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Effects of Different Nitrogen Fertilizer Levels and Spacing on
Phyllochron, Yield and Yield Components of Rice (Oryza sativa L.)
under System of Rice Intensification (SRI)

Ei Ei Khing', Kyaw Kyaw Win'", Than Da Min? and Soe Win®

Abstract

The experiments were conducted to investigate the effects of different nitrogen levels and spacing
on phyllochron until flag leaf and to determine interaction effects of different nitrogen fertilizer levels
and spacing on the phyllochron, yield and yield components of rice under the system of rice intensifica-
tion (SRI). Four levels of nitrogen fertilizer rate (0, 45, 85 and 125 kg N ha™) and three spacing (15 x
15, 20 x 20 and 25 x 25 cm) were laid out in 4 x 3 factorial in randomized complete block design
with three replications in both dry and wet seasons. Higher number of leaves hill"' was observed in dry
season as compared to those in wet season. Different mean values of phyllochrons were resulted from
different levels of N applied and spacing in both seasons. In general, phyllochrons were shorter as in-
creased of N applied. The wider spacing resulted the shorter phyllochrons. The highest nitrogen fertiliz-
er rate N3 (125 kg N ha™') and the widest spacing of S; (25 x 25 cm) gave the higher yield, yield compo-
nents and agronomic parameters than the others. But, the maximum leaf area index (LAI), leaf dry
weight (LDW), total dry matter (TDM) and crop growth rate (CGR) were produced by S; (15 x 15 cm)
in both seasons. The combination effect of nitrogen fertilizer and spacing showed that the maximum
yield was obtained from N3S; (125 kg N ha™ + (25 x 25 cm)) in both seasons. Therefore, the fertilizer
rate 125 kg N ha with spacing 25 x 25 cm should be used for rice to attain high grain yield under SRI.
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Introduction

System of rice intensification (SRI) methods
provide the highest yield when young seedlings are
transplanted, less than 15 days old and preferably
only 8-12 days, i.e., before the start of the fourth
phyllochron (Stoop et al. 2002). The vital physio-
logical principle of SRI practices is to provide opti-
mal growing conditions to individual rice plant so
that tillering is maximized and phyllochron is short-
ened (Nemoto et al. 1995). Phyllochron is the time
interval between the appearances of successive
leaves on the main stem during the rice develop-
ment (Itoh and Sano 2006). Phyllochron study is a
suitable method to better understand the plant vege-
tative growth and helps simulation of plant growth.
Phyllochron differs in a function of temperature,
day length, nutrition, light intensity, planting densi-
ty and humidity (Veeramani et al. 2012). Therefore,
the knowledge of phyllochron is useful for charac-

terizing plant development and determining when to

apply management practices that depend on the crop

developmental stage (Martinez-Eixarch et al. 2013).

Nitrogen is the most limiting nutrient to rice growth

and grain yield in almost all environments (Yoshida

1981). Therefore, proper nitrogen management is

essential for optimizing rice grain yield (Fageria et

al. 1997). Plant spacing is a vital production factor
in transplanted rice (Bozorgi et al. 2011). Improper
spacing decreased yield up to 20-30%. The opti-
mum spacing ensures the plant to grow in their both
aerial and underground parts through efficient utili-
zation of solar radiation and nutrients (Mondal et al.

2013). Therefore, the present study was undertaken

with the following objectives:

e to investigate the effects of different nitrogen
fertilizer levels and spacing on phyllochron
until flag leaf under the system of rice intensifi-
cation (SRI) and

e to determine interaction effects of different
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nitrogen fertilizer levels and spacing on the
phyllochron, yield and yield components of rice
under SRI

Materials and Methods

The experiments were conducted at the low-
land field of Department of Agronomy, State Agri-
culture Institute (SAI), Patheingyi during dry season
from March to June 2017 and during wet season
from July to November 2017. Four levels of nitro-
gen fertilizer rate (0,45, 85 and 125 kg N ha™)
and three spacing (15 x 15, 20 x 20 and 25 x 25 cm)
were laid out in 4 X 3 factorial in randomized com-
plete block design with three replications. Shweth-
weyin rice variety which was a widely cultivated
variety in Patheingyi was used as a tested variety.
Fourteen days old seedlings with one seedling hill!
were transplanted for SRI. In this experiment, phos-
phorus fertilizer (63 kg P,Os ha') was applied as
basal. Potassium fertilizer was applied at the rate of
63 kg K,0 ha'! in two equal split applications as
basal and at panicle initiation stage (36 days after
transplanting (DAT)). Nitrogen as urea was applied
in three equal splits: one third at recovery stage (9
DAT), one third at active tillering stage (21 DAT)
and the remaining one third at panicle initiation
stage (36 DAT).

