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Summary. Germ plasm collections of safflower, Carthamus tinctorius L. were evaluated for variability and di- 
vergence in two traits which are strongly influenced by the environment, viz. length of the growing period from 
planting to flowering (GPPF) and plant height. The test locations were: Bet-Dagan, Israel, 1969, about 2000 lines; 
Logan~ Utah, USA, 1964, about I000 lines; Washington, USA, 1959, 339 lines. Natural selection produced a wide 
range of variation for length of the GPPF: there were considerable differences between introductions from the same 
countries. Divergence between lines within countries for GPPF length was so extensive that there was little evi- 
dent divergence between regions. Generally lines from the Indian subcontinent, Egypt, Morocco, Spain, Portugal 
and France were earlier, while those from Turkey and Ethiopia were later. Some significant but inconsistent cor- 
relations were obtained between the length of the GPPF and other traits measured in Utah. It was not significantly 
correlated with yield and yield components or with oil content. Therefore, selection can be applied for a shorter 
GPPF without effecting yield or oil content. 

Plant height variations between lines from the same countries were very high in all test locations, still diver- 
gence between regions was apparent. The means of the lines from~the Indian subcontinent were the lowest while 
those of the lines from Iran, Afghanistan, Turkey and Ethiopia were the highest in all the locations tested. Plant 
height was not correlated significantly with yield/plant and yield components in the Indian and Egyptian lines, and 
with yield and some components in the Iranian lines. Therefore, it appears possible to breed shorter, high yield- 
ing varieties. 

The correlations of GPPF and of plant height between test locations though low, were highly significant. Gene- 
rally, the lines maintained their developmental pattern (early vs. late, short vs. tall) in the different nurseries, 
but there were position changes within the groups. 

Introduction 

The collection of germ plasm resources of crop plants, 

their maintenance and their study and utilization in 

breeding and evolution research have been receiving 

increased attention in recent years (Creech and Reitz, 

1971 ; F rankel, 1970 ; F rankel and Bennett, 1970 ; Krull and 

Borlaug,  1970). The sa f f lower  (Carthamus t i n c  t o r i u s  

L. ) ge rm plasm col lec t ion  has yielded var ious  benef i -  

c ia l  r e su l t s  in breeding p r o g r a m s  (Ashr i ,  1973 ; Knowles,  

1969) : It also has many advantages for  r e s e a r c h  on crop  

evolut ion.  Saff lower is a c rop  of ant iquity.  It was usu-  

al ly grown in smal l  populations in plots o r  as b o r d e r s ,  

fo r  the dye ex t rac ted  f rom the dr ied  f l o re t s  and also as 

a minor  oil plant (Hanel t ,  1961; Knowles,  1955; Weiss ,  

1971), it has r e l a t ed  wild spec ies  withwhich it is c r o s s -  

f e r t i l e  (Ashr i  and KnowIes,  1960; Hanel t ,  1963; Knowles,  

1969) and i ts  col lec t ion  and sampling in the major  a r e a s  

of old cul ture  is f a i r ly  adequate (Knowles,  1969). 

A study of the sa f f lower  ge rm plasm col lec t ion  in 

I s rae l  was augmented by data f rom the USA and thus it 

was poss ib le  to study regional  d ive rgence  (Ash r i ,  1973), 

reac t ion  to pes ts  (Ashr i ,  1971a, 1971b, and 1973) and 

the effects of human and natural selection on yield 

(Ashri et al. 1974), oil content (Ashri et al. in press) 

and morphological traits (Ashri, 1973; Ashri, inpress). 

The present study deals with two interconnected charac- 

ters which are strongly influenced by the environment, 

hence were probably affected primarily by natural se- 

lection. The traits are the length of the growing period 

f rom planting to f lowering ( G P P F )  and plant height .  

