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KT 2017 4F 6 H 2 11 AR LA GF WA
AR T g0 5L M AT B REVE Y R /N A AN A2 WAk
JE KR AR R L R SRR I E 2
Fofr 7 e ot ORI R < Ak 9RO R0 ot O R R R R 3
57,2 Pl AR O OKRE AR 2 R R A O LA
AN LA 3t 8 A b #, /N IX T A 10 m X
30 m=300 m”, Mg /KA ERHEYLES K 2BD-10,
F6H 10 HiEF .11 A 20 H YK, # Fl A7 0B
H 28 em X 19 em, 7 F0E B N EEAH 120X 10"
hm™?, i 8 P,O; 120 kg » hm* Hl K,O 90
kg « hm 2,4l % 225 kg « hm ™, #§ AE A1 47 AE 435K
ot FACKEAE = S EEAR : BACE R LN 4 ¢ 3
3, W A 0~20 cm #HF 2 T2 A 1. 36
g+ kg ', B M A 113. 45 mg - kg ', A7 AL BE
11.21 mg *» kg ', A4 123. 34 mg - kg ',
ML 19.87 g« kg ' pH K 6.3, HoAbe gt By
1A 0 FE [ A5 S e [) — M O P e 7 AR R K
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X Microsoft Excel 2013 %4 %f £ 9% 3 17
A FRFNAE &, SR FH SPSS 17. 0 844 #1 LSD f /) it
RO IAT T 50T
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Table 1 Leaf area index of rice at different growth stages under different planting patterns
o il i H7 X A7 =X 17 39 EL R U] TFAE I T
Q;I“i . Planting Planting Seedling Jointing Flowering Middle of
anety pattern pattern stage stage stage filling stage
Bl 4 LI A . o , - ,
Taoxiangyoulijing Upland field Direct seeding 1.384+0.04 ab 3.437£0.06 bc 7.46+0.05 c 3.5640.08 ab
. .224+0.04 ¢ 3.114+0.09e 6.53=E0. 3.1840.09 de
i 1.22+ 11+ +0.11f 18+ d
Broadcast sowing
K% 1Nk ) ) . .
Paddy field Direct seeding 1.464+0.07a 3.624+0.08a 7.79£0.06a 3.71£0.06a
Bﬁi‘}% . 1.4240.05 ab 3.35+0.09 cd 6.71+0.08 e 3.3340.08 cd
roadcast sowing
JR R 3 5 5% GIN=R . : .
Upland rice No. 3 Upland field Direct seeding 1.33+0.08 b 3.34+0.09 cd 7.2940.05d 3.4340.04 be
iﬁ;ﬁffﬁ . 1.1840.04 ¢ 2.9240.09f 6.394+0.06g 3.10+0.17 e
roadcast sowing
K% IN=E

Paddy field

Direct seeding

i

Broadcast sowing

1.41£0.06 ab 3.5140.06 ab 7.62+0.04 b 3.56+0.05 ab

1.36£0.04 ab 3.26£0.09d 6.52£0.07 { 3.3040.10 cd

T U S hR 22 & SR A R/NG FEER IR TE 0. 05 KF B2 5 B3 (P<<0.05), T,

Note: The data is “average® SD”,lowercase letters in the same column indicate significant difference (P<C0. 05). The same below.
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. R ERE 3 5 KRR L S 0 r i RS ECrE AL
FLAEFRAHCRE S T I BT 0 TR AR D) RN R b
SR T 6. 02%.5. 09% 4. 53%.3. 79% A
15.25%.11.64%.2. 03%.6.45%, M 1 thiR
A W [ — A F A E AR BER 2 A KR
- T AR LA BRI O AT A O
2.2 AEMEERIIMEE SPAD EH M
TACTEK I 2 P8/ 55T Gk 2) LA #%
AT YR 4% SPAD (6% 5 T #d% ., Hh
TEFFAC IO RN S v I P 2 25 S5 W L C M ORI A AT

