PULLING FORCE ' 1ol
‘ AND 1Ts ReLaT
CHARACTERISTICS of TH ONSHIP wiTH ROOT

Untuk mendapatkan suatu metoda "screeningn

) toleransi terh
a, cepat dan dapat diukur secara kwantitatif, Hach

ederhan dilakukan penel;jg

p kckcringan Pada padi tanah kering yang
i cekuatan pencabutan bibit padi dapat digunakan untuk

an untuk menetapkan apakah metoda pengu.

pencliian i dilakukan di IRRI dari Oktober 1976 sampai dengan Mareq oy
e .

itian ini di .
Dalase pf:nclma.n - ta.nafn secara sawur tinggal (tanpa Pemindahan) 6 varietas yang diduga b

dngkat toleransinya terhadap kekeringan di sawah dengan pengairan, 1 bibjt per lobang, Dalam g ul-lga- f:rb'cda-beda

pola »Randomized Complete Block” yang terdiri dari 4 ulangan. Kekuatan p penelitian ini digunakan

, ' . encabutan bibit diukur d
qunakan dynomometer™ yang berkapasitas 30 kg, Pada umurumur 3, 4, 5 dan 6 minggu sesudah tmam‘"ga" e

itu juga diamati sifat perakaran dari masing-masing varietas. Di samping

Hasil penelitian adalah sebagai berikut :

1. Diketahui adanya hubungan antara kekuatan pencabutan dengan nilai toleransi kekeringan yang diukur secara
visuil dengan metoda yang telah ditetapkan oleh IRRI

2. Diketahui adanya perbedaan varietal yang nyata dalam kekuatan pencabutan, sifat perakaran seperti jumlah akar,
jumlah akar besar, panjang akar, berat akar dan percabangan akar.

3. Di antara 4 waktu pengamatan, pengamatan yang dilakukan pada minggu ke 4 dan ke 5 diduga merupakan fase
yang paling tepat untuk mengukur kekuatan pencabutan dan sifat perakaran kecuali ratio pucuk terhadap akar.

4, Sifat perakaran yang paling berpengaruh terhadap kekuatan pencabutan jalah jumlah akar besar (garis tengah > 1 mm)
percabangan akar, berat akar dan panjang akar.

SUMMARY

An experiment was done at the International Rice Research Institute to.search for a simple, fast and quan-
titatively measurable drought screening method in rice plants. The objective was to determine whether the pulling

force technique in rice seedling can be used as a desired method.

In this study, 6 varieties representing different level of drought tolerance were direct-seeded in the wet seed bt:d,
one seedling per hill. Randomized complete block design was used in this experiment with 4 rephcanon: The pulling
force was measured using scale or dynamometer with 30 kg capacity, at 3, 4, 5 and 6 weeks after seeding.

The following were the result of the experiment :

- - . ting.
1. There was a relationship between pulling force and field drought tolerance rating

b Illere Wi : . o . . ) T L.
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thick root number, root length, root weight and root branching:

i pulling
4 and 5 weeks after seedin;

g were the proper dme to measure the
* Among the 4 dates of observation,

ore :
¢ and root characteristics except root to shoot ratio. t number, root

. ick roo
] ng force were thic
4 The most important root characteristics which influence the pulling

brapcr ;
Tanchin
Ching, root weight, and root length.
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PREFACE - -
| LING FORCE AND ITS RELATIONSHIP WITH ROOT CHARAcy,
LING STAGE” is the author’s report of his short trgip: . 3
covering a period of time from October 1, 1976 tg Marcp, last

The paper entitled "PU
ISTICS OF THE RICE PLANT IN SEED
the International Rice Research Institute,

o INTRODUCTION

ortant, although not the major system of .growing rice, because jts area s
nearly a sixth of the world’s total rice land. Even the average Ylelq Is ?Ir)omll)it‘ts —l 917-2 tons per pe,.
tare, the production would substantially influence total rice prod.uc‘tlor? e a, ),'

It seems that upland rice grain yield are at present lower thall‘l it could be. Many eXperimen
stations reported high yield for upland rice, i.e. 7.2 tons per hectare in Peru, 7 tons per hectare i the
Philippines and 5.6 tons per hectare in Nigeria (Faye, 1973). .

Among other reasons for low yield of upland rice is the lack of improved upland rice variety,
which is high in yielding and resistant to drought. ‘ _

Improved lowland varieties usually could not fit in upland condition because most of them are
drought susceptible.

The important factor which inhibits the progress of upland rice breeding program is the scarcity
of the fast, simple and practical method of screening drought resistance.

Upland rice is an imp

In this study, an attempt is made to find out that required method by studying the relationship
between pulling force needed in uprooting of seedling and the components of drought resistance from
the root point of view. .

REVIEW OF LITERATURE

~ Levitt (1972) distinguished basic ways n which plants can grow and survive in dry habitat.
Adaptation to dry growing conditions consist of two aspects, i.e. escaping drought and resistance to
drought. The second aspect is divided into two ways, i.e. drought avoidance and drought tolerance.