Plant height, number of tillers hill"' and SPAD
values (Soil and Plant Analysis Development) from
5 sample hills (5 sample plants marked with sticks)
were measured at weekly interval starting from 14
to 70 DAT. The number of leaves on the main culm,
number of leaves hill! and phyllochron were meas-
ured from the 4-leaf stage to the complete exertion
of the flag leaf in 3-day intervals. Three sample
plants were taken in each plot to measure total dry
matter at 14-day intervals from 30 to 86 DAT. The
grain yield was determined from a central 5 m* har-
vested area in each plot and was adjusted to 14%
moisture content. The yield components data and
panicle length were separately analyzed from 5
sample hills bordered with harvest area. Haun leaf,
phyllochron, leaf area index (LAI) and crop growth
rate (CGR) were calculated according to the follow-
ing equa- Ln tion:

Hawm leaf = [m] +n-1
T1-

Where; L, = the length of the youngest leaf blade
above the collar of subtending leaf,
L1y = the length of the blade of the penultimate
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(subtending) leaf and
n = the total number of leaves that are visible on the
main culm

(Haun 1973)

Phyllochron (d leaf ™)
Number of elapsed days between the two consecutive Haun leaves

measurement difference between the two consecutive Haun leaf number measurements

(Wilhelm and McMaster 1995)

Sum of the leafarea ofall leaves

N Ground area of field where the leaves have been collected

(Yoshida 1981)
Wy - Wy 1
w —
I,-T; Ga
Where; W, = Plant dry weight at time T, W, =
Plant dry weight at time T, T, = Time unit at first
harvest, T, = Time unit at next harvest and G,=
Ground area.

CGE =

(Gardner et al. 1985)

The data were subjected to analysis of vari-

ance by Statistix (version 8.0) program and mean

comparisons were performed by using Least Signif-
icant Difference (LSD) at 5 % level.

Results and Discussion

Yield and Yield Components

At different nitrogen fertilizer levels, grain
yields and yield components of rice increased with
increasing nitrogen application levels in both sea-
sons (Table 1 and 2). N3 (125 kg N ha) gave the
maximum grain yields in both seasons. Increase in
grain yield with the application of 120 kg N ha™' in
rice was found by Majid (2012). In dry season, the
maximum number of panicle hill"' was observed
from N, which was not significantly different from
N;. In wet season, the maximum number of panicle
hill"! was attained from N;. The maximum number
of panicle m? was produced by 120 kg N ha (Bali
et al. 1995). The maximum filled grain % was ob-
tained from Nj in dry season and N, in wet season.
In both seasons, the maximum number of spikelets
panicle”, 1000-grain weight, panicle length and
harvest index were observed from Ns.

Among the different spacing, the widest spac-
ing, S; (25 x 25 ¢cm) gave the maximum grain yield,
number of panicle hill!, number of spikelets panicle
! filled grain %, 1000-grain weight and panicle
length in both seasons (Table 1 and 2). The maxi-
mum harvest index was produced by S; in dry sea-
son and S; in wet season. Karki (2009) described
that 25 x 25 cm spacing produced higher grain
yield. Baloch et al. 2002 found that the highest
number of panicles hill”' was attained from 25 x 25

© 2019 Yezin Agricultural University



72

“[9A9] %6 T JUSIOYIP AJUBOIIUSIS JOU OJ6 UWUN[OD O} UIYIIM 10)J] SWES 9} Aq PIMO[[0] SUBIIA

£€6'C 81 81°S 98°6 176 616 £€9'6 %AD
61000 1520°0 T6T1°0 0LE8'0 vL6S 0 €020°0 ¥$80°0 S x N
LETO0 ¥810°0 6200°0 €201°0 00L0°0 1000°0> 1000°0> S
1000°0> 1000°0> #0000 $T0L0 §T10°0 1000°0> 1000°0> N
A<id

