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The Eco-physiological M echanisn of Growth, Development and

Y ield Formation of Broadcasted Rice Seedlings
II. The Character istics of Spatial D istr ibution of Plant on Perpendicular
and Its Eco-physiological Effect
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Abstract Spatial distribution of plant positions in the perpendicular is one of primordial
foundational characteristics in the broadcasting-seedling of rice Planting depth is charac-
terisedw ith shallow and various(- Q@ 5 2 5an). So crow n (tiller nodes) inserted into the
il shallow ly and variously in depth and the seedling postures are diversified after trans
planting The environment around crow n or stem in il are changed renarkablily. In gener-
al, some ecological factors around crow n included temperature, nutrient, air, bind force of
il and o on are mproved But these factors fluctuate notably because the crown lies on
ilw ater-air boundary layer. So stress chancesof rice grow th may be undemw ent increasely
from these factors The depthsof crown in il strongly influence the grow ing of organ in-
cluded leaf, tiller and root and the developing of population included uniformity, lodging and
yield Theoptimal depth of crown isabout 1 5 an.

Key words B roadcasting-seedling rice Tiller nodes Distribution in perpendicular, Eco-
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Table 1 D istr ibution of tiller nodes location of broadcasting seedling of rice in paddy field
(%)
L ocation and distribution of tiller nodes in il
Tranl- Range of tiller Establishing stage Heading stage
antway nodes location g5 g o1 12 23 -a500 1 12 2 3
(an) (@) (@) (m) (m) (m) (@) (m) (an)
B roadcasting -Q5 25 325 40 6 257 12 26 1 431 28 3 25
M anual 15 30 29 8 70 2 28 2 71 8
* , (42 )
The experimental material was young seedling with plastic tray raising N egative value indicated tiller nodes over
ground
I8r . Airtemperature '
36F —a—0cm
- 34p ——H—-13Lrn , - Q5
& e —e—3cm
g A 1 an ) l
i 221
FT] .. y
P oo >
22 b l‘-—.-_‘/ ]
20 - 4 7
0 4 ® 12 16 .t 24
Beijing time (hour) ( 1 2), )
1 1 1 ’
Fig 1 Daily fluctuation of tenperature 5an , 1
at different s0il layers in paddy field an, 1, 1an,
as5 , , - Q5an Oan
( -Q5 1an ) (2 3an) :
, , a8 , 65%
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, , , (6 30 ) (7 14
) (8 28 ) 100 102 51 ,
94 50 18

2 () (1997 6 13)

Table 2 Temperature change at different il layer sand tiller nodes sphere in paddy field

A Depth of il (an) Tiller nodes's gphere
Item "
temperature - Q5 0 1 2 3 5 10 .
B roadcasting M anual
M ax 323 362 365 34 325 322 300 276 3B/ 7 32 4
M in 21 8 2109 220 231 237 240 243 250 22 3 239
Daily range 105 142 145 109 88 72 57 26 13 2 80
A verage 27 2 279 280 276 270 268 265 258 27 8 26 9
222 , , N P K
) ) , 0 5an N P K
: , (0 2an) N
P K , ( 3 , (-a5 1an)
(2 3an) : : :
, : , (Eh>
100 mV ) 10 mm ™! , 02 Eh : :
NOs Fe* Mn* <07 Eh :
, Eh 100, 0 (5]
3 N P K *(mg- kg lsoil)
Table 3 The rapidly available N, P, K in different soil layersand tiller nodes sphere
10 8
Before dressing 10th hours after dressing 8th day after dressing
. N N N
L ocation Hydro- _ Rapidly available  ygro- _ Rapidly available  ygro- _ Rapidly available
lysableN P K lysableN P K lysableN P K
58 120 270 12 2 200 153 87 160
W ater layer
Soil layer
0 1an 81 67 120 250 11 2 200 154 81 161
1 2an 78 6 4 123 171 71 180 148 79 157
2 3an 78 G 4 118 120 65 150 140 76 153
3 5an 75 6 3 120 100 6 3 130 135 70 152
5 10an 70 57 98 80 58 100 110 60 118
Tiller nodes sphere
. 7 63 120 260 11 7 200 154 8 4 161
B roadcasting
M anual 78 6 4 118 120 65 150 140 76 153
* 10 kg, 30 kg(N-P-K 8-8-8)

