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STUDIES ON PULLING FORCE AS DROUGHT
RESISTANCE SCREENING METHOD AND GENETICS
OF UPLAND RICE ROOT CHARACTERISTICS"

Soemartono™™)

Abstract

The main objeclive of this research is o develop pulling-force technique as an easy and simple droughi resistance
screening methad for a large number of breeding lines in a relatively short period.

For this purpose, -field experiments were conducted by planting several varieties and lines representing different
degrees of drought resistance, i. e. M1 48, IR 1750 F5 B-5, C 22, IR 20, IR 26, IR 442-2-58, Salumpikit, 0S4 and
MGL 2 during the rainy season of 1976/1977 at Los Banos, Philippines and the rainy and dry seasons ol 1980 and
1981 at Yogyakarla, Indonesia. Studies were made of on the relationship between pulling-force and drought
resistance scale according to Lhe IRRI standard evaluation system for rice, correlalion between pulling-force and root
characteristics, path coefficients of root characteristics 10 pulling-force and the determination of the appropriate time
(age) of pulling-force and rool characteristics measurement. Similar experiments and pot experiments using regosol
and grumuso! soil were also conducled to study (he environmental effects on the pulling-force and rool growih.
Pulling- force technique evaluation was carried out by regressing drought resistance scale on pulling-force measure-
ment using F4 and F5 breeding lines derived from crossings of the varietics mentioned, planted in the 1981 and [982
rainy season and in the 1982 and 1983 dry season. The F1 and F2 generation of the crosses were used for studying the
genetics of root characteristics.

The following are the resuits ol the experiments.
There was a significant correlation between pulling-force and drought resistance scale, ihe heavier the drought
stress Lhe closer the relationship.

Pulling-force was directly and positively affected by the thick rool number, but directly and negatively affected
by the tota! root number. It means thal thick root number should be strongly considered in drought resistance
breeding.

Broad scnse heritabilities of rool characteristics increased hyperbolically with the age of plant, and became prac-
tically constant at the initiation of flower primordia. This suggests thal the appropriale time of pulling-force and root
characteristics measurements should be carried out at this growih stage.

Pulling-force and root characleristics were alfected by the root growlh environmeni. The non signilicant
genotype x environmen(al interaction indicates that the rank of cullivars for pulling-force and root characteristics are
constant over a wide range of environment.

The regression of drought resislance scale on pulling-force was not significant for F4 and F5 segregating breeding
lines, eventhough the relationship lended to increase.

Total root number, thick root number, maximum root {ength and total root weight are quantitative characters,
governed by polygene, varied from no dominance, partial dominance and over dominance depending on the type of
parental crosses. The values of the broad sense heritability of these rool characteristics ranged from 0.39 {medium) o
0.91 (high) depending also on the type of parental crosses.

From the results of these studies the following conclusions can be made.

*1a summary of Dissertation in Agricultural Science, Gadjah Mada University, Yogyakaria.
")Agronomy Department, Faculty of Agriculture, Gadjah Mada University, Yogyakarta, Indonesia.

Ilmu Pert. (Agric. Sci.) 4(3) 1986.
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Pulling lorce technique can be applied in the screening of breeding material for the drought resistance. It can be
applied under broad environmental conditions. This technique should be applied on homozygous breeding lines,
under homogeneous field conditions, especially with regard to soil moisture. The most appropriate time for its ap-
plication is at the age of about nine weeks, i. e. the period of initiation of Mower primordia.

Considering the simplicity of the pulling force technique, screening of drought resistance lines, can be carried out
even by middle personnel, provided a detailed writlen procedure could be made available (o them.

Intisari

Tujuan utama penelitian ini ialah mengembangkan teknik gaya cabut sebagai metode penyaringan ketahanan
terhadap kekeringan yang sederhana, mudah, dan mampu menyaring banyak galur pemuliaan daiam waktu singkat.

Unluk itu dibuat percobaan lapangan dengan menanam variestas dan galur yang berbeda-beda ketahanannya
terhadap kekeringan, yaitu MI 48, IR 17 50 F 5 B-5, C 22, IR 20, IR 26, IR 442-2-58, Salumpikit, OS 4 dan MGL 2
pada musim penghujan tahun 1976/1977 di Los Banos, Filipina dan pada musim penghujan dan musim kemarau
tahun 1980 dan 198] di Yogyakarta, Indonesia, Percobaan ini bertujuan untuk mengaji hubungan antara gaya cabut
dengan nilai kelahanan Lerhadap kekeringan menurul sistem penilatan baku untuk padi yang dibuart IRR], korelasi
antara gaya cabut dengan sifat perakaran, koefisien linlas sifat perakaran terhadap gaya cabut dan wakiu (umur)
yang tepal untuk pengamatan gaya cabut dan sifat perakaran. Percobaan yang sama dan percobaan pot dengan
media tanah regosol dan grumusol digunakan uniuk mengaji pengaruh lingkungan terhadap gaya cabut dan
perakaran. Evaluasi metode gaya cabut sebagai metode penyaringan dilakukan dengan meregresikan gaya cabut dan
nilai ketahanan terhadap kekeringan, menggunakan galur pemuliaan keturunan F4 dan F5 dari persilangan varielas
tersebutl. Evaluasi dilakukan pada musim penghujan tahun 1981 dan 1982, dan pada musim kemarau tahun 1982 dan
1983. Genetika sifat perakaran dikaji dari terlua, keturunan F1 dan F2 nya.

