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Abstract:

An understanding of the vyield elaboration process and the stages of plant growth and
development from seed germination until physiological maturity at harvesting i1s useful in the
interpretation and analysis of hmited-grain-yield problems. The interaction of plant-soil-climate with
various cultural practices are important in defining a model to predict grain yield. The obsectives
of this research were to study the effects of nitragen availability and planting methods on plant
growth and development within the vield elaborat‘ion process, 0 anélyse the patterns of each
variable, and to define genetic coetficients and parameters for defining a yield elaboration model
in the south climate.

A rice cultivar known as Chieng Phatthalung was used in the study. Pot and tield
experiments were conducted from September 1995 through February 1996 {the wet season).
Two outdoor pot experiments were undertaken. The first studied the vield elaboration process
with six N aliocation rates: ¢ 75, 125, 1875, 250 and 3125 kg N ha'1 were applied In a
randomized complete block design wath three pots per ireatment per replication for three
replications. The second outdoor pot experiment examined apical development stages with four
N application rates: Q. 75, 125 and 187.5 kg N ha'1 {equivalent} were applied to 11 pots per
treatment. An ondfarm study examined the difference in the yield elabioration procass between
wet sown rice and transplanted rice. Plant density in wet-sown rice was about 400 plants mz,
and the hill spacing in transplanted nce was approximately 16-20 hills m‘z. The number of plants
hiH'1 and the hili spacing in each farmer’s field varied according to individual practices. The rate of
N application was 75 kg N harl. The expenmental design was also conducted as a randomized
complete block by using each farmer’s field as a block.

The results of the pot experiments showed that the beginning of tillenng, the turning
point of leat appearance, panicle initiation, flag leat stage, 50% fiowering, and physiological
maturity were found at about 220, 520, 1,200, 1,790, 2,015 and 2,520°Cd, equivalent to 11, 27,
62, 92, 103 and 129 days after sowing {DAS), respectively. The total number of leaves on the
main stem was 15-16. The turning point of leaf appearance and panicle nitiation coincided with
the appearance of the 8-91h and 12-13Ih leaves, respectively. N showed positive effects in
increased stem height, panicle length, number of primary rachis-branches, number of tillers, leaf
components, total above-ground dry matter, vield and vield components, %N and N uptake. Not
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and grain filling percentage were not significantly different between the treatments, and the
weight of 1,000 grains and the harvest index were both higher in the non-N treated tnals. Also,
the N uptake at harvest decreased in the N trials, especially in the higher application trials. The
observations of different planting methods showed that the growth and development stages of
wet sown rice occurred earlier than in transplanted rice, probably due te transplant sheck. Timing
for the beginning of tillering, 50% flowering and- physiological maturity were 410, 1,920, and
2.380°Cd, or sbout 21, 99 and 122 DAS for wetl sown fice and 760, 2,110 and 2,536°Cd or
about 39, 108 and 130 DAS for transplanted rice, respectively. However, the beginning of stem
elongation for wet sown rice was later than that for transplanted rice at about 1,090 and 940°Cd
or about 56 and 48 DAS, respectively. Generaliy, a higher density in the number of plants and
tillers for wet sown rice gave a higher leaf area and totel above-ground dry matter before the
50% flowering stage. Analysis of yield components showed that wet sown rice had a higher
number of panicles but a lower number of spikelets and number of grains than transplanted rice.
Percentage of fillad grains and the 1,000 gran weight were not different between the planting
methods. Overall grain yield and harvest index were also low in wet sown rice. The %N at
various stages was lower in wet sown rice, however ihe total N uptake at maturity was not
significantly different between the methods. The wet sown rice did show a fower uptgke in the
grains. Non-linear equations and linear regression were used to show the patterns of growth and

development.
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T =minimum temperature
P =turning point
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b =constant
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Table 1. Climatic conditions during the 1995-96 wet season.

Location  Sep85  Oct9h  Nov8 Dec9  Jan9  Feb 96 Mean Total

Rainfall {mm)
Songkhla 212.8 2479 488.4 4438 845 339 -~ 16113
Phatthalung 73.6 172.4 B24.7 173.7 85.7 63.6 - 1,393.7

Rainy days (day)
Songkhlz 21 25 27 23 7 6 = 109
Phatthalung 15 23 25 18 13 13 s 107

Temperature e

Songkhla 280 218 267 26.2 264 272 273 =

Phatthalung 278 27.4 26.2 25.7 25.4 26.1 26.6 -

Sunshine duration thr)

Songkhla 38 4.4 4.3 3.7 8.2 10.2 58 -

Phetthalung 45 42 29 40 6.9 7.7 5.0 -
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Fig. 1. Amount of rainfall, mean air temperature and sunshine duration at Songkhla and

Phatthalung from September 1995 to February 1996.
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Table 2. Accumulated thermal time mn “Cd after sowing at various growth stages for (a) pot

expeniment and (b) field experiment during the 1995-96 wet seascon.

Growth stage Pot experiment Field experiment

Wet sown rice Transplanted rice
Trensplanting - = 5439
Baginning of tillering 2003 4089 759.3
Turning point 5192 nd nd
Beginning of stem elongation nd 1,0904 (1,046.6) 9401 (1,0255)
Panicle initiation ~1,200.0 nd nd
Flag leaf 1,786.1 nd nd
50% flowering 2,058 1,921.3 2.107¢C
Harvest maturity 2,5176 2.376.3 2,5354

nd: non-detection

* Estimated from equations (1) and (2).
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Fig. 2. Relationship between number of leaves on main stem and thermal time after sowing for
pot experiment during the 1995-96 wet season (only treatment NO and Nb are
presented). Solid fine represent the treatment NO in pot experiment (1993 dry season).

Arrows indicate the timing for turning point (TP} and panicle initiation (P1).
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Table 3. Number of leaves on main stem at various growth stages for pot experiment during

the 1995-96 wet season.

Treatment Turring point Panicle initiation Flag leaf

NO 8.6b 11.48d 15.1¢
N1 8.7ab 12.1¢d 16.1¢
NZ 8.7ab 12.1¢d 15.2¢
N3 8.7ab 12.4bc 15.3c
N4 8.9a 12.5ab 15.5b
N5 8.9a 12.7a 15.9a

E.fasr * wxx P

CV (%) 1.03 1.06 0.72

* #x% Significant at the 0.05 and 0.001 probability levels
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level (Student-Newman-Keuls k-test)
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Table 4 Numker of leaves on the main stem as a function of thermal time in °Cd after sowing,

- o 2 . .
phytlochron and the coefficient of determination (r) for treatment nitrogens in pot

experiment at various growth stages during the 1995-96 wet season.

Treatment Regression equations Phyllochron r
(Y = a+bX) (/b: °Cd leaf )
{1) From 3 leaves until turning point:
NO NL=1.6+14.00x10 CDTT 7.5 0990
N1 NL=1.5+14.32x10 CDTT 69.8 0993
N2 same as N1 69.3 0.993".
N3 same as N1 69.8 0991
N4 NL=1.4+14.85x10 " COTT 673 0.994
NS NL=1.4414.75x10 COTT 67.8 0995
(2} From turning point until panicle initiation:
NG NL=6.6+4.44x10 "COTT 2252 0.984
N1 NL=6.8+4.47x10 CDTT 223.7 0986
N2 NL=6.8+4.53x10 CDTT 220.8 0.981
N3 NL=6.7+4.80x10 CDTT 208.3 0988
N4 NL=6.9+4.73x10°"COTT 211.4 0982
N5 NL=6.8+4.98x10 CDTT 200.8 0977
(3} From panicle initiation until flag leaf:
NO Ni.=5.6+5.02x10 CDTT 199.2 0989
N1 NL=5.8+5.05x10 CDTT 198.0 0.997
N2 NL=5.6+5.14x10 CDTT 194.6 0990
N3 NL=5.8+5.23x10"CDTT 191.2 0.990
N4 NL=5.7+5.42x10 COTT 1845 0991
N5 NL=5.8+5.45x10°CDTT 1835 0.988
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Fig. 3. Relationshin between stem height {culm+apex) of main siem and thermal time after

sowing for field experiment of wet sown rice and transplanted rice during the 1995-96

wat season. The fitted curves are present in equations (1) and (2}, respectively.
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Table b. Apical develcpmental stages of the the mamn shoot following Matsushima’s
classification for the four nitrogen treatments during the stem elongation stage. Medizan

stage of the apical in each date of sampling was obtained from 11 individual plants.