Sulliv:'m (1971) mentioned that there are many different techniques available for screening
drought- resxstanc-e, but none of them has ever been critically examined. Because of the complexity of
factors involved in drought resistance, no single technique can be satisfactory e

Yoshida et al (1974) summarized promising techniques for measu

i i : i i . From
technical point of view, the techniques are well developed. ring drought resistance

Most of the techniques need such sophisticated e
handle so many breeding lines in a relatively short time.

Loresto and Chang (1974) used vi
isual fi
c!eath of leaf, degree of stunted i le!d
ary and wet season,

quipment and time consuming that could not

rating based on plasticity of leaf rolling and unfoldiné
ulated upland culture and rainfed culture in both the

of
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feld stress and visual rating in the field are
he degree of avoidance ( IRRI, 1974),

researchers associate ;
Many drought avoidance with the ability to maintain a favorabl t
rable water

in water stress by ¢ i !
palance M y conserving water and Improving water uptake Improving water uptake 1d
’ cou

: efficient ich i
pe achieved by nt root system which is reflected by the extensive root growth, specifically in dee
) €cp

penetration and thick root number.

K cit G .
Mac Key (cit Gupta 1973) and Hurd (1975) in their study on root system in wheat concluded

extensive root system i i
thz:it i:man  vantase.fo ay 1::1 len brfm‘?hlflg. fieeply penetrating are associated with drought resistance
an eticall tp 1 specially in time of water shortage. Mac Key also stated that root pat-
terns are genetically controlled even though are sensitive to the soil environment.

Hasc?gawa ((‘:lt De Datta 1975) stated that roots of upland varieties are longer than roots of
lowland rice. Their root to shoot ratio also higher in upland rice.

Minabe (f?it De Datta 1975) reported that in his study indicate that drought resistance in Javanese
lowland varieties are also associated with root number, total root length, root depth and length of
the root.

Research in IRRI (IRRI, 1974) indicated the following point :

s Root of upland rice variety is usually characterized by deeper penetrating, greater amount of
thick toot and fewer number of total amount of root, while root of typical semidwarf characterized by
thinner, fibrous and greater amount. '

— The varietal differences in root system was observed at 14 d
obvious at 60 days after seeding. But differences are little on puddled an
after seeding.

— Drought resistance appear to be associ
diameter of the thick roots and to a lesser ext

ays after seeding, and became
d flooded soil even at 60 days

ated with depth of the root penetration, the mean
ent with the number of thick root.

Hurd (cit Gupta, 1973) stated that simple technique for scree@g out highly susceptible material
early in the breeding program is needed. He reported that some cultivars of whf:'at produc_e more root
in the seedling stage than other cultivars and that these also had more at maturity by weight.

his study on root characteristics in wheat that an extensive root
systenihilsrdasgiziz fgdc::?iug‘::u;(;r?esistance. He stated further that root pattern are recessive hen'.ditary
character. Under wet condition the difference in the amount.of root were smgll be;wee; Semldrrf
and traditional height, but under severely droughted test, semidwarf root may be reduced more than

tall line, .
o ; of seven varieties of spring wheat at high and low
Hurd (1968) again in studyine root growth root in the dry soil more quickly than in

nﬂlloisture level concluded that someé Vazli:ties alraieex:ie:sraz Lt(s)th o 0 & high moisture Tevel.
¢ wet soil and more quickly than © er v

in different
At present unfortunately there is no simple method to evaluate the root system in r
sent,

Varieties, |
that there were some degree of correlation

: d in his study
dicate f the root.

Miyasaka (cit De Datta, 1975) in
population for resistance to corn root

between pulling strength and the cross sect

Rogers et al (1976) in their study O% *
%om indicated effectively method by usiné pulling

jonal area 0

n screening of corn
technique.
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This experiment is to study whether the pulling technique in upro?dting of rice Sfedlmg e be_) d
effectively used in screening drought resistance, specifically drought avoidance.

Objectives of the study

The detail objectives of the study are to try to answer the following questions :

1. Is there any relationship between pulling force and drought resistance, specifically droughy
avoidance rated by visual field scoring. . , Wy
2. If the first assumption is true, the second question is that is there any significant differences

in pulling force and root characteristics among the varieties. Root characteristi(':s mean the length of
the root total number of root, thick root number, root weight, root to shoot ratio and root branching_

3. What root characteristics are closely associated with pulling force.

4. How young a rice plant (between 3 — 6 weeks after seeding) in the wet seed bed can be used
to measure root characteristics and pulling force properly. :

MATERIALS AND METHODS

The following six varieties representing different level of drought tolerance were used in the
experiment,

The seeds of those 6 varieties were direct seeded in the irrigated field after presoaking treatment
and incubation for 24 hours, respectively.