Rangkuman_hasil percobaan tersebut adalah sebagai berikut,

Ada korelasi nyata antara gaya cabut dengan nilai ketahanan terhadap kekeringan, makin berat tekanan keke-
ringan makin erat hubungannya.

Gaya cabut dipengaruhi secara langsung dan positif oleh jumlah akar besar dan dipengaruhi secara langsung dan
negatif oleh jumlah akar total. Ini berarti jumlah akar besar perlu mendapat perhatian utama dalam pemulizan
ketahanan terhadap kekeringan. Nilai heritabilitas dalam arti luas sifat perakaran meningkal menurut umur secara
hiperbolik dan menjadi konsian pada fase pembentukan primordia bunga. Ini berarti bahwa waktu pengamatan gaya
cabut dan sifat perakaran yang paling tepat ialah pada fase pertumbuhan tersebul. Pada fase pembentukan primordia
tersebut variasi anlar varietas terbesar, yang dicerminkan oleh nilai heritabililas yang mendekati maksimum.

Besar gaya cabut dan sifat perakaran dipengaruhi oleh lingkungan tumbuh, tetapi interaksi genotipe dengan
lingkungan tidak nyata. Artinya peringkat gaya cabut dan sifal perakaran antar varietas tidak berubah.

Hubungan gaya cabut dengan nilai ketahanan terhadap kekeringan pada galur pemuliaan yang masih mengalami
segregasi (F4 dan F5) tidak nyata, tetapi ada kecenderungan meningkat.

Sifat jumlah akar total, jumlah akar besar, panjang akar maksimum dan berat akar total termasuk sifat kuan-
titatif, diatur oleh poligen yang tindak gennya berbeda-beda yaitu tidak ada dominansi, dominansi sebagian, dan
dominansi lebih tergantung persilangan. Nilai heritabilitas dalam arti luas sifat perakaran lersebul juga berbeda-beda
dari 0,39 (sedang) sampai 0,9] (linggi) tergantung persilangan.

Hasit dari kajian penulis dapat disimpulkan sebagai berikut. Melode gaya cabut dapat diterapkan untuk menya- -
ring galur pemuliaan yang tahan kering. Bahan pemuliaan yang disaring hendaknya sudah homosigot. Pelaksanaan
penyaringan dapat dilakukan pada berbagai kondisi lingkungan, tetapi kondisi lapangan tempat tumbuh perlu
diusahakan dalam keadaan seseragam mungkin, terutama lengas tanah. Waktu yang baik uniuk penerapan gaya
cabut ialah pada umur sekitar sembilan minggu, yaitu sekitar lase pembentukan primordia bunga.

Berdasarkan pertimbangan bahwa metode gaya cabul ini sangal sederhana, maka praktek penyaringan
kctahanan terhadap kekeringan dengan menggunakan metode ini, dapat dilakukan oleh lenaga menengah, asal
diberikan petunjuk tertulis yang jelas. ‘
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Introduction

The world upland rice crop covers about 10 percent or 14 million hectares of rice
field. Among of these areas, approximately 1,202,747 hectares are located in In-
donesia or about 12.8 percent of total rice field in this country. Recently, the average
yield ranges from O.5 to 1.5 tons per hectare, while in Indonesia it is 1.416 tons per
hectare. Considering that the total cropping upiand rice are quite large, therefore
yield increase per hectare would significantly contribute to the total rice production.

Less intensive cultural practices, including limited use of improved variety (which
are high yielding, drought resistant, blast tolerant, and problem soil tolerant), are
suspected to be the main factors affecting the low yield per hectare. At precent, the
improved variety of upland rice in Indonesia are still rare.

It has been reported that a significant increase of rice production obtained from
irrigated rice causes lack of interest to improve upland rice variety. On the other hand,
less attention in improving upland rice variety may be partly due to the complexity of
the problems in developing improved drought resistant variety and unavailability of a
simple and practical screening method, particularly for handling a large number of
breeding lines in relatively short time.

There are three adaptive mechanisms to drought stress, namely escape,
avoidance, and tolerance. The first mechanism is pseudo-resistance while the other
two are true resistance. Between the last two mechanism, avoidance seems to be more
important in contributing drought resistance than tolerance mechanism.

Drought avoidance of a particular plant is due to morphological properties of
cuticles, leaf characters and rooting system. Deep rooting system enables the plant to
obtain more water, so that proper water balance can be maintained w1th0ut
diminishing transpiration.

Several authors found significant correlation between pulling force and tolerancy
to root worm on maize. Other authors also found a siginificant correlation between
drought resistance and thick, deep penetration, and dense of rooting system of several
plants.

The objective of this study is to develop a simple, rapid method of screening for
drought resistant breeding lines by measuring pulling force applies to individual plant
(subsequently referred to pulling force method). The measured value of pulling force,
then, was correlated with drought resistance characters of plants. Another related ob-
jective is to determine the appropriate time of measuring the pulling force: Wthh gives
the most s:gmflcant difference among cultivars.

.. To support drought resistance breeding program through rooting system im-
provement, the study also observed the most important components of rooting which
directly affect pulling force. Beside this objective, genetics of the important root
characteristics also studied.