Ll
Treatment Apical development stage at the date of sampling

22/11/95 24/11/85 27/11/95 30/11/95 05/12/95 i0/12/95

(1406.0} {1441.4) (1496.7) (1554.7) (1642.9)  (1732.2)

<-----panicle development------ >gmmmmmn e spikelet development------------- >

NG Iy Vil IX X| X pMC™
N1 iV VI X X| SXII PMC
N2 Vv Vil IX X| >XIi PMC
N3 Vv Vil IX X| SXII PMC

(a} Numbers in parenthesis are the accumulated thermal time (°Cd) after sowing.

(b} Differentiation to reduction division stages of pollen mother cell.

Length of panicle {mm)

0 : i L1 11
Iy v VYLV IX X X X

Stagea of aplical davelopmant

Fig. 4. Relationship between panicie length and apical developnﬁent stages for treatmeant NG,
N1, N2 and N3 in pot experiment during the 1995-96 wet season, The fitted curves are

present in equations (3}, {4), (5) and (6), respectively.
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Fig. 5. Relationship between panicle length and thermal time after sowing for treatment NO, N1,
N2 and N3 in pot experiment during the 1995-96 wet season. Spline curves were fitted

to the cbserved data. Each observation point is the mean of the 11 individual plants.
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Fig. 6. Relationship between Huan leaf number during stem elongation and thermal time after
sowing for treatment NO, N1, N2 and N3 in pot experiment (1895-56 wet season). Each
observation point is the mean of the 11 individua! plants. The fitted curves are present in

equaticns (7), (8], (9} and (10), respectively.
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Table 8. Culm height, panicle length and number of primary rachis-branches of the main shoot

at harvest for the four N application rates.

Treatment Culm heightm Panicle length Number of primary
{cm) {cm) rachis-branches
NO 906 17.3 7.1
N1 99.6** 18.4** 7.3NS
N2 102.5** 18.8** 7.5NS
N3 106.2** 19.6%* 7.BNS

{(a) Height from ground level to panicle necknode.

** t_test significant at the 0.01 probability level from treatment NO.
NS Not significant at the 0.0% level.
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Table 7. Number of culms pot'] for (a) pot experiment and (b} number of culms nf2 for (b} field

experiment at various growth stages during the 199596 wet season.

Treatment Beginning of 50% flowering Harvest maturity

Tillering  Stem elongation

{a) Pot expenment:

NO = 133.3b 99.0c 98.7¢c
N1 - i35.7b 107.0bc 106.0c
N2 - 149.3a 119.0abc 111.7bc
N3 -- 151.7a 120.0abe 122.7ab
N4 - 158.0a 125.7ab 122.08b
Nb = 16h.7a 136.73 130.3z2
E st - s » “x
CV (%) = 4.57 8.36 H.38

(b} Fietd expenment:

Wet sown rice 765.3a 600.3a 420.7a -
Transplanted rice 157.60 329.9b 283.7b -
F-test > * * -
CV (%) 40.87 2916 1747 -

* ** Significant at the 0.05 and 0.01 probability levels
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level {Student-Newman-Keuls k-test)

Lf-ﬁm_,Lﬁuimzﬁmaﬁm&qﬁ’]muﬁuﬁwm wes uuUhnsatudiunm doudronsad Gu
mnmm%wummm?ﬂqmmuudmﬁmuLm:Emfm'umsﬁmﬁﬂﬁmmmi‘ﬂ@mmuﬂnr;h
ariidauduionis was aatiegsuuLiaiduaedain Jeduudiuioma ws’ 18d
m?ﬂ@mmummﬁmm (NCM2,50) wAZULLTINAY (NCM2p0 Muaennfeuazan (COTT)
WAINIWINUNAATI998N %@LwiﬂwﬁmﬁucﬁmlwﬁqqLLm@uﬁq?:a:m@nmu 50% HAL

RUWUS FARNNTT



1600 L) I L] I L] I L] I L I L]
c Wet sown rice (WSR)
1400 - g F Transplanted rice (TPR)

1 1200 -
1000 -
800 |-

600 |-

Number of culms m

400 |-

200 |-

o [ 7" i J '] J S| 1 L 'g
0 500 1000 1500 2060 2500 3000

Thermal time after sowing {(®*Cd)

Fig. 8. Relationship betweer number of culms m-z and therma! time after sowing for field
experiment of wet sown rice and transplanted rice during the 1995-96 wet season. The
fitted curves are present in equations (11), {12) and {13), (14) for wet sown rice and
transplanied rice, respectively. Arrows indicate the average timing for beginning of

tiltering (T}, beginning of stem elongation (SE} and 50% flowering (F).
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Fig. 9. Relationship between number of tilers m  and thermal time after sowing for field

experiment of wet sown rice and transplanted rice during the 1995-86 wet season. The
fitted curves are present in equations (15), {16) and {17), {18} for wet sown rice and
transplanted rice, respectively. Arrows indicate the average timing for beginning of

tillering (T), beginning of stem elongation (SE) and 50% flowering (F}.
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Fig. 10. Relationship between number of tillers plarlt-1 and thermal time after sowing for (a) pot
experiment and for (b) field experiment during the 199596 wet season. The fitted
curves of field experiment are present in equations {19), (20) and (21), {22) for wet sown
rice and transplanted rice, respectively. Arrows indicate the average timing for beginning

of tillering (T), Beginning of stem eiongation {SE) and 50% flowering (F). '
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Table 8. Number of tillers ;:»l;:mf1 at various growth stages for (a) pot experiment and (b} field

experiment during the 199596 wet season.

Treatment Beginning of 50% fiowering Harvest maturity

Tillering  Stem elongation

(a) Pot experiment:

NO - 23b 1.5 1.5c

N1 - 24bh 1.7b¢ 1.6¢
N2 - 2.7a 1.9abc 1.8bc
N3 = 2.8a 2.0abc 2.1ab
N4 - 3.0a 2.2ab 21ab
N5 - 3.1a 2.4a 2.3a
Fotigst _ xux * *xx
CV (%) = 5.86 12.76 7.54

{b) Field experiment:

Wet sown rice 0.8a 0.3b 0.3b -
Transplanted rice 0.9a 3.1a 2.0a -
F-test NS b rEX =

CV {%) 40.96 42.94 23.89 -

= x4 Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.
NS not significant.
Within calumns, treatment means followed by the same letter are not significantly different

at 0,05 probability level {Student-Newman-Keuls k-test)
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Table 9. Correlation matrix of leaf area components for (al pot expenment and (bl twelg

experiment during the 199596 wet season.

{a) Pot experiment: Stem elongation and 50% flowering.

Above and below diagonai for stem elongation stage (n=18) and 50% flowenng

stage (n=18), respectively. .
LA pot NL pot NC pot NLC LSIZE
LA pot - 0916 0880 0.690 0.900
NL pot og1s - 0.949 0.782 0.669
NC pot 0.845 0929 - 0.556 0.655
NLC 0575 0.856 0611 = 0.490
LSIZE 0888 0.474 0591 0.211" -

{b) Field expariment: Beginning of tillering until 50% flowering.