C h a r a c t e r i s t i c a l l y ,  saf f lower  plants  s tay in the ro se t t e  

s tage until the weather  w a r m s ,  when they rapidly de-  

velop tal l  main s ta lks  which c a r r y  l e aves ,  secondary  

b ranches  and f lowering heads .  The length of the ro -  

sette stage, the GPPF and plant height are greatly af- 

fected by sowing date, photoperiod, temperature, soil 

moisture and soil fertility (Beech, 1969 ; Knowles, 1955 ; 

Weiss, 1971; Zimmerman, 1973). The first study of a 

safflower collection was made by Kupsow (1932) who 

divided the lines into three ecotypic classes: late and 

tall, intermediate in both growing season and height, 

early and short. Knowles (1955) and Weiss (1971) also 

reported that late plants tend to be taller. Kupsow (1932) 

found that many areas contained more than one ecotype. 
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Table  1. M e a n  length  of p e r i o d  f r o m  plan t ing  to f l o w e r i n g  of l i ne s  f r o m  d i f f e ren t  o r i g i n s  in t h r e e  n u r s e r i e s  t o g e t h e r  
w i t h s t a n d a r d  e r r o r s  ( S . E . ) a n d  r a n g e s ~  

_._ Washington Utah Israel 1969 
Country of  No. of No. of  days No. of No. of days No. of No. of das 

or ig in l ines x S.E. Range lines R S.E. Range lines x S.E. Range 

Af!lhanistan 2 82.5 2.5 80- 85 13 I17.4 1.3 II0-123 33 70.0 1.8 50-68 
Bangladesh 34 74.3 0.5 70- 80 8 lOl.2 0.3 lOl-103 49 63.0 0.8 50-86 
Egypt 34 82.9 0.4 80- 85 58 I07.3 0.3 I02-I12 375 63.0 0.2 50-77 
Ethiopia - 20 l l6.1 1.4 I01-123 25 68.0 0.7 62-74 
India 123 79.3 0.2 75- 85 432 105.1 O.l lOl-120 958 63.0 O.l 34-86 
Iran 31 83.7 0.9 80- 90 79 l lO.9 0.5 lOl-120 l l 9  68.0 0.6 50-86 
Iraq 3 85.0 0.0 - 8 l l l . O  1.9 I08-I13 II  68.0 0.8 65-74 
Israel 4 76.3 1.3 75- 80 14 I08.2 3.6 lO l - l l 7  21 64.0 0.9 59-71 
Japan - - 9 I04.0 0.7 lOl-107 9 68.0 2.1 62-77 
Jordan 14 97.9 3.6 80-110 9 I09.2 1.7 I05-122 15 65.0 l.O 56-71 
Kenya - - - 12 I l l . 9  1.9 I05-123 9 64.0 2.0 59-74 
Kuwait - - l l l 8 .0  19 63.0 l . l  59-74 
Morocco 3 78.3 1.7 75- 80 I I  I03.7 0.7 lOl- l lO 14 63.0 0.8 59-68 
Pakistan 21 77.4 l . l  70- 85 78 I02.2 0.3 I01-122 24 65.0 1.8 50-86 
Portugal 33 81.8 0.4 80- 85 56 I05.6 0.4 lO l - l l 3  65 64.0 0.4 50-74 
Romania - - 5 I05.6 1.8 102-110 2 66.0 4.5 62-71 
Spain 12 77.1 0.7 75- 80 17 106.1 1.6 102-110 25 65.0 0.4 62-68 
Sudan - 4 I05.5 1.4 I03-I08 32 62.0 0.5 59-68 
Syria 6 79.2 0.8 75- 80 12 I07.8 l.O I03-I13 9 60.0 2.6 50-71 
Turkey 16 99.1 5.2 80-140 45 114.5 0.8 101-123 85 66.0 0.5 50-77 
U.S.S.R. - - l I05.0 6 62.0 1.3 59-68 

!,n Wash ing ton  and I s r a e l  to f i r s t  b l o o m ,  in Utah to 10r b loom 

Knowles (1969) reported that the lines of the Indian and 

European centers were early while those of Ethiopia 

were late. Zimmerman (1973) has shown that there 

are different genotypes affecting the length of the ro- 

sette stage in C.tinctorius and C.flavescens Spreng. 

(which is closely related to the first). Recently, Obeso 

(1975) discovered an extremely early safflower geno- 

type which has no rosette stage and which appears to 

differ from the original accession by one or two genes 

(personal communication). 

