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ML % & 35.8g/kg, 3 pH 6.4, 506k & &
346.0mg/kg, HiFEA/KAE, FKE,
1.2 HiXmFh
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MBS, wBKEEEmmE {28
R R AR VEATHE S, KRG 2017 44 A 10 H#%
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HhH BRIP4 420kg/hm?, FLHRZE (N46% ) Ky
187.5kg/hm’, i iR £ (K,050% ) A 112.5kg/hm’,
WEPR 4% (N18%. P46% ) K 120kg/hm’, Jifi JE Fst
Wi WEWE. B BRI SHIG B AR i R R
FUAE = BURSEAT, #EAh . R, BURE . ORI TE
[Fl—RKWNER, HAEREER, &/NXFESE., R
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Table 1  Treatments of split—plot design

FALFE Main treatment FI AL Ub—treatment

TR X4 Repeat groups

A, B,
B,
B,
B,
B,
B,
A, B,
B,
B,
B,
B
B,
A, B,
B,
B,
B,
B
B,

AB, £ AB; 6 /DIX

A,B, & A,Bs 6 /M X

AB, & AB, 6 T/NX

AB, & A B 6 1hIX AB, & AB, 6 /X

A,B, & A,Bs 6 1~/NX

A,B, & A,B 6 1~/hX

AsB, & AB 6 AKX AB, & AB 6 ASX

AT
1.4 FERFERZEHBAE

IR W AR, /N X B S ) 1 3 A
B RELEVERE 10 Bk, SREBABRIOZEEL, JF48 i
SR AR, T EEM, ZERUE . K
— B, R AR 2SR
TORLEE, R B AR
1.5 EHkfEmRENE

R WOR KT JE A 2~3 A, # (P EK
AR MM E 4 ) AObREE T L B AT
1.6 HIEALIE

AH 5 & BUR F Microsoft Excel 2013 315, 3
YERE s R G X DPS $idis db B R 587 Wi

2 HRESW

21 AEIEXER 26 MEHE 31 FERTEN
A

M 2 i, BARG 26 ST BURIA TAR IR R] B4R
RO L (P=0.0001<0.05), L A Bs NERfEAbH,
EEEFIA 11 239.5kg/hm®, ACHc AL A,B, P B R
T 36.2%, RN 2 R AR R E K, S5
o B A N IO 420.7 Bl /m® . BERIER 113.5
B/ 45K 88.2% . T Hi I 26.0g; Hok &
A,Bg, FEHEIA 11 049.0kg/hm®, R AL B = 2
15 33.9%, —HMB2E RN R EKT FrEi
PR 2R 1728 S AR 0 B A RS T AR AR > R K >
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Table 2 Kendao 26 yield, yield components and the variation coefficient of different groups
4 LT R LET (%) THE (9 [
Treatment Panicles per m” Spikelets per panicle  Setting percentage  1000—grain weight Yield
A, B, 479.0aAB 97.0ijHI 92.4aA 25.4efEF 9 895.5ghFGH
B, 344.3j) 110.8beBC 86.5hiHI 26.3aAB 9 154.5]1
B, 391.7gH 108.5¢dCD 86.1il) 26.0abcABCD 10 111.5fgEFG
B, 467.3bBC 102.8efgEFG 88.3fgEFGHI 25.2¢fF 10 888.5hcABC
B 420.7eF 113.5bB 88.2fchFGHI 26.0abABC 11239.5aA
B 466.7bBC 105.4deDE 91.6abAB 25.5defCDEF 10 803.0beBCD
A, B, 407.0fG 101.5fghEFGH 84.1j) 25.8bedBCDE 9 847.5ghFGH
B, 449.7¢D 96.2j1] 90.0bcdeBCDEF 25.5defDEF 9 732.0hiGH
B, 422.7eEF 98.5hijGHI 89.3defCDEF 25.6cdeCDEF 9 510.0iHI
B, 348.3ij1) 104.3efDEF 89.0defDEFG 25.3efEF 8250.0kJ
Bs 449.7¢D 102.8efgEFG 89.6¢defBCDEF 25.6cdeCDEF 10 473.0deDE
B 485.3aA 101.3fghEFGH 89.5¢defBCDEF 25.2(F 11 049.0abAB
A, B, 435.3dE 100.1ghiFGHI 91.0abcABCD 25.2efF 9 547.51HI
B, 357.0hilJ 108.2¢dCD 91.4abABC 25.1{F 8395.5k]
B, 360.3hl 113.8bB 88.7efEFGH 26.4aA 9 691.5hiH
B, 433.7dEF 92.3k]J 87.0ghiGHI 25.2efF 9190.5j1
B 385.7gH 119.4aA 90.5bcdABCDE 25.2(F 10 198.5¢fEF
By 462.3hCD 98.8hijGHI 89.6cdefBCDEF 26.1abAB 10 621.5¢dCD
AR5 ZH Coefficient of variation (%) 11.1 7.2 24 1.7 15.6

