BHEIX|(Korean J. Crop Sci.), 51(7): 571~583(2006)

H Rrzsp] 48 | HL2SSYE 0 IE 2| fH|EA BS
s - 23S - o
A&t SR B AT eNeL 4B e

Yield Response to Nitrogen Topdress Rate at Panicle Initiation Stage under Different
Growth and Nitrogen Nutrition Status of Rice Plant
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Department of Plant Science, College of Agriculture and Life Sciences, Seoul National University, Seoul 151-742, Korea

ABSTRACT To secure high yield and good quality of
rice, plant growth and nitrogen (N) nutrition status should
be taken into account for managing panicle N topdressing
(PN). This research aimed at investigating the rice yield
response¢ to PN under different plant growth and N nutri-
tion status that was conditioned by different rates of basal
and tillering N fertilizer (BTN). Stepwise multiple regres-
sion (SMR) was used for the analysis of yield response to
(1) BTN and PN, and (ii) shoot N content at PIS (BTNup)
and shoot N uptake from PIS to harvest (PNup). Rice yield
increased significantly as BTN and PN increased, but there
was no significant interaction between BTN and PN. Yield
increased almost linearly with the increasing BTN and PN
up to 10~12 and 6~7 kgN/10a, and with the increasing
BTNup and PNup up to 6~7 and 5~6 kgN/10a, respec-
tively. But yield increment tended to decrease above those
levels. These declines resulted from the decreased ripened
grain ratio and 1000 grain weight even though spikelet
number per unit area increased more at above those N
levels. Spikelet number per unit area had the linear rela-
tionships with the shoot N uptake until heading, and with
yield. Like most yield response curves, yield response in
this experiment followed the diminishing return function
with BTNup, PNup, and plant N uptake from seeding to
harvest. Regardless of the degree of BTNup and PNup,
yield had a quadratic relationship (R*>0.88) with whole
shoot N accumulation until harvest, suggesting that the
yield determination was closely related with the whole
shoot N uptake until harvest regardless of the differences
in seasonal shoot N uptake.

rice, yield response, panicle nitrogen, nitrogen
accumulation
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Itoh, 1989).
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Table 1. Summary of nitrogen application treatments in 2001 and 2002.

Tillering N.

2001 Basal N. 10 20 30 Total Panicle N. Total (kgN/10a)

DAT DAT DAT
T1 ON ON ON ON, 0.5N, IN, L.5N, 2N 0, 1.8, 3.6, 54, 72
T2 0.25N 0.25N 0.25N " 2.1, 39, 5.7, 715, 93
T3 0.5N 0.5N 0.5N " 42,6, 78,96, 114
T4 0.75N 0.75N 0.75N N 6.3, 8.1, 9.9, 11.7, 135
T5 IN IN IN " 8.4, 10.2, 12, 13.8, 15.6
T6 1.25N IN 0.25N 1.25N " 10.5, 12.3, 14.1, 159, 17.7
T7 1.5N IN 0.5N 1.5N " 12.6, 144, 16.2, 18, 19.8
T8 2N IN 0.5N 0.5N 2N " 16.8, 18.6, 20.4, 22.2, 24
T9 2.5N IN IN 0.5N 2.5N " 21, 22.8, 24.6, 26.4, 28.2
2002 Basal N. Tillering N. Panicle N. Total (kgN/10a)
T1 ON ON ON, 0.5N, IN, 1.5N, 2N, 3N 0, 1.8, 3.6, 5.4, 7.2, 10.8
T2 IN ON " 48, 6.6, 84, 102, 12, 15.6
T3 IN 0.5N " 6.6, 8.4, 10.2, 12, 13.8, 174
T4 IN IN " 8.4, 10.2, 12, 13.8, 156, 19.2
T5 IN 1.5N " 10.2, 12, 13.8, 15.6, 174, 21
T6 IN 2N " 12, 13.8, 156, 17.4, 19.2, 22.8

DAT =days after transplanting

IN’s in basal, tillering, and panicle N fertilizer mean 4.8, 3.6, and 3.6 kgN/10a respectively.
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Table 2. Growth and nitrogen nutrition status at panicle initiation stage (26 days before heading) under different basal + tillering

N application rates in 2001 and 2002.

