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Abstract: The root growth characteristics of broadcasted rice seedlings and the effects of broadcasting on plant growth were
systematically studied under the treatments of upright seedlings with soil (USWS), leaning seedlings with soil (LESWS),
lying seedlings with soil (LASWS), leaning seedlings without soil (LASWTS) and upright seedlings without soil (USWTS).
USWS and LESWS recovered earlier with a smaller dead root ratio. and the length and the dry weight of roots were both
higher than those of LASWS and LESWTS whose seedling standing speed was extremely and significantly correlated with the
root growth. USWS and LESWS, characterized by earlier tillering and higher productive tiller rates, maintained stronger root
activity at later stages and optimum root-shoot ratio throughout the whole growth period. displaying significantly higher
nitrogen absorption rates, leal chlorophyll content and root depths than LASWS and LASWTS. Considering earlier standing
and recovery, significantly better root growth and fairly stronger growth capacity of USWS and LESWS, it is reasonable to
seek high yielding and super high yielding of broadcasted rice by means of increasing the rate of upright seedlings with soil.,
reducing lying seedlings and improving seedling standing by promoting root growth.
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Table 1. Upright seedling rates after broadcasting under different treatments, %
Ay hb P Wk J5 K EL Days after broadcasting/d
Year Treatment 0 2 4 6 8 10 12
2009 W HE LT USWS 100. 0 Aa 100. 0 Aa 100. 0 Aa 100.0 Aa 100. 0 Aa 100. 0 Aa 100. 0 Aa
WA LESWS 0.0 Bb 50. 8 Bb 100.0 Aa 100. 0 Aa 100.0 Aa 100. 0 Aa 100.0 Aa
WA ES T LASWS 0.0 Bb 0.0 Cc 20.3 Bb 51.5 Bb 95.6 Bb 100.0 Aa 100.0 Aa
T+ TPl LASWTS 0.0 Bb 0.0 Cc 3.5 Ce 26.8 Ce 59.6 Ce 80.2 Bb 100.0 Aa
T+ H A USWTS 100. 0 Aa 100. 0 Aa 100.0 Aa 100.0 Aa 100.0 Aa 100. 0 Aa 100. 0 Aa
2008 W E AL USWS 100.0 Aa 100.0 Aa 100.0 Aa 100.0 Aa 100.0 Aa 100.0 Aa 100.0 Aa
WA LESWS 0.0 Bb 45.5 Bb 100. 0 Aa 100. 0 Aa 100. 0 Aa 100. 0 Aa 100. 0 Aa
P LASWS 0.0 Bb 0.0 Cc 12.6 Bb 45.8 Bb 93.3 Bb 100.0 Aa 100.0 Aa
T F 9l LASWTS 0.0 Bb 0.0 Ce 2.6 Ce 15.4 Cc 45,2 Cc 75.3 Bb 100.0 Aa
T+ H USWTS 100. 0 Aa 100.0 Aa 100.0 Aa 100. 0 Aa 100. 0 Aa 100. 0 Aa 100. 0 Aa

USWS—af + B . i s LESWS—aF L iR ; LASWS—4F + V4 s LASWTS— T+ F i ; USWTS— T+ EH .

KNG FRERRIE LW S YVOK T 2R RE, TR,

[fi) — 42 A BRAS [

USWS, Upright seedlings with soil; LESWS, Leaning seedlings with soil; LASWS, Lying seedlings with soil; LASWTS, Lying seedlings

without soil; USWTS, Upright seedlings without soil. Values followed by different uppercase and lowercase letters within a column are signifi-

cantly different at 1% and 5% probability levels, respectively. The same as below.

®2 WMBMIELSEPHBRKEL

Table 2. Root lengths of seedlings after broadcasting under different treatments. cm
hb 7 P4k J5 KA Days after broadcasting/d
Treatment 0 2 4 6 8 10 12
i E AL USWS 22.0 42.3 Aa 81.7 Aa 93.5 Aa 107.3 Aa 123.2 Aa 140. 6 Aa
WA LESWS 22.0 36.9 ABb  78.5 Ab 89.0 Ab 106.5 Aa 120.5 Aa 135.7 Aa
i AT LASWS 22.0 30. 6 Ce 56.7 Be 75.3 Be 92.9 Bb 108.6 Bb 120. 8 Bb
TG LASWTS 22.0 26.7 Cd 41.5 Ce 61.0 Ce 67.9 Cd 86.3 Cc 102.5 Cc
T+ H LW USWTS 22.0 33.1 BCe 50. 4 Bd 72.9 Bd 87.9 Be 104. 6 Bb 118.9 Bb
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Table 3. Correlation analysis of root length (x,) and root dry weight (x,)of leaning, lying seedlings with upright seedling rate (y) after broadcast-

