




Table 12. Analysis of variance mean squares for agronomic characteristics in progenies 

Source of D.F. 
variation 

Forage Yield Seedling 
1966 1967 vigor 

1st 2nd 1st 2nd 19̂ 5 
cutting cutting cutting cutting 

Spring Spring Recovery 
vigor vigor 1966 
1966 1967 

Replications 3 

Entries 55 

Within group 
I 9 

Within group 
II 6 

Within group 
III 6 

Within group 
IV 9 

Within group 
V 9 

Within group 
VI 8 

0.1299**0.0796** 0.1008 0.049f* 11.7929* 0.5699 10.1805** 5.852 

0.3lkk**0.ii02** 0.6062"" 0.2563 9.5880 3.8171 9.7598 21.564 

0.1809**0.0289** 0.2903** 0.07k&* 1.888U l.83lf* 4.l6Lo** 1.468 

** ** ** ** ** 
0.0589 0.0217 0.1981 0.1632 0.4381 3.0857 4.1028 4.742 

0.8513**0.1040** 1.0188** 0.130Î* 6.186#* 12.984**10.7390** 6.531 

0.0908**0.0296** 0.0515 0.0338* 0.7396 2.5kkO* 1.0227 1.733 

0.2618 0.0224 0.0523 0.0347 1.9022 1.3422 0.9671 1.477 

0.1249**0.0459** 0.268$* 0.0917* 7.9500* 3.6400* 7.8400* 7.157 

** ** 

I,II,III vs. 
IV,V,VI 2.2028**0.8317** 13.112#* 2.368#* 32.468#* 30.620*128.148̂ * 99.643 



Table 12. (Continued) 

Source of 
variation 

D.F. Forage Yield Seedling 
1966 1967 vigor 

1st 2nd 1st 2nd 1965 
cutting cutting cutting cutting 

Spring Spring 
vigor vigor 
1966 1967 

Recovery 
1966 

I vs. II,III 1 2.9881**0.0896** It. 1778** 0.0073 5.7668* 0.8048 10.3852** 13.988 

II vs. Ill 1 0.0714 0.0370** 0.0350 0.0165 11.3400** 2.9257 0.2857 0.182 

IV,V vs. VI 1 
* *  „  X ,  * *  

0.9739 2.896k 2.2919** 6.6976**321,1696** 8.8389148.0155**1 315.791** 

IV vs. V 1 
„ * 

1.2802 0.0231 1.0306** 0.3754** 8.7120** 5.8%2o 20.4020** 1.568 

A,V,K vs. IV 
V,VI 

9  

1 0.0083 0.0309* 0.0747 0.0383 0.6518 0.6518 4.1432* 8.1250** 

A,V vs. K 1 a7072** 0.2321** 0.173k 0.6144** 12.9066** 0.2400 8.6400** 68.006 ** 

A vs. V 1 0.2178** 0.0050 0.2178* 0.1982 2.8800 2.0000 2.0000 0.500 

Error 158 0.0289 0.0053 0.0472 0.0119 1.1676 0.8098 0.7289 0.705 

C.V. {%) 17.89 18.72 21.70 I8.I47 18.86 22.82 19.76 22.70 



Table 12, (Continued) 

Source of D.F. 
variation 

Plant height Plant width Flower Winter Winter Disease Persis-
1965 1966 1965 19̂ 6 color killed injury killed tence 

Replications 3 

Entries 55 

Within group 
I 9 

Within group 
II 6 

Within group 
III 6 

Within group 
IV 9 

Within group 
V 9 

Within group 
VI 8 

I,II,III vs. 
IV,V,VI 1 

I vs. II,III 1 

180.1101** 69.6008**1158.7629** 69.3361 1.2266 ' 3.3531" 0.8198 0.5401 10.884 

251.3156** 586.7827** 283.0684** 224.5753* 5.0437** I.2661 0.5660 1.060I* 10.882* 

55.2338** 19.4618 156.1670** 95.822#* 0.7204** 1.5111 0.1000 0.4000 2.455 

12.1124 133.3200** 42.6057 42.6057 15.6914 0.489?* 0.6057 0.1429 0.952 

31.2247 116.0057 542.9466 261.4450 1.7295 0.9829 2.3962 0.6762 3.832 

,** ** 

** 
46.7537 51.1684** 158.8644** 96.524#* 0.1511 2.7111 0..0000 0.0000 O.lOO 

45.9573** 27.1293** 153.6182** 90.222̂ * 1.127f* 0.0000 0.0000 0.0000 O.lOO 

it# 
94.0000 246.7744 104.6178 154.4500 0.6400 1.0544 l.iii 4.000 3.207 

208.3356**473.1620** 41.334 1839.927̂ *0.3660 0.8779 0.2033 2.0561 15.478** 

943.4000 *̂ 638.0116** 104.1638 1.907647.7193** 0.1190 l.l44o 0.0107 1.296 



Table 12. (Continued) 

Source of D.F. Plant height Plant width Flower Winter Winter Disease Persis-
variation 19̂ 5 19̂ 6 1965 1966 color killed injury killed tence 

II vs. Ill 1 397.5112** 51.3028* 769.6028** 0.0̂ 57 0.0̂ 57 0.1029 2.2U00* l.UOOO 5.040 

IV,V vs. VI 1 8347.8600**2231.3900**3855.8972**3725.689̂ 177.8783** 0.1962 2.1525* 4.2778*137.752** 

IV vs. V 1 985.6080** 209.9520** 824.3280** 935.71̂  ̂ 2.8880** 12.8000** I.8OOO* 0.4500 45.000** 

A,V,K vs. IV, 
V,VI 1 68.6576 196.6952 160.6952 160.2816 30.5024 0.2317 0.0507 0.3245 4.393 

A,V vs. K 1 572.3264**2128.1664**1781.9264** 228.1664 18.0266** 1.5000 0.1667 0.6670 48.161** 

A vs. V 1 165.6200** 89.7800** 8.8200 64.980# 1.2800** 0.5000 0.5000 0.0000 231.117** 

Error 158 13.3519 11.2075 30.0083 12.5352 0.l4l4 1.0144 0.3551 0.4454 2.307 

C.V. {%) 10.47 7.79 11.20 9.29 10.57 67.33 49.16 55.00 60.40 
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Medicago sativa and M, faleata (A X K and V X K) had a slower rate of re­

covery after cutting; however, they were much better than the crosses Kuban 

X Kuban. 

