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Determining Nitrogen Topdressing Rate at Panicle Initiation Stage of Rice
based on Vegetation index and SPAD Reading
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ABSTRACT The core questions for determining nitrogen
topdress rate (Npi) at panicle initiation stage (PIS) are
“how much nitrogen accumulation during the reproductive
stage (PNup) is required for the target rice yield or protein
content depending on the growth and nitrogen nutrition
status at PIS?” and “how can we diagnose the growth and
nitrogen nutrition status easily at real time basis?”. To
address these questions, two years experiments from 2001
to 2002 were done under various rates of basal, tillering,
and panicle nitrogen fertilizer by employing a rice cultivar,
Hwaseongbyeo. The response of grain yield and milled-rice
protein content was quantified in relation to RVIgreen
(green ratio vegetation index) and SPAD reading measured
around PIS as indirect estimators for growth and nitrogen
nutrition status, the regression models were formulated to
predict PNup based on the growth and nitrogen nutrition
status and Npi at PIS. Grain yield showed quadratic res-
ponse to PNup, RVIgreen around PIS, and SPAD reading
around PIS. The regression models to predict grain yield
had a high determination coefficient of above 0.95. PNup
for the maximum grain yield was estimated to be 9 to 13.5
kgN/10a within the range of RVIgreen around PIS of this
experiment. decreasing with increasing RVIgreen and also
to be 10 to 11 kgN/10a regardless of SPAD readings
around PIS. At these PNup’s the protein content of milled
rice was estimated to rise above 9% that might degrade
eating quality seriously. Milled-rice protein content showed
curve-linear increase with the increase of PNup, RVIgreen
around PIS, and SPAD reading around PIS. The regression
models to predict protein content had a high determination
coefficient of above 0.91. PNup to control the milled-rice
protein content below 7% was estimated as 6 to 8 kgN/10a
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within the range of RVIgreen and SPAD reading of this
experiment, showing much lower values than those for the
maximum grain yield. The recovery of the Npi applied at
PIS ranged from 53 to 83%, increasing with the increased
growth amount while decreasing with the increasing Npi.
The natural nitrogen supply from PIS to harvest ranged
from 2.5 to 4 kg/10a, showing quadratic relationship with
the shoot dry weight or shoot nitrogen content at PIS. The
regression models to estimate PNup was formulated using
Npi and anyone of RVlgreen, shoot dry weight, and shoot
nitrogen content at PIS as predictor variables. These mo-
dels showed good fitness with determination coefficients of
0.86 to 0.95. The prescription method based on the above
models predicting grain yield, protein content and PNup
and its constraints were discussed.

Keywords : rice, grain yield, protein content, vegetation
index, SPAD, N prescription
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Table 1. Summary of nitrogen application treatments in 2001 (upper) and 2002 (lower).

Tillering N.

. Total
Treatment Basal N. D{L)T DZXT D?X)T Total Panicle N. (keN/10a)
T1 0.00N 0.00N 0.00N ON, 0.5N, IN, 1.5N, 2N 0,0, 1.8, 3.6, 54, 72
T2 0.25N 0.25N 0.25N ” 2.1, 39, 57, 75, 93
T3 0.50N 0.50N 0.50N " 42, 6,0, 7.8, 9.6, 114
T4 0.75N 0.75N 0.75N " 6.3, 8.1, 99 11.7, 13.5
T5 1.00N 1.00N 1.00N " 84, 10.2, 12,0, 13.8, i5.6
T6 1.25N 1.00N 0.25N 1.25N " 10.5, 12.3, 14.1, 159, 17.7
T7 1.50N 1.00N 0.50N 1.50N " 12.6, 14.4, 16.2, 18.0, 19.8
T8 2.50N 1.00N 0.50N 0.50N 2.00N i 16.8, 18.6, 20.4, 22.2, 24.0
T9 2.50N 1.00N 1.00N 0.50N 2.50N i 21.0, 22.8, 24.6, 26.4, 28.2
Treatment Basal N T(llllzelr)lrfT)I\f Panicle N (kglil)/téli:)a)
T1 ON 0.0N ON, 0.5N, 1IN, 1.5N, 2N, 3N 00, 1.8, 3.6, 54, 72,108
T2 IN 0.0N " 4.8, 6.6, 8.4, 102, 12.0, 15.6
T3 IN 0.5N " 6.6, 84, 10.2, 12.0, 13.8, 17.4
T4 IN 1.0N " 84, 10.2, 12.0, 13.8, 15.6, 19.2
TS IN 1.5N " 10.2, 12,0, 13.8, 15.6, 17.4, 21.0
T6 IN 2.0N " 12.0, 13.8, 15.6, 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.

