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Abstract. It is thought that a severe food shortage will occur in the future as the world’s population increases. As a 

countermeasure against this problem, a food production increase is believed to be a strong solution. Therefore, agricultural 

technical support is being provided to improve productivity of crops in developing countries. However, it has also been 

considered that these measures, which are only focused in securing food volumes, will not lead to the construction of 

sustainable food systems. This paper summarizes current knowledge on the nature of human food and food systems from 
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have been used as food, and their diversity is often related to the environment of each region. Besides, the procurement and 

production of each region’s animals and plants are accompanied by social mechanisms such as local technology and culture, 
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Abstract.  The yield-related gene, WFP increases grain number by increasing the primary branch number per panicle in rice. 

In the present study, WFP was introgressed from ST-12 to IRBB60, a pyramiding line having the genes Xa4, xa5, xa13 and 

Xa21 for BLB resistance in the IR24 genetic background. The pyramided lines PL-1, PL-4 and PL-5 that were included in the 

initial BC2F2 selections based on their improved PBN were selected for further agronomic evaluation and generation advance 

up to BC2F3�����$�O�O���W�K�U�H�H���O�L�Q�H�V���U�H�F�R�U�G�H�G���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���3�%�1���D�Q�G���*�1���G�X�H��WFP introgression, although the loss of at least 

�W�Z�R���%�/�%���J�H�Q�H�V���G�X�U�L�Q�J���W�K�H���E�U�H�H�G�L�Q�J���S�U�R�F�H�V�V���U�H�V�X�O�W�H�G���L�Q���W�K�H���Y�D�U�L�D�E�O�H���U�H�V�S�R�Q�V�H���R�I���W�K�H���O�L�Q�H�V���W�R���W�K�H���G�L
u�H�U�H�Q�W���%�/�%���U�D�F�H�V�����$�P�R�Q�J��

�W�K�H���O�L�Q�H�V�����R�Q�O�\���3�/�������V�K�R�Z�H�G���D���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���H�V�W�L�P�D�W�H���R�I���D�F�W�X�D�O���\�L�H�O�G���P�H�D�V�X�U�H�G���L�Q���W�H�U�P�V���R�I���S�D�Q�L�F�O�H���Z�H�L�J�K�W���S�H�U���V�T�X�D�U�H��

�P�H�W�H�U���F�R�P�S�D�U�H�G���W�R���,�5�%�%���������3�/�������D�O�V�R���H�[�K�L�E�L�W�H�G���U�H�V�L�V�W�D�Q�F�H���W�R���¿�Y�H���R�X�W���R�I���W�K�H���V�L�[���%�/�%���U�D�F�H�V���X�V�H�G���I�R�U���U�H�V�L�V�W�D�Q�F�H���V�F�U�H�H�Q�L�Q�J����

�'�H�V�S�L�W�H���W�K�H���Q�H�J�D�W�L�Y�H���H
u�H�F�W�V���L�Q���J�U�D�L�Q���V�L�]�H�����W�K�H���L�P�S�U�R�Y�H�G���\�L�H�O�G���H�V�W�L�P�D�W�H�V�����D�V���Z�H�O�O���D�V���W�K�H���Y�D�O�L�G�D�W�H�G���%�/�%���U�H�V�L�V�W�D�Q�F�H���R�I���3�/�������P�D�N�H�V��

it a suitable candidate for cultivar adoption under the tropical rice ecosystem of Southeast Asia.

Key words: Rice, Wealthy Farmer’s Panicle (WFP), bacterial leaf blight (BLB), pyramiding, high-yielding

Introduction

By 2050, the current world population is expected to 
reach 9.7 billion (https://www.un.org/development/desa/
en/). An increase of this magnitude poses a very serious 
threat to the current state of global food security (http://
www.fao.org/home/en/). To feed 9 billion people, global 
cereal production alone needs to increase by 38% in the 

next 34 years1). 
�5�L�F�H���� �Z�K�H�D�W�� �D�Q�G�� �P�D�L�]�H�� �F�R�Q�V�W�L�W�X�W�H�� �D�S�S�U�R�[�L�P�D�W�H�O�\��

50% of the calorie source of the human diet2). Among 
these three, rice serves as a staple for more than half of 
the world’s population. Although rice is cultivated in more 
than 100 countries across the globe, more than 90% of 
rice is still produced and consumed in Asia (GRiSP, http://
www.grisp.net/main/summary). In recent years, a drastic 
increase in demands for rice has also been reported in 
Africa3) (GRiSP, http://www.grisp.net/main/summary). 
Given the importance of rice as a staple food, increasing 
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rice production would play a critical role in securing world 
food supply.

Marker-assisted selection (MAS) is powerful tool 
�I�R�U�� �D�Q�� �H
v�F�L�H�Q�W�� �E�U�H�H�G�L�Q�J���� �6�L�Q�F�H�� �0�$�6�� �P�D�N�H�V�� �L�W�� �S�R�V�V�L�E�O�H��
to distinguish plants into which target genes/QTLs have 
�E�H�H�Q���L�Q�W�U�R�J�U�H�V�V�H�G���G�X�U�L�Q�J���Q�X�U�V�H�U�\�����¿�H�O�G���D�U�H�D���D�Q�G���H
u�R�U�W�V���I�R�U��
individual selection of breeding reduce. Also, target genes/
QTLs can be introgressed more reliably than visually 
selection. MAS has been successfully used in breeding 
programs to improve agronomic traits, as well as biotic 
and abiotic stress resistance in rice. In the past decades, 
�0�$�6�� �K�D�Y�H�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �V�K�R�U�W�H�Q�H�G�� �W�K�H�� �W�L�P�H�� �U�H�T�X�L�U�H�P�H�Q�W��
�Z�K�L�O�H�� �L�Q�F�U�H�D�V�L�Q�J�� �W�K�H�� �S�U�H�F�L�V�L�R�Q�� �D�Q�G�� �H
v�F�D�F�\�� �E�\�� �Z�K�L�F�K��
�W�D�U�J�H�W���J�H�Q�H�V���4�7�/�V���D�U�H���W�U�D�Q�V�I�H�U�U�H�G���D�F�U�R�V�V���G�L
u�H�U�H�Q�W���J�H�Q�H�W�L�F��
backgrounds4, 5). To date, several rice cultivars have been 
improved through MAS and these include the improved 
varieties developed under the Wonder Rice Initiative 
for Food Security and Health (WISH) project (http://
motoashikari-lab.com/wp/wp-content/uploads/2018/11/
WISH_catalogue_lite4.pdf).

�7�R�� �H
u�H�F�W�L�Y�H�O�\�� �X�W�L�O�L�]�H�� �0�$�6�� �L�Q�� �E�U�H�H�G�L�Q�J�� �S�U�R�J�U�D�P�V����
genes/QTLs underlying important traits need to be mapped 
�D�Q�G���L�G�H�Q�W�L�¿�H�G���� �,�Q���U�L�F�H���� �P�D�Q�\�� �J�H�Q�H�V���4�7�/�V���W�K�D�W���D�U�H���U�H�O�D�W�H�G��
�W�R�� �W�K�H�� �V�L�Q�N�� �D�E�L�O�L�W�\�� �K�D�Y�H�� �E�H�H�Q�� �L�G�H�Q�W�L�¿�H�G�� �L�Q�F�O�X�G�L�Q�J��GN1a/
�2�V�&�.�;���à6), WFP/IPA17, 8), NAL1/SPIKE/GPS 9, 10, 11), 
APO1/�6�&�0���à12, 13, 14), �T�6�:���à15), �*�:���à16), GW6a17) and 
�*�6���à18, 19). Conversely, several genes/QTLs that are related 
to the source or translocation ability of rice has also been 
reported20, 21, 22) that includes AMY2A23), BAM223) and 
GWD124). 

Wealthy Farmer’s Panicle (WFP)/Ideal Plant 
Architecture 1 (IPA1) is a yield-related gene that encodes 
�W�K�H���S�O�D�Q�W���V�S�H�F�L�¿�F���W�U�D�Q�V�F�U�L�S�W�L�R�Q���I�D�F�W�R�U���2�V�6�3�/����7, 8). OsSPL14 
�F�R�Q�W�D�L�Q�V���D���P�L�F�U�R�5�1�$���W�D�U�J�H�W�H�G���V�H�T�X�H�Q�F�H���L�Q���D�Q���H�[�R�Q���W�K�D�W���L�V��
�W�D�U�J�H�W�H�G���D�Q�G���F�O�H�D�Y�H�G���E�\���2�V�P�L�5����������OsSPL14 functions in 
the regulation of primary branch number and is therefore 
associated with grain number. The WFP allele from ST-12 
has been reported to increase grain number per panicle in 
rice7). Advanced breeding lines of the japonica rice cultivar 
Nipponbare and several other indica cultivars having the 
WFP allele from ST-12 showed at least 28% increase in 
grain yield compared to the original varieties7, 25).

Bacterial leaf blight (BLB) caused by Xanthomonas 
oryzae pv. oryzae (Xoo) is one of the most serious diseases 
of rice throughout the world. In some regions in Asia, 
BLB can cause yield losses of up to 50%26). The most 
�H
u�H�F�W�L�Y�H�� �D�S�S�U�R�D�F�K�� �W�R�� �F�R�P�E�D�W�� �%�/�%�� �L�V�� �W�K�H�� �X�V�H�� �R�I�� �U�H�V�L�V�W�D�Q�W��
cultivars27). To date, many resistant genes against BLB 
�K�D�Y�H�� �E�H�H�Q�� �L�G�H�Q�W�L�¿�H�G���� �+�X�D�Q�J�� �H�W�� �D�O���� �I�R�F�X�V�H�G�� �R�Q�� �I�R�X�U�� �%�/�%��
resistance genes/QTLs namely Xa4, xa5, xa13 and Xa21, 
and pyramided all four resistance genes in the IR24 genetic 
background to generate IRBB6028). IRBB60 has resistance 

to six races of Xoo from the Philippines28). Currently, the 
BLB genes xa5, xa13 and Xa21���K�D�Y�H���E�H�H�Q���L�G�H�Q�W�L�¿�H�G���D�Q�G��
�F�K�D�U�D�F�W�H�U�L�]�H�G29, 30, 31).

In this study, we aimed to pyramid WFP from 
ST-12 to IRBB60, a rice cultivar having four genes for 
BLB resistance. The resulting pyramided lines were 
evaluated for yield and yield components, as well as for 
their resistance to BLB races from Vietnam, Myanmar 
and India. Results of the preliminary assessment of the 
agronomic performance of advanced backcrosses lines 
�L�G�H�Q�W�L�¿�H�G�� �3�/�������� �D�� �S�\�U�D�P�L�G�L�Q�J�� �O�L�Q�H�� �Z�L�W�K�� �K�L�J�K�H�U�� �\�L�H�O�G��
compared and comparative BLB resistance relative to the 
recipient parent IRBB60.

Materials and Methods

Marker-assisted introgression of WFP in the pyramiding 

line IRBB60

IRBB60, IR24, ST-12 and three pyramiding lines 
(PL-1, PL-4 and PL-5) at the BC2F4 generation were 
used in the study. IRBB60 is a pyramiding line having 
the four bacterial leaf blight (BLB) resistant genes, Xa4, 
xa5, xa13 and Xa21 in the genetic background of IR2428), 
whereas ST-12 is the donor of the yield-related gene, 
WFP7). Phenotype and marker-assisted backcrossing 
of the initial hybrids generated from crosses between 
IRBB60 and ST-12 was carried out up to the BC2F4 
generation (Fig. 1). An SSR marker (forward primer: 
GCGGTAACAAACCAACCAACC, reverse primer: 
AAAGCAGGACACAGTCACACAGG) was used 
to monitor the introgression of WFP in the IRBB60 
background. In 2016, six BC2F3 lines (PL-1, PL-2, PL-
4, PL-5, PL-6 and PL-7) were selected for preliminary 
�H�Y�D�O�X�D�W�L�R�Q�� �R�I�� �\�L�H�O�G�� �D�Q�G�� �\�L�H�O�G�� �F�R�P�S�R�Q�H�Q�W�V�� �L�Q�� �W�K�H�� �¿�H�O�G����
Based on this preliminary investigation, three pyramiding 
lines namely PL-1, PL-4 and PL-5 were selected and 
�D�G�Y�D�Q�F�H�G���I�R�U���I�X�U�W�K�H�U���S�H�U�I�R�U�P�D�Q�F�H���H�Y�D�O�X�D�W�L�R�Q���L�Q���W�K�H���¿�H�O�G����

All test materials were raised in the greenhouse for 
four weeks before transplanting them in a rice paddy at 
the Togo Field Center for Research and Education of 
Nagoya University in Aichi, Japan (35º06' north, 137º04' 
east) in 2017. The seedlings were transplanted separately 
in 3 rows (1.2 m) at a density of 22.2 plants/m2 and at a 
plant spacing of 30cm x 15cm. All materials were grown 
�L�Q���W�K�U�H�H���U�H�S�O�L�F�D�W�L�R�Q�V���L�Q���U�D�Q�G�R�P�L�]�H�G���E�O�R�F�N�V���D�Q�G���X�Q�G�H�U���O�R�Z��
�I�H�U�W�L�O�L�]�H�U���F�R�Q�G�L�W�L�R�Q�V���L���H�������������N�J���.���3���1�������������������������K�D���R�Q�O�\��
before transplanting.

Evaluation of the pyramiding lines for agronomic traits

Before sampling panicles from all materials, data on 
the days to heading (DH), plant height (PH) and panicle 
�O�H�Q�J�W�K�� ���3�/���� �R�I�� �¿�Y�H�� �S�O�D�Q�W�V�� �S�H�U�� �E�O�R�F�N�� �Z�H�U�H�� �U�H�F�R�U�G�H�G�� �I�U�R�P��
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plant stands in the paddy. At 40-45 days after heading, all 
�S�D�Q�L�F�O�H�V���I�U�R�P���¿�Y�H���S�O�D�Q�W�V���I�U�R�P���H�D�F�K���E�O�R�F�N���Z�H�U�H���V�D�P�S�O�H�G����
After sampling, panicle weight per plant (PW), panicle 
number per plant (PN), primary branch number per main 
panicle (PBN) and grain number per main panicle (GN) 
were measured. To estimate the actual yield of each 
�S�\�U�D�P�L�G�L�Q�J���O�L�Q�H���L�Q���W�K�H���¿�H�O�G�����S�D�Q�L�F�O�H���Z�H�L�J�K�W���S�H�U���S�O�D�Q�W���Z�D�V��
�P�H�D�V�X�U�H�G�� �D�Q�G�� �F�R�Q�Y�H�U�W�H�G�� �W�R�� �S�D�Q�L�F�O�H�� �Z�H�L�J�K�W�� �S�H�U�� �V�T�X�D�U�H��
meter (PWm2�������2�Q�O�\���S�O�D�Q�W�V���Z�L�W�K�L�Q���U�R�Z�V���Z�H�U�H���V�D�P�S�O�H�G���W�R��
�D�Y�R�L�G���E�R�U�G�H�U���H
u�H�F�W�V�����$�O�O���S�D�Q�L�F�O�H�V���Z�H�U�H���G�U�L�H�G���I�R�U���D���Z�H�H�N���L�Q��
an incubator set at 42°C. To determine fertility ratio (FR), 
the three largest panicles including the main panicle were 
chosen from each plant. FR was calculated by dividing the 
�Q�X�P�E�H�U���R�I���¿�O�O�H�G���V�S�L�N�H�O�H�W�V���E�\���W�K�H���W�R�W�D�O���Q�X�P�E�H�U���R�I���V�S�L�N�H�O�H�W�V����
�P�X�O�W�L�S�O�L�H�G���E�\�������������7�K�H���J�U�D�L�Q���Z�H�L�J�K�W���D�Q�G���Q�X�P�E�H�U���R�I���¿�O�O�H�G��
spikelets of the three largest panicles were measured and 
converted to 1000-grains weight per main three panicles 
(TGW). Grain shape based on grain length (GL), width 
(GW) and thickness (GT) was determined from ten 
randomly selected spikelets in each plant. For the statistical 
analyses, plants showing maximum and minimum PW in 
each plot were excluded. 

Evaluation of the pyramided lines for bacterial leaf 

blight resistance 

Six races of Xanthomonas oryzae pv. oryzae (Xoo) 
causing bacterial leaf blight (BLB) from Vietnam 
(HAU01043, HAU0209, HAU02021-2 and HAU02024-
6)32), Myanmar (HKM13)33) and India (IND2-3) were used 
to evaluate the resistance of the experimental materials to 
the pathogen. At booting stage, the plants were inoculated 
with Xoo using the leaf clipping method34). A preliminary 
�W�H�V�W���Z�D�V���F�R�Q�G�X�F�W�H�G���X�V�L�Q�J���,�5�������W�R���F�R�Q�¿�U�P���W�K�H���S�D�W�K�R�J�H�Q�L�F�L�W�\��
and virulence of the six BLB races. Immediately after 
that, all the experimental materials including IR24 as the 
susceptible control and IRBB60 as the resistant control, 
were screened against the pathogen. After two weeks 
from inoculation, lesion lengths were measured, and the 
resistance/susceptibility of each material was evaluated. 
�&�O�D�V�V�L�¿�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �U�H�V�S�R�Q�V�H�� �R�I�� �P�D�W�H�U�L�D�O�V�� �D�V�� �U�H�V�L�V�W�D�Q�W����
moderate, susceptible or partially resistant was carried out 
based on a comparison to the response of the susceptible 
reference IR24 and the resistant reference IRBB60 using 
Tukey’s HSD (Table 1). Screening for BLB resistance 
including maintenance and culture of the pathogen was 

Fig. 1.	�3�U�R�F�H�V�V���R�I���G�H�Y�H�O�R�S�L�Q�J���W�K�H���S�\�U�D�P�L�G�L�Q�J���O�L�Q�H�V�����;���P�D�U�N���L�Q���D���F�L�U�F�O�H���P�H�D�Q�V���V�H�O�¿�Q�J�����7�K�H���L�Q�W�U�R�J�U�H�V�V�L�R�Q��
of WFP���I�U�R�P���6�7���������Z�D�V���F�R�Q�¿�U�P�H�G���E�\���0�$�6���L�Q���%�&1F1, BC2F1 and BC2F3.

Table 1.	�&�O�D�V�V�L�¿�F�D�W�L�R�Q���R�I���W�K�H���U�H�V�S�R�Q�V�H���R�I���P�D�W�H�U�L�D�O�V���W�R���W�K�H���%�/�%���U�D�F�H�V���E�D�V�H�G���R�Q���D��
comparison to the response of the susceptible reference IR24 (S) and 
the resistant reference IRBB60 (R).

�6�W�D�W�L�V�W�L�F�D�O���G�L
u�H�U�H�Q�F�H���W�R��
IR24 (S)

�6�W�D�W�L�V�W�L�F�D�O���G�L
u�H�U�H�Q�F�H���W�R��
IRBB60 (R)

Response

�6�L�J�Q�L�¿�F�D�Q�W�
 �1�R�W���V�L�J�Q�L�¿�F�D�Q�WResistant
�6�L�J�Q�L�¿�F�D�Q�W �6�L�J�Q�L�¿�F�D�Q�W Moderate
�1�R�W���V�L�J�Q�L�¿�F�D�Q�W�6�L�J�Q�L�¿�F�D�Q�W Susceptible
�1�R�W���V�L�J�Q�L�¿�F�D�Q�W�1�R�W���V�L�J�Q�L�¿�F�D�Q�W�3�D�U�W�L�D�O�O�\���U�H�V�L�V�W�D�Q�W�
�


�
�����V�L�J�Q�L�¿�F�D�Q�W���D�F�F�R�U�G�L�Q�J���W�R���7�X�N�H�\�¶�V���+�6�'����p<0.05).
�
�
�����R�Q�O�\���L�Q���W�K�H���F�D�V�H���W�K�D�W���H�Y�D�O�X�D�W�L�R�Q���Y�D�O�X�H���L�V���E�H�W�Z�H�H�Q���W�K�H���Y�D�O�X�H�V���R�I���W�K�H���U�H�I�H�U�H�Q�F�H�V��
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carried out in Laboratory of Plant Pathology, Faculty of 
Agriculture, Kyushu University. 