ing.
R FAE o AH O R EL
b 3 F5 AL Jy i
Root Correlation
Treatment Equation
character(x) coefficient
WA LESWS K Root length(x,) y=1.6431x, —24. 989 0.962
T Bii Root dry weight(z,) y=1644.8x,—159.17 0.967
i P LASWS MK Root length(x,) y=1.2611x, —37.415 0.977""
MR+ JF i Root dry weight(x,) y=676.47x,—79.115 0.986" "
T LASWTS # K Root length(a,) y=1.6271x,—47. 838 0.927°"
T B Root dry weight (x,)  y=402. 552, —37.783 0.965""

RN AL HE] 22 535 P<<0. 01 RFE KT,
" Significant at 0. 01 probability level.
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Table 4. Root characteristics of broadcasted rice at the heading stage under different treatments.

1 BRI i 2 ThT AR

MR 3 BR T AR L

SR T R R ZR A3 U i
) R ) Active Ratio of active ) a-ZE Wi SE AL
b 3 Total absorption Bleeding sap
Root volume absorption absorption Oxidative of root
Treatment ) surface area amount of root
/Cem?® « hill™") ) surface area surface area /(pgsg 'h™H)
/(m* « hill ") . /(g hill 'd™H)
/(m? « hill ») /%

W E LT USWS 33.00 Aa 13.26 Aa 6.36 Aa 47.96 Aa 17.56 Aa 54.72 Aa

i LAY LESWS 28.50 Be 12.70 Aa 5.08 Bb 40. 00 Bb 15.74 Be 54.50 Aa

WM LASWS 22.50 Cd 8.25 Be 3.25 Ce 39.39 Be 13.21 Dd 40. 25 Cc

T T LASWTS 18.00 Ce 8.10 Bd 3.06 Cd 37.78 Dd 9.63 Ee 30.95 Dd

T+ EHILH USWTS 29.50 Bb 12.15 Ab 4. 85 Bb 39.92 Bb 16. 07 Bb 50.02 Bb

£5 FALETHHEEEHRORTL
Table 5. Root-shoot ratio of broadcasted rice at different growth stages under various treatments.
RO
fi )5 15 d " - - \
Ak 7 Il 5 - i 441 AT EiiipE A
15 days after

Treatment Critical stage for Elongation stage Heading stage Maturity stage

broadcasting

effective tillering

W £ AL USWS
WA LESWS
i LTS LASWS
T+ F i LASWTS
Je+ H LT USWTS

0
0
0
0
0

. 224 Ce
. 235 Be
.251 Bb
. 277 Aa
. 228 BCd

0.443 Aa 0.342 Aa 0.184 Ce 0.075 Be
0.435 ABb 0.336 ABb 0.187 BCd 0.078 Be
0. 428 BCc 0. 324 Be 0.192 Ab 0.082 Ab
0.392 Dd 0. 308 Cd 0.196 Aa 0.088 Aa
0.425 Ce 0. 327 Be 0.190 ABc 0.076 Be




626 h E K FE RS (Chin ] Rice Sci) 55 25 %455 6 #](2011 4F 11 J)

x6 TRLETHRESLEFTMREKAZTRBESR

Table 6. Nitrogen absorption rate of broadcasted rice at different growth stages under different treatments.

