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Abstract. The information on rice genetic material is needed to create
new high-yielding varieties adaptive to dryland. Local rice genetic
resources have been tested to be tolerant under conditions affected by
global climate change (increased temperature, pest/disease attacks,
droughts). This study aims to identify and characterize the agronomic
character of local rice in Musi Rawas (MURA) and North MURA
Regencies, South Sumatra. The results of identification and
characterization, as well as correlation and regression analysis, revealed
that three local varieties have agronomic characteristics that determine
high-yield local rice productivity. This information can be utilized by
breeders to create new superior varieties of rice in dryland. The agronomic
characteristics of three local rice varieties that determine productivity are
the area of the flag leaf and the number of filled grain/panicles. Local
varieties with superior agronomic characteristics are Siam, Bolouh, and
Gel. These three varieties have the potential to be used as parents in the
creation of new high-yielding varieties that are specific, namely having
broad flag leaves and a high number of filled grains/panicles. The
acquisition of new high-yielding varieties specific to dryland through a
breeding program will increase the choice of varieties for stakeholders and
support increased rice production in dryland.

1 Introduction

Rice is one of the most important staple foods in the world [1, 2]. The world's food needs,
including Indonesia, will increase due to population growth and increased consumption. In
2045, the projected population of Indonesia will reach 319 million people [3] With
consumption reaching 99.5 kilograms per capita, 41.7 million tons of rice will be needed in
2045 [4]. The increase in demand must be accompanied by an increase in rice production.
One of the potential sources of rice production to support this effort is dryland.

Indonesia's dryland potential reaches 144.47 million ha, spread over Kalimantan (+
41.61 million ha), Sumatra (£ 33.25 million ha), Papua (x 28.60 million ha), Sulawesi (+
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16.57 million ha), followed by Java, Maluku and Bali and Nusa Tenggara £ 10.27 million
ha, + 7.45 million ha, and £ 6.70 million ha, respectively [5]. Dryland in the lowlands
covers the dominant area, about 111.33 million ha or 77.06% of the total dryland area. The
rest is in the highlands, around 33.14 million ha. Sumatra has the second largest lowland
dryland (22.83 million ha) after Kalimantan (40.04 million ha).

The area of dry-lowland acid wetland in Sumatra reaches 21.43 million ha. South
Sumatra occupies the largest position in this area, namely 4,373 million ha. Various
obstacles in rice farming are faced in this agroecosystem, especially if it is accompanied by
global climate change. These constraints include low soil pH and fertility, floods, droughts,
and attacks by pests and diseases.

The short-term effort to overcome these constraints is using tolerant new high-yielding
varieties (NYV). These varieties produced by the Indonesian Agricultural Agency Research
and Development (Balitbangtan) are now available to farmers and other stakeholders. The
long-term effort that can be made is by creating tolerant NHY'Vs based on local varieties as
donor genes. This study aims to identify and characterize the agronomic character
advantages of local rice in MURA and North MURA, South Sumatra, and the opportunities
for its use as donor genes in plant breeding programs.

2 Methodology

The activity was conducted in Musi Rawas Regency (MURA) and North MURA Regency
(Muratara) from March-May 2021. Identification of quantitative characters observed was
flag leaf area, productive tiller, panicle length, filled grain number/panicles, empty grain
number/panicles, 1,000 grain weight, and filled grain weight/clumps.

Characterization of agronomic character, yield components and yields per individual
plant refers to the Guide to the Rice Plant Characterization and Evaluation System [6]. The
flag leaf area is estimated based on the formula Leaf area = 0.725 x leaf length x leaf width
[7]. The close relationship and the form of the relationship between flag leaf area and yield
components with seed/clumps weight were tested through correlation and regression
analysis.

3 Results and discussion

3.1 Quantitative character of local rice

Characterization was carried out to determine the nature of each local variety. The
guantitative characters observed were flag leaf area, yield and yield components (Table 1).
In general, there are variations in the character of the yield components. The number of
productive tillers ranged from 17-22 tillers, three of which had >22 seedlings (24 tillers),
namely Tambun rice, Jambe rice and Biji Duku rice.

Flag leaf area ranges from 30.88-76.80 cm?, two local varieties with flag leaf area >80
cm, namely Boulouh rice and Siem rice. The panicle length ranged from 27.70-31.00 cm.
The number of grain contents/panicles is around 154.00-298.33 grains. One local variety
has the number of grain content/panicle >400 grains, namely Siem rice. All local varieties
have empty grain/panicle <1 grain.