For natural plant height measurements, the crosses Kuban X Kuban were 

shorter than the plants from other crosses» The crosses Alfa X Kuban and 

Vernal X Kuban were shorter than the crosses Alfa X Alfa, Alfa X Vernal 

and Vernal X Vernal. However, the reverse situations were found for 

natural plant width. The crosses Alfa X Kuban, and Vernal X Kuban had 

greater natural plant width than the crosses Alfa X Alfa, Alfa X Vemeil 

and Vernal X Vernal, The crosses Kuban X Kuban had the greatest natural 

plant width in the first year but smallest in the second year. 

Greatest persistence was found in the crosses Vernal X Vernal and 

least in the crosses Kuban X Kuban, The crosses Alfa X Vernal and Alfa X 

Kuban had greater persistence than the crosses Vernal X Kuban and Alfa X 

Alfa. The same magnitude was found for winter killed, winter injured and 

disease killed. 

The variance mean squares for the agronomic characteristics studied 

in the population are presented in Table 12. Significant variation at 

the one percent level for entries was observed for all characteristics 

studied except that for winter killed and winter injured. Upon partitioning 

the sum of squares for entries, significant variation was found both within 

groups and among groups of crosses. 

For forage yield, the greatest variation was found with group III 

(Vernal X Kuban). Considerable amount of variation was found also within 

group I (Alfa X Vernal) and group YI (Kuban X Kuban). In the first year 



the variation within each group, except that within group II (Alfa X Kuban) 

in the first cutting, was highly significant» In the second year, however, 

few groups with significant variation were found. In the first cutting the 

variation within group I (Alfa X Vernal), group II (Alfa X Kuban), group III 

(Vernal X Kuban), and group VI (Kuban X Kuban) was highly significant. In 

the second cutting all groups showed highly significant variation, the 

greatest variation being within group II (Alfa X Kuban) and group III (Ver­

nal X Kuban). 

In comparisons among groups, the forage yield of crosses between varie­

ties (A X V, A X K and V X K) was greater (.01 level) than that of crosses 

within varieties (AXA, V X V and K X K). Among crosses between varieties, 

the crosses Alfa X Kuban and Vernal X Kuban outyielded the crosses Alfa X 

Vernal, and the difference was highly significant in all cases except that 

of the last cutting. Significant difference in forage yield between group 

II (Alfa X Kuban) and group III (Vernal X Kuban) was found only in the 

second cutting of the first year. 

Among crosses within varieties (AXA, V X V and K X K), the forage 

yield of the crosses Alfa X Alfa and Vemal X Vernal was greater (.01 level) 

than that of the crosses Kuban X Kuban. The crosses Vernal X Vemal out-

yielded the crosses Alfa X Alfa. In conçarison with the check varieties, 

the forage yield of crosses within varieties was not superior to the yield 

of the check varieties. Significant differences were observed only in the 

second cutting of the first year. Among the check varieties, significant 

difference was found mainly between the yield of Medicago sativa (Alfa and 
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Vernal) and the yield of M, faJLcata (Kuban). 

The magnitude of variation in other characteristics studied (vigor, 

recovery after cutting, plant height and plant width) was similar to that 

for forage yield (Table 12). Significant variation (.01 level) was found 

only within group III (Vernal X Kuban) and group VI (Kuban X Kuban) for 

seedling vigor, but for spring vigor ratings significant variation within 

group I (Alfa X Vernal), group II (Alfa X Kuban) and group IV (Alfa X Alfa) 

also was observed. The greatest variation within groups of crosses for 

all vigor ratings was that of group III (Vernal X Kuban). No significant 

variation within group V (Vernal X Vernal) was found in any vigor rating. 

For rate of recovery after cutting, all groups of crosses showed signifi­

cant variation within groups, and the greatest variation being within group 

III (Vemal X Kuban). In comparisons among groups, all vigor ratings and 

recovery after cutting showed highly significant differences when the 

crosses between varieties (A X K, A X V and V X K) and crosses within 

varieties (A X A, V X V and K X K), intraspecific crosses (Alfa X Vernal) 

and interspecific crosses (Alfa X Kuban and Vernal X Kuban), and crosses 

within M. sativa (Alfa X Alfa and Vemal X Vemal) and the crosses within 

M. falcata (Kuban X Kuban), were compared. The greatest difference among 

groups for these characteristics was that between crosses between varieties 

and crosses within varieties (Table 12). 

For natural plant height and natural plant width the variation within 

each group of crosses within varieties (A X A, V X V and K X K) was much 

greater than that within crosses between varieties (A X V, A X K and V X K). 

The variation within the crosses Alfa X Alfa, Vemal X Vemal and Kuban X 
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Kuban was highly significant for all measurements whereas few showed signi­

ficant variation within each group of crosses between varieties. In com­

parisons among groups, the greatest difference was found between the crosses 

within M, sativa (Alfa X Alfa and Vernal X Vernal) and the crosses within M. 

falcata (Kuban X Kuban). The difference between crosses within varieties 

(axa, V X V and K X K) and crosses between varieties (A X V, A X K and 

V X K) also was significant for all cases except that for plant width 

measured in 1965. 

In comparisons among groups for persistence, highly significant dif­

ferences were found between crosses within varieties (A X A, V X V and K X K) 

and crosses between varieties (A X V, A X K and V X K), and between crosses 

within M. sativa (AXA and V X V) and crosses within M. falcata (Kuban X 

Kuban). Among check varieties, Alfa was less persistent than Vernal and 

Kuban was less persistent than either Alfa or Vernal. Ho significant varia­

tion was found within any group of crosses for persistence. However, group 

III (Vernal X Kuban) showed significant variation for winter injured, group 

IV (Alfa X Alfa) for winter killed and group VI (Kuban X Kuban) for both 

winter injured and disease killed. 

Combining ability analysis 

The general and specific combining ability mean sq.uares for some 

agronomic characteristics are presented in Table 13. Highly significant 

variation was found among groups in all characteristics studied. Upon 

partitioning the sum of squares among groups into general combining ability, 

specific combining ability and heterosis components, in most instances 



Table 13. General and specific combining ability mean squares for some agronomic characteristics 
in progenies 

Source of Yield Vigor Recovery Plant height Plant width 
variation D.F. 12 1 Seedling Spring Spring after 19̂ 5 1966 1965 1966 

1966 1966 1967 1966 1967 cutting 

Replications 3 O.OI73 0.009% 0.0112 1.2637 O.O878 1.0637 0.7071 I8.III6 7.7366 136.2777 7*9132 

Among groups 5 0.191%* 0.0879* 0.U932* 8.399%* 1.1097* 7.352**20.370%234.997* 55.l6o2 124.63*&l45.5935* 
** ** ** ** ** «M ** ** «« ** 

gca 2 0.2178 0.1538 0.0583 16.6922 0.3132 5.̂ 915 39.7886568.8U62 35.3705 277.1722194.3060 
** ** . ** ** , * _ ** , ** , .  ** . *» ..** 

sea 2 0.0471 0.0074 0.3349 2.0530 0.5410 3.8170 4.3872 10.4342 29.5681 27.0476 36.3444 
** ** ** ** ** MM MM MM MM MM 

Heterosis 1 0.4265 0.I176 1.6854 4.5066 3.8400 18.0266 13.500 22.4266 4$.9266 14.7266 66.6666 

Error 15 O.OO65 0.0011 O.OO51 0.3981 0.1454 0.0754 0.l471 3.8137 0.7496 2.IO30 1.5863 
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general and specific combining ability mean squares were hî ily significant. 

