 FF2FHECAE H ,0—20 em 2 BRI & & A PLUE 11.8—12.6 g/kg 2 A 0.96—1.04 ¢/
kg ERCHE 43.5—45.9 mg/kg FHB 82.6—90.3 mg/kg, pH {8 7.54, i MR+ IERLRIFE /0 & 8 A E 7/
W FrTsR, BHHLETESE N 150 kg/hm® (P,0; 120 kg/hm* K, 0 90 kg/hm?, #& 15 8145 & B /KB4l N 120
ke/hm?, 24 F G K FHIEK 5 H Gy Biia e HUE 2 Uk, ok 35548 ) — M s = 22

PR A A = R AR A Z2 R S AR PT 58 (Aikang 58) IR & Fl 22 £ %% H. )\ ( Lankao Aizao
8),4r%1F 2010 4F 10 H 14 HA1 2011 4 10 A 15 H R IR KW 2BIK- 6 758 M5 FhLIEF , 175
M8 8 em, X5 R HBEHLIX LH BT, e bE i 7 Ae 7 X F A B % 7 em (12 ecm FT1 17 em 333 A A ie
fE KF7 . KF12 Fl KF17 ; DV 7= i 2B R 7 28 (1718 20 em, #E 08 1—2 em) X RE JE4E CK, #2H o
A3 BE PR R R S R A P 22 R R\ R 375% 10 Kk /hm? , BB T 58 R 270X 10* Kk /hm? . 3EFIRTHR I
VBB TR Fh 7 & 2R AN R A A, R BEYLHES , /N 25 m, 98 3.3 m,3 IKE
B2, LA AR R B G [ R A 7
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BURE g/ NX BRI 25 i 2% 5 R, 57 BIVE T &, e b )AL i B AR R A1 IS AT A G
FEAREGISE . T (MDA) & R BRI b 2Rk 8 A AL B AL I (SOD ) 16 MR FAZ i L,
i A ALY (POD) T MR A B AR WY B k") i A LA B CAT) i HES B T 24 B ik,
1.2.3 =i Al i B R 2R A

PR A R R 2 T REAET /N X A 0.667 m? 3 /NEE 4744t BpLfor [r BRRE R OB B 20 BRHEAT
FNHF SR SRR TR AR A/ NXR S m? T 8 B T BURPRL ™ B (kg/hm?)
1.3 R E S50

R R FH SPSS16.0 #4775 22347, H Excel2007 47 IR 2x 1

2 EREH

2.1 SEMRAEFN T A AR A/ NAZ e SPAD B 152 1)

MR R AR AT G BRI E R 2 — /N A T 5 W I S 2% A B A il o T S /N2 3 B b
Ao B AHL RIS PR AL A NAZ SR S R B e I A R SR R AR B SRR T R VT R
FyAS Ak PRI 30 d T RERON MG, H 22 RN BRI B & T b 58, Ab B[R] 22 5 B & R m AN [A]
FEPT 58 1 SPAD R A CK<KF7<KF17<KF12, 2 %5 B )\ CK<KF17<KF12<KF7, AR ant, &bt
58 ) KF17 KF7 1 CK ¥J7EAE)5 15 d ik BWE(E , 1 KF12 sKIE{E AR M AE)S 20 d, 16)5 30 d A 25 1t
Je ISH 2 I 0 IR KF7 KF12 KF17 1 CK 20518 82.6% .65.9% . 76.1% 1 86.1% ; KF12 # CK 1E4E)5
25(P<0.05) \30( P<0.05) 135 d(P<0.01) 5 B3, 2HEF /M KF17 Fl CK AFAELE)T 10 d a5 3 IEfH,
1M KF12 Fl KF7 AbFk WA I AR XS IS, 23 B0 AE)E 15 d FIE)S 20 d, 25 R R, e HAE)S 30 d Uk R R,
5 B R AE T [ IR KEF7 KF12 KF17 F1 CK 43518 43.8% 48.7% .66.8% #11 74.5% ; KF7 #¢ CK 7EAL 5
20( P<0.05) \30( P<0.05) F135 d( P<0.01) 2= 5 b3, AT UL, SEMRAT A AT RGN 22 -2 3R e fip o B, A 2%
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Fig.1 Effects of spacing intervals on SPAD in flag leaves of winter wheat with wide bed planting methods
SPAD( Soil and plant analyzer development ) {E[ 387~ M4 Z AN & i ; CK. #ALAHE ; KF7 KF12 Fl KF17.; ZElE#EANT 7.12 F1 17 em (9717 (8] HE
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SRt IRe A 2R S AP AR BT 58 DL KF12 Ab B R AFEAY G Fh 22 25 BR L\ L KF7 Ab B 2% 2 5 & H AR
54,08
2.2 FEORAEFNT HE XS A /N At MDA % 5% 52 0

