





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

1

Source of D.F, Forage Yield Seedling Spring Spring Recovery
variation 1966 1967 vigor vigor vigor 1966
lst 2nd 1st 2nd 1965 1966 1967
cutting cutting cutting cutting
Replications 3 0.1209%¥%0,0796** 0.1008  0.0bof* 11.7928%  0.5699 10.1805%% s5.852
] e ®¥% ¥ % 3 w¥® 13 #%

Entries 55 0.31447%0,1102 0.6062 0.2563 9.5880 3.81TL 9.7598 21.56k4
Within group

I 9 0.1809%%0.0280™* 0.2003%* o.o7u8* 1.888L 1.831F* 4.1640%*% 1.468
Within group o %% #¥ *% %

1I 6 0.0589 0.0217 0,1981 0.1632 0.4381 3.0857 L,1028 L. 7h2
Within group

ITI 6 0.8513%*0.1000%% 1.0188"* o0.1300" 6.186h%  12.984%"10.73900"" 6.531
Within group * "

v 9 0.0908*%0,0296** 0,0515  0.0338* 0.7396 2.5440 1.0227  1.733
Within group " " o5

v 9 0.2618 0,0224 0.0523 o.o3h? 1.9022 1.3422 0,9671 1. 477
Within group

VI 8 0.1249%*0.0459™*  0.268%%  0.000f*  7.9508%  3.6408* 7.8408%  7.157
I,ITI,IIT vs.

V,V,VI 1 2.2028%%0.8317%* 13.1108%  2.3688% 32.u608"  30.6200128.1888% 99.6u3

Tt



Table 12.

(Continued)

Source of D.F. Forage Yield Seedling Spring Spring Recovery
variation 1966 1967 vigor vigor vigor 1966
1st 2nd lst 2nd 1965 1966 1967
cutting cutting cutting cutting
I vs, II,III 1 2,9881%*0,0806** L4,1778%* 0.0073  5.7668%  0.8048 10.3852%% 13,988
II vs. III 1 0.07Lk 0.0370%* 0.0350 0.0165 11.3400**  2.9257 0.2857 0.182
%%

IV,V vs. VI 1 0.9739 12,8964 2.2010"* 6.6076"¥321.1696%*  8.8%80148. 01554815, 791
IV vs. V 1 1.2802"%0.0231%  1.0306™* o0.3754** 8.7120"*  5.8%50 20.4020"* 1.568
AV ,K vs, IV, .

V,VI 1 0.0083 0.0309 0,077 0.0383 0.6518 0.6518 L,1432%  §,1250%%
AV vs. K 1 a.7072 " 0.2320%*% 0.173%  0.6144** 12,9066  0.2400 8.6LOCK¥¥ €8.006 **
Avs., V 1 0.2178"" 0.0050  0.2178"  0.2082** 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 18,47 18.86

22,82 19,76 22,70

Sn



Table 12, (Continued)

Source of D.F, Plant height Plant width Flover Winter Winter Disease Persis-
variation 1965 1966 1965 1966  color killed injury killed tence

* % %%
Replications 3 180.1101**% 69.6008"*1156.7629%% 69.3361 1.2266 =~ 3.3531  0.8198 0.5401  10.88k

Entries 55  251.3156** 586.7627** 283.0684** 224.5753% 5.0437*% 1.2661  0.5660 1.0603" 10.883%

Within group « M w4

I 9 55,2338 %% 19,4618 156.1670% 95.8226‘ 0.720h 1.5111 0.1000 0.4000 2.455

Within group ,

11 6 12,1124 133.3200%¥% 42,6057 42,6057 15.691k 0.4895% 0.6057 0.1429 0.952

Within group 5 ™ o *% % )

III 6 31,2247  116,0857  sShe.obe6  261.4450 1.729% 0.9829 2.3962 0.6762 3.832

Within group s w

v 9 L6.75377" 51,1684 %* 158,86LL*¥* 96.52L&* 0,1511  2.7111  0.0000 0.0000  0.100
%

Within group % "

v 9 45.9573%% 27.1293%* 153.6182 %% 90.2226  1.127F*  0.0000 0.0000 0.0000 0.100

Within group Fm wH

VI 8 94.0000** 246, T7ThL *¥ 104, 6178 ** 15k. 4508 0.6400 1.05kk  1.111  %.000 3,207