For forage yields, general combining ability mean squares in both cuttings 

of the first year were greater than that of specific combining ability mean 

squares. In the second year, the reverse situation was found. For other 

characteristics (vigor, rate of recovery after cutting, natural plant height 

and natural plant width) general combining ability mean squares in all 

cases, except that of spring vigor rated in 1966, were larger than specific 

combining ability mean squares. Highly significant heterosis was observed 

in all instances. 

Fg Progenies 

The means of each group for the agronomic characteristics studied are 

presented in Table l4. Individual Fg progeny means are shown in Table 20 in 

the Appendix. The crosses between varieties Alfa and Kuban (group II) gave 

the highest forage yield in both cuttings. It was the only group that out-

yielded the check varieties in the first cutting. Group I (Alfa X Vernal) 

and group III (Vernal X Kuban) had lower yields than the check varieties in 

the first cutting but higher in the second cutting. In both cuttings the 

yield of the crosses between varieties (groups I, II and III) was superior 

to the yield of the crosses within varieties (groups IV and V), For vigor 

ratings, the crosses Alfa X Kuban were the most vigorous and equally as 

good in rate of recovery after cutting as that of the crosses Alfa X Vernal. 

The mean squares for the agronomic characteristics studied are pre­

sented in Table I5. Significant variation (at 1 percent level) for entries 

was observed for all characteristics. Upon partitioning the sum of sqjiares 
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Table l4. Mean values for agronomic characteristics of each group 

Group Cross Yield 
1st cutting 2nd cutting 

Seedling 
vigor 

Spring 
vigor 

Recovery 

I A X V 0.96 0.42 2.4 2.7 2.5 

II A X K 1.44 a 44 2.1 1.5 2.5 

III V X K 1.00 a 33 3.2 3.2 3.4 

IV A X A  0.59 a 27 3.5 4.5 3.6 

V V X V 0.74 a 28 3.3 3.8 3.4 

Checks 1.26 a 35 3.2 2.6 4.4 

for entries, variation was found both within and among groups. The greatest 

variation within groups was observed in the crosses Vemal X Kuban (group 

III). Variation within group I (Alfa X Vemal) was approximately the same 

as that within group II (Alfa X Kuban). Much less variation was found in 

the crosses within varieties (Alfa X Alfa and Vemal X Vemal). The only-

significant variation observed was that for forage yield of second cutting 

and rate of recovery after cutting. 

In orthogonal comparisons, crosses between varieties (A X V, A X K and 

V X K) differed (.01 level) from crosses within varieties (A X A, V X V and 

K X K) for all characteristics studied. Group I (Alfa X Vemal) was dif­

ferent from group II (Alfa X Kuban) and group III (Vemal X Kuban) in 

yield and rate of recovery after cutting. Group II (Alfa X Kuban) was dif­

ferent (.01 level) from group III (Vemal X Kuban) for all characteristics 

except for yield in the second cutting. The only significant difference 



Table 15. Analysis of variance mean squares of the Fg progenies for agronomic characteristics 
studied 

Source of variation D.F. Yield Seedling Spring Recovery 
1st cutting 2nd cutting vigor vigor 

Replications U 

Entries 35 
Within group I 6 
Within group II 3 
Within group III 5 
Within group IV 6 
Within group V 8 
Within checks 2 

Checks vs. rest 1 
I,II,III vs. IV,V 1 
I vs. II, III 1 
II vs. Ill 1 
IV vs. V 1 

Error 140 

C.V. (%) 

&1546 

aT2lt2** 
0.3619** 
aU2Uo** 
1.2360** 
Û.01+51 
a 0̂ 25 
1.1916** 

1.8836** 
Î.U512** 
1.6190 * 
2.3267** 
0.4018 

a 0281 

18.27 

0.0ltl5 ** 

** 
0.0473 
0.0486** 
0.0231** 
0.0386** 
0.0103* 
0.0203** 
0.1565** 

0.0018 
0.4471** 
0.0880** 
0.0127 
0.0030 

0.0048 

20.44 

4.6573 

3.3020*" 
1.8945 
4.1978** 
3.8485** 
1.9200 
1.4470 
1.1540 

3.0456 
26.3709* 
3.2344 

13.2296** 
1.1340 

1.3923 

39.46 

4.9932** 12.6147 m 

7.7069** 
2.4269** 
0.2240 
16.0741** 
1.7496 
2.0289* 
3.5047** 

7.0800** 
90.0450** 
3.3504 
30.0765** 
10.0000 ** 

9.4958** 
4.7846** 
2.8085* 
9.2756** 
5.1800** 
2.3300* 

70.3806** 

19.0081** 
20.6805** 
17.2536** 
10.8680** 

0.7001 

0.9060 1.3478 

29.23 35.58 
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Table l6. Means of cross- and self-fertility indices of all groups and 
self-fertility indices of their corresponding parents 

Group Pedigree Self-fertility 
index 

Cross—fertility 
index 

I A X V 1.45 3.81 

II A X K 0.T6 1.67 

III V X K 0.99 1.77 

IV A X A  0.92 2.94 

V V X V 1.44 4.44 

VI K x K 0.40 1.33 

VII Alfa 0.49 -

VIII Vernal 0.95 -

IX Kuban 0.05 -

observed between group IV (Alfa X Alfa) and group V (Vernal X Vernal) was 

that for yield in the first cutting and for spring vigor. 

