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Message from the Rector

Assalamu'alaikum Wr. Wb.

Greetings.

Ladies and gentlemen,

It iz an honor indeed to open this conference, the 19Almuslim International Conference on Science,
Technology, and Society (AICSTS). On behalf of Almuslim University (Umuslim), | would like to extend a
wanmm welcome to all participants and our speakers who are with us to make this a notable and exciting

event a success.

At Almuslim University, we emphasize the best possible achievements in education and research and are
also committed to innovation and technology. Today, we are faced with more challenges in these
spheres, and therefore, as memberz of the academic community, we have a duty to find innovative
research solutions for them. Hence, this conference is an excellent forum for experts, professionals,
researchers, and students as well, to present, share, and discuss their knowledge and experiences with
all of us. In line with such idealism, it is really a privilege for us to host you, not just this vear, but for years
to come, to give and provide opportunities to contribute lasting and practical solutions to the challenges
that confront us from time to time. This conference includes keynote speeches, oral and poster parallel

sessions on topics in the field of sciences, life sciences, engineering, social sciences and humanities.

Finally, we know that in the origination of this conference there may be some shortcomings, for which we
would like deeply apologize in advance to all of you. This is the University's first experence in organizing
an international conference like this. With deepest sincerity hereby we would also like to thank all the
keynote speakers for your contribution, time and support for this conference. Qur heartfelt appreciation
goes to all the authors of the selected papers for their effort and hard work. | alzo would like thank the
organizing committee of the conference for their hard work in making this event a success. | wish to
encourage them to continue organizing more events and to take other initiatives as well in future. To
support and sustain important research linkages for dialogue and facilitate exchanges of ideas such as
this will certainly generate more new discoveries and innovations in years to come. It is everyone's
optimizm that all we will learn from this first international conference in 2015 will be used as a reference
for the development of research, as well as guidance for the readers in education and in academic

profession.

I am sure the committee of this conference has served you in the best way they can to make your brief

stay with us a lasting memory.

Thank you.

Dir. Amiruddin Idris, SE, M.5i



Message from the Committee Chairman

Assalamu'alaikum Wr. Wh.

Greetings,

Ladies and Gentlemen,

| would like to take thiz occasion to cordially welcome all participants of the 19Almuslim International
Conference on Science, Technology, and Society (AICSTS). This conference iz held at our beloved
campus of Almuslim University (Umuslim), Bireuen, from Movember Tth to November 8% 2015, Almuslim
University, the home of 7 faculties, iz one of the major private universities in Aceh. We are assured that
the 416 scientific pariicipants will confribute to productive discussions and exchanges of scientific
experiences that will bring about success to this conference. Participants from 9 countries, Indonesia,
Malaysia, Thailand, Philippines, United States, India, Taiwan, England, and Qatar, have optimally marked

an international scope to the conference.

| would like to express my gratitude to the Coordination of Private Higher Education Regional Xl Aceh,
the Institute of Research and Community Services of Almuslim University and the committee members for
helping us in organizing the conference. The conference and proceedings are a credit to a large group of

people and everyone should be proud of the outcome.

We are delighted with the vast responses of 152 submissions from researchers and practitioners. The
knowledge bases that we are aiming to generate in the conferences topics are overwhelming due to the
involvement of these experts from warous fields of studies. Their papers will be published in the
proceedings to provide permanent records of what has been presented. The proceedings are divided into
four, Life Sciences, Engineering, Social Sciences and Humanities (Science Educations), and Social
Sciences and Humanities (Economics, Social and Arts), and the papers published here will exhibit the
current state of development in all aspects of important topics that are instrumental to all researchers in
the various fields. They have succesded in bringing together various aspects of developments and
innovations in knowledge and technology that will benefit not only the academic community, but the

society itzelf as well.

We realize that there are still many shortcomings in the implementation of the arrangements of this
conference. Therefore at this opportunity we also expect criticism and constructive suggestions from all
stakeholders so that the conference arrangements in future will be more successful. Finally we would like
to thank you all for all the support and assistance you have contributed to making this conference and its

proceedings successul.