Materials and Methods 

The studies were conducted independently in three lo- 
cations over a span of ten years. The germ plasm col- 
lections for the tests were assembled by P.F. Knowles. 
Over the years the number of lines increased through 
additional introduction and selection in mixed acces- 
sions, while some lines were lost. The nurseries and 
procedures were : 

Bet-Dagan, Israel (longitude 35E, latitude 32N). The 
germ plasm collection with early 2000 lines (Table 1) 
was grown in 1968 and 1969. Since the collections were 
evaluated also for resistance to insects (Ashri, 1971b) 
they were planted much later thanflqe accepted commer- 
cial practice. Since the 1968 season was unusually hot 
and dry, only the 1969 data will be discussed here (see 
Ashri, 1973 for 1968 data). In the 1969 nursery each 
collection was planted in one 5 m row on May 2, with 
rows 1 m apart. It was sprinkler irrigated as needed. The 
date of the first flower -- when three plants started 
blooming -- was recorded for each row. Plant height was 
measured at the end of the season. 

Logan, Utah (longitude 110W, latitude 41N). Nearly 
I000 lines were planted on April 13, 1964, in rows as 

above. The date in which 10~ of the plants in the row 
flowered was recorded. Plant height was measured as 
above. 

Wawawai, near Pullman, Washington ( longitude 117W, 
latitude 46N). The nursery with about 340 lines was 
planted on April 15, 1959 and was sprinkler-irrigated. 
First flower and plant height were recorded as de- 
scribed for Bet Dagan. 

Association of characters was tested by calculating 
correlation coefficients for the measurement data and 
by contingency tables in all other instances, using the 
BMD programs (Anon., 1967). Since regional germ 
plasm pools with opposing trends may balance each 
other, the correlation and • contingency values were 
calculated for the whole collection and separately for 
the lines from India, Iran and Egypt. These sources 
were chosen because they were heavily represented in 
the collection, have an old history of safflower culture 
(Hanelt, 1961; Knowles, 1969; Weiss, 1971) and re- 
presented different gene pools (Knowles, 1969). 

The Student-Newman-Keuls simultaneous range test 
procedure for the mean scores of the regions of origin 
was performed by the Gabriel method as described by 
Sokal and Rohlf (1969). The countries were grouped in- 
to regions following the "Centers of Cultivation" of 
Knowles (i969) with some modifications. Sokal and 
Rohlf (1969) emphasize that a posteriori tests are 
not very sensitive to differences of individual means 
or differences within small subsets. This is especially 
true with an increasing number of means (regions) and 
with unequal numbers of observations (lines per re- 
gion). Analyses within locations were conducted on all 
the lines for which there were data. Analyses between 
locations were conducted on common lines. 

Results and Discussion 

It is readily seen from the findings presented in Table I 

that the length of the GPPF was greatly affected by the 
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Table  2.  S i m u l t a n e o u s  r a n g e  t e s t  f o r  s i g n i f i c a n c e  of t h e  d i f f e r e n c e s  in  m e a n  n u m b e r  of days  f r o m  p lan t ing  to 
f l o w e r i n 6  of l i n e s  f r o m  t h e m a j o r  s a ~ l o w e r  r e ~ i o n s  * 

Region Washington Utah l~rael 1969 

No. Countries No. of Mean No. of Mean No. of Mean 
lines lines lines 

1 India, Bangladesh, 
Pakistan 178 76.1 a 510 i04.1 a 993 62.6 a 

2 Iran, Afghanistan 33 81.8 a 92 111.8 ab 141 68.4 b 

3 Israel, Jordan, Syria 24 87.0 ab 34 108.7 a 42 63.3 a 

4 Turkey 16 96.9 b 44 114.8 b 82 65.6 ab 

5 Egypt 34 80.6 a 58 107.3 a 358 62.3 a 

6 Ethiopia - - 19 117.1 b 25 66.4 ab 

7 Kenya - - 12 112.2 ab 9 63.0 a 

8 Portugal, Spain, 48 78.3 a 90 105.7 a 107 63.2 a 
Prance, Morocco 

* V a lue s  hav ing  d i f f e r e n t  l e t t e r s  d i f f e r  s i g n i f i c a n t l y  at the  5~o l e v e l .  