Fertility Studies 

The means of cross— and self-fertility indices of all F̂  groups and 

the means for self-fertility indices of their corresponding parents are pre­

sented in Table l6. Individual entry means for cross- and self-fertility 

indices are shown in Table 21 in the Appendix. The highest cross-fertility 

index (4.44) was found in the crosses within the variety Vernal (V X V), 

The crosses between Alfa and Vernal had the second highest cross-fertility 

index. The crosses between species, Alfa X Kuban and Vernal X Kuban, had 
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about the same level of cross fertility. The lowest cross-fertility was 

found in the crosses within the variety Kuban (K X K), Overall, however, 

the cross-fertility of the crosses within varieties was higher than that of 

the crosses between varieties. 

Self-fertility of progenies was greater than that of the parental 

plants. The hî est self-fertility index was found in the crosses Alfa X 

Vernal and Vernal X Vernal, In any group of progenies, the mean self-

fertility index was higher than that of both parents involved. For example, 

the self-fertility index of the crosses Alfa X Vernal was 1,1+5 while that 

of the varieties Alfa and Vernal was 0,̂ 9 and 0,95» respectively. 

The variance mean squares for self-fertility are presented in Table IT. 

Highly significant differences were observed among entries. Upon parti­

tioning the sum of squares for entries, significant variation (,01 level) 

was found within group I (Alfa X Vernal), group III (Vernal X Kuban), group 

V (Vernal X Vernal), group VI (Kuban X Kuban), and within parental plants, 

Alfa and Vernal. In non-orthogonal comparison among groups, difference in 

self-fertility between crosses and check varieties (parental plants) was 

highly successful. Both the crosses between varieties (A X V, A X K and 

V X K) and crosses within varieties (A X A, V X V and K X K) differed from 

the check varieties in self-fertility. However, only slight differences in 

self-fertility (.05 level) were found, comparing crosses between varieties 

and crosses within varieties. Self-fertility of group I (Alfa X Vernal) 

was significantly higher than that of group II (Alfa X Kuban) and group III 

(Vernal X Kuban), Ho significant difference in self-fertility was observed 

between group II (Alfa X Kuban) and group III (Vernal X Kuban), Among 
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Table 17. Analysis of variance mean squares for self-fertility in F 
progenies 

Source of variation D.F. Mean squares 

Replications 

Entries 
Within group I 
Within group II 
Within group III 
Within group IV 
Within group V 
Within group VI 
Within Alfa 
Within Vernal 
Within Kuban 
Among groups 

Crosses vs. checks 
1,11,111 vs. checks 
IV,V,VI vs. checks 
I,II,III vs. IV,V,VI 
I vs. II,III 
II vs. Ill 
IV,V vs. VI 
IV vs. V 

59 
k 
k 
4 
k 
k 
k 

9 
9 
9 
8 

1 
1 
1 
1 
1 
1 
1 
1 

0.1132 

1.6358** 
2.0283** 
0.3978* 
2.4873** 
0.2459_ 
2.4376%; 
1.4707 
0.5256** 
2.2065** 
0.0639 
4.3848 

** 

** 

** 
18.2811 
9.5579 
5.2802** 
0.4723* 
3.2909** 
0.3831 
6.1152** 
2.0488** 

Error 77: 0.1154 

Ĉorrected error degrees of freedom due to the observations with 
zero values. 
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crosses -within varieties, the highest self-fertility was foxind in. group V 

(Vernal X Vernal). 

I'lean squares for cross-fertility are presented in Table 18. Differences 

among entries were highly significant. lîo difference in cross-fertility 

was observed in the overall comparisons of crosses between and crosses with­

in varieties. Among crosses between varieties, group I (Alfa X Vernal) 

showed higher cross-fertility than group II (Alfa X Kuban) and group III 

(Vernal X Kuban). Among crosses within varieties, group IV (Alfa X Alfa) 

and group V (Vernal X Vernal) showed significantly higher cross-fertility 

than group VI (Kuban X Kuban). Group V (Vernal X Vernal) exhibited higher 

cross-fertility than group IV (Alfa X Alfa). 

Table l8. Analysis of variance mean squares for cross-fertility 

Source of variation D.F. Mean squares 

Entries 5 8.1239 

I,II,III vs. IV,V,VI 1 1.TT63 

I vs. II,III 1 14.504?** 

II vs. Ill 1 0.0230 

IV,V vs. VI 1 18.6756** 

IV vs. V 1 5.6400** 

Error 2k 1.4504 



62 

DISCUSSION 

Heterosis from, outcrossing in alfalfa has been realised.. Westgate 

(1910) and. WsGLdron (1920) found, that the hybrid.s from the cross Mèdieago 

falcata X M. sativa performed, better than both parents. The increase in 

wei^t per plant over the parental plants was 4T.5 percent (Waldron, 1920). 

A marked increase in forage yield of the hybrids over that of the paren­

tal lines was also reported by Tysdal, et al. (19̂ 2), Î sdal and Kiessel-

back (1944), and Wilsie (1958). From crosses involving erect and prostrate 

clones, Wilsie found a striking degree of heterosis with the hybrids, 

yielding 8l percent and 43 percent, respectively, above the higher yielding 

parent. 

An important conçarison in the present study was the performance of 

crosses between varieties and crosses within varieties. The three varieties 

used, Alfa, Vernal and Kuban, were unrelated and differed greatly in mor­

phological characteristics. Alfa and Vernal are of Medicago sativa while 

Kuban is of M. falcata. The degree of diversity between varieties of dif­

ferent species should be greater than that of the same species. Therefore, 

interspecific crosses (Alfa X Kuban and Vernal X Kuban) are expected to 

exhibit more hybrid vigor than intraspecific crosses (Alfa X Vernal). Also, 

on the same basis, crosses between varieties (A X V, A X K and V X K) should 

outperform crosses within varieties (AXA, V X V and K X K). Hagberg 

(1952) found that the degree of heterosis in rye paralleled the degree of 

genetical differentiation between the populations crossed. In alfalfa, 

Lubenec (1959) found that inter-varietal and interspecific hybrids out-
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yielded the local varieties. Results from the present study seem to agree 

well with these previous findings. In the first cutting of each year, 

crosses between varieties (A X V, A X K and V X K) outyielded crosses with­

in varieties as well as check varieties. Interspecific crosses (Alfa X 

Kuban and Vernal X Kuban) outyielded intraspecific crosses (Alfa X Vernal). 

In the second cutting, however, the yield increase of crosses between varie­

ties over that of crosses within varieties was small compared to the first 

cutting. This may be attributed to the slow rate of recovery after cutting 

of interspecific hybrids. Since the variety Kuban, M. falcata, has a very 

slow rate of recovery after cutting (Oakley and Garver, 1917), the second 

cutting yield of this variety and the yields of crosses within the variety, 

were very low. The characteristic slow rate of recovery after cutting may 

be transferred to the interspecific hybrids causing low yield in the 

second cutting. However, if the developmental period is extended, these 

interspecific hybrids might yield as well as intraspecific hybrids in the 

second cutting. Results from the second cutting of the second year tend to 

substantiate this hypothesis. Upon extending the harvesting date, no dif­

ference in yield was found between interspecific crosses and intraspecific 

crosses. 