MDA 25 i S A B F 2=, B A o A0 B AR i A K . AR 2 T DU H, IR R AR A /N
Z AN MDA F AR (b AU AR — B, YRG5 Frhr i 2 0 A S v ka3, Hovp A6 S5 25d ARG 4
RN WAL 20—35 d BRI, ASE B 7 X MDA 5 8 EL AT B IR P R0, B iR 47K 45 Ak B
MDA F S A% T R IR A 38 ) 25 S PR SR 5, ST 58 FEAE S 45 B R IR KF12<KF17<KF7<CK,
22 IR\ KF7<KF12<KF17<CK ., G MEA 5 40 BEXT MDA & 5 (0 G UM AE7E 22 55 4605 35 d Sili@
HAEEE CK 1 MDA & R IE 5 K, 9T 58 19 KF7 KF12 H1 KF17 % CK B IR 43510 8.33% .39.56% ( P<
0.01) F122.45% (P<0.05) , 22 %5 )\ 435k 24.76% ( P<0.05) .11.07% %1 8.88% , 1 W, %EHt 58 LA KF12 kb
B 22 R HO\ DL KT ARAEJSHErT MDA 3 B AIX, BRNE o S0 A AR BE IR, 40 P 8 R e 45 ) 2 B AR %, A F
FAIFRIE A K

— 60 —
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Fig.2 Effects of spacing intervals on content of malondialdehyde ( MDA) in flag leaves of winter wheat with wide bed planting methods
MDA : P % Malondialdehyde; CK, % #45H% ; KF7 KF12 Fl KF17, SEMEHEF T 7 .12 1 17 cm (47 A

2.3 FEORAEFN T HT X A/ N A SOD I MY 52 e

SOD JEAE YR P BRIG MR EERY I R 2 — A RUEZ MM, hIE 3 vl AL, /N SOD 1
Pt E AR AR R o " RIS SOD TEPETEAE G 15 d IR B, M AEAESG 30 d 35 B IEAE, i
FhRI—3, AFFAE 7 0 SOD PR 1% 52 i A2 A2 B I S s Bl [ AR 25 57, BRI 58 e AL )5 45 i I 24 3R 3
NIRRT CK, H JE)5 5—15 d SElRarfE S b BRI A KF17<KF12<KF7, 16 J5 20—35 d A KF7<
KF17<KF12, KF12 # CK (2 JAEAE5 5.20 .30 135 d 5k B KV, 22285\ 56 iR 75 & 40 31 KF7
REFRAEAE S 4% SE Y SOD 6P e 5, 7E4E )T 5—25 d KF12 F1 CK (9 SOD I M8, KF17 A, mi7E 4
J& 30—35 d R A CK<KF17<KF12, KF7 % CK W2 J A5 5 & 25—35 d ¥R B 0K, ULl WL, 25
RIS FIRBT 58 SR 12 em HF[AIHE  KCREAY L FP 22 AR\ 7 em 5 AR T 3F SOD 4 & 16 1, SE LB A bk e
BABWAEN,
2.4 FEORAEFNT T EEXT A /N A POD & M5