Themeasurewas carried out at tillering stage The rate of urea and complex fertilizer (N-P-K, 8-8-8) was 10 kg,/667
m?2, 30 kg/667 m? regpectively.
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223 ,
1 ( 4) L L
4 ( Q4am) @9 23
Table 4 The force of tensionmeter (Q 4 an width)at different
il layersor tiller modes sphere 231
L ocation
) ) M uddy Settling Hard )
Soil layer Tiller nodes sgphere
01 B roadcasting 28 73 44 7
1 2 6 2 157 94 2
2 3 M anual 10 7 24 8 155 9 , Q5 20an
. 2a (5
Themeasurew as carried out under 2 an w ater layer in sandy loam.
: ( 6),
5 8 :

Table 5 The growth status of seedling on 8th day after transplanting under var ious tiller nodes location

Dry weight

Depth Seedling Green Total root (ma/plant) L eaf Plant
of tiller height leaves No/ an/ emergence survial
nodes (an) (an) (No/plant)  plant) plant Root A erial (leaf /day) (%)
- Q5 130 28 19 2 41 9 101 28 4 Q 163 778
Qo 135 30 20 7 42 1 10 5 301 Q 175 96 6
Qa5 14 6 36 215 49 7 1Q 7 351 Q 156 99 2
10 14 5 38 22 6 56 9 10 9 378 Q 186 99 8
15 14 7 35 21 4 46 8 11 9 36 3 Q 193 100
20 14 9 40 181 40 5 89 353 Q 176 100
30 13 2 30 17 4 30 9 6 3 32 2 Q 113 99 1
50 12 8 28 150 26 9 48 20 7 Q 101 97. 9
CK 14 1 37 20 5 48 0 10 5 36 5 Q 170 98 1

* , 40 ;CK , 2 0an.

The experimental material w as young seedlingw ith plastic tray raising, leaf age4 0 CK wasmanual trangplantingw ith
the same seedling but root washed and its tiller nodes depth was 2 an.
232 , (
) (> 3an),

(7, : ,  5an :
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Table 6 The growth status of var ious seedling postures dur ing standing and establishing

Seedling  Seedling 909 Tiller L eaf New Root Aerial
e osture height e (Nosplant) Trergence (No/Plant) (mgow/  (mgbw/

% P (am) 2 P (leaf /d) o/Plant plant) plant)
Upright 16 9 60 Q3 Q 204 10 1 49 73 6
Young Leaning 154 60 Q2 Q 211 a0 21 66 0
Laying 14 0 59 01 Q 190 82 20 45 3
Manual 15 5 59 a1 Q 194 83 14 53 3
L arger Laying 357 10 2 52 Q 160 48 3 171 2 1401 0
Manual 39 0 105 63 Q 163 68 0 180 5 1500 0

* 43, 81 : 7, 14

The young seedling, leaf-age 4 3, wasmeasured at 7th day after tranglanting ThelL arger seedling, leaf-age 8 1, was
measured at 14th day after trangplanting
7 .