Table  3.  C o r r e l a t i o n  v a l u e s  ( r )  of  t he  n u m b e r  of days  to 10~ b l o o m  and of p lan t  h e i g h t  in Utah wi th  o t h e r  t r a i t s  
m e a s u r e d  in U tah ,  c a l c u l a t e d  f o r  t he  c o l l e c t i o n  a s  a whole  and  s e p a r a t e l y  f o r  the  l i n e s  f r o m  Ind ia ,  I r a n ,  and 
Egyp t  + 

Days to 10% bloom Plant height 

Traits Whole Lines from Whole Lines from 
.... Collection India Iran Eg),pt Collection India Iran EBTpt 

OIB $, width .I04"** .237*** .225 .234 .299*** .193"** .262 -.080 

" , length -.167"** .269*** -.380*** -.045 -.150"* .135"* -.357** .096 

Primary head diameter .372*** .277*** -.093 .274* .280*** .426*** -.034 -.210 

Plant height .726*** .324*** .590*** -.182 . . . . . . . .  

Days to I0% b l o o m  . . . . . . . .  .726*** .324*** .590*** -.182 

Heads/plant, X No. -.Oil .068 -.080 .075 -.095 -.041 -.058 -.040 

Seeds/head, R No. .137"** .053 -.055 .050 .141** .096 -.133" -.022 

Seed weight -.238*** .120" ~ . l l l  . 0 2 5  -,200*** -.018 -.297* -.064 

Yield/plant -.021 .055 -.076 .211 -.088 .017 .017 -.140' 

Oil content -.144"** .166"* -.040 -.252 -.078 .126" .278* -.009 

No. of lines 1002 432 79 58 I002 432 79 58 

+ S i g n i f i c a n c e  l e v e l s :  * : 5 ~ ,  ** : 1~0, *** * 0 . 1 ~  

+ OIB = O u t e r  I n v o l u c r a l  B r a c t s .  

t e s t  l o c a t i o n  and the  v e r y  l a t e  sowing  in I s r a e l .  T h e r e  

a r e  a l s o  c l e a r  d i f f e r e n c e s  b e t w e e n  the  s o u r c e  c o u n -  

t r i e s  in  t h e i r  m e a n  G P P F .  G e n e r a l l y  though ,  m o s t  o f  

t h e  l i n e s  f l o w e r e d  wi th in  a s h o r t  p e r i o d :  in W a s h i n g t o n  

80~  of t he  l i n e s  f l o w e r e d  wi th in  75-85  days  a f t e r  p l a n t -  

i ng ,  in Utah m o s t  l i n e s  f l o w e r e d  101-110 d a y s  a f t e r  

p lan t ing  and  in  I e r a e l  m o s t  f l o w e r e d  59-68 clays a f t e r  

p lan t ing  ( f l o w e r i n g  was  h a s t e n e d  by  t h e  v e r y  l a t e  p l a n t -  

ing)  ( A s h r i ,  1973) .  It i s  i n t e r e s t i n g  to no te  t h e  e x t e n t  

of v a r i a b i l i t y  w i th in  s o u r c e s :  e . g .  in U tah ,  T u r k i s h  and 

E t h i o p i a n  i n t r o d u c t i o n s  w e r e  a m o n g  the  e a r l i e s t  and  

the  l a t e s t  ; in I s r a e l ,  t h i s  was  the  c a s e  wi th  t he  l i n e s  

f r o m  Ind ia ,  B a n g l a d e s h ,  I r a n ,  and P a k i s t a n .  It a p p e a r s  

tha t  in t h e s e  l a r g e  c o u n t r i e s  wi th  v a r i e d  c l i m a t i c  and 
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Table  4 .  M e a n  he igh t  of p l an t s  of l i n e s  f r o m  d i f f e r e n t  o r i g i n s  in t h r e e  n u r s e r i e s ,  t o g e t h e r  with s t a n d a r d  e r r o r s  
( S . E . )  and r a n g e s  

