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INTRODUCTION 

This investigation of the genetic nature of resistance to Xanthomona, s malvacearum in 
Gossypium ba~'badense is complementary to previously published studies of resistance in 
other species of cotton (Klfight & Ctonsgon, 1939; Knight, 1944~ 1947, 1948a, 1948b). 
In this series of papers an account is given of the method of testing for resistance, and the 
ex~sf~ence of four m~jor resistance genes, BI, B2, B s and B4, and a group of minor genes, is 
demrmstrated. In two further contributions, Kmght (1949) and Knight & I-Iutehinson 
(1950) discuss the distribution of resistance in Old and New World cottons, and the 
sources of the major resistance genes. In this paper an account is given of the behaviour 
of a fifth maj or gone, B a , found in perennial G. barbadense and of a minor gone group common 
in the ammal Sea Island form of the same species. 

D~SORIrTIO~ Ot~ S'rt~AINS 

BA 1-1. Harland's original V 135 Sea Island from St Vincent. This strain was carried on 
in Trinidad, by grafting, from 1928 to 19~14, and was subsequently selfod each year in the 
C.R.S. coltection. Sprayed with blackarm inoculum it showed grade ' 7 ' - ' 8 '  resisgatlce in 
1946-7 season and '  5' ranging to an occasional ' 12' in 1947-8. In the latter season almost 
all of the plants gave grades ' 7 '- '  10 '. 

BA1-5. Commercial Montserrat Sea Island selfed in the C.R.S. collection since 1937. 
It g~ve grade '6 ' - '7 '  resistance in 1946-7 and '7 ' - '  10' in 1947-8. 

BA 1-14. Barbados superfine Sea Island[. Gave blaekarm grades ranging fl'om '6 '  go '8 '  
5-2 
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with an average grade of 7.2 in 1946, and a range from ' 7' to ' 12' with an average grade 
of 9.9 in I94.7. 

Grenadines White Pollen (BP 1-1) is a perennial barbadense from the Grenadines, B.W.I. 
Ig shows marked blaekarm resistance and[ typically ranges from grade '5' to '7 ' .  

Sakel is an established Egyptian commercial type which needs no further description 
here. Like all 'Egyptian'  cottons it shows Nil (barbadense) susceptibility to blackarm, 
i.e. grade ' 12'. 

CYCOSSES. :BETWEEN S E A  I S L A N D  T Y P E S  A N D  S A K E L  

:Plants showing maximal resistance in BAI-1, BA1-5 and BAI- I~  were crossed with 
8akel in 19~6 season and the Fi's of these crosses were grown, sprayed with blackarm 
inocuhnn and graded in 19~7 season. The results are shown in Table 1. 

Table 1. Blackarm grading of Sea Island x Sakel F i 
331ackarm g r a d e  

A 

' 1 0 '  ' 1 2 '  

B A  i - 1  • S~kel  3 29 
B A 1 - 5  x S~kel  4 16 
:BA 1 -14  x Sake l  6 23 
S~kel Coni~rol 8 22 

In these F 1 families, grade '10' plants were selected for selfing and these gave the 
F~ results shown in Table 2. 

Table 2. Blackarm grading of ~e(t Island x Sa]~;el F~ 
B l a c k a r m  gn'ade 

' 1 0 '  ' 1 2 '  

B A I - 1  x S~kel  - -  12 
- -  2 9  

B A  1-5 x Sgke l  - -  35 
- -  21 

B A  1 -14  x S~kel  2 86 
S,~kd Con t ro l  - -  37 

The resistance shown by these three strains (BA 1-1, BA 1-5 and BA 1-14) may be taken 
as representative of the resistance typical of the Sea Island group of cottons. The figm'es 
given above show that this resistance was not recovered in the rather small F~ progenies 
examined, from which it may be argued that no major gene is involved. This is supported 
by an examination made recently by J. B. Hutchinson (unpublished) of a resistant rogue 
found in Stirling Rivers Sea Island; here again it was shown that  no major resistance gene 
was involved. Furthermore, Sea Island types have for many years been grown at Shambat 
and sprayed with blaekarm in oculum, and it has been noted that  there is often considerable 
variation from one season to the next in their degree of resistance, depending on the 
environment in each particular season. Grown in an area exposed to high winds, especiaUy 
hot dry winds, Sea Island will show Nirly marked resistance, whereas in a sheltered spot 
they will be Mmost Nlly susceptible. I t  is considered that the Sea Island resistance is the 
result of the plant's capacity to harden its leaves qtfickly in response to certain climatic 
Netors, notably high Muds. Such a resistance does not result from the selective impact 
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of the disease but fl'om the selective effect of the climate. IIigh Winds are common in the 
West Indies and rapid leaf hardening is probably the plant's natural protection against 

~hem. 