T - AR il - B A

AR 0Y BE N S 8 -4 4 ) X
RS AR R R TR

Qb PR Critical stage for effective Elongation- Heading-
Net N absorbed conversion
Treatment tillering-elongation stage heading stage maturing stage
, rate after heading stage /%
/(kg+ hm *d™") /(kg+ hm *d™ ") /(kg + hm *d™ ")
W RS USWS 1.24 Aa 3.38 Aa 0.79 Aa 32.45 Aa
MR LESWS 1.23 Aa 3.32 Bb 0.77 Ab 32.03 Ab
PO LASWS 1.19 Ab 3.20 Be 0.59 Be 30. 05 Be
T4 Fh il LASWTS 0.58 Be 2.61 Cd 0.41 Cd 27.84 Cd
T L HLH USWTS 1.20 Ab 3.30 Bb 0.75 Ab 32.14 Ab
®7 AEAL/XETHMBSESMH SPAD EEX
Table 7. SPAD value in the flag leaves of broadcasted rice under different treatments.
FLE i N
b3 2T i ) ) _ SERH
Milky maturity Wax maturity
Treatment Booting stage Heading stage Maturity stage
stage stage
WL E ST USWS 44.3 Aa 47.6 Aa 46.1 Aa 36.2 Aa 33.9 Aa
W LAY LESWS 44.0 Aa 47.3 Aa 45.7 Aa 35.0 ABb 32.7 ABb
WP LASWS 43.6 Ab 46.5 Ab 44. 8 Ab 33.7 Be 31.3 Be
T L P LASWTS 42.1 Be 45.2 Be 42.6 Be 31.5 Cd 28.4 Cd
T HHITH USWTS 43.8 Ab 47.0 Aa 45.1 Ab 34. 3 Bbe 32.0 Bbe
x8 AEALETHHRESEREZFTRE
Table 8. Root distribution and dry weight of broadcasted rice under different treatments. g/hill
Ay b7 ANIEEE + 2 & T Fi & Dry root weight at different soil depths LE SR R
’ Total root dry
Year Treatment 0~4 cm 4~8 cm 8§~12 cm 12~16 cm 16~20 cm weight
2009 i L EAL T USWS 1. 681 Be 0.728 Aa 0.216 Aa 0.064 Aa 0.023 Aa 2.712 Aa
i L ABURHE LESWS 1.820 Aa 0.601 Be 0.144 Be 0. 049 Bb 0.014 Bb 2.628 Ab
i I LASWS 1.780 Ab 0.278 Cd 0.094 Cd 0.030 Cc 0.009 Cc 2.191 Be
T FaM il LASWTS 1.415 Cd 0.185 De 0. 059 De 0.011 Dd 0.002 Dd 1. 673 Cd
T+ USWTS 1. 648 Be 0.694 Ab 0.191 Ab 0.058 Aa 0.020 Aa 2.611 Ab
2008 WA EILH USWS 1.924 Bb 0.593 Aa 0.160 Aa 0. 055 Aa 0.020 Aa 2.75 Aa
WA LESWS 2.046 Aa 0. 424 Bb 0.151 Aab 0.044 Ab 0.015 Aa 2.680 Ab
A S LASWS 1. 822 Cc 0.310 Cc 0.108 Bb 0.029 Be 0.006 Bb 2. 280 Be
TP LASWTS 1. 468 Dd 0.192 Dd 0.061 Ce 0.013 Cd 0.001 Ce 1.740 Cd
o+ EHILH USWTS 1.794 Cc 0.647 Aa 0.154 Ab 0.053 Aa 0.116 Aa 2.760 Ab
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Table 9. The resisting power of broadcasted rice to lodging and its break force under different treatments,
gb K 52 ¥ Recovery after pushing/ % HZEHTT
. iR = 60° HEEE 50° HEEE 30° HEEZE 0° Break force
T'reatment B
Pushing to 60° Pushing to 50° Pushing to 30° Pushing to 0° /(g + stem ")
W E LW USWS 100.0 Aa 96.5 Aa 67.2 Aa 43.7 Ab 515.4 Aa
WA LESWS 100.0 Aa 94.5 Ab 62.6 Bb 34.5 Be 503.3 Aa
W AT LASWS 94.5 Bb 85.6 Be 54.6 Cc 28.7 Cd 478.5 Be
T+ Tt LASWTS 85.3 Ce 74.7 Cd 48.2 Dd 24. 2 De 440. 8 Cd
T+ HLH USWTS 100.0 Aa 98.8 Aa 70.4 Aa 48.6 Aa 492.6 Ab
K10 ARLETHHEKBHNFEREHRES
Table. 10. Grain yield and its components of broadcasted rice under different treatments.
A AR B FURL L B A 45908 LN VRS ST R
Ay Ab #f No. of effective No. of 1000-grain Seed Theoretical Harvest Productive
Year Treatment panicles grains per weight setting yield yield tiller rate
/(X10" « hm %) panicle /g rate/ % /(t+hm *) /(t+hm *) /%
2009 i £ EH LT USWS 296.9 Aa 142.2 Aa 26.3 Aa 91.5 Aa 10.16 Aa 9.97 Aa 83.1 ABa
WA LESWS 290.9 Aa 142.5 Aa 26.3 Aa 91.2 Aa 9.94 Aab  9.78 Aab  80.0 Bb
i -G i LASWS 263.9 Bb 143.7 Aa 26.2 Aa 90.4 Aa 8.98 Be 8.78 Be 75.0 Cc
I+ LASWTS 211. 4 Ce 143.2 Aa 26.0 Aa 89.6 Aa 7.05 Cd 6.75 Cd 70.1 Dd
ot B USWTS 283.4 Aa 144.3 Aa 26.3 Aa 90.9 Aa 9.78 Ab 9.56 Ab 84.2 Aa
2008 W B LT USWS 301.5 Aa 144.3 Aa 26.5 Aa 91.0 Aa 10.49 Aa  10.29 Aa 81.4 Aa
i LA LESWS 294.0 Aa 145. 4 Aa 26.5 Aa 90. 6 Aa 10.26 Aab  9.94 Aab  79.9 Aa
WA E LASWS 262.4 Bb 146.6 Aa 26.4 Aa 89.5 Aab 9.09 Be 8.91 Be 76.0 ABb
Jo+ V9T LASWTS 205. 4 Ce 145.3 Aa 26.2 Aa 88.7 Ab 6.94 Cd 6.37 Cd 71. 8 Be
Jo+ EHALH USWTS 287.9 Aa 147.1 Aa 26.5 Aa 90.3 Aab  10.13 Ab 9.65 Ab 81.8 Aa