Each variety was seeded in 4 rows plot of 1.5 meter length, spacing within and between row
were 10 and 20 cm, respectively. There were 4 different seed beds for 4 dates of observation, at the
third, fourth, fifth, and sixth week after seeding. Each seed bed was divided into 4 repﬁcations/blocks.

Each hill was planted with 3 — 5 seeds and thinned up to 1 seedling per hill at 1 week after seeding.

Varieties were randomized within each replication, and dates of observation were randomized
among seed beds. Fertilizer was not applied to avoid ununiform growth of seedling, because of the
experiment only cover a short period of time. Hand weeding was done twice, at the first and at the
fourth week after seeding succeedingly. Protection from insect was accomplished by application of
Furadan granules at 1.5 kg per ha a.i. Water was maintained about 3 — 5 ¢m high during the experiment.

The following data were recorded from the 2 middle rows and 40 cm from both ends of the row -

. 1. Pulling force was measured on eight hills, taken alternately, in each variety and each replication-
Pulling force was measured by using scale (dynamometer) with 30 kg capacity.

2.7Root characteristics which are root number, thick root number, root length, root branching
root weight, and root to shoot ratio after dried in the drying oven at 80 centigrade during 48 houts »
were measured and counted on 4 hills, for each variety and each replication
) dTo cifltemﬁng “(rihetha(lar there was a relationship between pulling force and drought toleranc® SCOTes
ased on the standard evaluation system for rice, visual field rati omy Depar™
ment, IRRI, was also collected. rating record from the Agronomy

To compute the correlation coefficient of each pair of the root characteristics, pulling force and
drought tolerance score, the following simple formula was used : )
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. EXY - Xy
Vizx? - X2 (zY2 _ 4 72

To determine whether there were significant differen
and root characteristics, two ways of classification anal
tions was used for each date of observation,

ces among the varieties on pulling force
ysis of variance with 6 treatments and 4 replica -

To determine how young a rice plant between 3 and 6 weeks after seeding in the wet seed bed
can be used to measure the root characteristics and pulling force properly, it means indicate clearly

differences among varieties, ratio of varietal variance and total variance were also computed for each
date of observation.

To measure the direct influence of one variable upon another, and permits the separation of the
correlation coefficient into components of direct and indirect effects, the path coefficient analysis
as given by Dewey and Lu (1959) was used. Seven variables were included in the path coefficient analysis.
The nature of the causal system is represented diagrammatically as follows:

In the path diagram, the double arrowed lines indicate mutual association as measured by cor-
relation coefficient r

coefficients Pij'

ij? and the single arrowed lines represent direct influence as measured by path

N6
he
136/
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where :
1. RN : Root number
2. TRN : Thick root number
3. RL : Root length
4. R/S : Root to shoot ratio
5. RW . Root weight
6. RB : Root branch
7. PF : Pulling force
8 X Residual factors, which is assumed to be independent.

The path coefficients in this particular instance were obtained by the simultaneous solution
of the following equations, which express the basic relationship between correlation and path coefficient ,

using abbreviated Doolittle method.

P1g + 119Py7 + 1y3P3g + 114P47 + 115P57 + 116P67

1. T17
2.197 = 119Py7 + Pog H 1p3Pag + 1Py + 155Psy + 194Pey

W

- 137 = 113P17 + 1y + Pyg ¥ 134Pyq + 135P57 + r36Pgy
4147 = 114P17 * 134Py7 ¥ 134P37 + Pyg + 145P57 + 146Pg7
S 157 = 115Py7 ¥ 135Py7 + 135P37 + 145Pyg + Psg + 156Pcr
6167 = 11gP17 * 1aePa7 ¥ 136F37 + 146P47 + 156Ps7 + 1 Py

and for the residual factors, its path coefficient can be obtained from the following equation :
7.1 =P:._+p2 _4+p2 __ 4 p2 2
x7 17 27t P2 37+ P2 o+ P2 57+ P2 o+ 2Py g1 9Pp7 t
2Py o112Parr + 2P
17713P37 17714P47 + 2P 91y cPes + 2P17116Pg7 + 2Pyyrp3Pyq ¥
2Parro Py + 2Pomra P
272447 T S97025TsT T PyqragPey + 2P3grauPyuy + 2PorgsPsy +

2P
37736F67 + 2Pgyr4sPsq + 2Pygr46Psy + 2P57156Pg7. |
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RESULTS AND DISCUSSION

Germif;_?m?;; fersi)en&agf and' gt?rmination speed index were §0m uted b
{ replication, hat statistical analysis could not be acconr:plishedaseéi iaien et i
. Germination speed index

uted by adding the quotients of the dail
L ination (Please see the following table),y counts of germination divided by the number of

ithou
was comp
days of g¢

It was observed that even though there were i :

I speed in dgx 0 & 148 varlefy. was the loavlvrgs?ftfrrﬁ?s cé;iier:vﬁeelnlgemﬂnation percentage,
(eristics of M¥—48, espec_lally root to shoot ratio was the smallest in this exp a“-] why. the I.OOt charac-
with the 'prekus result in the ‘IRRI. The previous result in IRRI stated thz)a(tp fgllment, i e
shoot ratio, and the number of thick root of most of the upland varieties includ de I\:iOOt ongth. To0! 'to
than lowland varieties which are susceptible to drought. ) el Wi mere suRerior

The germination speed index reflects the vi _
of growth. = ¢ vigour of the seed growth at least in the early stage

5. Relationship between pulling force and field drought tolerance rating

Field drought tolerance rating was done by Plant Breeding Department and Agronomy Department

of the International Rice Research Institute, during the dry season 1976 both at vegetative stage of

growth (Table 3).