I RSB ARR NG PR ZER R EE (P<001), B (P<0.05), TH

Note: Different capital, lowercase letters after the same column data indicate extremely significant difference (P<<0.01), significant difference (P<<0.05),

respectively, the same below

ZEYCR > TRLE, B i AR R 5 32 B/
WORATRREE R, HUOE BRI

R3 EE N AREBETE. FEMNEERFHHLE

WNZE 3 Fs, A 31 JCRTRURIRRA I 8] T A

B B3 (P=0.0001<0.05), L9 Ri//. 474k

Table 3 Longjing 31 yield, yield components and the variation coefficient of different groups

posdil B DAY FIRLEL S5 (%) TR (g) 7 HE (kg/hm?)
Treatment Panicles per m Spikelets per panicle Setting percentage 1000—grain weight Yield
A, B, 488.7dCD 69.9j1 87.9cdeABCDE 24.5¢FG 7 365.0il)
B, 457.7hH 78.3ghFG 84.82G 25.1cdeCDE 7 629.0hHI
B, 483.3eDE 73.5iH 87.8cdeBCDEF 25.8aA 8 052.0fgFG
B, 428.3j) 92.7hAB 89.9aA 25.6abAB 9 118.5hBC
B; 394.3mM 84.8dC 86.efEFG 24 3fEF 7 191.0i)
B 493.0cBC 80.3(EF 88.8abcABCD 24.0hH 8 439.0dE
A, B, 408.3IL 83.6deCD 88.1bcdeABCDE 25.2¢dBCDE 7 581.0h1
B, 475.0fF 78.9fghFG 87.0defCDEF 25.4beBCD 8262.0deEF
B, 452.3iH1 84.0dCD 85.9fgFG 25.4beBC 8 289.0deEF
B, 497.3bB 79.4£eFG 88.3bedABCDE 25.3beBCD 8 829.0cD
B; 534.7aA 70.9j1 88.7abcABCDE 24.4¢G 8 205.0efEF
Be 419.0kK 94.9aA 89.5abAB 25.6abAB 9 094.5hBC
A, B, 466.0gG 77.3hG 87.1defCDEF 25.0defDE 7 857.0¢GH
B, 486.7deD 82.2eDE 88.9abcABC 24.9defE 8 863.5¢CD
B, 474.3(F 83.2deCD 89.0abcABC 24.9efEF 8719.5¢D
B, 478.3fEF 90.8¢B 86.8defDEF 25.4beBCD 9 556.5aA
Bs 483.7eDE 83.7deCD 89.6abAB 25.6abAB 9277.5hbB
Be 449.0il 91.5bcB 88.1bcdeABCDE 25.3beBCD 9 159.0bB
75 5 ZEK Coefficient of variation (%) 9.5 8.7 1.6 1.9 8.4
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#F 27em x 13.3cm A fe AP, 77 & 5 ik 9 556.5
kg/hm®, BCECARARTE 5 1 /5. F7HREE 30cm x 10cm
FEEEE T 32.9%, TR ZE SRR R E KT,
55 85 v 7 MR R AR O 478.3 Bl m® L AR
#90.8 Ki/RH ., 455905 86.8% ., T-ki# 25.4g, 4b
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AR R SRR R ARG, b R RS
(AT SV GEE P E RN ) & Sl ¢ 3] eSS
FARPRG ) R R AEARSC, S T AR
SRR E IEAHOG s JERE 31 AORORIEC S B T AR
B R EREF O, 4R EER
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Table 4 Correlation coefficient of yield components and yield of Kendao 26 and Longjing 31