Crosses within varieties gave no yield advantage over the parental 

check varieties, in some case even less. Parental plants used in intra-

variety crosses were random plants from an open-pollinated population. 

Progenies obtained from crosses within such a population are expected to 

yield approximately the same as that of the open-pollinated variety, be­

cause no new germ plasm is added. In the present study in only one case 
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(second cutting of the first year) was the difference in forage yield be­

tween crosses within varieties and check varieties significant (.05 level). 

In the first cutting of the first year, the forage yield of crosses within 

varieties was less than that of the check varieties, though the difference 

was not significant. This situation might be attributed to sançling error. 

In conçarison among crosses within varieties, the crosses Vernal X 

Vemal gave higher yields than the crosses Alfa X Alfa, This might be 

due to the hî  yielding ability of the variety Vemal itself and the hî  

degree of diversity represented by its ancestral components. Among check 

varieties, Vemal gave the highest yield in all cases except in the first 

cutting of the first year when Kuban was the hî est yielding variety. The 

crosses Kuban X Kuban gave the lowest yield among the crosses within varie­

ties in all cases except in the first cutting of the first year. It has 

been found that in the first cutting Kuban usually gives as much yield 

as the varieties of Medicago sativa, in some cases even greater (Oakley 

and Carver, 1917). The serious drawback of this variety is in its inability 

to recover g_uickly after cutting. Moreover, Kuban suffered m.ore from 

diseases and winter killing than other varieties in the present study. 

Through hybridization, increased variation within populations is ex­

pected. The structure of the population from which the crosses are made is 

important in this respect. In the present study the varieties used in 

crossing differ in genetic base, Alfa being rather narrow and Vemal ex­

tremely broad (Bolton, I962). The crosses involving Vernal, therefore 

would be expected to increase variability within the hybrid population. 
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In forage yield, the greatest variation was found within the crosses Vernal 

X Kuban, The variation within the crosses Alfa X Vernal was also found 

greater than that within the crosses Alfa X Kuban. In the first cutting 

of the first year, the mean yield of the crosses Vernal X Kuban ranged from 

0.48 to 1.71, the crosses Alfa X Vernal from 0.57 to 1.18 and the crosses 

Alfa X Kuban from 1.01 to 1,35 (Table 19 in the Appendix). Among crosses 

within varieties, the crosses Vernal X Vernal showed greater variation 

(mean yields from O.76 to 1.63) than the crosses Alfa X Alfa (mean yields 

from 0.U2 to 0 .92) .  

Most of the previous studies showed that both general and specific 

combining ability are important in alfalfa. Breeding methods designed 

to take advantage of both general and specific combining ability have 

been suggested. However, the relative importance of general and specific 

combining ability depends on breeding material used. Camahan, et al., 

(1959) found that general combining ability was more important than 

specific combining ability when the clones used had not been selected 

previously for the traits studied. In the present study, three unrelated 

varieties were used. As expected, general combining ability was more im­

portant than specific combining ability in most instances. The reverse 

situation for forage yield in the second year possibly may be attributed 

to natural selection. The plants in the field in the second year were 

those that survived the effects of both winter injury and diseases, Ivlore-

over, late harvesting in the second year allowed the interspecific hybrids 

to reach their full development. These factors may cause more variability 
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among groups of hybrids, and consequently a greater sum of squares among 

groups. Since general combining ability should be about the same for both 

years, residual effect then should be greater in the second year. This may 

cause the increase of specific combining ability mean squares. 

The magnitude of forage yield in Fg progenies was similar to that in 

F̂ . Crosses between varieties (A X V, A X K and V X K) outyielded crosses 

within varieties (AXA, V X V, K X K). Instead of the crosses Vernal X 

Kuban being the highest yielding variety as was the case in F̂ , the crosses 

Alfa X Kuban gave the highest yield. Since Vernal has a broader genetic 

base than Alfa, more segregation in Fg generation is expected from the 

crosses Vernal X Kuban, and possibly this may account for the lower yield, 

on average, than that of the Fg progenies of Alfa X Kuban. Considering 

variation within each group of crosses, crosses between varieties showed 

greater variation than crosses within varieties. There is no appropriate 

way to conçjare statistically the performance of F̂  and Fg in this study. 

One aspect, however, that of their variability, can be compared. Signifi­

cant mean squares within each group of crosses were found more often in F̂  

than in Fg. This may be expected since the parental plants used were 

highly heterozygous. The variability in each group of crosses should de­

crease in advanced generation of selfing. Selection made in F̂  ̂would be 

more effective. 

Estimating the percent crossed seed a given alfalfa genotype will pro­

duce in the field is of importance to those using polycross or single cross 

methods in alfalfa breeding (Gartner and Davis, 1966). High seed yield 
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together with a high percentage of outcrossing is desirable for clones 

entering synthetic varieties or two clone crosses. Tysdal, et al. (1942) 

proposed a breeding program using self-sterile clones for the production of 

hybrid alfalfa. Two conçletely self-sterile clones, that were cross-

compatible, would produce an abundance of seed when crosses with each 

other. However, a recent study by Carleton and Eslick (1967) indicated 

that low self-compatibility of the female was associated with low cross 

seed set of that female. They concluded that selection of two clones suf­

ficiently self-sterile to produce nearly all hybrids would result in very 

low seed set. Some degree of self-compatibility thus appears desirable 

in either one or both of the parental clones. 

Medicago falcata has been found to cross readily with M. sativa 

(Sprague, 1956). These two species could be used in any combination in a 

breeding program without meiotic difficulties. However, in the present 

study the crosses between M. falcata and M. sativa showed lower cross-

fertility than the crosses within M. sativa. VJhen M. falcata was used as 

the female parent, very little seed set was obtained. This might be at­

tributed to the low self-compatibility in M. falcata. Similar result was 

found by Waldron (1919) who attributed this to the conçiarative scarcity 

of both flowers and pollen in M. falcata. More seeds were obtained when 

M. sativa was used as the female parent. Some of these seeds, however, 

might be selfed seeds. Using the criterion that the F̂  hybrids between M. 

falcata and M. sativa should produce variegated flowers, 85.5 percent of 

the plants in the F̂  progenies in the field probably were hybrid plants. 