Germination percentage and germination speed index of the seeds used in the experiment.

]
Variety : | Germination Germination speed index
percentage 2 Days 3 days 4 days | 5 days Total
after germination
___________,_———-——"—"'__—_.—————',_,——————_,_.————-1 I
IR 26 98% 18/2 31/3 0/4 0/5 19.3
IR 20 98% 16/2 31/3 2/4 0/5 18.8
T(N) 1 96% 40/2 8/3 0/4 0/5 22.7
IR 1750 F<B-5 100% 252 22/3 2/4 1/5 20.5
IR 442-2-58 96% 30/2 18/3 0f4 0/5 21.0
M1-48 100% 8/2 34/3 84 0/5 17.3
o, 2 O
-— . |

rce and field drought tolerance rating. the regression
f the largest varietal variance to total vananc_e ratio,
in this computation (Fig. 1).

e and field -drought tolerance

To show the relationship betweer pulling fo

o : .
rrelation coefficient were computed. , d
pulling § jon was use
g force measurement at the seco
ulling forc

It was observed that there were €
l'atmg.

Jationship betweer P
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Drought tolerance score
9 —o— ° @

PULLING FORCE ( kgq )

Fig. 1. Relationship between pulling force and drought tolerance
score at three progressively severe moisture levels (=2,
—4 and —10 bars soil moisture tension). Dry season 1976
upland field screening, IRRI,

Heavier the stress showed more closely relation as reflected by the significant regression at -10
bars stress.

3, Differences of pulling force and root characteristics among varieties

: = . th,
Pulling force and root characteristics were measured four times, i.. at the third, fourth, fif
and sixth week after seeding succeedingly.

: S
It was observed that there were significantly differences of pulling force, root number. Lh]Ckf:?sl.

number, and root branching at all dates of observation, significant difference of root length at the 4 ob-
third and fourth observations, significant difference of root weight at the first, second and thl;le 4).
servations, and significant difference of root to shoot ratio at only the second observation (12

Scanned with CamScanner



189

Bxcept root to shoot ratio, all of the othey root cha
jifferences among the varieties at almost all oy, dates

to shoot ratio of vari

Rgg; The previous exp\;i;:gtml ~48 was always lower than the other varieties at all dates of
Obs.ewaf u .land varieties, included Ml_uz;, the IRI-“ (Annual Report, 1974) showed that root to shoot
ratio Ofterpseeding. The l’ast obseryati _3, are }ugher. than lowland/drought susceptible varieties at 60
fr?yts tah - largest variation of root to 8?11(1)01:1 tl:}s CXperiment was at 42 days after seeding. It is assumed

a . i Tallo among the varieties whi : :

o total variance ratio has not been reached yet at 42 days after s:;dliilhg meastred by varietal variance

R(;)Otrizrtliggﬂg I'CI";ES V;{Zl%ht, and also .root to shoot ratio, were not always significantly different
ot all 00s¢ diti th di ffc are agree with the pervious result that concluded that in puddled and
flooded condition, the ditlerences of root characteristics are little and not so clear even at 60 days
after seeding (Hasegawa, Minabe as cited by De Datta 1975; Hurd, 1975; and IRRI, 1974).
.If the experi.ment to be conducted under water stress or upland condition on the light or sandy soil,
the dlff(.:rences‘ rmght be more clear, even before 60 days after seeding. Using light soil is suggested to
avoid difficulties in measuring pulling force under upland condition
of the pulling force needed is larger than straw length.

racteristics and pulling force showed significant
of observation.,

, i.e. stem/straw broken because

4. Coefficient of variation and varietal variance to total variance ratio

The coefficient of variation and varietal variance to total variance ratio were used as criteria

to determine how young a rice plant between 3 — 6 weeks after seeding in the wet seed bed can be used
to measure root characteristics and pulling force properly.

‘Theoretically, coefficient of variation should decrease and varietal variance to total variance
ratio should increase from the first observation up to the fourth observation.

This experiment showed that this tendency was not clear. It is because of the experiment was
conducted in the field, where environmental condition, especially micro-environmental could not be
controlled perfectly, and measurement of all characteristics were based on the individual plant.