Table 7 The average length of blade and sheath of leaf under var ious depth of tiller nodes

Critical stage of effective tillering Heading stage
Depth of L eaf blade L eaf sheath L eaf blade L eaf sheath
tiller nodes
(an) L ength cv L ength cv L ength cv L ength cv
(an) (an) (an) (am)
- Q5 7 8 82 48 66 21 2 43 13 9 22
0 8 2 70 51 58 23 3 37 151 18
1 95 62 6 3 53 24 2 34 16 0 16
2 109 53 81 49 257 31 16 6 16
3 11 5 48 83 47 26 5 29 17. 0 15
5 10 9 40 79 46 251 27 16 5 15
CK 11 6 45 8 2 45 26 5 30 17 1 16
* ; CK

The full expansive leaf wasmeasured, CK was conventional manual trangplanting w ith the same seedling but its root
w ashed

8 ()’
y Table 8 The expansive angle of stem at hill base under

( var ious depth of tiller nodes (degree)
8) , ,
Depth of tiller  Tillering Jointing Heading
! nodes(an) stage stage stage
) ) - Q05 93 38 20
, , , 0 95 38 20
1 80 31 17
' ' 2 73 24 16
3 54 22 15
233 5 45 20 14
23131 ck 56 22 15
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9 .
Table 9 The effect of tiller nodes location to tiller energence
M ain stem and tiller per plant (No/plant)
L ocation of
tiller nodes (an)  6/15(v /D) 6/20 6/25 6/30 7/5 7/10 7/15
- Q5 1 05 23 36 55 65 71 7 4
0 115 28 44 6 4 69 80 83
1 120 31 48 6 5 70 81 8 4
2 120 25 37 57 6 3 77 8 2
3 115 23 36 54 61 7 4 78
5 10 22 35 53 60 7 3 77
CK 110 22 36 53 6 2 70 72
* , (43 );6 8

Tranglanting datew as on 8 Junew ith young seedling w ith the plastic tray raising, leaf-age 4 3

tiller s plant ,

— % 2332

1000
;,
2 800
=11}
E
5 60
i
‘2 —t— Qversprouting
g 400 tiller s plant
=
5
2 ,
= —a— Normal sprouting
200
g .
A B C D £
Qrder vt biomass from small to larger ,
2

Fig 2 Thew eakening effect of over-grouting
of tiller on grow th of effective tiller )

* Q5 1an 2 ,
8
30 (60 ), '
36 - Q5an,
. The 30 hills (60 plants) pgr tre.atment. accord- 4 19 - 0
ing to over or momal routing tiller, were mea-
sured at jointing stage and themeasuring hill select- 2 1 ; 1an o 2 ,

ed, which tiller nodes locatonwasQ 5 1 an un-
der ground, all was expected 8 ears finally. The

2 an ,

over-gprouting tiller's plant occurred averagely
about 3 6 very snall tillers

( 2, :
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Table 10 The dry weight and distr ibution of root systan at main growth stages under
var ious location of tiller nodesand seedling postures
15
15 th day after trangplanting Jointing stage Heading stage
T reat- (%) (%) (%)
ment W eight Root distribution W eight Root distribution W eight Root distribution
(@Plan) A B C D (gPlan) A B C D (@Plan) A B Cc D
L ocation of tiller nodes(an)

- Q5 Q 16 93058 10 Q2 Q 83 8566 87 39 18 112 8568 82 43 17
0 023 90368 25 Q4 133 781225 63 31 175 792113 65 30
1 Q24 880 75 38 Q7 151 715165 73 47 178 799128 71 42
2 Q24 836 98 51 15 1 56 66 3208 80 49 180 727153 75 45
3 Q 22 70113 70 37 1 42 608232 105 55 1 68 661197 89 53
5 Q 25 609242 100 49 128 532281 125 62 139 672322 116 60
ck Q 18 84198 50 11 1 46 653202 93 52 171 704172 70 514

Seedling posture

U pright Q24 8 64 39 17 1 56 73 165 55 43 178 7% 157 70 23

L eaning Q22 8 75 38 Q5 142 72 174 71 49 162 80 130 55 15

L aying Q 18 92 63 13 04 Q 80 82 124 34 Q2 126 85 107 35 08
CK Q 16 8 81 58 11 101 64 182 10 75 1 46 70 199 77 22