M_aiérials and Methods

To correlate pulling force with drought resistance, two experiments were carried
out. The first experiment was conducted in the rainy season of 1976/1977 at IRRI, us-
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ing six varieties and lines representing different degrees of drought resistance
(IR442.2-58, Ml4g, IR1750F5-B-5, 0S4, C22, IR)(). These cultivars were direct seed-
ed under wet condition. The second experiment also used six varieties and lines
(MGL9, 0S4, Salumpikit, IR4422.58. [R26, IR2g), which were direct seeded under
rainfed condition in the 1980/1981 rainy season at Kalitirto, Yogyakarta. Pulling
force measurement were conducted on those two experiments at six weeks after
seeding (under wet condition) and at 60 days after seeding (under rainfed condition).
The same varieties and lines also planted in the following dry season. Drought
resistance scales were made on those cultivars in the dry season, after water stress
treatment was applied, using IRRI method.

Attempting to study the relationship between puiling force and rooting com-
ponents, two experiments were conducted in the rainy season of 1980/1981 and
1981/1982 respectively, using six cultivars representing different degrees of drought
resistance. This experiments were arranged in randomized completely block design
with four replications. The six cultivars used were IRpq, IR)¢ representing wet rice
varieties, IR442.2.58 representing deep waler rice cultivars, and 0S4, MGL3, Salum-
pikit representing upland rice varieties. Pulling force measurement and data on root
characteristics were taken every week starting from the second up to the tenth week
after seedling. Pulling force were measured from 10 randomly individual plant
samples, using a spring balance equipped with a clamp accessory. The maximum
capacity of the spring balance is 60 lbs, made by John Chatilon & Sons Inc. New
York. Data on root characteristics was taken by careful tap water spraying and pulling
out five randomly individual plant samples.

To determine the appropriate time for pulling force and root characteristics
measurements, combined analysis of the two year experiments was performed for
each week observation, and regression analysis of broad sense heritabilities of pulling
force and root characteristics on age were calculated. Correlation coefficients between
pulling force and root characteristics and among root characteristics were calculated
using data observed at the appropriate week. The combined analysis was also used to
detect interaction between genotype and vear of planting. To determine the root
characteristics which mostly affect the pulling force, path analysis was performed
using data on the.previous correlation coefficient.

Pot experiments were carried out in the green house to study on the effect of soil
groups on root characteristics. In this experiment, the same six previous varieties were
planted on light (regosol) soil and on heavy (grumusol) soil respectively. Factorial
design with three replications used in this study.

In order to study pulling force on different soil groups, field experiments were
carried out on these two soil groups {grumusol soil at Gading, Wonosari, and regosol
soil at Kalitirto, Yogyakarta). The same six previous varieties and F3 from several
parental crosses (IR442 x Salumpikit, IRqq3 X 0S4, IR2g X MGL9) were used in
this study. Correlation of both data on pulling force is then calculated.

To study on genetics of root characteristics, four parentals (OS4, MGLj, IR447,
IR30), Fy and F7 of their crosses, were planted under irrigated condition in isolated
wire field in the 1980/1981 rainy season. Root characteristics measurements were
taken around the initiation of flower primordia, by carefully pulling out all individual
plants. Potent ratios and broad sense heritabilities were computed, and frequency
distributions of F» were performed.



The last experiment was to evaluate the pulling force method by studying correla-
tion between pulling force data from experiments in the 1981/1982 and 1982/1983
rainy season respectively, and drought resistance scales resulted from experiments
conducted in the dry season of 1982 and 1983 respectively. Breeding lines of F4 and Fs
generations were used in these experiments.

Result and Discussions

Results of the analysis are the following :

There was a significant correlations between pulling force and drought resistance
scale. The heavier the drought stress the closer the relation. At soil matric potential of
-2b (light drought stress), the correlation showed no significant. However, at soil
matric potential of -4 and -8b, the correlation were significant. Trends of correlation
were similar under rainfed and under irrigated condition; the higher the pulling force
the higher its drought resistance {(Figures | and 2). This phenomenon was due to the
more thick root number, the longer, and deeper penetration of root would be.
Drought resistance which is related to pulling force is an avoidance mechanism
through rooting system.

Highly positive for both correlation coefficient and path coefficient between
pulling force and thick root number showed a true positive relationship
(r25 = + 0.90 and p35 = + 0.7991). On the other hand, highly negative correfation
and moderately negative path coefficient between pulling force and total root number
were observed (r{5 = -0,986 and py5 = -0,6002). It indicates that the primarily factor
influencing the magnitude of pulling force are the number of thick roots and the total
root number.The bigger the pulling force the higher the number of thick roots, and
the more resistant to drought. On the other hand, the smaller the pulling force the
higher the total root number. Usually, rice cultivar with high thick root number, are
fow in its total root number. On the other hand, cultivars which its roots are mostly
fine in size, are high in its total root number (Figure 8).

Highly positive correlation between puiling force and maximum root length
undepicted the real relationship due to the negative value of their path coefficient
(r3s = + 0,906 and P35 = -0,1682). The positive relationship between pulling force
and the maximum root length could be due to its indirect effect through highly
positive correlation between maximum root length and thick root number
(past23 = + 0,8174). Similar result was observed on correlation between pulling
force and total root weight (rq5 = + 0,709 and pg5 = -0,2749). This positive rela-
tionship between pulling force and total root weight could be due to its indirect effect
through positive correlation between total root weight and thick root number
(p25r24 = + 0,7560) (Figure 8).