Theoretically, the proper time of measurement should coincide with the lowest coefficient of
variation, or the highest varietal variance to total variance ratio. It was interesting to note that for
each root characteristics and pulling force, the lowest coefficient of variation always agree with the
largest varietal variance to total variance ratio, at the same date of observation except for the root
number,

Most of the lowest coefficient of variation and the highest varietal variance to total variance ratio
fall at the second and the third observation, or at 4 and 5 weeks after seeding.

Based on this fact, in general can be concluded that the proper time to measure pulling force
and root characteristics (’root to shoot ratio excluded) on wet seed bed was at the 4 — 5 weeks after
seeding, ,

5. Correlation coefficient and path coefficient of pulling force and root characteristics
tgd losely associated with pulling force, correlation
To determin t root characteristics are ClOS¢ '
Coefficient bt:t = wjll;lin force and root characteristics ?vere compx:zd foi;n tie r:ﬁfg"\ge::dm;hsﬁ ?
0servation w::;n c%efﬁc%ent of variation and varietal variance to4 t:; lic\:gons) Lo were mo \
e lowest ,‘md the highest value, based on 24 values (6 varieties X P
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Omitting root to shoot ratio because there is no direct relationship with pulling force, 5

: , Numpe
of important relationship can be observed in Table 6 and 7 Pul'lmg force was closely relateq Wit}:
root weight, root branching, root length, and a lesser extent with thick root number. The lesg A530ciatigy

of thick root number with pulling force probably caused by its negative correlation with root brangy
and significantly negative correlated with root number, which in turn, root branching wag closely
associated and root number was less associated with pulling force. Although root number was Jogg
associated with pulling force, its relation with root weight and root branching was significant,

Apparently some of the root characteristics were correlated because of a mutual associatjy,

. : . ) .

positive of negative with .other root characteristics. As more variable are considered in the correlatj,
matrix, these indirect associations assumed to be more complex and less obvious.

Even though path coefficient analysis provides an effective means of untangling direct ang
indirect causes of association and permits a critical examination of the specific forces acting to produce
a given correlation and measures the relative improtance of each causal factor, it will also somewhat

perplexing if more than one date of observation to be considered, because of the environmental condition,

especially microenvironmental condition, will change from time to time.

To determine further the direct effect of each root characteristics upon pulling force and measures
the relative importance of each causal factor, based on the above reason, the path coefficient was
computed only at the second date of observation, where the variety variance to total variance ratio
of the pulling force was the largest (Fig. 2)

Figure 2.

. anv’
Path coefficient diagram between pulling force and’ ro0t o)

teristics at the second date of observation, based on
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The diagram shown in Fig. 2 facilities the understanding of the nature of the cause and effect
tem. The diagram showed that pulling force ig the result of root number, thick root number, root
, posite variable i i

ulling force. This composite was called residual and assumed t:l)atb::n?rlll:ligi:clile:tth ?h:ai‘ltr()sissaf\vf::i:&ges
are themselves ‘mterrela'ted;- const.:quenﬂy, cach factor influences pulling force by'a direct contribution
and by acting in combination with the 4 other variables with which it is correlated.

Although there is no direct

; ncluded | ‘reh'ltionship between root to shoot ratio and pulling force, root
to shoot ratio was included in this diagram because of its close relationship with drought tolerance.

sys ; ;
ength, oot weight, root branching, and a com

The following are the break down of each relationship of root characteristics and pulling force.

Root number vs. pulling force

........................................... rg; ¢ o+ .28
Direct effect of RN (P~) e 1 —.0009
Indirect effect of RN via TRN (r19Py7) - —.2730
Indirect effect of RN via RL (r13P37) - @ +.0173
Indirect effect of RN via RS (t14P47) .+ —0571
Indirect effect of RN via RW (r;sPs7) .. @ +.1972
Indirect effect of RN via RB  (r¢Pgr) ... @ +.2445
+
+ .128
Thick root number vs. pulling force ....ocvevvneienecncans Ty7 + .385
Direct effect of TRN (Py7) weeeveveusnrrsiasanen +.4884
Indirect effect of TRN via RN (1{5P7) - * .0005
Indirect effect of TRN via RL (r93P37) - —-.0521
Indirect effect of TRN via RS (r24P47) . & +.0506
Indirect effect of TRN via RW(r25P57) w1 —.0247
Indirect effect of TRN via RB (ry6Pg7) = -.0776 \
+ .385
Root length vs. pulling fOrCe .oemummmsermssensssnessessaseeess 37 - +.187
Direct effect of RL (P37)  woeeeemensressseereeee . — 0980

Indirect effect of RL via RN (r13P17) ¥

Indirect effect of RL via TRN (‘23P27) i

Indirect effect of RL via RS (r34P47) w4004
- Indirect effect of RL via RW (r35P57) = :