Genotyping-by-sequencing analysis of the pyramiding 

lines

�*�H�Q�R�W�\�S�L�Q�J���E�\���V�H�T�X�H�Q�F�L�Q�J�����*�%�6�����Z�D�V���F�R�Q�G�X�F�W�H�G���I�R�U��
the three pyramiding lines at the BC2F4 generation using 
�W�K�H���,�O�O�X�P�L�Q�D���0�L�V�H�T���V�H�T�X�H�Q�F�L�Q�J���V�\�V�W�H�P���D�Q�G���,�O�O�X�P�L�Q�D���0�L�V�H�T��
Reagent Kit v3 (150 cycles)35, 36). Three plants from each 
of the pyramiding line, as well as IRBB60 and ST-12 were 
�J�H�Q�R�W�\�S�H�G���E�\�� �*�%�6���I�R�U���Z�K�R�O�H���J�H�Q�R�P�H�����$�I�W�H�U���V�H�T�X�H�Q�F�L�Q�J����
the reads were trimmed, and genotypes were called and 
�¿�O�W�H�U�H�G�� �X�V�L�Q�J�� �7�$�6�6�(�/���*�%�637). SNPs with minor allele 
�I�U�H�T�X�H�Q�F�\�����0�$�)�����R�I �!�������������D�V���Z�H�O�O���D�V���O�L�Q�H�V���Z�L�W�K���!���������O�R�V�W��
�J�H�Q�R�W�\�S�H�� �G�D�W�D�� �D�Q�G�� �Z�L�W�K�� �!������������ �G�H�J�U�H�H�� �R�I�� �K�H�W�H�U�R�]�\�J�R�X�V��
sites were removed from genotyping. Finally, imputation 
and error correction were carried out with FSFHap in 
TASSEL 4.038).

Statistical analysis

T-test and Tukey’s HSD were performed using the 
free statistical software R (https://www.r-project.org/).  
�$���V�L�J�Q�L�¿�F�D�Q�W���G�L
u�H�U�H�Q�F�H���L�Q���7�X�N�H�\�¶�V���+�6�'���Z�D�V���V�H�W���D�W��p<0.05. 
�5�� �Z�D�V�� �D�O�V�R�� �X�V�H�G�� �I�R�U�� �W�K�H�� �U�D�Q�G�R�P�L�]�D�W�L�R�Q�� �R�I�� �E�O�R�F�N�V�� �L�Q�� �W�K�H��
�¿�H�O�G���G�H�V�L�J�Q��

Result

Phenotypic evaluation of the three pyramiding lines 

for yield components

The pyramiding lines PL-1, PL-2, PL-4, PL-5, PL-6 and 
PL-7 in the genetic background of IRBB60 were selected 
visually from a BC2F2 population for their high primary 
branching number. The introgression of WFP from ST-12 
in these six lines at the BC2F3�� �J�H�Q�H�U�D�W�L�R�Q���Z�D�V�� �F�R�Q�¿�U�P�H�G��
by MAS. Evaluation for agronomic and yield-related traits 
showed that except for PL-6, all the pyramiding lines had 

�V�L�J�Q�L�¿�F�D�Q�W�O�\���P�R�U�H���3�%�1���W�K�D�Q���,�5�%�%���������7�D�E�O�H�����������3�/�������D�Q�G��
�3�/������ �U�H�F�R�U�G�H�G�� �V�L�J�Q�L�¿�F�D�Q�W�� �O�R�Z�H�U�� �3�1�� ���S�D�Q�L�F�O�H�� �Q�X�P�E�H�U�� �S�H�U��
plant) than IRBB60. The reduction of PN is the negative 
�H
u�H�F�W�� �I�R�U�� �D�F�W�X�D�O�� �\�L�H�O�G���� �K�H�Q�F�H�� �E�R�W�K�� �3�/������ �D�Q�G�� �3�/������ �Z�H�U�H��
removed from the candidate lines. Similarly, PL-2 was re-
moved from the candidate lines because of comprehensive 
gross morphology. Based on the overall agronomic per-
formance and gross morphology of the pyramiding lines, 
we selected PL-1, PL-4 and PL-5 for further generation 
advance and agronomic evaluation (Fig. 2). 

At the BC2F4 generation, PL-1, PL-4 and PL-5 were 
evaluated for yield components including DH, PH, PL, 
PN, GN, PBN, FR, TGW, GL, GW and GT (Table 3). 
�&�R�P�S�D�U�H�G���W�R���,�5�%�%���������3�/�������U�H�F�R�U�G�H�G���D���V�L�J�Q�L�¿�F�D�Q�W�������G�D�\��
�G�H�O�D�\���L�Q���D���K�H�D�G�L�Q�J�����Z�K�H�U�H�D�V���3�/�������Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���H�D�U�O�\��
�E�\�������G�D�\�V�����+�H�D�G�L�Q�J���G�D�W�H���L�Q���3�/�������Z�D�V���H�T�X�L�Y�D�O�H�Q�W���W�R���W�K�D�W���R�I��
IRBB60. PN decreased by 0.33 to 1.33 in all pyramiding 
lines compared to IRBB60. GN (grain number per main 
panicle) and PBN (primary branch number per main 
�S�D�Q�L�F�O�H���� �R�I�� �W�K�H���W�K�U�H�H���S�\�U�D�P�L�G�L�Q�J�� �O�L�Q�H�V���Z�H�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\��
higher than those of IRBB60, suggesting the positive 
�H
u�H�F�W�V�� �R�I��WFP introgression from ST-12. The PBN of 
ST-12 was twice higher than that of IRBB60 and IR24. 
FRs (fertility ratio per three main panicles) of IRBB60, 
IR24 and PL-5 showed high values, while those of ST-12, 
PL-1 and PL-4 were low, below 77%. Among the three 
pyramiding lines, PL-5 showed the highest FR (92.56 ± 
0.40%). The FRs of PL-1 and PL-4 were 76.84 ± 2.37% 
�D�Q�G���������������“���������������U�H�V�S�H�F�W�L�Y�H�O�\�����Z�K�L�F�K���Z�H�U�H���H�T�X�L�Y�D�O�H�Q�W���W�R��
that of ST-12. 

In PWm2���� �3�/������ �U�H�F�R�U�G�H�G�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �K�L�J�K�H�U�� �\�L�H�O�G��
(845.50 ± 57.20 g/m2) than IRBB60 (782.42 ± 47.90 
g/m2), with the rate of increase in PL-5 reaching up to 
8.1% of IRBB60. ST-12, the donor of WFP���� �K�D�G�� �V�L�J�Q�L�¿-
cantly lower PWm2 (712.4 ± 43.5 g/m2) than IRBB60 (Fig. 
3). The panicle weight of PL-1 and PL-4 were statistically 
�H�T�X�L�Y�D�O�H�Q�W���W�R���W�K�D�W���R�I���,�5�%�%��������

Table 2.	 Yield-components of the pyramiding lines at BC2F3 in the IRBB60 background.

PH (cm) PL (cm) PN GN PBN

IRBB60 97.00 ± 4.36�D�F�
 26.40 ± 0.51ab 11.33 ± 0.58a 203.33 ± 17.79a 12.33 ± 0.58a
ST-12 115.00 ± 7.55bd 25.43 ± 1.33b 7.00 ± 1.00bc 280.67 ± 43.35ab 21.00 ± 4.00bc

PL-1 119.33 ± 3.21b 29.26 ± 0.61a 8.67 ± 0.85ac 314.67 ± 66.83ab 23.33 ± 1.53b
PL-2 98.50 ± 6.36ac 25.48 ± 1.52ab 11.00 ± 1.41ad 281.00 ± 31.11ab 23.00 ± 1.41b
PL-4 114.33 ± 2.52bd 26.40 ± 1.03ab 11.33 ± 1.53a 312.67 ± 33.56ab 24.67 ± 0.58b
PL-5 102.33 ± 5.13acd 23.43 ± 0.99ab 8.33 ± 1.53ab 274.33 ± 15.53ab 20.33 ± 1.53bc
PL-6 89.33 ± 6.43a 24.90 ± 1.73ab 5.33 ± 0.58b 204.00 ± 33.05a 17.00 ± 1.00ac
PL-7 103.67 ± 1.15cd 25.30 ± 1.63b 7.67 ± 1.53bcd 354.33 ± 62.01b 21.00 ± 1.00bc

Numbers represent average ± standard deviation.
�3�+� �S�O�D�Q�W�� �K�H�L�J�K�W���� �3�/� �S�D�Q�L�F�O�H�� �O�H�Q�J�W�K���� �3�1� �S�D�Q�L�F�O�H�� �Q�X�P�E�H�U�� �S�H�U�� �S�O�D�Q�W���� �*�1� �J�U�D�L�Q�� �Q�X�P�E�H�U�� �S�H�U�� �P�D�L�Q�� �S�D�Q�L�F�O�H���� �3�%�1� �S�U�L�P�D�U�\��
branch number per main panicle.
�
�����G�L
u�H�U�H�Q�W���O�H�W�W�H�U�V���L�Q�G�L�F�D�W�H���V�L�J�Q�L�¿�F�D�Q�W���G�L
u�H�U�H�Q�F�H�V���D�W��p<0.05 by Tukey’s HSD.

https://www.r-project.org/


22    J Intl Cooper Agric Dev 2020

Based on these results, the high yield of PL-5 can be 
attributed to the increase in GN and PBN. In spite of PL-5 
having 49.7% higher GN than IRBB60, PWm2 of PL-5 was 
only 8.1% higher. As a major cause of this phenomenon, 
�Z�H�� �I�R�F�X�V�H�G�� �R�Q�� �J�U�D�L�Q�� �V�L�]�H���� �7�K�H�� �J�U�D�L�Q�� �V�L�]�H�� �L�V�� �H�[�S�H�F�W�H�G�� �W�R��
�D
u�H�F�W���7�*�:���������������J�U�D�L�Q�V���Z�H�L�J�K�W���S�H�U���P�D�L�Q���W�K�U�H�H���S�D�Q�L�F�O�H�V������
Compared to the TGW of IRBB60 (26.45 ± 0.08 g), the 
�7�*�:�� �R�I�� �3�/������ �������������� �“�� ���������� �J���� �Z�D�V�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �O�R�Z�H�U��
(Table 3). Similarly, PL-5 recorded smaller grains in terms 
of GL (8.60 ± 0.01 mm), GW (2.22 ± 0.01 mm) and GT 
(1.79 ± 0.01 mm) compared to those of IRBB60 (9.46 ± 

0.02 mm, 2.41 ± 0.01 mm, 1.96 ± 0.01 mm) (Table 3). The 
�V�P�D�O�O�H�U���J�U�D�L�Q�V���R�I���3�/�������Q�H�J�D�W�L�Y�H�O�\���D
u�H�F�W�H�G���L�W�V���\�L�H�O�G��

Evaluation of the pyramiding line for resistance to 

bacterial leaf blight

The response of the experimental materials when 
challenged with BLB races from Vietnam (HAU01043, 
HAU0209, HAU02021-2 and HAU02024-6), Myanmar 
(HKM13) and India (IND2-3) are shown in Fig. 4. 
IRBB60 showed strong resistance to the six BLB races, 
with lesions lengths ranging from 0 to 1.2 cm. In contrast, 

Fig. 2.	Gross morphology of the plants and panicles of the experimental materials. A-F: Gross plant morphology at the 
ripening stage, G-L: Gross panicle morphology at the ripening stage. A and G: IRBB60, B and H: IR24, C and 
I: ST-12, D and J: PL-1, E and K: PL-4 and F and L: PL-5. Bar = 20cm (A–F), 5cm (G–L). 

Table 3.	 Yield-components of the pyramiding lines at BC2F4 in the IRBB60 background.

Line Name DH (days) PH (cm) PL (cm) PN GN PBN

IRBB60 105.00 ± 0.50 94.67 ± 1.55 23.89 ± 0.44 10.44 ± 0.65 160.22 ± 9.47 12.00 ± 0.37
IR24 ���������������“�����������
�
 �������������“�����������
�
 �������������“�����������
�
 10.33 ± 0.80 161.33 ± 10.07 �������������“�����������

ST-12 �������������“�����������
�
 ���������������“�����������
�
 23.78 ± 0.53 �����������“�����������
�
 ���������������“�������������
�
 �������������“�����������
�

PL-1 ���������������“�����������
�
 ���������������“�����������
�
 �������������“�����������
 9.11 ± 0.93 ���������������“�������������
�
 �������������“�����������
�

PL-4 105.22 ± 0.53 96.67 ± 1.98 23.22 ± 0.50 �����������“�����������
 ���������������“�������������
�
 �������������“�����������
�

PL-5 ���������������“�����������
�
 95.89 ± 1.71 �������������“�����������
�
 10.11 ± 0.80 ���������������“�����������
�
 �������������“�����������
�


Line Name FR (%) TGW (g) GL (mm) GW (mm) GT (mm)

IRBB60 94.90 ± 0.26 26.45 ± 0.08 9.46 ± 0.02 2.41 ± 0.01 1.96 ± 0.01
IR24 �������������“�����������
�
 �������������“�����������
�
 �����������“�����������
�
 �����������“�����������
�
 �����������“�����������

ST-12 �������������“�����������
�
 �������������“�����������
�
 �����������“�����������
�
 �����������“�����������
�
 �����������“�����������
�

PL-1 �������������“�����������
�
 �������������“�����������
�
 �����������“�����������
�
 �����������“�����������
�
 �����������“�����������
�

PL-4 �������������“�����������
�
 �������������“�����������
�
 9.47 ± 0.02 2.41 ± 0.01 �����������“�����������
�

PL-5 �������������“�����������
�
 �������������“�����������
�
 �����������“�����������
�
 �����������“�����������
�
 �����������“�����������
�


Numbers represent average ± standard error.
�'�+� �G�D�\�V�� �W�R�� �K�H�D�G�L�Q�J���� �3�+� �S�O�D�Q�W�� �K�H�L�J�K�W���� �3�/� �S�D�Q�L�F�O�H�� �O�H�Q�J�W�K���� �3�1� �S�D�Q�L�F�O�H�� �Q�X�P�E�H�U�� �S�H�U�� �S�O�D�Q�W���� �*�1� �J�U�D�L�Q�� �Q�X�P�E�H�U�� �S�H�U�� �P�D�L�Q�� �S�D�Q�L�F�O�H����
�3�%�1� �S�U�L�P�D�U�\���E�U�D�Q�F�K���Q�X�P�E�H�U���S�H�U���P�D�L�Q���S�D�Q�L�F�O�H�����)�5� �I�H�U�W�L�O�L�W�\���U�D�W�L�R���S�H�U���W�K�U�H�H���O�D�U�J�H�V�W���S�D�Q�L�F�O�H�V���L�Q���D���S�O�D�Q�W�����7�*�:� �����������J�U�D�L�Q���Z�H�L�J�K�W���S�H�U��
�W�K�U�H�H���O�D�U�J�H�V�W���S�D�Q�L�F�O�H�V���L�Q���D���S�O�D�Q�W�����*�/� �J�U�D�L�Q���O�H�Q�J�W�K�����*�:� �J�U�D�L�Q���Z�L�G�W�K�����*�7� �J�U�D�L�Q���W�K�L�F�N�Q�H�V�V��
�
�����
�
�����L�Q�G�L�F�D�W�H���V�L�J�Q�L�¿�F�D�Q�W���G�L
u�H�U�H�Q�F�H���I�U�R�P���,�5�%�%�������D�W��p<0.05 and p<0.01 by t-test, respectively.



J Intl Cooper Agric Dev 2020   23

IR24 and ST-12 were susceptible to the six BLB races, 
with lesions lengths ranging from 13.3 to 25.2 cm in IR24 
and from 10.5 to 26.8 cm in ST-12. The pyramiding lines 
�3�/�������� �3�/������ �D�Q�G�� �3�/������ �V�K�R�Z�H�G�� �G�L
u�H�U�H�Q�W�L�D�O�� �U�H�V�S�R�Q�V�H�V�� �W�R��
�W�K�H�� �V�L�[�� �%�/�%�� �U�D�F�H�V���� �3�/������ �H�[�K�L�E�L�W�H�G�� �U�H�V�L�V�W�D�Q�F�H�� �W�R�� �W�K�H�� �¿�Y�H��
BLB races from Vietnam (HAU0209, HAU02021-2 and 
HAU02024-6), Myanmar (HKM13) and India (IND2-3), 
and moderate to HAU01043. PL-4 exhibited resistance 
to HAU0209, moderate to IND2-3, partially resistance to 
HKM13 and susceptibility to HAU01043, HAU02021-
2 and HAU02024-6. PL-5 exhibited resistance to the 
�¿�Y�H�� �%�/�%�� �U�D�F�H�V�� �I�U�R�P�� �9�L�H�W�Q�D�P�� ���+�$�8�������������� �+�$�8������������
HAU02021-2 and HAU02024-6) and India (IND2-3), and 
partially resistance to HKM13 from Myanmar.

�&�R�Q�¿�U�P�D�W�L�R�Q���R�I���L�Q�W�U�R�J�U�H�V�V�L�R�Q���R�I���W�D�U�J�H�W�H�G���J�H�Q�H�V�� 

with genotyping-by-sequencing

GBS analysis validated the introduction of the WFP 
allele from ST-12 and the segregation of the four BLB 
resistant genes of IRBB60 in each of the pyramiding 
lines at BC2F3 (Table 4). All pyramiding lines carry the 
Xa21 allele from IRBB60 and the xa13 allele from ST-12. 
PL-1 and PL-4 have the Xa4 allele from IRBB60 but not 
PL-5 which has the Xa4 from ST-12. The xa5 allele from 
�,�5�%�%�������Z�D�V���L�Q�W�U�R�J�U�H�V�V�H�G���L�Q���W�K�H���K�R�P�R�]�\�J�R�X�V���I�R�U�P���L�Q���3�/������
�E�X�W���R�F�F�X�U�V���L�Q���D���K�H�W�H�U�R�]�\�J�R�X�V���I�R�U�P���L�Q���3�/�������� �3�/������ �K�D�V���W�K�H��
ST-12 allele for xa5. 

Discussion

The pyramiding lines (BC2F4) reported in the present 
study were developed from the cross between ST-12 (used 
as the donor of WFP) and IRBB60 (used as the recipient 
parent with BLB resistance). Introgression of WFP from 
�6�7���������L�Q���W�K�H���3�/�V���Z�D�V���F�R�Q�¿�U�P�H�G���E�\���0�$�6���D�Q�G���*�%�6�����)�L�J����
1, Table 4). As a result, we developed PL-5, a pyramiding 
line with higher yield compared to the recipient parent, 
IRBB60 (Fig. 3). The high yield of PL-5 can be attributed 
to the increase in both GN and PBN (Table 2, Table 3) 
due to the introgression of WFP from ST-12. Miura et al. 
reported that the introgression of WFP from ST-12 can 
�V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q�F�U�H�D�V�H���E�R�W�K���*�1���D�Q�G���3�%�1���L�Q���O�L�Q�H�V���K�D�Y�L�Q�J���W�K�H��
genetic background of the japonica rice cultivar Nippon-
bare7). Similarly, introgression of WFP has been reported 
to increase GN and PBN of several rice cultivars with 
indica genetic backgrounds25). In the present study, the 
�S�R�V�L�W�L�Y�H���H
u�H�F�W�V���R�I��WFP from ST-12 was also observed in 
the genetic background of IRBB60, suggesting that WFP 
expression can increase GN and PBN in both japonica and 
indica rice backgrounds, and that WFP from ST-12 is a 
�X�V�H�I�X�O�� �J�H�Q�H�W�L�F�� �U�H�V�R�X�U�F�H�� �W�K�D�W�� �F�D�Q�� �E�H�� �X�V�H�G�� �W�R�� �V�L�J�Q�L�¿�F�D�Q�W�O�\��
improve the yield of rice. 

PL-5 recorded 49.73% higher GN and 71.33% higher 
�3�%�1���F�R�P�S�D�U�H�G���W�R���,�5�%�%���������'�H�V�S�L�W�H���W�K�H���V�L�J�Q�L�¿�F�D�Q�W���L�Q�F�U�H�D�V�H��
in GN and PBN, PL-5 recorded a remarkably low increase 

Fig. 3.	�3�D�Q�L�F�O�H�� �Z�H�L�J�K�W�� �S�H�U�� �V�T�X�D�U�H�� �P�H�W�H�U�� ���3�:�P2) of the 
�H�[�S�H�U�L�P�H�Q�W�D�O���P�D�W�H�U�L�D�O�V�����
���D�Q�G���
�
���L�Q�G�L�F�D�W�H���V�L�J�Q�L�¿�F�D�Q�W��
�G�L
u�H�U�H�Q�F�H�� �I�U�R�P�� �,�5�%�%������ �D�W��p<0.05 and p<0.01, re-
spectively, by t-test. Error bars show standard error.

Table 4.	 Genotypes in targeted genes/QTL in the three pyramiding lines in the previous generation (BC2F3).