il FE R FUK A A5 HL B AH H g g R
SPAD {H T-4& 5 0] . 22 R 00 L JF A6 300 L 8 3% v 10 43
BT 2.55% . 4. 10% . 3. 04% . 5. 77% F
2.49% . 6.71%.3. 37% 6. 08% , A] UL ML 11 4K A
XECRE A T 82 K A iH 4k R SPAD {H. A
FFh 7 X T UL B R ARG K% Y i 4 R
SPAD S = T 24, W2 3 5 N AWK S
A% T K FE AR L S 46 4k R SPAD i T4 753
ZERE AR ER I I T 3.17 %
4.89% 1. 96% . 1. 84% I 1. 95% . 1.20%.
2.40%.,1.90% . M\NZFE 2 IRl B, BRI %
It 4k 2 SPAD (H & 5K 22 5 A &, K
BOLHBMN 5 E SPAD R B FEm T 2%
A

x2 AEABEBBAXTKEBIELEFTHHSZE SPAD H
Table 2 Chlorophyll SPAD value of rice at different growth stages under different planting patterns

SPAD ¥J{i Mean of SPAD value

o T i F 7 5 : -
Variet Planting Planting T ZE T T 464 R
Y pattern pattern Jointing Booting Flowering Middle of
stage stage stage filling stage
ak S A i s .
HE(’f‘HﬁE%U R gL . ME‘;% . 45.5041.25 c¢d  50.734+1.37 bed 56.570.96 bc 40.300.82 ¢
Taoxiangyoulijing Upland field Direct seeding
i . 44,3740.80 d 48.734+0.96 d 54.90£0.70d 38.10%1.04 d
Broadcast sowing
K% BB %
Paddy field Direct seeding 46.5040.82 bec  52.4741.21 ab 57.1340.72 b 41.9040. 36 ab
i . 45.3740.80 cd  49.17%+1.21d 55.27%1.00 cd 39.5040. 66 cd
Broadcast sowing
R 3 5 PLEHE

5%
Upland rice three Upland field

Direct seeding

%
Broadcast sowing
K% ML E 3%
Paddy field Direct seeding
ik

Broadcast sowing

47.27£0.40 b

46.2040. 60 be

51.70%1.71 be

57.6720.90 ab41.9320.55 ab

49.87+1.32 cd 55.3740.97 cd 39.9740.32 ¢

48.77%0.91 a 54.23%x0.55a 58.80%1.01 a 42.70x0.53 a

47.10£0.82 b  50.47+£1.03 bed 56.70£1.01 be40. 73£1. 37 be

2.3 AE#HEENBEETYRENF N

e 3 Al AT, BRIMOL T A A R RS 3 502
AR b R OK 7 DL R A AR F R R T
2 T ARG, T T I TR AR
W5 2 RN T 32.17% .33, 66 % .18, 50% .
15.15% M1 28. 27%.19. 82% ,15. 02% .12. 75%,
17T 57 486 B L B A T o it 5 K G G 22
SEANRE. K 3 hIRalF H, 7E A R KB A
BT HLERE A THOE T D Rk &4 F
R R T S0, < MO 00 0 A B B K A EE
FEAE SR FUKHE T T80 3 01 R AR D | R
W9 W FB N T 12, 73% .17, 44% .12. 59%

7.75% 1 11.36%.11.37%.7.08%.8. 25% , [A]
— &7 T WL 3 AOG% D K 45 AR I
BER T Wy a5 W 3 v T 524 UE S K #5640 1 5
BT DL R mOK R T i a .
2.4 AEMEEXTEGHENTIE

% 4 WAL, A — SR KGR L BLEL % il A
RS TP O A B AL B R R
B T A% L IR R CO, BE IR 43 BUIE T 450% , Hoh
FEVE S R BRI AT SR R RS 3 5 KR AL
B LKL G H R AL E B R
BIEEM T 7.06%.5. 75% . 4. 32% Ml 5. 94% .
12.68% . 4.33% . AHEHEF 7 20N (WL E K R
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BE M CO, JEE SR A0 K05 K 8 % 22 R v R

T2 R AT K 24\%@*%&
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ELARR I A AR UL T B AR R A CO,

zﬁ—/]\

PR SRR OB A A R 25 S L P Al R A

HESE P IR 3 %’7]@%1913%%?‘6%%%\%

FLE R R R S R B T 12,0306,

14. 20% .18. 50 % 1 13. 57 %0 .20. 32% .21. 43% .