10°0 1€°0 68°0 679 ¥9'9 ST'I 4 S0 g1

® 760 ©70°0C eSTIT €€°6L €868 ©/9°0C eY6y (wd 6T x ud §7)°S
© 760 qe 88°61 qQ6L61 I1°€L qe LT°68 9001 Q65 (wd (07 x wd 07)*S
9050 Q8561 qQ6L61 8LEL qQ9L'8L 9198 S€rY (wd g1 x wd g1)'S
(S) Sueds

10°0 5€°0 €01 LTL 99°L €€l §T0 S0 g1
€50 ©78°0C e 0SIC 16'LL ©LLL8 B EE9] LTS (BUN S STDIN
q€S°0 q0£°02 qe 19°0C SLtL €E68 € 68791 XA (;-BU N 3 $8)°N
QS0 2€8°61 q90°0¢C 90¥L LA Qivl qo6v'y (L BUN 3 SH)'N
2¢4°0 P 9¢8I 2681 68°vL qQErsL P oTI'E (jonu0))'N

(N) 19ZI[15] U9300IN

(u) @) wSes  oumis  opued sop LIy (543

XOpUL ¥S3A16H )3ud opdrueq urea3-go01 PoIA -qids jJo 'oN  sopdrued jo ‘oN PPIA urean

judunead J,

Journal of Agricultural Research (2019) Vol. 6 (2)

L107 ‘uoseas A1p a3 Surmp 9011 Jo sjuauodwiod paI& pue pRIA ureld uo uroeds pue soje I9ZI[1119) UdSONIU JO SIOFS UBIA ‘[ d[qeL

© 2019 Yezin Agricultural University



Journal of Agricultural Research (2019) Vol. 6 (2)

73

“[9A9] %6 T JUSIOYIP AJUBOIIUSIS JOU OJ6 UWUN[OD O} UIYIIM 10)J] SWES 9} Aq PIMO[[0] SUBIA

vL'E 67'€ 96'C (A4 SLT 68t 919 %AD
8881°0 6L0%0 1€10°0 1%50°0 $901°0 2000°0 80000 SxN
8LET'0 L9€0°0 1000°0> 0%00°0 1000°0 1000°0> 1000°0> S

1000°0> 1000°0> 1000°0> €200°0 1000°0> 1000°0> 1000°0> N
A<ad

200 95°0 670 €8°C 68'1 LS'0 120 S0 g1

0S°0 ® £E0T © 50T ©76'8L €008 € 86°0C eysy (wd 6T x ud §7)°S

150 qe 68°61 Q6761 qQeCHL q€8°6L Qerel qQ16'€ (wo 07 x W O7)°S

6%°0 96561 qQLT61 qQ8SYL qSL6L 200°L O8%'¢ (wd g1 x wd g1)'s

(S) suneds
200 ¥9°0 LS'0 9T'¢ 81°C $9°0 vZ0 S0 as1
€560 B0 1T ® €C0CT qe 8L°9L € 68°68 € L9p] e 79y (BUN S STDIN
QTS0 Q€70 e 110 ©TT6L ©00'S8 qQe 7Tvl eov'y (;BU N 3 $8)°N
Q150 qQLL6l © 6861 qiSL QII'6L qQ8L€l qQ¢€6'¢ (,BUN 3 S¥)'N
2TF0 24981 Q1981 2¢€TL 08LYL 200°CI 0/8T (jonuod)’N
(N) JRZI[D19§ UIS0DIN
XopuJ JSoAIRH (wo) (3) yustom % Vi3 pAptued s1 oI (e JudUBALY,
YI3ud] dpd1uey ureas-g001 ponILA -oyids Jo ‘oN sopued Jo 'oN| PRI uren

£107 ‘uoseas j3om oY) Surmp 9011 Jo syuouodwos proif pue po1f urerd uo Juroeds pue ojel IOZI[1II) USSONIU JO SIOFS UBSIA ‘T J[qRL

© 2019 Yezin Agricultural University



Journal of Agricultural Research (2019) Vol. 6 (2)

cm spacing in transplanted rice.

There were not interaction between nitrogen
and spacing on yield during dry season. But, in wet
season, there was a significant interaction on grain
yield between nitrogen fertilization and spacing.
However, in both seasons, the maximum yield of
rice were observed from N3S;. There were interac-
tion between nitrogen and spacing on grain yield
(Salahuddin et al. 2009).