The weight of 1,000 grains is about 20-23 g. There is one variety with a weight of 1,000
grains of 25 g, namely Siem rice. The weight of the filled grain/clump is about 83-190 g.
One local variety has a weight of grain content/clump >200 g, namely Siem Rice. Bolouh
rice is the same as Siem rice except for the 1,000-grain weight character.
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The identification results (Table 1) show that Siem rice is superior to other local
varieties, followed by Bolouh rice. The advantages of Siem rice are in character, flag leaf
area, panicle length, number of filled grain/panicle, weight of 1,000 grains and weight of
filled grain/clump.

In the creating of new high-yielding variety, one of the important genes desired from the
parents is the number of grain content/panicle >250 grains [8]. The results of this
identification indicate that the total grain content/panicle of Siem rice is > 400 grains. Thus,
Siem rice is one of the local rice that has the potential as a gene donor in the creation of
new high yielding varieties (NHYV) and can be developed in suboptimal dryland.

Utilization of NHYVs whose gene sources come from local varieties will be able to
adapt, produce high and stable in a vulnerable environment or in other agroecosystems
affected by global climate change, such as salinity, high temperature, and water stress [9,
10]. Siem's local rice has been cultivated for generations on dryland. This shows that Siem
rice is adaptive to drought stress conditions.

Table 1. Characterization of local rice yield components in MURA and North MURA Regencies,
South Sumatra

Local Rice Produc Flag Panicl Filled Empty 1000 Filled
tive leaf e grain grain grain grain
tiller/ area length | number/ number/ weigh | weight/
clumps (cm?) (cm) panicles panicles t clumps
(tiller) (grain) (grain) (9) (9)
Bolouh Rice 19.00 86.03 30.33 428.00 0.39 21.00 190.00
(MURA)
Tambun Rice 24.0 61.48 31.00 298.33 0.26 22.00 160.00
(MURA)
Gel Rice 17.00 76.80 27.67 295.00 0.25 23.00 136.00
(MURA)
Siem Rice 18.00 97.03 31.33 493.67 0.31 25.00 240.00
(MURA)
Jambe Rice 24.00 57.15 24.00 266.33 0.66 20.00 128.00
(Muratara)
Kuning Rice 22.00 50.23 27.00 201.00 0.27 20.00 88.73
(Muratara)
Biji Duku Rice 24.00 30.88 22.17 154.00 0.27 23.00 88.00
(Muratara)

3.2 Correlation and Regression Agronomic Character with Local Rice Yields

The genetic superiority of local rice varieties from the agronomic aspect is one of the main
outputs needed in the assembly of new high-yielding varieties of rice. Local varieties
identified as having superior specific agronomic characters can be used as parents (gene
donors) in the creation of superior varieties. Identification of the superiority of agronomic
characters was carried out through correlation analysis (Table 2) and regression (Table 3),
mainly through flag leaf area and yield components.

Seed weight/clump is one indicator of productivity. Table 2 shows that local rice
agronomic characters that have a positive correlation with seed weight/clump are flag leaf
area (r = 0.906**), number of grain content/panicle (r = 0.980**), and panicle length (r =
0.797*), weight of 1000 grains (r = 0.534), and the number of empty grains/panicles (r =
0.029). Meanwhile, the character that had a negative correlation with seed weight/clump
was the number of productive tillers.

The results of this study are in line with the results of previous studies which showed
that there was a close relationship between rice productivity with flag leaf area [11], flag
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leaf width [12], flag leaf length [13], number of filled grain/panicle [14], and panicle length
(15, 16]. Flag leaves in rice play an important role in panicle development [13] as well as
assimilate synthesis and translocation of assimilating to seeds [17]. Similar findings
indicate that the flag leaf area plays an important role in increasing dry matter production
and grain yield [18]. The broad flag leaves will increase the photosynthetic ability. Thus, it
will increase the length of the panicle and increase the synthesis and translocation of
assimilating to the seed thereby increasing grain yield.

Further tests on characters that were positively correlated with seed weight/clump were
carried out through regression analysis (Table 3). The results of the regression analysis
showed that the agronomic characters had highly significant regression with the weight of
seeds/clumps being the area of the flag leaf and the number of filled grain/panicle
(significance 0.05). The agronomic characters that had no significant regression with the
weight of filled grain/clump were the number of productive tillers, the number of empty
grains/panicles and the weight of 1000 grains (significance >0.05).