Table 2. Regression equation of grain yield (kg/10a) to RVIgreen and SPAD reading at panicle initiation stage (PIS) and one
week before PIS, and shoot nitrogen uptake from PIS to harvest (PNup).

Stage Parameters Equation R’
¥ = 112.29+42.438xRVIg+11.066xRVIgxPNup-0.5455xRVIg*xPNup
pIS RVlgreen -0.3098xR VIgxPNup’110.28xDummy 0.9509
SPAD ¥ = -1754+98.615xSPAD+50.805xPNup-1.029xSPAD?-2.362xPNup’
\ 0.9640
reading -29.19xDummy
¥ = 139.47+37.689xRVIg+11.4xRVIgxPNup-0.54xRVIg*xPNup-0.341
One week R Ylereen xRVIgxPNup81.27xDummy 0.9511
before PIS N
or riig?g ¥ = -625.4+29.138xSPAD+53.182xPNup-2.539xPNup? 0.9442

Dummy variable was set as 0 and 1 in 2001 and 2002, respectively.
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Fig. L. Isopleth of yield in relation to the RVIgreen or SPAD reading at PIS and one week before PIS, and PNup. Graph was

drawn from the equation in Table 2.

Table 3. The estimated requirement of shoot nitrogen accumulation from panicle initiation stage to harvest for the maximum

grain yield,

Stage Parameters PNUP_Vuax|
pIS RVigreen Y = 17.86-0.88xRVIg
SPAD ¥ = 10.755
RVIgreen Y = 16.716-0.792xRVIg
One week before PIS .
SPAD ¥ = 10473

TPNup_\rmx was estimated from the equations in Table 2.
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Table 4. Regression equation of milled rice protein content (%) to RVIgreen and SPAD reading at panicle initiation stage (PIS)
and one week before PIS, and shoot nitrogen accumulation from PIS to harvest (PNup).

Parameters Equation R’
PIS RVIgreen Y = 5.439+0.0126xPNup’+0.0133xRVIgxPNup+0.398x Dummy 0.9202
SPAD Y = 5.34240.0116xPNup’+0.0001xSPAD*<PNup+0.542 Dummy 0.919
1 week RVIgreen Y = 5.028+0.1396xPNup+0.0055xRVIg*+0.01xPNup’+0.459x Dummy 0.9219
before PIS SPAD Y = 5.328+0.0117xPNup’+0.00011xSPAD*<PNup-+0.569x Dummy 0.9167

Dummy variable was set as 0 and 1 in 2001 and 2002, respectively.
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Fig. 2. Isopleth of protein content in relation to the RVIgreen or SPAD reading at PIS and one week before PIS, and PNup.
Graph was drawn from the equation in Table 4.
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Table 5. The estimated requirement (PNup proein<7%) Of shoot nitrogen accumulation from PIS to harvest for the milled-rice

protein content of below 7%.

Stage Parameters PNup __prmeinsmT
RVIgreen 7= —0.0133 X RVIg+ V(0.0133 % RVIg)?—4x0.0126 < (5.493+0.398 x D—7)
PIS 2 0.0126
SPAD v ~0.0001 X SPAD 2+ /(0.0001 X SPAD)? —4x 0.0116 X (5.342+ 0.542 X D—7)
2x0.0116
_ 2_ N 2 _
RVIgreen ¢ —01396+ V/0.13962 — 4% 0.01 x (5.028 +0.0055 X RVIg? +0.459 x D—7)
One week 2x0.01
before PIS SPAD . —0.0001 X SPAD 2+ /(0.0001 X SPAD)2 — 4% 0.0117 X (5.328 + 0.569 X D—7)

2x0.0117

D means dummy variable that was set as 0 and 1 in 2001 and 2002, respectively.