POD Al A SOE FRAE MR IR N A B 3%, A 4 B S FIE R i B DI ReHAVE . (&1 4 28 it POD 76 %
BERT 7 E SR IR S e £ A Ak, FLZEAE)S 15 d GRIGAE, S PR BL— 30, AT, & 9T 58 1T POD i 4%
BT R\ AN, SRS TR POD TR PRSI AE AR B I AR AEAE 22 S AE)E 5—15 d
i PRI A KF7<KF12<KF17<CK, M8 )5 20—35 d, %& 41 58 1) POD Jif P AL Bl [A] 2% 3 CK<KF7<KF17<
KF12, 1 22 5 )\ CK<KF17<KF12<KF7 ;58471 58 A KF12 # CK 7E46)5 25—35 d 2R W&, 2R F N\
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Fig.3 Effects of spacing intervals on activities of superoxide dismitase (SOD) in flag leaves of winter wheat with wide bed planting methods
SOD: ALY ALEE Superoxide dismutase; CK: #HL45#% ;KF7 KF12 F1 KF17; SEMRHEFT 7.12 A1 17 em B4 FAIHE

By KF7 38 CK 1EAEJG 20 30 F135 d 25383, 65 35 d FEM POD JF P PR 5 32 i s T [, e POD 3%
ARUEAE T R E AR T 58 /N, T 22 B IR L /SR, 4B 4T 58 1Y K7 KF12 KF17 F1 CK (1) F& I 4351 A4 32.09%
30.28% ,34.23% 1 56.88% , >~ % W )\ (I FFENE 4> )N 32.18% 43.19% .60.48% F1 74.98% , HILA] WL, S 9
A CK ALFR A POD Ji5PE 78 SR A 01 PR IR o KT, (L 2 e s 300 e ol o 8 o P, T 9 s i 40 DU Iz, e
FRPT 58 LU KF12 AbBE =4 K\ DL KF7 AbBE POD 6 P4 T~ Bk 5 5 oM 25 12, 3X AT RE 5 S iR s 376 25 0 M4
a0t AL A P el 2 A B AR LA A TR PR A G

16 16 ~

Aikang 58 Lankao Aizao 8
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POD3H
POD activity/(U/g )

4 + —— (CK —A—KFI2 4 -
—H—KF7 —%—KF17
O 1 1 1 1 1 1 J 0 1 1 1 1 1 1 J
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Fig.4 Effects of spacing intervals on activities of peroxides (POD) in flag leaves of winter wheat with wide bed planting methods
POD; i ALY Peroxidase; CK: % HLAHE ; KF7 KF12 Ml KF17; SEHFAEFAIT 7,12 1 17 em (37 ] B

2.5 FEMEHERN T H I BE XA/ NAZ R CAT 36 P52 Ml

CAT RIS R AEARAR N H,0,, IHBRIE MRS FAE M . BRI S AT, /INZZ CAT T P il v 2k AR 4 i
BV RAME S HTAENS 15 d RIGEAE, R RS —30, SRR CAT 5 1 B P8 $a 3500 7 i Fi K A
BRI ESR, )5 5—15 d FIfEIS 25—35 d, %&bt 58 AL B[] 22 3 R K CK<KF7<KF17<KF12, BRAE
J5 25 d A, HE I KF12 28 CK /Y22 R34 38 T == % 0% B\ b B A) 22 5 f CK<KF17<KF12<KF7, BRAE 5
30 d Ab, Hee BHY KF7 %58 CK 225348 38 7646 )5 20 d,%&PT 58 1 KF12 KF17 Fl CK A4bHiE| 22 5K 3 HY
KT KF7 B 7 25 2 R\ 45 A B R) 22 5 AN W 2 R0 5 AR PR 22 bR CAT 6 P FAAER, 4
FhILIAE G 35 d B B K, BB 40 58 19 KF7  KF12 KF17 F1 CK (YRR 43 514 80.73% . 77.76% .79.39% F
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85.37% , 2R )\ 510 61.76% 63.75% .63.50% F1 67.10% , FH ML TT UL | 5 M5 4 75 45 AL B i CAT 76 P
e HUT B P2 2 B0 AT 58 LA KF12 AbFE ) JCREAY i 22 55 5L\ DL KF7 Ab 3R CAT &R, AT A
BRGNSV E A AR, B SR AR I PLIT RE T