V A R I A B L E  N A T U R E  OF R E S I S T A N C E  OF G R E N A D I N E S  ~ H I T E  t ) O L L E N  

A small self-bred bulk of Grenadines grown in t9~6 gave the following blackarm grades : 

B l a c k a r m  grade  
A 

' 4 '  ' 5 '  ' 6 '  ' 7 '  
1 18 19 5 

Two plants with grade ' 5' symptoms and three with grade ' 7' symptoms were selfed to 
see whether the difference represented fluctuation or a genetic difference. The results are 
given in Table 3. 

Table 3. P~'ogenies of Grenadines fi'om plants of diJferent grade 
B l a o k a r m  grade  

F a m i l y  P a r e n t  r ~" 
no. g r a d e  ' 4 '  ' 5 '  ' 6 '  

B A  127/47 ' 5 '  - -  26 20 
BA 128147 ' 5 '  2 53 16 
BA t29/67 ' 7 '  - -  31 19 
BA 130/47 ' 7 '  - -  32 14 
B A  131/47 ' 7 '  - -  93 15 

To ta l s  2 235 84 

Clearly plants from either end of the resistance range of Grenadines are genetically 
similar with regard to ~heir blaekarm resistance. 

@ROSSES B E T W E E N  ~ R E N A D I N E S  W H I T E  P O L L E N  AND S A K E L  

F 1 of Grenadines x Sakel 

Two F 1 families were grown in 1946, sprayed with inoeulum 6 weeks after sowi.ng, and 
subsequently graded (Table 4). 

Family  ilo. 
Grenadines 
Sakel 

BA472/46 
BA473/46 

Totals  

Table 4. Blackarm g~'ading of Grenadines x Saket F 1. 
B l a e k a r m g r a d e  

[ 

' 4 '  ' 5 '  ' 6 '  ' 7 '  ' 8 '  ' 9 '  ' 1 0 '  ' 1 2 '  
1 18 19 5 . . . .  

. . . . . .  1 24 
- -  12 30 17 1 - -  - -  

- -  - -  6 42 17 - -  - -  - -  

- -  18 72 34 1 - -  - -  

In these two families, plants of grades '6 '  and '8 '  were selected for backcrossing to 
8akel and for selfing. 

First Sakel baclccross 

The F 1 plants suffered severely from leaf-curl disease, making it dilficult to obtain large 
first backcross progenies. Seven first baekcross families were raised in 1967 and these gave 
the distributions shown in Table 5. 
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Table 5. Blacl~arm grading of.first Sakel bac/ccross 
:B lackarm g r a d e  

F a m i l y  P a r e n ~  r 2  ̀
no.  g r a d e  ' 4 '  ' 6 '  ' 6 '  ' 7 '  ' 8 '  ' 9 '  ' l O '  ' 1 2 '  R e s i s t a n t  Suscep t ib l e  T o t a l s  l~at ios* 

G r e n a d h m s  - -  2 235 84 . . . . . .  

BA143147  ' 6 '  - -  - -  3 8 18 12 17 31 58  31 89 1 .9 :1  
IBA 146/47 ' 6 '  - -  ---  - -  1 11 6 9 17 27 17 44  1.6 : 1 
BA147147  ' 6 '  - -  - -  - -  8 18 11 13 10 50 10 ti0 5"0 :1  
B A  144/47 ' 8 '  - -  - -  - -  14 24  14 20 28 72 28 100 2 ' 6 :  1 
B A  145/47 ' 8 '  - -  - -  6 24  23 9 25 17 87 17 104 5"1 : 1 
B A 1 4 8 / 4 7  ' 8 '  - - .  - -  13 29 28 13 20 33 100 33 133 3 . 0 : 1  
B A 1 4 9 / 4 7  ' 8 '  - -  - -  1 7 28 8 23 57 67 57 12,1: 1 .2 :1  

T e r M s  - -  - -  23 88 150 73 127 193 ,]91 193 954  2 . 3 9 : 1  

* I.e. g r a d e  ' 1 0 '  a n d  u n d e r  to  g r a d e  ' 1 2 ' .  

Second Salcet baclccross 

The backcross progenies of two grade'  6' plants, one in BA472/46 and one in BA473/46 
(Table 4), were grown out-of-season in 1946-7 winter. Exact grading of out-of-season 
material is not always possible; but plants showing maximal resistance were selected for 
fm'~her baekcrossing to Sakel, and the families resulting from these crosses gave the 
distributions shown in Table 6. 

Table 6. Blaclcarm g~'ading of second Salcet bacl~cross 

F a m i l y  no.  [ 7 '  

BA 150/47 2 
B A  161/47 1 
B A  166/47 - -  
B A 1 5 7 [ 4 7  

T o t a l s  3 

B l a e k a r m  g r a d e  
2.  