I,II,III vs. . . "

IV,V,VI 1 208.3356 ¥* 473.1620 ¥* L41.334  1839.9278% 0.3660  0.8779 0.2033 2.0561 15.478

Ivs, IT,III 1  943.4000 ¥%638.0116 *¥* 104.1638 1.9076 b7.7193*% 0.1190 1.1440 o0.0107 1.296

ot



Table 12. (Continued)

Source of D.¥F, Plant height Plant width Flower Winter Winter Disease Persis-
variation 1965 1966 1965 1966 color killed injury killed tence
II vs, III 1 397.5112%¥% 51,3028% 769.6028%% 0,0457 0.0457 0.1029 2,2400% 1.4000 5.0L40

IV,V vs. VI 1 8347.8600%%2231.3000%¥3855., 8972%%3725.6806177.8783%% 0.1962  2.1525% L.277E*137.752%*

IV vs. V 1 985.6080"% 209.9520%* 824,3280%* 935.7188 2.8880%* 12.8000** 1.8000% 0.4500 45.000**
A,V,K vs. IV, « s "

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. 16641781 9264 ™* 228.166k 16.0266%* 1.5000 0.1667 0.6670 L48.L61%%
Avs., V 1 165.6200%* 89.7800%% 8.8200  64.9808 1.2800%* 0.5000 0.5000 0.0000 231.117*¥
Error 158 13.3519 11,2075 30.0083 12,5352 0.1h1lk 1,014k 0.3551 o.Lhshk 2,307

C.V. (%) 10.47 7.79 11.20 9.29  10.57 67.33 49,16 55,00 60.40

Ly
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Medicago sativa and M, falcata (A XK and V X X) 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 Kuben and
Vernal X Kuban were shorter then 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 netural plant width than the crosses Alfa X Alfa, Alfa X Vernal
and Vernal X Vernal. The crosses Kuban X Kuban had the greatest natursl
plant width in the first year but smallest in the second year.

Greatest persistence was found in the crosses Vermal 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 characteristies studied

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

1
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). Considereble amount of variation was found alsoc within

group I (Alfa X Vernal) and group VI (Kuban X Kuban). In the first year
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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 veriation 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 (Kubean X Kuban) was highly significant. In
the second cutting all groups showed highly significant variation, the
greatest variation being within group II (4Alfa X Kuban) and group III (Ver-
nal X Kuban).

In comparisons among groups, the forage yield of crosses between varie~
ties (A XV, A XK and V X K) was greater (.01 level) than that of crosses
within varieties (A X A, V X V and K X K). Among crosses between Varieties,
the crosses Alfa X Kuban and Vernmal X Kuban outyielded the crosses Alfa X
Vernal, end the difference was highly significant in ell cases except that
of the last cutting. Significant difference in forage yield between group
ITI (Alfe X Kuban) and group III (Vernasl X Kuban) was found only in the
second cutting of the first year.

Among crosses within varieties (A X A, V X V and K X K), the forage
yield of the crosses Alfa X Alfa and Vernal X Vernal was greater (.01 level)
than that of the crosses Kuban X Kuban. The crosses Vernal X Vernal out-
yielded the crosses Alfa X Alfa. In comperison with the check varieties,
the forage yield of crosses within varieties was not superior to the yield
of the check varieties, Significent 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. falcata (Kuban).

The megnitude 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 (Alfs X Kuban) and group IV (Alfa X Alfa)
also was observed. The greatest varietion 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 veriation within groups, sud the greatest varistion being within group
III (Vernal X Kuban). In comparisons among groups, all vigor ratings and
recovery after cutting showed highly significent differences when the
crosses between varieties (A X KyAXVad V X K) and crosses within
varieties (A X A, V X V and K X X), intraspecific crosses (Alfe X Vernal)
and interspecific crosses (Alfa X Kuban and Vernal X Kuban), and crosses
within M. sativa (Alfa X Alfa and Vernal X Vernal) 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 naturel plant height and naturel 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 XK and V X K).