140 . 140 -
Aikang 58 Lankao Aizao 8
12t I 12 r
@ —B—KF7
& —A—KFI12 e -
o 84
i
<
E 2
<& 56 # 56
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&
S 8 28
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Days after anthesis/d

B 5 BEiREF T EEN Z/NEEM iS4 SE(CAT) iFER R0
Fig.5 Effects of spacing intervals on activities of catalase (CAT) in flag leaves of winter wheat with wide bed planting methods
CAT: %8 L Sl Catalase; CK, % M55 ; KF7 KF12 1 KF17, Sa@E#& AT 7 .12 F1 17 em B35 8] B

2.6 TaEIERN R A A FE XA /N P A S
W 1 Fon, AR 1Y SE IR AP A0 B B B T CKL A8 CK B3 RS 58 Jy KF12(14.23%—15.94% )

F1 EREFHTHEENES/NEFER AR

Table 1 Effects of spacing intervals on yield and its components in winter wheat with wide bed planting methods

Y b AL FRIEL TR E PR
Year Treatment Spikes/ ( x10*/hm?) Grains per spike 1000-grain weight/g  Grain yield/ (kg/hm?)
2010—2011 JE4 58 Aikang 58

CK 571.3c 35.7ab 43.4b 8046.9d
KF7 665.2a 33.5b 42.0b 8285.0c
KF12 626.8ab 39.2a 46.3a 9329.6a
KF17 598.7he 36.9ab 45.3a 8695.5h
22 AR\ Lankao Aizao 8

CK 387.0b 46.8bc 44.3b 8169.1¢
KF7 426.6a 48.9a 45.0ab 9350.3a
KF12 400.2ab 47.5ab 46.1ab 8572.4b
KF17 379.3b 45.5¢ 46.6a 8277.0c

2011—2012 J&T 58 Aikang 58

CK 573.5¢ 35.2¢ 43.7¢ 8322.0d
KF7 694.2a 33.3d 42.8d 8662.7¢
KF12 645.6b 37.9a 46.5a 9506.1a
KF17 624.7b 36.4b 45.6h 9062.1b
2R\ Lankao Aizao 8

CK 376.0c 48.6ab 45.7a 8276.0b
KF7 434.5a 49.6a 46.1a 9409.4a
KF12 406.8b 48.9ab 46.3a 8550.7b