Broad sense heritability which is the ratio between total genetic variance with
phenotypic variance for pulling force, total root number, thick root number, and
maximum root length were not consistent following the age of plant. The relationship
between the magmtude of heritability and the age of plant fits in with the regression
equationY = a— bx-1. This equation indicates that changing rate of heritability will
be stower with advance growth of plant and approximately reached constant value at
nine weeks after seeding (Table 2). This period corresponds with the flower primordia



jnitiation stage. It means one cultivar differed most clearly from the other in this
stage. Therefore, this stage is the appropriate time to measure pulling force and to
observe root characteristics in refation with drought resistance. For early maturing
variety of rice, it ranges from 60 to 70 days after seeding (Tables 1; 2 and Figures 3; 4;
5. 6).

The magnitude of pulling force and root characteristics were influenced by en-
vironmental factors such as soil group and year of planting. The root characteristics
on grumusol soil was better than on regosol soil, and the root characteristics on 1981
experiment was better than on 1980 experiment. However, there was no interaction_
between genotype and environment namely, year of planting and soil group (Tables 3;
4 and Figures 7; 9). This result depicts that the rank of pulling force and root
characteristics among cultivars are consistent. Therefore, the use of pulling force as a
screening method for drought resistance may be carried out at any year of planting
and soil group tested. :

Using segregating material of Fq4 and Fg generation, no significant correlation
was observed between pulling force and drought resistance. However, subsequent
generation from F4 to F5 indicated higher coefficient of regression and correlation,
which means that it tends to be more closely related (Figure 10).

Frequency distribution for root characteristics of Fy resulting from several
crosses showed normality. It means that root characteristics, such as maximum root
length, total root number, thick root number, and total root weight are polygenically
controlled (Figure 11 A, B, C, D; Figure 12 A, B, C; Figure 13 B). However, F» fre-
quency distribution for thick root numbers resulting from segregation of [Ryg X OSy
and IR442 X OS4 crosses indicated abnormality at P = 0.01 — 0.001 and showing
bimodal distribution. Using genetic analysis by Powers, frequency distribution of Fy
from these crosses failed to perform the genetic ratioc of 3 : 1 and 15 : 1. This means
that there should be more than two genes controlling the thick root number of these
crosses (Figure 13 A, C). Frequency distribution for total root weight of Fy segrega-
tions resulting from crosse of IRpg X 0S4 and IRy9 x MGL7 showed abnormality
{P < 0.001) and tended to lefty skewness. Therefore it is stilf ambiguous to interpet
the data (Figure 14 A, B).

There are different gene actions of the genes controlling root characteristics. It
varied from no dominance, partial dominance, and overdominance depending on the
type of parental crosses (Table 5). Information of this gene action should be taken in
to account in implementing a breeding program, particularly in relation with the
development, of pure line or Fy hybrid variety.

Broad sense heritability for root characteristics differed one from the other
depending on the type of parental crosses. It ranged from 0.39 (medium)} to 0.91
(high). The negative value of heritability were obtained on crosses of IRgq2 X 0S4
for maximum root length and thick root number, and or cross of IRyg X 0S4 for
root weight. It is due to the existing Fq outstanding individuals which contributed
higher Fy variance. The overdominance effect of those root characteristics on the two
crosses has important role in the contribution. The magnitude of the heritability
determines the appropriate method of selection, what generation lines to be selected,
and selection intensity in order to get high estimate of response to selection.



Conclusions

The results of writer’s studies lead to the following conclusions, Pulling force tec
nique can be applied in screening breeding material for the obtainment of drough
resistance breeding lines. Pulling force technique can be applied under various en
vironmental conditions. Pulling force technique should be applied on homozygou:
breeding lines, under homogeneous field conditions, especially with regard to soi
mioisture. The most appropriate time for the application of pulling force technique i
the age of nine weeks, i.e. the transition period between the vegetative and th
generative phase or the period of initiation of flower primordia.

Considering the simplicity of the pulling force technique, it may be concluded
that screening practice on the obtainment of drought resistance lines, can be carrie(
out even by middle personnel, and even at remote site, provided a detailed writtet
procedure could be made available to them.
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Daftar 1.

iue

Koefisien regresi dan nilai r2 dari persamaan regresi nilai heritabititas

dalam arti luas gaya cabut dan sifat perakaran atas umur (minggu).

(Table i.

Regression coefficients and r2 values of the regression equation of the

broad sense heritabilities of pulling force and root characteristics on

age, week),

Persama-!Koefisi-

! Jumlah !
! akar !
| total !
! (Total !
! root !
' number)}!
! !

Gaya cabut dan Sifat perakaran
(Pulling force and
b (Coeffi-lmmmmm e e e

an fen !
(Equa-
tion) l!ciente) !Gaya ca-
! 'but
! 'fPulling
! ! force)
! !
! !
-------- J———
_ ~1 -
Y=a+bx a 0,965
b -0,222
r? 0,580
Uuji F hitung
nyata (Calcu- 11,01%
(Test of lated
signifi- F)
cance)

F 0,05(1;8) 5,32
F 0,01(138)11,26

Root characteristics)
Jumlah ! Panjung
~akar ! akar mak-
besar | simum
(Thick !(Maximum
root ! root
number)! length)
________ P
1,250 l,168
-0,047 ~-1,800
0,765 0,698
25,65%% 18 lo%¥
5,32 5,32
11,26 11,26
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Daftar 2. Taksiran peningkatan nilai heritabilitas arti lnas pada tiap minggu un-
tuk gaya cabut dan sifat perakaran.
(Table 2. Estimates of broad sense heritability increase on each week for pulling

Jorce and root characteristics).