This percentage of hybrids is low compared with that obtained in some 
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previous studies. Camalian (l9é3), in his study of a 6-clone diallel, 

stated that crossing among unrelated plants, even without emasculation, re­

sulted in few selfed seeds. Also, [Cysdal, ê  al. (19̂ 2) reported an average 

of 89.1 percent cross-pollination based on the use of yellow and white 

flowers as testers. Recently Carleton and Eslick (196?) found that a hî  

self-compatibility clone and a medium self-compatibility clone had average 

percentages of crossed seed of U5 and 35» respectively, when crossed with 

nonemasculated white-flowered female clone. 

In the present study self-fertility of parental plants, especially 

that of Kuban variety was q̂ uite low. Since a fairly high degree of self-

conçiatibility is desirable in parental clones entering synthetic varieties 

or two clone crosses (Carleton and Eslick, 196?), improving self-fertility 

in these parental plants might be useful. One way to do this is to make 

crosses between these plants. Unless the parents are extremely high in 

self-fertility, it is expected that their hybrids will have higher self-

fertility. Results from the present study agree with this expectation. 

All hybrids had higher self-fertility than either of their parents. 
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SUMMARY AHD CONCLUSIONS 

A study was undertaken to determine what kind of parental plants or 

populations should be used in crossing in order to capitalize on maximum 

hybrid vigor. Twenty random plants from each of three alfalfa varieties 

were used in intra- and intervariety crosses. Agronomic characteristics 

in and progenies were studied. 

1. In general, intervariety crosses outperformed intravariety 

crosses, Intervariety crosses outyielded the parental check varieties 

while intravariety crosses did not. Among intervariety crosses, inter­

specific crosses, on average, outyielded intraspecific crosses. The 

crosses within variety Vernal shoved the highest yield among intravariety 

crosses, though the yield was not significantly different from that of 

check varieties. The diversity of parent plants and broad genetic base 

population were found important in obtaining hybrid vigor. 

2. Hybridization is a means in creating variability in plant popu­

lations. The crosses that involved a population of broad genetic base 

exhibited greater variation than those that involved a population of nar­

row base. 

3. The alfalfa varieties used in the present study were unrelated. 

As expected, general combining ability was more inçjortant than specific 

combining ability in most instances. 

U. The performance of progenies was similar to that of F̂ . In­

tervariety crosses outperformed intravariety crosses. However, variability 

in Fg appeared to be less than that in F̂  which suggests that selection in 
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might be more effective than in F2. 

5. Cross-fertility of intravariety crosses was higher than that of 

intervariety crosses. The highest cross-feitility was found in the crosses 

Vemal X Vemal and lowest in the crosses Kuban X Kuban, 

6. In the material studied, self-fertility of progenies was found 

greater than that of either parent involved. 
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APPENDIX 



Table 19» Performance of the progenies for agronomic charaoteristics 

Entry Yield, I966 Yield, 196? Seedling Spring Spring Rate 
1st 2nd 1st 2nd vigor vigor vigor of 

cutting cutting cutting cutting 19̂ 5 19̂ 6 196? recovery 

1 1.11 0.59 1.20 0.84 1.6 2.8 3.5 1.7 
2 0.66 0.41 a 72 0.54 2.1 4.1 4.9 3.0 
3 0.98 0.57 Ju05 0,66 2.3 3.4 4.4 2.2 
k 0.72 0.48 a 79 0.63 3.6 4.5 4.4 3.4 
5 1.18 0.62 1.45 0.96 2.8 2.4 2.2 1.7 
6 1.05 0.62 1.43 0.92 2.4 3.1 1.9 1.6 
7 0.85 0.49 L04 0.69 3.7 3.8 3.6 2.4 
8 0.66 0.46 a 82 0.72 3.0 3.6 4.2 1.7 
9 0.77 0.50 1.14 0.75 2.3 4.0 3.3 2.5 

10 0.57 0.38 0.75 0.61 3.3 4.3 4.7 2.2 
11 1.22 0.40 L43 0.59 2.8 3.3 3.6 4.2 
12 1.21 0.39 1.66 0.66 2.8 3.2 3.0 3.4 
13 1.01 0.37 L05 0.49 3.3 3.8 3.9 3.7 
14 1.02 0.34 J. 22 0.52 2.8 4.2 4.1 3.9 
15 1.22 0.54 1.56 0.94 2.3 1.9 1.4 1.6 
16 1.21 0.51 2.57 1.01 2.4 2.1 1.9 1.5 
IT 1.35 0.42 i.57 0.67 2.9 3.8 2.9 3.2 
18 0.95 0.39 1.36 0.61 4.0 4.5 4.0 2.3 
19 0.48 0.25 a 57 0.52 6.1 7.1 6.2 4.7 
20 1.29 0.45 L55 0.69 3.1 3.4 2.4 2.4 
21 1.13 0.35 1.21 0.57 4.1 3.9 3.7 4.9 
22 1.85 0.60 1.93 0.82 2.4 1.8 1.7 2.5 
23 1.33 0.58 1.72 0.95 3.2 2.7 1.9 1.9 
2k 1.71 0.71 2.07 0.96 2.7 2.1 1.9 2.0 
25 0.66 0.41 0.69 0.45 2.4 4.3 5.0 3.0 
26 0.61 0.47 0.66 0.62 2.1 4.6 5.0 2.7 
27 0.80 0.49 0.87 0.67 2.1 4.0 4.4 1.8 



Table 19. (Continued) 

itry Yield, 1966 Yield, 1967 
1st 2nd 1st 2nd 

cutting cutting cutting cutting 

28 0.76 0.52 a 80 0.77 
29 0.92 0.53 a 91 0.65 
30 0.57 0.35 0.75 0.60 
31 0.82 0.55 a 95 0.62 
32 0.58 0.39 a 63 0.60 
33 0.42 0.29 a 65 0.48 
3k 0.57 0.39 a 76 0.56 
35 0.86 0.56 0,19 0.92 
36 0.92 0.49 a 91 0.70 
37 0.78 0.49 1.08 0.79 
38 0.77 0.52 1.06 0.75 
39 0.76 0.45 a 86 0.71 
1+0 0.92 0.46 CL93 0.72 
kl 0.88 0.52 1.10 0.75 
k2 0.81 0.53 1.00 0.82 
k3 0.91 0.4l a 98 0.65 
kk 1.63 0.30 0.83 0.58 
4$ 0.93 0.08 0.45 0.09 
U6 1.08 0.11 a 13 0.13 
4T 0.77 0.04 a 60 0.06 
48 1.01 0.13 a 64 0.13 
49 0.94 0.09 a 46 0.11 
50 1.00 0.05 a 39 0.09 
51 1.04 0.08 a 54 0.12 
52 1.38 0.39 1.20 0.55 
53 0.81 0.06 a 30 0.08 
54 0.55 0.37 a 68 0.54 