' 8 '  ' 9 '  ' 1 0 '  ' 1 2 '  R e s i s t a n t  S u s c e p t i b l e  T o t a l s  R a t i o s  

18 16 26 60 60 60 120 1.0 : 1 
25 14 21 54  61 54  115 1.1 : 1 
- -  2 - -  l 2 1 3 2 . 0 : 1  
- -  6 9 28 16 28 43 0.5 : 1 

43 37 55 143 138 143 281 0 ' 97  : 1 

A number of plants covering 
selected for flu'ther backcrossing. 
also selected. The grades shown 
Table 7. 

F m u i l y  no .  

S~kel  

B A 2 4 4 / 4 8  
B A 2 4 6 / 4 8  
B A 2 4 6 1 4 8  
:BA247[48  
B A 2 5 2 [ 4 8  
B A 2 4 8 / 4 8  
B A 2 4 9 / 4 8  
B A  274]48  
B A 2 7 5 / 4 8  
B A 2 5 0 / 4 8  
B A 2 6 1 / 4 8  

T o t a l s  

Third Sakel baclccross 

the full resistance range of BA150/47 (Table 6) were 
I17 addition, the two grade '9 '  plants in BA156/4:7 were 

by the backeross progenies of these plants are given in 

Table 7. Blaclcarm grading of third Salcel backcross 
B l a e k a r m  g r a d e  

P a r e n t  
g r a d e  

2` 

' 6 '  ' 7 '  ' 8 '  ' 9 '  ' 1 0 '  ' 1 2 '  R e s i s t a n t  S u s c e p t i b l e  T o t a l s  R, a t i o s  

. . . . .  76 
' 7 '  - -  5 9 9 14 24  37 24 61 1 . 6 : 1  
' 7 '  1 11 29 13 19 69 73 69 142 1 . l : l  
' 8 '  - -  4 25 8 16 47 53 47 100 1 . 1 : 1  
' 8 '  - -  2 8 9 1 22 20 22 42  0 . 9 : 1  
' 8 '  - -  - -  8 10 6 2 4  24 24  48 1 . 0 : 1  
' 9 '  1 18 34 17 21 03 91 63 164 ] . 4 : 1  
' 9 '  - -  5 32 21 20 59 78 69 137 1 . 3 : 1  
' 9 '  2 13 23 12 2 55 52 55 I07 0"9 :1  
' 9 '  2 9 17 6 2 23 36 23 59 1 . 6 : 1  

' 1 0 '  - -  3 17 13 6 45 39 45 84 0 ' 9 : 1  
' 1 0 '  - -  4 17 23 13 50 57 50 107 1 . 1 : 1  

6 74 219 141 120 481 560 481 1041 1 .16 :1  

[t is noteworthy that families BA274 and 275/,~8 in Table 7are  derived from the two 
grade '9 '  plant,s in BA156/47 (Table 6). 
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F 2 of G,renadines x Sal~el 

The FI of Grenadines x Sakel showed a range in blackarm response from grade ' 6' to 
' 9' (one plan~ only showed grade ' 9'  at tack).  Five F 1 pla~lts showing grade ' 6' resistance 
and five witk grade ' 8 '  resistance were selfed and sown in progeny rows iu 1947. The 
blackarm response of ~hese families is show~l in Table 8. 

Table 8. Blact:a~'m grading of 1; 2 of Grenadines x Sat~el 

B l a o k a r m  g r a d e  
P a r e n t  r 4 ,  

F a m i l y  no.  g r a d e  ' 5 '  ' 0 '  ' 7 '  ' 8 '  ' 9 '  ' 1 0 '  ' 1 2 '  T o t a l s  

G r e n a d i n e s  2 235  84  . . . . .  

B A 1 3 2 / 4 7  ' 6 '  - -  - -  6 20 12 6 11 3 58 
B A  133/47 ' f i '  1 13 53  64 39 10 23 19 222  
BA 134/47 ' f l '  - -  - -  8 49 29 4 ] 9 17 126 
BA ] 35/47 ' 6 '  - -  1 29  51 24  5 14 21 145 
BA 136/47 ' 6 '  - -  - -  6 35 32  6 15 18 112 
B A 1 3 7 / 4 7  ' 8 '  - -  - -  13 45 21 4 15 17 115 
B A  138/47 ' 8 '  - -  - -  9 48  49 11 23  12 152 
BA 139/47 ' 8 '  - -  - -  12 60 50  25 21 35 203  
BA 140/47 ' 8 '  - -  - -  25  95 78 26  36  39 299  
B A  141/47 ' 8 '  - -  - -  4 15 15 6 7 10 57 

T o t a l s  1 14 165 482  349 103 184  19[ 1489 

R a t i o  o f '  R e s i s t a n t '  1298 : 191 
6 . 8 0 : 1  

t o  ' S u s c e p t i b l e '  

F2 of fi~'st Salcel baclr 

Six F 2 faufilies of f~'st backcross origin were grown in 1947 and a further  eight in 19,1-8. 
The 1947 families are descended from progenies grown out-of-season in 1946-7 winter and 
for this reason the parental blaekarm grades have not been recorded in Table 9. 

