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Effects of Sowing Density, Fertilizer Amount in Seedbed and Seedling Age on

Seedling Quality and Grain Yield in Paddy Field for Mechanical Transplanting Rice

SHEN Jian-Hui', SHAO Wen-Juan®, ZHANG Zu-Jian?, JING Qi-Jian' , YANG Jian-Chang? , CHEN Wen-Lin® and ZHU Qing-
Sen® * )

(* Popularization Center of Agricultural Machinery of Jiangsu Province, Nanjing 210024, Jiangsu;* Agricultural College, Yangzhou University, Yangzhou 225009, Jiangsu,

China)
Abstract: An experiment of two factors( sowing density and fertilizer amount in seedbed) was conducted in plastic film
seedling nursery using a late maturity japonica cultivar Wuyunjing 3. The seedlings of three different ages were transplanted
into paddy field, and yield and yield components were tested. The main results were as follows: (1) The effect of seedling
age on seedling quality and yield was predomi , and followed by fertilizer amount and sowing density. (2) The trend of
grain yield reduction was obvious when seedling age was extended from 16 d to 21 d after sowing, although under dense
sowing with less fertilizer application (treatments code M1 and M2), or thin sowing with more fertilizing ( code X3) .
Therefore, transplanting at optimum seedling age is very important for hanical transplanting. (3) The seedling quality
indices, such as root-developing ability and sugar content in stem and sheath at seedling age of 21 d were superior to that
at seedling age of 16 d (significantly different), but the grain yield in paddy field of 21 d seedling age was decreased
because of plant and panicle number reduction. So the indices of vigorous seedling would be varied with seedling age. (4)
Path analysis of yield components on yield showed that panicle number was the most effective ( path coefficient 1.1112)
followed by grains per panicle (path coefficient 0.6517) for mechanical transplanting rice.
Key words: Mechanical transplanting rice; Sowing density; Fertilizer amount; Seedling age; Seedling quality; Grain yield
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4AHEALBREAENRRY, BRTIAHHTE
TRWEHEKH,
1.2 BRB&HF

Fi¥ 58 cm 7% 28 e 2.5 cm MR & (#ETL
¥ 240 A, FLR 3 mm) F#L. 2003455 A 25 HigH,
BEHMELIRRLERZ EHWK ERLELER
B EZYRE34FEBEE. LSHEHEK
BRFELEH, SABKHBRERRE 600 kg/
hm , 53 BEAE S REAE LY 3:7,
1.3 AHEHigR

RAPAEEEMESEERMRBEE.
B3 NabE, 4B 1.2.3 FR, AERE 1CH
FRGTE EEALE 1.2.3 R HFAEEFR.&
B). $5FFQCTHREE) T2 /MR, 8 &’
BURIE 4T 240 RN 360 L, B G /IBFHEH 146 g 1
219 g(KHFEHE5%). AFA X MEREERE
1), S4E8 AKAN 1 MK, EH 1 K(FEAMR
4).

BREB N 16d21dM35dF3I W, AR
F R PF455S ML, WLE BB IR (O EH
27 13.0 mm() x 14.0 mm(#§) , /XEE 13.0 cm(SEW
JHE), BALEEAR 4 17,47K 90~ 100 m, 43 3 X4,
BRACAR RN, LA TN TR R H AL TE I RIS

BE#,
%1 EBLEAF

Table 1 The treatments of sowing density and fertilizing amount

Seedbed fertilizing amount Amount of topdressing
T‘“;:“’“' density _(g/100 kg seedbed soil) (g/plot)

®  (gmin/dm®) (NH,);S0, KH,P0, (NH,),S0, KH,PO,

X1 240 (V] 0 10 11

X2 240 150 68 35 11

X3 240 300 136 70 11

M1 360 (1] o 10 11

M2 360 150 68 35 11

M3 360 300 136 70 11

1.4 BESHZE

1.4.1 A¥%% BREREHESMNMPXTE310cmx
10 e B9BUR BB RBEXRTEHER 12 98
BOBRUBTRBRARA LB, BREE,
1.4.2 #¥ ER(E ) THRBRLSHERL
BWEIOAE I KB, UEE 2~4dBUE 1R, B
WEHL 4 1~(10 cm x 10 em) B3R, ¥ H F B BT LR
RO BHMERRTHRE. ABRENTY
ERAN TSNS EROATEER ERTNAER.
REERNMERASEERE. EEERSARZLN
ARk, TRERSERAEELEENE, BA

BEAYKERENE.