Above and below diagonal for wet sown rice {n=148) and transplanted rice {n=135},

respectively.
LAm NL NCm NLC LSIZE
LAm” - 0429 0.165 0698 0779
NLm 0.690 . 0.906 0347 0.155 "
NC m” 0523 0.923 - 0,060 0390
NLC 0580 0393 0.045" - 0.547
LSIZE 0866 0305 0.170 0.457 -

* %% %% Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.
NS not significant,

LA=leaf area; NL=nurmber of leaves; NC=number of culms; NLC=number of ieaves culm'1; and
LSIZE=leaf size.
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26.762.58 2
LAMZ,cp = 5 ) R =0.484*** (23)
1+ 7Z.11EXP(-3.42 x 10> CDTT)
31,380.87 2 )
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Table 10. Leaf area in cm p-c:t1 for (a} pot expeniment and leaf area in f.:m2 mJ for (b} field

experiment at various growth stages during the 199596 wet season.

Treatment

Beginning of

Tillering

Stem elongation

50% flowenng

{a) Pot experiment:
NO
N1
N2
N3
_N4
N5
F-test

CV (%)

{b) Field experiment:
Wel sown rice
Transplanted rice
F-test
CV (%)

8,783.71(0.89)a
3,864.46(0.29)b

* ¥

3237

8.041.75(7.90)d

8,965.11(8.81)cd
10,712.42(10.52)be
11,780.61(11.57)b
13,870.63{12.63)a
14,391.47(14.13)a

* %%

8.55

24,413.42(2.44)a
12,450.34(1.25)b

*

42.47

4,816.60(4.73)c
6.854.93(6.73)bc
8,614.84(8.48)ab
9,111.86(8.95)ab
10,153.38(9.98)ab
12,125.4111.91)a

* ¥

17.78

26,224 37(2.62)a
27,846.73(2.78)b
NS

16.53

% x% xx* Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.

NS not significant.

Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level (Student-Newman-Keuls k-test)

Leaf area indexes are in parenthesis.

v a 2 2 w 5 2 L e
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Fig. 11. Relationship between leaf area and thermal time after sowing for field experim.ent of {a)
wet sown rice and (b) transplanted rice during the 199596 wet season. The fitted
curves are present in equations {23} and (24), respectively. Arrows indicate the average
timing for beginning of tillering (T}, beginning of stem eloﬁgation {SE) and 50% flowering

(F).



47

AMUMILTZHZIIRINITRT NN U TLUAINISUINMLUE AT 1999 NAUN T DT L AR T LT U
o i . 4 - ' & il v y
AAWL 0.99 18eARuAlugas szwudinslgnuuutinanfifiszeziainisaiialumn
a 0 a8 LA o ar o o v

fu 1,9184°Cd (98 F1 FewunduliacFuudouiunsdanuuiinaniilszezinainisaing
losini 1,804.9%Cd 93 Tw nsdsznuAiuAlurasmslgnuunmitumineruRd LR us L
| & \ 2 ' 2 o Py 3 =l o = I

AIAHIAUATANLEAIAT R Aeud e Wessindayaiinoinilsdsugedeaziiulgann

anwournignszaeresndanantfiniulu Fig. 116

2. duauly
1 d‘ a d|
AaRuILlursaan wmstignlunszoneuarluwlasuwinemasng Nrzey
AW 1RINNEIALIRLATARIUINTG (Table 11) WAEASAULANFANSSZUIINT A6
lulnsay  uarszwdrdinisdgnuuumwinuinendiueuniingn  uaniessineaisues
anwuznisuAouulaserinnuluifiatndesnsafiszasua1sing q avedny q My
NSIATIEHHAUIAAUGAUTINNA  (Table 7))  Aldnanseasdaau gty e
= a b 1 o o i -
Wansnndeanwanly Buaves  (Table 12) asdanmsiugg anmnsanlunszonaden
Wy fwlanue iszurEudnanduuasssasnenuiu 50% seduutlagludiaunas
7 M 3.2-35 waz 3.64.1 lu swavns  warliuananaariuuanstalun1sadin ned
dudss@vninisudstiuAoudenivingy 479 uas 7.38% mNAWL ezl fanudanunuly
G o -1 = & & o o 2 ar o - & o e
Fuiavane Auun R NI R RA L EeRAdR T USRS R lulnsan AmTuanaw
[ ] Adl o 1% :ll 'I 1 = =Y
nmalgnluwianinersnnlengdn dadastuauly duiauus Tutasnisaonfuia
naEWRUNNTTzHEE N 7 Heoauduidslugasey 7 dwResfulezanu 34 Ty Fui
1 = - iy = . i 1 o o
e EemTeTsdneaiaiszarEuamieranisdgnuutvdnadiauasianuadly
o R | o | W B S i e =
puianne deandimisdgnuuuiinateteiidiadytssduanuiiedy P=0.05 uATssa:
FHEAAAUMATZNTZEZABNLAY 50% Januauly fuavus ludaouansieiwlunieads
5, b o By, BF i . . ; wl e
TEUINNIENNTLGNYY 2w ﬁuﬂimwﬁmmma‘mum:a::L?mmwu@@:um@qﬂmm‘:a:
BUHAAFULAZIZEZABNLNY 50% AINATALYINGL 16.27, 15.52 LAY 9.92%

ar

lﬁl o 8 i’/ -1 1 QI o g
anwisznslasuutasesaundly suiaius  azdey 7 lRSIWININTY
PINAFLAILATISWIN o ewszaz@uadiondasuniziaiaezasaanuiu 50% (Fig12) T4
wauly fwiauns  1esnsdgnuunad i ny INCC,,.) LazuuuiIngn INLC..,) fus

% o ' =3 2 =i as o L] =l ar &
AMNTBUAZAN (CDTT) AEVANAITUITUNARTIMEN  daruduiudidulusiingadudy

AT AIANNNT



48

; 2
Table 11. Number of leaves pot  for lal pot experiment and number of leaves m  for (b) field

expenment al various grawth stages durning the 199596 wet season.

Treatment Beginning of 50% flowering

Tillering

Stem etongation

{a} Pot experiment:

NO - 433.0b 359.0c
N1 - 438.3b 393.7bc
N2 - 491.7a 478.0abc
N3 - 508.0a 495 7abc
N4 - 5b60.7a 516.7ab
N5 - 574.7a 556.3a
F-test - wE¥ *
CV (%) - 4.90 12.39
(b} Field experiment:
Wet sown rice 2,244 0a 2,026.7a 1,483.0a
Transplanied nice 579.7b 1,131.70 992.0b
F-test ** * *
CV (%]} 4164 36.50 20.67

* *+ »x% Significant at the 0.05, 0.01 and 0.001 probability {evels, respectively.
Within columns, treatment means followed by the same ietter are not significantly different

at 0.05 probability level {Student-Newman-Keuls k-test)

NLCyyen =2.88+555x10 CDTT, T -

NLCyp =3.36+3.59x10 CDTT, =0.110%* 56

2 2 : 5 f ° 16 2 : -1 -~ s '
Wi ¢ 1edaNNIIRedadastAtAaudent uiduauly fuianns azllAanuduwusiuan
arfauaranfisTAUAIITaNY P=0.001 uaY P=0.01 AmmaIALdmTuNITUgnILmITY

YANLAZLLIUTINAN
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-1 . .
Table 12. Number of leaves culm at various growth stages for (3l pot experiment and (b} field

experiment during the 199596 wet season.

