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By

MOHAMMAD TAGHI KARBALAEI AGHAMOLKI

February 2016

Chairman: Professor Mohd Khanif Yusop, PhD

Faculty: Agriculture

In the first experiment, high temperature tolerance, in terms of transplanting
dates (1st May, 21st May and 10th June) was tested on six Iranian rice cultivars.
The response of rice cultivars and transplanting dates for the morphological, and
yield components showed the crop sown on 1st and 21st May had better growth
and yield components which resulted higher grain yield (6625 kg ha") of Neda
cultivar.

The second experiment was glass house conducted to evaluate the effects of
high temperature (38±2°C) stress and normal temperature (32±2°C) on seven
rice cultivars. The results showed the greater weight of 1000 grains (26.97 g)
observed in Neda grown in normal condition. The maximum grain yield (51.3 g
pot") was noted in MR219 planted in normal condition.

In third experiment, the effect of normal and heat stress temperatures were
tested on four rice cultivars (Fajr, Hashemi and Hovaze as exotic and MR219 as
indigenous). The main effects of heat stress and growth stage were significant
in all parameters except on effective tillers. The lowest grain yield per pot was
observed in Hashemi (6.8 g pot") at flowering stage during heat stress condition
and the highest was found in MR219 (42- 45d g pot") during normal condition.
In conclusion, the major reason for yield reduction of all cultivars was
enhancement of sterile and aborted spikelets numbers when plants exposed to
heat stress during booting and flowering phases.

The last experiment was conducted on the rice cultivars from previous
experiment to evaluate the effect of normal temperature and heat stress using
Potassium fertilizer, nitrogen, and Meister-20 (polymer coated urea). The grain
yield was significantly higher (25.9 g pot") in the plants grown in normal condition
and fertilized with Meister-20 at 160 kg N ha". In the heat stress condition, the
grain yield ranged between 15.3 to 17.9 g pot:' in the N fertilized plants which is
also considered satisfactory as compared to unfertilized plants in the heat stress
condition.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Doktor of Falsafah

KESAN TEKANAN HABA DAN TARIKH PENANAMAN TERHADAP HASIL
TUAIAN, KUALITI BERAS DAN PENYERAPAN BAJA OLEH KULTIVAR-

KULTIVAR PAD! (Oryza sativa L.)

Oleh

MOHAMMAD TAGHI KARBALAEI AGHAMOLKI

Februari 2016

Pengerusi: Professor Mohd Khanif Yusop, PhD

Faculti: Pertanian

Dalam eksperimen pertama, toleransi suhu yang tinggi, dari segi pengalihan tarikh
(1 hb Mei, 21 hb Mei dan 10hb Jun) telah diuji pada enam kultivar padi Iran.
Tindakbalas daripada kultivar padi dan pengalihan tarikh bagi morfologi , dan
komponen-komponen hasil menunjukkan tanaman dicambah pada 1 dan 21 Mei
mempunyai komponen pertumbuhan yang lebih baik dan penghasilan beras yang
lebih tinggi (6625 kg ha") daripada kultivar Neda.

Percubaan kedua ialah rumah kaca yang dijalankan untuk menilai kesan daripada
tekanan suhu tinggi (38±2°C) dan suhu biasa (32±2°C) ke atas tujuh kultivar padi.
Keputusan rnenunjukkan lebihan berat terhadap 1000 beras (26.97 g) yang
diperhatikan pada Neda tumbuh dalam keadaan normal. Hasil beras maksimum
(51.3 9 /pasu-1) dicatatkan pada MR219 yang ditanam dalam keadaan normal.

Dalam eksperimen ketiga, kesan daripada suhu biasa dan suhu tekanan haba
telah diuji pada empat kultivar padi (Fajr, Hashemi dan Hovaze sebagai eksotik
dan MR219 sebagai pribumi). Kesan utama tekanan haba dan peringkat
pertumbuhan adalah penting dalam semua parameter kecuali pada bilangan anak
padi. Kesan haba telah menurunkan penghasilan pad a peringkat bunting,
debunga dan pengisian beras, sebaliknya tetapi tiada perbezaan yang signifikan
diperhatikan pada peringkat kematangan padi berbanding dengan pertumbuhan
biasa. Kesan utama peringkat pertumbuhan dan tekanan haba adalah signifikan
dalam semua parameter kecuali pada bilangan anak padi. Hasil beras yang
terendah sepasu diperhatikan pada Hashemi (6.8 g/pasu-1) di peringkat debunga
semasa keadaan tekanan haba dan penghasilan suhu biasa. Kesimpulannya,
sebab utama penurunan hasil semua kultivar ialah peningkatan bilangan spikelets
yang gugur apabila tumbuhan terdedah kepada tekanan kepanasan semasa
difasa bunting dan debunga.