Thank you,

Drs. Marwan Hamid, M.Pd
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Root Characther of Drought Tolerant Rice In Lowland System
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Abstract

The objective of this research is to identify the characters of the root of rice that tolerance
to drought stress. This research was done in the Rice Research Field, University Famm IPB,
Bogor (+ 240 m ASL). The research used a split plot design with three replications with
drought sfress as the main plots and variety as the subplots. The main plot consisting of
drought stress at 3 Weeks After Transplanting (3 WAT) until the age of 7 WAT, and control
(K0}, whereas the subplot consisted of rice varieties namely IR 64, Ciherang, IPB 35, Way
Apo Buru, Jatiuhur, Menthik Wangi, Silugonggo and Rokan. The results showed that
drought stress inhibitz root development either vertically or horizontally at 0-10 em, 10-20
cm, 20-30 cm and 30-40 cm depth. Decreased total root weight, root depth of achievement.
Decrease in total dry weight of the roots is less due to drought stress on the Jatiluhur and
IPB 35 varieties (12.41%, 36.41% respectively). The highest increasing im  root depth
achived by Way Apo Buru (46.05 cm) followed by IPB 35 (37.05 cm) varieties. Drought
tolerance index was positively correlated with total root dry weight and relative leaf water
content, and negatively correlated with the shoot root rasio. Total root dry weight, root
depth, shoot root rasio during drought stress can be used as selection criteria for drought
tolerant varieties.

Keywords: Drought stress, rootbox, root distribution

Introduction

Roots play important roles by exhibiting various adapted responses specific to the prevailing soil moisture
stress conditions (Yamauchi et al., 1996). For instance, one of the adaptive responses of plants o
drought conditions is the development of deep and extensive root systems (Fukai and Cooper, 1995;
Sermraj et al.,, 2004), which include thick roots (Price et al.,, 2000) and increased root length density
(Siopongco et al., 20058) as a result of the plasticity in lateral root development (Azhiri-Sigari et al., 2000;
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Ba'noc et al., 2000; Kamoshita et al, 2000). These adaptations are perceived to be associated with
increased water extractions (Kamoshita et al., 2000, 2004; Siopongco et al., 2005).

Rooting character becomes important in drought condition in which the ability of the roots to penetrate the
solid ground to improve the extraction of water in the deeper zones, osmotic adjustment and dehydration
tolerance of plant leaves. Deep root system, rugged and has a high ability to form root branching and
penetration, high shoot root ratio, is a component of the essential nature of the roots associated with

Drought avoidance (Yamauchi et al.1996; Samson et al., 2002).

In contrast to the flooded rice root has the ability to form cells aerenchym. This is important not only for
adaptation to oxygen deficiency, but also to keep the extension of the roots and also to maintain the
condition of the water loss that often occurs progressively. Increased aerenchym cells may facilitate the
diffusion of oxygen to the roots when the low oxygen condition (Suralta and Yamauchi 2008). Rice root
system has a unique morphological and physiological responses to drought, because usually adapt to the
waterlogged conditions. Character facilitate the growth of the roots in waterdogged conditions that may
affect the response of rnice to drought, but the characteristics of the roots the condition of drought stress
on the structurally and functionally rice in paddy system has not been known. It underlies related research
to understand the mechanisms of plant roots to drought stress is primarily concerned with the root system
of paddy systems. The objective of this research is to identify the characters of the root of rice that

tolerance to drought stress.

Materials and Methods

This experiment was done in a plastic house at the Rice Research Bogor Agricultural University in 2012
Plant materials that were used in this experiment are IR 64, Ciherang, IPB 35, Way Apo Buru, Jatiluhur,
Menthik Wangi, Silugonggo and Rokan rice varieties. NPK ferilizers and insecticides. The tools used
include plastic containers measuring 67 cm long, 47 cm wide and 42 cm in, yells, rulers, measuring cups,
oven and analytical scales, microscopes and rootbox. Rootbox used was adopted from research Kono et
al. (1987} and has been modified.