Tk BENATEAYE Sy G
1000—grain weight ~ Panicles perm®  Yield

e

Setting percentage

it iEBSEAY YR
Variety Correlation coefficient Spikelets per panicle
A5 26 Kendao 26 BKIEL Spikelets per panicle 1
45577 Setting percentage 0.1491
T-kiEH 1000-grain weight 0.3440
B T AVEEEL Panicles per m® -0.5002"
4 Yield 0.2823
JeA# 31 Longjing 31 FUKIEL Spikelets per panicle 1
25523 Setting percentage 0.2557
TR 1000—grain weight 0.4424
BA( T FARESK Panicles per m® -0.5834"
FEIE Yield -0.6633"

0.3901 1
-0.3439 -0.3324 1
0.0554 0.1556 0.6335" 1
1
0.0223 1
0.1405 -0.3517 1
0.5132" 0.3734 0.1951 1

TE: *P<0.05, **P<0.01 Note: * P<0.05, ** P<0.01

S5 SR Gl MR GR BIRG B H
2.2 AEAIEXETE 26 FMLHE 31 BRI
s s, BRE 26 70 BURAT RE IR A] 5
VERL I B 3E (P=0.0001<0.05), LIAbBE 9 1 /9%,
FTPRIE 30em x 13.3em AUAEOK 5 m, KK L
O B /7¢. 47k B 30cm x 10em F1 9 ® /¢, 17 ¥k
# 30cm x 13.3cm B 5, AL O W/, T
PRI 30cm x 13.3em B (5, AL 7 W/oC. fTRRIE
27cm x 10cm ARG KRN, —F B A0 25 55500 i
FOK-, A5 REM, BAE 26 7E 9 Wi/, FTRRER
30cm x 13.3cm ALHF] FHE A OR B5 T T EE 5, &8
VrEE R, B EAE R, JeRE 31 SO BRI
FFIEIR ARV % (P=0.02<0.05 ), DilA#4b B
PRV AN e 45 P DR B R0 R f S AE I, LA 5 T /9
FIRREE 27cm x 13.3cm R fEAL R, BRI & B 4545
Prdi e, KiKRIERT 76.8%, KK FILE

T3%, 5 IR AL BB B i 55 A8 bR R] 19 22 52 3458
BN TR K, RS T AR B TR 5

nE 6 Fias, BFE 26 S BCRIRA T ) 5 AR
BN B % (P=0.0001<0.05), B 4% &b FH A4 %0
ANJE A5 BRI RN W TRT BN, FERL 7 B /0% AT
BRBE 30em x 13.3cm Ny Fe AL B, A1 05 5 45 5]
I ekt S SRR B 43 R 5.4% il 2.9%,
Wil T R Ab . 255 3R], BAE 26 A2/
BT B/, ATRR BRI A0 R A B
Je A 31 7 BURBR AT 1B [ R - 7E BAERON, (P=
0.13>0.05 ), 5d 4% Ab BR AR A2 45 B D R A0
{1 T BLA I, DA 9 Wi/7X. AT HREE 30em x 13.3em
S fEAL L, S R B4 BN 3.4% F 1.7%,
SN T, SRR, BN ATT,
T EIE AT R R RO B AN BT, B
AH 38 XU 0 B R R 9 S Ot o
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Table 5 Effects of different treatments on milling quality of Kendao 26 and Longjing 31 %