Seedling Spring Spring Rate 
vigor Vigor vigor of 
1965 1966 1967 recovery 

2.2 4.0 4.4 2.0 
1.7 3.0 4.3 2.2 
2.6 4.7 4.5 3.4 
2.1 3.7 3.6 2.1 
2.6 4.2 4.7 2.4 
2.3 6.0 5.4 3.3 
3.3 4.9 5.0 1.4 
3.3 3.1 2.9 1.4 
2.7 3.5 3.6 1.5 
2.7 4.4 3.6 1.8 
4.3 4.3 3.2 2.3 
2.1 4.0 3.2 1.9 
2.9 3.6 3.7 2.7 
2.3 3.3 3.4 2.2 
2.6 3.3 3.8 1.7 
3.2 3.6 4.4 3.3 
3.9 4.9 4.4 2.7 
7.0 5.4 7.2 8.5 
6.2 4.0 6.0 8.2 
7.6 5.9 8.5 8.6 
6.8 4.8 5.9 8.2 
6.4 5.2 6.2 8.4 
7.0 4.3 7.3 8.9 
6.3 4.4 6.7 8.5 
2.7 2.7 3.6 4.5 
6.4 5.3 7.7 8.4 
2.4 5.1 5.4 8.4 



Table 19. (Continued) 

Entry Yield, 1966 Yield, 196? Seedling Spring Spring Rate 
1st 2nd 1st 2nd vigor vigor vigor of 

cutting cutting cutting cutting 1965 1966 196? recovery 

55 0.88 0.42 1.01 0.68 3.6 4.1 4.4 3.5 
56 1.23 0.10 0.59 0.13 5.2 4.3 6.7 8.3 

Entry Plant height Plant width Flower Winter Winter Disease Persistence 
1965 1966 1965 1966 color killed injury killed 

1 45.8 55.5 16.1 45.1 2.2 1.0 1.0 1.0 1.0 
2 l+U.O 51.6 44.2 37.1 2.1 1.0 1.0 1.0 1.5 
3 39.6 53.2 49.3 42.9 2.2 1.0 1.0 1.0 1.0 
It 38.8 51.2 52.8 47.1 2.6 1.0 1.5 1.0 1.0 
5 39.0 54.2 5L.7 45.4 3.1 2.0 1.0 1.0 2.0 
6 45.2 54.6 52.2 48.4 1.5 1.0 2.0 3.0 3.0 
T 37.9 50.1 47.7 36,6 2.8 2.0 1.0 1.0 2.0 
8 34.1 50.5 38.6 39.4 3.0 1.5 1.0 1.0 1.5 
9 38.2 48.6 51.1 43.1 2.3 2.5 1.0 1.0 2.5 
10 42.2 51.4 34.1 33.9 2.2 2.5 1.0 1.0 3.0 
11 38.6 37.4 47.4 42.7 4.1 1.5 1.0 1.0 2.0 
12 36.7 36.1 47.7 41.1 1.5 1.5 1.0 2.0 2.0 
13 34.5 40.7 44.4 40.8 3.4 1.0 1.0 1.5 2.0 
lU 36.5 34.6 4i.4 39.4 4.1 2.0 1.0 1.0 2.5 
15 37.3 48.9 43.1 44.4 3.9 1.5 1.0 1.0 1.5 
l6 34.8 48.1 43.1 41.8 3.9 1.0 1.0 1.0 1.0 
17 39.1 37.7 50.6 44.9 4.5 1.9 1.0 1.0 1.5 
18 33.5 42.3 46.2 37.5 3.6 2.2 1.0 1.0 2.2 



Table 19. (Continued) 

Entry Plant height Plant width Flower 
1965 1966 1965 1966 color 

19 £8.5 38.9 32.7 34.1 2.7 
20 30.7 4l.l 56.5 41.9 4.3 
21 27.9 33.4 51.1 35.1 4.5 
22 30.9 44.7 62.3 46.2 4.6 
23 35.7 49.9 51.9 43.1 1.5 
2k 33.0 46.6 68.9 57.6 3.9 
25 46.0 53.7 4o.o 32.0 2.1 
26 46.5 55.8 42.5 35.9 2.6 
27 46.1 54.6 50.6 41.2 2.7 
28 40.8 54.2 43.0 42.4 2.2 
29 48.5 59.5 44.2 42.2 2.2 
30 38.9 48.9 33.1 32.5 2.3 
31 48.1 57.2 44.8 39.2 2.3 
32 4i.i 55.4 35.4 38.3 2.2 
33 41.9 48.7 29.0 28.0 2.2 
34 41.9 50.1 39.9 33.6 2.2 
35 33.4 53.0 45.1 45.5 2.2 
36 39.8 50.6 43.8 45.0 2.2 
37 39.4 50.7 39.8 41.1 2.3 
38 29.3 50.0 50.8 51.9 3.3 
39 40.1 51.7 44.6 38.9 3.3 
4o 39.4 53.4 54.1 46.4 3.4 
4l 36.4 50.5 57.5 43.7 2.6 
42 38.2 52.5 47.3 46.6 3.1 
43 37.2 49.0 46.7 38.8 2.2 
44 36.4 44.3 37.0 35.8 2.2 
45 22.5 18.0 62.7 28.2 5.3 

Winter Winter Disease Persistence 
killed injury killed 

0.9 
1.0 
1.9 
2.0 
1.0 
1.5 
2.0 
3.5 
1.5 
1.5 
1.0 
2.5 
1.0 
1.5 
1.0 
2.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 

1.1 
1.5 
1.7 
1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.5 
2.0 
1.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.5 

4.0 
1.0 
2.1 
1.0 
1.0 
1.0 
1.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.5 
1.0 
1.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.5 

U.O 
1.5 
3.0 
3.0 
1.5 
1.5 
3.5 
4.5 
2.0  
2.0 
1.5 
2.5 
2.0 
2.0 
2.0 
3.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.5 
1.0 
1.0 
1.0 
1.0 
6.0 



Table 19. (Continued) 