Treatment Beginning of 50% flowenng

Tillering Stem elongation

(a) Pot expenment;

NO = 3.2a 36a
N1 - ' 3.2a 3.7a
N2 - 3.3a 4.0a
N3 - 3.4a 41a
N4 - 3.5 4.3
N5 - 3.52 413
F-test - NS NS
CV (%} - 4.79 7.38

i) Field experiment;

Wet sown rice 2.9b 3.4a 3.ba
Transplanted rice 3.8a 33a 3.6a
F-test * NS NS
CV (%) 16.27 15.52 992

* Significant at the 0.05 probability level.
NS not significant.
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level {Student-Newman-Keuls k-test)

3. 276 L

gousnduiuluwdsananmnistgnlunsenruasluulaauninessng - (Table
| PO - ¢ ' =l =l -4' [ -
13) wanalisiudwitsmudlulasaursanmmasadiunreneasfinwiatuedauansganuiy

aad . o
NRANANTTUTFN 7] AU

- graziintinaTFu: NOSNTSNZ: UaENT<NZSNIEN4LNG 7 P=0.01
LT ARNLNE 50%: NOSNTSNISNISNA: LAsNTSNZ<N3<SNA<NG ¥ P=0.05
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ig. 12. Relationship between number of leaves culm"' and thermal ttime after sowing for field
experiment of wet sown rice and transplanted rice during the 198596 wet season. The
fitted curves are present in equations {25) and (26} ior wet sown rice and transplanted
rice, respectively. Arrows indicate the average timing for beginning of tiHeringA(T),

beginning of stem elongation (SE} and 50% flowering (F).
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Table 13. Leal size in cm2 leaf at various growth stages for (a) pot experiment and (bl field

experiment during the 199596 wet season.

Treatment Beginning of 50% flowerng

Tillering Stem elongation

{al Pot experiment:

N - 18.28b 13.27b
N1 - ~ 2057ab 17.13ab
N2 = 21.82ab 18.07ab
N3 - 23.22a 18.27ab
N4 - 24.72a 19.78ab
N5 - 25.09a 21.98a

F-test - *x .

CV (%) - 8.30 13.54

(b} Field experiment:

Wet sown rice 3.91b 11.96a 17.48b

Transplanted rice 6.74a 10.83b 28.13a
Etest » * .
CV (%) 2383 4.82 10.39

* x* x2* Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level (Student-Newman-Keuls k-test)

4ﬂ. v <l - ¥ 1 :’ 1 % =l a
watlndAeaiunslgnuunmanuinns ENFuFRALUE NO)
- = ’ s
sduuunmassyruimresrun lumad lusnmwudsainemsnsnanisdgnuuu
WINUUAN (LSIZE, WaruuLilnan (LSIZE.) ariauisludindumindiaaaiaaiuiou
azan (CDTT) MEUANAITUIMUNAAdI1NaN  TALLAMIAIMANWUS IUA NS LULRINTATY
Wumsa (Fig. 13) wazrwinluwanresiinislgnis 2 wuy idanaiArnufauazanla -

amsmdszanaiAnlfiaanasnng
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Fig. 13. Relationship between leal size and thermal time after sowing for field experiment of

wet sown rice and transplanted rice during the 1995-968 wet season. The fitted curves
are present in equations {27) and (28} for wet sown rice and transplanted rice,
respectively. Arrows indicate the average timing for beginning of tillering (T}, beginning

of stem elongation {SE) and 50% flowering (F).

LSIZE, i =0.08+9.71x10 CDTT,  r=0.877%** @7
LSIZE y =4.87+16.53x10°CDTT,  =0.865%** (28)
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Table 14. Leaf dry weight at various growth stages in g pot for {(a) pot expenment and i

g m’ for (b} field experiment during the 1995-96 wet season.

Treatment Beginning of 50% flowering

Tillering Stem elongation

{a) Pot experiment:

NO : - 28.87c 20.04b
N1 - - 2984c 30.02ab
N2 - 37.52b 39.22ab
N3 - 39.60ab 43.45a
N4 = 46.04a 48.04a
N5 - 46.83a 54 814
F-test o= wwx *
CV (%) ¥ 9.37 35.04

(o) Field experiment;

Wet sown rice 20.89a 85.93a 122.08a

Transplznted rice 10.705 32.82b 130.95a
F-test * " NS
CV (%) 32.03 44 81 17.81

* *** Gignificant at the 0.05 and 0.001 probability levels, respectively.
NS not significant. '
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level (Student-Newman-Keuls k-test)

minuialy
SsrprGuinanse NOSNI<NZ N2<SN3: uay N3SNA<NG 1 P=0.001
- STHZABNUIU 50%: NOSNTSNZ: was N1SN2SN3I<N4<N5 ¥ P=0.05

duszansnsulsiuiiAwinay 9.37 uaz 35.04% ANHAAL

’; - 1 ° k3
HAVUALLWIRTAU

- srurENTRansu: NOZNT<NZ: N2<N3: N3<N4: uay NA<NS  # P=0.001
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Table 15. Stem dry weight at various growth stages in g pot_1 for (a) pot experiment and in

g rn'2 for {b) field experiment during the 1995-96 wet season.

Treatment Beginning of 50% flowering
Tillering Stem elongation
{a) Pct experiment:
NO - 83.20d 183.386¢
N1 - 92.13d 231.72bc
N2 - 106.53c 287.88ah
N3 - 120.73b 291.54ab
N4 - 131.51ab 328.55s
N5 - 143.40z 361.89a
F-test - - .
CV (%) = 6.54 11.46
{b) Field experiment:
Wet sown rice 23.80a 205.42a 738,533
Transplanted rice 14.87b 43.72b 670.23a
F-test * xx NS
CV (%) 22.85 47.81 921

*0* 2% Significant at the 0.05, 0.01 and 0.001 probability levels, respectively,

NS not significant.

Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level (Student-Newman-Keuls k-test)

- JSHTARNUNN 50%:

NOSNT: NISN2SNS; uas N2SN3SN4SING 7 P=0.001
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Fig. 14. Relationship between leaf dry weight and thermal time after sowing for tield
experiment of (a) wet sown rice and (b) transplanted rice during the 199596 wet
season. The fitted curves are present in equations (29} and (30) for wet sown rice and
transplanted rice, respectively. Arrows indicate the"aver'age timing for beginning of

tillering (T), beginning of stem elongation (SE) and 50% flowering (F).
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Fig. 15. Relationship between stem dry weight and thermal time after sowing for field
experiment of {a) wet sown rice and (b} transplanted rice during the 199596 wet
season. The fitted curves are present in équations (31) and {32) for wet sown rice and
transplanted rice, respectively. Arows indicate the average timing for beginning of

tillering {1, beginning of stem elongation (SE) and 50% Howering {F).
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Table 16. Above-ground dry matter at various growth stages in g pot for {a) pot experimeni

andingm. for (b} field experiment during the 199596 wet season.

Treatment Beginning of 50% tlowering Harvest maturity

Titlering Stem elongation

{a) Pot experiment:

NO - 112.06d 203.42c 178.78d

NT - 121.99d 261.78bc 255.94c
N2 - 144.04c 327.10ab 295.88b
N3 = 160.34be 336.07ab 34b.34a
N4 - 177.55ab 37€.58a 356.16a
N5 = 190.23a 416.70a 372.64a
F-test - 24% rxx wh
CV (%) = 6.80 11.74 7.23

(b} Field experiment:

Wet sown rice 44.70a 291.06a 860.61a 923.00a
Transplanted rice 25.68b 76.54b 801.19a 925.68a
F-test ¥ "y NS NS
CV (%) 24.59 46.36 8.62 997

* ** *x% Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.
NS not significant.
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level (Student-Newman-Keuls k-test)
L =l [ ot =2 -2 ar (o] -1 o -
mrdgnuuuiingn TaadlAminiy 65.18x10° uax 86.73x10 nfu “Cd  ANAIAL
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Fig. 16. Relationship between total above-ground dry matter and thermal time after sowing for
field experiment of {a) wet sown rice and (b} transplanted rice during the 1995-96 wet
season. The fitted curves are present in equations {33} and (34) for wet sown rice and
transplanted rice, respectively. Arrows indicate the average timing for beginning of

tillering {T). beginning of stem etbngation (SE) and 50% flowering (F).