7 26 Kendao 26

JetE 31 Longjing 31

Ak gl AR AR i S HEAR HRTAR
Treatment Brown rice Milled rice Head rice Brown rice Milled rice Head rice
percentage percentage percentage percentage percentage percentage
A, B, 80.4cDEF 73.7abcAB 69.9abcABC 81.6eC 75.3(C 71.7bcdAB
B, 79.9deEFG 70.5dC 66.4efDE 82.7abcAB 76.3abcdeAB 72.8aA
B, 80.5¢CDE 73.5bcAB 70.1abcABC 82.4bcABC 76.2abecdeAB 70.7defBCD
B, 79.7eG 73.0cB 69.4cdABC 83.1aA 76.8aA 73.0aA
Bs 80.3cdDEF 73.8abcAB 70.1abcABC 82.1cdeBC 76.6abAB 72.6abA
Be 80.5¢CD 74.1abAB 70.2abcABC 82.2bcdeABC 75.8cdefBC 71.6bcdAB
A, B, 80.4cDEF 73.8abcAB 69.2¢dBCD 82.3bedABC 76.1bcdeABC 71.6bcdAB
B, 79.9deFG 66.4{D 62.7ghFG 82.3bcdABC 75.6efBC 70.9deBCD
B, 80.3cdDEF 66.9efD 60.9hG 82.4ahcABC 76.3abcdeAB 71.8abcdAB
B, 80.4cDEF 67.1efD 68.2ghFG 82.2bcdeABC 76.1abcdeABC 72.7abA
B; 80.4cDEF 67.5eD 64.4fcEF 82.7abcAB 76.4abcAB 70.0efCD
Be 80.2cdDEFG 73.8abcAB 70.0abcABC 82.8abAB 76.4abcdAB 72.2abcAB
A, B, 81.4abAB 73.8abcAB 69.2c¢dBCD 82.4abcABC 76.2abcdeABC 70.7defBCD
B, 81.2bAB 73.4bcAB 67.4deCD 82.2bcdeABC 75.8cdefBC 71.1cdeBCD
B, 81.4abAB 74.3abA 69.6bcABC 82.2bcdeBC 75.8cdefBC 69.3fD
B, 81.3abAB 73.9abcAB 69.5becdABC 82.5abcABC 76.2abcdeABC 71.5¢dABC
B;s 81.0bBC 74.4aA 71.5abAB 82.4hcABC 76.0bcdeABC 71.0cdeBCD
B, 81.7aA T4.4aA 72.0aA 81.7deC 75.7defBC 71.6bcdAB

*6 AE4LIEXERE 26 MAAE 31 SNSRI
Table 6 Effects of different treatments on appearance