Treatment Tiller2 Le.af area Shoot IZDM. Leaf N conc. Shoot N Shoot N , I\.Ii.trog"an SPAD
(No./m") index (g/m") (mg/g) conc. (%) content (g/m”) nutrition index value

T1 2933 1.91 200.7 20.02 1.39 2.79 0.36 30.90

T2 311.1 2.40 231.0 22.25 1.54 3.57 0.42 31.80

T3 3333 2.61 264.2 2293 1.59 421 0.46 33.40

T4 3422 3.07 270.1 2434 1.67 4.51 0.49 33.78

221(;%1}1 T5 360.0 3.27 306.2 24.71 1.73 5.30 0.54 34.38
T6 386.7 3.65 317.4 25.32 1.79 5.68 0.56 35.60

T7 407.4 4.09 346.4 26.34 1.83 6.33 0.60 36.82

T8 460.0 4.54 376.0 26.72 1.88 7.06 0.64 38.06

T9 504.4 5.49 417.8 27.60 1.94 8.13 0.69 40.20

F-value 5.19 18.17 8.76 6.35 7.32 10.64 10.72 3.38

LSDo.ps 85.2 0.98 82.0 2.55 0.22 1.74 0.10 3.79

T1 3229 1.93 170.1 24.13 1.70 2.86 0.407 29.20

T2 4313 2.82 236.1 24.74 1.76 4.12 0.486 30.98

2002 T3 471.6 3.14 269.6 25.13 1.77 4.70 0.515 31.72
26DBH T4 485.1 3.47 294.9 25.78 1.83 5.32 0.553 32.55
TS 521.9 3.93 341.0 26.94 1.90 6.36 0.609 33.58

T6 549.7 4.48 383.3 28.63 2.00 7.52 0.674 34.68

F-value 5.24 51.47 59.75 15.92 20.65 137.08 145.40 20.05

LSDg.05 93.68 0.33 26.26 1.13 0.07 0.38 0.02 1.16

DBH=days before heading
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Table 3. Root mean square errors for yield and yield components as affected by basal + tillering and panicle N application

rate.
Year Source of variation No. of spikelet/m” Grain ripened ratio 1000 grain weight Yield
Basal + tillering N (B) 1.52x10%* 19.87%* 3.09%%* 8.93x10%*
2001 Panicle N (P) 8.16x107** 8.29%* 0.72" 3.71x10%**
BxP 7.86x10° ™ 4.30% 0.64™ 1.99%10° ™
Basal + tillering N (B) 1.26x10%* 34.96%* 1.24%x* 6.01x10"*
2002 Panicle N (P) 2.19x10%* 226.95%* 1.88%* 4.42%10%*
BxP 1.19x10°™ 5.38™ 0.25" 3.63x10>™
ns, * and ** : not significant, significant at 5% and 1% probability, respectively.
L Aoz 4HA )cH(Sasahara and Itoh, 1989; Hinzman Z718=2 Ao 2 Zylsls AZES W oLt 1 o|%
et al., 1986; Perez et al., 1996). 2001 A =o] 40| AlG&Fo]  FE= AH|E F7to] WhE $F57HE0] 3= v 14
42 AGF fo|7h FolskA %S ALE AYEH,  2). FHIR(mD)E oA HF 8 kgN/10aH EAA] 2|4
200197} 20020 25 7ju] + £9u] @ pHARFo] F o2 FUIsHe ARl FHEY ABFL FHAHIF
Vg e YW HE SYFFAYLTE IERE JO7E Zpo] o] IR fdaZo] FUtehe Aol &3] YU
= el +%F ¢ "EW**E’L*OH 2= 7H - & A7) ASEO] AR (T, FulholA e Fo 4
Adu| e} SujA]gFo] AT ARG A= 2001H =2 E%—% HE A 88 AL 2 3|8 fasts FaFoldad,
< At BRE +F E %H“é "Oﬂfﬂ ool ol FFeFUtEYE SHEL HYFol & HoE fh
o} mebA iR AS geHl A g wAglol 7] l + B o ol
dul7t S7VEE, 1AL 7)) + v‘?“ Au] Algol TA e AH[Eo] ol AT 7ixE AAAOR F7HsH=
glo] FH|A o] FIESE oS FoSHA ESIth BEE Boltprt I olollA e pEFFTHEol E3EY e