Table 9. Blackarm grading of tf 2 of.first Sal~el baclccross 

B l a o k a r m  g r a d e  
^ 

F a m i l y  P a r e n t  , ~ ,  ' 5 '  ' 6 '  ' 7 '  ' 8 '  ' 9 '  
no. g r a d e  ' 1 0 '  ' 1 2 '  R e s i s t a n t  S u s c e p t i b l e  T o t a l s  R a t i o s  

G ren ad ine s  (1947) 2 235  84 . . . . .  
G ren ad ine s  (1948)  - -  30 12 . . . . .  

BA 152/47 - -  - -  - -  4 42  24  17 34  87 34  121 2-6 : 1 
BA153[47  - -  - -  - -  11 48  26  16 27 101 27 128 3-7 : 1 
BA158/47  . . . .  4 4 3 3 11 3 14 3 . 7 : 1  
BA159 /47  - -  - -  - -  2 18 24  17 22  61 22  83 2"8 : 1 
BA160]47  . . . .  2 3 8 4 13 4 17 3 " 3 : 1  
BA181/47  . . . .  11 33  45  40  89 40  129 2 - 2 : 1  
BA253/48  '~i '  - -  - -  6 11 13 6 1 21 37 21 58 1 - 8 : 1  
BA254/48  ' 6 '  - -  - -  2 4 2 2 - -  4 10 4 14 2 . 5 : 1  
BA255/48  ' 7 '  - -  - -  - -  - -  8 7 5 4 20 4 24 5 . 0 : 1  
BA256/48  ' 7 '  - -  - -  - -  - -  3 6 7 5 16 5 21 3 - 2 : 1  
BA257/48  ' 7 '  - -  - -  7 24 19 3 4 21 57 21 78 2 . 7 : 1  
BA258/48  ' 8 '  - -  - -  - -  4 17 9 2 14 32  14 46 2 . 3 :  i 
BA259 /48  ' 8 '  - -  - -  - -  1 1 5  14 8 13 38 ] 3  51 2 - 9 : 1  
BA200 /48  ' 8 '  - -  - -  4 17 23 5 2 17 51 17 68 3 . 0 : 1  
BA261/48  ' 9 '  - -  
BA262148 ' 9 '  - -  - -  - -  10 7 2 - -  7 19 7 26 2 . 7 : 1  

- -  - -  8 13  7 5 19 33 19 52  1 . 7 : 1  

To ta l s  - -  - -  19 96 245  175, 140 255 675 255 930 2 . 6 5 : 1  
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F2 of second Sakel baekeross 

Twelve plants covering the resistance range of the second Sakel baekeross (Table 6) 
were selected for selfing. The progenies of these plants, grown in 194.8, showed the following 
distributions (Table 10). 

Table 10. Blackarm grading of F~. of second Sakel baekeross 

B l a c k a r m  g ra de  
F a m i l y  P a r e n t  r ~ - 

no. g r a d e  ' 5 '  ' 6 '  ' 7 '  ' 8 '  ' 9 '  ' 1 0 '  '1~2 ' Res i s t an t  Suscept ible  To ta l s  Ra t io s  

Gremtdines  30 12 . . . . .  
S~kol . . . . . .  120 

BA236/ , i8  ' 7 '  - -  1 30 75 6 10 18 122 18 140 6"8:1 
:BA237/48 ' 7 '  - -  - -  9 90 17 4 33 120 33 153 3"6:1 
BA 238/48 ' 8 '  - -  - -  5 43 5 2 23 55 23 78 2 '4  : 1 
BA239 /48  ' 8 '  ~ - -  - -  23 10 4 13 37 13 50 2-8:1 
BA 240/48 ' 9 '  - -  - -  12 90 20 3 34 125 34 159 3'7 : 1 
:BA241/48 ' 9 '  - -  6 25 32 22 23 27 108 27 135 4 ' 0 : 1  
:BA270/48 ' 9 '  2 15 34 25 7 4 24 87 24 111 3,6:1 
:BA271/48 ' 9 '  4 31 51 1O 2 - -  28 98 28 126 3 .5 :1  
:BA 272/48 ' 10 '  7 46 41 14 - -  - -  22 108 22 130 4.9 : 1 
:BA 273/48 ' 10 '  3 20 46 24 - -  - -  28 93 28 121 3'3 : 1 
BA242/48  ' 1 0 '  - -  5 38 40 12 9 32 104 32 136 3 .3 :1  
BA243 /48  ' 1 0 '  - -  8 34 51 13 13 29 119 29 148 4 ' 1 : 1  