The variation within the crosses Alfe X Alfa, Vernal X Vernal 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

(A XA, VXV and K XK) 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, VX V and K X K)
and crosses between varieties (A X V, A X K and V X K), and between crosses
within M. sative (A X A 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 Vernael. No significant varia-
tion was found within any group of crosses for persistence. However, group
IIT (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.

Conmbining ability analysis

The general and specific combining ability mean squares 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 meanh squares for some agronomic characteristics

in F, progenies

Source of Yield
variation D.F. 1 2
1966 1966

Vigor Recove
1 Seedling Spring Spring after
1967 1966 1967 cuttin

ry Plant height Plant width
1965 1966 1965 1966
g

*

Replications 3 0,0173 o.009ﬁ
Among groups 5 0.191%% 0.0878"
%% %%

gea 2 0.2178 0.1538
#¥% #*

sca 2 0.0471 0.007n
% 1.

Heterosis 1  0.4268 0.1176

Error 15 0.0065 0,0011

0.0115* 1.263% 0.0878 1.063%* 0.70
0.4935" 8.3998% 1.1007* 7.352%7"20.37
%45 *¥% ¥ %
0.0583 16.6922 0.3132 5.4915 39.78
o.33h§* 2.0533* O.Shlg 3.8173* 4,38
* % # % [ 1.3 *¥%
1.6854 L,5066 3.8400 18,0266 13.50

0.0051 0.3981 0.1454 0,0754 0.14

Ti*lS.lllG 7.7333 136.27%? 7.9135

5ﬁa3h.99%§‘55.163z 12&.63%31&5.593§*
1.3 ¥ % * ¥ %% ¥
86568.8L462 35,3705 277.1722194,3060

%% #% 1 2.7 % %
72 10.4342 29,5681 27.0476 36,3444

[.1] H¥%

#H4% '3 ¥
0 22,4266 45,9266 1k.T266 66.6666
71 3.8137 0.TW96 2.1030 1.5863

28
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general and specific combining ability mean squares were highly significant.
For forage yields, general combining ebility mean squares in both cuttings
of the first year were greester 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.
F, Progenies

The means of each group for the agrénomic characteristics studied are
presented in Table 1k, Individual F, progeny meens 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 iﬁ 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 15. Significant variation (at 1 percent level) for entries

was observed for all characteristics., Upon partitioning the sum of squares
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Table 1l4. Mean values for agronomic characteristics of each F2 group

Group Cross Yield Seedling Spring Recovery
lst cutting 2nd cutting vigor vigor

I AXV 0.96 a.k2 2.k 2.7 2.5
II AXK 1. bk Q. bk 2.1 1.5 2.5
ITT VXK 1.00 G 33 3.2 3.2 3.4
v AXA 0.59 a27 3.5 4.5 3.6
v VXV 0.7k Q28 3.3 3.8 3.k
Checks 1.26 Q35 3.2 2.6 LY

for entries, variation was found both within and among groups. The greatest
variation within groups was observed in the crosses Vernal X Kuban (group
ITI). Variation within group I (Alfe X Vernal) was epproximately the same
as that within group II (Alfa X Kuban). Much less variation was found in
the crosses within varieties (Alfa X Alfa and Vernal X Vernal). 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 XK 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 Vernal) was dif-
ferent from group II (Alfa X Kuban) and group III (Vernal X Kuban) in
yield and rate of recovery after cutting. Group II (Alfa X Kuban) was dif-
ferent (.01 level) fram group III (Vernal X Kuban) for all characteristies

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



Table 15.
studied

Analysis of variance mean squares of the F2 progenies for agronomic characteristics