7[d] + 2H| ¥ fHAI2Z0l et £ UtS
714 + Bu] Aulapol| wp2 faF 9 A Q40|
05 vletd Aol 18 1ojth GoFAUAY
AlH|EFo] F7te R Rkl S8l Ao, 7
04&] AlE]gFo} 10~12 kgN/10a7tx] &= AAdH o2 Z715
o1} I o] T RE = S| tha: E3HE I T
(m ) olabet ojatd YE4E FE BAPAHm)Y
Gk ot g} vl FRFolgou ko] A
2 Z7bets 10~12 kgN/10a K} =& AH|SRAE %
7¥ot= AFE BAtE 20010 F5ET HYFS 7
H] + 2ou] A8jEFo] 10~12 kgN/10a =717, 2002
T S48 6~8 kgN/10a, Y ZEL 8~10 kgN/10a
HEAA F7Eel wetd Frtsicrt a8}l
2001450 S4B 85~92%, AYFL2 24~28g AEE
200299 548 70~90%, HHF 24~27go) |3l thx
Eokedl, ol 20014 F557] 74 d0] o Hle) F
9 wHH 2002 Eol= FHEOE YHy| giEoz st
L2l=g
FH|AGgo] SIS E 7 B S
A, FHAlE0) 6~7 kgN/10a W 712 =

S
)
+
gid
e

—+
Shofr o

2
N

al
=

o

N o obi

d

Y

ol 2

EE B
|

AlB)go

g, ol oREe] FARIAENS T oA 2 ¥ o] A

vlgkol o3t 4 TAE $347e WA (law of di-

minishing return)o]] 2]&3}7] W& o|ck(Fischer, 1998. Sa-

sahara and [toh, 1988). =% W Z 3}7] Yot FAAH]

2 16~18 kgN/10a W2z J&ﬂ% g, o]= A 5(1999)

l Jﬂovl 8] kAl E 913 A A B]RF 18 kgN/10as}
vlsgt Bkt

HOHMIEL| U MAME| HAEATO IS STWS

SR W7 B4 AT F4E] Y
SY|AY AaFEY] G2 £ L SFTHRL W
& b Zo] 1% 3otk 2001 wek 20024 BF §
SE3p] WAl 67 kgN/10a7kx = AHHOE 4
opo| Z7hsh ARoIGOU T ool Fhel AL o
Z71Eo| Eatugirh. FARS(m)E fAHE] ALY
o] WHE Ao AUHOR Frhske A HAoU
RS fRa] ALTY 6 NIt A9
5~6 kgN/10aol4 el 0|2 F 1 ol4o] Hu olx]
£ Agollet



X
Ko 24
000
Y=427.379422,349BTN+34,127PN-0.436BTN%-2, 196PN*
-0.0084BTN>*PN (R*=0.9534)
800 e, T
== TR
AT
e g
700

Yieid (kg/10a}
g

'(/,o Panicle N
K]
§00 1 e ® 0kgPN/10a
° © 1.8 kgPN/10a
- v 3.6 kgPN/10a
400 | v 5.4 kgPN/i0a
2001 Year 7.2 kgPN/10a
300 v v v v v
[ 5 10 15 20 25
Basali+tillering N (kgN/10a)
40000
Y=18148+750.283*BTN+1682.753*PN-8.479*BTN’-88.288*PN’-14.038*BTN*PN
(R?=0.9534)
[
v
35000 e
v -
@ »
Q. 30000
3 .-
2 At
3 e v.
5 26000 | Y ]
4 9 0O ! Panicle N
2 - ® 0kgPN/10a
O 1.8 kgPN/10a
20000 -| v 3.8kgPN/10a
S 2001 Year v 5.4kgPN/M0a
. & 7.2kgPN/10a
15000 v v v - ¥
0 s 10 15 20 25
Basal+illering N (kgN/10a)
96
Y=90.869-0.604"PN+0.0877*BTN*PN-0.0027*BTN?"PN
(R?=0.615)
g
o
B 90
£
[
o
:
g 7. Panicle N
-3 - ® 0kgPN/10a
a5 O  1.8kgPN/10a L
v 3.6kgPN/10a
2001 Year v 5.4 kgPN/10a
m  7.2kgPN/10a
85 r v + . v
[ 5 10 15 20 25
Basalttillering N (kgN/10a)
28
Panicle N
L] ® 0KgPN/10a
O 1.8 kgPN/M0a
v v 3.8 kgPN/10a
27 - v ° v 5.4 kgPN/10a
B ° »  7.2kgPN/10a
E
2
H
e 26
g
o
g -
25 V 2001 Year
- Y=26.648+0.0296*BTN-0.252"PN-0.00225*BTN?
+0.029"BTN*PN-0.00117"BTN**PN
(R?=0.6179)
24 T v T T v