Chromosome RAP-ID �4�7�/���O�R�F�D�W�L�R�Q�
IRBB60 ST-12 PL-1 PL-4 PL-5 �(�[�S�
�


Xa4 11 - Around 28.5Mb A B A A B A
xa5 5 �2�V�����J�������������� - A B B H A A
xa13 8 �2�V�����J�������������� - A B B B B A
Xa21 11 �2�V�����J�������������� - A B A A A A
WFP 8 �2�V�����J�������������� - A B B B B B

�
�����S�K�\�V�L�F�D�O���G�L�V�W�D�Q�F�H���V�K�R�Z�H�G���L�Q���5�$�3���G�E���V�L�W�H�����K�W�W�S�V�������U�D�S�G�E���G�Q�D���D
u�U�F���J�R���M�S������
�
�
�����H�[�S�H�F�W�H�G���J�H�Q�R�W�\�S�H�V��
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Fig. 4.	The response of the experimental materials to the six races of Xoo. A: Lesion length on leaves of the experimental 
�P�D�W�H�U�L�D�O�V�����'�L
u�H�U�H�Q�W���O�H�W�W�H�U�V���L�Q�G�L�F�D�W�H���V�L�J�Q�L�¿�F�D�Q�F�H���D�W��p<0.05 by Tukey’s HSD. Error bars show standard error. B: Le-
sions in leaves infected by the six BLB races. The reaction of the experimental materials to the BLB races is shown 
in two leaves each. The order of BLB races in each panel is HAU01043, HAU0209, HAU02021-2, HAU02024-6, 
HKM13 and IND2-3 from left to right. The inoculation site corresponds to the top of each panel. Bars = 5cm.
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of 8.06% in yield (PWm2) compared to IRBB60. A similar 
phenomenon was observed in PL-1 and PL-4. Rice yield 
has four important components namely PN, GN, FR and 
TGW. In PL-5, the main negative factor was TGW, which 
was 21.25% lower than IRBB60. Based on the results of 
the current study, an improvement in TGW can further 
increase rice yield. In PL-1, the main negative factors were 
PN and FR which were 12.74% and 19.03% lower than 
IRBB60, respectively. In PL-4, the negative factors were 
PN, FR and TGW which were 9.58%, 23.46% and 7.75% 
lower than IRBB60, respectively.  

The low TGW of PL-5 may be unrelated to the function 
of WFP. PL-5 has smaller grains, giving it lower TGW 
than IRBB60. The donor parent ST-12 do not have small 
grains, and WFP/IPA1 from ST-12 has not been reported to 
�E�H���L�Q�Y�R�O�Y�H�G���L�Q���W�K�H���U�H�J�X�O�D�W�L�R�Q���R�I���J�U�D�L�Q���V�L�]�H�����:�H���K�\�S�R�W�K�H�V�L�]�H��
that the genetic background of PL-5 which resulted from 
random recombination between the ST-12 and IRBB60 
genome contributed to its smaller grains. 

Miura et al. suggested that WFP from ST-12 is involved 
in the regulation of shoot branching in the vegetative 
stage7). It was also suggested that WFP/IPA1 from the 
japonica cultivar Aikawa 1 and from the japonica cultivar 
Shaoniejing reduces tiller number7, 8). While the presence 
of WFP/IPA1 allele may increase GN, it may have nega-
�W�L�Y�H���H
u�H�F�W�V���R�Q���3�1�����,�Q���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\�����D�Q���L�Q�F�U�H�D�V�H���L�Q���*�1��
due to WFP/IPA1 introgression resulted in a concomitant 
decrease in PN. To suppress any reduction in PN due to 
WFP introgression, it is necessary to modify factor(s) re-
�O�D�W�H�G���W�R���F�R�Q�W�U�R�O�O�L�Q�J���3�1���V�S�H�F�L�¿�F�D�O�O�\���L�Q���W�K�H���Y�H�J�H�W�D�W�L�Y�H���V�W�D�J�H����

It is considered that the low FR of PL-1 and PL-4 oc-
curred as a result of the inability of the source to keep up 
with the improved sink ability of both lines as conferred 
by WFP. �,�Q���3�/���������D���U�H�P�D�U�N�D�E�O�H���U�H�G�X�F�W�L�R�Q���L�Q���J�U�D�L�Q���V�L�]�H���K�D�V��
�E�H�H�Q�� �F�R�Q�¿�U�P�H�G�� �W�K�D�W�� �D�O�O�R�Z�H�G�� �W�K�H�� �V�R�X�U�F�H�� �W�R�� �F�R�S�H�� �Z�L�W�K�� �W�K�H��
increase in sink. In the context of sink-source relation-
ship, WFP is a sink ability-related gene. Improvement of 
�W�K�H�� �V�L�Q�N�� �L�V�� �Q�H�F�H�V�V�D�U�\�� �W�R�� �L�P�S�U�R�Y�H�� �\�L�H�O�G���� �E�X�W�� �W�K�L�V�� �U�H�T�X�L�U�H�V��
a concomitant improvement in the source39)���� �(
v�F�L�H�Q�W��
�E�U�H�H�G�L�Q�J�� �I�R�U�� �K�L�J�K�� �\�L�H�O�G�� �L�Q�� �U�L�F�H�� �U�H�T�X�L�U�H�V�� �H�O�X�F�L�G�D�W�L�R�Q�� �R�I��
the genetic factors regulating the ability of the source to 
�J�H�Q�H�U�D�W�H���S�K�R�W�R�V�\�Q�W�K�H�W�L�F���D�V�V�L�P�L�O�D�W�H�V���W�K�D�W���Z�L�O�O���¿�O�O���W�K�H���V�L�Q�N����
Improving the photosynthetic ability of plant tissues with 
source functions may be the key to breaking through the 
yield potential of the current high-yield varieties40).

The present study aimed to pyramid WFP with four BLB 
resistant genes already present in the IRBB60 background. 
The three selected pyramiding lines however, had WFP 
and at least two BLB resistant genes each (Fig. 4, Table 
4). The incomplete maintenance of all four BLB resistance 
genes in the pyramiding line accounts for the variability in 
the response of each line to each of the BLB races. While 

the BLB resistant genes are not linked, xa13 is linked to 
WFP at approximately 1.5 Mb distance downstream. In the 
process of developing these pyramiding lines, genotyping 
was carried out to monitor the introgression of only WFP. 
To ensure that all four BLB resistant genes are maintained 
in the pyramided line, these genes should also be moni-
tored in the backcrossed and selfed generations by MAS.

Despite losing at least two BLB resistant genes, PL-5 
remains resistant to four BLB races from Vietnam and a 
race from India, whereas PL-1 is resistant to three races 
from Vietnam and races from Myanmar and India. These 
results indicate the both PL-1 and PL-5 can be cultivated 
�L�Q���D�U�H�D�V���Z�L�W�K���D���U�H�S�R�U�W�H�G���L�Q�F�L�G�H�Q�F�H���R�I���W�K�H���V�S�H�F�L�¿�F���%�/�%���L�Q-
�I�H�F�W�L�R�Q�����2�Y�H�U�D�O�O�����W�K�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���L�P�S�U�R�Y�H�G���\�L�H�O�G���R�I���3�/������
�L�Q���F�R�P�E�L�Q�D�W�L�R�Q���Z�L�W�K���L�W�V���U�H�V�L�V�W�D�Q�F�H���W�R���¿�Y�H���N�Q�R�Z�Q���%�/�%���U�D�F�H�V��
from Vietnam and India makes this pyramiding line a vi-
able candidate for high yield line with adoption in tropical 
rice ecosystems in Southeast Asia.
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Abstract. In developing countries, normally consumption of vegetables, fruits, and livestock products is expanded in addition 

to cereals consumption, as an income level of people rises. At the same time, consumers’ interest in quality and safety of 

those products is also enhanced. Regarding agricultural marketing, modern distribution channels such as supermarkets are 

increased in addition to traditional distribution channels following the progress of economic development of a country, and 

it is one of the major challenges for small and medium farmers to join the modern channels.

�)�L�U�V�W�O�\�����W�K�L�V���D�U�W�L�F�O�H���L�G�H�Q�W�L�¿�H�G���L�W�H�P�V���I�R�U���L�P�S�U�R�Y�L�Q�J���D�J�U�L�F�X�O�W�X�U�D�O���P�D�U�N�H�W�L�Q�J���I�U�R�P���W�K�H���Y�L�H�Z�S�R�L�Q�W���R�I���S�U�R�G�X�F�H�U�V�����6�H�F�R�Q�G�O�\�����L�W���F�O�D�U�L�¿�H�G��

�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���S�R�O�L�F�L�H�V���L�Q�V�W�L�W�X�W�L�R�Q�V�����P�D�U�N�H�W�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W���D�Q�G���I�D�U�P�H�U�¶�V���R�U�J�D�Q�L�]�D�W�L�R�Q�V���Z�K�L�F�K���D
u�H�F�W���D�J�U�L�F�X�O�W�X�U�D�O���P�D�U�N�H�W�L�Q�J��

in the Red River Delta in Vietnam. After that, it took up a technical cooperation project conducted by Japan International 

Cooperation Agency which aims at promoting safe vegetables in the Red River Delta as a case study. Concretely, it analyzed 

which item for agricultural marketing improvement each component comprising trial activities of the project addressed. As 

�D�� �U�H�V�X�O�W���� �L�W�� �S�U�R�Y�H�G�� �F�O�H�D�U�� �H
u�H�F�W�V�� �R�I�� �F�R�P�S�R�Q�H�Q�W�V�� �V�X�F�K�� �D�V�� �G�L�D�O�R�J�X�H�� �Z�L�W�K�� �W�K�H�� �P�D�U�N�H�W���� �H�V�W�D�E�O�L�V�K�P�H�Q�W�� �R�I�� �D�� �M�R�L�Q�W�� �F�X�O�W�L�Y�D�W�L�R�Q�� �S�O�D�Q��

based upon market demand, post-harvest processing, and collection and delivery of products for agricultural marketing 

improvement.

Key words: Agricultural Marketing, Vietnam, Safe Crops, Vegetable, Good Agricultural Practice (GAP)
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Abstract. Farms in Southeast Sulawesi Province, Indonesia, historically grow upland rice crops that utilize the slash-and-burn 

�I�D�U�P�L�Q�J���V�\�V�W�H�P�����+�R�Z�H�Y�H�U�����O�L�W�W�O�H���L�V���N�Q�R�Z�Q���D�E�R�X�W���J�U�D�L�Q���T�X�D�O�L�W�\���D�Q�G���W�K�H���G�L
u�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���X�S�O�D�Q�G���U�L�F�H���Y�D�U�L�H�W�L�H�V���L�Q���W�K�L�V���U�H�J�L�R�Q����

In the present study, growth and grain yield were measured to elucidate the characteristics of traditional upland rice varieties 

grown by local farmers. Additionally, amylose and protein content were measured to understand their characteristics. In this 

region, farmers predominantly grew traditional rice varieties, which were deemed as tropical japonica based on the measured 

agronomic traits. These traditional varieties were highly varied in terms of grain appearance and yield-related factors. Grain 

yield in the traditional varieties (3.0 t ha-1 on average) was inferior to that of Lampung (4.0 t ha-1 on average), an improved 

variety newly introduced from outside the region. In particular, Lampung tended to have a higher spikelet number per m2 

�W�K�D�Q���W�K�D�W���R�I���W�K�H���W�U�D�G�L�W�L�R�Q�D�O���Y�D�U�L�H�W�L�H�V�����7�K�H���S�U�R�W�H�L�Q���D�Q�G���D�P�\�O�R�V�H���F�R�Q�W�H�Q�W���Y�D�U�L�H�G���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���G�L
u�H�U�H�Q�W���Y�D�U�L�H�W�L�H�V�����$�P�\�O�R�V�H��

content of eleven upland rice varieties was determined, with eight varieties characterized as sticky rice, two as non-glutinous 

varieties, and one as an extremely low amylose variety. These results indicate that this region contains valuable upland rice 

varieties, and this information is useful for future genetic resource studies.

Key words:  Indonesia, Upland rice, Agronomic trait, Protein content, Amylose content

Introduction

�5�L�F�H�� �J�U�R�Z�L�Q�J�� �H�F�R�V�\�V�W�H�P�V�� �D�U�H�� �E�U�R�D�G�O�\�� �F�O�D�V�V�L�¿�H�G�� �L�Q�W�R��
three types based on soil-water conditions: irrigated 
lowland, rainfed lowland, and upland; accounting for 
approximately 75, 19, and 4% of global rice production, 
respectively1). Therefore, the contribution of upland rice 
to global rice production is not as great as that of low-
land rice. However, in Asia, where more than 90% of the 

world’s rice is produced, upland rice remains an important 
crop for traditional smallholders1).

In Southeast Sulawesi Province, Indonesia, upland 
rice has been cultivated by the traditional slash-and-burn 
system during the rainy season for many years2, 3, 4, 5). In 
this province, the upland rice cultivation area is relatively 
higher than in other regions and has been estimated at 
approximately 8,000 ha–10,000 ha (12% of the total 
rice cultivation area), with annual production estimated 
between 25,000 t and 32,000 t (8% of the total produc-
tion)4, 5). Therefore, upland rice has played an important 
role as a staple food item for local people5). Farmers in 
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this region grow upland rice of traditional varieties mainly 
for personal consumption5). This is because farmers prefer 
the eating quality of these traditional varieties. If upland 
rice is sold in the market, its selling price is double that of 
lowland rice5). Recently, some upland rice farmers have 
shifted from traditional varieties to improved varieties5, 6). 
Therefore, there is a possibility that the improved varieties 
might replace the traditional varieties in the future.

Traditional varieties have been selected by local people 
in the past in line with local ecological characteristics; 
therefore, some traditional varieties possess superior 
characteristics and can grow under severely stressful en-
vironmental conditions, such as drought and aluminum 
toxicity7). Traditional rice varieties in Southeast Asian 
countries have been recognized as a valuable source of 
tolerance genes7). The traditional rice varieties in Indone-
sia have been used as breeding materials8). It is important 
to obtain information about traditional upland varieties in 
this area for studying genetic resources.

In the present study, growth and grain yield were 
measured to understand the characteristics of traditional 
rice varieties, with these characteristics compared with an 
improved rice variety. Additionally, amylose and protein 
content was measured to understand their abundances be-
cause there is currently no information about these factors 
in this region.

Materials and Methods

Study site

The study sites were located in the southeastern part 
of Sulawesi Island (Fig. 1). The survey was conducted in 
�I�D�U�P�H�U�V�¶�� �¿�H�O�G�V�� �R�Q�� �D�� �K�L�O�O�V�L�G�H�� �L�Q�� �3�D�O�D�Q�J�J�D�� �'�L�V�W�U�L�F�W���� �6�R�X�W�K��
Konawe Regency, Southeast Sulawesi Province, Indonesia, 
�L�Q�� ���������� �D�Q�G�� ������������ �'�X�U�L�Q�J�� �W�K�H�� �U�D�L�Q�\�� �V�H�D�V�R�Q�� ���O�D�W�H�� �1�R�Y�H�P-
ber to late July), the area receives more than 150 mm of 
rainfall each month. The annual rainfall in this region is 
approximately 2,000 mm and the average temperature is 
24–29 °C 9).

Upland rice was cultivated in the traditional slash-and-
burn farming system by Tolakinese farmers during the 
�U�D�L�Q�\���V�H�D�V�R�Q�����7�K�H���X�S�O�D�Q�G���¿�H�O�G�V���Z�H�U�H���S�U�H�S�D�U�H�G���E�\�� �F�X�W�W�L�Q�J��
�G�R�Z�Q�� �W�K�H�� �W�U�H�H�V�� �L�Q�� �O�D�W�H�� �6�H�S�W�H�P�E�H�U���� �D�Q�G�� �E�X�U�Q�L�Q�J�� �W�K�H�� �¿�H�O�G�V��
�L�Q���W�K�H���H�Q�G���R�I���W�K�H���G�U�\���V�H�D�V�R�Q�����O�D�W�H���1�R�Y�H�P�E�H�U���Ø9). In the be-
ginning of the rainy season rice seeds were sown directly 
�L�Q�W�R���W�K�H���S�U�H�S�D�U�H�G���V�R�L�O���L�Q���X�S�O�D�Q�G���¿�H�O�G�����7�K�H���X�S�O�D�Q�G���U�L�F�H���Z�D�V��
harvested around May. The plants were grown without the 
use of fertilizers or pesticides.

Growth and yield surveys

The surveys were conducted twice, in 2010 and 2012, 
�S�U�L�R�U���W�R���U�L�F�H���K�D�U�Y�H�V�W�����7�K�H���¿�U�V�W���V�X�U�Y�H�\���Z�D�V���S�H�U�I�R�U�P�H�G���I�U�R�P��

Fig. 1.	Map of the study site in Southeast Sulawesi Province, Indonesia.
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late April to early May in 2010 in Kiaea and Wawonggura 
�Y�L�O�O�D�J�H�V���� �)�D�U�P�H�U�V�� �L�Q�� �.�L�D�H�D�� �J�U�H�Z�� �W�K�U�H�H�� �U�L�F�H�� �Y�D�U�L�H�W�L�H�V���� �'�D�L��
Hoani, Moku, and Undolia, and farmers in Wawonggura 
�J�U�H�Z���R�Q�H���U�L�F�H���Y�D�U�L�H�W�\�����'�D�L���:�R�O�L�R�����7�K�H���V�H�F�R�Q�G���V�X�U�Y�H�\���Z�D�V��
�X�Q�G�H�U�W�D�N�H�Q�� �D�W�� �W�K�U�H�H�� �¿�H�O�G�V�� �L�Q�� �3�D�O�D�Q�J�J�D�� �Y�L�O�O�D�J�H�� �I�U�R�P�� �O�D�W�H��
April to early May in 2012. One farmer grew Uso and two 
farmers grew Lampung. According to the farmers, Lam-
pung is an improved variety that originated from outside 
�W�K�H�� �U�H�J�L�R�Q�� �L�Q�� �W�K�H�� ���������V���� �D�Q�G�� �W�K�H�� �R�W�K�H�U�� �¿�Y�H�� �Y�D�U�L�H�W�L�H�V�� �D�U�H��
considered as traditional varieties. In the 2010 survey, 20 
hills per variety were randomly selected to measure plant 
�O�H�Q�J�W�K�����F�X�O�P���O�H�Q�J�W�K�����S�D�Q�L�F�O�H���O�H�Q�J�W�K�����D�Q�G���À�D�J���O�H�D�I���O�H�Q�J�W�K���L�Q��
�W�K�H���¿�H�O�G�����,�Q���W�K�H�������������V�X�U�Y�H�\�����W�K�H�V�H���W�U�D�L�W�V���Z�H�U�H���P�H�D�V�X�U�H�G���I�R�U��
hills sampled from an area of 1 m2 (approximately 10 hills) 
with three replications.

�'�X�U�L�Q�J�� �E�R�W�K�� �V�X�U�Y�H�\�V���� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �V�K�R�R�W�� �I�U�H�V�K��
weight and yield components, plant samples were taken 
from three square plots (1 m × 1 m) per variety. For each 
square plot, the number of hills per plot and the number of 
panicles per hill were counted, after which all the hills in 
the plot were cut at ground level. Panicle morphology was 
photographed, and we recorded whether grain awns were 
present based on our observations. To determine the num-
�E�H�U���R�I���V�S�L�N�H�O�H�W�V���S�H�U���S�D�Q�L�F�O�H�����S�H�U�F�H�Q�W�D�J�H���R�I���¿�O�O�H�G���J�U�D�L�Q�V�����D�Q�G��
1000-grain weight, 20 panicles were randomly selected 
�I�U�R�P���H�D�F�K���S�O�R�W���G�X�U�L�Q�J���W�K�H���¿�U�V�W���V�X�U�Y�H�\���D�Q�G���R�Q�H���U�H�S�U�H�V�H�Q�W�D-
tive hill with an average number of panicles per hill was 
measured during the second survey. After hand-threshing, 
�¿�O�O�H�G���D�Q�G���X�Q�¿�O�O�H�G���J�U�D�L�Q�V���Z�H�U�H���V�H�S�D�U�D�W�H�G���X�V�L�Q�J���I�U�H�V�K���Z�D�W�H�U��
and were counted from each plot. The 1000-grain weight 
of rice was adjusted to a 14% moisture content. Grain yield 
was calculated from all yield components.

Amylose and protein content

The brown rice samples were collected from the same 
growing regions with yield survey areas. Ten upland rice 
�Y�D�U�L�H�W�L�H�V�� ���%�L�X���� �'�D�L�� �+�R�D�Q�L���� �'�D�L�� �:�R�O�L�R���� �/�D�P�S�X�Q�J���� �/�D�Q�J��
Gandobu, Moku, Nggalaru, Undolia, Wolasi, and Wulu-
�P�D�W�D�����Z�H�U�H���F�R�O�O�H�F�W�H�G���I�U�R�P���W�K�H���¿�H�O�G�V���D�U�R�X�Q�G���W�K�H���3�D�O�D�Q�J�J�D��
�'�L�V�W�U�L�F�W�����D�Q�G���R�Q�H���X�S�O�D�Q�G���Y�D�U�L�H�W�\���Z�D�V���F�R�O�O�H�F�W�H�G���D�W���D���P�D�U�N�H�W��
in Kendari in Southeast Sulawesi Province. However, the 
variety collected from the market was unknown and the 
code name “red upland rice” was conferred based on the 
grain color. For brown rice in these 11 varieties, amylose 
(Auto-analyzer II, Bran+Luebbe, Germany) and protein 
content (Infra Alyzer500, Bran+Luebbe , Germany) were 
measured.