*A B CD 0 55 10 10 15 15 20an 45 35
CK

A, B, CandD represented 0 5, 5 10, 10 15, 15 20 an il layer regpectively. The young seedlingsw ith plastic
tray raising were adopted and the leaf-age 4 Swas for the experiment about location, the leaf-age 3 5 for seedling pos-

ture The CK was conventional manual trangplanting and the seedlingw as the same as above but its root w ashed

( 11),

( )
235
( 12),
: 3an
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11 )
Table 11 The dioxide activity of root systan under var ious seedling posture
(x-NA ugg *FW. h %)

15
T reatment 15 th day after Jointing Booting Heading M aturity
trangplanting
M anual 37 18 53 66 55 51 39 22 37 65
U pright 38 57 59 59 51 73 48 71 45 31
L eaning 38 34 59 31 52 17 49 23 47 82
L aying 35 63 48 90 47 96 32 95 30 80

12 .

Table 12 The uniform ity of traitsof plant under various tiller nodes locationsat matur ity

Earsper hill Fresh w eight per hill (g)
L ocation of - o = -
tiller nodes(am) X Gini cv Range X Gini cv Range
- Q5 8 69 Q 144 26 22 4 15 51 6 Q 159 28 83 50 80
Qo 9 15 Q 136 24 11 5 15 51 6 Q 159 28 43 50 80
a5 9 55 Q 118 21 01 5 13 57. 9 Q 130 23 25 45 90
10 9 00 Q 115 20 96 5 14 54 1 Q 122 22 98 50 85
15 8 91 Q 121 21 84 5 15 55 2 Q 126 22 58 40 90
20 8 43 Q 135 21 19 5 16 52 5 Q 135 21 56 40 100
30 8 33 Q 131 21 78 5 13 55 7 Q 139 23 84 50 80
50 7. 50 Q 130 23 70 2 10 50 6 Q 136 24 80 30 70
CK Q20 Q 142 25 65 4 16 56 6 Q134 22 79 50 95
Stem height (am) Biomass per stem (g)
L ocation of - . = .
tiller nodes(an) X Gini cv Range X Gini cv Range
- Q5 82 4 Q 045 8 62 46 98 5 283 Q 167 29 83 158 553
Qo 92 6 Q 038 7 43 58 102 5 572 Q 167 2995 094 962
Q5 102 8 Q 036 G 60 80 120 5 749 Q 172 30 85 134 946
10 102 9 Q 034 G 16 83 117 5 644 Q 141 25 49 137 913
15 88 2 Q 030 6 50 59 105 5 668 Q 149 26 00 116 960
20 93 0 Q 030 5 98 56 107 6 451 Q 157 24 85 180 101
30 94 0 Q 032 6 78 68 104 6 203 Q 169 27 65 102 123
50 93 0 Q 037 7 20 85 103 5 280 Q 152 27 .81 098 95
CK 86 9 Q 030 9 10 54 101 6 003 Q 143 26 11 143 949
Grain w eight per ear (g) Grains per ear
L ocation of — . — .
tiller nodes(am) X Gini cv Range X Gini cv Range
- Q5 2 527 Q 186 3307 Q57 473 101 30 Q 162 29 19 28 193
Qo 2 530 Q 166 298 033 401 9600 Q 167 30 26 20 192
Q5 2 719 Q 183 32 72 Q07 450 104 84 Q 175 31 24 13 90
10 2 623 Q 161 2869 048 439 104 22 Q 148 26 26 33 167
15 2 679 Q 178 32 28 Q26 584 104 73 Q 160 26 92 22 176
20 3 014 Q 159 29 02 Q28 465 110 82 Q 150 27 56 22 174
30 2971 Q 168 30 03 Q66 500 116 09 Q 150 27. 69 30 232
50 2 980 Q 160 31 10 Q67 510 110 20 Q 160 28 10 40 210
CK 2 871 Q 165 29 78 Q92 478 112 93 Q 145 25 93 31 168
* 2 Therewere 2 plants in a hill
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f Gini cv , > = =