Table 17. Specific leaf area at various growth stages for (a) pot experiment and (b) field

experiment during the 199596 wet season.

Treatment Beginning of 50% flowering

Tillering Stem elongation

{a) Pot experiment:

NO - ' 278.90s 243.85a
N1 - 285353 227.18a
N2 - 289.64a 219.48a
N3 - 297.39 216.532
N4 - 302.13a 211.61a
N5 - 309.62a 221.18a
F-test - NS NS
CV (%) - 6.70 5.81

(b} Field experiment:

Wet sown rice 420.60a 284.36b 201.42a

Transplanted rice 360.92b 382.32a 204.03a
Ftest * & NS
CV (%) 6.67 12.56 4.03

* Significant at the 0.05 probability level.
NS not significant.
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level (Student-Newman-Keuts k-test)

mnziisroyFubindrdunasiisrazaanunu 50% Hanlszanmuegludossswing 275310
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Table 18. Leaf area ratio at various growth stages for (a) pot experiment and (b) field

experiment during the 1995-96 wet ssason.

Treatment Beginning of 50% flowerng

Tilierning Stem elongation

{a) Pot experiment;

NO = 71.77a 23573
N1 = 69.40a 25.69a
N2 - 75.14a 26.56a
N3 = 77.02a 26.723
N4 - 79.72a 26874
N5 2 76.26a 29.10a
F-test = NS NS
CV (%) E 5.80 12.97

{b) Field experiment:

Wet sown nce 191.08a 82.92h 32.99z

Transplanted rice 151.04b 163.18a 34.66a
F-test * *x NS
CV (%) 10.84 18.46 132.92

* ** Significant at the 0.05 and 0.001 probability levels, respectively.
NS not significant.
Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level {Student-Newman-Keuls k-tast)
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Fig. 17. Relationship between specific leaf area and thermal time after sowing for field
experiment of (a) wet sown rice and (b} transplanted rice curing the 193596 wet
season, The fitted curves are present in equations (35), (37) and (39), (41} for wet sown
rice and transplanted rice, respectively. Arrows indicate the average timing for beginning

of tillering (T}, beginning of stem elongation {SE) and 50% flowering (F}.
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Fig. 18 Relationship between leaf area ratio and thermal time after sowing for field experiment
of (a} wet sown rice and {b) transplanted rice during the 1995-96 wet season. The fitted
curves are present in equations (36, (38) and {(40), {42) for wet sown rce and
transplanted rice, respectively. Arrows indicate the average timing for beginning of

tilering (T), beginning of stem elorgation (SE) and 50% flowering (7).
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annsine 7 Auaaennidasgldiduin Aufludumnzusrdnnndauiuilufitesaafany
Fauazanuanng 480 uaz 800°Cd veen1stgnuuundiuiinanuazurniingn muatsy wx
1 2 | o = 4 Lol 7 o= L | 3 i
Uszanma iuduinuasiiannugnsiesnniy Tas R $AMANNG1 0.80 aun1s8eARud
Tudmnzanunsaausulidn Wubluduwizasanismdnneud 480°Cd waznstingn
) P = 2 e -l oa i
800°Cd HANGagAWINTL 42520 ez 396.81 LIUFNAT NN ARPINITAARININAATESHUY
Tuaunasfqeiddsuanudiiraainiswdndinni 9450 °Cd uaznistdnan?l 1,366.0°Cd 1
o 2 a 2 o ¥ g ] s & da e i ¥
ANATTL 027 WA 024 WWAWAT Ni °Cd  warAwuRlusmsinaafilssuinssey
ABNLW 50% T8N swinuunanuasmMatinaasviniu 19173 way 188.76 wwLimas niy
ANATy  lwinuaspgeiuazAmladn dnsdauiuilurasniswinuiannd 480°Cd
uwazn9ingn? 800°Cd HAwinu 182.35 ua 163.42 WWURNAT N3N BATINITAARINAN
apiiaanitreanisndnuiinud 798.1°Cd warneiingnii 1,421.19Cd dAnninri 0.20
= 2 s 1l g " e . X 4 o P
Laz 0.14 wuhimes nin °cd wsvAndnsndcunuilusganlsriinszazaeanty 50%

PRI ANLA SN TN AIRLTY 45,17 WAL 2484 WURAMET 154 HINAAY

nsdszannuAtwuily
v & - LT | o H - o -
ArHdnusTEnIeRuRlufwinuiely. e winuiaiauiaeasizdrmiie
fuainannisdgnlunsznng (Fig.19) HdnsoizuuiFinsadudunsg uaz ¢ daAswdnag
‘ y & , . e S e
{197 080 nisnszangresdayauiluazutiveeniy 2 ngnadieiaauszdnaiui lub
o o o ol - | - ° 5
sruzButaandiuiuiiszesnanuiu 50% nisdessanmuAniuilu neenne AszorSutadnfiu
(LApyr ) MUNTZEZABALIUN 50% (LAuq; o) MMAAIANANAUS TUTminutis Ty nezone’
fernzniseTiALinuar LI NIE ] seeumtnuiiely (LOW.,. . LDW., . ) Uaz289

UNAINUEIIMHATBIRTATUMTERY (TDM,o; oo, TDMas, ¢, o) @00 s0A WAL ARIAUN"S

WAporse =931.79+271 83L0Wopoge, £ =0.840 (43

LAu,cc =448.80+71.80TDM,y,, 1 =0.881 (44)



20000

~~ 16000

pnt-

12000

aooo

Leaf arsa {cm

4000

20000

16000

12000

Leaf arsa (:‘.m2 pot-1)

L] I L] l
Pot experiment

o atem elongation

e 50% flouerlrbg

20 40

Leaf dry waeight (g pot_i)

80

80

100

i

8000 |-

4000 |

1 T !
Pot experiment

o stam alongation

¢ 50%flowering

Q
Q

1 1 1 ]

D

100 200

300

400

Tota! abave—ground dry matter (g pnt_j)

500

Fig. 19. Relationships between leaf area and leaf dry weight (above) and total above-ground dry

matter (below) at stem elongation and 50% flowering stages for pot experiment during

the 1995-86 wet season. The fitted curves are present in eguations {43)-(46}.
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Fig. 20. Relationship between leaf area and leaf dry weight for field experiment of (a) wet sown
rice and (b) transplanted rice during the 1995-96 wet season. The fitted curves are

present in equations (47} and (49) for wet sown rice and transplanted rice, respectively.
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respectively.
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Fig. 22 Relationship between total above-ground dry metter and accumulative absorbed
photosynthetically active radiation (PAR,} for field experiment of {a} wet sown rice and
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curves for the 1995-96 wet season and for pooied data are present in equations {(51),
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Fig. 23 Relationship between mean grain weight and thermal time after anthesis for (a) pot
experiment and {b) field experiment during the 1995-96 wet season. The fitted curves
are present in equaticns (55), (56) and (57) for pot experiment (pooled data of all

treatrment nitrogens), wet sown rice and transplanted rice, respectively.
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Table 19. Esumation of final gran weight, maximum rate of grain filing and duration in
accumulated thermal time from anthesis to 0.95 of final grain weight for {a) pot

expenment and (D) field experiment (1995-96 wet season).