TPNup _protein<7% was obtained from the equations in Table 4.
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Fig. 3. Relationship between shoot N uptake and RVIgreen or SPAD reading at PIS and one week before PIS. Graphs were

drawn from the equations in Table 5.
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Table 6. Recovery of urea N applied at transplanting, tillering and panicle initiation stage in 2001.

Basal+tillering N Panicle N recovery (%) Total N recovery (%)
Level  Recovery
(kg/10a) (%)

0 18 36 54 727 Memn 0 18 36 54 72" Mean

T1 0 - - 532 704 63.1 544 603 - 532 704 631 544 603
T2 2.1 68.3 - 525 7192 654 63.8 652 683 61.0 752 662 648 67.1
T3 4.2 39.8 - 763  84.1 786 700 77.3 398 508 603 616 589 543
T4 6.3 32.6 - 608 749 634 767 69.0 326 389 480 468 56.1 445
TS 8.4 327 - 740 739 773 754 752 327  40.0 450 501 524 440
T6 10.5 422 - 765 690 652 566 668 422 472 490 490 48 47.1
T7 12.6 39.5 - 649 644 732 742 692 395 427 450 496 521 458
T8 16.8 342 - 73 707 751 63.7 706 342 379 406 442 430 40.0
T9 21.0 29.5 - 716 652 747 781 724 29.5 328 347 387 419 355
Mean 39.9 67.0 724 707 681 696 399 449 520 521 524 487

T panicle N levels (kg/10a)

Table 7. Recovery of urea N applied at transplanting, tillering and panicle initiation stage in 2002.

Basal+tillering N Panicle N recovery (%) Total N recovery (%)

Level  Recovery 1 1
(kg/10a) (%) 0 1.8 36 54 72 10.8 Mean 0 1.8 36 54 72 108" Mean

T1 0 . - 703 651 604 654 529 628 - 842 72 65 689 552 69.1
T2 4.8 39.2 - 571 532 62,6 650 551 586 444 479 482 54 568 51.8 50.5
T3 6.6 31.4 - 659 562 73.0 588 561 62.0 351 41.7 426 522 475 482 446
T4 8.4 359 - 77.1 755 656 721 566 694 389 456 499 493 542 488 47.8
T5 10.2 31.9 - 647 649 749 725 563 66.7 343 389 423 484 501 456 433
T6 12 31.7 - 787 721 842 831 732 783 337 398 426 494 522 524 450
Mean 34.0 69.0 645 70.1 695 584 663 373 497 49.6 53.1 55.0 50.3 50.5

i panicle N levels (kg/10a)
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Table 8. Natural N supply from transplanting to panicle initiation stage (PIS) and from PIS to harvest in 2001 and 2002.

Natural N supply (kg/10a)

Natural N supply (kg/10a)

2001 2002
T.P.~PIS PIS ~harvest T.P.~harvest T.P.~PIS PIS ~harvest T.P.~harvest

Tl 2.79 3.36 6.15 T1 2.86 3.05 5.91
T2 " 4.02 6.81 T2 " 3.67 6.53
T3 " 3.61 6.40 T3 " 3.28 6.14
T4 " 3.69 6.48 T4 " 3.60 6.46
T5 " 3.59 6.38 TS " 2.80 5.66
T6 " 4.90 7.69 T6 " 2.19 5.05
T7 " 4.79 7.58
T8 " 4.83 7.62
T9 " 422 7.02

Mean 2.79 4.11 6.90 2.86 3.09 5.95

T.P : transplanting

Table 9. Regression models to predict the shoot nitrogen accumulation (PNup, kg/10a) from panicle initiation to harvest.

Models R-square
PNup = 3.61+0.84Npi-0.0249Npi” 0.856
PNup = 4.190-0.01RVIgreen2+0.82Npi-0.022Npi2 0.871
PNup = -1.67+2.41NDp-0.026NDp’+0.83Npi-0.022Npi’ 0.944
PNup = -5.69+0.074DWp-0.00014DWp’+0.83Npi-0.021Npi’ 0.948

Npi (kg/10a)

NDp (kg/10a) :

: nitrogen rate applied at panicle initiation stage (PIS), RVIgreen : green ratio vegetation index at PIS,

shoot nitrogen content at PIS (kg/10a), DWp (g/mz) : shoot dry weight at PIS
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