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Abstract; Taking early rice variety Luliangyou 996 and late rice variety Y-liangyou 86 as test
materials, a field experiment with 4 nitrogen (N) fertilization rates and 3 transplanting densities
was conducted to study the effects of N fertilization rate and transplanting density on the plant dry
matter accumulation, canopy solar energy interception rate, grain yield and its components of
double season super hybrid rice. A single peak curve relationship was observed between the N
fertilization rate and grain yield of test varieties. A medium N fertilization rate could obtain the
maximum yield, with 10245.04 kg + hm™ for Luliangyou 996 and 11015.37 kg « hm™ for Y-li-
angyou 86. The effective panicles increased with increasing N fertilization rate, but the filled
grain number per panicle reached the peak at medium N fertilization rate ( N135 for Luliangyou
996 and N180 for Y-liangyou 86) , with the grain - panicle™' being 143.92 and 142. 80, respec-
tively. Transplanting density had minor effects on the grain yields of both Luliangyou 996 and
Y-liangyou 86 and the yield components of Luliangyou 996, but had significant effects on the ef-
fective panicles and seed setting rate of Y-liangyou 86. High transplanting density induced high
effective panicles but low seed setting rate, while low transplanting density was in adverse. The
interaction of N fertilization rate and transplanting density had no significant effects on the grain
yields of Luliangyou 996 and Y-liangyou 86, but, in terms of high yielding and high fertilizer N
use efficiency, the optimal N fertilization rate for Luliangyou 996 and Y-liangyou 86 was 135 and
180 kg - hm™, and the optimal transplanting density for Luliangyou 996 and Y-liangyou 86 was
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Table 1 LAI dynamics changes of early rice under different nitrogen rate and planting density

KAEHE b SA R SRS ] R SR AL B

R Jiti 5
NO 1.00 d 2.36 ¢ 4.30d 4.96 d 4.17d 0.45 d
N9O 1.90 ¢ 3.35b 5.01 ¢ 5.48 ¢ 4.95 ¢ 0.48 b
N135 2.14 a 3.63 a 5.97 a 6.28 a 5.28 a 0.51 a
N180 2.01b 3.70 a 5.72 b 6.13 b 5.12b 0.49 b
M45 2.25 a 3.78 a 5.87 a 6.12 a 5.23 a 0.54 a
M30 1.74 b 3.37b 5.38b 5.91b 5.07 b 0.46 b
M22 1.29 ¢ 2.63 ¢ 4.51 ¢ 5.11 ¢ 4.33 ¢ 0.45 ¢
N * ok * ok * ok * ok ® ok * ok
M k% ® ok ® sk * sk * sk P
NxM * ok * ok * ok * ok ns * ok
NO 2.70 ¢ 4.25d 5.98 d 6.32 d 5.32¢ 1.25 ¢
N135 2.83 b 4.82 ¢ 6.75 ¢ 7.08 ¢ 6.41 b 1.44 b
N180 2.87 a 4.92b 7.04 b 7.37b 6.55 a 1. 46 ab
N225 2.88 a 4.95 a 7.12 a 7.57 a 6.57 a 1.49 a
R
M30 2.88 a 4.80 a 6.82 a 7.17 a 6.31 a 1.47 a
M22 2.83 b 4.74 b 6.72 b 7.10 b 6.24 b 1.41 b
M16 2.76 ¢ 4.67 ¢ 6.62 ¢ 6.98 ¢ 6.10 ¢ 1.34 ¢
N k% ® % ® sk * sk * sk ® %
M ® %k ns * * % % ® %k
NxM ns ns ns ns * ns

