
A]\ NDIRECT TEST

FOR BSTIMATII\G SUNFLOWER

DROUGHT TOLERANCE

tion in p,etri dishes with mannitol sollltions,
using polystyrene plates with orific,es as s'e'erd

supp,ort (Figu;re 1). Seed'germination was noted
after 7 d,ays anrd se,êdlinrg growth iin th'e s'ame
solu'trions. after 10 davs.

INTRODUCTION

Althoulgh sunflower ofte,n is ccnsid,ered as

a dr.oraght tol'erant pJnnt (B o y e r, 1971 ;

Vr ânce ânu, 1974 ;,S io n i t anC K ram er,
1976), the rpresent cultivar"s have shown a dif-
ferent reâotion to moistune Stress and hirgh
temiperatLtres.

Un,der the 'clim,atic con'ditions of Romania,
the rnonths of Juty and Augurst, wh'en flow'e-
ring and seed d,evelopment take trr1'ace, are ge-
nerally characterizied by high temp'eratures
antd mo,derate rainfalls, phen'om'enra whi'ch in-
fluence the behaviour of sunflower plants.
During this period, sorle sunflower genotyp'es
manifést a high wilting 'degree, while othe'rs
stand well the high temp'era'turre and moisture
stress. In rdry ye.ars, som,e of these genotyp'es
do not f[II weil the achenes.

Tolerancre to hiLgh t,emperatures and mois-
ture stress is therefore qn im'pertrant objective
in sunf'Iower hree,ding, esp'e'cially in setrection
of inbre,d trines arld hybri'ds, but its implemen-
ta'tion dep'ends on the ava{lability of .a discri-
minating and ratpid method of testinrg. Our
investigàfions have aim'ed at findtng out such
methords wn-irch wou d permit to examine on a
trarge scatre the t'oleranoe of the cur:rent bree-
dinrg material.
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In,dustrial C,r,o'ps, 8264 FunCulea,
Romania

MATERIALS AND METHODS

f,he study of seed germination at variou,s
osmotic ,pressur€s was performerd with the aid
of mannitol solutions of dirfferent ,concentra-
tions (Helmerich ânrd Ffeifer, 1954).
Osmotic pressures of 6.5, 7.5, 8.5, 9.5, 10.5
and 11.5 atrnosphexres were obtaineid in this
way. Seerd germinati'on in distilled watter was
used as a con'trol.

Sunfl,ower s'eeds previously disùnfected by
mercury ohloride, were plac,ed for germina-

A second inidirect te,st und,er investigation iis
based on chlorophyll stability iind'ex (CSI),
defi,ned as the differ.ence between light trans-
mission through chlorophyll samples taken
from J.eaves expos'e'd or not to th'ermi,c s'tregs
(Kilen and Andrew, 1969). Sunflower
plants were grown under field conditions until
the stage of l2-I4 leaves. Samples of 0.25 g
Ieaves of the same age, without veins, in 4 re-
pllcations, were us,ed for d,eterminations. Two
replications were expos,eid to a thermi'c trea't-
m,ent of 65oC and th,e other two w,ere left at
the room 'temp,eratur'e. Af'ler 60 minutes, the
leaf sam'ples were mince,d in ac,eton,e 800/6 and
fi)tered, ,th,arn each sample was brought to a
final volume of 100 ml. Lisht transmissi,on

Fig. 1 - Seed germination test in mannitol solutions
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wâs reald with the 'hel,p of the spectrophoio-
meter at the wavelength of 663 mp.

Tole;rance un'der fi'eùd co,n,ditions was evalua-
ted taking in'to ac'count the wi,lting or with,e-
ring degree of sunfl,ower leaves und,er con'Ci-
tions of high drought ars well as the grain fii-
ling d,ergree add the seerd yiel'd per plant. A
scatre witÈr gr:ades from 1 to 5 was used f,or
drought evaluation, th,e grarCe 1 stanCing for
v'ery suscepti/ble and 5 for very resistanrt.

RESULTS AND DISCUSSION

1. Evalu'ation of sunflower drought toler:anc,e
in terms ,of seed gerrnination pencent,age an,C
seedling ,growth at ,various osm'otùc pressures.

Gerrrr-ination pencentage of se'eds from 5 in-
bred li,nes and 3 hybrid cromrbinatio,ns is given
in Tâ;blle 1. A very good s,ee'd germination at

Table 1

Seed germination (0/6) at different osmotic pressures
of some sunflower genotypes

Genotype

Osmotic
pressure

(at.)