Source of variation

D.F, Yield Seedling Spring Recovery
1st cutting 2nd cutting vigor vigor
Replications 4 0. 1546%* 0.0415%* b.6573%%  L,9932" 12, 6147"*
Entries 35 0. 7242 0.0k73* 3.3020"  7.7069%*  9.Lkg5e™*
Within group I 6 0.3619%% 0.0L86** 1.89k45 2. b269%¥ L, 78u6%#
Within group IT 3 Q, b2uo*¥ 0.0231%¥ b, 1978%¥ 0.2240 2,8085%
Within group III 5 1,2360%% 0.0386%¥ 3.8485%%  16,0781%*  9,2756%*
Within group IV 6 0.0451 0.0103% 1,9200 1.7496 5,1800%#*
Within group V 8 0. 0l25 0.0203*: 1. 470 2.0289: 2,3300%
Within checks 2 1.1916%% 0.1565* 1.1540 3.5047*¥  70,3806%%
Checks vs. rest 1 1.8836** 0.,0018 3.0456 7.0800%*% 19,0081%*
I,II,III vs. IV,V 1 T, 4512%% 0.uh71¥*  26.3700%%  90.0450%* 20,6805%*
I vs. II, III 1 1.6190%% 0.0080%* 3.23k4k 3.350h 17.2536%%*
II vs. III 1 2.3267:: 0.0127 13,2296%* 30.0765:* 10.8680%*
IV vs. V 1 0.4018 0.0030 1,1340 10.0000%*  0.7001
Error 140 0, 0281 0.0048 1.3923 0.9060 1.3478
C.V. (%) 18.27 20. bk 39,46 29,23 35.58

9666
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Teble 16. Means of cross— and self-fertility indices of all F; groups and
self-fertility indices of their corresponding parents

Group Pedigree Self-fertility Cross=fertility
index index
I AXxvV 1.45 3.81
II AXK 0.76 1.67
IIT VXK 0.99 1.77
Iv AXA 0.92 2.94
v VXV 1ok L.k
VI KxK 0.ko0 1.33
VII Alfe 0.k9 -
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 Fl groups and
the means for self-fertility indices of their corresponding parents are pre~
sented in Table 16. Individual entry means for cross— and self-fertility
indices are shown in Table 21 'in the Appendix. The highest cross-fertility
index (4.4l4) was found in the crosses within the variety Vermal (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 verieties was higher than that of
the crosses between varieties.

Self-fertility of Fl progenies was greater than that of the parental
plants. The highest self-fertility index was found in the crosses Alfa X
Vernal and Vernmal X Vernal. In any group of Fl 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 l.45 while that
of the varieties Alfa and Vernal was 0.49 and 0.95, respectively.

The variance mean squares for self-fertility are presented in Table 17.
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 (Alfz 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 IIL
(Vernal X Kuban). No significant difference in self-fertility was observed

between group II (Alfa X Kuban) and group III (Vernal X Kuban). Among



Table 17.

Analysis of variance mean squares for self-fertility in F
Progenies

59

1

Source of variation D.F. Mean squares
Replications 2 0.1132
Entries 59 1.6358%%
Within group I in 2.0283**
Within group II L 0.3978%
Within group III 4 2.4873%*
Within group IV L 0.2459
Within group V L 2.4376°%
Within group VI b 1.k707%*
Within Alfa 9 0.5256%*
Within Vernal 9 2.2065%%
Within Kuban 9 0.0639*
Among groups 8 L,3848%%
Crosses vs. checks 1 18,2811%*
I,II,TIT vs. checks 1 9.5579**
IV,V,VI vs. checks 1 5.2802%*
1,II,III vs. IV,V,VI 1 0.4723*
I vs. II,III 1 3.2909%%
II vs., III 1 0.3831
IV,V vs., VI 1 6.1152%*
IV vs. V 1 2.0L88**
Error 72 0.115k

@Corrected error degrees of freedom due to the observations with
zero values,
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crosses within varieties, the highest self-fertility was found in group V
(Vernal X Vernmal).

Meen squares for cross-fertility are presented in Table 18. Differences
among entries were highly significant. No 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 verieties, group IV (Alfa X Alfa)
and group V (Vernal X Vernal) showed significently higher cross-fertility
than group VI (Kuban X Kuban). Group V (Vernal X Vernal) exhibited higher

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

Table 18. Analysis of variance mean squares for cross-fertility

Source of variation D.F. Mean squares
¥ %

Entries 5 8.1239

I,IT,1IT vs. IV,V,VI 1 1.7763

I vs. II,III 1 1k.5047*"

IT vs, III 1 0.0230

IV,V vs. VI 1 18.6756" "

IV vs. V 1 5.6400**

Error 2L 1.ksok
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DISCUSSION

Heterosis from cutcrossing in alfalfa has heen realized. Westgete
(1910) and Waldron (1920) found that the F; hybrids from the cross Medicago
falcata X M. sativa performed better than both parents. The increase in
weight per plant over the parental plants was U47.5 percent (Waldron, 1920).
A marked increase in forage yield of the Fl hybrids over that of the paren-
tal lines was also reported by Tysdal, et al. (1942), Tysdal and Kiessel-
back (194k), and Wilsie (1958). From crosses involving erect and prostrate
clones, Wilsie found a striking degree of heterosis with the Fl hybrids,
yielding 81 percent and 43 percent, respectively, above the higher yielding
parent.