To ta l s  16 132 325 517 114 72 311 1176 311 1487 3"78:1 

Fa of Grenadines x SakeI 

In the F~ progenies of Grenadines x Sakel (Table 8) thirty-three plants covering the full 
range from grade ' 5' to ' 12' were selected for selfing. The progenies of these plants have 
been arranged in Table 11 in two groups according to whether they are homogeneous or 
heterogeneous for resistance. The heterogeneous families have again been divided inbo two 
groups on the basis of whether or not they appear to carry a major resistance gene. In 
two cases, BAI79 and 187/4-8, the progeny size is rather small for assessing parental 
homozygosity, but a family of nine plants would, on a 3 : 1 expectation, allow about a 93 % 
chance of the recessive susceptible appearing, and ten plants give more than a 95% 
c h a n c e ,  

In addition to the progenies listed in Table 11, three families from grade '12' parents 
contained only grade '12' plants. 

F~ of first Sakel baelccross 

Twenty four plants in BA 153/4-7 (Table 9) were. selected for selfing as beingrepresentative 
of the full range of blaekarm response found in the family. The progenies of these plants, 
grown in 194-8, yielded the distributions shown in Table 12. 

Chec]~ crosses between Grenadines White Pollen and Sakel types carrying B1, B~, B a and B a 

Crosses were made between Grenadines White Pollen and four Sakel strains carrying 
respectively the genes B1, transferred from G. hirsutum, B2, also from hirsutum, B 3, 
transferred from G. hirsutum var. punctatum and B4, from G. arboreum. In F 2 these 
hybrids gave the distributions shown in Table 13. 
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D I S C U S S I O N  

The first Sakel backcross of Grenadines White Pollen (Table 5) shows no segregation into 
distinct phenotypes though there is a clear bimodality ~4th a mhfimum frequency at 
grade '9'. Slate Sakel types are fully susceptible (grade '12') it is reasonable ~o consider 

T~ble ] ]. 

Parent 

Family no. grade 

~renadiues 

S~kel 

BA 176/,18 ' 5 '  
BA 178/48 ' 5 '  
BA 179/48 ' 5 '  
BA 182/48 ' 6 '  
BA 184/48 ' 6 '  
BA 187/48 ' 7 '  
BA191[48 ' 8 '  

Tota l s  

BA175 '48  
BA177 '4S  
BA180 ~$  
~A181r48  
BA186t48 
BA188 ~8 
BA190 ~8 
BA192 '48  
BA1O3'4S 
BA194r 
BA196 '48  
BA201'4fl 

Tota l s  

Blacka~'~i grading of R,j of Grenadines x Sakd 
Blaeka rm g r a d e  

' 9 '  ' 1 0 '  ' 1 2 '  

- -  - -  76 

' 5 '  ' 6 '  ' 7 '  ' 8 '  

30 12 - -  -- 

(a) H o m o g e n e o u s  families 

1 13 6 - -  

- -  4 10 5 
- -  3 7 - -  
- -  1 9 7 
- -  4 14  2 
- -  - -  5 4 

3 15  2 

1 2 8  66  20  

Tota l s  

20 
19 
10 
17 
20 

9 
20 

115 

(b) H e t o r o g e n e o u s f a m f l i e s  ca r tT ing  a ma jo r  res is tance gene  

' 5 '  - -  7 16 3 2 4 2 34 
' 5 '  - -  - -  4 3 - -  - -  1 8 
' 6 '  1 1 8 8 i 1 1 21 
' 6 '  - -  16 15 8 5 1 3 48 
' 7 '  - -  - -  - -  6 1 - -  1 8 
' 8 '  - -  1 2 3 - -  1 1 8 
' 8 '  ~ ~ i 4 - -  1 7 13 
' 8 '  - -  ~ 4 9 1 2 5 21 
' 8 '  - -  1 - -  2 8  7 2 17 55 
' 9 '  - -  10 38 18 2 3 8 79 
' 9 '  - -  1 10 14 5 1 7 38 
' 9 '  -- 1 9 41 3 1 24 79 

1 38 107 145 27 17 77 412 

Ra t io  o f ' R e s i s t a n g '  to  ' S us c ep t i b l e '  335:77 
4"35:1 

(c) Famil ies  c a r r y i n g  only mino r  res is tance  genes  

Four  famil ies  ' 9 '  - -  - -  - -  - -  7 20 114 141 
Six fa~nilies ' 10 '  - -  - -  - -  1 3 33 i l l  148 
One fami ly  ' 12 '  - -  - -  - -  - -  1 - -  25 26 

Tota ls  - -  ~ - -  1 11 53 250 315 

gradBs '10' and under as representing a resistant group. Dividing the distributions in the 
first backcross in this way gives 461 resistant and 193 susceptible plants--a ratio of 2.39 : 1. 