Washington Utah Israel 1969 
Country of No. of Height, cm No. of Height , cm No. of Height, cm 

or ig in l ines X S.E. Range lines X S.E. Range lines R S.E. Range 

Afghanistan '13 ..... 96.9 2.8 75-120 13 I17.6 1.2 I04-I19 33 79.0 5.1 25-121 
Bangladesh 35 54.6 1.4 40- 70 8 68.4 5.0 53- 92 49 59.0 1.7 25- 89 
Egypt 36 87.4 0.9 75-I00 58 86.2 1.2 68-I04 375 64.0 0.6 25- 97 
Ethiopia - 20 I04.7 3.5 53-I19 25 80.0 1.6 65- 97 
India 131 66.9 0.7 40- BO 432 74.5 0.5 53-I19 958 53.0 0.3 25- 97 
Iran 54 95.6 1.8 40-120 79 I03.6 1.3 71-I19 l l 9  86.0 1.8 25-121 
Iraq 5 94.0 1.9 90-I00 8 I04.0 3.4 92-I19 II  93.0 5.0 65-121 
Israel 4 71.3 1.3 70- 75 14 93.7 4.1 71-I16 21 75.0 3.4 57- 89 
Japan - 9 87.0 1.8 80- 95 9 71.0 4.0 57- 89 
Jordan 14 78.9 2.2 60- 90 9 87.3 2.9 74-I04 15 77.0 2.7 65-I05 
Kenya 12 96.7 4.1 74-I19 9 59.0 4.6 25- 37 
Kuwait - l l l9 .0  - 19 71.0 2.7 57- 89 
Morocco 3 80.0 2.9 75- 85 II  84.1 2.3 68- 92 14 66.0 3.0 49- 89 
Pakistan 22 64.5 2.6 45-I00 78 67.6 1.5 53-I19 24 63.0 3.7 25- 97 
Portugal 37 72.2 1.5 45-I00 56 88.2 1.4 62-I16 65 68.0 1.4 25-121 
Romania l 75.0 - 5 81.8 4.6 68- 92 2 57.0 0.0 
Spain 12 78.3 1.3 75- 90 17 87.2 2.1 71-101 25 66.0 0.9 57- 73 
Sudan 4 98.0 0.0 32 70.0 1.5 57- 89 
Syria 6 82.5 2.1 75- 90 12 92.0 3.1 71-I07 9 53.0 8.9 25- 81 
Turkey 17 86.8 1.7 75-I00 45 I02.5 2.2 53-I19 85 80.0 1.8 25-I05 
U.S.S.R. l 60.0 - l 80.0 - 6 66.0 3.2 57- 89 

a g r i c u l t u r a l  c o n d i t i o n s  d i f f e r e n t  e c o t y p e s  w e r e  e s t a b -  

l i s h e d ,  due p r i m a r i l y  to  n a t u r a l  s e l e c t i o n  but a ided  

p e r h a p s  by h u m a n  s e l e c t i o n .  F o r  e x a m p l e ,  in I r a n  two 

t y p e s  a r e  known:  a w i n t e r  t ype  which  w i t h s t a n d s  co ld  

b e t t e r  and  a s p r i n g  type  tha t  m u s t  be  p l a n t e d  l a t e r  to 

avo id  the  co ld  w i n t e r .  

T h e r e  w a s  l i t t l e  ev iden t  d i v e r g e n c e  b e t w e e n  the  r e -  

g i o n s  when  the  m e a n s  a r e  c o m p a r e d  (Table  2 ) .  This 

p r o b a b l y  r e s u l t e d  f r o m  the  high d e g r e e  of v a r i a b i l i t y  

wi th in  the  r e g i o n s  and  the  s o u r c e  c o u n t r i e s  and b e c a u s e  

m o s t  of the  l i n e s  f l o w e r e d  wi th in  a s h o r t  p e r i o d  of  t i m e  

in all  t e s t  l o c a t i o n s .  G e n e r a l l y ,  l i n e s  f r o m  the  Indian 

s u b c o n t i n e n t ,  E g y p t ,  P o r t u g a l ,  Spa in ,  F r a n c e  and Mo-  

r o c c o  w e r e  e a r l y  in the  t h r e e  n u r s e r i e s  whi le  t h o s e  

f r o m  Turkey  and E t h i o p i a  w e r e  l a t e  in the  t h r e e  t e s t s .  

