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TILLER DYNAMICS IN INDICA AND TROPICAL JAPONICA RICE
FROM TRANSPLANTING STRESSED SEEDLINGS UNDER IRRI-
GATED CONDITIONS

Stanis Malangen

Abstract

An experiment was conducted at JICA, Tsukuba, Japan from April to October 2009 to elucidate the effect
of transplanting stress on the growth and development of two rice varieties; IR — 64 (Indica) and a Tropi-
cal Japonica (Demadola). Four different transplanting options and the two varieties were tested in a fac-
torial experiment of randomized complete block design with 3 replicates. Tiller production was higher for
Indica varieties. It was also evident that though total tiller production was high for the different stress lev-
els for the Indica variety; tiller mortality was also high; resulting in slightly higher effective tiller numbers
compared to the normal planting. Stem elongation or rhizomes with muitiple nodes were observed in In-
dica seedlings that were severely damaged thus resulting in higher production of tillers. The increase in
the production of high effective tiller number could increase the yield of rice for farmers who apply very

little or no inputs at all in their rice production.
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Introduction

Rice (Oryza sativa L) has many advantages over
most of the traditional staple food crops in the
Pacific Region. Rice is easy to store, does not
perish during transportation to distant locations,
consumption of small volumes is enough to sat-
isfy the human appetite compared to the tradi-
tional root crops and is considered a novel food
(Malangen and Komolong, 2007). It has great
potential for food security for these Island coun-
lries where the population is expanding with high
urban migration and rapid genetic erosicn on fra-
ditional staples

In Papua New Guinea (PNG) rice Is predomi-
nantly cultivated as a subsistence crop under up-
land conditions (Sajjad, 19925 and 1998). The
commonly grown rice varieties are Indica and
Javanica commonly referred to as Tropical Japon-
ica FAO (2009) are directly dibbled into the field
amongst other crops or planted as a mano-crop in
small to medium plots. The yields are generally
low due to poor germination, soil fertility, and
competition from weeds.

Rice yields can be increased in many ways. The
two main ways are by planting improved high
yielding varieties and by adopting proper agro-
nomic practices to achieve their potential yield.
Generally the yield of hybrid rice varieties is 10% -

15% more than the improved inbred varieties
(Alam, ef al 2008). Proper planting is an important
management practice which can increase the
yield of rice. Some farmers in PNG have adapted
to transplanting seedlings under upland rain fed
conditions due to better competition against
weeds and their high survival rate, Mitchell et a/
(2004) found that rice transplanted produce 6%
more yield than nce direct seeded. The Interna-
tional Rice Research Institute (IRRI) aiso reporied
that transplanted rice generaily produce more
tillers than direct seeded crops IRR1 (2009)

Studies have shown thal indica rice varieties tend
to still grow even if their seediings are slightly
damaged during transplanting compared to the
Japonica and Tropical Japonica formerly known
as Javanica varieties. While a study by Urayama
ef al (1889) tound that Traditional Indica Varieties
when exposed lo stress at transplanting produce
higher tillers numbers than the improved Indica
varieties. The production of high tiller numbers
could increase the yield of rice for farmers in PNG
who apply no or very low inputs in rice proeduc-
tion,

This study was planned to determine whether
transplanting stressed seedling increases tiller
production in Indica and Tropical Japonica rice
varieties.
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Materials and Method
Design of Experiment

This experiment was conducted at the Tsukuba
International Center (TIBC) Ibaraka in Japan in a
glass house from April to October 2009. Two rice
varieties, an Indica (IR- 64), and a Tropical Ja-
ponica (Demadola) rice variety denoted as V; and
V,, respectively were used in this experiment.

Thirty day old seedlinqs (4-5 leaf stage) were
transplanted on the 15" of April into pots filled
with mountain soil. The two varieties were planted
under 4 different stress levels (treatments). The 4
stress levels are 1: Planted upright (Control), 2:
Planted horizontal to the soil surface. 3: Planted
with stem completely bent at 90 °C and 4: planted
with stem completely snapped: denoted as (T),
(T2), (Ta) and (T4), respectively. Each treatment
has 6 pots transplanted with a single seedling.
The experimental design is a two-factor experi-
ment in Randomized Complete Biocs (RCB) with
3 replications.