1.4.3 &M FH#J5 9 d.14 d.18 d.24 d.28
d.32 d f1 35 d HALBBUR BB 10 3%k, B HIFR
M TEM, AR mR EAM R TRE,H
BENTEMOMER, LETHEMOMNER x LS
HFERAREAMN TR,

1.4.4 HERBRH HLIEE 4 d BA 20 R A—A
B, B/AAKMEE 3 MER, IS BT R,
BEREHMFRAEES HMHRKZE .

1.45 HRBEFFREHK RE 154, 8MK
WAL 342 m 7K ,4 TR RLA RPN EEH; F et
HE3INM I T K 4ITHHEREE.

1.4.6 FEREAHAK BRpNEr_RETE
MR BARAN1.2n O MPUIEELERE,417) x
3 m, §/MK 2 8BS E R BRE B, E
BENTHBE; RIEFHXEMITE(GO em), X
BEMEEBES/MKREG LB M 3 X
H—AEEE, BPIRK 2 MR, KT R . AR
2L R s AR, BB PO E, HET
RE;HEETRERER ABEER, U1.2mx
5 m R— ARG EBX GHEEE BT, 8/ARKER 2
M EF LRI,

2 ERE5SH|
2.1 BEBESTFEEKDHSESHEARDS
2.1.1 #YEFFERKSS HE 1R,

EEodME22~2.6) B I B TEESLH
HEFGHEAXR EEEXMAEATERNL
BEETERE, MESAERNERE—ET K.
ZHEE 28 I, FETEERK,

Bt 28 d(FH#% 4.6 ~ - 5.8) LU, R MEE
A B4 MEENBRER ERTEFB TR,
EEHQI)YRBEAEELANTFREREN:
“BTEO ELAFBREATRIAREEK, EREES
SR TRE, AT BB R, AR
B, EURKERBE-B(RINENBRLKERYEE
LR, B 3SIBROBER ERTEEN
B TR 4 M0 (X2.X3, M2 M3) 8 21 d B
KIBREW T, H ™ h 6 245.8 kg/hm” TR
5174.1 kg/hm® , W 7= 17.2% ; o K AB AL 38 (X1.M1)
K FRTERANE EAAL, HEB#E 354
BRENB 2d BROBRKER ™, KV ~&H
6 003.8 kg/hm’ F %% 5 031.4 kg/hm’, BF= 16.2% o
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M1 FEAERAERHEEBTFENETE
Fig.1  Changes of dry weight of shoots with different sowing densities and fertilizations
BT AR M AR — B AR BT R — B et A — .
Because the rates of leaf emergence were different, the leaf age had a little range of varying in different treatments.

2.1.2 #EHakrERHBK mE2AR,HE AEAERFA,LCBANZERKY K. ZH/5 18
FERSHHAHERELEER, AREEAT JERRE 1WBRE 2 )EBRBLEMIK
EEN, RN ERER(ADE R, EE LAI Bk K 8.96, TR R MG EAL R (X1) 27 3.88, Wi E M
18 d 2T, HFHEAFABE LA JLFERWHK, %£5.08, HIBSS 18~24 d, BALIEAY LAT BRTRE,
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Fig.2  Changes of LAl with different sowing densities and fertilizations
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2.2 BMEER

A& S ELEN LR SREREET
LA 3,
2.2.1 KB A 5 H 6 &R 1 B R B iliE s
HERBEENEIRZ—. NE3ATR, &4
ARABSHE N ERDECELHLU, BB 2148
ERARE,5 16 d MK, BB N HEFHE, ]
EREWALEAIKBEKE ;BB 35d 52144
W, ERANERETR, IELHEAERYXEE
KE, SHEEELBNERD, TREMBESE
BT, HRRER A KR, KR4 A E b 257
XBEAF. ARESEENERT, ERFER
KE F—BBTERAKR, WRLBEKFE, bRk