The c o r r e l a t i o n s  b e t w e e n  the  G P P F  in the  d i f f e r e n t  

l o c a t i o n s  w e r e  low but h igh ly  s i g n i f i c a n t :  I s r a e l - U t a h  

r = 0 . 3 5 " * * ,  I s r a e l - W a s h i n g t o n  r = 0 . 1 5 " * ,  U t a h - W a s h i n g -  

ton r = O. 50***.  Al though m a n y  l i n e s  c h a n g e d  t h e i r  r e l a t i v e  

p o s i t i o n  wi th in  the  e a r l y ,  m e d i u m  o r  l a t e  g r o u p s ,  l i n e s  tha t  

w e r e  e a r l y  in one  t e s t  l o c a t i o n  t ended  to be e a r l y  in the  

o t h e r  l o c a t i o n s .  This  can  be i m p o r t a n t  in p lann ing  t e s t s  

fo r  e a r l i n e s s  in  n e w l o c a t i o n s  w h e r e  a m o r e  l i m i t e d ,  ye t  

m o r e  p r o m i s i n g  g r o u p s  of  l i n e s ,  could  be t e s t e d  i n i t i a l l y .  

S ign i f i can t  c o r r e l a t i o n s  w e r e  ob t a ined  b e t w e e n  the  

G P P F  in Utah  and  s e v e r a l  o t h e r  t r a i t s  (Table  3 ) .  How-  

e v e r ,  t he  p a t t e r n  v a r i e d  with the  g e r m  p l a s m  p o o l s  and 

w a s  i n c o n s i s t e n t .  It i s  i m p o r t a n t  to no te  tha t  the  G P P  F 

was  not s i g n i f i c a n t l y  c o r r e l a t e d  wi th  y ie ld  p e r  p lan t  and 

the  y i e ld  c o m p o n e n t s  excep t  f o r  the  low r = 0 . 1 2 "  wi th  

s e e d  weight  in t he  Indian v a r i e t i e s ,  which  i s  a c o m p o -  

nent  of m i n o r  i mp ac t  ( A s h r i  et  a l . ,  1974) .  S i m i l a r l y ,  

y i e l d  w a s  not c o r r e l a t e d  with the  l eng th  of t he  s e a s o n  to 

f l o w e r i n g  a l so  in a s tudy  in India  ( C h a v a n ,  1961) .  Thus ,  

it  i s  c o n c l u d e d  that  a r t i f i c i a l  s e l e c t i o n  cou ld  be  app l i ed  

f o r  a s h o r t e r  g rowing  p e r i o d  and f o r  h i g h e r  y i e l d s ,  s i -  

m u l t a n e o u s l y .  

P l an t  he ight  is  d e t e r m i n e d  to a l a r g e  ex ten t  by c o n -  

d i t i o n s  du r ing  the  f l o w e r i n g  p e r i o d  and by the  o n s e t  of 

f l o w e r i n g .  This  is  shown by the  c o r r e l a t i o n s  of  t h e l e n g t h  

of the  G P P F  and plant  he igh t  shown in Table  3. The low 

n eg a t i v e  r va lue  in the  E g y p t i an  l i n e s  would  i n d i c a t e  that  

in t h i s  g en e t i c  r e s e r v o i r  the  r e l a t i o n s h i p  b e t w e e n  the  

two t r a i t s  i s  not a s  c o m p l e t e .  

P l an t  he ight  v a r i e d  b e t w e e n  t e s t  l o c a t i o n s  and s o u r c e s  

wi th  an e x t r e m e l y  wide  r a n g e  f o r  s o m e  of the  l a t t e r  (Ta-  

b l e  4 ) .  G e n e r a l l y ,  t h e r e  was  a good a g r e e m e n t  in p lant  

he igh t  b e t w e e n  the  t e s t  n u r s e r i e s  d e s p i t e  the  d i f f e r e n t  

c o n d i t i o n s :  I s r a e l - U t a h  r = 0 . 6 4 " * * ,  I s r a e l - W a s h i n g t o n  

r = 0 . 5 9 " * *  and U t a h - W a s h i n g t o n  r = 0 . 7 0 * * *  ( A s h r i ,  

1973) .  It would  a p p e a r  t h a t ,  a s  fo r  the  G P P F ,  a t h o r -  

ough s c r e e n i n g  of the  c o l l e c t i o n  in one  loca t ion  can  he lp  

p r e s e l e c t  l i n e s  of the  d e s i r e d  he igh t  f o r  t e s t i n g  in o t h e r  

l o c a t i o n s .  