For soil fertility, NPK (6-9-6) fertilizer was applied
at a rate of 100kg ha™' of Nitrogen spit application
(60 kg at basal and 40 kg top dressing). Phos-
phorous (P;0s) (0-17.5-0) and Potassium (K;Q)
(0-0-60) fertilizer was applied at a rate of 100 kg
and 110 kg ha "' respectively

Data Collection and Statistical Analysis
Growth Observation.

Days from transplanting to ripening stage, plant
height (cm), number of tillers, leal area (cm?)
(measured with leaf meter, AAM-8 Hayashi Co.
Ltd Japan), Chlorophyll content or SPAD value
(measured with a Chiorophyll meter, Minclta Co.,
Ltd) and Dry matter content (after drying plants
sample at 80 °C for 48 hours) were datermined.

Yield Observations

In each replication 3 pots were used for yield

treatments. Grains were selected using salt solu-
tion of 1.08, specific gravity and grain weight per
pot was determined at 14% moisture content.
Panicle number, average spikelet number per
panicle, ripening ratio (%) and 1000 grain
weight (g) were used to calculate the yield per
pot.

Statistical Analysis

Analysis of variance (ANOVA) was performed
using Excel for each treatment and means were
separated using Least Significant Difference
(LSD).

Results.

Though both growth and yield observations were
made, only the growth observations results is pre-
sented and discussed specifically on tiller produc-
tion in relation to stress.

The average heading dates of the 2 varieties
were similar at days after transplanting (DAT) but
within the treatments their heading dates varied
accordingly. V3T, and V,T; have the same head-
ing date at 99 (DAT) as V1T1 and V;T;. Followed
by V Taand V,T; at 101 (DAT) and VT4 and VaTy4
at 114 (DAT) respectively. T, took longer to head-
ing because of the stress The more severe the
stress the longer the crop takes to heading.
(Table 1)

V; is the shorter of the two varieties with an aver-
age height of 111.84 cm while V; is a tall variety
with an average of 167.76 cm at harvest, VT,
was shorter in height at all stages of growth
(DAT) (Fig. 1) compared to the other treatments
in V2 due to the serve stress. Tropical Japonica
Varieties are generally tall in height compared to
Indica varieties. Therefore in this trail, Vy is
shorter In height as it is an improved indica vari-

ety.

As for the chiorophyll content (SPAD values),
there was a significarit difference at 42 DAT
(Fig. 2). V2T4 has a lower SPAD value than all
the other treatments (Fig. 2). But at 84 (DAT), it

analysis. Harvesting date varied according t0  has the highest value until harvest. V,T. was
Table 1. The B0%-heading dates of the two varieties under the different stress levels
V1 Vz
Ty T2 Ts T4 T, Tz Ts Ta
22/08 22/08 26/08 6/09 22/0 22/08 26/08 6/09

Date of transplanting was on the 15" of lay.

V;=IR-64: V,= Demadola, T = contrd, T; = planted horizontal to the soil surface,
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Fig. 1: Plant height at days after transplanting (DAT)
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Vi = IR-84: V;=Demadola, T = control, T, = planted horizontal to the sail surface,

T3 = Planted with stem completely bent at 80 °C, T4. planted with stem completely snapped

heavily stressed; therefore it took longer ic re-
cover as evident from delayed heading date and
as a result its SPAD value was low before 70
DAT. At 84 DAT has recovered and was in its
peak stage of growth while the other treatments
have reached their peak of growth 70 DAT and
their SPAD values were decreasing.

Tiller Number Hill .

The two rice varieties showed significant differ-
ence in tiller production at 70, 84, 94 and at har-
vest (DAT) which ranged from 1 to 36 tillers num-
ber hill' (Table 2). Tiller number increased
sharply with age reaching maximum at 84 DAT
and then decreased irrespective of variety. The

rate of increase, however, varied depending on
variety, treatment and the stage of growth (Figure
2). The maximum tillering occurred during 56 to
84 days DAT. Variety V, produced the maximum
number of tillers in all stages of DAT. The lowest
number of tillers was observed for V.. It also pro-
duced the lowest tiller number hill ' in all stages
{DAT). It was revealed that tiller mortality of V,
was high (Flg. 2), even though it produced higher
number of tillers at harvest. Tillering capacity
differs in different cuttivars, even within sub spe-
cies level, Japonica, Tropical Japonica. Therefore
in this experiment a significant difference in the
tiller capacity was observed.