Entry Plant height Plant width Flower Winter Winter Disease Persistence 
1965 1966 1965 1966 color killed injury killed 

h6 20.8 18.1 62.7 32.1 5.3 1.0 1.0 1.0 1.0 
47 16.0 16.8 58.4 21.4 5.3 2.0 2.5 3.5 9.0 
48 16.2 23.6 54.3 32.7 5.3 1.0 1.0 1.0 1.5 
k9 25.9 2U.7 50.6 24.8 5.3 1.0 1.5 1.5 2.5 
50 20.9 20.6 52.5 24.0 5.3 2.0 1.5 3.5 6.0 
51 22.U 19.2 59.7 26.2 5.3 2.0 2.0 2.0 6.0 
52 32,0 41.8 53.4 39.7 4.1 0.9 1.0 1.0 0.9 
53 22.5 17.1 49.0 20.2 5.3 1.5 1.0 1.5 4.5 
5U Ul.7 51.4 41.5 44.5 2.2 1.0 1.0 1.0 1.0 
55 32.6 44.7 43.6 40.2 3.0 1.5 1.5 1.0 2.5 
56 22.5 19.8 68.4 28.1 5.2 2.0 1.0 1.5 6.0 
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Table 20. Performance of the progenies for agronomic characteristics 

Entry Yield Seedling Spring Rate of 
1st ̂ 2nd vigor vigor recovery-

cutting cutting 

1 1.29 
2 0.72 
3 0.82 
k 1.20 
5 1.33 
6 0.86 
7 0.74 
8 1.65 
9 1.6l 

10 1.47 
U 1.02 
12 0.45 
13 0.63 
Ik 0.57 
15 1.43 
l6 1.47 
17 1.45 
18 0.47 
19 0.57 
20 0.63 
21 0.50 
22 0.73 
23 0.69 
2k 0.57 
25 0.74 
26 0.67 
27 0.67 
28 0.76 
29 0.67 
30 0.76 
31 0.79 
32 0.94 
33 0.64 
34 0.75 
35 1.32 
36 1.72 

0.37 1.9 
a 30 2.6 
0.41 2.4 
a 48 1.6 
a59 3.5 
a 42 2.5 
0L37 2.4 
a 44 1.7 
a 39 1.6 
a 53 1.5 
a 39 3.4 
a 22 4.3 
0.32 3.3 
(125 3.9 
0.41 2.5 
a 34 2.9 
0.45 2.0 
a 20 2.7 
0.30 3.9 
a 28 2.9 
0.29 3.5 
0.31 3.5 
a 29 3.7 
a 21 4.6 
a 30 3.2 
0.25 3.7 
0.26 3.4 
a 29 4.3 
0.28 3.1 
a 29 2.6 
0.29 3.3 
0.28 2.5 
0.27 3.5 
a 38 3.0 
a 52 3.7 
a 16 2.8 

1.9 3.3 
3.8 4.1 
2.2 1.8 
2.7 1.9 
2.2 1.3 
3.0 2.2 
3.4 2.7 
1.6 3.0 
1.4 3.2 
1.3 1.6 
1.8 2.2 
5.8 5.1 
3.9 2.2 
4.3 3.6 
1.8 3.1 
1.9 4.8 
1.2 1.7 
5.1 5.1 
4.7 3.1 
4.9 3.6 
4.9 4.4 
4.3 2.3 
3.5 2.6 
3.9 4.2 
4.2 2.9 
3.8 3.2 
4.6 3.6 
4.0 3.8 
2.8 2.5 
4.0 4.7 
3.6 2.9 
2.7 4.2 
4.2 3.1 
3.6 2.4 
2.1 2.0 
2.1 8.7 
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Table 21, Self- and cross-fertility indices 

Entry Cross Self- Cross- Entry Parent Self-
fertility fertility plant fertility 
index index index 

1 2.54 a 86 31 0.22 

2 AgXV^ 2.02 5.28 32 
S 

0.44 

3 Ay X Vy 1.27 5.34 33 1.36 

4 0.58 2.80 34 ^8 0.48 

5 AgXV^ 0.81 2.76 35 
S 

0.50 

6 Aj, XK^ 1.02 a4i 36 \k 1.08 

7 X Kg 0.71 a 49 37 1̂5 0.39 

8 Ay X Ky 1.23 1.T1 38 A^7 0.13 

9 Ag XKg 0.33 3.98 39 Ai8 0.00 

10 Â  X 0.51 L78 4o ^9 0.34 

11 VI  ̂ X Kî  0.98 a 64 4l 2.58 

12 V^XK^ 0.03 0.51 42 1.84 

13 VyXKy 2.16 2.02 43 1.77 

Ik V g  X K g  1.59 3.09 44 
^8 1.77 

15 Vg XK^ 0.17 a 59 45 ^9 0.71 

l6 
^ ̂Ik 0.84 s 73 46 \4 0.06 

IT A5 X 0.89 4.27 47 1̂5 0.16 

18 Ay X A^y 1.36 4.19 48 
^17 0.77 

19 Aq X A^g 0.94 L43 49 V18 0.21 
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Table 21. (Continued) 

Entry Cross Self- Cross- Entiy Parent Self-
fertility fertility plant fertility 
index index index 

20 •̂ 9 ̂  ̂19 0.56 L09 50 1̂9 0.31 

21 \ ̂ 14 
2.82 It. 19 51 4̂ 0.00 

22 0.56 Loo 52 
S 

0.00 

23 0.95 4.22 53 0.11 

2k V8 X 1.04 0̂5 54 8̂ 
0.46 

25 1.84 5.76 55 %0 0.00 

26 Ki* X 0.00 Ci86 56 %4 0.57 

27 0.37 L6I 57 K̂ 5 0.00 

28 K^XK^7 0.00 1.57 58 
1̂7 

0.02 

29 1.62 0.46 59 C
O

 

î=
4̂ 

0.00 

30 K ô X ^20 0.00 2.13 60 ^20 0.00 
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Table 22. Barnes' proposed scale for visually scoring alfalfa flower color 

Numerical 
rating 

Primary 
flower color 

Secondary 
flower color Probable genotype 

2.1 
2.2 
2.3 
2.4 

4.0 
l+.l 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 

White 

Purple, violet 
or lilac 

Cream 

Variegated 

cccc P yyyy 
cccc pppp yyyy 

yyyy 

Dark 
Moderately dark 
Light 
Very light 

C pppp yyyy 
CCCC P Y 
cccc pppp Y 

Purple variegated-dark 
Purple variegated-light 
Blue-dark 
Blue-light 
Maroon-dark 
Maroon-light 
Green-dark 
Green-light 
Yellow variegated-dark 
Yellow variegated-light 

Yellow 

5.1 
5.2 
5.3 
5.4 

Very light 
Lî t 
Moderately dark 
Orange 