quality of Kendao 26 and Longjing 31

%

VERL R 53 (P=0.008<0.05 ), 15 HH 4% &b B 1350 i

R7 FTELEITERTE 26 F1E1E 31 EFEMEHZINE

R 26 Kendao 26

JeHE 31 Longjing 31

Table 7 Effects of different treatments on nutritional

Kb R S e W quality of Kendao 26 and Longjing 31 %
Treatment Chalk Chalkiness Chalk Chalkiness B 26 Kendao 26 Je¥E 31 Longjing 31
ercentage degree ercentage degree Ab¥g - -
perene £ priene £ Tromment  ER  FIRERE  EHR MR
A, B, 9.4c¢deBCDE 5.2cdefBCDE  4.labcAB  1.7¢A Protein  Amylose Protein Amylose
B, 13.0aA 74aA 4.5abcAB  2.3abcA A, B, 7.5e¢fzCDE 17.9bcdBCD 8.0bABC 16.4foE
By  9.1cdefCDEF 5.7cdefCDE  4.labcAB  2.0abcA B, 74DE 175D 8 0abAB 16 5efaDE
L 7. Se . Se
B, 10.3bcdBCD  5.7bedeBCD  3.9abeAB 2.0abeA B, 7.6cdeBCD 17.7deCD  7.8hedeBCDE 17.1abAB
B; 11.3bAB 6.2bB 4.4abeAB 2.3abcA B, 74fsDE  17.6deCD  7.9bcdBCDE  16.9abcABCD
\ Eﬁ ;'?ihf;)}; z‘ih;]Fc?)}El z';‘“iB ;'i“i B, 74fzDE  17.8cdeBCD 8.0abAB 16.4¢E
2 B e el A A B, 7.9aA 17.6deCD  7.7deCDE  16.7cdefBCDE
B, 10.6h¢BC 5.8bedBC 50abAB  2.6aA
2 bcd bc ab ab A, B, 7defgDE 18.1bcABC  7.8cdeBCDE  16.5defgCDE
B, 10.5hedBC  5.9h¢BC 3.8abcAB  1.9abcA
. ¢ ¢ e e B, 7.4fsDE  183abAB  7.6¢E 16.9abcABCD
B, 6.0hiGH 3.1jkGH 50abAB  2.5abA
B, 7.3gE 18.1bcABC ~ 7.8hedeBCDE 17.1aAB
Bs  6.2hiGH 3.5ikGH 42abcAB  2.labcA
4 B, 7.7bcdABC 17.6deD 8.0bcABCD  17.1aAB
By, 5.4iH 2.9kH 4.0abcAB 2.0abcA
. B; 7.8abAB  17.7deCD 7.9bedBCDE  16.8bedABCDE
A, B, 9.1defCDEF  5.0defgCDE 3.8abcAB 1.9abcA
B, 102bcdBCD  5.7bcdeBCD  3.7beAB  2.0abeA B 7.7abeABC 18.2abAB  8.22A 168hedeABCDE
B, 84eiDEF 4.6feDEF AoabeAB  labed A, B, 7.5¢fCDE 18.1hcABC 7.6¢E 17.0abcABC
B, 103bcdBC  5.9hcBC 37bcAB  1.8hcA B, 74fgDE  17.7deCD  7.7eE 17.22A
B, 7.7f:EFC 4.26hiEFG 4.0abeAB 2 0abeA B; 7.5defCDE 18.5aA 7.7deDE 16.8becdeABCDE
B,  99bcdBCD  5.7hedeBCD  3.4cAB L7eA B, 7.5¢f¢CDE 17.7deCD  7.7deCDE  16.9abcABC
By 7.5¢fCDE 17.7deCD  7.7deDE 17.1aAB
W37 Fim, BAS 26 JC N BRI kR AT BE ) B, 7.4efsDE  17.8cdeBCD  7.7deDE 16.9abcABCD
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AR5 B DR B AR [ T B AR, BRI RS =LA S
B8, FTRERE 30em x 13.3cm B 5, HEEIER &
BP9 M /90, FTRRIE 27em x 10em feis . R 31
JCHBORURA 7B 8] ELAERR0N,  # (P=0.002<0.05 ),
I U] 5 A FHL P 2050 7 A 2 5 B DR 3 48007 114 15 LA
EEBEREL 7 H/78, 1THREE 30em x 13.3cm 1
HiE, HARER L9 1/, ARk 24em x
13.3cm 5% 5 o

g 8 Fin, B 26 7 BUMATHRIE 8] ELAE
RN B (P=0.0001<0.05 ), bt B 4% &b B 14 &
AN SR 45 R DR ZE RN Y TR R AR I, LS B /X AT

86.5, M5/ AT HREE 30cm x 13.3em 1 £ 1K
PR T 17.8%, —F MM 2R TR 8%
KA, P& 5 Wi/, ATAREE 24em x 13.3¢m Al
7 /98, ATHREE 27em x 10em, B WRIE/ME YN
85.8. JEHE 31 7 A R RR AT BE W] B AE RGN W 2%
(P=0.0018<<0.05 ), B4 Ab B AR 50 AN 2 45 B [
FRUV AT AAR I, RS ETLL 5 B /o8, ATHRER
27cm x 13.3cm AL, EEPEME L 86.0,
5 /oC, FTRREE 30em x 10em B9 E BRI 48 5
T 4.8%, —HMMZETRE TR EEKTF. EH
FAT BRI LG W] A S0 M ROR BRI, B A