The experiment was arranged in a split plot design with three replications with drought stress the main
plots that consisted of control (normal irrigation) and drought stress (drought imposed at three weeks after
fransplanting until harvest). The sub-plot consisted of eight rice varieties which are IR 64, Ciherang, IFB
35, Way Apo Buru, Jatiluhur, Menthik Wangi, Silugonggo and Rokan.

Observation of water samples done at age 7 MST by opening the glass portion on one side, then take a
picture of the distribution of root system intact and then also take pictures using griedline (Figure 1) to
determine the root zone at a depth of 0-10 cm, 10-20, 20-30 cm and 30-40 cm. The depth of the root in
each treatment cutcome was measured by measuring the length of the roots from the base of the longest
root to root. The root dry weight was measured based based deployment depth and radius of the base of
the clump-which congists of: A: The depth of 0-10 cm (vertical), a radius of 0-5 cm A " root depth of 0-10
cm (horizental), 5-15 B: Depth of 10-20 cm (verical), radius 0-5 B " root depth of 10-20 cm (horizontal),
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radiug 5-15 C: Depth of 20-30 cm (vertical), radius 0-5 C ": The depth of 20-30 cm (horizontal), radius 5-
15 D: The depth of 30-40 cm (vertical), radius 0-5 D " The depth of 30-40 cm (horizontal), radius 5-15.

40 cm

Figure 1. Gridlines that are used to determine the root zone (the root depth of 0-10 em, 10-20 cm, 20-30
cm and 30-40]).

The experiment was arranged in a split plot design with three replications with drought stress the main
plotz that consisted of control (flooded) and drought stress (drought imposed at three weeks after
transplanting until sevent weeks after planting). The sub-plot consisted of eight rice varieties which are IR
64, Ciherang, IPB 35, Way Apo Buru, Jatiluhur, Menthik Wangi, Silugonggo and Rokan.

observations conducted on root weight, the depth of the roots achievements, the total weight of the roots,
shoot root ratio and relatif water content. The data were analyzed for significance by analysis of variance

in the level of a = 0.05 using Duncan's analysis.
Results and Discussion

Analysis of varance showed that drought stress treatment, variety and interaction significantly affect root
weight at a depth of 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm (zones A, A", B, B, C, C ", D and D), total
dry weight of root, shoot root ratio, depth of root achievment. Drought stress treatment caused
decreased inm root weight and development of roots vertically and horizontally (Table 1, 2, 3 and 4).
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Table 1. The average weight of the root eight varieties at a depth of 0-10 cm (A, A" on drought stress

treatment
ZONE A ZONE &
P lative:
Dwesiightt strass decraase Drought stress Ralatia
Waristes comered 3 WAT e ol 3 WAT decrese [Ga)
s g
IF: &4 Tes d k14 dg FL10 &6 & 0E5 i 6800
Ciherang 285« LODB gh BRI10 154 od 043 jH TLI10
IPE 35 N f LTT fgh 4290 111 ef 0.4] bk 4510
Wiy Ao Bom 1254 b L4%  gh £8.10 094 e=h 031 Il 6710
Tatibahbmr 618 = IR g 6370 1IB <« 1.03 efg 10.60
Mlentink Wang 530 = 048 h 9240 070 5l 054 B 2290
Selagoargga TS de 195 dg FL50 0 132 de 020 L 8460
Fokan 21R6 a 172 gh 9250 I2IB b 104 efg 54.50

Mote: Values followed by the same letter in the same column are not significantly different according to
Duncan's analysis at P<5%
Table 2. The average weight of the root of eight varieties at a depth 10- 20 cm (B, B") on the drought

stress treatment

ZONE B ZONE B’
Felative
Doought sires Relative Drrowght stress decrease

s S

Varieties coatrol 3 WAT &) consel 3IWAT £5)

' '
B 64 037 cd 04 B [3340] 068 o4 020 g 58.00
Ciherang .20 ef 04 il 2. 055 de 0 i AR
PE 35 012 gh 026 e [50.70] 0.38 =g 045 ef [16.20]
Nay Apo Burn 019 efg 007 m 40 120 a 038 efg G800
[ETHITTE 0.2% ol 0 1600 070 cd OT1 od [0.28]
Menthik Wangzi 0,14 feh  00E ] .70 052 de 0355 de [1.50]
Salugompgi (48 a 013 @h 0 08 w017 g TR0
Teikas R S M & mam oI : 95 & . 4RM