An important comparison 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 greetly 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 (A X A, VX 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 elfalfa,

Lubenec (1959) found that inter-varietal and interspecific hybrids oute
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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 withe
in verieties as well as check varieties. Interspecific crosses (Alfa X
Kuban and Vernal X Kuben) outyielded intraspecific crosses (Alfa X Vermal).
In the second cutting, however, the yield increase of crosses between varie-
ties over that of crosses within verieties 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 developmentzsl 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 populetion.
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 sampling error.
In comparison among crosses within varieties, the crosses Vernal X
Vernal gave higher yields than the crosses Alfa X Alfa., This might be
due to the high yielding ability of the variety Vermal itself and the high
degree of diversity represented by its ancestral compoments. Among check
varieties, Vernal gave the highest yield in all cases except in the first
cutting of the first year when Kuban was the highest yielding variety. The
crosses Kuban X Kuban gave the lowest yield among the crosses within variee-
ties in all cases except in the first cutting of the first year. It hes
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 Garver, 1917). The serious drawback of this variety is in its inebility
to recover quickly after cutting. Moreover, Kuban suffered more 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 Vernal ex-
tremely broad (Bolton, 1962). The crosses involving Vernsl, 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.T1, the crosses Alfa X Vernal from 0.57 to 1.18 and the crosses
Alfa X Kuban from 1.0l to 1.35 (Table 19 in the Appendix). Among crosses
within varieties, the crosses Vernal X Vernal showed greater variation
(mean yields from 0.76 to 1.63) than the crosses Alfa X Alfa (mean yields
from 0.42 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 ebility have
been suggested. However, the relative importance of general and specific
combining ability depends on breeding material used. Carnahan, 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 atiributed
to natural selection. The plants in the field in the second year were
those that survived the effects of both winter injury and diseases. More-
over, late harvesting in the second year ellowed 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 Fo progenies was similar to that in

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

1°
within varieties (A X A, VX V, K X K). Instead of the crosses Vernal X
Kuban being the highest yielding variety as was the case in Fl, the crosses
Alfa X Kuban gave the highest yield. Since Vermal has a broader genetic
base than Alfa, more segregation in F2 generation is expected from the
crosses Vernal X Kuban, and possibly this may account for the lower yield,
on average, than that of the F, 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 compare statistically the performance of F; and Fp 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 Fl
than in F,. 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 Fl 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. (19k2)
proposed a breeding program using self-sterile clones for the production of
hybrid alfalfa., Two completely self-sterile clones, that were crosse—
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 nesrly 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 crosse
fertility than the crosses within M. sativa. Vhen M. falcata was used as
the female parent, very little seed set was obtained. This might be at-
tributed to the low self-compatibility inly. falcata. Similar result was
found by Waldron (1919) who ettributed this to the comparative scarcity
of both flowers and pollen in M. falcata. More Fl seeds were obtained when
M. sative was used as the female parent. Some of these Fl seeds, however,
might be selfed seeds. Using the criterion that the Fl hybrids between M.
falcata and M. sativa should produce variegated flowers, 85.5 percent of
the plants in the Fl 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. Carnzhan (1963), in his study of a 6-clone diallel,
stated that crossing among unrelated plants, even without emasculation, re-—
sulted in few selfed seeds. Also, Tysdal, et al. (1942) reported an average
of 89.1 percent cross-pollination based on the use of yellow and white
flowers as testers. Recently Carleton and Eslick (1967) found that a high
self-compatibility clone and a medium self-compatibility clone had average
percentages of crossed seed of L5 and 35, respectively, when crossed with
nonemasculated white~flowered female clone.