Treatment Final grain weight ~ Maximum rate of grain filling Duration

mg - mg °Cd ") (°Cd

{a) Pot experiment;

NO 20.83 ' 0.0844(1.70) 290.6(16.1)
N1 2048 0.0996(1.79) 284.5(15.8)
N2 20.28 0.1008{1.81) 280.4(15.6)
N3 2073 0.0851(1.71) 295.1(16.4)
N4 20.36 0.0832(1.61) 306.117.0)
N5 20.18 0.0972(1.75) 285.4(15.9)

{b} Field experiment:
Wet sown rice 21.00 0.1036(1.86) 265.9(14.8)
Transplanted rice 21.32 0.1051(1.89) 275.9(15.3)

5]
Rate in mg day and duration in days are in parenthasis.

nrzanuaziuumslgnyeassluasuinemsng  (Fig24)  wamdnmura @ity

o 2, 1 [ o
lLUU?‘lnTﬂ‘nuLﬁumT‘l Tmﬂ'ﬁﬂ’i T ﬂﬂu‘ln‘QQQLﬂqnu .84 paaun"s
-4 2
R =0.2135-4.0253x10 D r =0.837*** {58)
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g. 24 Relationship between maximum rate of grain filling and duration of grain filing with 95%

confidence intervals for pet experiment and field experiment. The fitted curve 15 present

in equation (58).
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Fig. 25 Relationship between grains moisture content and thermal time after anthesis for (a) pot
experiment and {b} field experiment during the 1995-96 wet season. Spline curves were
fitted to the observation data. Each observation point is the mean of 27 grains from the

pot experiment and the 540 grains from the field expenment.



7E

Table 20. Yield and vield components for (a} pot experiment and (b field experment for the

1995-96 wet season.

{a) Pot experiment:

NSPI PA

Treatment  GY  NPApot  NSPI pot NG pot  %FG  W1,0000
(g pot | )
NO 5309k  890b  35383c  399c  2.680.7c 7621a 1979
N1 7362a  101.3ab  5397.7b  532b 387836 7195 1897
N2 8242a  1100a  6,1230b  557b  44080ab 72.94a  18.70b
N3 99.82a  116.7a  7,2693a 6252 536932 7357¢  18.60b
N4 99242  119.7a  7.8800a  660a  55160a 69.68a  18.00c
N5 97 b7a 120.7a 8.9193a 67.8a 53797a 65993 18.12c
E.qest - - o - - NS rx
CV (%) 1274 7.93 9.03 6.21 1243 694 123
(b} Field experiment:
Treatment  GY  NPAm°  NSPIm~ NSPIPA NGm'  %FG  W1,000G
gm’) @
WSR  301.98b 3576a 19,8153b  56.6b  153722b 78.82a  19.84a
TPR  36027a 2401b 243075  101.3a  18230.0a 76.16a  19.77a
F-test s . * rae . NS NS
CV (%) 7.21 20.03 11.43 4.66 7.85 3.46 157

¥ ¥% ¥%* Significant at the 0.05, 0.01 and 0.001 probability levels, respectiveiy.

NS not significant.

Within columns, treatment means followed by the same letter are not significantly different

at 0.05 probability level {Student-Newman-Keuls k-test)

GY=grain yield; NPA=number of panicles; NSPl=number of spikelets; NG=number of grains;

FG=filled grain; W1,000G=weight of 1,000 grains; WSR=wet sown rice and TPR=transplanted

rice.
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CLARRR N7E0N T NO<SNTSNZSNIZNAZNG 7 P=0.01

P
- SMMTUSN NTENNY - NOSNT; uar N1SN2SN3ISN4A<NG 7 P=0.01
- 3ILABN NTZONY  ND<NT: N1<N2<NI uas N3<NASNG 71 P=0.001
L SWTUABN 999 NO<NT: NISN2<N3: uas N3<NA<NG i P=0.001

- TUNMUNAA NTZ0MN: NO<NT; NT<NZ; uaz N2SN3SN4ZN5 7 P=0.001
- wafuMNAALAN: NOZNISN2ZSNIZNAZNS 1 P>0.05

- UMD 1,000 AR NO>NT: Lax N1ZZN2>N3NA<NG 1 P=0.001
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dusummpnuiuwlssesdayafruinidlurrenfitonandaRlFuannaainsziu
BanuluinnauuszunAininlgnluudazane anuduiuitswitadneoesin - 189
ERRAR 41UIUIN AwauRen uardamada Ao luasilAaudiusiduuan
{P=0.001) umﬁ’u‘ﬁ%‘n'}?ﬂqnuuuudm*iqmu'lumummﬁ’nwm:?w'iuNau§mﬁuﬁﬂuqumo
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Table 21. Correlation matrix of yield and yield components for {a) pot expenment and (5 field

expenment (199596 growing season).

{a) Pot experiment: For ali treatments nitrogen application rates (n=18).

GYpot!  NPApot.  NSPlpot  NGpot %FG W1,000G
GY pof1 -
NPA pot-] 0.784 -
NSPlpot 0885 0878 r

NG pot’ 0996 0787 0910 -
%EG 0091° 0597 0527 0134 _
W1000G6  0.755 0667 0904 0804 048" "

(b} Field experiment:

Above and below diagonal for wet sown rice (n=20) and transplanied rice (n=24), .

respectively.
-2 2 -2 2
GY m NPA m NSPl m NG m %FG W1,000G
-2 NS NS NS
GY m - -0.083 0.854 0.981 -0.037 0.313
2 NS NS NS NS
NPA m 0.722 - -0.080 -0.136 0.130 0217
E) sun "ae L[R2 NS NS
NSPl m 0.890 0.731 - 0.897 -0.245 0.021
2 s [EE s NS NS
NG m 0.986 0.732 0.913 - 0.001 0.126
NS NS NS NS
%FG -0.251 0.400 -0.629 £.269 - 0.196
NS NS NS NS NS
W1,000G 0.0320 0.167 -0.157 0133 0.060 ==

® ¥* %% Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.
NS not significant.

Abbreviation of variables as in Table 20.

AUAUT WUTARDA  (P>005) andumanuduiusssndnula s mufuA AN LR UILSILAY
FMUIUARN UAZAHANRUSTIUANUNMIN 1000 WHAANLMANAR [TUIUTIE ITUIURAN

UATAUIUNAR 388N WMNTUgnlunsEmavases werAudNUTTEudnA e fa RGeS
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Fig. 26. Relationship between grain yield and number of grains areav1 for (8) pot experiment and
(b} field experiment during the 1995-96 wet season. The fitted curves are present in
eguations {59), (60} and {61) for pot experiment (pooled data of all treatment nitrogens),

and field experiment of wet sown rice and transplanted rice, respectively.
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GY,,, =509.14-22.72W1,000G, (=05670%** (62)
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(63).



0.500

0.400

0.300

0.200

Hdrvaat index

0.100

0.000

1800

o.500

0.400

0.300

4.200

Harvast Index

0.100

0.000

1800

|

- (o) Wat sown rices 7

L] I L) ' L I L] I

2000 2200 2400 2800 2800

- (b) Transplanted rice / -

T T T ] T T L] 1 T

1 4| 1 | 1 1 1 | 1

2000 2200 2400 2800 2BOO

Thermal time after sowing (°Cd)

Fig. 29. Relationship between harvest index during the grain filling period and thermal time after

sowing for field expenment of (a} wet sown rice and (b} transplanted rice during the

1995-96 wet season. The fitted curves are present in equations {64), {65) and {66) for

wet scwn rice, transplanted rice and peooled data, respectively.