The second Sakel backcross (Table 6) gives a ratio of 0'97:1 if divided in this way, 
suggesting the presence of a major resistance gene. The third baekcross (Table 7) with its 
ratio o f  1.16:1 supports this view. It  is suggested that minor resistance genes were 
sufficiently powerful in the first baekcross to confer some slight resistance on a number of 
plants not carrying the major resistance gene, thereby distorting the expected 1:1 ratio to 
2 39 rcsis~an t: 1 fully susceptible. Though markedly different from a 1 : 1 ratio, this difference 
is pheuotypically slight since it consists solely in a shift of a proportion of the grade ' 12' 
plants into grade ' 10 '. The total number of plants of grade ' 9' and under is 334 as against 
320 plants in grades '10'  and '12'. 

The F~. data support the suggestion of the presence of a major resistance gene. The ratio 
of 6.80 resistant: 1 susceptibb obtained in the s~raigh~ F., of Grenadines x Sakel (Table 8) 
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i s  c o n s i d e r e d  t o  b e  a 3 : 1  r a t i o  w e i g h t e d  b y  t h e p r e s e n c e  o f  m i n o r  r e s i s t a n c e  g e n e s .  S u c h  

m i n o r  g e n e s  w o u l d  b e  r e d u c e d [  i n  t h e  b a c k e r o s s  l ? r o g e m e s ,  a n d  t h e / ~ 2 ' s  o f  t h e  f i r s t  a n d  

s e c o n d  b a e k c r o s s e s  ( T a b l e s  9, 10)  s h o w  r a ~ i o s  o f  2 . 6 5 : 1  a n d  3 . 7 8 : 1  r e s p e c t i v e l y ,  b o t h  

b e i n g  r e a s o n a b l y  c l o s e  t o  e x p e c t a t i o n  o n  a 3 : 1  b a s i s .  

T a b l e  12.  Bla@a,r,~ grading of Fa of fi,rst s backcross 
~Iackarm grade 

l~arent ~. 
Fami ly  no. grade [5 '  ' 6 '  ' 7 '  ' 8 '  ' 9 '  ' 10' ' 12' Totals  

Grenadines 30 12 . . . . . . .  
Sakel . . . . . . .  120 

(a)/Komogcncous families 

BA212/48 ' 7 '  2 20 31 4 - -  - -  - -  57 
BA213/48 ' 7 '  3 40 31 3 - -  - -  - -  77 
BA214/48 ' 7 '  - -  12 28 1 - -  - -  - -  41 
BA216/48 ' 7 '  - -  26 4:2 1 - -  - -  - -  69 
BA218148 ' 8 '  - -  29 50 2 - -  - -  - -  81 
BA221148 ' 8 '  - -  7 33 8 - -  - -  - -  48 
BA 225]48 ' 9'  --- 1 23 48 2 - -  - -  74 

Totals  5 135 238 67 2 - -  - -  447 

(b) Heterogeneous i~milies carrying a major  resistance gene 

:BA215/48 ' 7 '  - -  - -  28 19 1 - -  10 58 
BA217/48 ' 8 '  - -  6 30 30 4 1 17 88 
BA219[48 ' 8 '  - -  12 29 18 5 11 7 82 
BA220[48 ' 8'  - -  - -  16 9 - -  - -  7 32 
BA222[48 ' 9 '  1 9 25 20 3 8 6 72 
:BA 223/48 ' 9 '  - -  1 24 25 3 1 19 73 
BA 224]48 ' 9 '  - -  - -  4 33 11 7 19 74= 
:BA226148 ' 10' - -  - -  12 42 9 2 17 82 
BA227148 ' 10' - -  - -  - -  18 17 29 16 80 
:BA228148 ' 10' - -  - -  4 45 9 3 19 80 
BA229/48 ' 10' - -  - -  1 46 12 8 10 77 
BA230/48 ' 10' - -  - -  - -  39 14 4 19 76 

Totals  1 28 173 344: 88 74 166 874 

Ratio of  ' I~esistant '  to ' Susceptible'  708 : 166 
~-.26:1 

(c) Families carrying only mhmr  resistance genes 

BA233]48 ' 12' - -  - -  - -  4 1 3 28 36 
~A235148 ' 12' - -  - -  - -  - -  1 1 36 38 
:BA 231148 ' 12' - -  . . . .  3 37 40 
BA232]48 ' 12 '  - -  . . . .  3 31 34 
BA234/48 ' 12' - -  . . . .  1 18 19 