Table 2. Correlation of local rice agronomic characters and grain weight/clumps

Character Filled grain Productive | Flag | Panicle Filled Empty 1000
Agronomy weight/clumps tiller/ leaf length grain grain grain

(9) clumps area (cm) number/ | number/ | weight(g)

(tiller) (cm2) panicles panicles
(grain) (grain)

Filled grain 1,000 -0.568 0.906 | 0.797 0.980 0.029 0.534
weight/clumps
(9)
Productive -0.568 1,000 -0.808 | -0.525 -0.663 0.294 -0.474
tiller/
clumps (tiller)
Flag leaf area 0.906 -0.808 1,000 | 0.806 0.957 0.007 0.396
(cm2)
Panicle length 0.797 -0.525 0.806 | 1,000 0.799 -0.314 0.296
(cm)
Filled grain 0.980 -0.663 0.957 | 0.799 1,000 0.069 0.433
number/
panicles
(grain)
Empty grain 0.029 0.294 0.007 | -0.314 0.069 1,000 -0.498
number/
panicles
(grain)
1000 grain 0.534 -0.474 0.396 | 0.296 0.433 -0.498 1,000
weight(g)

The flag leaf area characteristics filled grain number/panicle, and panicle length have
positive regression with the filled grain weight/clump (Figure 1). The regression equation
for each of these local rice characters with the grain weight/clump is y = 2,199x + 2,895, y
= 0.448x + 10,3722, and y = 12,300x — 192,752, respectively. Further analysis showed that
flag leaf area and panicle length have highly significant regression with seed weight/clump.
In addition, the positive linear regression between the filled grain number/panicle and the
filled grain weight/panicle indicated that this character directly contributed to the yield. A
similar report was reported in a previous study [15, 19]. The results of previous studies
showed that the crucial role of flag leaf area on rice grain yield [13, 20,21]. Reduction of
flag leaf area through cutting can reduce rice yield by about 15.69% to 29.43% [22], While
the character that had no significant regression with filled grain weight/clump is the
productive tiller, empty grain number/panicle, and 1,000 grain weight.
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Table 3. Regression of local rice agronomic characters and grain weight/clumps

No. | Regression Regression equation Significance
1. Productive tiller and filled grain y =-10,105x + 360,887 0.183897""
weight/clumps
2. Empty grain number/panicles y =10,980x + 143,451 0.95011"
and filled grain weight/clumps
3. 1,000 grain weight and filled grain y =16,027x — 205,347 0.217113™
weight/clumps
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Fig. 1. Filled grain weight and flag leaf area, filled grain number and panicles length regression

The positive regression was highly significant, between the area of the flag leaf and the
number of filled grain/panicle with the weight of the filled grain/panicle. A similar report
was reported in a previous study [23, 24]. It is indicating that these two characters were the
determinants of the weight of the grain/clump. The correlation between flag leaf area and
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the number of filled grains/panicles was very close and very significant, with values of r =
0.906 and r = 0.980 (Table 2), respectively. Based on Table 1 and Figure 1, Siem rice,
Bolouh rice, and Gel rice have the potential to be used as parents (donor genes) in the
creation of specific new high yielding varieties (broad flag leaves) and weight of grain
content/high clump (high yield).

4 Conclusions

The agronomic characteristics of three local varieties of rice that determine the yield in the
dryland of MURA and North MURA Regencies, South Sumatra, are the flag leaf area and
the number of filled grain/panicles. Breeders can explore and utilize this information to
create new high-yielding rice varieties in lowland dryland. The superior local varieties in
these agronomic characters are Siem rice, Bolouh rice, and Gel rice. These varieties can
potentially be used as parents (donor genes) in creating new high-yielding varieties. The
acquisition of new high-yielding varieties specific to dryland through a breeding program
will increase the choice of varieties for farmers/stakeholders and support increased rice
production in dryland.

References

. K.I Cordero-Lara. Chilean Journal of Agricultural Research 80 (2020).
2. D. Panda, and J. Barik. Rice Science, 28 (2021).

3. Badan Pusat Statistik. Indonesia Population Projection 2015-2045 Result of SUPAS
2015 (Revised Edition). (Jakarta: BPS RI) (2018).

4. B. Arifin, N. Azam, D. Martianto, L. Karlina and A. Heri. Modeling the Future of
Indonesian Food Consumption: Final Report. Accessed from:
https://docs.wfp.org/api/documents/WFP-0000073760/download/ (2018).