87

|
(%

AUALIRIUATTEZTNLTNAUNTLYIANGIAAT 0329 uay 0.3%0 ANAIALTEINTTgNULL
winsanuasuuuiings azwudissaatnsnafadstiuionreanislgnuuumiiuin
puiidodnarduniinisdgnuuniingn  naefis  desnanazanAMEieuNIuuAINIINE 1Y
o o - v oo = & = o T R 5
wAnTmenIuEGuatATinIsiuReY (HI=00 aunsziasatintsfivinaciageanluns
AZLLLATNTUgNANAS NN nsdgnuuunduinenasdanlseunn 1,855°Cd (103 G
uax 2,376°Cd (132 34 daunisdgnuundnanaziiAngszuin 1,925°Cd (107 91 waz 2,550
°cd (142 T Tesmmiuldidrgaanainisiafisdriiufierasmninignuuuwdtnineuuas
o P " e o] o f'e) ar o ar .
wuuinassiialagtseninuviniy 520°Cd (29 1w uar 625°Cd (35 F1) BNAAY BENals
ARNNANITILATIZIANNITIIaNWUGAEAENIINARBUAT t TEI8IUARLNY Y (Y-intercept)
o o e - P e ol 3 - ' ar t
wardndss@nasinsaduresannisdszunaAnaniinisiiuinealsngnady  dnuusieany
Liuamepnnusnanalumsadfssudnauuudsnnstigniissduanadesiy P=005 fiuax

nisdwmiutszunumideiinanduioafifisainnisrandeyareanislgniiaassnuulunig

NAABIATILAE
HI =-1.111+5.932x10 COTT, F=0.879%** (66)

mﬁmﬁmﬂﬁuﬁmﬁi:mqmuimm?‘ﬁmwm:ﬁuLﬁmmﬂNEmmnﬂmwmafﬂqﬂ
Tunsznnmaaeetaardamuue lasiaussAuse 1 weslulaswunemsnsaaanisgnuuy
wimsheasting deusfremdng 0.2250.332, 0.270-0.376 uay 0.317-0.484 @y
fEu msmesianeidrinafufrsuineinuudiuinsnulilansaanuun

A1l NatE naaRe:
ATUNITALD TRV TRLNWE NOZNTZ>NZSNIZNAZNS ¥ P>0.05

dutlss@vianisulsiuflaniniy 7.14% Taofldwadussiinnfiufesrewinuus lulanag
NO, N1, N2, N3, N4 uaz N5 Fuiinlfwindu 0,302, 0.290, 0.283, 0.269, 0.280 uay 0.262 min
a1y drusnmsdgnivudasuinennsdsnguadn maﬂqmmuudqmﬁwm:ﬂm
aRssminmafufeavidy 0329 Fedndinsdanueuiindiilanedesaiine fufs
wWinriu 0.390 ﬂﬁiﬂdﬂjﬁﬂﬂ?’ﬁ{yﬂﬂﬂﬁﬁﬁ“f:ﬁUﬁQﬁuL%?Jﬂ;u P=0.01 uazduyss@ninisulssius

ANARLT MBI UNWYINAL 4.10%



1 88

1 N [

ANMNANAUS eI WATHN AR BN UHANR ALK EUMT NUTINIUNATOIRTEIU
wilafuannaninnisdgnlunszonmaaaiuar uuiamuunNeaAIng (Fig.30 and 31) uasa v
& o e o - ; ¥ v
WAL FainagiuiurreIamus lulassuuasraaninlgnuuuvinaian lifane
AUNUSAULANAR (P>0.05) dutlscAnTanduwus m NAWAAL 0.075 Ay 0.150 uAllAiw
FurusiduavstniiodAnyneainnssauanudedu P=005 AU winuiiauuae
e - =] 4 ] - o ar | S T ar = -3
wrdnuuienu TagdlAn r vinfu -0.522 WAy -0.502 AINATAL U RSTUIINADENSLALY
Aerasnnsdgnuuuiinanasflianuduiufiluuaniunsndradwiiled Agyneatan
sEéAN@EaTL P=005 uwAliiAnudriusiuiminuiaan AT eaNTdaumile iy (P>
0.05) ATTNANAUSIaaedNMOITTAN r U 0.472 uez -0.077 RANAIAL

eaRanruntieAuduRusseudnananan UL T winufvianu ssesnadawmiiofu
(Fig.32) azwuittandneavianus ilpsiauainanmnslgnlunszoimeae (GY,,) uax
HAHAR ML RIUANHATNIIBINITUGNUULWITWENRN (GY g HAZULUTINAT (GY o0 uARY

v 4

aruduiusidueniuiinuiiarusresnadoumiiann  (TOM) 1esusiazani1azign
tu 1 eteiidsdAynaiansciuanaiiadu P=0.001 tea r HAwinAy 0781, 0.597,

WRY 0.722 AIHAIAL AIANNAT

GY,,, =14.910+0.231TDM, P 7815 %% &)
GYysq =92.045+0.226TDM, 0 57 ** -
GYypq  =13.648+0.374TDM, P20.722%%* -

o - : o el s - : v Y =
HANITIATIEIATILANANTBsdNUsEAvEninsadusieAinmeaseuA © THuanalditiuin
futlsrAnsiinsaturatsanimnisdgnlunssormeaasiiAn indipeeivaninnisdgnlu

g . o

RUAIUUNEATNFULLULMIMRINAN (P>0.05) wadusednsinsatuigesiiasiiatanndinag

[
a -

dgnuuuiinansdeildoddggnuatianssduanudeiin  P=0.001  yueddsaiunanis
NARELAT t Tasdaudauny Y dsahpdranmnasdgnlunstotaveastuasluidasunsms
nsreansdgnuuuwinainauiidtuanssinaud @ Sarliviiy o ediedidoddynig
alAnszAuANdEnil P=0.001 meenudinuiudausiaunu Y asanisdgnuutmdnuiinuasil
A1 a Tdusnsieanaud (P>0.05) dutlse@ntiinsaduresanniaisansaytauantispndai
a o . o P & a1 awy
maiuior luuAszan mmMmassuaziduuunislgn Adstinaiuinaadiefldainnis
WANNANNLEAERETINIATUE AzfiAAININENNIMIALREIDIE TR ENIAHANER

-

L g L3 L g ol ol o ool e ‘ 1 lﬂ‘ 1 b b
AUUMTNLITIINATEINTRIUIUD AUNNANTNILATIE ﬂ‘]?ﬂ‘ﬁﬂﬁdﬂ’lﬂﬂd 9 fliaunliua,



0!500 8 l L] I | I' L | I L l ¥
(c) Pot exparimant
0.450 -
« 0.400 | -
o
£ a
« 0.350 -
= o o
>
= S T @ 9
= Ol r=—0.075" & -
: s
o
o o
0.250 | ° o _
o
()
0.200 1 1 3 | L 1 : | 1 | 1

0 25 50 758 100 125 150

Grain yleld (g put—1)
0-500 L) l L I L3 l L1 I L
| (b) Fleld exparimant * )

¢ Wet sown rice

0.450 - Tranaplanted rice 7
rud. 472«

0.400 |-

350 |-

Harvest Index
o

0.300 -

0.250 |- -

0.200 i 1 i 1 L 1 i 1 L
100 200 300 400 500 500

-2
Graln yleld (g m )

Fig. 30. Relationship between harvest index and grain vield for {a) pot experiment and (b} field

experiment during the 1895-95 wet season.
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Fig. 33. Comparison of predicted and observed grain yield for (a) pot experiment and (b) field
experiment of the 189596 wet season. Predicted grain yield with open ard solid

symbols were respectively obtained from TDMxHI at harvest and the linear regression

equations (67)-{69).
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Table 22. Percentage of nitrogen in dry matter (%N} and nitrogen uptake (N, g N pvot'1 or
gN mrzl at various growth stages for (al pot experiment and (b} field experiment during

the growing season 1995-96.