Mote: Values followed by the same letter in the same column are not significantly different according to

Duncan's analysis at P<5%
Table 3. The average weight of the root of eight varieties at a depth of, 20-30 cm (C, C') on drought stress

treatment
ZONE C ZONE C”
Ralatha Halathed
Dreonght sires: dmcragse Diroughé sipess darreane
Wi coitrnl 3 WAT ] contral 3 WAT L]
= -
R4 018 be 013 she [30.80] 052 b 037 cde  ITHO
Ciberang ney e QLG e [58.30] 0. uk 0.2 @& N30
IPB 35 nes e 0 sh [77E0] 045 bed 034 cde 1530
Way Apo Bom 0ps g 022 a [ 47 bod 136 e 4510
Tatihubew 08 abc 022 a [T 077 1 A a PR ]
Menlik Wings 006 e 005 e 1090 05 b 03 cde 410
Sunganggs 0 ake O0H e TLID 61 ah 031 de 4T
Fokca 0013 cd 015 be  [14.30] 078 1 048 bed 3390

Mote: Values followed by the same letter in the same column are not significantly different according to

Duncan’s analysis at P<5%
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Table 4. The average weight of the root of eight varieties at a depth 30 to 40 cm (zones D, D' ) on drought

stress treatment

ZONAED ZONE D
Relative Relative
Drought stress decrease Drought stress decrease

Varieties Confrol 3 WAT ) Contral 3 AT ()
2 g

R4 0 e 025t [84.10] 015 ¢z 047 c [67.20]
Ciberang 005 de 006 de  [7.00) 0.06 fg 017 de [5.40]
IFB 35 002e 037b  [9130] 00§ fg 074 b [91.80]
Way Apo Bum 004 e 019hbe [IES0] DOD5 g 0.25 d [76.00]
Tatilubur 012 cd D35 a [43.30] 011 efg 059 a [32.70]
Menthik Wangi 0Me 002e 35220 007 efe 015 dg [53.20]
Silugonggo 005 de 0230 [77.20] 012 efg 016 def [24.30]
Fokan 003 e 025t [86.30] 008 efo 056 c [33.50]

Mote: Values followed by the same letter in the same column are not significantly different according to

Duncan’s analysis at P<5%

0.4

0.3 4

Root dry weight {g)

0.2 4

0.1 4 ‘ ‘

0 1 L
KO K3

Drought stress

0 Jatilubwur

O Menthik
Wangi

Root dry weight (g)

&=
'S
|

=
L
1

=
&
L

[=]
=
L

[=]

0 Jatilubur
D——‘ 0O Menthik Wangi
KO K3

Drought stress

Figure 1. Root weight in zones C and D at a depth of 20-30 and 30-40 cm in Jatiluhur (tolerant varieties)

and Menthik Wangi (sensitive varieties)

Due to drought caused a reduction in total dry weight of the roots reach 12.41-81.56%. IPB 35 and
Jatiluhur shows a decline in the smaller root weight (12:31% and 36.41%). This shows that IPB 35 and

Jatiluhur varieties has the ability to increased root weight in the deeper part or root expansion either

vertically or horzontally to reach the water in deeper soil layers. One drought adaptation is elongation

and expansion of roots. Elongation and extension of roots implications of total weight of the roots that

would affect the balance of shoot and root growth.
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The highets increase percentage ratio of the shoot root is Rokan and IR 64 varieties of drought stress
treatment. This shows that drought stress occurs on the variety IR 64 and Rokan caused increased
growth of canopy and inhibited growth of roots, thus cauwsing that of ratio shoot root value becomes
higher.