Minggu pe-1 Gaya cabut dan sifat perakaran (Pulling force and Root characteriatiaa)
nNEaAMatan Je—o—m e e e e e e e e

{Oboerva- | Gaya cabut ! Jumlah akar total! Jumlah akar besariPan)ang akar makslmunm
tion weak)! (Pulling forae} 1(Total root number)(Thiek root number)(Maxzimum root length)
---------- l--------------_---1-------~--—-----_-|-----—---—------—-1—-----—-------—----
X | v, =0,965-0,222x"" v =1,223-1,927x 11y _#1,250-2,057x7" Yg=1,168-1, 860x}
__________ |-____________-____:ﬁ__-_____ﬁ___~__-_ P -
X
II 0,854 0,265 0,222 0,238
yo,a37 10,319 Y0,342 )0,310
I11 0,591 , 0,5 0,548
30,019 )0,160 )o,172 ¥0,155
v N 0,744 »736 0,703
)0,011 10,096 10,103 )0,093
v 0,921 0,84 0,839 0,79
0,007 - )0,064 10,068 )0,062
VI 0,928 0,904 0,907 0,858
)a,005 0,04 }0,049 30,044
VIl 0,933 Jo,007 0,949 J0,011 0,956 y0,012 0,902 Yo,010
10,00 yo,0131 0,0 0,034
VIII 0,937 0,001 0,983 .)0,007 0,993 Y0,009 0,936 J0,009
0,003 0,027 0,024 )0,
IX 0,940 )0,000 1,010 Yo,006 1,021 yo,005 0,961 }0,004
0,003 0,0 )0,023 0,0
X 0,943 Jo,001 1,031 10,008 1,044 jo,00h 0,982 JO,004
0,0 10,01 0,019 0,017
X1 0,945 1,048 1,063 0,999

»
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Daftar 3. Ringkasan analisis varians gaya cabut dan sifat perakaran tanaman per-
cobaan tahun 1980 dan 1981, pengamatan pada minggu ke-sembilan
sesudah tanam. _

(Table 3. Summary of the variance analysis of the pulling force and root
characteristics. Experiment of the year 1980 and 1981 respectively.
Observation on the ninth week after seedling.

LELELLLELLELELEELLLLLLLLLEEELL L LD LY L P PP PP PR PP PR L L P L L L e T Y Y Y]

Sumber 1Derajat 1| Varians berbagal sifat perakaran dan gaya cabut
Variasl IKebebas-! (Variances of the root charasteristiecs and pulling foroe)
{Souree of tan 1 - -—— e e
varigtion) - I{DPegreesl Gaya ! Jumlah akarl Jumlah t PanJang 1 Berat

lof Free-l cabut I total - { akar besar!t akar mak-!akar total

Idom} 1(Pulling \(Total reooc I(Thieck rootl simum 1{Total

1 ! forae) I numbar} ! number} | {Makstmum | root

1 ‘ I [ 1 | roet | waight)

. ! 1 | 1 | length) |

- -1 t O [ N, [P S
Tahun (T) | 1,5650 &% 11,2597 @ 2,2903 **  0,0675 *¢ 0,5969 u*»
{Year, Y) *
Blok/T 6 0,0083 0,0053 0,0558 0,0008 0,010%
(Blook/T)
Genotipe 5 - 0,1724 *8  0, 1347 =# 1,6612 #& 0,0363 "¢  (, 0263 ¥
‘(Ganotype, GJ ' .
@ x T 5  0,0068 "N g,0039 ™V 0,101 ™y, o029 ™ o,0031 ™V
G x7T
G x Blok/T 30 00,0034 0,0036 00,0504 0,0023 0,0056

G x Bloak/T)

DAL b LD L L e L E R L DL DL DL P T P P LR L e P L T P P L L EE LR P EL ey T 1%

¥} Berbeda nyata pada 0,05
(Significantly difference at 0.05)

%%} Berbeda sangat nyata pada 0,01
(Highly significant difference at 0.01)}
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Daftar 4. Ringkasan analisis varians sifat perakaran padi pada tanah Regosol dan
Grumusol. Pengamatan sembilan minggu sesudah tanam (transformasi
log (% +1).

{Table 4. Summary of the analysis of variance of the rice root characteristics

planted on Regosol and Grumusol soil. Observation on the ninth week
after seedling (log (X + 1) transformation).

NI D T o N 2T ST X K3 7S N S Nl S Oy N TR N GR PN T E  F N S O N SN T S P RN T K D I SE N R TR T N G AX IR EN Ml OO O i

Sumber Varlasli 1 Derajat | Varlans berbagal sifat perakaran
{Source of variation) | Kebebasanl {Vartancaes of the root characteristias)

I {Degrees |- - e e —————

| of Frae- 1 Jumlah { Jumlah | PanJang 1 Berat akar

! dom) I akar totall akar besar] akar mak~ ! total

! |1 {(Total I (Thiok I simum | {Total root

! 1 rect | root ! (Maximum | weight)

! ! rnumbar} ! number) lroot length)
---------------------- [ el E i Rt —1 O T T T,
Kombinasl Perlakuan 11
{(Treatmant combination)

Varietas (V) ’ 5 0,1210 *# 0,99238 «v 0,0597 *# 0,0261 #+
(Variaty) .
Tanah (T) . 1 1,1942 =+ 1,6417 e 0,099L =& 0,5701 ae
{Soil}
v x T g 5 0,007 ™  o,ou05 ™ 0,0113 ™ 0,ous7 ™V
Acak 2l 0,0058 0,0289 0,0092 U,U051
{Error}

TN = Tidak berbeda nyata

(Not significantly different)

¥) = Berbeda nyata pada 0,05
(Signifieantly different at 0,03)
¥%) = Berbeda sangat nyata pada 0,01

(Highly significant different at 0,01)



Daftar 5. Nilai tengah tetua (MP), purata F1 (F1) dan tetua yang lebih bésar
ukurannya (HP) untuk sifat perakaran pada beberapa persilangan.