Bl h 3 YE SR TR — A B I RO [R) /NS 5B 3 i R i R o B AR BB 22 53 B (P<0.05) , T Tl
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Table 2 Dynamics changes in leaf SPAD values of early and late rice under different nitrogen rate and planting density
KAE kb3 St B 8=
e SR FLA B A SR FLA LRt SR FLaA LRt
B AEE
NO 42.26 ¢ 32.36 b 26.31 ¢ 40.17 ¢ 32.36 b 22.83 b 39.14 b 29.77 b 18.38 ¢
N9O 46.09 b 38.73 a 30.84 b 44.93 b 38.73 a 29.27 a 43.81 a 33.94 a 25.97 b
N135 47.72 a 38.87 a 31.77 ab 45.63 b 38.87 a 29.29 a 44.46 a 35.02 a 27.04 ab
N180 48.10 a 39.31 a 32.69 a 47.48 a 39.31 a 29.51 a 45.01 a 35.69 a 28.13 a
I
M22 45.60 a 35.02 b 30.69 a 43.56 b 35.03 a 26.70 ab 42.05 b 33.51 a 23.40 b
M30 46.54 a 38.56 a 30.51 a 45.38 a 35.81 a 28.57 a 43.68 a 33.67 a 26.25 a
M45 46.00 a 38.37 a 30.00 a 44.71 a 35.37 a 27.90 ab 43.59 a 33.63 a 24.98 ab
N * ok k3k kK *k kK L *3k * Ok * ok
M ns * * * % ns * * ns *
NxM * ns ns ns ns ns ns ns ns
NO 44.99 d 38.89 d 33.81 b 43.51 ¢ 38.45d 28.58 d 40.34 d 36.09 ¢ 24.86 ¢
N135 47.56 ¢ 42.17 ¢ 32.86 ¢ 42.41 d 40.41 ¢ 30.35 ¢ 40.96 ¢ 37.14 b 24.60 d
N180 48.25 b 43.27 b 32.87 ¢ 43.93 b 40.93 b 30.72 b 42.06 b 37.46 a 25.22 b
N225 49.31 a 44.48 a 34.31 a 44.97 a 42.21 a 30.92 a 43.83 a 37.48 a 25.62 a
I
M22 47.94 a 43.18 a 33.97 a 44.14 a 40.90 a 30.51 a 42.71 a 36.77 b 25.33 a
M30 46.57 b 42.19 b 33.40 b 43.19 ¢ 40.67 b 29.93 b 41.53 b 37.13 a 24.90 ¢
M45 48.07 a 41.24 ¢ 33.02 ¢ 43.80 b 39.93 ¢ 30.00 b 41.16 ¢ 37.22 a 24.99 b
N koK k ok kok S kok ko3 k ok ks koK
M ks kK kok EE S kok koo koK koK LS
NxM ERES EE Y EE * % * % ERES B B ERES
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Fig.1 Dry matter accumulation of early and late rice under different nitrogen rate and planting density
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Fig.2 Relationship between the canopy solar radiation interception rate and the dry matter accumulation of early and late

rice under nitrogen rate and transplanting density
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Table 3 Effects of nitrogen rate and transplanting density
on the yield and its components of early and late rice

KAE b EERIC G SR THE o
£ SR
R R
NO 184.11¢ 138.09b 82.18a 28.87bh 6023.99 ¢
N9O 281.72b 142.92a 80.19b  30.02a 9689.80 b
N135 300.32a 143.92a 80.83 ab 29.33 ab 10245.04 a
N180 302.10 a 141.93a 79.73 b 29.03 ab 9962.12 ab
MR
M45 263.59 a 142.58 a 81.30a  29.23 ab 8937.42 a
M30 268.24 a 141.95a 80.89a 28.98bh 8985.74 a
M22 269.35a 140.62a 80.0la 29.75a 9017.56 a
N * ok * ok S ns Y
M ns ns ns ns ns
NxM ® ok ns ns ns ns
Wefs A
NO 245.34d 110.71 ¢ 84.59a 27.94a 6452.57 ¢
N130 320.56 ¢ 129.54b  85.13a  27.62ab 9712.77h
N180 326.9b 142.80a 85.48a 27.48 b 11015.37 a
N225 335.89a 127.63b 83.47b 27.31'b  9769.26 b
(7%l
M30 313.61a 124.92a 82.50b 27.78a 9591.76 a
M22 311.71a 130.00 a 85.27a 27.56 a 9062.52 a
M16 296.27b 128.10a 86.24a 27.42a 9036.95 a
N * ok * ok * % ns * %
M ® ok ns * ok ns ns
NxM ns ns #* ns ns

S5, s A TR AT, WA TR o DU it % 32 1) 14 i i
L YNNI T

7 BB e R — AR EOR A A AR A
HOKL , 2288w 7 B KRR S I R P i A
FERAAE T 202 R A BRSO 8 i (ke AR, 2001 5 48
VLA ,2003 5 5% 3CHE2006) |, 76 AR TIE— 5 BEAL Y A 4
T, PR Y 8 R 2 g g 9 B R Y B Ok 2 (Ra-
masamy et al. ,1997 ;Ying et al. ,1998a, 1998b) , A
PG X A R PR R A 5 A3 A T
o (B 3) R AR B R ™ i 1 5 R R Al A R
ZIAAFTEIEARDG  FAAR B0 7 i 55 TR H A7 AE TFAH
K, T 5 45 SR Z M AFAE ARG s I RS B i 5 T
WL H Z [ AR SAR G (H 5 45 SR Z A AF A IE ARG
3 %W .