Indirect effect of RL via RB 036’@‘_’/ +
' ' . + .187
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Root to shoot ratio Vvs. pulling force  .ccservere e 1937 f47 = 083
Direct effect of RS (Pg7)  wrsevrseruisunsnesees -
Indirect effect of RS via RN (ry4Py7) -+ = 00
Indirect effect of RS via TRN (T24P27) v 2= 1275
Indirect effect of RS via RL (r34P37) .o+ 0021
Indirect effect of RS via RW (145P57) .. @ + .1032
Indirect effect of RS via RB (r45P57) w0+ .1292
+
p . - -087
Root weight vs. pulling force .....cccovevvisniiirinniiniieinnnnn. rs7 + + .368
Direct effect of RW (Pg) .oovvivrcercinciiens © o+ .2548
Indirect effect of RW via RN (rjsPy4) ... : — .0007
Indirect effect of RW via TRN(rygPp7) .. @ — .0474
Indirect effect of RW via RL (r35P37) ... : — .0053
Indirect effect of RW via RS (145P47) .. + — .0784
Indirect effect of RW via RB (r56P67) o+ 2449
+
+ .3679 -
R?Ot branching vs. pulling force ... Ig7 : t 416
Direct effect of RB (0 : + 4194
Indirect effect of RB V'ia RN (I16P17) . © — .0005
Indirect effect of RB via TRN (r26P27) — .0904
- . Indirect effect of RB via RL (r36P37) ... — .0017
Indirect effect of RB via RS (r46P47) — 0597
Indirect effect of RB via RW (rs 6P57) N 1'4;;3
+
+ 4159
Specific example of the first relatj i
. ati i . ]
as an aid in analyzing correlation coefﬁcc;:rsl}tl.lp Wil be described to illustrate the utility of the method
The correlation éoefﬁcient of
b root : . ;
i.e. direct effect of root number — 008 n.um.be.’ with pulling force (+ .128) consist of 6 componen™
+.0173, via root to shoot ratio - Og:/;n direct effect via thick root number — 2730, via 'ootlenglsh
o - » V1a root wej ; ing + 24
::;li;:ehlarf:est contribution of root number to the pullin gl;t N '1972’. and via root branclu?gbmchmo
irect effect was negative. g force was via root weight and roo
Based on the sj i
From (t);ll het}s:zzlcf Pﬂ’ " woems that there were still many other factors influencing pulling .
( ¢ path diagram it was ob ) o0 o fOICF
were thick root number, root branchirfg,w ::dtliiz:hfv;?gcl)it important contributors to the pulling
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Unfortunately, the effect of root length upon ;
pecause there was no significant difference of root length a1 the
might be clear if path dla.gram of the third observation to be const
correlation between pulling force and root length at the thirg

Based on the path coefficient diagram (Fig. 2
pumber, root branching, root weight and also roo
1o develop drought tolerance rice variety,

pulling force could not be seen in this diagram

second date of observation. Its effect

ructed, because there was a significant
observation,

CONCLUSION AND SUGGESTIONS
Conclusion

L. There was' a relationship between Pﬂlling «force and field drought tolerance rating. It means
that larger the pulling force, more tolerant to drought. The relationship will be more clear under heavier

stress. So the pulling technique might be used as a new screening method for drought tolerance, specific-
ally drought avoidance in race.

2. There were significant differences of pulling force and root characteristics among the varieties
tested. It means that both pulling force and root characteristics were genetic control. To study further

the inheritance of pulling force and root characteristics, hybridization and evaluation of segregating -

material are required.

- 3. Among the four dates of observation in this experiment, the second and the third observation
(4 and 5 weeks after seeding) considered to be proper growth stage to measure pulling force and root
characteristics, except for root to shoot ratio. -

4. The most important root characteristics influencing pulling force are thick root number,
root branch, root weight, and root length.

Suggestiom o

l. For the future experiment in screening of breeding material for drought tolerance using
pulling technique, planting on light/sandy soil and under upland/water stress condition should be
considered. :

2. Improvement device for measuring :
and increasing precision. Drawing of suggested device is attached.

ACKNOWLEDGEMENT

The author wishes to express his sincere gratitude and appreciation to :

L. His adviser, Dr. J.C. O'Toole, for his invaluable guidance and encouragement du
of training and preparation of this report.

2. Dr. S.K. De Datta, Head of the Agr
[nstitutc, in giving an opportunity to use all o

3. Dr. M.R. Vega, Director for Training,
0 the author for study in this Institute.

4. All of the other research staff, research assistants,
for thej help.

5..Gadjah Mada University — Roc

Onesia, in granting a scholarship to st

6. Dean of the Faculty of Agriculture, and Rector 0
dy leave,

onomy Department, The International Rice Research
f the facilities which are availabie at the department.

and personnel of the Agronomy Department

aff development project of Yogyakarta,

tion st :
kefeller Founda esearch Institute.

! e R
dy at the International Rice ' o
o f the Gadjah Mada University, in granting him

4 sty

y will not be available to the author.