ST P RS B (R 10D, Al SR L T T
FRIE B NS BR  B  WE N T B L L
AR B R TE B ST O A R 7
SR AR T P L AR TR R
MR LR F 2R, REEEIHMBEHEN. L
N A TG oS YA I e o e s Y R
> J6 PR .

3 i

3.1 REEKIFHHR L E KRG

R 2R AR K I B ST A 32 8 0 TR B A
SR KRG 1) 3% 43 R K 43 WM, VTS BE A0 A R A
HEPLRR ST B EEORE AR R A K R EN
RIFE A R HE T AR R 09 R AR R A K, £ i il
SEVE . AREFGEH A L A R R R AEAE ST
)L MR R AE KA W LR O B AR,
HEABESE BB S AR R AE K 5 A 2R
E IS Ty i I N i -2 U e o 0 N Wi o
S VS AR R A B R R T B S 1 LR TR
AW R LM OC O R L AT AR R A AR KON il
P ST VA R,

PEREAR R A K BE T 0 0 S R, ok AR L £

PEKREAR R A IS i a8 2o Al s R A sk A
PO B EIIBUE S 2R Y A KR
F iR g R /K ) A A 1 A5 I AR R R
B R AR AT i A 4 B AR S v .l A [ A
Y BRAE D7 28 2 4 A S A o A B, )
MBI AR AR
3.2 AREEMRB/HHIREFIEKRBEK

AR B EE R oy BE R AN TR B ST I Al
RN RVAEIN e o R e S ) i e i o
R R o [T v SR PR R A S e S
S e A IG VA W  BE e AR R B — e I X
PR A il AR S L R ABURE BRI 4
A RS R S B SR PR R
A BER 2 A0 2 /0N oy BE B T80 BE il R LA
JE Xy BE AR AR b B S R L T
b B A R A R AT AR O PR T o i L P
i B T A RS U N TS L R T e BT
A e AR S AT R Y W 5 AR 7 AR ) L U T
A TCR o BE IR LT

it B YA < /1 < B vt ol = YA < B
B DL 1Y AR AR T L T R AR R R
AP R G S AR AR O R O T Al R TE



628

ELALH 5 5 S R URE R 28 S Ok
/N T L R R AN AR B L LSS A TC L AR
KA EA B0 AP . TR AR S5 Ak B A 25
AT IR AR A B ST B RV O T O
B ASBITSE Py b S BURE A RITE b S
S SRR AR O HLR FLAE T 5% AR T R OK
7K L IR L 5 D 5 ) A b TRk
3 BE I A T AU R R T R R . Al
TP R R B AR R 700 DL EAET T RER )R
(4 cm) N TG - i v ISR 2 8000 AR A R 4L AE
59 AR E /D XMR R R AT HLEE I I 2 5 2
GEESNE A I v R RVA E /R NG DAL TR R
POEMR BE 0 22 10 2R RER B 2
AL AR R R ARl A 7 S B SRR
e AT BB 4 ST LR (R R R ST
O HR 28 AR RO 0 B A AR R LR B L il RS
SR K 73 E AR AE B« OK TG BRSL W O BE R A
P LA A T DK A L i 2R AR AR 1) R R s 4k
T R S AT I R L G K R AR B K 1 5R
MR T DAL 8 415 it #9520t A ) T i o 4 ok A
HEIREININ WA

gk AR A5 BIE ST I B b b T A R
A4 A R R I 2 b BT W A R . AR
e by BB A R AR B BER R OIL
AR B 3 T R T e
A B RS BRI DT RRR L O A KR R
— A FBEI AR R S BT R AT A D K A
HEMIERZ " IR & SPAD {H FIE 2 5
ARFP —EOEE L HF L 0 P S
St SPAD R, R I e, X E
LN O b B i RN e R B AR R
) BAT i ) RS 2R 0 L B Y 3R 2 IR WCRE ) T A
bV TV AR R O A T S SR
K RE T 58 T AL W L A ABURE MG BT
B T