Treatment Stem elongation 50% flowering Harvesting

%N N - %N N %N N

up up y up

(2) Pot experiment:

NO 0.83 0.93 063" 1.28 0.71 (1.03) 1.26 (0.55)
N1 081 - 099 0.7% 1.86 0.69 (1.05) 1.76 (0.77)
N2 0.92 1.33 0.79 2.58 0.68 (1.06) 2.03 (0.87)
N3 0.92 1.48 0.86 2.89 0.72 (1.16} 2.48 {1.16)
N4 0.99 1.76 0.89 3.35 0.73 (i.16) 2.62 (1.1%)
N5 1.1 2.1 0.94 3.92 0.77 (1.24) 2.89 (.21

{b) Field experiment:

Wet sown rice 1.38b 40C1a 0.96b 8.19%b 0.79b (i.14b}  7.28a (3.42b)
Transplanted rice 2.95z 2.27b 1.32a 1046a  090a (1.34a) 8.40a (4.85a)
F-test e * * * * {*) NS (*%)

CV (%) 1.06 3471 1404  11.04 633 (9.68) 1352 (14.01)

* % *¥¥ Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.
NS not significant.
Within columns, treatment means followed by the same letter are not significantly different

at 0.06 probability level (Student-Newman-Keuls k-test)

Nitrogen in grains represente in parenthesis.

FBurndulnssuluiadoumilafunar ludnuudnravTaus NO<N1<N2<N3<N4<N5
aransu dauanmnistgnluudaanemms alefiausdlulanauluisdouviiafuus:lu
anvaaamdaiiaulsduaglugaassuin 0.792.95% way 1.14-1.34% ANAWL FEn1ndgn
LuLINNaNRss s Gufiaafy  sraTeenuL 50%  uazszoziiufsanandsn Azl
- =4 - -—y l: [ o 0
weafius iulnsiaulunzdaumiisfusindinislgnuruiinfnlasuaninananuiansimx
anANsEAUAEa Y P=0.01 TudaeszasGuiinasu waz P=005 ludqassuzmanuiu
' & o« = a4 o = -
50%  uarlutwrzezfiudaouands dudss@ninisudsiunsseznmissoiaulaues

WEUANIIANTsoslAwInL 11.06, 1404 Ua: 833% RAINAIAL  NIuBIRLUY
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Fig. 34. Relatiorship between percentage of nitregen in dry matter and tota! above-ground dry

matter for field experiment during the 1995-1996 wet season. The fitted curves for wet
sown rice and transplanted rice are present in equations (70} and (71}, respectively. The
reference equation proposed by Lemaire et al. {1990): ‘%:N:E.Gfﬂ'Dl\ﬂm9 for C3 species,

; ; ; A -
wheie TDM is total above-ground dry matter in t ha , was used for comparision.
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are present in equations (72} and (73}, respectively.
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Appendix A. Soil properties.

{a) Pot experiment:

pH{1:1;s0il:H,0)
oM

available P
exchangeable K
exchangeable Al
CEC

NH,-N

NO N

5.10

3.25%
20.04 mg kg
0.42 croli+) kg
0.26 cmol(+) kg'\
9.80 cmol(+) kg
0070 g kg
0.00% g kg

(b) Field experiment:

-Wet sown rice.

*

Plot  Soil depth  pH NH N AvaiP K Ca Mg Na Al Acdily  %0OM
No. {cmi 11 o kg1 mg kg'T --------------------- cmaol(+] kg] """"""""""""

1 0-15 §.34 0.016 15.10 0.05 3.06 029 008 G085 0.10 1.83

15-30 6.84 0.013 1.21 0.03 3.67 045 007 007 0.02 0.40

2 0-15 519 C.041 10.57 0.05 375 018 003 034 0.45 2.72

15-30 é.SO 0021 264 0.02 350 008  C.01 0.10 0.16 112

3 0-15 5.31 0.027 522 0.04 3.70 016 005 012 C.34 243

15-30 5.88 0.045 1.83 0.03 3.94 012 008 007 0.12 1.31

4 0-15 5.96 0.022 8.81 0.03 2.65 009 004 008 0.03 1.65

15-30 5897 0.035 1.24 0.02 215 002 002 0086 0.03 0.83

5 0-16 5.07 0.025 3.45 0.07 3.89 028 004 039 0.57 2.50

15-30 497 0.016 1.85 0.03 2.02 018 003 128 1.51 1.37

& 0-15 488 0.012 399 0.05 3.22 025 005 082 1.01 2.24

15-30 497 0.007 1.45 0.03 202 020 0G4 079 1.12 1.28




Appendix A. Soil properties (cont.).

b Field expenment

-Transplanted rice.

150

Plot  Soil depth pH N AvalP K- Ca Mg Na Al Acidily % 0OM

Ne e - g kg'w mg kg- o Cmoll‘+)‘kgrl‘ .............

1 0-15 541 0017 817 005 247 041 003 013 023 155
15-30 665 0015 8§22 003 438 05 006 005 021 047

2 0-i5 523 0020 762 004 348 017 004 029 041 282
1530 618 0017 196 003 405 009 010 004 008 097

z 0-15 532 0047 395 005 399 020 004 022 041 377
530 507  0.022 201 002 237 013 003 046 052 132

4 e — Caodats
]530 no dala ..............................

5 ("5 514 0033 315 006 353 023 005 030 046 207
15:3C 509 0020 167 003 204 016 004 11D 126 134

8 915 432 G018 391 004 334 027 005 075 084 217
1530 493 0007 137 003 204 017 005 133 190 1.3




Appendix B. Soil texture.

151

Plot No.  Soil depth %Sand % Silk % Clay Texture

{cm)

1 0-15 70.50 1533 14.17 sandy loam
15-30 66.72 13.26 20.03 sandy clay foam

2 0-15 60.43 14.11 2546 sandy clay icam
15-30 63.38 11.11 2551 sandy clay lcam

3 0-15 53.48 16.89 29.62 sandy clay loam
15-30 53.21 13.03 33.76 sandy clay loam

4 15 7389 10.92 15.19 sandy loam
15-30 7029 9.46 19.56 sandv loam

5 0-15 51.75 16.99 31.26 sandy clay loam
15-30 51.79 12.69 35.56 sandy clay

6 0-15 53.14 11.92 34.94 sandy clay loam
15-30 4117 16.27 4257 clay
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Appendix C. NH+4—N at before the first N application and harvesting.

Plot Ne. Soil depth (cm) NH, N (g kg )

Before the 1N application Harvesting

{a) Wet sown rice:

1 0-15 : 3.74 ‘ 163
16:30 3.21 1.76
2 0-15 1,15 278
15:30" 308 1.78
3 0-15 2.86 1.27
1530 3.29 1.88
4 0-15 215 1.29
1530 3.54 1.82
5 0-15 2.48 0.34
15-30 1,56 0.61
6 0-15 2.54 0.71
15-30 2.05 165

{b} Transplanted rice:

1 0-15 212 0.86
156-30 1.68 0.50
2 0-15 | 3.25 1.81
15-30 255 2.57
3 0-15 4.72 1.48
15-30 224 1.48
4 016 4.42 0.38
1530 3.01 0.36
5 015 3.30 1.40
1530 2.04 0.60
6 015 254 0.42

15-30 410 .39
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Appendix D. Previous crop and cultural practices within farmer’s field

(1995-96 wet season).

Plot No.  Previous crog Number of Sowing date  Transplanting date  Harvesting date

(dry seascn) plowing WSR* TPR** W3R TPR

1 non 2 27/09 21409 2010 13/02  13/02

2 rce 2 13/09  06/09 28/09 1702 17002

3 rice 2 29/09  01/09 02/10 13/02 18/

4 non 3 05/09  30/08 05/10 1702 30/

5 non 2 14/09  31/08 20/08 23/01 17/01

6 non 2 27/09  10/09 07/10 13/02 30/01

* wet sown rice

** transplanted rice



Appendix E. Responses of morphological and physiological traits to

nitrogen application rates for pot experiment.
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