 Without all of their help, this opportunit

Scanned with CamScanner

pulling force should be done to minimize personnel influence | :

ing the course

The International Rice Research Institute, in giving a change -




194
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Figure 4. Suggested device to measure puﬂhg force for

the next experiment.

—

Scanne d with CamScanner

DA
i
D



196

LITERATURE CITED

De Datta, S.K. 1975. Upland rice arqund the world In Major research in upland rice IRRJ.Los B&nos,
Philippines.

De Datta, S.K. 1975. Drought tolerance in upland rice. In Major research in upland rice IRy
Los Banos, Philippines.

De Datta, S.K. 1975. Drought tolerance in rice in relation to growth stages. IRRI
February 22, 1975.

Dewey, D.R. and Lu, K.H. 1959. A correlation and path coefficient analysis of components of Cresteq
wheat grass seed production. Agron. J. 51 : 515 — 518,

Satu:day seminar

Faye, F.G.N. 1973. Varietal response to different level of soil moisture tension in upland rice, Mg thesis
University of the Philippines, Los Banos, Philippines.

Gupta, U.S. 1973. Physiological aspects of dryland farming. Oxford & I.B.H. Publishing Co, 384 p,

Hurd, E.A. 1968. Growth of roots of seven varieties of spring wheat at high and low moisture levels,
Agron. J. 60 : 201 — 205.

Hurd, E.A. 1971. Can we breed for drought resistance? In Drought injury and resistance in crops..
CSSA special publication No. 3, Madison, Wisconsin.

Hurd, E.A. 1975, Phenotype and drought tolerance in wheat. In Plant modification for more
efficient water use. Elseiver Scientific Publishing Co. 39 — 55.

IRRI, 1974. Int. Rice Res. Inst. Annual Report for 1974. p. 106 — 123. Los Banos, Philippines.

Levitt, J. 1972. Plant adaptation to growth in dry region. In
Oxford & 1.B.H. Publishing Co. 384 p.

Loresto, G.C. and Chang,
July 20, 1974,

Rogers, et al. 1976. Evaluation of a varietal pull technique in population improvement of maize for
com root worm tolerance. Crop Sci. 591 — 594,
Sullivan, C.Y. 1971. Techniques for measuring
in crops. CSSA special publication No, 2. p. 1 — 18, Madison, Wisconsin,

Wright, LN. 1964. Drought tolerance Program controlled environmental evaluation among grass genera
and species. Crop Sci. 4 : 477 — 474, :

Wright, LN. & Jourdan, G.L. 1970, Artificial selection for seedling drought tolerance in Boer love grass
Crop Sci. 10: 99 — 102, '

Yoshida, S. et al. 1974, Physiological basis and techniques f . ¢ resistance. IRRI
Saturday seminar. March 16, 197 4 q Or screening for drough

Physiological aspects of dryland farming.

T.T. 1974. Search for utilization of drought resistance. IRRI Saturday seminar.

plant drought stress. Jn Drought injury and resistance

Additional references

Alvarez, EI. and De Datta, S.K.
IRRI Saturday seminar. Noy

Chang, T.T. et al. 1973, ing rice variet; i S
81973. e 973. Improving rice vaneties for upland culture. [RR] Saturday seminar. AP

1973, Drought to]

érance in rice. 1. A technique for varietal screemf
ember 3, 1973,

Scanned with CamScanner



. , . an " :
ChmgMarch 15, 1975. d breeding for drought resistance. IRRI Saturday seminar.

EA. 1969.

A method of' b i : -
d, reedin e
s 217 — 226. 8 for yield of wheat in semiarid climates, Euphytica 18 :

Hurd, E.A. 1976. Plant breeding forrdrou
Academic Press.

[RRI, 1975. International Rice Research Inst. Annual Report for 1975. Los Banos Philippines
Kn'snamuﬂhy’ A. 1975. Some desirable characteristi
the Philippines, Los Banos, Philippines.

i, C.C. 1956. The concept of path coefficient and jts
190 — 210.

Bht resistance. /n Water deficit and plant growth. Vol. 4.

cs for upland rice variety. Ph.D. thesis. University of
impact on population genetics. Biometrics 12 :

0'Toole, J.C. Drought resistance. Paper presented for partici e .
Los Banos, Philippines. participants of GEU training program. IRRI,

Paningbatan, E. et .al. 1975. Root characteristics, A major factor determining drought resistance. IRRI
Saturday seminar. April 5, 1975,

Peng Tu .Liu. A corrglatioq and path analysis of component characters related to lodging resistance
in rice. MS thesis. University of the Philippines, Los Banos, Philippines. .

Salim, M.H. et al. 1965. Root development of wheat, oats and barley under conditions of soil moisture
stress. Agron. J. 57 : 603 — 607.

Sarkar, P.S. 1975. Screening techniques and selection criteria for drought tolerance in upland rice.
Ph.D. thesis. Indian Agricultural Research Institute, New Delhi.