A U'
E l/
6 7 /
< [ :
2 ¢
‘.§ 4 ' '- ‘-
2 ‘= H z ’E
& ‘E = H (B
: of H [[H H | (B
: B I | |H | (H
. B \UE (R 1A |15
°7%1 x2 x3 Ml M2 M3

Dry weight/seedling height (g/cm)

12+ I
0.6
M2 M3

X1 X2 X3 Ml

25 SRR, B e AR K P , Xt LY B (B AR D R
KEBHEHEEBD,

2.2.2 EWEH4LF HEEHERSRBLE
EURBEFEENEEER. NE3-BAR,&HE
SEEET  ARBBRENEHERSENEL
B, RE AR 21 d BERTRE 16 d A
35d, THRMAHESTE, SRBBREYEEE
RN, EHEBTRTE, HPRELLER
ERBE, FRABEAEEWERANELAEER.Z
BERSRE, ABILBENERBE, LRER
FHEARBPHRB MEENESTENZEHE
BEREHABRKHER.

Starch content in stem and sheath (mg/g)

-3
T

Ratio of sugar to nitrogen
[~} (] »

X1 X2 X3 Ml
Treatment

E] Seedling age of 16 d Z Seedling age of 21 d E Seedling age of 35d

M3 FRLRHBYRBER
Fig.3  Quality indices of rice seedlings
* $R LSDygs3A: BHH LSDoos =0.56:B: ERBM &R LDy o5 =13.63;C: HAK I TE LSDo.os =0.13;D: WML LSDoos =0.795
* means LSDg g5;A: Root-developing ability LSDg o5 = 0.56;B: Starch content in stem and sheath LSDq.os = 13.63;
C: Dry weight/seedling height LSDy g5 = 0.13;D: Ratio of sugar to nitrogen LSDg.os =0.79.

223 #EHHTE e — b3, B 21 d
MicdH, AU HBTERYHBE M, EHAL

i3k B E K TOHUE 35 d F1 21 d WA
K EHRBPUCHEE KX BEKRT . EHRER.
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BB AGT . EERLHEEANER TEHNELR
K RKEREKBEKAF. 2HEFMNACHETE
ERBNKEAEE, LRERUEHESFKER
BT, B AEETES — LW, WHEEE
MEATEENHERABE,

2.2.4 BEKR BALRRBBRERENESR
Hin. FEARFREELIE S, BE 21 d H 16 d FKE
AUESRE, EARSLEPERBE B35 d
21 d B BALNEAAR, EXRRoLEE
BRABE, TREBSETER/D BEALYEERER
BAENTOAE TR, KESLEEZXBEKE.
HWRHESEEFABALKERAKR, AR LHEREAR
B¥., EREREH MG AEEREXBREREL
BB KX, %S HENEEBAD,

L LT, HLIE T B b, o 0 S B e
HEEEEGNERBER, EAFEXNREREN
PR/, HEEXABBE K  MEERNEM
AR ERBRARA R TR, AmIE PR
BFRAHE B AR S AR A .

2.3 KHEHE

VBB AKHEREE, ERBEEMBRY ()
YREFEFNEL T, B TRERAEE BH
BEE KARBEARAEEINEE, 2R
EAEEEEREN R4 EENER, 5EF
2002 SEHIR I 45 RO R KR, X EREHMT, T
AHEEREERNKHRHERNOER . FESW
EUELEE HEBMBE 3 KREEXN KEHR
BEH— BN _REERNIARBE(FHESHN
0.04.1.15.3.06 # 0.03),3 M EH MM BE(F H
43315 66.99.28.20 F1 28.90) , HE R FK 2, &
BUENESTERLBEN 150, B XKHAREH
RE134% , T ERGTFERLAENBREREEM
KHBREEN TR, XS5EEUEMNRRTER—
', HEERA, KEREERE, T Eh FHE
BOK B b 28 K B AR TR R AE L, T 21 d B RS R AR AE &b
MY KEREEN 81.7%, B MEA BN
66.9% . HultaRic K H R BB, 0 21 d B
BOAARGEHHEI6dHWTHRT 16.4%, FTUE
EERBISRRAER T, BIxE 248 0 6 BOPL BB
HER, A BRIELENKERER.