Results

Growth and yield survey

Growth and yield measurements were collected from six 

rice varieties in our two surveys, have awn (Fig. 2). Grain 
color was white in six varieties, brown in four varieties, 
and blackish in one variety (Fig. 3). Plant and culm lengths 
of the six varieties ranged from 166 to 196 cm and 125 to 
���������F�P�����U�H�V�S�H�F�W�L�Y�H�O�\�����7�D�E�O�H�����������3�O�D�Q�W���O�H�Q�J�W�K���R�I���'�D�L���+�R�D�Q�L��
�D�Q�G���'�D�L���:�R�O�L�R���Z�D�V���O�R�Q�J�H�U���W�K�D�Q���W�K�H���R�W�K�H�U���Y�D�U�L�H�W�L�H�V�����3�D�Q�L�F�O�H��
�O�H�Q�J�W�K���� �D�Q�G�� �À�D�J�� �O�H�D�I�� �O�H�Q�J�W�K�� �U�D�Q�J�H�G�� �I�U�R�P�� ���������� �W�R�� ���������� �F�P��
and from 36.8 to 50.6 cm, respectively.

Hill number per square meter ranged from 9.0 to 12.0 
(Table 2). Panicle number per hill and per square meter 
ranged from 9.6 to 13.1 and from 86 to 136, respectively. 
�'�D�L���+�R�D�Q�L���D�Q�G���0�R�N�X���K�D�G���O�R�Z�H�U���S�D�Q�L�F�O�H���Q�X�P�E�H�U�V���S�H�U���K�L�O�O��
and per square meter than those of the other varieties. 
Spikelet number per panicle ranged from 101 to 183, with 
�'�D�L���:�R�O�L�R���D�Q�G���8�V�R���K�D�Y�L�Q�J���I�H�Z�H�U���Q�X�P�E�H�U�V���R�I���V�S�L�N�H�O�H�W�V���W�K�D�Q��
that of the other varieties. Spikelet number per square meter 
in the traditional varieties ranged from 13,000 to 17,000, 
whereas the number in the improved variety (Lampung) 
�Z�D�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������������������7�K�H���S�H�U�F�H�Q�W�D�J�H���R�I���¿�O�O�H�G���J�U�D�L�Q�V��
ranged from 60.4% to 89.3%. The 1000-grain weight was 
less than 25.0 g (21.7–23.2 g) in Moku, Uso, and Lam-
pung, whereas it was greater than 25.0 g (27.3–33.2 g) in 
�'�D�L���+�R�D�Q�L�����8�Q�G�R�O�L�D���D�Q�G���'�D�L���:�R�O�L�R�����%�U�R�Z�Q���U�L�F�H���\�L�H�O�G�V���I�U�R�P��
all rice varieties ranged from 203 to 429 g m-2. Lampung 
showed the highest yield out of the six varieties.

Protein and amylose content in brown rice

The 1000-grain weight ranged from 20.7 to 33.5 g be-
tween the 11 rice varieties (Table 3). The protein content 
in the 11 varieties ranged from 7.8% to 10.7%. Amylose 
�F�R�Q�W�H�Q�W���Z�D�V���������L�Q���%�L�X���D�Q�G���'�D�L���:�R�O�L�R�����D�Q�G�������������L�Q���:�X�O�X-
mata. Amylose content in the other eight varieties ranged 
from 14.8% to 19.7%. 

Discussion

Characteristics of cultivated varieties

In previous studies, more than 20 varieties of tradi-
tional upland rice varieties have been examined3), with 
one improved rice variety also observed in this region5, 6). 
Similarly, in our survey, farmers grow both traditional and 
improved rice varieties (Table 1); however, the traditional 
rice varieties still predominate in the region. The traditional 
�U�L�F�H���Y�D�U�L�H�W�L�H�V���Z�H�U�H���Z�L�G�H�O�\���G�L
u�H�U�H�Q�W���L�Q���W�H�U�P�V���R�I���J�U�D�L�Q���V�K�D�S�H����
size, and color compared to the improved rice variety 
(Figs. 2 and 3, Table 3), suggesting that these traditional 
rice varieties have retained their diversity. This might be 
�E�H�F�D�X�V�H�� �I�D�U�P�H�U�V�� �J�U�R�Z�� �V�H�Y�H�U�D�O�� �G�L
u�H�U�H�Q�W�� �U�L�F�H�� �Y�D�U�L�H�W�L�H�V�� �W�R��
ensure risk distribution, resulting in the diversity of the 
varieties being maintained.

�0�R�V�W�� �R�I�� �W�K�H�� �X�S�O�D�Q�G�� �U�L�F�H�� �Y�D�U�L�H�W�L�H�V�� �D�U�H�� �F�O�D�V�V�L�¿�H�G�� �D�V��
tropical japonica, as shown in studies on upland rice in 



44    J Intl Cooper Agric Dev 2020

Fig. 2.	Panicles of rice varieties that are used to determine the growth and yield components.
�8�Q�G�R�O�L�D�����0�R�N�X�����'�D�L���+�R�D�Q�L�����D�Q�G���'�D�L���:�R�O�L�R���F�R�O�O�H�F�W�H�G���L�Q���������������X�S�S�H�U���O�H�I�W�������8�V�R���F�R�O�O�H�F�W�H�G���L�Q���������������X�S�S�H�U��
right), Lampung-1 collected in 2012 (lower left), and Lampung-2 collected in 2012 (lower right).

Fig. 3.	Grain color and shape variation in rice varieties that are used to determine protein and amylose content 
in brown rice.
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Vietnam and Laos10, 11). The morphological traits of tropi-
cal japonica varieties include greater than average plant 
length (120–180 cm), longer leaves, larger but fewer 
panicles (2–4 panicles per hill), and more (150–300) grains 
per panicle12, 13, 14)�����7�K�H���P�R�U�S�K�R�O�R�J�L�F�D�O���W�U�D�L�W�V���R�I���W�K�H���¿�Y�H���W�U�D-
ditional upland varieties sampled in our study were similar 
to those of typical traditional upland rice, except that they 
had more panicles than typical upland rice (Tables 1 and 
2). The higher panicle number may be a unique trait of the 
upland rice varieties in this region.

Yield levels among collected varieties

In our surveys, the yield of the traditional varieties was 
3.0 t ha-1 on average, whereas that of the improved variety, 
Lampung, was 4.0 t ha-1, that is, the traditional varieties 
had no yield advantage over the improved upland variety 
(Table 2). Lampung tended to have a higher spikelet 
number per square meter than that of the traditional va-
rieties. This result supported our previous study, which 
�V�K�R�Z�H�G�� �W�K�D�W�� �\�L�H�O�G�� �S�R�W�H�Q�W�L�D�O�� �P�L�J�K�W�� �E�H�� �G�L
u�H�U�H�Q�W�� �E�H�W�Z�H�H�Q��
the traditional and improved varieties5). The highest yield 
�G�L
u�H�U�H�Q�F�H�� �D�P�R�Q�J�� �W�K�H�� �W�U�D�G�L�W�L�R�Q�D�O�� �Y�D�U�L�H�W�L�H�V�� �Z�D�V�� �������� �W�� �K�D-1, 
with the highest yield in Undolia variety (3.6 t ha-1) and 
the lowest yield in Uso (2.0 t ha-1); and characteristics 
�R�I�� �W�K�H�� �\�L�H�O�G�� �F�R�P�S�R�Q�H�Q�W�� �Z�H�U�H�� �G�L
u�H�U�H�Q�W�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �W�K�H��

variety (Table  2). It appears that the selection of rice 
variety by farmers is more complex than just the yield 
or morphological traits. These results imply that farmers 
select rice varieties through comprehensive analysis of the 
interrelationship among crop traits, environmental factors, 
social factors, etc. Further studies are needed to understand 
farmers’ strategies for variety management.

Table 1.	 Growth characteristics of upland rice varieties in Southeast Sulawesi Province, Indonesia.

Year Variety Researched village Awn
Plant length 

(cm)
Culm length 

(cm)
Panicle length 

(cm)
Flag leaf length 

(cm)

2010

�'�D�L���+�R�D�Q�LKiaea long 196 ± 7 154 ± 8 36.8± 1.2 48.1± 2.4 
Moku Kiaea long 175 ± 6 144 ± 7 28.1± 0.6 37.0± 2.0 
Undolia Kiaea long 174 ± 9 137 ± 11 33.9± 1.1 41.8± 2.2 
�'�D�L���:�R�O�L�RWawouggura long 184 ± 11 143 ± 6 35.4± 1.1 48.1± 3.3 

2012
Uso Palangga long 169 ± 6 133 ± 5 27.6± 1.1 36.8± 1.7 
Lampung-1 Palangga (Farmer 1) long 172 ± 2 125 ± 4 27.8± 0.2 50.6± 2.5 
Lampung-2 Palangga (Farmer 2) long 166 ± 11 130 ± 8 25.6± 0.9 42.1± 2.4 

�'�D�W�D���D�U�H���P�H�D�Q���Y�D�O�X�H�V���Z�L�W�K���6���'��

Table 3.	 The 1000-grain weight and amylose and protein 
content of upland rice varieties in southeast 
Sulawesi Province, Indonesia.

Variety
1000-grain weight Protein Amylose

(g) (%) (%)

Biu 25.2 9.8 0.0
�'�D�L���+�R�D�Q�L 33.3 10.2 14.8
�'�D�L���:�R�O�L�R 33.5 9.6 0.00
Lampung 23.9 9.3 19.7
Lang Gandobu 20.8 9.6 18.2
Moku 23.4 7.8 19.5
Nggalaru 21.7 7.8 19.3
Undolia 27.6 8.3 19.2
Wolasi 22.2 10.2 18.7
Wulumata 20.7 10.7 5.9
Red Upland Rice 20.7 8.7 18.4

Table 2.	 Yield and yield components of upland rice varieties in Southeast Sulawesi Province, Indonesia.

Year Variety
No. of hills Panicle number Spikelet number

Percentage of 
�¿�O�O�H�G���J�U�D�L�Q

1000-grain 
weight

Brown rice 
yield

(m-2) (per hill) (m-2) (per panicle) (m-2) (%) (g) (g m-2)

2010

�'�D�L���+�R�D�Q�L9.0 ± 1.0 9.7 ± 2.0 87 ± 10 174 ± 27 15172± 1718 71.2± 9.1 33.0± 0.7 353 ± 71
Moku 9.0 ± 0.0 9.6 ± 0.6 86 ± 6 183 ± 12 15797± 1752 72.5± 6.7 23.2± 0.7 267 ± 33
Undolia 9.3 ± 1.5 12.4± 1.2 115 ± 12 150 ± 1 17241± 1786 77.9± 7.2 27.3± 0.7 363 ± 47
�'�D�L���:�R�O�L�R12.0± 2.6 10.5± 2.8 126 ± 15 101 ± 22 12786± 3952 77.2± 7.0 33.2± 0.6 316 ± 71

2012
Uso 10.0± 0.8 13.0± 1.2 131 ± 22 118 ± 18 15903± 5005 60.4± 6.7 21.7± 0.8 203 ± 48 
Lampung-1 11.3± 1.7 10.7± 1.1 121 ± 21 175 ± 18 21019± 2967 76.5± 10.3 23.2± 1.3 366 ± 24 
Lampung-2 11.0± 2.0 13.1± 4.3 136 ± 21 161 ± 42 20914± 2233 89.3± 2.7 22.9± 1.4 429 ± 58 

�'�D�W�D���D�U�H���P�H�D�Q���Y�D�O�X�H�V���Z�L�W�K���6���'��
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Characteristics of protein and amylose content

Protein content in brown rice is closely related to eating 
quality15, 16). In our study, the protein content varied from 
7.8% to 10.7% depending on the rice variety, with an aver-
age of 8.7% (Table 3). These values fell within the range 
(4.3%–18.2%) of the IRRI’s World Collection (17,587 cul-
tivars)16). Taira and Taira17) reported that protein content in 
brown rice was greater in rice grown in uplands compared 
with rice grown in lowlands. It has also been reported that 
high N fertilization at heading stage increased protein 
content in brown rice17). In our study, the protein content 
�L�Q�� �E�U�R�Z�Q�� �U�L�F�H���� �G�H�V�S�L�W�H�� �E�H�L�Q�J�� �J�U�R�Z�Q�� �L�Q�� �W�K�H�� �X�S�O�D�Q�G�� �¿�H�O�G����
tended to be lower than the average of the IRRI’s World 
Collection (9.5%)16). This may be because in this region 
rice was cultivated without fertilization.

�'�D�P�D�U�G�M�D�W�L���D�Q�G���2�N�D18) have reported that a major factor 
in determining eating quality is the amylose content, but 
�F�R�Q�V�X�P�H�U�� �S�U�H�I�H�U�H�Q�F�H�V�� �G�L
u�H�U�H�G�� �Z�L�G�H�O�\�� �L�Q�� �W�K�H�� �,�Q�G�R�Q�H�V�L�D�Q��
region. According to Gomez (1979) 16), amylose content in 
�U�L�F�H���Z�D�V���F�O�D�V�V�L�¿�H�G���D�V���Z�D�[�\���������±�������L�Q���E�U�R�Z�Q���U�L�F�H���������±������
in milled rice), very low (0%–9% in brown rice, 2%–9% 
in milled rice), low (10%–19% in brown rice, 9%–20% 
in milled rice), intermediate (20%–24% in brown rice, 
20%–25% in milled rice), and high (> 25% in brown rice, 
> 25% in milled rice). In our studies, amylose content of 
non-glutinous rice was 14.8%–19.7% in brown rice, which 
was estimated at 15.8%–22.5% in milled rice, based on 
a previous study that compared the amylose content of 
brown and milled rice19)�����'�D�P�D�U�G�M�D�W�L���D�Q�G���2�N�D18) collected 
rice samples from three large regions (Jakarta, South Su-
lawesi, and North Sumatra) in Indonesia and reported that 
the amylose content of 469 samples of milled rice ranged 
from 17.2% to 27.3% (low to high). They reported that 
most people in Sumatera and Sulawesi preferred the less 
sticky rice, whereas people in Java preferred sticky rice. A 
similar low to intermediate amylose content (10%–25%) 
was found in our study, which was conducted in Southeast 
Sulawesi. Additionally, it has been reported that most 
traditional upland varieties were placed in the intermediate 
category for amylose content20). Therefore, farmers in this 
region may prefer normal amylose content rice varieties 
rather than high amylose content rice varieties.

Besides non-glutinous rice, two glutinous rice were 
found with amylose content of 0% (Table 3). However, 
the ratio of glutinous rice varieties was less than 20% of 
the collected samples. Similarly, Pasolon and Borromeu3) 
reported that glutinous rice occupied 15% of the collected 
upland rice in the same region. Thus, non-glutinous rice 
predominates in this region. Glutinous rice is generally 
cooked by steaming and is mainly eaten during festivals or 
gatherings9). Farmers might have consciously cultivated the 
sticky rice varieties in certain ratios. Wulumata had less than 

10% amylose content (Table 3). This rice is categorized as 
having a very low amylose content. Similar to our results, 
very low amylose content rice was found from landraces 
in mountainous areas in Southeast Asia21, 22). In Japan, 
rice with low amylose content is becoming increasingly 
popular because it is being developed as one of the new 
types of rice by breeding to expand rice demand23). Thus, 
this type of unique characteristic might be important from 
the point of view of genetic resources. 

Conclusion

Upland rice grown by farmers in the Southeast Sulawesi 
Province was highly diverse in terms of grain appearance 
and yield-related factors. Almost all studied rice varieties 
were traditional varieties categorized as tropical japonica 
�U�L�F�H�����$�O�W�K�R�X�J�K���� �D�P�\�O�R�V�H�� �D�Q�G�� �S�U�R�W�H�L�Q�� �F�R�Q�W�H�Q�W�� �G�L
u�H�U�H�G�� �G�H-
pending on the rice variety, there were no high values of 
protein and amylose content in non-glutinous rice from our 
surveys. However, we observed a rice variety (Wulumata) 
with extremely low amylose content, which is a unique 
characteristic. Our results show that this region has valu-
able upland rice varieties, and these characteristics are im-
portant when considering these varieties for their genetic 
resources. Eating quality was only partially researched 
in the present study; therefore, future research should be 
undertaken to study a wider range of eating qualities.

Acknowledgements

We thank the members of the Soil Science Laboratory, 
Faculty of Agriculture, Halu Oleo University, Indonesia, 
for their support during our survey. We also thank the 
�I�D�U�P�H�U�V���I�R�U���W�K�H�L�U���F�R�R�S�H�U�D�W�L�R�Q�����:�H���D�U�H���J�U�D�W�H�I�X�O���W�R���'�U�����7�D�N�D�W�D��
Sei (Kochi Prefecture Agriculture Center) for his valuable 
advice and support.

References
  1.	Maclean J, Hardy B, Hettel G. (2013) Rice Almanac: 

Source Book for One of the Most Important Economic 
Activities on Earth (4th ed.). Los Baños, Phillipines: 
IRRI: 283.

  2.	Nishimura Y. (1995) Agriculture in the villages of 
Southeast Sulawesi, Indonesia: Part 1: The inter-vil-
lage variations in food production and consumption. 
Sago Palm 3: 55-61. (In Japanese with English ab-
stract)

��������	�3�D�V�R�O�R�Q�� �<�%���� �%�R�U�U�R�P�H�X�� �0�'���� �������������� �'�L�Y�H�U�V�L�W�\�� �D�Q�G��
agronomic features of indigenous of upland rice in 
Southeast Sulawesi, Indonesia. Adv Environ Bio 10: 
49-53.

��������	�3�D�V�R�O�R�Q���<�%�����*�D�J�R���&�����%�R�H�U���'�����5�H�P�E�R�Q���)�6�����0�X�K�L�G�L�Q����
Kikuta M, Yamamoto Y. (2017) Growth of upland rice 
in variable soil water-holding capacity. Res J Pharm, 



J Intl Cooper Agric Dev 2020   47

Bio Chem Sciences 8: 1608-1614.
  5.	Kikuta M, Yamamoto Y, Pasolon YB, Rembon FS, 

�0�L�\�D�]�D�N�L�� �$���� �0�D�N�L�K�D�U�D�� �'���� �������������� �+�R�Z�� �J�U�R�Z�W�K�� �D�Q�G��
yield of upland rice vary with topographic conditions. 
�7�U�R�S���$�J�U���'�H�Y�H�O�R�S��������������������������

  6.	Kikuta M, Yamamoto Y, Pasolon YB, Rembon FS, 
�0�L�\�D�]�D�N�L�� �$���� �0�D�N�L�K�D�U�D�� �'���� �������������� �(
u�H�F�W�V�� �R�I�� �V�O�R�S�H��
related soil properties on upland rice growth and 
yield under slash-and-burn system in South Konawe 
Regency, Southeast Sulawesi Province, Indonesia. 
�7�U�R�S���$�J�U���'�H�Y�H�O�R�S����������������������

  7.	Chang TT, Loresto GC. (1985) Germplasm resources 
and breeding for drought resistance. In: Progress in 
Upland Rice Research. Manila, Philippines: Interna-
tional Rice Research Institute: 199-212.

  8.	Yoshida T, Anas, Rosniawaty S, Setiamihardja R. 
(2009) Genetic background of Indonesia rice germ-
plasm and its relationship to agronomic characteristics 
and eating quality. Jpn J Crop Sci 78: 335-343. (In 
Japanese with English abstract)

  9.	Nishimura Y (1995) Agriculture in the villages of 
Southeast Sulawesi, Indonesia: Part 2: The role of sago 
exploitation in household and village economy, Sago 
Palm 3: 62-71. (In Japanese with English abstract)

10.	Arraudeau M., Xuan VT. (1995) Opportunities for up-
land rice research in Vietnam. In: Vietnam and IRRI: 
a partnership in rice research. Manila, Philippines: 
International Rice Research Institute and Hanoi 
(Vietnam): Ministry of Agriculture and Food Industry. 
p. 191-198. 

11.	Roder W, Keoboulapha B, Vannalath K, Phouaravanh 
B. (1996) Glutinous rice and its importance for hill 
farmers in Laos. Econ. Bot. 50:401-408. 

������	�$�W�O�L�Q�� �*�1���� �/�D�¿�W�W�H�� �+�5���� �7�D�R�� �'���� �/�D�]�D�� �0���� �$�P�D�Q�W�H�� �0����
�&�R�X�U�W�R�L�V���%�������������������'�H�Y�H�O�R�S�L�Q�J���U�L�F�H���F�X�O�W�L�Y�D�U�V���I�R�U���K�L�J�K��
fertility upland systems in the Asian tropics. Field 
Crops Res 97: 43-52.

13.	Saito Y. (1992) The routes of introduction of Rice in 
Japan. J Brew Soc Jpn 87: 732-738. (In Japanese with 
English title)

14.	Arraudeau MA., Vergara BS. (1988) A Farmer’s 
primer on growing upland rice. Manila, Philippines: 
International Rice Research Institute: pp284.