Agronomic Characters

In both seasons, there was highly significant
difference in plant height among different nitrogen
fertilizer levels (Table 3 and 4). Plant heights were
gradually increased as affected by nitrogen applied.
Among spacing, there was no significant difference
in plant height (Table 3 and 4). There was highly
significant difference in number of tillers hill"! at
both different nitrogen fertilizer levels and spacing
(Table 3 and 4). The number of tillers hill" in-
creased with increased nitrogen application. Sala-
huddin et al. (2009) observed that the number of
tillers hill"' increased with the increasing nitrogen
applied up to 200 kg N ha. The number of tillers
hill"' was superior at the widest spacing of S;. Sul-
tana et al. (2012) discovered the highest number of
effective tillers per hill with 25 cm row spacing in
rice. SPAD value resulted from nitrogen applied
were significantly higher than that of control (Ny)
(Table 3 and 4). The maximum SPAD value was
attained from S; among different spacing. The more
nitrogen applied, the more leaf area index (LAI),
leaf dry weight (LDW), total dry matter (TDM) and
crop growth rate (CGR) of rice resulted (Table 3
and 4). LDW value of higher nitrogen fertilizer lev-
els was higher than those of lower levels (Azarpour
et al. 2014). The maximum LAI, LDW, TDM and
CGR were resulted from S;.

The number of leaves on the main culm and
leaves hill" were significantly affected by N appli-
cation (Table 3 and 4). The maximum number of
leaves on the main culm and leaves hill"! were pro-
duced by N;. Among spacing, the maximum num-
ber of leaves on the main culm and leaves hill”
were observed from S;. The maximum number of
leaves plant” was produced by 25 x 25 cm spacing
(Karki 2009). Higher number of leaves hill"' was
observed in dry season as compared to those in wet
season.

Phyllochron

In different rates of nitrogen fertilizer of dry
season, there was significantly different in phyl-
lochron at all leaf numbers on the main culm except
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leaf number 13 (Table 5). According to the results
of the experiment, phyllochrons applied different
nitrogen fertilizers levels were significantly shorter
than that of Nj,. At leaf number 7, 11, 12, 13, 14, 15
and 18, shorter phyllochrons were obtained from
N;. In wet season, significant differences in phyl-
lochrons among the different nitrogen fertilizer
were observed from leaf number 7, 8, 9, 10, 11 and
16 (Table 6). At leaf number 5, 7, 8, 9, 10, 13 and
15, shorter phyllochrons were obtained from Nj.
Phyllochron was short with increasing nitrogen
(Hokmalipour 2011).

In dry season, there was significantly different
among spacing in phyllochron at 7, 9, 10, 12, 15
and 18 leaf numbers on the main culm (Table 5). At
leaf number 7, 9, 10, 16, 17 and 18, phyllochrons
were short in the widest spacing S;. In wet season,
there was significantly different among spacing in
phyllochron at 6 and 7 leaf numbers on the main
culm (Table 6). At leaf number 7, 8, 9, 12, 13, 15
and 16, phyllochron in S; was shorter than S; and
S,. With increasing plant density, phyllochron
length was long (Nemoto et al. 1995 and Hokmali-
pour et al. 2010). In general, phyllochrons were
shorter as increased of N applied. The wider spacing
resulted the shorter phyllochron. Interaction was
found between different rates of nitrogen fertilizers
and spacing in both seasons (Table 5 and 6). The
shortest phyllochron length was attained from the
highest nitrogen fertilizer level and the lowest plant
density (Hokmalipour et al. 2010).

Conclusion

According to the result of this study, higher
number of leaves hill! was observed in dry season
as compared to those in wet season. Different mean
values of phyllochrons were resulted from different
levels of N applied and spacing in both seasons. In
general, phyllochrons were shorter as increased of
N applied. The wider spacing resulted the shorter
phyllochron. Shorter phyllochron increases the
number of leaves and tillers at vegetative stage.
Consequently, increase number of panicles may
contribute rice yield. The highest nitrogen fertilizer
rate (N3) and the widest spacing (S;) gave better
growth performance, yield and yield components
than the others. So, N3;S; should be used for
Shwethweyin rice variety to attain high yield.
Therefore, further phyllochron studies on other dif-
ferent rice varieties in relation with management
practices are useful research in rice.
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