(Table 5. Midparent (MP), means of FI (FI) and higher parent (HP) of root
characteristics in several crosses).

B e L e e e e e e e s L ]

Fersilangan | Sifabt fCharacteristic) I Keterangan pengaruh domlnansi
(Croaping) b e e | (Interpretation of dominande affect)
Fp, ' AP 1 IIF 1 hp
------------- PP JUNNY SOOI B Ny B P
Panjang akar makslmum (Maximum root Llength)ie™)
IR, x 03, 29,6 22,7’ 26,1 2,03 Domlnansl lebih
20 | .
‘ fover dominance)
IR, x MGL, 27,9 2,6 30,0 0,61 Dominansl sebaglan
(Partial dominancel}
Iy, x 05y 29,2 25,5 26,1 6,17 Dominansi lebih
(gper dominance}
IRy, X MGL, 31,7 27,1 30,0 1,65 Dominansl leblh

{guver dominancel
Jumlah akar total (Total root number)

[H20 x 08, 301,6 265,9 hhug,2 0,20 Tidak ada dominansi
(Mo dominanece)
2 390,1 356,0 g, o 0,37 Dominansi sebaglan
{ Partial deminancel .
IRyyy X NGL2 08,2 26,9 263,7 3,65 Dominansi leblh
{Over dominance)

IREU x MOL

Jumlah akar besar (Thick root number)}

in 0s ] 19, 39,7 0,74 Dominansl sebaglan

20 * 4 35 9.9 ' : (Partial dominancel

x MGL 27,6 39,1 78,2 -0,29 Dominansl sebaglan

1R20 2 . ’ ’ ' ’ {Partial dominance)
IRy X 03y 45,9 26,8 39,9 1,46 Dominansl lebih

(Over deominance)

Berat akar (Root weight)(gram)

IRy, % 08, 2,956 0,778 0,925 14,82 Dominansi leblh
: { Over dominance)
IR, % MGL, 2,560 2,272 3,619 0,21 Tidak ada dominansl

{ No deminance)



Daftar 6. Purata dan kisaran tetua, F1, dan F2, bentuk sebaran frekuensi F 2, dan

nilai heritabilitas dalam arti luas snfat perakaran pada beberapa per-
silangan.

{Table 6. Means and range of parents, FI and F2, frequency distribution of F2,
and broad sense heritabilities of root characteristics in several crosses).

T P N R Y e e e e R A

Perallangan! Tetua Betlna (Female parent) I Tetua jantan (Male parent!)
(Crosaing) Ymme-rocm e e el
__________ Jboom toxrsp ot KRAsage bn b xese 1 R
(Mg = 05y B GBI T T G R T
IRyq X HUL2 10 19.2 * 1,0 12,5/21,5 10 n,oo» b3 28,5/38,0
TMyyy & 03y 10 24,8 4 8,3 1h,5/28,0 10 26,1 » 0,5 19,0/32,1
Ifigy, x HAL, 10 20,8 + 4,3 1*,5/28 0 10 3u,0 r 4,3 24,5/738,0
Slrat jllmlnl nhinr total (Tetal root number)
IR & 03y 5 TAWB & 37,4 418/509 415,9 61/103
1R,y £ HOL, 5 HMB » 37,4 %18/509 9 264 & 52,2 201/365
IRpy; * Hﬂbé g ‘230 b 51,1 Lh2/290 g 264 &+ 52,2 207/3u5
Sirfat Jumlah akar besar (Thick root number!}
1R,, © 03y 10 ] 0/0 7 ho 4 9,5 20/53
IRy, % HOL, 10 0 . ns0 9 78 ¢+ 23,1 Ws/101
IRgya® 95, 10 0 . Lh o+ 11,5 7 4o+ 9,5 24753
517t Berat akar Lotal f(Toecl raor waigheliss
gy, x 03; 10 0,925 % 0,71 9,1,2,18 10 0,63 + 0,01 0,19/1.20
[Ryg ® HAL, 0 0,925 ¢+ o,71 a,1.2,18 1M 3,510 ¢ 1,64 1,15/5.87
Persllangan [
{Croeaing) H
____________ [ JOS—
sirat Panjang Aaxar makelmum (Muzimum reot langthMNe-—y
Hiyg * S0, 10 29,6+ 2,9 24,u/33.5 100 21,6 + W1 13,0/432,5
IR, * MOL, - 10 21,9 + 1,1 25,/30,0 10 22,2 + 4,1 13,5/31.,0
1Rygy * 05y 14 29,2 + 0,6 21,35/37,5 98 22,6 ¢ 4,5 12,5/33.5
IRyyz * HOL, 13 31,7 + 3.3 26,5/30,0 130 21,5 2 b9 9,0/16,5
. s1rat Jumlah akar tolsl (Total roet nuabar}
Ll * DSy 10 w02 o+ 11,8 29/ 360 1ub 206 + 76,3 23/460
IRtyg * ROL, 11 30k 76,1 225/501 10 300 + 1m1,0 120/505
Ly, & HOL, 13 308 & 52,6 290/ 167 126 162 + 67,4 42/358
Sifat Jumlial akar besar {(Thiek root mumber)
[R,, x 05y 8 15 07,7 25/hB 101 16+ 25,2 0/98
Ly, * MOL, 10 20 16,2 14769 101 6 + 20,7 .0/100
LRypp % OS5y 13 he + 21,1 LL/79 L 2z + 10,6 /69
Silrfat Berat nkar Lotal (Tetal root weightl(y)
IRy, = 08y 10 2,956 ¢ 0,67 2,11/71,%93 100 0,890 » 0,61 0,1/2,5})
IRy, © HGL, 4 2,56 + 0,58 2,09/3,3¢ 112 1.5 % 0,00 8,36/1,36
(;:g::}::fnn : BenLuk sebar- : uji kenormalan! VF2 - UP] FL
an
’ LG e:::;‘b"': (::'L:tzf e :‘::-;,::;:: ::,'_:::‘l::u, llerl.‘l'.'gbllll.'la artl luas