15.	Inatsu O. (1988) Studies on improving the eating qual-
ity of Hokkaido rice. Hokkaido Central Agricultural 
Experiment Station: 89. (In Japanese with English 
abstract)

������	�*�R�P�H�]���.�$�������������������(
u�H�F�W���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W���R�Q���S�U�R�W�H�L�Q��
and amylose content of rice. In: Proceedings of the 
Workshop on Chemical Aspects of Rice Grain Qual-
ity. International Rice Research Institute Los Baños, 
Laguna, Philippines: 59-68.

������	�7�D�L�U�D���+�����7�D�L�U�D���+���������������������(
u�H�F�W���R�I���L�U�U�L�J�D�W�L�R�Q���R�Q���S�U�R�W�H�L�Q��
content of upland, lowland and their hybrid brown 
rice. Jpn J Crop Sci 40: 294-298.

������	�'�D�P�D�U�G�M�D�W�L�� �'�6���� �2�N�D�� �0���� �������������� �(�Y�D�O�X�D�W�L�R�Q�� �R�I�� �X�U�E�D�Q��
consumer preferences for rice quality characteristics 
�L�Q���,�Q�G�R�Q�H�V�L�D�����8�Q�Q�H�Y�H�K�U���/�����'�X
u���%�����-�X�O�L�D�Q�R���%�2�������H�G�V��������
Consumer demand for rice grain quality: Terminal 
�U�H�S�R�U�W���R�I���,�'�5�&���S�U�R�M�H�F�W�V�����1�D�W�L�R�Q�D�O���J�U�D�L�Q���T�X�D�O�L�W�\�����$�V�L�D������
and International grain quality economics (Asia). 
Manila, Philippines: International Rice Research In-
stitute: 59-73.

19.	Oosato K, Hamachi Y, Kawamura Y, Imabayashi S. 
(1998) Selection for high palatability lines by amylose 
content adjusted by heading date for rice breeding. 
Jpn J Crop Sci 67: 36-40. (In Japanese with English 
abstract)

������	�6�D�O�O���6�����1�R�U�P�D�Q���'�����)�H�D�W�K�H�U�V�W�R�Q�H���$�0�������������������4�X�D�Q�W�L�W�D-
tive assessment of improved rice variety adoption: the 
farmer’s perspective. Agric Sys 66: 129-144.

21.	Nakagahara M, Nagamine T, Okuno K. (1986) 
Spontaneous occurrence of low amylose genes and 
geographical distribution of amylose content in rice. 
Rice Genet Newsl 3: 46-48.

22.	Irie K, Aye K, Myint Y, Kha LN, Tun YT, Nagamine 
T, Fujimaki H, Kikuchi F. (2003) Varietal variations 
of heading time among rice landraces in Myanmar. 
Jpn J Trop Agr 47: 198-205. (In Japanese with English 
abstract)

23.	Yoshi Y, Arisaka M, Jou T, Hayakawa T. (1997) Physi-
cochemical properties of low-amylose rice, Nippon 
Shokuhin Kagaku Kogaku Kaishi 44: 353-360. (In 
Japanese with English abstract)



48    J Intl Cooper Agric Dev 2020

Journal of 
International Cooperation for
Agricultural Development

J Intl Cooper Agric Dev 2020; 18: 48–55

�y Working Paper�y

Enhanced Root System Development 
�5�H�V�S�R�Q�V�H�V���R�I���D���1�H�Z�O�\���,�G�H�Q�W�L�À�H�G���0�X�W�D�W�L�R�Q��
Gene Promoting Lateral Root Development 
�W�R���9�D�U�L�R�X�V���1�L�W�U�R�J�H�Q���&�R�Q�G�L�W�L�R�Q�V���L�Q���5�L�F�H

Nonawin Lucob-Agustin1), Tomomi Hasegawa1), Kyosuke Jinno1), Roel R. Suralta2),  

Jonathan M. Niones2), Mana Kano-Nakata3), Akira Yamauchi2) and Yoshiaki Inukai3)

1) Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya, Aichi 464-8601, Japan
2) Philippine Rice Research Institute, Central Experiment Station, Science City of Muñoz, Nueva Ecija, 3119, Philippines
3) International Center for Research and Education in Agriculture, Nagoya University, Nagoya, Aichi 464-8601, Japan

Received  December 10, 2019   Accepted  January 17, 2020

Abstract.  Lateral roots (LRs), which largely constitute the root system, allow the entire root system to expand to a larger 

�D�U�H�D�� �W�R�� �H
v�F�L�H�Q�W�O�\�� �F�D�S�W�X�U�H�� �Z�D�W�H�U�� �D�Q�G�� �Q�X�W�U�L�H�Q�W�V�� �I�U�R�P�� �W�K�H�� �V�R�L�O���� �7�K�X�V���� �W�K�H�� �R�S�W�L�P�L�]�D�W�L�R�Q�� �R�I�� �/�5�V�� �V�K�R�X�O�G�� �E�H�� �F�R�Q�V�L�G�H�U�H�G�� �I�R�U�� �W�K�H��

�J�H�Q�H�W�L�F���L�P�S�U�R�Y�H�P�H�Q�W���R�I���U�R�R�W���V�\�V�W�H�P���D�U�F�K�L�W�H�F�W�X�U�H���W�R���P�R�V�W���Q�R�W�D�E�O�\���L�P�S�D�F�W���S�O�D�Q�W���D�F�T�X�L�V�L�W�L�R�Q���R�I���V�R�L�O���U�H�V�R�X�U�F�H�V���I�R�U���S�U�R�G�X�F�W�L�Y�L�W�\����

�,�Q���W�K�L�V���V�W�X�G�\�����Z�H���Q�H�Z�O�\���L�G�H�Q�W�L�¿�H�G���D���U�L�F�H���P�X�W�D�Q�W���������1�%���������Z�K�L�F�K���K�D�V���D���K�L�J�K���Q�X�P�E�H�U���R�I���W�K�L�F�N�����O�R�Q�J�����D�Q�G���K�L�J�K�O�\���E�U�D�Q�F�K�H�G���/�5�V��

���/���W�\�S�H���/�5�V�����Z�L�W�K���S�U�R�P�R�W�H�G���S�D�U�H�Q�W�D�O���U�R�R�W���J�U�R�Z�W�K�����:�H���H�Y�D�O�X�D�W�H�G���W�K�H���U�R�R�W���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�L�V���P�X�W�D�Q�W���X�Q�G�H�U���Y�D�U�L�R�X�V���Q�L�W�U�R�J�H�Q��

���1���� �U�H�J�L�P�H�V���� �L�Q�F�O�X�G�L�Q�J�� �������� �������� �D�Q�G�� �������� �P�J�� �1�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R�� �O�R�Z���� �V�W�D�Q�G�D�U�G���� �D�Q�G�� �K�L�J�K�� �1�� �F�R�Q�G�L�W�L�R�Q�V���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �7�K�H��

results showed that under low N conditions, the 11NB10 mutant had a larger root system based on its total root length, which 

�L�Q�F�U�H�D�V�H�G���I�X�U�W�K�H�U���Z�L�W�K���L�Q�F�U�H�D�V�L�Q�J���1���O�H�Y�H�O�V�����F�R�P�S�D�U�H�G���W�R���L�W�V���Z�L�O�G���W�\�S�H�����1�L�S�S�R�Q�E�D�U�H�����7�K�L�V���S�U�R�P�R�W�H�G���U�R�R�W���V�\�V�W�H�P���J�U�R�Z�W�K���F�R�X�O�G��

be attributed to the development of highly branched L-type LRs, which in turn might contributed to higher leaf area and shoot 

�G�U�\���P�D�W�W�H�U���S�U�R�G�X�F�W�L�R�Q�����7�K�H�V�H���¿�Q�G�L�Q�J�V���V�X�J�J�H�V�W���W�K�D�W���W�K�H�������1�%�������P�X�W�D�W�L�R�Q���J�H�Q�H���S�U�R�P�R�W�H�V���D���K�L�J�K�O�\���G�H�Y�H�O�R�S�H�G���U�R�R�W���V�\�V�W�H�P���X�Q�G�H�U��

�O�R�Z���1���F�R�Q�G�L�W�L�R�Q�V�����D�Q�G���L�W�V���U�R�R�W���S�H�U�I�R�U�P�D�Q�F�H���F�R�X�O�G���E�H���I�X�U�W�K�H�U���L�P�S�U�R�Y�H�G���E�\���H�Q�K�D�Q�F�L�Q�J���/�5���G�H�Y�H�O�R�S�P�H�Q�W���W�K�U�R�X�J�K���1���D�S�S�O�L�F�D�W�L�R�Q����

�7�K�X�V�����W�K�H�������1�%�������P�X�W�D�Q�W���L�V���D���S�U�R�P�L�V�L�Q�J���O�L�Q�H���I�R�U���W�K�H���E�U�H�H�G�L�Q�J���S�U�R�J�U�D�P�V���W�D�U�J�H�W�L�Q�J���U�R�R�W���V�\�V�W�H�P���D�U�F�K�L�W�H�F�W�X�U�H���L�Q���U�L�F�H��
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�,�Q�W�U�R�G�X�F�W�L�R�Q

Rice (Oryza sativa�� �/������ �L�V�� �F�R�Q�V�X�P�H�G�� �D�V�� �D�� �V�W�D�S�O�H�� �F�H�U�H�D�O��
crop by half of the world’s population1) and is cultivated on 
�R�Y�H�U�����������P�L�O�O�L�R�Q���K�D���R�I���O�D�Q�G���J�O�R�E�D�O�O�\�����+�R�Z�H�Y�H�U�����W�K�H���U�H�F�H�Q�W��
�F�O�L�P�D�W�L�F�� �F�R�Q�G�L�W�L�R�Q�V�� �S�R�V�H�� �V�H�U�L�R�X�V�� �U�L�V�N�V�� �W�R�� �U�L�F�H�� �S�U�R�G�X�F�W�L�R�Q����
thereby threatening food security2)���� �,�U�U�L�J�D�W�H�G�� �U�L�F�H�� �¿�H�O�G�V����
where water-saving technology (alternating wet and dry 
conditions) is practiced, and less favorable environments, 

such as rainfed lowland or upland ecologies, are more vul-
nerable to variable weather events, leading to constrained 
rice production in these areas3, 4)�����,�Q���V�X�F�K���X�Q�F�H�U�W�D�L�Q���V�L�W�X�D-
tions, optimizing root system architecture has been sug-
gested as a rational strategy to improve nutrient and water 
acquisition5)���L�Q���S�O�D�Q�W�V���D�Q�G�����W�K�X�V�����W�R���D�F�K�L�H�Y�H���I�R�R�G���V�H�F�X�U�L�W�\��

�7�K�H�� �U�R�R�W�� �V�\�V�W�H�P�� �D�U�F�K�L�W�H�F�W�X�U�H�� �L�Q�� �U�L�F�H�� �L�V�� �G�H�W�H�U�P�L�Q�H�G�� �E�\��
the overall growth and angle of its various components, 
including the seminal, crown, and lateral roots (LRs)6, 7)����
Being the root component that constitutes approximately 
90% of the root system, the LRs predominantly determine 
the overall function of the root system8) in a large variety 

�&�R�U�U�H�V�S�R�Q�G�L�Q�J���D�X�W�K�R�U�����<���,�Q�X�N�D�L���� �H���P�D�L�O�����L�Q�X�N�D�L�\�#�D�J�U���Q�D�J�R�\�D���X��
�D�F���M�S
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of environmental and soil nutrient conditions to optimize 
plant growth, adaptation, and productivity9, 10)�����,�Q���U�D�L�Q�I�H�G��
�O�R�Z�O�D�Q�G���¿�H�O�G�V���L�Q���G�H�Y�H�O�R�S�L�Q�J���F�R�X�Q�W�U�L�H�V�����Z�K�H�U�H�L�Q���D���K�D�U�G�S�D�Q��
is located approximately 20 cm below the soil surface11, 12), 
the roots are almost entirely restricted to water and nu-
�W�U�L�H�Q�W�V�� �I�R�X�Q�G�� �D�E�R�Y�H�� �W�K�H�� �K�D�U�G�S�D�Q���� �,�W�� �Z�D�V�� �U�H�S�R�U�W�H�G�� �W�K�D�W�� �L�Q��
such cases, the branching and elongation of LRs contrib-
uted greatly to the total root length, which consequently 
produced greater total dry matter, especially under mild 
drought stress13)���� �)�X�U�W�K�H�U�� �H�Y�L�G�H�Q�F�H�� �Z�D�V�� �S�U�R�Y�L�G�H�G�� �W�K�D�W�� �/�5��
production contributed to plant yield under soil moisture 
�À�X�F�W�X�D�W�L�R�Q�� �U�H�J�L�P�H�V14)���� �$�G�G�L�W�L�R�Q�D�O�O�\���� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I��
a deeper root system and LR growth promotion at 30–45 
cm soil depths as a response to periods of progressive 
�G�U�R�X�J�K�W�� �V�W�U�H�V�V�� �D�O�O�H�Y�L�D�W�H�G�� �W�K�H�� �H
u�H�F�W�V�� �R�I�� �Z�D�W�H�U�� �G�H�¿�F�L�W�� �R�Q��
grain yield15), and similar root phenotype at the same soil 
�G�H�S�W�K���Z�D�V���O�L�N�H�Z�L�V�H���U�H�S�R�U�W�H�G���W�R���P�D�L�Q�W�D�L�Q���V�K�R�R�W���G�U�\���P�D�W�W�H�U��
production under progressive drought stress16)�����7�K�H�V�H���U�R�R�W��
characteristics are associated with increased root water 
�X�S�W�D�N�H���D�Q�G�����W�R���V�R�P�H���H�[�W�H�Q�W�����Q�X�W�U�L�H�Q�W���X�S�W�D�N�H�����)�X�U�W�K�H�U�P�R�U�H����
total root length development, which is contributed by LR 
branching and elongation, could be enhanced by standard 
�D�Q�G���K�L�J�K���Q�L�W�U�R�J�H�Q�����1�����D�S�S�O�L�F�D�W�L�R�Q�V�����7�K�L�V�����L�Q���W�X�U�Q�����F�R�X�O�G���O�H�D�G��
to increased shoot growth under drought conditions17–19)����
�7�K�H�V�H���U�H�V�X�O�W�V���L�Q�G�L�F�D�W�H�G���W�K�D�W���/�5���J�U�R�Z�W�K���F�R�X�O�G���E�H���L�Q�G�X�F�H�G��
�E�\�� �F�R�Q�W�U�R�O�O�L�Q�J�� �W�K�H�� �O�H�Y�H�O�� �R�I�� �1�� �L�Q�� �V�R�L�O�V���� �,�Q�� �W�K�L�V�� �U�H�J�D�U�G���� �Z�H��
�L�G�H�Q�W�L�¿�H�G�� �D�� �U�L�F�H�� �P�X�W�D�Q�W���� �����1�%�������� �W�K�D�W�� �H�[�K�L�E�L�W�V�� �D�� �K�L�J�K��
�Q�X�P�E�H�U�� �R�I�� �W�K�L�F�N���� �O�R�Q�J���� �D�Q�G�� �K�L�J�K�O�\�� �E�U�D�Q�F�K�H�G�� �/�5�V�� ���/���W�\�S�H��
LRs) with normal and promoted parental root growth at 
�W�K�H���V�H�H�G�O�L�Q�J���D�Q�G���K�L�J�K�H�U���J�U�R�Z�W�K���V�W�D�J�H�V��

In Philippines, the rainfed systems (upland and lowland) 
�F�X�O�W�L�Y�D�W�H�G���I�R�U���U�L�F�H���R�F�F�X�S�\�������������0���K�D���R�I���W�K�H�����������0���K�D���W�R�W�D�O��
rice production areas20)���� �,�Q�� ������������ �W�K�H�V�H�� �S�U�R�G�X�F�W�L�R�Q�� �D�U�H�D�V��
�S�U�R�G�X�F�H�G������������ �P�W���\�L�H�O�G���K�D-1���� �Z�K�L�F�K���L�V���V�L�J�Q�L�¿�F�D�Q�W�O�\�� �O�R�Z�H�U��
�W�K�D�Q���W�K�H�L�U���L�U�U�L�J�D�W�H�G���F�R�X�Q�W�H�U�S�D�U�W���W�K�D�W���S�U�R�G�X�F�H�G�������������P�W���\�L�H�O�G��
ha-1���� �,�W���L�V�� �D�Q�W�L�F�L�S�D�W�H�G���� �W�K�H�U�H�I�R�U�H���� �W�K�D�W���D�Q�\�� �L�P�S�U�R�Y�H�P�H�Q�W���L�Q��
these production areas might contribute to the overall yield 
�L�Q�F�U�H�D�V�H���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���F�R�X�Q�W�U�\�������$�V�������1�%�������P�X�W�D�Q�W��
line showed promoted root system traits, we further used 
this material to evaluate the utilization of its root traits 
�X�Q�G�H�U���Y�D�U�L�R�X�V���1���U�H�J�L�P�H�V���D�Q�G���W�K�H�L�U���R�Y�H�U�D�O�O���H
u�H�F�W���R�Q���V�K�R�R�W��
�G�H�Y�H�O�R�S�P�H�Q�W���X�Q�G�H�U���3�K�L�O�L�S�S�L�Q�H���F�R�Q�G�L�W�L�R�Q�V��

�0�D�W�H�U�L�D�O�V���D�Q�G���0�H�W�K�R�G�V

Plant Materials

�7�K�H�� �U�L�F�H�� �P�X�W�D�Q�W���� �����1�%�������� �D�Q�G�� �L�W�V�� �Z�L�O�G���W�\�S�H���� �1�L�S-
�S�R�Q�E�D�U�H���� �Z�K�L�F�K�� �G�L
u�H�U�� �L�Q�� �U�R�R�W�� �V�\�V�W�H�P�� �G�H�Y�H�O�R�S�P�H�Q�W���� �Z�H�U�H��
�X�W�L�O�L�]�H�G���L�Q���W�K�H���V�W�X�G�\�����7�K�H�������1�%�������P�X�W�D�Q�W���L�V���D�Q��N-methyl-
N-nitrosourea (MNU)-induced mutant, in which the root 
system development is more promoted compared to Nip-
�S�R�Q�E�D�U�H��

Pot experiment
�7�K�H�������1�%�������P�X�W�D�Q�W���D�Q�G���1�L�S�S�R�Q�E�D�U�H���Z�H�U�H���H�Y�D�O�X�D�W�H�G���L�Q��

a pot experiment conducted in a glasshouse located on the 
�F�D�P�S�X�V�� �R�I�� �1�D�J�R�\�D�� �8�Q�L�Y�H�U�V�L�W�\���� �1�D�J�R�\�D���� �-�D�S�D�Q�� �������ƒ���•�����•�•��
�1�����������ƒ�����•�����•�•���(�����I�U�R�P���-�X�O�\���W�R���$�X�J�X�V�W���������������7�K�H���V�H�H�G�V���R�I��
the 11NB10 mutant and Nipponbare were pre-germinated 
using tap water mixed with fungicide (benomyl benlate, 
�������������Z���Y�����D�Q�G���L�Q�F�X�E�D�W�H�G���L�Q���D���J�U�R�Z�W�K���F�K�D�P�E�H�U���P�D�L�Q�W�D�L�Q�H�G��
�D�W�������ƒ�&���X�Q�G�H�U���F�R�Q�W�L�Q�X�R�X�V���O�L�J�K�W�����7�K�H���S�U�H���J�H�U�P�L�Q�D�W�L�R�Q���R�I���W�K�H��
11NB10 mutant occurred 2 days earlier than the wild-type 
plants sowed at the same time (wild-type: 3 days; mutant: 
�����G�D�\�V�������7�K�U�H�H���S�U�H���J�H�U�P�L�Q�D�W�H�G���V�H�H�G�V���I�U�R�P���H�D�F�K���O�L�Q�H���Z�H�U�H��
�V�R�Z�Q�� �L�Q�� �D�� ���������������� �:�D�J�Q�H�U�� �S�R�W�� �������� �F�P�� �G�L�D�P�H�W�H�U���� ������ �F�P��
�K�H�L�J�K�W���� �¿�O�O�H�G�� �Z�L�W�K�� �������� �N�J�� �D�L�U���G�U�L�H�G�� �V�D�Q�G�\�� �O�R�D�P�� �V�R�L�O���� �7�K�H��
soil in each pot was pre-mixed with fertilizer at the rate of 
�������������������N�J���K�D–1���1�3�.�����7�K�H���V�H�H�G�O�L�Q�J�V���Z�H�U�H���O�D�W�H�U���W�K�L�Q�Q�H�G���W�R��
one seedling per pot at 10 days after sowing (DAS) with 
water level maintained at 2 cm above the soil surface until 
�W�K�H���W�H�U�P�L�Q�D�W�L�R�Q���R�I���W�K�H���H�[�S�H�U�L�P�H�Q�W��

Rootbox experiment

Time and Location

�7�K�L�V���H�[�S�H�U�L�P�H�Q�W���Z�D�V���F�R�Q�G�X�F�W�H�G���L�Q���D���V�F�U�H�H�Q�K�R�X�V�H���D�W���W�K�H��
PhilRice Central Experiment Station (PhilRice-CES), Sci-
�H�Q�F�H���&�L�W�\���R�I���0�X�x�R�]�����1�X�H�Y�D���(�F�L�M�D�����3�K�L�O�L�S�S�L�Q�H�V���������ƒ�����•���1����
�������ƒ�������•�(���� ���������� �P���D�O�W�L�W�X�G�H�����E�H�W�Z�H�H�Q���-�D�Q�X�D�U�\���������� ���������� �W�R��
�)�H�E�U�X�D�U�\��������������������

N Treatments and Plant Sampling

�7�Z�R���S�O�D�Q�W�V���H�D�F�K���R�I���W�K�H�������1�%�������P�X�W�D�Q�W���D�Q�G���1�L�S�S�R�Q�E�D�U�H��
were targeted to be grown at both sides of a polyvinyl 
�F�K�O�R�U�L�G�H�����3�9�&���� �U�R�R�W�E�R�[�� �������� �F�P���î�� ���� �F�P���î�� ������ �F�P���� �/�� �î���:��
�î���+��21)�����)�L�U�V�W�O�\�����V�L�[���S�U�H���J�H�U�P�L�Q�D�W�H�G���V�H�H�G�V�����L���H�������W�K�U�H�H���V�H�H�G�V��
each of the 11NB10 mutant and Nipponbare, were sown 
at approximately 5 cm away from both ends of the PVC 
�U�R�R�W�E�R�[�� ���)�L�J���� ���D������ �7�K�H�� �V�H�H�G�O�L�Q�J�V�� �Z�H�U�H�� �O�D�W�H�U�� �W�K�L�Q�Q�H�G�� �L�Q�W�R��
�R�Q�H���V�H�H�G�O�L�Q�J���H�D�F�K���R�I���W�K�H���3�9�&���U�R�R�W�E�R�[���V�L�G�H�V���D�I�W�H�U�������'�$�6��

As described previously13, 18, 22)�����W�K�U�H�H���G�L
u�H�U�H�Q�W���O�H�Y�H�O�V���R�I��
N fertilizer (urea: 46% N), including 30 (low), 60 (stan-
dard), and 120 mg (high), each thoroughly mixed with 80 
�P�J���S�K�R�V�S�K�R�U�X�V�����V�L�Q�J�O�H���V�X�S�H�U�S�K�R�V�S�K�D�W�H�����������������32O5) and 
70 mg potassium (KCl: 60% K2�2�������Z�H�U�H���D�G�G�H�G���L�Q�W�R�����������N�J��
�D�L�U���G�U�L�H�G���V�R�L�O���S�H�U���U�R�R�W�E�R�[���S�U�L�R�U���W�R���V�H�H�G���V�R�Z�L�Q�J��

Physiological Measurements

Leaf photosynthesis of the second youngest fully-ex-
panded leaf was measured using a portable photosynthesis 
�V�\�V�W�H�P�� ���/�L�������������� �/�L�&�2�5�� �,�Q�F������ �/�L�Q�F�R�O�Q���� �1�H�E�U�D�V�N�D���� �8�6�$����
�V�W�D�U�W�L�Q�J�� �D�W�� ���������� �K���� �7�K�H�� �U�H�O�D�W�L�Y�H�� �F�K�O�R�U�R�S�K�\�O�O�� �F�R�Q�W�H�Q�W�� �Z�D�V��
measured using a chlorophyll meter (Soil and Plant Analy-
sis Development, SPAD-502, Minolta) and expressed as 



50    J Intl Cooper Agric Dev 2020

�6�3�$�'�� �Y�D�O�X�H���� �$�O�O�� �P�H�D�V�X�U�H�P�H�Q�W�V�� �Z�H�U�H�� �S�H�U�I�R�U�P�H�G�� �D�W�� ������
�'�$�6�����W�Z�R���G�D�\�V���E�H�I�R�U�H���W�K�H���W�H�U�P�L�Q�D�W�L�R�Q���R�I���W�K�H���H�[�S�H�U�L�P�H�Q�W��

Shoot and Root Growth Measurements

�6�D�P�S�O�L�Q�J�� �Z�D�V�� �S�H�U�I�R�U�P�H�G���D�W�������� �'�$�6�����7�K�H���V�K�R�R�W�V���Z�H�U�H��
cut at the stem base and oven-dried at 70°C for 2 days 
�S�U�L�R�U�� �W�R�� �W�K�H�� �U�H�F�R�U�G�L�Q�J�� �R�I�� �W�K�H�� �G�U�\�� �Z�H�L�J�K�W���� �7�K�H�� �U�R�R�W�V�� �Z�H�U�H��
sampled using a pinboard and transparent perforated 
plastic sheet as described previously21, 23)���� �7�K�H�� �H�[�W�U�D�F�W�H�G��
root systems embedded in plastic sheets were stained with 
������������ �&�R�R�P�D�V�V�L�H�� �%�U�L�O�O�L�D�Q�W���%�O�X�H�� �5�� �������� �D�T�X�H�R�X�V�� �V�R�O�X�W�L�R�Q��
�I�R�U���D�W���O�H�D�V�W���������K�����7�K�L�V���V�W�D�L�Q�L�Q�J���S�U�R�F�H�G�X�U�H���Z�D�V���L�Q�G�L�V�S�H�Q�V�D�E�O�H��
�I�R�U�� �W�D�N�L�Q�J�� �K�L�J�K���U�H�V�R�O�X�W�L�R�Q�� �G�L�J�L�W�D�O�� �V�F�D�Q�V�� �R�I�� �W�K�H�� �H�Q�W�L�U�H�� �U�R�R�W��
�V�\�V�W�H�P�����L�Q�F�O�X�G�L�Q�J���W�K�H���¿�Q�H���/�5�V�����X�V�L�Q�J���D�Q���$�����V�L�]�H���V�F�D�Q�Q�H�U��
���(�3�6�2�1�� �����������*���� �D�W�� �������� �G�S�L���� �6�X�E�V�H�T�X�H�Q�W�O�\���� �W�K�H�� �W�R�W�D�O��
number of crown roots was manually counted, and the 
root samples were stored in 95% ethyl alcohol for further 
�P�H�D�V�X�U�H�P�H�Q�W�V���� �)�R�U�� �U�R�R�W�� �O�H�Q�J�W�K�� �P�H�D�V�X�U�H�P�H�Q�W�V���� �W�K�H�� �U�R�R�W�V��
were cut, spread on transparent glass trays with minimal 
overlapping and scanned at 600 dpi with a pixel threshold 
�Y�D�O�X�H�� �R�I�� �������� �X�V�L�Q�J�� �D�Q�� �$�����V�L�]�H�� �V�F�D�Q�Q�H�U�� ���(�3�6�2�1�� ��������������
�7�K�H�� �V�F�D�Q�Q�H�G���L�P�D�J�H�V�� �Z�H�U�H�� �D�Q�D�O�\�]�H�G���I�R�U�� �U�R�R�W���O�H�Q�J�W�K�� �X�V�L�Q�J��
�W�K�H�� �:�L�Q�5�K�L�]�R�� �V�R�I�W�Z�D�U�H�� ���5�p�J�H�Q�W�� �,�Q�V�W�U�X�P�H�Q�W�V���� �4�X�p�E�H�F����
�&�D�Q�D�G�D�����D�Q�G���F�D�W�H�J�R�U�L�]�H�G���D�F�F�R�U�G�L�Q�J���W�R���/�5���G�L�D�P�H�W�H�U�����3�U�H�Y�L-

�R�X�V�O�\���� �/�5�V���K�D�Y�H���E�H�H�Q���F�O�D�V�V�L�¿�H�G���L�Q�W�R���W�Z�R���W�\�S�H�V���D�F�F�R�U�G�L�Q�J��
�W�R�� �G�L�D�P�H�W�H�U�� �D�Q�G�� �O�H�Q�J�W�K���� �W�K�H�� �6���W�\�S�H�� �D�Q�G�� �/���W�\�S�H�� �/�5�V���� �7�K�H��
�/���W�\�S�H���/�5�V���D�U�H���W�K�L�F�N�����O�R�Q�J�����D�Q�G���E�U�D�Q�F�K�H�G���L�Q�W�R���W�K�H���K�L�J�K�H�U��
order LRs, whereas the S-type LRs are slender, short, and 
non-branching24)�����7�K�H���/�5�V���Z�L�W�K���G�L�D�P�H�W�H�U���V�L�]�H�V���R�I��������������������
�D�Q�G�� ���������� �”�� ���������� �P�P�� �Z�H�U�H�� �F�O�D�V�V�L�¿�H�G�� �D�V�� �W�K�L�Q�� �D�Q�G�� �W�K�L�F�N����
respectively25)��

�5�H�V�X�O�W�V

11NB10 mutant selection and performance under  

soil conditions

�7�K�H�������1�%�������P�X�W�D�Q�W���Z�D�V���R�E�V�H�U�Y�H�G���W�R���K�D�Y�H���D���S�U�R�P�R�W�H�G��
root system compared to its wild-type, Nipponbare, under 
�W�D�S���Z�D�W�H�U���F�R�Q�G�L�W�L�R�Q�V���D�W���W�K�H���V�H�H�G�O�L�Q�J���V�W�D�J�H�����)�L�J�������D���E�������7�K�H��
�P�X�W�D�Q�W�� �K�D�G�� �U�H�P�D�U�N�D�E�O�\�� �O�R�Q�J�H�U�� �S�D�U�H�Q�W�D�O�� �U�R�R�W�V�� �D�Q�G�� �K�L�J�K�H�U��
�Q�X�P�E�H�U���R�I���O�R�Q�J���D�Q�G���W�K�L�F�N���/�5�V�����/���W�\�S�H���/�5�V�������E�X�W���W�K�H���V�D�P�H��
LR density and number of crown roots as that of the wild 
�W�\�S�H�����)�L�J�������F���I�������W�K�X�V�����L�W���Z�D�V���V�H�O�H�F�W�H�G���D�V���S�O�D�Q�W���P�D�W�H�U�L�D�O���L�Q��
�R�X�U���V�W�X�G�\�����7�K�H�V�H���U�R�R�W���G�H�Y�H�O�R�S�P�H�Q�W���G�L
u�H�U�H�Q�F�H�V���Z�H�U�H���F�R�Q-
sistently observed under soil conditions using pot set-up 
�D�W���W�K�H���P�D�[�L�P�X�P���W�L�O�O�H�U�L�Q�J���V�W�D�J�H�����)�L�J�������D���E�������7�K�H���Z�K�R�O�H���U�R�R�W��
system of the 11NB10 mutant appeared to have longer pa-
rental roots and highly branched LRs despite the observed 

Fig. 1.	�5�R�R�W���P�R�U�S�K�R�O�R�J�L�F�D�O���I�H�D�W�X�U�H�V���R�I�������1�%�������P�X�W�D�Q�W���D�W���V�H�H�G�O�L�Q�J���V�W�D�J�H��
Shoot and root system of Nipponbare (a) and 11NB10 mutant (b) and their roots traits (c–f) at 15 days after germination 
�J�U�R�Z�Q���X�Q�G�H�U���W�D�S���Z�D�W�H�U���F�R�Q�G�L�W�L�R�Q�V�����9�D�O�X�H�V���U�H�S�U�H�V�H�Q�W���P�H�D�Q�V���“���6�(�����Q� �����������
�
���D�Q�G���
�
�
���L�Q�G�L�F�D�W�H���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���D�W��P<0.01 
and P<0.001���L�Q���W�K�H���P�H�D�Q�V���E�H�W�Z�H�H�Q���J�H�Q�R�W�\�S�H�V���D�V���U�H�Y�H�D�O�H�G���E�\���W�Z�R���W�D�L�O�H�G���6�W�X�G�H�Q�W�¶�V���7���W�H�V�W�����U�H�V�S�H�F�W�L�Y�H�O�\�����Q�V�����Q�R�Q���V�L�J�Q�L�¿�F�D�Q�W����
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�O�R�Z�H�U�� �Q�X�P�E�H�U�� �R�I�� �S�D�U�H�Q�W�D�O�� �U�R�R�W�V�� �I�U�R�P�� �W�K�H�� �E�D�V�H�� ���)�L�J���� ���J������
which was due to the reduced stem number as shown in 
�)�L�J�������E�����%�H�F�D�X�V�H���R�I���W�K�H�V�H���G�L
u�H�U�H�Q�F�H�V���L�Q���V�W�H�P���Q�X�P�E�H�U�����)�L�J����
2c), the shoot and root traits were directly compared by 
obtaining the ratio of the trait to the stem number, and we 
found that the shoot dry weight of the 11NB10 mutant 
�Z�D�V�� �Q�R�W���Q�H�J�D�W�L�Y�H�O�\�� �D
u�H�F�W�H�G���E�\�� �W�K�H�� �P�X�W�D�W�L�R�Q�����)�L�J���� ���H������ �,�Q��
addition, the 11NB10 mutant had taller plant height and 
comparable net photosynthesis to the wild-type Nippon-
�E�D�U�H�� ���)�L�J���� ���G���� �I������ �U�H�Y�H�D�O�L�Q�J�� �W�K�D�W�� �W�K�H�� �P�X�W�D�W�L�R�Q�� �Q�H�J�D�W�L�Y�H�O�\��
�D
u�H�F�W�H�G���W�K�H���V�W�H�P���Q�X�P�E�H�U���R�Q�O�\���R�I���W�K�H���V�K�R�R�W���S�D�U�W�����1�R�W�D�E�O�\����
the total root length and total LR length per stem number 
�R�I�� �W�K�H�� �����1�%������ �P�X�W�D�Q�W�� �Z�H�U�H�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �K�L�J�K�H�U�� �W�K�D�Q��
�W�K�H�� �Z�L�O�G�� �W�\�S�H�� ���)�L�J���� ���K���� �M������ �Z�K�L�O�H�� �W�K�H�L�U�� �F�U�R�Z�Q�� �U�R�R�W�� �O�H�Q�J�W�K�V��
�Z�H�U�H���V�L�P�L�O�D�U�����)�L�J���� ���L������ �F�R�Q�¿�U�P�L�Q�J�� �W�K�D�W���W�K�H���J�H�Q�H���P�X�W�D�W�L�R�Q��
promoted root system development through enhanced LR 
�G�H�Y�H�O�R�S�P�H�Q�W���G�H�V�S�L�W�H���Q�H�J�D�W�L�Y�H�O�\���D
u�H�F�W�L�Q�J���W�K�H���V�W�H�P���Q�X�P�E�H�U��
�R�I���W�K�H���V�K�R�R�W���S�D�U�W��

Shoot and root system developmental responses of 

the 11NB10 mutant under various N conditions

�7�K�H�� �����1�%������ �P�X�W�D�Q�W�� �S�H�U�I�R�U�P�D�Q�F�H�� �Z�D�V�� �I�X�U�W�K�H�U�� �H�Y�D�O�X-

ated under various N conditions (low, standard, and high 
N) following the same treatment method as described 
previously13, 18, 22)���� �1�� �L�V�� �W�K�H�� �P�L�Q�H�U�D�O�� �Q�X�W�U�L�H�Q�W�� �U�H�T�X�L�U�H�G�� �L�Q��
the greatest amount, and its availability is a major factor 
limiting growth, development, and yield26)���� �7�R�� �S�U�H�F�L�V�H�O�\��
�H�Y�D�O�X�D�W�H�� �W�K�H�� �U�R�R�W�� �V�\�V�W�H�P�� �G�H�Y�H�O�R�S�P�H�Q�W�� �G�L
u�H�U�H�Q�F�H�V�� �R�I�� �W�K�H��
11NB10 mutant and Nipponbare, the rootbox-pinboard 
method was utilized to collect the whole root system with 
minimal damage and preserve the resulting root architec-
�W�X�U�H�����)�L�J��������21–23)�����)�X�U�W�K�H�U�P�R�U�H�����E�H�F�D�X�V�H���R�I���W�K�H���G�L
u�H�U�H�Q�F�H�V��
in the stem number between the 11NB10 mutant and wild-
type, the tiller outgrowth was cut to maintain the growth 
�R�I�� �W�K�H�� �P�D�L�Q�� �V�W�H�P�� ���)�L�J���� ���E���� �G�X�U�L�Q�J�� �W�K�H�� �H�Q�W�L�U�H�� �G�X�U�D�W�L�R�Q�� �R�I��
�S�O�D�Q�W�� �J�U�R�Z�W�K���� �P�D�N�L�Q�J�� �W�K�H�� �G�L�U�H�F�W�� �F�R�P�S�D�U�L�V�R�Q�� �R�I�� �W�K�H�� �V�K�R�R�W��
�D�Q�G���U�R�R�W���W�U�D�L�W�V���I�H�D�V�L�E�O�H��

�7�K�H���Q�H�W���S�K�R�W�R�V�\�Q�W�K�H�V�L�V���D�Q�G���6�3�$�'���Y�D�O�X�H���R�I���W�K�H�������1�%������
�P�X�W�D�Q�W���D�Q�G���1�L�S�S�R�Q�E�D�U�H���G�L�G���Q�R�W���G�L
u�H�U�����)�L�J�������F���G�������Z�K�H�U�H�D�V��
�W�K�H���S�O�D�Q�W���K�H�L�J�K�W���D�Q�G���O�H�D�I���D�U�H�D���Z�H�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���L�Q��
�W�K�H�������1�%�������P�X�W�D�Q�W���W�K�D�Q���L�Q���1�L�S�S�R�Q�E�D�U�H�����)�L�J�������H���I�����X�Q�G�H�U��
�G�L
u�H�U�H�Q�W�� �1�� �F�R�Q�G�L�W�L�R�Q�V���� �2�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �W�K�H�� �V�K�R�R�W�� �G�U�\��
weight of the 11NB10 mutant was slightly higher than 
�1�L�S�S�R�Q�E�D�U�H���D�W���O�R�Z���D�Q�G���V�W�D�Q�G�D�U�G���1���O�H�Y�H�O�V���D�Q�G���Z�D�V���V�L�J�Q�L�¿-

Fig. 2.	�6�K�R�R�W���D�Q�G���U�R�R�W���V�\�V�W�H�P���S�U�R�¿�O�H�V���R�I�������1�%�������P�X�W�D�Q�W���S�O�D�Q�W�V���X�Q�G�H�U���V�R�L�O���F�R�Q�G�L�W�L�R�Q�V���D�W���P�D�[�L�P�X�P���W�L�O�O�H�U�L�Q�J���V�W�D�J�H��
Pot experiment set-up in a glasshouse (a) to evaluate shoot phenotypes (b), shoot traits (c–f), entire root system formation 
���J�����D�Q�G���U�R�R�W���W�U�D�L�W�V�����K�±�M�����R�I���1�L�S�S�R�Q�E�D�U�H�����O�H�I�W�����D�Q�G�������1�%�������P�X�W�D�Q�W�����U�L�J�K�W�����J�U�R�Z�Q���L�Q���V�R�L�O���V�X�S�S�O�L�H�G���Z�L�W�K���������������������N�J���K�D–1 NPK 
�X�Q�G�H�U���L�U�U�L�J�D�W�H�G���F�R�Q�G�L�W�L�R�Q�V���D�W���P�D�[�L�P�X�P���W�L�O�O�H�U�L�Q�J�����������G�D�\�V���D�I�W�H�U���V�R�Z�L�Q�J�������9�D�O�X�H�V���S�U�H�V�H�Q�W�H�G���I�R�U���W�R�W�D�O���V�K�R�R�W���G�U�\���Z�H�L�J�K�W�����W�R�W�D�O���U�R�R�W��
�O�H�Q�J�W�K�����W�R�W�D�O���&�5���D�Q�G���/�5���O�H�Q�J�W�K���Z�H�U�H���U�D�W�L�R���R�I���W�K�H���Z�K�R�O�H���S�O�D�Q�W���W�U�D�L�W�V���W�R���W�K�H���V�W�H�P���Q�X�P�E�H�U���I�R�U���G�L�U�H�F�W���F�R�P�S�D�U�L�V�R�Q���R�I���W�K�H�V�H���W�U�D�L�W�V����
�&�5�����F�U�R�Z�Q���U�R�R�W�����/�5�����O�D�W�H�U�D�O���U�R�R�W�����9�D�O�X�H�V���U�H�S�U�H�V�H�Q�W���P�H�D�Q�V���“���6�(�����Q� ���������
���D�Q�G���
�
���L�Q�G�L�F�D�W�H���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���D�W��P<0.05 
and P<0.01���L�Q���W�K�H���P�H�D�Q�V���E�H�W�Z�H�H�Q���J�H�Q�R�W�\�S�H�V���D�V���U�H�Y�H�D�O�H�G���E�\���W�Z�R���W�D�L�O�H�G���6�W�X�G�H�Q�W�¶�V���7���W�H�V�W�����U�H�V�S�H�F�W�L�Y�H�O�\�����Q�V�����Q�R�Q���V�L�J�Q�L�¿�F�D�Q�W����
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Fig. 3.	�6�K�R�R�W���S�K�H�Q�R�W�\�S�H�V���R�I���1�L�S�S�R�Q�E�D�U�H���D�Q�G�������1�%�������P�X�W�D�Q�W���S�O�D�Q�W�V���Z�L�W�K���P�D�L�Q���V�W�H�P���R�Q�O�\���X�Q�G�H�U���G�L
u�H�U�H�Q�W���Q�L�W�U�R�J�H�Q�����1�����F�R�Q�G�L�W�L�R�Q�V��
Plants grown in a root box at a screenhouse (a), the cutting of tiller outgrowth to maintain the main stem only for direct 
comparison of traits between Nipponbare and 11NB10 mutant (b) and their physiological (c–d) and shoot traits (e–g) at 38 
�G�D�\�V���D�I�W�H�U���V�R�Z�L�Q�J�����9�D�O�X�H�V���U�H�S�U�H�V�H�Q�W���P�H�D�Q�V���“���6�(�����Q� ���������
�����
�
���D�Q�G���
�
�
���L�Q�G�L�F�D�W�H���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���D�W��P<0.05, P<0.01 and 
P<0.001���L�Q���W�K�H���P�H�D�Q�V���E�H�W�Z�H�H�Q���J�H�Q�R�W�\�S�H�V���Z�L�W�K�L�Q���H�D�F�K���1���W�U�H�D�W�P�H�Q�W���D�V���U�H�Y�H�D�O�H�G���E�\���W�Z�R���W�D�L�O�H�G���6�W�X�G�H�Q�W�¶�V���7���W�H�V�W�����U�H�V�S�H�F�W�L�Y�H�O�\��
���Q�V�����Q�R�Q���V�L�J�Q�L�¿�F�D�Q�W����

Fig. 4.	�5�R�R�W���V�\�V�W�H�P���S�U�R�¿�O�H�V���R�I���1�L�S�S�R�Q�E�D�U�H���D�Q�G�������1�%�������P�X�W�D�Q�W���S�O�D�Q�W�V���D�W���G�L
u�H�U�H�Q�W���Q�L�W�U�R�J�H�Q�����1�����F�R�Q�G�L�W�L�R�Q�V��
�5�R�R�W�� �V�\�V�W�H�P�� �S�U�R�¿�O�H�V�� �R�I�� �1�L�S�S�R�Q�E�D�U�H�� �D�Q�G�� �����1�%������ �P�X�W�D�Q�W�� �J�U�R�Z�Q�� �X�Q�G�H�U�� �G�L
u�H�U�H�Q�W�� �1�� �F�R�Q�G�L�W�L�R�Q�V�� ���O�R�Z����
�V�W�D�Q�G�D�U�G���� �K�L�J�K�� �1���� �I�R�U�� ������ �G�D�\�V���� �7�K�H�� �L�Q�W�D�F�W�� �Z�K�R�O�H�� �U�R�R�W�� �V�\�V�W�H�P�� �Z�D�V�� �H�[�W�U�D�F�W�H�G�� �I�U�R�P�� �D�� �U�R�R�W�E�R�[�� �X�V�L�Q�J�� �D��
pinboard20, 16)���� �3�U�L�R�U�� �W�R�� �W�D�N�L�Q�J�� �G�L�J�L�W�L�]�H�G�� �S�K�R�W�R�J�U�D�S�K�V�� �L�Q�� �D�� �V�F�D�Q�Q�H�U���� �W�K�H�� �U�R�R�W�� �V�\�V�W�H�P�� �Z�H�U�H�� �V�W�D�L�Q�H�G�� �Z�L�W�K��
�������������&�R�R�P�D�V�V�L�H���%�U�L�O�O�L�D�Q�W���%�O�X�H���5���V�R�O�X�W�L�R�Q�V���I�R�U���D�W���O�H�D�V�W���������K��
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�F�D�Q�W�O�\���K�L�J�K�H�U���X�Q�G�H�U���K�L�J�K���1���O�H�Y�H�O��
�7�K�H�� �U�R�R�W�� �V�\�V�W�H�P�� �S�U�R�¿�O�H�V�� �R�I�� �1�L�S�S�R�Q�E�D�U�H�� �D�Q�G�� �����1�%������

�P�X�W�D�Q�W�� �J�U�R�Z�Q�� �X�Q�G�H�U�� �G�L
u�H�U�H�Q�W�� �1�� �F�R�Q�G�L�W�L�R�Q�V�� �D�U�H�� �V�K�R�Z�Q�� �L�Q��
�)�L�J�X�U�H�V�������D�Q�G���������8�Q�G�H�U���O�R�Z���D�Q�G���V�W�D�Q�G�D�U�G���1���F�R�Q�G�L�W�L�R�Q�V�����W�K�H��
�W�R�W�D�O���U�R�R�W���O�H�Q�J�W�K���R�I�� �W�K�H�������1�%������ �P�X�W�D�Q�W���Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\��
greater than that of Nipponbare, and it increased under 
�K�L�J�K���1���O�H�Y�H�O�����)�L�J���� ���� �D�Q�G�����D�������7�K�H���W�R�W�D�O���U�R�R�W���O�H�Q�J�W�K���R�I�� �W�K�H��
�����1�%�������P�X�W�D�Q�W���Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���W�K�D�Q���W�K�D�W���R�I���1�L�S-
�S�R�Q�E�D�U�H���E�\�������������D�Q�G���������������D�W���O�R�Z���D�Q�G���K�L�J�K���1���F�R�Q�G�L�W�L�R�Q�V����
�U�H�V�S�H�F�W�L�Y�H�O�\���� �%�H�W�Z�H�H�Q�� �W�K�H�� �F�U�R�Z�Q�� �U�R�R�W�� �O�H�Q�J�W�K�V�� �D�Q�G�� �/�5��
lengths that comprised the total root length, the lengths 
of the LRs were more promoted than those of the crown 
roots and further enhanced under higher N conditions 
���)�L�J���������D�Q�G�����E���F�������7�K�H���/�5���O�H�Q�J�W�K���R�I�������1�%�������P�X�W�D�Q�W���Z�D�V��
�V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���W�K�D�Q���W�K�D�W���R�I���1�L�S�S�R�Q�E�D�U�H���E�\���������������D�Q�G��
������������ �D�W�� �O�R�Z�� �D�Q�G�� �K�L�J�K�� �1�� �F�R�Q�G�L�W�L�R�Q�V���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �V�X�J-
gesting that the enhanced root system development of the 
11NB10 mutant was due to greater LR development and 
�L�W�V���U�H�V�S�R�Q�V�H���W�R���1���O�H�Y�H�O�����)�X�U�W�K�H�U�P�R�U�H�����W�K�H���/�5���O�H�Q�J�W�K�V���Z�H�U�H��
�F�D�W�H�J�R�U�L�]�H�G���L�Q�W�R���G�L
u�H�U�H�Q�W���G�L�D�P�H�W�H�U���V�L�]�H�V�����W�K�L�Q�����P�L�G�G�O�H�����D�Q�G��
�W�K�L�F�N���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H���G�L�D�P�H�W�H�U�V���V�L�]�H�V���R�I���������'���”����������
�P�P���� ���������� �P�P�� ���'�� �”���������� �P�P���� �D�Q�G�� ���������� �P�P�� ���'�� �”����������
�P�P���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �7�K�H�� �����1�%������ �P�X�W�D�Q�W�� �V�K�R�Z�H�G�� �J�U�H�D�W�H�U��
�/�5���O�H�Q�J�W�K�V���E�H�F�D�X�V�H���R�I���W�K�H���/�5�V���Z�L�W�K���W�K�L�F�N���G�L�D�P�H�W�H�U���V�L�]�H�V����
�Z�K�L�F�K���D�U�H���F�D�S�D�E�O�H���R�I���K�L�J�K�H�U���R�U�G�H�U���R�I���E�U�D�Q�F�K�L�Q�J�����)�L�J�������H���J����
�D�Q�G�����W�K�X�V�����D���K�L�J�K�O�\���E�U�D�Q�F�K�H�G���U�R�R�W���V�\�V�W�H�P�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H��
�P�X�W�D�Q�W���K�D�G���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���U�R�R�W���G�U�\���Z�H�L�J�K�W���W�K�D�Q���1�L�S-

�S�R�Q�E�D�U�H���D�W���D�O�O���O�H�Y�H�O�V���R�I�� �1�� ���)�L�J���� ���K������ �Z�K�L�O�H���L�W�V���F�U�R�Z�Q���U�R�R�W��
�Q�X�P�E�H�U���Z�D�V���K�L�J�K�H�U���R�Q�O�\���D�W���K�L�J�K���1���O�H�Y�H�O�����)�L�J�������G����

�'�L�V�F�X�V�V�L�R�Q�V

�7�K�H���D�E�L�O�L�W�\���R�I���U�L�F�H���S�O�D�Q�W�V���W�R���S�U�R�P�R�W�H���U�R�R�W���V�\�V�W�H�P���G�H�Y�H�O-
opment, especially LR development, is a favorable trait 
�W�R�� �H
v�F�L�H�Q�W�O�\�� �D�F�T�X�L�U�H�� �Z�D�W�H�U�� �D�Q�G�� �Q�X�W�U�L�H�Q�W�V�� �I�U�R�P�� �D�� �O�D�U�J�H�U��
soil area for productivity, given the highly dynamic soil 
environments due to the changing climatic conditions per-
sisting in agricultural areas9)�����7�K�L�V���U�R�R�W���F�K�D�U�D�F�W�H�U�L�V�W�L�F���Z�D�V��
associated with the 11NB10 mutant that showed highly 
branched root system under various N conditions (from 
low to increasing N levels), resulting in higher shoot dry 
�P�D�W�W�H�U���S�U�R�G�X�F�W�L�R�Q���W�K�D�Q���1�L�S�S�R�Q�E�D�U�H�����5�H�P�D�U�N�D�E�O�\�����W�K�H���U�R�R�W��
system of the 11NB10 mutant was further enhanced under 
high N level based on its total root length, which was 
�J�U�H�D�W�O�\�� �F�R�Q�W�U�L�E�X�W�H�G�� �E�\�� �/�5�V�� �Z�L�W�K�� �W�K�H�� �W�K�L�F�N�� �G�L�D�P�H�W�H�U�� �D�Q�G��
�E�U�D�Q�F�K�L�Q�J�� ���/���W�\�S�H�� �/�5�V������ �3�U�R�P�R�W�H�G�� �/�5�V�� �D�U�H�� �O�L�Q�N�H�G�� �W�R�� �W�K�H��
�H�Q�K�D�Q�F�H�G���X�S�W�D�N�H���R�I���1���D�V���Z�H�O�O���D�V���R�W�K�H�U���Q�X�W�U�L�H�Q�W�V���L�Q���G�L
u�H�U�H�Q�W��
crop species27–29), implying that these acquired nutrients 
will be available for growth and development of the shoot 
�S�D�U�W�����,�Q�F�U�H�D�V�L�Q�J���1���O�H�Y�H�O�V���G�L�G���Q�R�W���L�P�S�U�R�Y�H���O�H�D�I���F�K�O�R�U�R�S�K�\�O�O��
content and photosynthesis in the 11NB10 mutant, but 
caused a slight increase in shoot dry weight, which could 
be attributed to the higher number of main-stem leaves 
���G�D�W�D�� �Q�R�W�� �V�K�R�Z�Q���� �W�K�D�W�� �F�R�Q�W�U�L�E�X�W�H�G�� �W�R�� �J�U�H�D�W�H�U�� �O�H�D�I�� �D�U�H�D���� �,�W��

Fig. 5.	�5�R�R�W���V�\�V�W�H�P���G�H�Y�H�O�R�S�P�H�Q�W���R�I���1�L�S�S�R�Q�E�D�U�H���D�Q�G�������1�%�������P�X�W�D�Q�W���S�O�D�Q�W�V���J�U�R�Z�Q���X�Q�G�H�U���G�L
u�H�U�H�Q�W���1�L�W�U�R�J�H�Q���F�R�Q�G�L�W�L�R�Q�V��
Root lengths (a–c), number of crown roots (d), lateral root length according to diameter sizes (e–g) and root dry weight (h) 
�R�I���1�L�S�S�R�Q�E�D�U�H���D�Q�G�������1�%�������P�X�W�D�Q�W���J�U�R�Z�Q���X�Q�G�H�U���G�L
u�H�U�H�Q�W���1���F�R�Q�G�L�W�L�R�Q�V�����O�R�Z�����V�W�D�Q�G�D�U�G�����K�L�J�K���1�����I�R�U���������G�D�\�V�����9�D�O�X�H�V���U�H�S�U�H�V�H�Q�W��
�P�H�D�Q�V�����“���6�(�����Q� ���������
�����
�
���D�Q�G���
�
�
���L�Q�G�L�F�D�W�H���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W���D�W��P<0.05, P<0.01 and P<0.001 in the means between 
�J�H�Q�R�W�\�S�H�V���Z�L�W�K�L�Q���H�D�F�K���1���W�U�H�D�W�P�H�Q�W���D�V���U�H�Y�H�D�O�H�G���E�\���W�Z�R���W�D�L�O�H�G���6�W�X�G�H�Q�W�¶�V���7���W�H�V�W�����U�H�V�S�H�F�W�L�Y�H�O�\�����Q�V�����Q�R�Q���V�L�J�Q�L�¿�F�D�Q�W����
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was reported that N is always distributed mostly to the 
new growing organs, regardless of the growth stages of the 
rice plant30)�����7�K�X�V�����W�K�H���D�E�V�R�U�E�H�G���1���P�L�J�K�W���E�H���S�U�H�I�H�U�H�Q�W�L�D�O�O�\��
used in the expansion of developing leaves rather than 
�L�Q�� �L�Q�F�U�H�D�V�L�Q�J�� �W�K�H�� �F�K�O�R�U�R�S�K�\�O�O�� �F�R�Q�W�H�Q�W���� �0�R�U�H�R�Y�H�U���� �1�� �F�D�Q��
stimulate leaf synthesis and growth through the synthesis 
of proteins involved in cell growth, cell division, and 
�F�H�O�O���Z�D�O�O���D�Q�G���F�\�W�R�V�N�H�O�H�W�R�Q���V�\�Q�W�K�H�V�L�V31), thus leading to an 
�L�Q�F�U�H�D�V�H���L�Q���W�K�H���O�H�D�I���D�U�H�D���D�Q�G���K�H�Q�F�H���L�Q���V�K�R�R�W���G�U�\���Z�H�L�J�K�W��

�7�K�H���¿�Q�G�L�Q�J�V���S�U�H�V�H�Q�W�H�G���L�Q���W�K�L�V���U�H�S�R�U�W���P�L�J�K�W���K�D�Y�H���L�P�S�O�L-
cations for genetic improvement and breeding programs 
�L�Q���U�L�F�H���W�K�D�W���F�D�Q���E�H���X�W�L�O�L�]�H�G���X�Q�G�H�U���G�L
u�H�U�H�Q�W���U�D�L�Q�I�H�G���O�R�Z�O�D�Q�G��
�D�Q�G�� �X�S�O�D�Q�G�� �¿�H�O�G�V���� �7�K�H�� �D�Y�D�L�O�D�E�L�O�L�W�\�� �R�I�� �W�K�L�V�� �P�X�W�D�W�L�R�Q�� �J�H�Q�H��
promoting LR development is important for the improve-
ment of root system architecture, and such mutation gene 
�F�D�Q�� �E�H�� �X�V�H�G�� �P�R�U�H�� �H
u�H�F�W�L�Y�H�O�\�� �E�\�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �S�U�R�S�H�U�� �1��
�O�H�Y�H�O�V�� �W�R�� �I�X�U�W�K�H�U�� �L�P�S�U�R�Y�H�� �/�5�� �J�U�R�Z�W�K���� �7�K�H�� �U�R�R�W�� �S�H�U�I�R�U-
mance of this mutation gene further provides information 
on natural resource and crop management practices32)�����8�Q-
�O�L�N�H���L�Q���L�U�U�L�J�D�W�H�G���U�L�F�H���S�U�R�G�X�F�W�L�R�Q���V�\�V�W�H�P�����Z�K�H�U�H�L�Q���Z�D�W�H�U���L�V��
�D�Y�D�L�O�D�E�O�H���L�Q���W�K�H���¿�H�O�G�V�����W�K�H���U�D�L�Q�I�H�G���O�R�Z�O�D�Q�G���U�L�F�H���S�U�R�G�X�F�W�L�R�Q��
�V�\�V�W�H�P���L�V���K�L�J�K�O�\���G�U�R�X�J�K�W���S�U�R�Q�H���D�Q�G���G�H�S�H�Q�G�H�Q�W���R�Q���U�D�L�Q�I�D�O�O����
�7�K�X�V���� �W�L�P�H�O�\�� �1�� �D�S�S�O�L�F�D�W�L�R�Q�� ���L���H���� �D�I�W�H�U�� �V�X
v�F�L�H�Q�W�� �U�D�L�Q�I�D�O�O����
should be considered to further improve the development 
of L-type LRs for a more vigorous root system, which will 
then be useful for overcoming stressful conditions, such 
�D�V���G�U�R�X�J�K�W���D�Q�G���V�R�L�O���P�R�L�V�W�X�U�H���À�X�F�W�X�D�W�L�R�Q�V�����D�V���G�H�P�R�Q�V�W�U�D�W�H�G��
in several studies9)���� �)�X�U�W�K�H�U���Z�R�U�N���L�V�� �U�H�T�X�L�U�H�G���I�R�U���H�Y�D�O�X�D�W-
ing the root performance of the 11NB10 mutant under 
�G�L
u�H�U�H�Q�W���Z�D�W�H�U���U�H�J�L�P�H�V�����G�L
u�H�U�H�Q�W���G�U�R�X�J�K�W���L�Q�W�H�Q�V�L�W�L�H�V�����V�R�L�O��
�P�R�L�V�W�X�U�H�� �À�X�F�W�X�D�W�L�R�Q�V���� �X�S�O�D�Q�G�� �F�R�Q�G�L�W�L�R�Q�V���� �D�Q�G�� �W�R�� �I�X�U�W�K�H�U��
elucidate the importance of promoted root response under 
�1���I�H�U�W�L�O�L�]�H�U���D�Q�G���W�K�H�Q���W�R���Z�D�W�H�U���V�W�U�H�V�V���F�R�Q�G�L�W�L�R�Q�V��
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Abstract.  Rice is a staple food in the Sahel countries. However, the crop production does not match population growth and 

demand. Hence, it is important to enhance rice yield to meet the demand. Achieving greater yields depends on increasing total 

crop biomass, because there is little scope to further increase the proportion of that biomass allocated to grain. Total crop bio-

mass is determined mainly by crop photosynthesis and respiration losses, both of which are sensitive to environmental factors 

such as temperature. Rice cultivation in Niger is practiced during two cropping seasons yearly. Climate parameters change 

radically through the year across cropping seasons. The aim of this study was to assess intra-annual variation impact on rice 

genotypes productivity. Hence, 35 breeding lines were evaluated during two cropping seasons in an alpha lattice design 

�Z�L�W�K���W�K�U�H�H���U�H�S�O�L�F�D�W�L�R�Q�V�����7�K�H���U�H�V�X�O�W�V���V�K�R�Z�H�G���W�K�D�W���W�K�H���W�Z�R���F�U�R�S�S�L�Q�J���V�H�D�V�R�Q�V���Z�H�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L
u�H�U�H�Q�W���P�H�J�D���H�Q�Y�L�U�R�Q�P�H�Q�W�V����

�7�K�H�� �P�H�J�D���H�Q�Y�L�U�R�Q�P�H�Q�W�V�� �L�P�S�D�F�W�H�G�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �D�Q�G�� �G�L
u�H�U�H�Q�W�O�\�� �J�H�Q�R�W�\�S�H�V�� �S�H�U�I�R�U�P�D�Q�F�H�V���� �6�R�P�H�� �J�H�Q�R�W�\�S�H�V�� �S�H�U�I�R�U�P�H�G�� �Z�H�O�O��

in wet season while others did in dry season. The ideal genotype across cropping season was the genotype1. Both cropping 

seasons were ideal for some genotypes. But none of them was for all the genotypes. To increase the yield and production each 

genotype should be cultivated during the ideal cropping season.	

Key words�����5�L�F�H�����F�U�R�S�S�L�Q�J���V�H�D�V�R�Q�����L�Q�À�X�H�Q�F�H�����6�D�K�H�O�����\�L�H�O�G

�,�Q�W�U�R�G�X�F�W�L�R�Q

Rice is one of mankind’s major food staples. Due to the 
continuing growth of the global population and a decrease 
of availability of arable land, increasing grain yield is an 
important goal of scientists and rice breeders particularly1). 
Hence, world rice production must increase by 1% annu-
ally to meet the growing demand for food that will result 
from population growth and economic development2). 
Most of this increase must come from greater yields on 
existing cropland to avoid environmental degradation, de-
struction of natural ecosystems, and loss of biodiversity3). 
Achieving greater yields depends on increasing total crop 
biomass, because there is little scope to further increase the 
proportion of that biomass allocated to grain. Total crop 
biomass is determined mainly by crop photosynthesis and 

respiration losses, both of which are sensitive to environ-
mental factors such as temperature4). Despite tremendous 
improvements in technology and rice yield potential, the 
production remains highly dependent on climate, because 
solar radiation, temperature, and precipitation are the main 
drivers of crop growth. 