Table 3 Dry matter mass of rice population at different growth stages under different planting patterns
AT B/ (g b 2)
i fﬁﬁﬁfﬁ ?ﬁﬂ‘ﬁﬁ Population dry matter mass
Pl Flnin i wm i an
pa pa Seedling Jointing Flowering Maturity
stage stage stage stage
Sl A B = 4 .
ﬁh%ﬂ{.}l‘ﬁﬁﬁ 7 4 . M‘Ejﬁ . 3855.57+110.15 ¢ 7 794.47+91.12 ¢ 17 738.70+£167.04 b 25 060.97+106.01 be
Taoxiangyoulijing Upland field Direct seeding
sy . 3420.30+28.32d 6637.17+52.44 f 15 754.43+336.90 e 23 259.03+342.33 ¢
Broadcast sowing
LS . HLE‘*é . 4520.704+118.89 a 8 871.00£73.36 a 18 669.03+281.02 a 26 782.934+289.67 a
Paddy field Direct seeding
43
il . 4059.70£85.09 b 7 965.134+60.00b 17 435.174+115.84 ¢ 24 740.90+166.84 ¢
Broadcast sowing
R 3 5 L B , ) . o e _
Upland rice No. 3 Upland field Direct seeding 3728.804+36.51 ¢ 6 965.07+£60.11 ¢ 16 516.77+55.34 d 24 651.974205.31 cd
Il it . 3242.57+101.93 ¢ 6 086.13£60.93 g 15 223.704+100.35 f 22 471.07+106.75
Broadcast sowing
kA . M‘Ejﬁ . 4159.27+66.98 b 7 292.504+56.06 d 17 509.57450.39 be 25 335.23+173.35 b
Paddy field Direct seeding
ik 3783.10£65.93 ¢ 6537.30+E121.04 f 16 484.97£58.78 d 24 279.104263.40 d

Broadcast sowing

R4 TRABEBRAXNTABEIZLEFTHEAHN

Table 4 Photosynthetic characteristics of rice at different growth stages under different planting patterns

et R/ AL/ N R/ HulEl CO» IR 4350/
b (pmolem 2 «s 1) (molem 2+s 1) (mmol*m 2+s 1) (pumol+ mol 1)
Treatment Photosynthetic Stomatal Ttranspiration Intercellular
rate conductance rate CO2 mole faction
Ak Sk A B 1 4 e
TFHJF@P;H Hhm{_t*']llu =i . HLE?& . 17.834+0.61 ¢ 0.427+0.02 de 4.38+0.15 de 437.33+13.15 b
Heading Taoxiangyoulijing Upland field Direct seeding
stage 7
fichk . 17.07£0.15d 0.397£0.02 ¢ 4.07+0.13 463.074+14.40 a
Broadcast sowing
K LR / e L
Paddy field Direct seeding 18.6740.40 b 0.45740.02 cd 4.95+0.07 ab 404.10%7. 39 de
i . 17.5740.32 cd 0.433+£0.03 de 4.75%+0.11 be 426.67410. 34 be
Broadcast sowing
JRSFE 3 5 A DINEE: s . 7 12,4
Upland rice No. 3 Upland field Direct seeding 18.90+0.20 b 0.547+0.03 a 4,58+0.07 cd 399.47+12.42 e
Hick . 17.7040. 26 cd 0.493+0.02 be 4,.27+0.13 e 423.97410.95 bed
Broadcast sowing
KA B 4 . ) / o
Paddy field Direct seeding 19.8340.60 a 0.563+0.04 a 5.0640.16 a 372.10+16.14
iﬁ;ﬁ(}% . 18.8340.25 b 0.520740.03 ab 4.8640.07 b 407.73413. 81 cde
roadcast sowing
R BRI % PLELHE - . 4764
Middle of Taoxiangyoulijing Upland field Direct seeding 15.83+0.61 ¢ 0.380£0.01 fg 1. 762£0.06 ¢ 184.30£15.16 b
filling stage BE
B . 15.0740.15 d 0.350+0.02 g 4.45+0.10 f 517.13%15.52 a
Broadcast sowing
K% DINEE: 4 5= 7
Paddy field Direct seeding 16.67+0.40 b 0.423+0.04 de 5.5540.07 b 463.07+4.07 ¢
ik . 15.5740.32 cd 0.40040.03 ef 5.3240.10 ¢ 499,574+12.37 ab
B
roadcast sowing
JRRRE 3 5 g CINEE: Sy qo
Upland rice No. 3 Upland field Direct seeding 16.9040.20 b 0.487£0.04 b 4.96+0.07 d 154.83+6.02 ¢
. 43
i . 15.7040. 26 cd 0.44340.02 cd 4.76+0.08 e 483.13+10.56 b
Broadcast sowing
K% DINER: : 5 784+ ;
Paddy field Direct seeding 17.8340.60 a 0.533+0.03 a 5.7840.09 a 432.23+9.76 d
A 16.8340.25 b 0.473%+0.02 be 5.5440.08 b 455.67410.85 ¢