5. SE. Ritung, Suryani, D. Subardja, Sukarman, K. Nugroho, Suparto, Hikmatullah, A.
Mulyani, C. Tafakresnanto, Y. Sulaeman, RE. Subandiono, Wahyunto, Ponidi, N.
Prasodjo, U. Suryana, H. Hidayat, A. Priyono, dan W. Supriatna. Indonesia’s
Agricultural Land Resources: Size, Distribution, and Potential Availability. (Jakarta:
IAARD Press) (2015).

6. TS. Silitonga, I.H. Somantri, A.A. Darajat, and A. Kurniawan. Panduan Sistem
Karakterisasi dan Evaluasi Tanaman Padi. Komisi Nasional Plasmanutfah. Badan
Penelitian dan Pengembangan Pertanian, Kementerian Pertanian (2003).

7. S. Tsunoda. A developmental analysis of yielding ability in varieties of field crops.
(Tokyo: Nihon Gakujitsu Shinkokai (1964).

8. Sistem Informasi Plasmanutfah Padi.
https://bbpadi.litbang.pertanian.go.id/plasma/index.php-main=genpenting.htmi.
Accsessed April 27th, 2022, (2022).

9. S. Zhang, J. Hu, C. Yang, H. Liu, F.Yang, J. Zhou, BK Samson, C. Boualaphanh, L.
Huang, G. Huang, J. Zhang, W. Huang, D. Tao, Harnpichitvitaya, L.J. Wade, F. Hu. J
Field Crop Res 207 (2017).

10. S.L. Dwivedi, S Ceccarelli, M.W. Blair, H.D. Upadhyaya, A.K. Are, and R. Ortiz.
Trends in Plant Sci, 21, 1 (2016)

11. M. Prakash, A. Anandan, and BS. Kumar. Karnataka J. Agric. Sci. 24 (2011).

12. B. Zhang, W. Ye, D. Ren, P. Tian, Y. Peng, Y. Gao, B. Ruan, L. Wang, G. Zhang,
L.Guo, Q. Qian and Z. Gao. Rice, 8:2, (2015).



https://docs.wfp.org/api/documents/WFP-0000073760/download/
https://bbpadi.litbang.pertanian.go.id/plasma/index.php-main=genpenting.html

E3S Web of Conferences 361, 04012 (2022)

1ConARD 2022

13.

14.

15.
16.
17.

18.

19.
20.

21.
22.

23.

24.

Md.A. Rahman, M.E. Haque, B. Sikdar, Md.A. Islam and M.N. Matin. J. Life Earth Sci.
8, http://banglajol.info.index.php/JLES (2013).

H. Zhao, Z. Mo, Q. Lin, S. Pan, M. Duan, H.Tian, S. Wang, and X. Tang.. Chilean
Journal of Agricultural Research 80,1 (2020).

R. Li, M. Li, U. Ashraf, S. Liu and J. Zhang. Front. Plant Sci., 10, 543, (2019).
L. Afa, I. Suaib, A.A. Uge, Anas dan Maisura, Jurnal Agrium, 18,1, (2021).

R.A. Sperotto, F.K. Ricachenevsky, V. de A. Waldow, A.L.H. Miiller, V.L. Dressler,
J.P. Fett. Plant Soil Environ., 59, 6 (2013).

S.K. Bakthavatchalam, A. Anandan, and M. Prakash. Varietal variations in flag leaf
area and yield in mutant lines of PY 5 rice. Karnataka J. Agric. Sci., 24, 4 (2011).

B. Sutaryo. Agros 17,1 (2015).

P. He, X. Wang, X. Zhang, Y. Jiang, W. Tian, X. Zhang, Y. Li, Y. Sun, J. Xie, J. Ni, G.
He, and X. Sang.. BMC Plant Biol. 18:273, (2018).

L.G. Acevedo-Siaca, R. Coe, W.P.Quick and S.P. Long. J. of Exp. Bot, 72, 4 (2021)

S. Fatima, Md. Rasal-Monir, M.R.J. Usha, Md. M. Haque. Amer. J. of Biol. and
Environt Stat., 5, 2 (2019)

T.B. Wahyuti, B.S. Purwoko, A.Junaedi, Sugiyanta, dan B. Abdullah J . Agron.
Indonesia, 4, 3 (2013)

U. Susanto, S. Arifin, W.R. Rohaeni, dan R.H. Wening, Penelitian Pertanian Tanaman
Pangan, 4, 2 (2020)

https://doi.org/10.1051/e3sconf/202236104012


http://banglajol.info.index.php/JLES