Papua New Guinea Joumal of Agriculture, Forestry and Fisheries

2010,Vol. 53Nos. 1&2 pp 43-49



46

Table 2. Effect of variety and stress on tillers number hill”" at different Days after transplant (DAT).

Tillers hill ' (no.) at different DAT
Treatments 42 56 70 84 98 At Harvest

T1 2 10 24 32 23 24
V1 T2 3 13 34 37 22 25
T3 2 7 26 33 24 27
T4 1 5 20 33 25 27

T1 1 5 15 11 9 9

V2 T2 2 4 10 12 9 9

T3 1 3 9 10 8 8

T4 1 2 7 8 7 7

Variety ns ns e B o -
Stress ns ns s ns ns ns
Variety x Stress ns ns ns ns ns ns

*, ** significant different at p<0.05 and p<0.01 levels respectively.
Vi =IR-64: V,= Demadola, T = control, T, = planted horizontal to the soil surface
Ts = Planted with stem completely bent at 90 °C, T4 . planted with stem completely snapped.

Interaction-Effect of Variety and stress levels:

The interaction effect of variety and stress levels
showad no significant influence on tiller produc-
tion at all stages (DAT) though there was signifi-
cant difference between the varieties. The maxi-
mum tiller production for the improved variety V;,
at 84 DAT was in the order, T,, T, and T3 (Fig, 3)

Fig. 2: SPAD value after transplanting (DAT)
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compared to Ty. While for V; they were in the
order T, T3, and T4 respectively, Ty produced
higher tiller number than Ts for V.. For V, there
was increase in total tiller production for all the
stress levels. V4T, produced (116%), VT3 (103%)
and VT4 (103%) more tillers than V4T, respec-
tively As for V, tiller production decreased ac-
cordingly to the stress levels. But the total num-
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Vi =IR-64: V;= Demadola, T; = control, T, = planted horizontal to the soil surface,
Ts = Planted with stem completely bent at 90 °C, T4 . planted with stem completely snapped.
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Fig. 3:  Tiller numbers hill ' at the different growth stages
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V,=IR-64: V.= Demadola, T4 = control, T, = planted horizontal to the soil surface,
T, = Planted with stem completely bent at 90 °C, T4. planted with stem completely snapped.

ber of tiller production tends to decrease with the
severity of the stress (Fig. 3). Seedlings of indica
varieties slightly stressed at transplanting pro-
duces higher number of tillers according to this
study.

DISCUSSION

The results from this experiment is too preliminary
to make any recommendations, because there
are no significant difference within the stress lev-
els and the interaction effect. This could be due to
the experiment conducted in glass house and the
sample size being very small.  Seedlings ex-
posed to stress produce higher tiller numbers
than severely stressed and the normal method of
transplanting. A similar study done by Urayama
et. al (1989) also found that Indica varieties pro-
duce higher tiller when stressed compared to

The climatic condition could have an adverse
effect on the tiller production in various conditions
and weather patterns. But from this preliminary
study conducted under irrigated condition, it is
evident that Indica varieties produce high tiller
numbers than the Tropical Japonica (IRRI 2009).
Tillering capacity differs in different cultivars,
even within sub species level, Japonica, Tropical
Japonica. Therefore in this experiment a signifi-
cant difference in the tiller capacity was ob-
served.

It is also evident that stressed seedling produced
higher tiller numbers though their mortality rates
are high. The numbers of effective tiller numbers
produced are high. Severely stressed seediings
produce tillers on muitiple nodes due to stem
elongation (rhizomes) resulting in slightly higher
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Fig. 4: Effective and non-effective tillers at harvest affected by the stress levels.
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V; = IR-64: V,= Demadola, T; = control, T, = planted horizontal to the soil surface,
T, = Planted with stem completely bent at 90 °C, T4. planted with stem completely snapped.

effective tiller numbers. Stressed seedlings also
took longer time to head, depending on variety
and stress levels.

In PNG where inputs into rice yieids are very low
and with more farmers now transplanting rice
seedlings under upland/lowland rain fed condi-
tions, this finding could be further investigated by
using the landrace varieties to compare their
adaptability to stress and tiller production against
the improved varieties in their specific locations.
The production of high number of effective tiller
would result in higher yield.

Appendix

2. Tillers from two internodes with heavy root
production

1. Ryzhome (stem elongation)
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