Broadcast sowing
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L 0 R TR T REOR B SRR
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B TR RO AR L 2 SRR TR R AR K
R 20 W87 3. 52%. 3. 04%., 10. 26%.
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) KB 0y 7 o ™ B A L LT R R A
35 BRA. TR i BRI B SR K R

MLE & b 53 ML E #4008 m 1 2. 59%.,
1.00%.2.07% . 2.53% 6. 47 % , 7K & $ #5 L 2
BB 7 M I T 4. 93% . 2. 82%.7. 20%.
3.74%.13.76 % . W= hikFE AHRIAL T K
AR ML A - a5 Bk s e
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Table 5 Rice yield and its components under different planting patterns

T TR i/ g

- MR AR L k& AR B it/
:;'“i " Planting Planting b2 ! kernel Grains per %‘tti‘n (kg » hm—2)
ariety pattern pattern . om erne spike setung Yield
Spike number mass rate
Ak Sk A i B = oy
BEMOERT A PLEH 195.2342.47 ab 26.10--0.44 ab 213.93+8.03 a  90.3740.80 be 12 879.67+58.39 b
Taoxiangyoulijing Upland field Direct seeding
i . 188.60+3.40 ¢ 25.33+0.51 de 194.03+7.47 ¢ 88.87+1.25 cd 10 952.87+44.14 g
Broadcast sowing
KA HL % Lo . . . . . o -
Paddy field Direct seeding 198.6042.38 a 26.60+0.26 a 215.23+1.72 a 93.27+1.00 a 13 372.77+£77.54 a
i . 195.57+3.15 ab 25.53+0.32 cd 209.1743.74 ab 91.1341.00 abe 12 230.77439.97 d
Broadcast sowing
iR 3 % DINCE G = c 97 N . .
c 2 2 =0.92 a 9.83=+ d 5.93469. 1¢
Upland rice No. 3 Upland field Direct sceding 185.20+2.72 ¢ 25.97+0.29 be 209.60+0.92 ab 89.83+1.10 be 11 815.93+69.19 e
.
i il . 178.40+2.91d 24.83+0.25e 192.63+2.51 ¢ 87.40+1.04 d 10 157.13+150.37 h
Broadcast sowing
LS . HLE‘*é . 190.0044, 35 be 26.23+£0.45 ab 213.93+£2.01 a 92.10£1.91 ab 12 579.83£85.74 ¢
Paddy field Direct seeding

fiA%

187.2042.38 ¢ 25.5340.40 ¢d 206.504+1.21 b

90.67+1.44 be 11 554.93499.00 f

Broadcast sowing

2.6 AEFEEN KRB B m

M1 AT EAFR L A [R) Ak #1T AL B # ) JioaRk
FERCE o TG B O T R R A 3 S
R4 A K AR T B ELRE 23 31 LU AR A4 MO B

T 2.58%.8.96% 1 6.22% .7.37% , Horh < kM
PR 5 KB T AL B3 1 Yk i 25 3 v T .
A TR) 5 [) — 4% F 5 20 CHL 4% FORR D L /K 3%
(9 WL AR 48 B o T 54 L o B D A A T IR