VKF17 384.0¢ 46.6¢ 47.0a 8315.2b

[l — k2 R [ PR R 2253 B3 (P< 0.05) ; CK: #HLA&HE; KF7 KF12 F KF17; SElRiF R 7,12 117 em G351
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>KF17(8.06%—8.89% ) >KF7 (2.96%—4.09%) , = % & K. )\~ KF7 (13.70%—14.46%) > KF12 (3.32%—
4.94%)>KF17(0.47%—1.32%) , &L 58 £ A0 PR ] ™= i 22 5 43k Wb 27K, i = % 88 R\ KF17 F1 CK [i] 7
BESAEE  H5 KF7 A6 22 50k B F K, B 2010—2011 45 22 5RO\ KF17 LA, 56 5% fl
BA TR SR I T CK, 88 CK &3t 58 B IE 4 8.93%—21.05% (2011—2012) F1 4.80%—16.44% ( 2010—
2011) , 2 %8R ) 2.12%—15.56% (2011—2012) Fi1 3.42%—10.23% (2010—2011) , H. T 0&#& FhF i fH %L
RitiHT TR] PR R/ N 22 SR 58 BYRERI BN Tk R M KF12>KF17>CK>KF7,2011—2012 4E KF12 8 H:
B2 T A3k B KOF T 2010—2011 4F KF12 {4 KF7 AbBE 2 S5 1 25 5 22 %0 L\ i Aok 25 s ] B 44
D, T 2 A S, R AAE K7 RN KF12 (A1 25 538 B 3, FLHY) 388 1 K17 Ab# {8 k7 7 5
W F 25 AL R 22 R 2 DL B3R SRR R AR A S AR AR J o I T )RR 5N T A Y
SZMA PR R R [B) B RS [], R R BT 58 1Y K7 AL PRl Aty [a] BE A A | RO BIORT TR EE 4 CK 43 il B AIK 1.9—
2.2 K1 0.9—1.4 g; 22 HEE Y KF17 ZbBE PR [R]FE G 58, BRI B 3 CKOBRAIK 1.3—2.0 R, HLERIM 5, %
Bt 58 DL KF12 4B =R L\ L KF7 b3 7= S 4 My f5e U P i f v o

3 FrErig

T /INAE A el 2 ) A A, X e 2 1 B KR T 3R 30% DA X AR TR S A Y A
FER O AL R AR NN A T R B SR TR R R, X T e LA 1 s R R
PR A EEE X, W, AN R HER | d BERE AR T 200 kg/hm® | TR KL AR B A R PR
EIRE R RN IR R AR SE AR RS, R 8—10 d YKgR, AT 109% LA -1 FRREATHE % B FE
I O PR BEAE Y 2 (8] A7 Jm ) B 24 e, P AT AU AR E 3 B A KRG, A9 R, 20 em 17 IE FTHE 2 240
kg/hm? I 2H 5 REAE X AE 28 L I vy it 2 32 10 B A, PR AR 28 1 7K T 1 AR 3 T 2 B8R VR 40 A i ot 41k 7™ W 1
MDA & Bt SE L R e L) /N BBV ST B AR T 30 A I S o R U % , gk 3 I i JE %
18, PrA L EESE SOD (CAT HEPERE R, MDA & 4Rt R BT A, 170 2 3% (10 cm 1) W 4E
IRSAHEIY (R0 (G i ] PR RIS SR e i, ORISR ST R, R AR L R R\ AT 4
/NEE 15 em TR AL T MU R RGEEHE T DI o SRR, AT R W A
AL, T AT A& Ry sC A AL 5 B R PR AR 2218, MDA 5 5 MR AR B2 A K, P AL s P s o | Th e 5
RN , DR A R SRR SRR A BRACH , e K R AP (AR AR IR ER A AOG & TR RE Y o, RN
R, ZFEA SRR DT 58 DL KF12 b3 CRE AL & Fh 2= 25 5 O\ DL KF7 AbBRAE IS 4 38 3 iy,
MDA 5 55 fIG, P LT R =, = A S R M, S 2 it B i, BT 58 R 22 5 M I /B4 7= i 132 4 31
ik 15.9%H1 13.7% , it — Wi EAR R IR S AT R B OC R SRR A 7 X T /N2 BRSO | FP R R 25
PR, SRR AR A B S A B BRI U R GERE Ty G0k, BRI HER , i R DI RE I K DA
J A P RE IR IS TG0, FPbr 7 S RE i, Aok T RS 4 R, B R A Ry 2T T A A R O 3 4
5. 0% 2247, SEBLT v SR R B A AU AR 2 ] R AT , e 2Rk = 1N 8.0% LU I

WE/ N RITHARZD) T L R Tt KB PR B E MR S et RS2 A,
B — AR IR B A R TR A AR P2 45 N S K R R S HOK S 08 U8 AL AR S5 1, 2 4
RN FE R SR (20+40) REAR A M DM R AR AR R A0 56 R, LA A R AR Pk BET T L 2B E Rl
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