Fis. 2 - Seedling *r"*|lr3r,. different osmotic pres-

1 : inbred line F-102, tolerant ; 2 : inbred line F-101, sus-
ceptible; a:6.5 ati b :7.5 at; c: 8.5 at.

relatively hi'gh osrnolic pressures su,ch as 9.5
a'tmospheues, exhibit the inhred lines F-102
(Firgure 2) and F-109. It is worrth mentioning
that ,th'e hybriid obtain,e,d by crossing thes,e
two inbrred lines (F-102 X F-109) has a",lso tdi,s-
playe'd a rgooid seed g,ermin,ation at higher os-
motic pressur€s. Two other inbred lin,es, F-101
anrd F-103, have a low seed germinatiion and
the same rea,ction is charact,eristic ,to th'e,ir F1

h)rbriid (F-10r1 X F-103). Fi'nal1y, th'ere is an
inbned line, F-11?, who,s'e seeds have germi-
nated neither at the lowest osmotic pressure
us,ed in this test.

The grade,s of field droug,ht toleranc,e con-
firm the susceptilbiJùty of the inhred line F-117
and the good toleranoe o'f inbr,Eds F-102 antC
F-109 and of their hylbritd combination (F-102 \
x F_109).

The osmoti,c pressure oif th,e nutrritive me-
'dium has exerûe,C the sam,e infh.lernce upon the
subsequent growth of sunflower seedlings, as
it 'can be seen from data p,res,ented in Table 2.

Table 2

seedlings grown in mannitol solutions, after l0 days

F-102
X

F -109

6.5

I -it

8.5

9.5

10.5

11.5

Distilled
wâter
(control)

Field
drought
tolerance
(grades
I-A,,

,,
L2

8

t2

U

86

98

?B

72
4^

4î

15

98

0

0

0

0

0

0

5U

25

10

0

0

0

90

90

ID

6B

60

35

0

80

65

50

35

25

0

60

35

B

)
0

0

Stem (S) and root (R) length (mm) of sunflower

F-101 F-102 F-103

"T"
I

9.5

8.0

6.0

5.7

6.2

6.3

Osmotic pressure (at.)

6.5

7.5

8.5

9.5

10.5

ll.D

Distiiled water (control)

FieId
drought
tolerance
(scale 1-5)

5.7

4.9

1?.0

12.8

-

5.4

+.D

2.8

13.9

11.5

7.6

41

3.0

1r,
?.0

5.8

8.5 13.5

9.6

6.5

t4.7

10.3

6.2

A1

3.9

2.6

o.4

10.3

6.8

5.9

6.6

4.5

10.3

8.4

5.2

2.3

2.0 T.I

3.4 4.6

tâ. J

4.5

5.6

28.1.

r--10ilF-1021F-103 F-109 | F-117
F-101

X
F-103

F.-101
X

F-102
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Genotype

Light transmission

CSI

Field
drought
resist-
ance

(grades
1-5)

heated unheâted

F-101

F-102

F-103

F-109

F-117

F-101
F-102

F-101
F-103

F-102
F-109

X

X

X

59.0

70.0

57.5

54.0

83.0

50.0

59.2

53.5

51.0

68.0

50.0

52.0

60.0

39.5

52.7

51.5

8.0
2.0

7.'i

2.0

23.0

10.5

6.5

2.0

5

3

5

I

3

À

5

A good rgrowth oJ both seedling stem nnd rpots
manifest the inbreds F-102 and F=109.

2. The chlorophyll stahiLity ind,ex test (CSI).
As is welll-known, the li,poprotreic cornplex

of chloroplasts is the first affected ui'rder mois-

' Table 3

Chlorophyll stability inilex test (CSI)

ture ,stness condi.ti'ons. On the basis of scien-
tifia inforrrration from liter:a'ture (K i t e n aTtrd

Andrew, 1962) we have tried to evaluate
the degree of chtrorophyll destruction under the
iinflue'n,ce of a,dverse envrironment'al conrditions,
to the above'rnenrtione,d 'gendtyp,es. The data
in Tabile 3 rerflect the light transrn'ission in
terms of chlorophyJl destructirin 'degrnee, 

un'der
the influenrce of high temp,eratunes. Here again
the 

'goo'd 
ibehaviour of inbrre'ds F-102 and F-109

and of their Fr hybrird (F-102 XtF-109) is
evirdent, while the other genotypes show a

prominent mo'd*filcation of this characteristic.
rFrom the above-mention,etd data, one ca;n

ascrentain a ne'lationship ibefween tLre results of
the indirect tests and the fidld tolerance to
moistupe Strcss of the investigated sunflower
genotypes.