0.60 r
0.50 | a ab
5 bc cd be
[ —E
< cd cd —I—
g2 040 b E3 d
= 030 |
<
jas)
g 0201
o]
¥ o010t
=
0
PLERE g HLERE  BoE HLEH RE ME# HoE
Direct Broadcast| Direct Broadcast| Direct Broadcast| Direct Broadcast
seeding sowing | seeding sowing | seeding sowing seeding sowing
B4 Upland field| K% Paddy field | 23 Upland field| /K4& Paddy field
BE# LA & Taoxiangyoulijing JR B2 435 Upland rice No.3

FEAR B F AR B R 22 A B B % K (P<C0.05)
(P<C0.05)

E 1

Fig. 1

Histograms capped with different letters indicate significant difference

AEFHEEX TRBERIES

Harvest index of rice under different planting patterns
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TRBOKFEPL ELRE L P RE DL A BRI 1 13,400, K
FEHOE L PR RUE N T 6. 70, IR AT A
HH 7K 7 TR Ak B TR A RIS g e T R AL
L7 15 AR L A K % A B SRR A A TR
KRR K. BEAh A R AR AR AR AL B 2 A
JK R il A WO A 22 S N I
2.7 XMW

M 6 T LAE 5 i S i AR A A
Yy Joc it (A5 SR REORLR, TR B R R R
IEAHE KR, 504t SPAD fH Db & #R <AL
S ZE M R BN W3 IE AR OCOC A& L 5 i 1)

CO, BE/R RO UM OG5 & o WOk 48 K05 i
BRAE B R T W o L 2 i R 4 SR R
TR R L RS R R EIEMCER .S
M2k SPAD fH DL & R VAL TR AR
A KR H5ME CO, IR BE i fl 56 56
F. A 6 PRI HOEE AR T B A R
AL R R 2 R SPAD B 5 &
A BB R A SR BB S TR o R A
T B R W B B IE A G OC &R T 1)
CO, IR BBk 55 BEBOR B SR SR AN, S5 b I
b bm 2 5 3 A B R R

R6 AEYEEBERSFERFEMRERBNEXNE

Table 6 Correlation among photosynthetic efficiency indexes and yield components

MARE O BEHA TR

il CO-

- GE METOIR yows  qSE EBEE KK
It\ Chlorophvll Y s of Photosynthetic  Stomatal Ttranspiration Intercellular
em S‘PAIr) sal}ile om)islznion rate conductance rate CO; mole
h POE fraction
A48 8 Leaf area index 0.76* 0.87** 0.59 0.23 0.53 —0.54
4t % SPAD{H  Chlorophyll SPAD value 0.61 0.96" 0.77" 0.71" —0.88"
BT #) Fift  Dry matter mass of population 0.53 0.10 0.73" —0.50 —0.50
Y4 E  Photosynthetic rate 0.87" 0.81"" —0.96"
KI5 E  Stomatal conductance 0.56 —0.88"
ZEME % Ttranspiration rate —0.85"
M| CO. EE/R4r%L  Intercellular CO; mole fraction
ZE52% Seed setting rate
TR EL  Grains per spike
FHiJFiE 1 000-kernel mass
% Spike number
7o Yield
- sgcx mem T EEE ey MRS
It\em Seed Grains Kkernel Spike Yield Harvest
setting rate per spike mass number index
MR RIS EC Leal area index 0.74" 0.847 " 0.95" 0.60 0.87" " 0.72°
4% % SPAD{H  Chlorophyll SPAD value 0.59 0.71" 0.73" 0.13 0. 56 0.59
BRT Y i Dry matter mass of population 0.95"% 0.92%* 0.96"** 0.82*~ 0.97* " 0.90*
Y4 3% Photosynthetic rate 0.57 0.62 0.59 0.02 0.43 0. 60
SFLFEF  Stomatal conductance 0.13 0. 26 0.17 0. 44 0.32 0.18
ZEME MR Ttranspiration rate 0.84" 0.75" 0.62 0.41 0. 64 0. 85
Mila] CO. BEJR3 %80 Intercellular CO, mole fraction —0. 54 —0.58 —0.51 0.01 —0.38 —0.59
ZE923% Seed setting rate 0.87" 0.87"* 0.81"" 0.91" 0.98"
FEREL  Grains per spike 0.90"* 0.72" 0.94" 0.77"
TRLJF 4 1 000-kernel mass 0.72" 0.94" " 0.82"
0 Spike number 0. 88 0.73
P Yield 0.83"