Totals  - -  - -  ~ 4 2 11 150 167 

T h e  F a r a t i o s  ( T a b l e s  11,  12) c o n c l u s i v e l y  p r o v e  t h e  p r e s e n c e  o f  a m a j o r  g e n e .  B o t h  i n  

t h e  s t r a i g h ~  F~  o f  G r e n a d i n e s  • S a k e l  a n d  i n  t h e  F 3 o f  t h e  f i r s t  S a k e l  b a c k e r o s s ,  t h e  p r o g e n i e s  

a r e  r e a d i l y  d i v i s i b l e  i n t o  t h r e e  s h a r p  g r o u p s :  (a)  f a m i l i e s  h o m o z y g o n s  f o r  a m a i n  r e s i s t a n c e  

g e n e ,  (b) f a n f i l i e s  h e t e r o g e n e o u s  f o r  t h i s  m a j o r  g e n e  and[  (c) f a l a i l i e s  c a r r y i n g  o n l y  m i n o r  

g e n e s .  

I n  c r o s s e s  w i t h  s y n t h e t i c  S a k e l  s t r a i n s  c a r r y i n g  B 1 , B 2 , B 8 a n d  B ~  r e s p e c t i v e l y  ( T a b l e  13) 

g r a d e  ' 1 2 '  p l a n t s  a p p e a r e d  i n / ~ s  i n  e v e r y  e a s e  s h o w i n g  t h a t  t h i s  m Q o r  r e s i s t a n c e  g e n e  is  

n o t  a l l e l i e  t o  a n y  o f  t h e  f o u r  g e n e s  p r e v i o u s l y  k n o w n .  T h e  g e n e  h a s  a c c o r d i n g l y  b e e n  g i v e n  

t h e  s y m b o l  B s .  

A c o m p a r i s o n  o f  t h e  g r a d e  o f  r e s i s t a n c e  s h o w n  b y  G r e n a d i n e s  W h i t e  P o l l e n  i t s e l f  a n d  

h o m o z y g o u s  F s l i n e s  f r o m  t h e  i l l ' s t  S a k e l  b a c k c r o s s  ( T ~ b i e  12)  s h o w s  a c o n s i d e r a b l e  

r e d u c t i o n  i n  r e s i s t a n c e  t o  h a v e  oec~ r r r ed .  G r e n a d i n e s  s h o w e d  a r a n g e  f r o m  ' 5 '  t o  ' 6 '  

w h e r e a s  t h e  f i r s t  b a c k c r o s s  F a h o m o z y g o t e s  r a n g e d  f r o m '  5 '  t o  ' 9 '  a n d  g r a d e '  5 '  a p p e a r e d  
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ia only two progenies. This difference in resistance between the Grenadines parent and the 
backcross -~a progenies is attributed to the effect of minor resistance genes. The grading of 
family BA225/48 (Table 12) suggests that  in the absence of minor genes Ba, whmt homo- 
zygous, crofters resistance ranging from '6 '  to '9'.  The families in the second group of 
Table 12 show that, when heterozygous, B a confers resistance ranging from '6 '  to '10'. 

Table ]3. Blackarm grading of lt~'s 
B l a c k ~ r m  g u i d e  

F a m i l y  [ 3 '  ' 4 '  ' 5 '  ' 6 '  ' 7 '  ' 8 '  ' 9 '  ' 1 0 '  
I I O ,  

B ~  C ongro l*  ~ - -  - -  

B A 2 8 0 / 4 8  - -  - -  55 
B A 2 8 1 / 4 8  - -  - -  3 
BA2S~/4S - -  - -  4 

BA283 /48  - -  - -  6 
BA284 /48  - -  - -  18 

Tota ls  - -  - -  86 

B ,  Cont ro l  - -  2 28 

BA276/48  25 32 24 
BA277 /48  5 14 12 
BA278 /48  6 32 21 
BA279 /48  - -  15 17 

To~Ms 36 93 74 

of chec~: crosses 

' 1 2 '  R e s i s t a n t  S u s c e p t i b l e  T e r M s  R ~ t i o s  

(a) G r e n a d i n e s  x :B1B 1 S a k e l  

- -  - -  25 12 1 - -  

113 67 29 4 4 17 
8 Ii 8 I -- 2 

28 19 6 1 - -  4 
30 15 I0 -- -- 4 
37 19 2 i 1 4 

216 131 55 7 5 31 

(b) G r e n a d h m s  x B a B  ~ S ~ k d  

13 . . . . .  