RN HNGE BE 2T KRR A B M A5 H i
FARIEHE N, (0 FACFN % T 5 /KA 7 i I 4 ¢
R, BITE—E MOS0 1 i
B, 5 AN K e e — YO L 7 0 R

Jit 280 et B R 3G I R R (R IR AE,2003) . A
RIGHRIE , AT H 150 kg - hm 20 GEFE & rh
22 FEECFI P R AR A 5 45 50 TR E 1 OC &R, AT
AT 7 B RG <4007 7 Y 7R A R (SR AR,
2004 ; TR A M, 2008 5 248 55, 2008 ) 5 WA B 58 18
AR 218 kg - hm PR &% i
B (ARIER,2006) o A I IUTA Sy, 060 e A% 47 25 i
30x10*7C « hm™ BEARIIE 5 77 (2R AR HE 45,2009 )
AN, FEAE MR 0 15 R 2 e 7, R di 2 B Ry
21x10%5¢ « hm™ 53l B (5K £ 5# 45,2008 ) 55 A B
T2 KA R R ™ B SE R b T IR A
2 By Nt i, BERE R = EUIE R, Sk #]
T ARG R H A (LA ,2010) A
FH | R A 90 135 180 kg - hm™ [ CK 43 4
77 60.85% .70.07% .65.37% , W A5 jifi & 135,180,
210 kg - hm™ [t CK 43 5134 7 50. 53% .70.71% .
51. 40% ; W REHRAT 2 B 45 3610 7T « hm ™ X [t 22
x10*7¢ « hm™24F BB 7 0. 9% 0. 54% , Wi Fed AR 4 %5
& 30.22x10*7C « hm X Eb 16x10% 7 + hm ™43 1] 48
76.14% 0.28% .

IKFEREAR LAT 577 % UIAH G BRI LAL A
FF SRR AT A A P RS e A iR, R
5 1Y) LAT SR AR5 & 7= A Se D 25 F (R IR AR 55, 1991
T AE 1994 ) ATRES R EUE KR 135 kg -
hm 2 i, FLREIAR LAT 7222000 SF R 4390 8 5. 97
6. 28 ; i FEiti LN 180 kg + hm > B, HIRE(AR LAI 78
ZHREI SRR AR 7. 04 7. 37 R AR AR N
45x10*7¢ « hm > HAEAR LAT 76 Z2 B0 558830 43 591
h5.87.6. 12 ; MR B K-k 30x10% 7T « hm ™, 3
FEIR LAT A 22 F8 00 Sr R 2000 6. 82.7. 17, &
RIS T, AN B A BE AR AT AY LA 30K 4l
TSI LAT B985 BEIARRE IR R R AF 106 & 4R fig
I AR 7 B, & T KRR AR A 5
TW A 7 % 7 i TR/ N IR E R . A
WHFENR , = P KA AS ) A K B B ) 4 o 26 7 L
72 B A (4B I EE 2001 ) 5 AT HIE 5 HY , 7E %
WER AT B A & A T AR R T B fE T
YRR T 1 0 oK A 7 A BT T K (AR IR AR AR,
1997 ; 5 # %5 2003 ; 2 8 Jb %, 2006 ; 1% & A 5
2010) ;A FYIITAA 8 e 7= it b T o A= 7 DL 3 AE
TR AT (MR AR AE, 1995 ; iR UEFASE,1995) o AHFSE
F AN ) O A B ) LA T B A 7 A A A K B
B ) LA IR ;g A D00 Ay e A PR LA 3T ) S AR



3100

3 12

10500 -
]

9500

8500 [

7500 -
y=674.21x-86565

R’=0.8279

7= (kg + hm™)

6500 [

5500 \ \ \ \ \ \ \
137 139 140 141 142 143 144

BRI
10500 [

9500

m™)

8500 [

7500 y=34.803x-343.44

R’=0.9891

=& (kg h

6500

145

5500 | | | | | | | |

150 170 190 210 230 250 270 290 310 330

AR
11500 -

BeAE
10500 -

9500
8500 |

7500 y=178.22x-13184

R’=0.9196

7=t (kg * hm™)

6500 -

5500 1 1 1 1
105 120 125 130 135
BETRH

110 115

11500
s
10500 -
8500 |

9500

7500

=& (kg * hm™)

y=48.953x-5571.4

6500 - R’=0.8505

5500 : : :
220 280 300 320
A

240 260

P& (kg - hm™)

=& (kg + hm™)

)

=& (kg - hm

140

=& (kg + hm™)

340

10500

B .
9500 |
8500
7500 y=674.21x-86565
R*=0.8279
6500
*
5500 1 1 1 1 1 1 1 J
137 138 139 140 141 142 143 144 145
BRI
10500 Hig *
.
9500 *
. .
8500 |
7500 | y=1476.3x-34299
R*=0.1994
6500 |
RS
500 1 1 1 1 1 1 J
288 29.0 292 294 296 29.8 30.0 30.2
FhRE
12000 [
5 )
11000 -
10000 - o . o
9000 | o« — o
8000 | =188.95x-6710.5
R*=0.0236
7000 |
.
6000 1 1 1 1 1 1 J
80 81 8 8 8 8 8 87
ELRe: 4
115000 oo .
10500 |
9500 |
8500
7500 - y=—4097.1x+122285
6500 L R2=0.387 ’
5500 1 1 1 1 J
270 272 274 276 278 28.0
FhiE

3 HEREMREZEENEREmERTENMREFENXR

Fig.3 Relationship between the yield and the yield components of early and late rice under nitrogen rate and transplanting

density
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