W VB SE(P<C0.05),“ % « "R EFEMIE(P<<0.01) .

Note:“ * ”Significant correlation is significant(P<Z0. 05);*“ * % ”Significant correlation is markedly significant(P<Z0.01).
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The Effects of Different Planting Patterns on Growth and Development,

Photosynthetic Characteristics and Yield Components of Rice

ZHANG Xianggian' , XU Yunji* and WU Panpan’

(1. Crops Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031,China; 2. Joint International
Research Laboratory of Agriculture and Agri-Product Safety,the Ministry of Education of China,
Yangzhou University, Yangzhou Jiangsu 225009,China; 3. Research Institute of Agricultural
Sciences in Shucheng County,Shucheng Anhui 231300, China)

Abstract In order to explore the yield-increasing mechanism and lay the foundation for large-area
popularization and application of mechanical direct seeding,the effects of mechanical direct seeding and
broadcast sowing on the growth,photosynthesis and yield formation of rice under paddy field and up-
land field were studied. The results showed that rice sowed in paddy field enhanced leal area index
compared with rice sowed in upland field,and since jointing stage, mechanical direct seeding had been
higher leaf area index than broadcast sowing in both paddy field and upland field. The chlorophyll
mass fraction was the highest in the treatment of mechanical direct seeding in paddy field .and signifi-
cantly higher than that of the treatment of broadcast sowing in upland field. The dry matter mass of
rice population at each growth stage was higher in mechanical direct seeding than broadcast sowing,
and similar tendency in paddy field compared to upland field. In paddy field, mechanical direct seeding
had higher photosynthetic rate, stomatal conductance,and transpiration rate than broadcast sowing ,
increased by 7. 06%,5. 75% and 4. 32% respectively for rice cultivar. ¢ Taoxiangyoulijing’ and by
5.94%,12.68% and 4. 33% respectively for ‘Upland rice No. 3”. The rice in paddy field had better
photosynthetic characteristics. When the other treatments were the same, caused higher the spike
number,1 000-kernel mass,grains per spike,seed setting rate,yield,and harvest index. The treatment
of mechanical direct seeding increased the harvest index of ‘Taoxiangyoulijing” and upland rice three
by 2.58%,8.96%and 6.22%,7. 37% respectively under paddy field and upland field, and the differ-
ence in spike number, grains per spike,seed setting rate between mechanical direct seeding in upland
field and broadcast sowing in paddy field were insignificant. Yield was significantly positively correla-
ted with leaf area index,dry matter mass of population,seed setting rate, grains per spike,1 000-kernel
mass,spike number,and insignificantly positively correlated with chlorophyll mass fraction, photosyn-
thetic rate, stomatal conductance, transpiration rate, and negatively correlated with intercellular CO,
mole fraction. The research shows that mechanical direct seeding in paddy field in comparison with
broadcast sowing in paddy field.broadcast sowing in upland field and mechanical direct seeding in up-
land field has obvious advantages in improving rice growth,photosynthesis and yield.

Key words Rice;Planing pattern; Photosynthesis characteristics; Yield components
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