Percubaan terakhir telah dijalankan ke atas kultivar beras dari eksperimen
sebelumnya untuk menilai kesan suhu biasa dan tekanan suhu dengan
menggunakan baja potassium, nitrogen dan Meister-20 (polimer yang bersalut
urea). Hasil padi adalah jauh lebih tinggi (25.9 9 periuk-1) dalam tumbuh-
tumbuhan yang ditanam dalam keadaan normal dan fertilized dengan Meister-20
pada 160 kg N ha-1. Dalam keadaan tekanan haba, kadar hasil bijirin adalah
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antara 9 15.3 hingga 17.9 periuk-1 pada N tumbuh-tumbuhan yang dibaja juga
dianggap memuaskan berbanding dengan tumbuh-tumbuhan yang tidak dibaja
berada dalam keadaan tekanan haba.
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CHAPTER ONE

INTRODUCTION

Rice crop is an annual cereal which has a C3 metabolism belonging to the
botanical family of Poaceae. There are two cultivated species of rice Oryza sativa
L. (Asian rice) and Oryza glaberrina Steud (African rice), were correspondingly
domesticated about 2500 B.C. in the Niger inland delta in Mail (MacNeish and
Libby, 1995) and 10000 BC in China. There are two major genetic groups of O.
sativa called Japonica. This group has short grain and grows in temperate
lowlands and tropical rice uplands. On the other group, Indica with long grains
belongs to tropical and generally lowland rice areas.

During the last 50 years, the production of rice in the world is at least three times
more and average yield increased to more than doubled and reached to 4.3 tons
per hectare in 2010 (Australia was the most rice productive with 10.8 Uha and
China the largest producer of rice with 197.2 M tons (FAOSTAT, 2012). When it
comes to fertilizer inputs and management, irrigated flooded systems are
intensive and reach higher yields compared to other systems of rice. Developed
countries having highest yields, such as Japan, Korea, Australia and the United
States grow absolutely under irrigated conditions (Seck et al., 2012). In the world,
increasing rice production would be originated from production intensification
(accordingly rising sustainable grain yields where they are low now) and through
decreasing the yield gap (thus achieving the locally potential and attainable
yield). In order to accomplish food security, this must be achieved in the context
of climate change, which is an ambitious goal to development community and
the global rice research (Lal et al., 1998).

It takes about 3 months for the germinated rice crop to be matured, depending
on the environmental factors and variety (Yoshida, 1981). This cycle has three
main phases, that is, the vegetative, reproductive and grain filling or maturation
phases. The first phase (vegetative phase) begins at germination and its
characteristic is known when the roots are developed and for resource
acquisition the leaf area is needed, and tillering which puts the possible amount
of panicles to be matured (Yoshida, 1981).

The second phase (reproductive) starts when the panicle appears, it starts
developing inside the sheath, and stops when anthesis begins. During the
reproductive growth stage, internodes elongation, spikelets development and
pollen formation are followed by heading (emergence of panicle from the sheath)
and flowering (or anthesis) stage. A panicle is a composition of a base spotted
by a bulge (neck node), a primary axis (rachis) that is used for primary and
secondary of stems, keeping the pedicels at the end of which are the spikelets.

About one month before heading (depending on the environmental and climate
conditions), the panicle primordium starts the initiation and when the pollen is
completely matured, the difference between panicles ends (Yoshida, 1981).
However, the panicle is still surrounded by the sheath and is placed at the lowest
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part of the canopy. Then by the help of internodes elongation, it is derived up to
near the head of the canopy, especially the top of the internodes.

Nowadays, intensive climate change researches indicated that increasing
temperature may intensify flooding, storms and other severe climate and
weather events around the world, and ultimately affect production of food. The
model projects of climate indicated that air temperatures of the world may
increase by averagely 4-5.8 "C in the upcoming few decades (Solomon et al.,
2007). Temperature elevation will probably decrease the likely benefits of
increasing the global C02 concentration on crop growths and development. Seed
crops are most affected by rising temperature compared to cultivated plants for
vegetative- part production such as forage plants. Rice as a globally important
food crop provides food security for many countries. In the future, the rice yield
would be declined due to the environmental climatic conditions (high
temperature) of growing season in many rice-growing areas (Abiko et al.,
2005;Nagarajan et al., 2010; Welch et al., 2010). Based on a research done by
Matsui et al. (2001 b), if future predications about severe climate are correct, rice
yields could be totally disappear from the current paddy fields.

High temperature is considered to disrupt normal movement of ion, water, and
organic solute across membranes of a plant, which intervenes with respiration
and photosynthesis. When the plant exposed to high temperatures, electrolyte
may leak from leaves (Halford, 2009). The cell membrane thermal stability is
regarded to be positively performed in the yield. Temperature is one of the main
controlling factors for photosynthesis reactions of crops, but high temperatures
can caused a sharply reduction in crops photosynthesis and dry matter allocation
of shoots and roots. The high temperature adversely affects not only the
aboveground portion of rice but also the below-ground parts of crops due to
increasing the soil and water temperature.

1.1 Justification

The current study highlights the rice importance in globe, the high temperature
effects regard to the world climate change on rice growth, yield and yield
components and quality of rice grains. Therefore there is necessary for future
research planes.

1.2 Hypothesis

Heat stress tolerance at various rice growth stages is a complicated feature in
morphological characters and yield parameters. The rice response determination
to this increasing heat-stressed problem needs integrated and practical
strategies for affected regions to maintain and improve rice yield. Thus, this
research tries to investigate the Malaysian and Iranian rice cultivars' growth and
yield responses.

2
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1.3 Objectives

1) To evaluation of high temperature impacts on growth, yield and quality of six
selected rice cultivars.
2) To characterize the effect of heat stress on yield parameters of seven selected
rice cultivars at growth and reproductive stages.
3) To identify of tolerant and sensitive of four rice cultivars to heat stress during
reproductive stage.
4) To determine the influence of heat stress on nitrogen and potassium fertilizers
on the growth and yield of MR219 rice cultivar.

3
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