Tùre pneliminany results presente'd in this
pâ'per in'dicate the possibil,ity of dev'elopinrg
drought and high temperature tolerant Fr
hybrids rby crossinrg two inbred trines with high
leve1 of see'd germination antd seedlinrg growt'tr
at hirgh osmotic ,pnessiures and with a high
chlorophyll stability in,dex. Nevertheless, it
should ,be un,der'linetd th,at th,e rpro,pos'etd tes'b,

althou,gh usefu.l for sortin'g the bneed,i4g mate-
ria[., has an orientation vaJue, 'b,ecaus,e drought
tolenance is a very cornplex phanomenon and
for its enraluation, a ,greater nurnlber of physio-
logic indi,ces rnust be taken i'nto consideration.

CONCLUSIONS

Seed germination and. seerdldng growth at
high osmotic pressures obtained by using con-
oentrate'd mannitol solutions indicate a good
drought tolerance o,f certain sunflower geno-
types. T,hus, the inbred lines F-102 and F-109,
whi'ch show a good. drougnlt tolenanrce under
field conditions, have a satisfactory seed ger-
mination and seedling growth at high osrnotic
,ï)ressu.r€s, while the germination of the sus-
ceptible iribred line F-117 is inhibited even
at low osmotic pressures.

The ctrlorophyll s'tability tes't at high ternpe-
ratures has r.eve'aled a similar reac'ti,on of the
investigated geno,typ'es.

'lh'e results of this study indicate the possi-
bility of obtaining sunflower Fr hybrids with
drought and hirgh temp,erature toler,an,oe, by
'crossing inbrerd lines with a good seed ger-
mination at high osmotic pr,essure an;d an ade-
quate shl6r'o:phyl starbility in'dex.
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UN TEST NDIRECT POUR L'EVALUATION
DE LA TOLÉRANCE DU TOURNESOL

À LA SÉCHERBSSE

Résumé

La germination des semences et Ia croissance des
plantules à de hautes pressions osmotiques, obtenues
à I'aide de solutions con.centrées de mannitol, indi-
quent une bonne tolérance à la sécheresse de cer-
tains genotypes de tournesol. Ainsi, les lignées auto-
fécondées F-102 et F-109, ayant une bonne tolérancc
à Ia sécheresse en plein champ, présentent attssi une
germination des grains et une croissance des plantu-
1es satisfaisantes à des pressions osmotiques elevées,
tandis que chez la lignée sensible F-117 la germina-
tion est inhibée même à des pressions osmotiquex
basses.

La test de la stabilité de la chlorophylle aux tem-
pératures elevées a mis en évidence une réaction
semblable des genotypes examinés.
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Les données obtenues indiquent qu'il est possible
d'obtenir des hybrides F1 tolérants à la sécheresse,
par le croisement des lignées autofécondées qui ger-
ment à des pressions osmotiques elevées et qui ont
une bonne stabilité de la chlorophylle à des tempé-
ratures elevées.

TEST INDTRECTO PARA DETER,MIN-A.R
LA IOLERANCI"A. DEL GIRASOL

A LA SEQUIA

Res{tmen

La germinaciôn de las semillas y el crecimiento de
las plantas en condiciones de presiones osmôticas ele-
vadas, obtenidas con la ayuda de las soluciones con-

centradas de rrlanitol, indicart, èn algunos genotipos
de girasol, una gran tolerancia a la sequia. De este
modo, las lineas consanguineas F-102 y F-109, que
muestran gran tolerancia a la sequia en campo, pre-
sentan una germinaciôn de semillas y un crecimiento
de las plantas satisfactorios, a presiones osmôticas
elevadas, mientras la linea sensible. F-117 estâ inhi-
bida en Ia germinaciôn incluso con presiones osmô-
ticas bajas.

EI test de la estabilidad de la clorofila en condi-
ciones de temperaturas altas ha puesto de relieve una
reaccidn semejante a la de los genotipos estudiados.

Los datos obtenidos indican la posibilidad de obte-
ner hibridos F1 resistentes a sequia y a temperaturas
excesivas, por eI cruce de las lineas consanguineas
que germinan a presiones osm6ticas elevadas y que
tienen a la vez una gran estabilidad de la clorofila
a temperaturas âltas.