S & Lk

(1] kb, s, MhEm, & MAkoKRE ™ &8 S = A: 4
TEMBESE. hERAE RN, 1993, 26(3): 39-49.

[2] SHAR, sRULRE, amk, . MBUKFEAEREZE S RIE K
BOA A AR BEAL . T, 3% R SL W B AR A R A AL R
i, 2001, 27(3): 278-285

[3] HAR. ¥ 7, IR, & WMBUKFEAEREES™RIE K

i E K FE R (Chin ] Rice Sci)

[4]

(5]

L6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

525 A5 6 M1 (2011 4F 11 H)

B A 25 A BALD « 1. e v K SF T L A 4 A i R R AR S
AR . VERISEAR . 2001, 27(6) : 802-810.

R, kPR, BT, A MMBUREAE K R B ARIE R RIE
BB . YIRS . 2000, 211D 1-7.

SRR, BCHR, EAEE, L EIRORE R B R R R R A
fE. R ELL R, 2008, 41(1): 43-52.

SRR, MR, WEBRAE. SR 2 50 RS S B R S T e LA
HE. LAl K24, 2005, 27(6) : 811-815.

BT, BRI, skFE, & KBRS eSS
AL, YERIER . 2010, 36(10): 1715-1724.

g, VLA BE, 2T, A5 B BOKRE AR R A K 5 7
WM. 223K AE, 2006, 21(Suppl 1): 26-28.

BB, HZ R, WGV, % BT VUMM B B &
SEH R PR AR, WiV ERE, 1998(2) : 51-53.

RAE, Wbde, AR, GBS B9 SL AR S S R R
W5, fEER . 2009, 35(5): 930-939.

HOHAR, B, skutR, S MBUKRLEK EF 5 R
WA A BRI . L. FRw () 2 0 A A% Ry B AR A AR AL
R FEHIZEHE, 2001, 27(5) :600-611.,

dedbE, MRUNAR, BAEE, S OKREFMB T HER KR
VAR AL 24 . 2000(4) : 197-203.

XK EE, HAEE, X A, 4. KRR R SRR 2L
JE MM R OCR, LA 2=k, 2010, 26(3): 456-461.
WO, TRV, SR, AF. OREREAR AR MR S A R i 2 H
HRH R B R R, AR, 20100100 : 14-18.

BEGIYE . PRHE, SEADH, 4. R R B OK R R R A
BRI SR, EEEWR, 2009, 29(6): 3053-3056.
TLArBE, 2R, HHW . 55 &40 253 Rkl B R R
ARG, IR YRS, 2005, 24(1D) : 30-34.
RN, REHE, BT, AE. RERE I ORI BORS 19 ar S
MR FR A DA KK = B 5E . 2238 K, 2006, 21 (Suppl 1)+
96-99.

AR T, skARLE, BRIGME, S5 R B ST 6 K RE 2R K 10 Y
Wi e B R R A OF 5T, E AR, 2010, 43(19) 5 3945-
3953,

TRULES, SRR, ALAESL, S A S OO BB R
FE IR, ARl B, 1990(4) : 1-5.

AU, RUEEL, TRUDAR, . KRR E MPOEAR S B AR &
BB, IR FEBE R, 1996, 17(2): 17-20.

REE, W, T OB, &L RPHIEOKRE AR R AR 2L
WFIE. 2232k RE, 2009, 24(3): 68-71.

AR, SRR, JRSEAR. KRR RO B A T OB R e
T HE . FHE SRR, 1998(5): 63.

ARULER, RCOUR . BB SR MBORE PE R R LR 2 A B
B PEAR R R R PRI, VLR FBEF R, 1998, 19(3) . 11-
17.

T, REE,
P ALV 1 5 1
117-121.

RE& T, S RIGXIRA BT & M5
AET I R 27 22 0 FARBL AR, 2004(1)