0 5 10 15 20 25
Basal+ttillering N (kgN/10a)

Y TS 575

Ripened grain ratio (%) No. of spikelet per m? Yield (kg/10a}

1000 grain weight (g)

%00 5 -~
'/ Y=396.623+10.013*BTN+10.754"PN+1.856"BTN"PN-0.157"BTN*PN?
700/ {R*=0.9452) A
g
-
=
600 B Ve
T ol °
e e e
500 S .
o /..——/ o
‘‘‘‘‘‘ : Panicle N
""""""""""" ® 0kgPN/MOa
- O  1.8kgPN/10a
400
w 3.8 kgPN/10a
v 5.4 kgPN/10a
2002 Year ®  7.2kgPN/10a
O 10.8 kgPN/10a
300 v v T v . T
o 2 4 8 8 10 12 14
Basal+tillering N (kgN/10a)
40000
Y=15382+848.445*BTN+1577.76"PN-48.765°PN?
Panicie N 463.235BTN"PN+4.5"BTN®*PN (R*=0.9792)
35000 4 ® 0kgPN/10a
© 1.8 kgPN/10a
v 3.6 kgPN/10a B
v 5.4 kgPN/10s o .
30000 4 W 7.2kgPNAOa PP —
o 108WPNIOR o o a7
e — Y
g P R
25000 e e -y e
. — P
L kS 2P et
20000 -
2002 Year
15000 ¥ v v T T T Y
[} 2 4 [} 8 10 12 14
Bagal+tillering N (kgN/10a)
95
Y=86.67940.743°BTN-0.642°P N-0.083"BTN?-0.062"PN?+0.0054 BTN *PN?
(R*=0.9521)
80 4
85 -
80 4
75 // Panicle N
Rt ® 0kgPN/10a
G © 1.8 kgPN/10a
70 - v 3.6 kgPN/0a
2002 Year v 5.4 kgPN/10a
= 7.2 kgPN/10a
o 10.8 kgPN/10a
85 : T T v :
0 2 4 8 8 10 12 14
Basal+tiliering N {kgN/10a)
28
¥=26.536-0.0174"PN?+0.0193*BTN*PN-0.0185*BTN?*PN+0.00113*BTN*PN?
(R%=0.7743)
o
27 4 3
S . - — e,
e e p— ==
e A=
26 Qo= - - - i » R —E
v e o _. B
- Vs
: P
- / anicle N
e ® 0kgPN/10a
25 - O 1.8 kgPN/10a
P v 3.8 kgPN/10a
e v 5.4 kgPN/10a
2002 Year ™ 7.2kgPN/10a
O 10.8 kgPN/10a
24 v . v r r T -
[ 2 4 6 8 10 12 14

Basal+tillering N (kgN/10a)

Fig. 1. Response of yield and yield components to basal + tillering N application rate under different N levels at panicle
initiation stage in 2001 and 2002.
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Table 4. Regression equation of grain yield and its components to shoot nitrogen content at panicle initiation stage (BTNup)
and N uptake from PIS to harvest (PNup). Data were pooled across years of 2001 and 2002.

Parameters Equation R’
N e o s N
IR vty o S e S
1000 grain weight (2) Y = 27.7-0.228<BTNup-0.808xPNup+0.00186xBTNup” 0.6307

+0.227><BTNup><PNup-0.017XBTNup2><PNup+O.372><Dummy

TDummy means dummy variable of which value was assigned as zero for year 2001 and one for year 2002.
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