B EABRIE, BRBES ESEE R R
MAHRERERKER, MAXAREEH BN
BEEPRENEHBEEE, FARPFAHREE
ERBYEBETEMK(r=0.5449" & 4) ,EIRFE
BEEACH RSB MM, HRE RN

R* =0.2969, 3 it B L% B H BB R IR T 52 K H A
HER B WS, RIEBRE R T X 2 ERNREA
A BRHKIRE W

®2 ERREARELRAKEMHXELEN

Table 2 The number of seedlings in paddy field with treatments

of the three factors
XH
wenx gy JGRRER EREFAE
Experimental factor  Level . 14y field(10*/hm?)  difference

EOwE X 71.95 LSDgs =5.33
Sowing density M 96.37 LDy =7.22

e fEHE Low 93.75
Amount of fertilizer T E Middle 85.47 LSDg g5 =6.53
application W IB High 73.26 ISDoon =8.85

BRMB 16 96.49
Seedling age at 21 80.67 LSDg 05 =6.53
transplanting( d) 35 75.32 LSDy o = 8.85

400

350 Aad
300 ’}//{

250 "‘ **

Number of spikes (10*/hm?)

200 L . . N
40 65 90 115 140
Number of seedlings in paddy field (10%hnr)

B4 XHREMSHRAK
Fig.4 The number of seedlings

in paddy field and number of spikes

2.4 3IRBARM RGN E
EREOTESTEH, BEXM RN ERRE
E(F=23.73"" ;M x KO FE x B EX =&
MEARNEE(F=2.33" ), HAN EHMEER
MHABE.
2.4.1 BEBRELFFE HES TR, ~BEE
BRERMNEKTTSE TR, AXR3ITLUEY, 164
BB HIRBA RN 6836.7 kg/hm”,21 d K99 6 171.5

8000

a
[~ b

6000 F

4000

Grain yield (kg/hm?)

2000

0 1 L
16 d 2id 35d

Seedling age
ms BRapp<R
Fig.5 Seedling age and grain yield
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ke/hm® ,35 d 8928 5 129.2 keg/hm®, L 16 d By 3
ML, 21 dOWT™ 9.6%; Bk 35 d B>

24.9% . WHIZE KT R4 b, B ERXZHE
FRTRREXREEN, - R RAERD 4.2,

*3 FREFENBEX

Table 3  Grain yield and its components
R ERBK CT T P FHE
3 Pt | a9 . 5 ) . . .
. . L Panicles per hm’ Grains per panicle Seed setting 1000-grain
Socdling =0 Treament  Grain yield (kg/h') 01000 (grain/ car) cate( % ) weight (g)
X1 6634.6 ab 357.2 abe 78.8 93.0 25.3 be
X2 6916.4 ab 358.6 abc 81.9 93.2 25.3 be
X3 6679.8 ab 360.5 ab 80.2 93.0 24.7 cde
16d Mi 6996.6 a 369.7a 83.1 93.9 24.3 de
M2 6763.1 ab 336.3 bed 85.3 95.0 24.8cd
M3 6983.2 ab 333.6 bed 85.2 94.4 25.6 ab
Average 6836.7 352.6 82.4 93.7 25.0
X1 5768.0 cde 316.9 de 9.6 94.5 24.2de
X2 6395.0 abed 310.4 de 86.2 95.8 25.0 cd
X3 6501.3 abe 309.1 de 88.5 95.7 4.8 cd
21d M1 6239.5 bed 331.6 cde 81.9 95.4 A.1e
M2 6377.0 abed 327.8 de 83.2 95.8 24.4 de
M3 5745.9 de 303.3 ¢ 81.2 94.4 24.7 cde
Average 6171.5 316.5 83.4 95.3 24.5
X1 4626.2 { 250.5 f 74.6 94.9 26.1a
X2 i 5401.7 e 263.6 f 82.6 96.0 25.8 ab
X3 5142.9 of 22.5¢€ 86.1 96.3 25.6 ab
354 M1 5436.5 269.7 £ 82.4 94.8 25.8ab
M2 5035.7 of 259.7 f 80.3 95.9 25.2bc
M3 5115.9 24411 85.2 95.3 25.8 ab
Average 5129.2 255.0 81.9 95.5 25.7
LSDg o5 750.6 28.76 9.1 1.96 0.62
242 16dB R THRIFE AELESF 7000
H¥Hw EI6dBBBER (W 3.4~4.2)K1F - 2 a
BT HAENLET Y REE THARGLE, S ol b
A2 170.7 kg/ht’ AR BE (LSD, o5 =556.7) 0 34 ]
HiE B AL EAP= R R BOERT, BREh 281.8 gf 5000
ke/hm, 75 5 36 B9 1K 5L T AR 2 5 233.5 ke/hw’ o0
(ISDo_us =610-2) ,é:ﬁﬂ!];ﬁ%o ‘Eﬁﬁg 3 lﬂ‘ 1 ‘E‘% 1 2 3
BRO®RY, ARSELBRAYNRE —EE5,8 e ey