Vergara, B.S. et al. 1973. Characteristics of upland rice. IRRI Saturday seminar. April 7, 1973.

Table 1, Origin and parents of the varieties used in the experiment.

No. Varieties Parent / Origin
L. IR 26 IR 24 x TKM 6
2, IR 20 IR 262—-24-3 x TKM 6
3. TN 1 Dee geo woo gen X Yuan chon
4. IR 442—2—58 (Peta/2 xI;N 1) x LMN
5
- IR 1750—FsB—5 . 4215 "l d22 i
. Local upland rice from the
M8 , ' Philippines
\
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';'fablé- 2. Analysis of variance table used in the experiment.
—
) M.S. E (MS)
Source of variation df
2
ot i o1 MS V ggrariT 03 |
Varieties 'S R 02 . 02.
Replication r -(1 ) o 0t23 R ,
(l’l — 1) I — e
Error _
n = No. of varieties and 1 = No. of replication
062 = MS E : Error Variance
o) MSV — MS E
o = —
M T
2 2 - .
0 tooy = Total Variance

Table 3. Pulling force and field drought tolerance rating of the 6 selected varieties.

) Pulling force (kg) Field drought tolerance rating
Valety 2nd obs. Av. of 4 obs | Plant Breed. Agronomy“
—2b | -2b ;1_0}
IR 442-2-58 7.03 a 10.26 4 2 4 | 3
IR 26 5.83 b 9.31 5 2 4 |7
TN 1 5.76 be 8.34 7 3 7 8
IR 1750-FgB—5 5.63 bed 9.59 4 3 7 |8
IR 20 4.93 cd 1.77 7 4 8 9
M1-48 | 4.82 d 7.01 4 3 5 |8

* At vegetative stage : 1-2, R; 3—4, MR; 5, [; 67, MS; 8—9,\ S;

** At vegetative stage : 1 = none to slight effects of stress;
9 = plants apparently dead.
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Table 4. F calculated AOV_ of treatment/variety of pullmg force and root charactenstlcs at all of
4 dates of observation, 2R

o i -

/""L’—r—

pulling force and F calculated at

root characteristics - | IstObs | 2nd Obs. 3rd Obs. 4th Obs.
e e b

pulling force | 5.44%+ 8584+ 5.03%% 3.23*
Root number ' 19.60%* 12.23%* 25.02%* 8.11%*
Thick root number - : 6.94% 14.50%* 25.50%* 11.11%#
Root length 3.22¢ 2.50m 3.64* 4.70%*
Root to shoot ratio 568 5 G5*k 1.3008 740
Root weight 9.33%x 7.60%* 6.35%% 2.641°
Root branching ' 4.62%* - 9.74%* 26.67%* 11.00%%

* _ F .05 (15 df) = 2.90; ** — F .01 (15 df) = 4.56

Table 5. The coefficient of variation and varietal variance to total variance ratio of root characteristics
and pulling force at four dates of observation.

) R @)
’ . : 0
Pulling force and _ ‘ CV. (%) 0% otal
- 100t characteristics -
Ist 2nd 3rd 4th Ist 2nd 3rd | 4th
Pung for.cé ' 13 10 14 16 33 65 51 36
Robt number 13 21 15 20 82 74 86 64
Thick root number 63 33 33 55 60 77 86 72
~ Root length 8 8 6 5 36 27 40 48
Root: to shoot ratio 13 7 11 15 0 54 7 0
Root weight 14 21 19 - 20 68 62 57 29
Root branching 14 8 8 12 48 69 87 71
|

\_4—___‘_’_’___’_
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'-'I:ai)le‘ 6. Correlation mét‘rix- between pulling force and root characteristics of the second Observatio;,,
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PF RN TRN RL R/S RW RB :

7 1 2 3 4 5 6
PF 7 < + 128 | + 385 |+ 187 | = 087 | + 368 |4 gy
RN 1 — 559% | — 177 |+ 295 | + T74%* 14 spaey
TRN 2 .|+ .532%*| — .26l — 097 |- 185 ' '
RL 3 ~ 021 | + 054 |+ 017
R/S 4 + .405*% |+ 308
RW 5 ' + 584er
RB 6 £ ‘.
PF Pulling force RL Root length RB : Root branching ,
RN Root number R/S Root to shoot ratio r .05 (22 df) : .404;
TRN : Thick root number RW Root weight r .01 (22 df) : .515. ;

b

Table 7. Correlation matrix’ betwée'n pulling force and root characteristic of the third observation. 3

PF RN TRN RL R/S RW RB

7 1 2 13 4 5 6
PF 7 - + 194 | + 348 |+ .548* |+ 321 | + 463 |+ 372 E
RN 1 — .525%%1 _ 046 |+ 066 | + .672**|* 780**
TRN 2 +.101 |+ 026 |+ 009 |-22
RL 3 + 395 |+ 456t |+
RIS 4 + 447% |+ 083
RW S + 609%
RB 6
r .05 (22 df) : .404

™