[3]

236 ( 13,
, 10 15an

y= 521 97+ 103 17x- 33 740x’

(r=Q91" "), Xopt= 1 53am, , 1 5an
, y= 22 58+ Q 588x- Q 503x°(r=Q 798" "),
Xopt= Q 6 am, , , Q 6an ,
, y= 93 30+ 19 269x- 5 086x°(r=
Q98" "), xp= 1 89 am, , 189an :
13 )

Table 13 The yield and its canponent under var ious tiller nodes locationsand seedling postures

Till des' .
Igczrtiz(r)] Oers Ear Grains Full riped 108 grains A ctual yield Harvest
10%/667 m? N in (% i 667 m? i

seedling posture (am) (10%/667 m?) (No/ear) grain (%) weight (g) (kg/667 m?) index

- Q5 238 79 8 9% 7 26 9 478 8C Q 40

Qo 251 86 2 94 3 26 8 491 4C Q 39

Qa5 25 3 95 7 94 8 26 5 553 5B Q 40

10 26 2 103 6 94 6 26 8 606 3A Q 47

15 24 9 107. 6 94 6 26 8 606 3A Q 49

20 237 104 1 94 8 26 4 571 9B Q 43

30 223 100 2 95 5 27. 6 531 7B Q 42

50 20 2 103 1 94 2 271 521 2BC Q 43

2(CK )M anual 22 3 102 2 95 0 26 7 556 1B Q 42

Upright 31 13 95 36 91 76 24 82 670 83A Q 46

L eaning 32 00 91 88 89 17 25 15 647 92A Q 46

L aying 28 65 93 88 86 73 24 75 577. 08 C Q 40

M anual 25 85 101 82 93 30 25 36 610 42B Q 43

* L ocation of tiller nodes, L Do 0s= 39 2 Seedling posture, L Do os= 27 1
= > > 1 1 L
237 ) ;
( 14, :
; , 20 an ,
( + )
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60° 50° 30° 0° 3 ( 14 1 5an
: 15an, , (-Q05 0an)

14 .
Table 14 The resisting power of the tiller nodes location to lodge

Recovery
L ocation D ry matter (g/hill) Fixing after pushing three tine
of tiller 60°
force 50° 30° 0°
node(an) A T+US Root U aA) (kg/hill) __Pushing
- Q5 20 99 Q31 110 141 14 88 31 38 70 60 36 5
Qo0 20 81 Q 59 121 1 80 11 56 31 25 80 70 45 20
Q5 22 68 Q 78 120 1 98 11 45 35 25 95 85 50 30
10 20 90 Q 89 1 09 1 98 10 56 36 50 100 95 60 35
15 20 33 101 Q 93 194 10 48 36 75 100 95 65 40
20 19 79 131 Q73 2 04 Q70 37 25 100 95 75 50
30 20 34 1 62 Q77 2 39 8 51 40 75 100 100 80 50
2 ,
(CK ) 20 78 1 20 Q 89 2 09 Q 94 38 63 100 98 75 50
M anual

* A=Aerial, T+ US= Tiller nodes+ Stem underground, U = U nderground (included T+ U S+ Root)

(15,

, 0 5anm , )

15
Table 15 The resisting power of the seedling posture to lodge

*

Seedling Break force Fixing force D egree of Rate of
posture (g/stem) (kg/hill) lodge ladge

U pright 36Q 2 24 3 0 0

L eaning 355 7 231 2 1/16

L aying 349 3 20 0 5 1/2

M anual 350 9 24 3 0 0

* : 6 :0 (0O )1 (0 18 ) 2 (18 36 ) 3 (36

54 ) 4 (54 72 ) 5 (72 90 ), 0 , 5

Degree of lodgew as classified 6 grades according to the angle betw een stem w ith perpendicular per 18 degree The Oor-

der isupright, 5order is laying down

31

[6, 7]

[2, 3]
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