Table 2. Effect of drought stress and varieties to the total root dry weight and shoot root ratio

Total root dry weight Shoot root ratio
Varieties Contrel Drought Relative Control Drought Relative Decrease
Decrease (%) (%)
R & 1216c 4098g £9.05 147 fg 412a [64.13]
Ciherang 1283c 263h 79.50 162efg 2872b [43.28]
IPE 35 E32fg 466g 12.41 234 bcd  2.076 cde 12.72
Way Apo Buru  1553b  319h T9.46 1.33gh 2818b [62.70]
Jatiluhur 101%d 6481 36.41 1.87 def 2.361 bed [20.75]
Menthik Wangi 8.01e 2Eh 67.54 144149 2403 bc [39.70]
Silugonggo 1064d 323h 69.64 28%b  1.787 efg 4522
Rokan 273%a 505g B81.56 095 h 267Tb [64.18]

Mote: Values followed by the same letter in the same column are not significantly different

acconrding to Duncan’s analysis at P<5%

Drought stress treatment cawses changes in the of root distribution on the ability of the roots to increase
the depth of the roots achievement. IPB 35 and Way Apo Buru varieties has deeper depth achievement
roots than other, while the Jatiluhur variety have high the depth of root achievement is also, but the depth
of root of the achievements was not affected by drought stress treatment. Differences of the root
distribution in the tolerant and sensitive variety can be seen in Figure 1. The depth of the roots of each
variety achievement illustrates the ability to reached the water on the deeper layers by extending roots
that a mechanism of drought stress. The depth of root achievement implications of the leaf relative water
content. IR 64 has a most short depth of root achievements, inhibiting the ability to absorb water in the

deeper layers of soil when drought stress, that make lower relative leaf water content { not show data ).

The high ability to maintain relative water content of leaves remained is one of the mechanisms of plants
to avoid drought stress, by increasing the absorption of water at deeper soil depths, or by reducing the
density of stomata. IR 64 shows that drought led to a decline in the relative leaf water content in drought
stress is significant. It is suspected IR 64 has a shallow root system and shortest depth of roots

achievements, it can makes inhibiting the ability to absorb water in the deeper layers of soil.

The roots character become one of factors that determine plant resistance to drought. The paddy

system of root have development of roots horizontally and when occur of drought, the development of
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root will be inhibited both horizontally and vertically can be seen with decreased root dry weight in zone A
on the Rokan, Menthik Wangi, Ciherang, IR 64 and Way Apo Buru varieties while in the zone A 'root
development is inhibited on Silugonggo. Silugonggo varnety although included into the type of upland
rice but showed a decrease in root weight iz relatively high in the zone A'. Jatiluhur (upland) showed a
decrease in root weight is relatively small at a depth of 0-10 cm (A and A ") as the drought treatment.
Differences in root system of upland rice and paddy system reported by Gowda et al. (2011) is in addition
to the differences in water status in the paddy system, also there is a difference of root growth and
adaptation to drought.

Upland rice varieties well adapted to the drought stress. But the resulis of this study show that upland
rice varieties are also given the same level of water status with paddy. Tums at a depth of 10 cm has
decreased root weight, reached 63.7%. Despite the higher paddy rice varieties ranging from 72.1% -
92 5%, but not on the type of new rice vareties that IPE 35 smallest decrease in root weight is 42.9%. A
new type of rce with a good root vigor as one component of the result is expected to increase the
percentage of filling grain the constraints of this type of plant. Rooting has good vigor in shallow layer of
soil. Asch et al. (2005) reported tolerant variety would increase root growth was greater in drought stress

conditions.

Conclusion

Characters of roots rice varieties have different response to drought stress. However, drought caused
decreased root development either vertically or horizontally roots weight, the total weight of the root, the
depth of the roots achievements, the shoot roots ratio and relative water content of leaf. Jatiluhur and
Way Apo Buru is tolerant varieties that indicates different ways avoidance mechanism to drought stress.
Tthe increased weight of the root zones C and D in Jatiluhur,by increasing depth of root achievement on
Way Apo Buru. The increase in total root weight, depth roots achievment, shoot root ratio and relative
water content during drought stress were root characters that the important role in tolerance to drought

stress in paddy systems.
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