�7�H�P�S�H�U�D�W�X�U�H�� �L�V�� �D�� �P�D�M�R�U�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �I�D�F�W�R�U�� �D
u�H�F�W�L�Q�J��
the rice growth and development worldwide. Low and 
high temperatures are considered as the major environ-
mental stresses for this crop plants. Both these stresses 
�K�D�Y�H�� �G�H�Y�D�V�W�D�W�L�Q�J�� �H
u�H�F�W�V�� �R�Q�� �P�H�W�D�E�R�O�L�V�P���� �J�U�R�Z�W�K���� �D�Q�G��
development of plants. Rice is sensitive to low and high 
temperature stresses. The optimal temperature for the rice 
cultivation is 25–35°C, and temperature below or higher 
�W�K�D�Q�� �R�S�W�L�P�D�O�� �Q�H�J�D�W�L�Y�H�O�\�� �D
u�H�F�W�V�� �W�K�H�� �J�U�R�Z�W�K���� �S�K�\�V�L�R�O�R�J�\����
and yield of crop5)�����+�L�J�K���W�H�P�S�H�U�D�W�X�U�H���Q�H�J�D�W�L�Y�H�O�\���D
u�H�F�W�V���W�K�H��
growth of roots and shoots, hampers pollination, causes 
poor anther dehiscence, and leads to spikelet sterility. Corresponding authors email Id: umarsou@gmail.com
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Likewise, low temperature delays rice germination and 
�V�H�H�G�O�L�Q�J�� �H�V�W�D�E�O�L�V�K�P�H�Q�W���� �K�D�P�S�H�U�V�� �W�L�O�O�H�U�� �I�R�U�P�D�W�L�R�Q���� �D
u�H�F�W�V��
�À�R�Z�H�U�L�Q�J���� �F�D�X�V�H�V�� �S�D�Q�L�F�O�H�� �V�W�H�U�L�O�L�W�\���� �D�Q�G�� �¿�Q�D�O�O�\�� �O�H�D�G�V�� �W�R��
lower grain yield6, 7). According to previous study4) in the 
dry season, maximum temperature was not related to grain 
yield. There was a negative relationship between grain 
yield and minimum temperature and a positive relation-
ship between grain yield and radiation. Grain yield was 
related more closely to minimum temperature than radia-
tion. They indicated that increases in night temperature, 
�H�Y�H�Q���V�P�D�O�O���L�Q���P�D�J�Q�L�W�X�G�H�����K�D�G���D���Q�H�J�D�W�L�Y�H���H
u�H�F�W���R�Q���W�K�H���\�L�H�O�G��
�R�I���L�U�U�L�J�D�W�H�G���U�L�F�H���L�Q���W�K�H���G�U�\���V�H�D�V�R�Q���D�Q�G���W�K�D�W���W�K�H���H
u�H�F�W���Z�D�V��
independent of radiation. In the wet season, grain yield and 
yield attributes were not related to minimum temperature, 
maximum temperature, or radiation. Furthermore, the oc-
currence of storm in the wet season caused crop lodging in 
some years, which could weaken the relationship between 
yield and climatic parameters. Day high temperatures have 
been implicated to cause reductions in rice yield in many 
rice-growing areas8–10).

Rice cultivation in Niger is practiced during two crop-
ping seasons per year: wet season (from June to October) 
and dry season (from December to April). The climate of 
the country is an arid and semi arid tropical type. Niger 
is one of the world hottest areas and is characterized by 
three types of seasons namely: the cold season (from 
mid-December to mid-February), the dry hot season (from 
March to May) and the rainy season (from June to Septem-
ber). Thus, climate parameters (Temperatures, day light, 
radiation, relative humidity) change radically through the 

�\�H�D�U�����7�K�H�U�H�I�R�U�H�����L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���N�Q�R�Z���W�K�H���H
u�H�F�W���R�I���W�K�H�V�H��
changes on rice production. Hence, the goal of this study 
is to assess intra-annual variation impact on rice genotypes 
productivity. 

�0�D�W�H�U�L�D�O���D�Q�G���0�H�W�K�R�G�V��

Plant materials were composed of 35 breeding lines 
including 5 checks (Table 1). The experimental Design 
was an alpha lattice design with three replications. Each 
replication was made of 7 incomplete blocks of 5 entries. 
The experiment was conducted through 2 cropping 
seasons: the wet season and dry season 2015. Each plot 
consisted of 5 rows of 5 m long. The distance between 
and within the rows was 20 × 20 cm. Fertilizer applica-
tion was done as follow: A pre-drilling base application of 
200 kg.ha–1 of NPK (15-15-15) was made at transplanting 
stage. A total of 100 kg.ha–1 of urea was made at panicle 
initiation. Weeding was done before fertilizer application. 
Hand weeding was also done when needed. The harvest 
was done by eliminating one row from each side of the 
plot. (4.6 m × 0.60 m). Winnowing and weighing were 
done at 14% moisture content. Agronomic traits in the 
Table 2 were collected in all the trials. Statistical analysis 
was performed using Genstat software version 18th. GGE 
by plot method was used for genotypes by environment 
interaction. Each cropping season was considered as an 
environment

Table 1.	 Entries list

Variety Number Variety Number

WAB 2101-WAC1-1-TGR5-WAT B6 1 WAB 2056-2-FKR2-5-TGR1-B 19
DKA-M2 2 WAB 2066-6-FKR4-WAC1-TGR1-B-WAT-B11 20
FAROX 508-3-10-F43-1-1 3 WAB 2076-WAC1-TGR1-B 21
IWA 2 4 WAB 2076-WAC2-TGR1-B 22
JARIBU 220 5 WAB 2094-WAC2-TGR2-B 23
TXD 88 6 WAB 2098-WAC3-1-TGR1-4 24
WAB 1436-20N-3-B-FKR2-WAC1 7 WAB 2101-WAC3-1-TGR1-WAT B6 25
WAB 2060-3-FKR1-WAC2-TGR4-B 8 WAB 2101-WAC4-1-TGR1-WAT B6 26
WAB 2060-FKR4-WAC1-TGR5-B 9 WAB 2125-WAC B-1-TGR3-WAT B1 27
WAB 2061-2-FKR1-WAC2-TGR4-B 10 WAB 2125-WAC B-1-TGR3-WAT B8 28
WAB 2081-WAC2-2-TGR2-WAT B3 11 WAB 2134-WAC B-TGR1-B 29
WAB 2094-WAC2-TGR4-B 12 WAB 2153-TGR3-WAT B5 30
WAB 2095-WAC1-TGR1-B 13 NERICA-L19 (Check 1) 31
WAB 2098-WAC2-1-TGR2-WAT B2 14 WITA 4 (Check 2) 32
WAB 2098-WAC3-1-TGR2-WAT B5 15 WITA 12 33
L-22-26-WAC B-TGR4-B 16 NERICA-L49 34
SK-19-38-2 17 GAMBIAKA 35
WAB 2056-1-FKR-4 18
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�5�H�V�X�O�W�V���D�Q�G���'�L�V�F�X�V�V�L�R�Q

Results

The analysis of variances (Table 3) shows highly 
�V�L�J�Q�L�¿�F�D�Q�W�� �G�L
u�H�U�H�Q�F�H�V�� �D�P�R�Q�J�� �F�U�R�S�S�L�Q�J�� �V�H�D�V�R�Q�V���� �+�H�Q�F�H����
�J�H�Q�R�W�\�S�H�V���\�L�H�O�G�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���F�K�D�Q�J�H���D�O�R�Q�J���W�K�H���\�H�D�U���I�U�R�P��
season to season.

The Fig. 1 shows two mega environments. Thus, each of 
the cropping seasons constituted a distinct mega environ-
ment. The cropping season 1 (wet season) has the longest 
vector, thus, it discriminates better the genotypes than sea-
son2 (dry season). WAB 2101-WAC1-1-TGR5-WAT B6, 
DKA-M2 and FAROX 508-3-10-F43-1-1 performed well 
in dry season but had poor performances in wet season. 
Most of the genotypes gave more yield in environment 2 
(dry season) than in environment 1 the best among them 
are 15 and 18. Genotypes (1) WAB 2095-WAC1-TGR1-B 
wone in one sector while genotype WAB 2098-WAC3-1-
TGR2-WAT B5 (genotype 15), WAB 2153-TGR3-WAT 
B5 (genotype 30), WAB 2134-WAC B-TGR1-B (genotype 
29), and WAB 2094-WAC2-TGR4-B (genotype 12), wone 
in the other sectors.

The highest average yield across cropping season was 
observed in with genotypes 1 (WAB 2101-WAC1-1-
TGR5-WAT B6) followed by genotypes 15 and 18 (Fig. 
2). However, all these genotypes were very sensitive to 
�H�Q�Y�L�U�R�Q�P�H�Q�W�� �H
u�H�F�W���� �+�H�Q�F�H���� �F�U�R�S�S�L�Q�J�� �V�H�D�V�R�Q�� �K�D�Y�H�� �L�Q�À�X-
ences on genotypes yield. 

The genotypes comparison plot (Fig. 3) showed that the 
ideal genotype is the genotype 1 (WAB 2101-WAC1-1-
TGR5-WAT B6) followed by genotypes 7, 2 and 3.

Environments comparison plot (Fig. 4) showed that 
both cropping seasons were ideal for some genotypes. But 
none of them was for all the genotypes. 

Table 2.	 Data collected and collection methods

Agronomic data collection Method

Seedling/vegetative vigor (21 and 42 days after seeding) Visual rating (SES)
�'�D�W�H���R�I�����������À�R�Z�H�U�L�Q�J Record
Date of maturity (85% of grains on panicle are mature) Record
�5�D�W�H���R�I���¿�Q�D�O���S�O�D�Q�W���V�W�D�Q�G���D�W���K�D�U�Y�H�V�W�����������������������L�Q�G�L�F�D�W�H�V���W�K�D�W���W�K�H�U�H���D�U�H���Q�R���P�L�V�V�L�Q�J���S�O�D�Q�W�V���K�L�O�O�V��Visual rating
Lodging incidence (%) Visual rating (SES)
Phenotypic acceptability at maturity Visual rating (SES)
Spikelet fertility (%) Visual rating (SES)
Panicle exsertion Visual rating (SES)
Plant height at harvest (cm) (soil surface to the tip of the tallest panicle (awn excluded))  
      (3 randomly selected plants)

Measurment

Grain yield and moisture content (border rows should be excluded; 0.6 m × 4.6 m) Measurment
Panicle length (for 3 panicles of the plants used for measurement of plant height) Measurment
Panicle number (the 3 plants used for measurement of plant height) Measurment
1000-grain weight Measurment

Table 3.	 ANOVA of variable yield across cropping seasons

Source of 
variation d.f. SS MS vr F pr.

Season 1 7.183 7.183 32.20 < 0.001
Residual 66 14.724 0.223

Total 67 21.906

Fig. 1.	Genotypes yield comparison plot
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Discussion

�5�H�V�X�O�W�V�� �V�K�R�Z�H�G�� �W�K�D�W�� �W�K�H�U�H�� �Z�H�U�H�� �W�Z�R�� �G�L
u�H�U�H�Q�W�� �P�H�J�D��
environments. Thus, the intra-year cropping seasons were 
�G�L
u�H�U�H�Q�W���� �7�K�H�V�H�� �G�L
u�H�U�H�Q�F�H�V�� �P�D�\�� �E�H�� �G�X�H�� �W�R�� �H�Q�Y�L�U�R�Q�P�H�Q�W�V��

factors, especially climate factors, hence, edaphic ones 
remains the same. Results also showed that genotypes 
performed better according to mega-environments. 

The temperature appears to be the critical determinant 
for the rice growth. Rice, being a tropical and sub-tropical 
plant that requires a fairly high temperature ranging from 
�����ž���W�R�������ž�&�����&�U�R�S���L�V���D�G�Y�H�U�V�H�O�\���D
u�H�F�W�H�G���E�\���K�L�J�K���W�H�P�S�H�U�D-
ture in the lower elevation of the tropics. This critical tem-
�S�H�U�D�W�X�U�H�� �G�L
u�H�U�V�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �Y�D�U�L�H�W�\���� �G�X�U�D�W�L�R�Q�� �R�I�� �F�U�L�W�L�F�D�O��
temperature, diurnal changes and physiological changes of 
plant11). According to previous study12), low temperature 
depresses the rate of germination and prolongs it beyond 
the desirable span of 6 days while, high temperature of 
35ºC or more halted the germination because of high res-
piration rate. As reported previously13), temperature has a 
�O�D�U�J�H���L�Q�À�X�H�Q�F�H���R�Q���J�H�U�P�L�Q�D�W�L�R�Q�����H�V�S�H�F�L�D�O�O�\���L�Q���W�K�H���¿�U�V�W���Z�H�H�N��
�R�I���S�R�V�W���J�H�U�P�L�Q�D�W�L�R�Q���J�U�R�Z�W�K���L�W���D�O�V�R���D
u�H�F�W�V���W�K�H���U�D�W�H���R�I���O�H�D�I��
emergence. A long germination period may imply weaker 
plantlets and less vigorous rice plants at vegetative stage. 
Low temperature occurring during booting and/or heading 
stage induces spikelet sterility11). Hence, dry cropping sea-
son that generally starts in November during cold period 
may negatively impact the crop yield unless the variety 
is not tolerant to this stress. High temperature provides 
more tiller buds and thereby increases tiller number14). 
Higher maximum and minimum temperature during tiller-
ing reduce the yield and depress the yield during panicle 
initiation15). According to previous study16), tillering rate is 

Fig. 4.	Environments comparison plot 

Fig. 2.	Genotypes ranking plot Fig. 3.	Scatter plot showing mega environments and sectors 
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inhibited by low temperature, but the period of tillering is 
prolonged, resulting in more tillers and more panicles than 
at high temperature. High temperature induced spikelet 
sterility as stated previously11). They additionally, showed 
that rice is very sensitive to high temperatures at heading 
and next most sensitive at about 9 days before heading. 
One or two hours of high temperature at anthesis has a 
�G�H�F�L�V�L�Y�H���H
u�H�F�W���R�Q���W�K�H���L�Q�F�L�G�H�Q�F�H���R�I���V�W�H�U�L�O�L�W�\�����&�R�Q�V�H�T�X�H�Q�W�O�\����
the yield will reduce as a result of poor pollen shedding 
as well as inadequate pollen growth in temperature above 
about 34ºC17).  This phenomenon may occur in Niger rice 
cultivation during the dry season. Hence, the booting and 
anthesis stages may coincide with high temperatures of 
March and April months unless the seeding and transplant-
ing were performed too early to avoid the stress. This may 
result in reduced yield.

�6�R�O�D�U���5�D�G�L�D�W�L�R�Q���P�D�\���G�L
u�H�U�H�Q�W�O�\���L�P�S�D�F�W���R�Q���U�L�F�H���S�U�R�G�X�F-
tion according to the two cropping seasons. As reported 
previously18), sunshine in a week prior to transplanting 
and the two weeks period coinciding with the grand 
period of elongation is conducive for better yield. Con-
trastingly, shading delays tillering and decreases tillering 
rate. Irrespective of varieties, shading increases the plant 
height; leaf area index and total chlorophyll content and 
�V�L�J�Q�L�¿�F�D�Q�W�O�\�� �U�H�G�X�F�H�V�� �W�K�H�� �W�L�O�O�H�U���Q�X�P�E�H�U���D�Q�G���W�R�W�D�O���G�U�\�� �P�D�W-
ter production19). Solar radiation and temperature during 
�U�H�S�U�R�G�X�F�W�L�Y�H�� �V�W�D�J�H�� ���E�H�I�R�U�H�� �À�R�Z�H�U�L�Q�J���� �K�D�G�� �W�K�H�� �J�U�H�D�W�H�V�W��
�L�Q�À�X�H�Q�F�H���R�Q���U�L�F�H���\�L�H�O�G���E�H�F�D�X�V�H���W�K�H�\���G�H�W�H�U�P�L�Q�H���W�K�H���Q�X�P�E�H�U��
of spikelets m–2 and the most critical sunlight requiring 
period is around the heading stage20). Thus, high rainfall 
in rainy cropping season may result in the decreased avail-
ability of sunlight.

�5�D�L�Q�I�H�G�� �S�D�W�W�H�U�Q�� �G�L�V�F�U�L�P�L�Q�D�W�H�V�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �W�K�H�� �W�Z�R��
�H�Q�Y�L�U�R�Q�P�H�Q�W�V���D�Q�G���P�D�\���G�L
u�H�U�H�Q�W�O�\���L�P�S�D�F�W���J�H�Q�R�W�\�S�H�V���\�L�H�O�G��
throughout the year. The rains that only occurred during 
the wet season facilitate irrigation by providing water free 
of cost. Furthermore, as reported previously21), an amount 
of dissolved substances deriving from the weathering of 
rocks and soil were included in irrigation water. These 
substances were higher in wet season than dry season and 
will contribute to soil fertilization and plant nutrition. Dur-
ing the wet cropping season the relative humidity is also 
high. This can positively impact rice growth and develop-
ment, hence, increase productivity. Nevertheless, rains 
may severely interfere with irrigation water management 
�D�Q�G���F�D�X�V�H���À�R�R�G�L�Q�J���W�K�D�W���F�D�Q���U�H�G�X�F�H���\�L�H�O�G�V��
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Abstract. This article describes possible solutions to the challenges of (1) obtaining private grants, (2) human resource 
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Agriculture, Niigata University. We describe reasons why applications for private grants were rejected, and make suggestions 

�I�R�U�� �W�K�H�� �S�U�H�S�D�U�D�W�L�R�Q�� �R�I�� �P�R�U�H�� �H
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structure of BRIDGE from a point of view of leadership and management skills. In regard to cooperation with government-

�D
v�O�L�D�W�H�G�� �D�J�H�Q�F�L�H�V���� �Z�H�� �V�X�J�J�H�V�W�� �-�D�S�D�Q�H�V�H�� �X�Q�L�Y�H�U�V�L�W�\�� �V�W�X�G�H�Q�W�V�� �D�Q�G�� �J�U�D�G�X�D�W�H�� �V�W�X�G�H�Q�W�V�� �X�V�H�� �(�Q�J�O�L�V�K�� �H�G�X�F�D�W�L�R�Q�D�O�� �F�R�Q�W�H�Q�W�� �I�R�U��

�W�U�D�L�Q�H�H�V���E�H�O�R�Q�J�L�Q�J���W�R���-�,�&�$�����D�Q�G���S�O�D�Q���I�R�U���W�K�H���H�[�S�D�Q�V�L�R�Q���D�Q�G���U�H�Q�R�Y�D�W�L�R�Q���R�I���H�G�X�F�D�W�L�R�Q�D�O���F�R�Q�W�H�Q�W�V���Z�L�W�K���F�R�O�O�D�E�R�U�D�W�L�R�Q���E�H�W�Z�H�H�Q��

�-�,�&�$���W�U�D�L�Q�H�H�V���D�Q�G���-�D�S�D�Q�H�V�H���V�W�X�G�H�Q�W�V�����%�\���V�K�D�U�L�Q�J���N�Q�R�Z�O�H�G�J�H���D�Q�G���H�[�S�H�U�L�H�Q�F�H�V���Z�L�W�K���R�W�K�H�U���-�D�S�D�Q�H�V�H���D�J�U�L�F�X�O�W�X�U�D�O���V�W�X�G�H�Q�W�V�����Z�H��

�K�R�S�H���W�K�D�W���V�W�X�G�H�Q�W���R�U�J�D�Q�L�]�D�W�L�R�Q�V���U�H�O�D�W�H�G���W�R���D�J�U�L�F�X�O�W�X�U�D�O���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���F�R�R�S�H�U�D�W�L�R�Q���F�D�Q���E�H���I�R�X�Q�G�H�G���W�K�U�R�X�J�K�R�X�W���-�D�S�D�Q�����7�K�L�V���F�R�X�O�G��

�E�H���D�Q���R�S�S�R�U�W�X�Q�L�W�\���W�R���E�X�L�O�G���D���V�W�X�G�H�Q�W���Y�H�U�V�L�R�Q���R�I���-�,�6�1�$�6�����-�D�S�D�Q���,�Q�W�H�O�O�H�F�W�X�D�O���6�X�S�S�R�U�W���1�H�W�Z�R�U�N���L�Q���$�J�U�L�F�X�O�W�X�U�D�O���6�F�L�H�Q�F�H�V�����D�V���D��

foundation for future resources in agricultural international cooperation.  
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