B e c a u s e  of the  wide  r a n g e  o b s e r v e d  in h e i g h t ,  it was  

p o s s i b l e  to iden t i fy  m o r e  d i v e r g e n c e  b e t w e e n  s o u r c e s  
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Tab le  5. S i m u l t a n e o u s  r a n g e  t e s t  f o r  s i g n i f i c a n c e  of the  d i f f e r e n c e s  in m e a n  he ight  of  p l an t s  of  l i n e s  f r o m  the  
m a j o r  s a f ~ o w e r  r e g i o n s  * 

Region Washington Utah Israel 1969 

No. Countries No. of Mean No. of Mean No. of Mean 
lines lines lines 

] India, 188 62.0 a 513 72.1 a 990 50.6 a 
Bangladesh, 
Pakistan 

2 Iran, Afghanistan 67 93.5 d 88 I04.9 c 141 84.9 cd 

3 Israel, 24 76.0 c 35 90.3 b 41 71.0 bc 
Jordan, Syria 

4 Turkey 17 83.7 c 43 103.1 c 81 79.4 c 

5 Egypt 36 84.6 c 58 85.2 b 335 63.4 b 

6 Ethiopia - ]9 I06.3 c 25 76.6 c 

7 Kenya , 12 96.3 bc 8 60.0 b 

8 Portugal, Spain, 
France, 
Morocco 52 71.4 b 91 86.4 b ]07 64.6 b 

* V a l u e s  hav ing  d i f f e r e n t  l e t t e r s  d i f f e r  s i g n i f i c a n t l y  at the  5 % l e v e l  

(Tab les  4, 5) .  The c o r r e l a t i o n s  be tween  p lan t  he ight  and 

v a r i o u s  o t h e r  t r a i t s  (Table  3) a r e  u s u a l l y  low and not 

s i g n i f i c a n t .  Y ie ld  p e r  p lant  and the  y i e ld  c o m p o n e n t s  

w e r e  not s i g n i f i c a n t l y  c o r r e l a t e d  to p lant  h e i g h t  excep t  

f o r  two c o m p o n e n t s  in the  I r an i an  g e r m  p l a s m  (Table  3) 

which  have  only  a m i n o r  con t r i bu t i on  to y i e ld  ( A s h r i  et 

a l . ,  1974) .  Thus ,  it shou ld  be  p o s s i b l e  to b r e e d  s h o r t e r ,  

h igh  y ie ld ing  v a r i e t i e s .  The l o w e r  p lant  s t a t u r e  would  

A s h r i ,  A .  : E v a l u a t i o n  of the  w o r l d  c o l l e c t i o n  of  s a f -  
f l o w e r ,  C. t i nc to r iu s  L. I. R e a c t i o n  to s e v e r a l  d i s -  
e a s e s  and a s s o c i a t i o n s  wi th  m o r p h o l o g i c a l  c h a r a c -  
t e r s  in I s r a e l .  Crop  S c i .  11, 253-257 (1971a)  

A s h r i ,  A .  : E v a l u a t i o n  of  the  w o r l d  c o l l e c t i o n  of  s a f -  
f l o w e r ,  Carthamus t i n e t o r i u s  L. II .  R e s i s t a n c e  to 
t he  s a f f l o w e r  f ly ,  A c a n t h o p h i l u s  helianthi R. E u -  
phy t ioa  20, 410-415  (1971b) 

A s h r i ,  A .  : - - /~ivergence and E v o l u t i o n  in the  S a f f l o w e r  
Genus ,  Carthamus L. F i n a l  R e s .  R e p o r t  p r e s e n t e d  
to the  A . R . S . ,  U . S . D . A . ,  B e l t s v i l l e ,  M D . ,  U . S . A . ,  
pp. 180 (1973) 

have  v a r i o u s  b e n e f i t s  in d ry l and  and i r r i g a t e d  c o n d i t i o n s .  A s h r i ,  A .  : E v a l u a t i o n  of the  g e r m  p l a s m  c o l l e c t i o n  of  

Oil  con ten t  and he ight  w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  in 

the  Indian  and I r a n i a n  l i n e s ,  but  the  v a l u e s  w e r e  v e r y  

low.  They w e r e  not  c o r r e l a t e d  in t he  l i n e s  f r o m  E g y p t .  

It a p p e a r s  that  s e l e c t i o n  f o r  l o w e r  p lan t s  and h i g h e r  o i l  

con ten t  can  be  p r a c t i c e d .  
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