ERHNERBERIER, BEFREREAD,
243 N dBEABTHREFE AEELEFF
WHAR  E2 dBRBBR(ER3.9~5.0001F
BT EAWAEN TN 6 221.4 kg/hn’ , B
BT HAHAIAEE (6 120.8 kg/hm®) , I 2 100.6 kg/
hm’ , AKX BEKE(E3), 21 d RBBBREE
HEST , BE HEE B A3 n™= 2 2 ¥ m gy i % (B
6), FE.REARNRBER TRELHE, B
ERENERT, ~REMEREEY AW FREMZ
FE,GELENTESERTHELE,

FARGRENH, B 21 d(HR N 3.9~5.008
BB EHBIBUER T (240 R/du’ ), 35 24 1% 6
R EAMHEKR MREKECBAAN, S
BT (360 Ri/dm®) , it A B K 0 £ W 55 o IR,
StREP=BRAF,

Hé6 21dRMEMEHATHRHNESR

Fig.6  Fertilizing and grain yield in low sowing
density with 21 d seedling age
7000
& ab :
S 6000
=2 b
=2
T
-
=]
'g 5000 |
4000
1 2 3

Seedbed fertilizing treatment
L.SD405=583.8

H7 21 dBRERFHTHREERS*R
Fig.7 Fertilizing and grain yield
in high sowing density with 21 d seedling age
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2.44 B[ AdBREBHEATHRIEE ARLEZ
FEHYR MBS ABR(HES.2~6.1)H
HERT, EABHEELH=8H 5196.0 keg/hm” , B
BTEATERALIE(5056.9 keg/hm®) , 2 139.1
kg/hm’ , RBE(E3). HEBEBAHORGT,HEE
BEMENFEE A &Y, KEABEERTS
EALE(E ) MAEFATHREGT, ~BA MBI
BT T MY, E 3 43 AR K 400.8 ky/
hm’ , K% BEKE(FK3).

6000
5000 [
4000 |

3000 |

Grain yield (kg/hm?)

2000 n n -
1 2 3
Seedbed fertilizing treatment
LSDyos=681.8

B8 J[IBRRBRFETHRES”R
Fig.8  Fertilizing and grain yield
in low sowing density with 35 d seedling age

B LA A, VRS ERT , BRE®
ARXTB/INAEE 4 WD) B, PR, BB
HEEAGNFENERAHE, EBRBEK G
HA7E 4 M B aF, BRE A B K EB S
BRI W B H, %4 58 (240 Br/de’ ) , 38 0 e E B
IR PR A A A B (360 BL/dm’) , 0 i AR
BHEERHTRAT R, LZLHFE TR, EHit,
ERELSEEBRANBERT  ELBLEER, XM
B A A,