FREE 30cm x 10em Ry fEAN B, B RIF/E = ik KEJEM T

*8 AEEIER 26 A 31 BURMRAIZN
Table 8 Effects of different treatments on eating quality of Kendao 26 and Longjing 31

B Hi 26 Kendao 26 JEAE 31 Longjing 31

B e e BT eRBEAT RS SwBEAT 1% maEkT
Taste score Sig. at 5% level Sig. at 1% level Taste score Sig. at 5% level Sig. at 1% level

A, B, 85.7 abe ABC 85.6 abe AB
B, 85.8 ab AB 85.9 a A
B, 84.2 cdef BCDE 85.2 abed ABC
B, 85.5 abed ABC 86.0 a A
Bs 86.5 a A 82.0 i F
By 81.9 h F 85.7 ab AB

A, B, 84.0 def BCDE 85.0 abcde ABC
B, 83.7 efg CDEF 83.7 efgh CDEF
B, 85.8 ab AB 85.1 abed ABC
B, 84.3 bedef BCDE 84.4 bedef ABCD
Bs 823 gh EF 82.6 hi EF
By 83.2 fgh DEF 82.6 hi EF

A B, 84.1 def BCDE 84.8 abcde ABCD
B, 85.4 abed ABC 84.0 defg BCDE
B, 84.1 def BCDE 85.6 abc AB
B, 84.7 bedef ABCD 83.4 fgh CDEF
B; 85.1 abede ABCD 83.0 ghi DEF
B, 84.2 cdef BCDE 84.4 cdef ABCD

3 itig IKAE P R A A e, X T BE T B A B

FE 26 LIFTHE 30em. BRFE 10em. S P /7CAgALHR =

3.1 NEHFITHREEX R R 2R
A B A BE AR 7 o R KRR 1Y 3 BE S
KA SRS, WUCRHARNATE . BRIEISE S,
] B SRR PR UERS I Re 72 0 R ADERE, BB Z W
AU, MIMSEERE = | Bl B . Mt ggas >
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Effects of Row Spacing and Number of Seedling Per
Hole on Yield and Quality of Rice in Cold Regions

Cao Liang, Huang Binglin, Wang Mengxue, Zhang Yuxian
(College of Agronomy, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang, China)

Abstract  The split-plot design was adopted for the experimental study to determine the configuration of plant
spacing, row spacing and seedling number per hole of Kendao 26 and Longjing 31 for high-yield and high-quality
cultivation. Results showed that optimal rice population varied with rice variety, the best configuration of Kendao 26
for rice yield was plant spacing of 10cm, row spacing of 30cm and 5 seedlings/hole, while the best configuration of
Longjing 31 for rice yield was plant spacing of 13.3cm, row spacing of 27cm and 9 seedlings/hole. Cultivation of rice
Kendao 26 in the configuration of plant by row spacing of 10cm*30cm and 5 rice seedlings/hole was conducive to
improve the milling quality of rice but had an adverse impact on the improvement of appearance quality. The relatively
low nutrition content of rice had helped the improvement of eating quality of rice with the taste score of rice up to
86.5, which was significantly different from that of rice upon minimum processing. Rice Longjing 31 cultivated in
the configuration of plant by row spacing of 13.3cmx27cm and 5 seedlings/hole had high milling quality. Cultivation
in such configuration was not good for improving nutritional quality or appearance quality, but its eating quality was
improved substantially with its taste score reached 86.0, which was significantly different from that of rice upon
minimum processing. Therefore, the appropriate configuration of seedling number per hole, plant spacing and row
spacing shall be chosen in respect of different rice varieties for high-yield and high-quality cultivation, and it is the
fastest and the most economical and effective measure to achieve high-yield and high-quality of rice.

Key words Rice; Row spacing; Seedling number; Yield; Quality