l I \ | {Uroad eense hnrl(ubll:!lua}

Sifat Panjang akur mukslmum{Mazimumr raot langth}em)

IRyp * 30y Normal P =0,50 - 0,8 8,4 0,50

,, x HﬂLz ‘Nermal P=o0,7-290,08 16,8 0,91

Mgy * 03y Hormal Fn0,3-0,5 -a,91 ~0,05

IRgys * Mﬂbz Hormnl P =0,5 - 0,7 11,07 0,55
Sirat jumlal akar Lotal (Total root number)

IR,, x 0%y Normal P =10,5 -0,7T  NW657.4 o,B0

IRyq ® Hul.2 Normal P =903 -0,5 4tpg .8 L |

Ify,, X HOL, Hormal F=0,2-0,% 1776,0 0,19
3irat jumlah akor bemar (Thick root number!

In,, = 05, Dun puncak P =+ 0,01 - 0,00] 575,08 0,71

IRy, 1 ML, Mormal F=0,3-0,5 a7 .1 2,517

Iy, ¥ DSn Oua puncak P+ 0,00L-0,00) -107.7 ~0,31
Sirat Derat akar tolal fTotal oot ueight M9)

IIllE,..J X USh Nondong ke kirl P Q,001 -n,0771 -q,21

Ry, = MEL, Condong ke kirl [ 0,001 0,369 0,57

N L L L L e L e L L L L PR DL L e L DLl e Rl
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Gambar!. Hubungan antara gaya cabut pada kondisi sawah dengan nilai

ketahanan terhadap kekeringan pada .tiga tingkat potensial matrik
tanah.

(Figure 1, Relationship between pulling force under wet condition and drought

resistance scale at three progressively soil matric potentials).
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Nilai ketahanan terhadap kekeringan

(Drought resistance scgle)
L2

Gambar 2.

(Figure 2.

Heritabilitas Gaya

cabut
(Heritability of the

Pulling force)

Gambar 3.

(Figure 3,

Cu>

20 30 40 50 60 70

Gaya cabut (lbs)

.(Pulling force) _
Hubungan anlara gaya cabut pada kondisi kering dengan nilai
ketahanan terhadap kekeringan pada kandumgan lengas tanah
2 —4.4%.
Relationship between pulling force under rainfed condition and
drought resistance scale at 2 — 4.4% soil moisture content),
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0,965 - 0,222 x %
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0,40
0,20 |
0,00 et v o
s 2 4 6 8 10

Minggu (Week)
Regresi nilai heritabilitas dalam arti luas gaya cabut atas umur
(minggu).
Regression of broad sense heritability of the pulling force on age,
week).
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Gambar 5.
-(Figure 5.
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Minggu (Week)

Regresi nilai heritabilitas dalam arti luas jumlah akar total atas umur
(minggu). .

Regression of broad sense heritability of total root number on age,
week), -

1.00
o [- ]
0,80
0,60 = 1,250 - 2,057 x~1
D re = 0,765
S 0,40
5]
g
0,20
43
O
o
= 0,00

O . N s .
2 4 6 8 10
Minggu (Week)

Regresi nilai heritabilitas dalam arti luas jumlah akar besar atas umur
(minggu).

Regression of broad sense heritability of thick root number on age,
week).
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Heritabilitas Panjang akar
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(Heritability of Mazimum

root length)

Gambar 6.

{Figure 6.
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Minggu (Week)

Regresi nilai heritabilitas dalam arti luas panjang akar maksimum atas
umur (minggu). 7

Regression of broad sense heritability of maximum root length on age,
week).
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Gambar 7.
totai (E).
(Figure 7,

0,0T

IR20 IR26 TIR4U42 SLPK 0S4 MGLZ'

D Varietas (Variety)

Peringkal gaya cabut dan sifal perakaran beberaps varietas yang

mewakili berbagai tingkat ketahanan terhadap kekeringan pada per-
cobaan tahun 1980 dan 1981. (Gaya cabut (A), jumliah akar total (B),
jumtah akar besar (C), panjang akar maksimum (D) dan berat akar

Pulling force and root characteristics- rank of several varieties
representing various degrees of drought resistance in the 1980 and
1981’s experiment respectively. Pulling force (A), total root number
(B), thick root number (C), maximum root length (D) and total root

weight (E).
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Berat akar total {gr)
(Total root wetight)

1,0
A—a 1981
o—o 1980
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IR20 IR26 IR4H2 SLPK 0S4 MGL2
E Varietas (Variety)

Gambar 7. (lanjutan),
(Figure 7. (continued).

r2

Gaya cabut
" (Pulling force)

Jumlah akar total
{Total root number)

BAT = Berat akar total JAB = Jumlah akar besar
S (Total root weight) (Thick root number)
S = Sisa PA = Panjang akar
(Residual) maksimum
(Maximum root
length)
Gambar 8. Diagram lintas perakaran dengan gaya cabut.