10 5 - -  I 3 4 
5 2 2 - -  - -  2 
3 4 6 i 2 5 
3 2 5 2 1 5 

21 13 13 4 6 16 

(~) 
I38 Cont ro l  - -  - -  33 9 - -  - -  

B A 2 8 5 / 4 8  27 l I 1  65 30 28 6 
B A 2 8 6 / 4 8  8 36 19 4 5 3 
B A 2 8 7 / 4 8  5 17 13 2 7 4 
BA288 /48  7 11 14 3 4 5 

To~M~ 47 175 I l l  39 4 4  18 

(d) G r e n a d i n e s  

13 4 C o n t r o l  - -  - -  i 21 14 3 

BA289 /48  4 78 60 31 19 8 
B A 2 9 0 / 4 8  4 94 70 27 30 8 
B A 2 9 1 / 4 8  - -  26 26 8 13 6 
B A 2 9 2 / 4 8  100 I06  13 16 18 
B A 2 9 3 / 4 8  - -  13 39 9 3 10 
B A 2 9 6 / 4 8  - -  11 58 19 16 17 

TerMs 8 322 359  107 97 67 

G r e n a d i n e s  x B a B  a Sake l  

- -  - -  14 
- -  - -  8 

2 - -  4 
- -  - -  2 

2 - -  28 

x :BdB, ~ S~kel  

272 17 289 16 .0 :1  
31 2 33 15 .5 :1  
58 4 02 14 .5 :1  
61 4 65 15-3:1  
78 4 82 19-5:1  

500 31 531 1 6 - t : 1  

100 4 104 25-0 :1  
40 2 42  20"0 :1  
75 5 80 1 5 - 0 : 1  
45 5 50 9"0 :1  

260 16 270 16"3:1  

267 14 281 I 9 . 1 : 1  
75 8 83 9 . 4 : 1  
50 4 54  12-5:1  
44  2 46  22 .0 :1  

436 28 464  15 .6 :1  

4 2 18 206 18 224  11 .4 :1  
1 2 12 236 12 248 19-7 :1  

- -  - -  2 79 2 81 3 9 . 5 : 1  
- -  - -  22 253 22 275 11 .5 :1  

5 2 9 81 9 90 9 . 0 : 1  
4 1 6 126 6 132 2 1 . 0 : I  

14 7 69 981 69 1050 14 .2 :1  

deve lop  b l aek tu 'm  wel l  a.nd g r a d e d  ' 8 ' - ' 9 '  i n s t e a d  o f  t h e  usuM ' 1 0 ' .  * B t B ~  Sake l  d id  n o t  

B 5 is phenotypicMly similar to the Asiatic gene B 4 when both are transferred to a Sakel 
background. BaB ~ Sakel shows a range in blackarm grade of '  6 '- '  9 ', the bulk of the plants 
being at the more resistant end of the range (Knight, 1948 a). BaB a Sakel shows a range from 
' 5' to' 9' (Table 12), but it is probable that the grade' 5' plants carried minor resistance genes 
in addition to B a . In the heterozygous state B,~ confers grade ' 6 '-" 9' resistance on Sakel, 
but tlie bulk of the plants are at the more susceptible end of bhe range. As judged from 
third Sakel backcross material, B~, when heterozygous, gives grades '6 ' - '  10' resistance 
with the bulk of the plants in grades '8 ' - '  10'. 

From the results shown in Table 13, B 5 appears to segregate independently of the other 
four resistance genes. In view of the o bsem'e ratios obtained in the straight F.z's of 
Grenadines x Sakel (Table 8) too much reliance should not be placed on the good agreement 
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with 15:1 expectat ion obtained in the check crosses shown in Table 13. I t  should be 
pointed out, however, tha t  1947 was a bad year for working on blackarm res is tauce-- i t  
w,~s a year in which ancillary resistance, due t~ rapid leaf hardening, w ~  common, and 
this tends to obscure ratios where the gone concerned is variable in expression. Nevertheless, 
these check cross results show clearly tha t  B 6 is non-allc[ic to the other fottr geues and 
tha t  in each case it  is additive in effect. 

Thus two types of resistance occur in G. barbadense: ~he weak and seasollally variable 
resistance of the Sea Island group and the m~jor resistance found in Grenadines White  
Pollen. Sea Island resistance has been shown to depend on minor genes and is probabty  
dependent  on the plant 's  capacity to harden its leaves quickly, in response to winds and/or 
low humiditY. Grenadines resistance is due to the gone B~ fortified by  minor genes. 0n iy  
two other cases of worthwhile resistance have been reported in G. barbadense; both were 
due to B 2, and in both cases the B 2 had become transferred fl'om G. hirs~etum by intro- 
gressiw hybridizat ion (Knight, 1942; Knight  & Hutchinson, 1950). 

~UMMARY 

Two forms of resistance occur in Gossypium bm'badense: weak resistance, due to leaf 
hardening, is foulld in the Sea Islands, and strong resistance, due to the gone B 6 fortified 
by minor genes, occurs in the peremfial var ie ty  Grenadines White Pollen. B~ is variable 
in expression but, in general, the homozygotes show stronger resistance than  the hetero- 
zygotes, B 6 is addit ive in conjunction with B~, B2, B s ~md B 4 respectively. 
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