2.5 FRNFRBBERNXR

BEFAARELAEAEGTESHARNEEE,
MR _RKEMAEHLEG B (y) SR (x,)-
BB () B () AMTHEGIHRRE(Z
KAHEBRN ABETWRHE), BEHAR 5=
18788.27 - 39.88x, — 148.58x, - 133.90x, -
494 .04x, + 0.24x,x, + 0.21x,x, + 0.77x,%, +
0.78x,%, + 2.96x,%, + 2.6Tx,%,, R E BRE N
0.9999, HAEMRF. SHEAXMNMN —KRIER
AEPRKE -2.23.-1.32.-0.26 1 ~0.45; &% F
RIAER A BUK KR 1.11.1.09.0.99.0.73.0.70
F0.28, MBEMHPEZEKTF—KTA, JR>=&
FEZ ,5(BE < SHREE) . WEFREENE

WL, HENAERREB K, A4=BEEXS>
ENHREBRERRE SN RIBE L. 1R2. 58K
$%0.6517 . 45523 0.1380 I THLE 0.1982, i ukw]
EWE L, AR RREGT  EEEIAERKRRY
WEEMBREERR, HRESBRER. AEXT
FEAMKEFIER(RETEI S)BREEHAE
U, pAEABEKXESHEARAE R 390.0 x 10 F/

“h’ (26 T 58/666.7 *) , KB 5RPE BEFEMRX,

BB E TR AR R ISR RN EE .
3 e

3 NEvEEATRINAREBWARX
HERE, HARHER  XANBRIMIBRESERE

3 MR B X R AR W B R >
HIEE>HE. IXMNEBEFRENARES
2EREREELBUER, EEEAF T PIUE
RS E ESRNETOREE  FE4ETEEYF
4 240 ¥i/dm® ~ 360 Bi/dm® 2 [A] B BRI AE , LA KB
BA R BB AR, ST HFEFEVERER
HAE BERAKRELAE MM EZHITT

400 Ri/dm’ , ERE R REH R KHRERKET

B, Z2EMHEK, BH™R, FUEXERIERSE
L EERKEENERTIRRTOEEN,
3.2 HEREARBRRE THHBIER

PUERDIE B A AR M, IR T Bl N R S L
sk, LA BB A BR AN EmANERER
. SAEELDLFRBFRMAEBIIERBEE
B R, YO A # MHLE P LB, TR B AR A
K/ BUEK 80% BT BN AR ES o’ B 2.0 MR E
EEE;3MH OB, EH 12 cm, HEHE
2.6~2.8mm, A3 FULEH;3H1ILRE4 1
DHBRE, N 15 om, HEM2.8~3.0 um, F
3 K&,

EEEMBEER T NERE LU X4 E
BB BHAZERAIEK, ABREN. 2B
21 A BRNSLE S KRB PEFERENE
BFES3IMAETBREE, MBRNG &
5.28~7.60 Z (8, m#T 4, TRER B FHLHFHIR
MEEANMFEETRAE, MERRESE, FE
DB BRI R LA NS HBRNE
R R, BLBPEEFBRPEEN LA BASEFM
i, RELFE—-TEAMERBRENN A%
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()RR o e it — 2B B 5%
33 EFRAEEERTBERMANER"R
HNE—ER  ZENETREAREAXHERNER
HUEREE BN ERE X AT %
AR GEEBMBRB S KERHTBEMEBEXLET
Y, ARELEMNKHREHNBAEE . REBRE
RWE RBAPIRE R EHELTRER, A VE
BPHOEEBESTEN 247 Bi/dn’ , A4 E & 150
s HB ,UEEHE o’ 8 924 g(URTFA T8
E27.0 g, REE 5% L), EHFE 3 1 108
PBRNBAT,BETTEN 10% 5. XK
FERKREEE(=2.0 E/om®), XAHRIERE K
ERBRENNSERER, UBBRERER.AH
BREENEREE TR EABEHNERT, BT 4
rE 1R AR, B KRB I R T B >2.0 om®),
DR EENREE. W BUKEREESR Y, 3
ZRAPHRATRERG R, UEEHERER.
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