(Figure 8. Path diagram of the root characteristics and pulling force).



Jumlah akar total

Panjang akar maksimum {cm)

(Maximem root length)

(Total root number)

3004
a4 = Grumusol
o———#= Regosol

2701
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IR20 1IR26 IR442 SLPK 0S4 M3L2
A Varietas (Variety) -
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30,0 1
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*"IR20 IR26 IR4U2 SLPK 0S4 MGLD
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Gam'bar 9.

115

(Thick root nwnber)

Jumlah akar besar

™~

IR20 IR26 IR442 SLPK 0S4
B Varietas (Variety)

MGL2

3,0

2,0

Berat akar total (gr)
(Total root weight)

1,0

/

IR20 IR26 IRLHIE SLPK ObLI MGL2
D Varietas ( Vamety)

0,0 [

* Peringkat sifat perakaran dari beberapa varietas yang mewakili ber-

bagsi tingkat ketahanan terhadap kekeringan, ditanampada tanah
berat (grumusof) dan tanah ringan (regosel). Jumlah akar total (A),
jumlah akar besar (B), panjang akar maksimum (C) dan berat akar

total (D).
{Figure 9.

Root characteristics rank of several varieties representing various

degrees of drought resistance, planted on heavy soil (grumusol) and
on light soil regosol) respectively. Total root number (A), thick root
number (B), maximum root length (C) and total root weight (D).
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Gambar 10. - Hubungan antara nilai ketahanan terhadap kekeringan dengan gaya
cabut pada tiga persilangan keturunan F4 dan Fs5. (A) keturunan
IR3g x 084, (B) keturunan IRzg x MGLj dan (C) keturunan
IR44y X MGL).
(Figure 10. Relationship between drought resistance scale and pulling force of
F4and Fs generation of three crosses. (A) offspring of IR3g x OSy,
(B) offspring of IRys x MGL) and (C) offspring of IRgq4> X
MGLy).
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Gambar 10. (lanjutan)
(Figure 10. {continued).
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Gambar 1. Sebaran dan puraia tetua, Fy, dan Fp untuk sifat panjang akar
maksimum pada persilangan IRyg (P1) x 0S4 (P3) (A); IR3g (Py)
X MGLj (P3) (B); IR442 (P1) X 084 (Pp) (C) dan (Ryq3 (Py) %
MGLj (P3) (D). Garis mendatar menunjukkan kisaran Fy dan tetua
terhadap puratanya,

(Figure 1. Distributions and means of parents, Fy and Fy for maximum root
lenghth in the crosses of IRy (PP X 0S4 (P (A); IRzp (Pp) X
MGL) (Py) (B); IRgq2 (Pp) X 0S84 (Pp (C) and IR4yy (Pp X
MGL ) (Py) (D). Horizontal lines show the range of parents and Fj
about the means, dotted circle).
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(Figure 12.
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Sebaran dan purata tetua, Fj, dan Fy untuk sifat jumlah akar total
pada persilangan IRy (P x 0S4 (Pp (A); IRz (P7) X MGLjy
(P2) (B) dan IR443 (P7) X MGL, (P3) (C). Garis mendatar menun-

- jukkan kisaran tctua dan F 1 ter_hadap puratanya.

Distributions and means of parents, Fy and Fy for total-roof number
in the crosses of IRy (Py) x OS4 (P (A); IR (P7) X MGL) (P))
(B) and IRy44> (Pp) X MGLy (Py) (C). Horizontal lines show the
range of parents and Fy about the means, dotted circle).
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Gambar 13.

{Figure 13.
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Sebaran dan purata tetna, Fp, dan F3 untuk sifat jumish akar besar
pada persilangan IR3q (P1) X 084 (P2) (A); IRy (P§) X MGLy
(P2) (B) dan IR4q2 (P) x. 0S4 (P) (C). Garis horizontal menun-
jukkan kisaran tetua dan Fq terhadap puratanya.

Distributions and means of parents, Fj and Fj for thick root number
in the crosses of IR29 (Pp) x 0S4 (Py) (A); IR 20 (P X MGL) (Py
(B) and IR 44 (Pp) 0S4 (P2) (C). Horizontal lines show the range of
parents and Fy about the means, dotted circle).
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Gambar 14,

(Figure I4,

A

Sebaran dan purata tetua, Fy, dan Fy untuk sifat _berat akar total

pada persilangan IRyq (Pq) x 084 (P3) (A); dan IRpqg (P7) X

MGLj (P3) (B). Garis horizontal menunjukkan kisaran tetua dan Fy
terhadap puratanya.

Distributions and means of parents, Fy and F) for rotal root weight
in the crosses of IRy (P1) x OS4{Py) (A); IRyp(Pyp) X MGLy (Py).
(B). Horizontal lines show the range of parents and Fj about the
means. dotted circle).