In the present study self-fertility of parentel plants, especially
that of Kuban variety was quite low. Since a fairly high degree of self-
compatibility is desirable in parental clones entering synthetic varieties
or two clone crosses (Carleton and Eslick, 1967), 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 Fl hybrids had higher self-fertility than either of their parents.
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SUMMARY AND 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 Fl and F2 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 showed the highest yield among intravariety
crésses, 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 important than specific
combining ability in most instances.

L4, The performence of F2 progenies was similar to that of F.. In=-
tervariety crosses outperformed intravariety crosses. However, varigbility

in F, appeared to be less than that in Fl which suggests that selection in
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Fl night be more effective than in F2.

5. Cross-fertility of intravariety crosses was higher than that of
intervariety crosses. The highest cross-fextility was found in the crosses
Vernal X Vernal and lowest in the crosses Kuban X Kuban.

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

greater than that of either parent involved.



11

BIBLIOGRAPHY

Aycock, M. K., Mann, T. J., and Matzinger, D. F. 1963.
Investigation with & form of cytoplaesmic male-sterility in flue-cured
tobacco, Tobacco Science T: 130-~135.

Aycock, M. K. and Wilsie, C. P. 1967.
Inbreeding Medicago sativa L. by Sib-mating. I. Cross-, sib-, and
self-fertility., Crop Science T: 281-28k.

Beyer, E. J. 1964,
General and specific combining ability in a diallel series among 21
alfalfa clones., Unpublished Ph,D. thesis. West Lafayette, Indiana,
Library, Purdue University.

Bolton, J. L. 1948,
A study of combining ability of alfalfa in relation to certain methods
of selection. Scientific Agriculture 28: 97-126.

Bolton, J. L. 1962.
Alfalfa, New York, New York, Interscience Publishers, Inc.

Buker, R. J. 1963.
General and specific combining ability in alfalfa. Unpublished Ph.D.
thesis. West Lafayette, Indiana, Library, Purdue University.

Burkhart, A, 1937.
Frequency of cross fertilization in lucerne based on experiments with
recessive white-flowering plants, and considerations on the improve-
ment of this forage plant. Herbage Abstracts 7: 296-297.

Burton, G. W. 1937.
The inheritance of various morphological characters in alfalfa and
their relation to plant yields in New Jersey. New Jersey Agricultural
Experiment Station Bulletin 628: 1-35. '

Busbice, T. H. and Wilsie, C. P, 1966,
Inbreeding depression and heterosis in autotetraploids with applica=-
tion to Medicago sativa L. Euphytica 15: 52-67.

Carleton, A. E. and Eslick, R. F. 1967.
Effects of self- and cross-compatibility on the frequency of hybrids
in Medicago sativa L. Crop Science T: 536-538.

Carnahan, H. L. 1963.
An evaluation of reeiprocal effects and their basis in alfalfa clone
crosses, Crop Science 3: 19-22,



T2

Carnahan, H. L., Hovin, A. W.,, Graumann, H. 0., Kehr, W. R., Davis, R. L.,
Elling, L. J., and Hanson, C. H. 1959.
General vs. specific combining ability in alfalfa for seedling vigor end
fall growth in the year of establishment. Agronomy Journal 52: 511-516.

Davis, R. L. 1955.
An evaluation of S5, and polyeross progeny testing in alfalfe., Agronomy
Journal LT: 572-57%.

Dean, J. G. 1942,
The self- and cross-incompatibilities in seed production of alfalfa,
Medicago species. Unpublished M.S. thesis. Lincoln, Nebraska,
Library, University of Nebraska.

Dudley, J. W. 196k,
A genetic evaluation of methods of utilizing heterozygosis and domi-
nance of autotetraploid. Crop Science L4: L10-413.

Dudley, J. W. and Davis, R. L. 1967.
Preliminary groupings of plant introductions of alfelfa (Medicago
sativa L.) for heterosis studies. Crop Science T: 597-600.

Dudley, J. W. and Hanson, C. H. 1961.
Interrelations among characters in Fp progenies for crosses between
creeping-rooted and hay-type elfalfa clones. Crop Science 1: 59-63.

Frakes, R. V., Davis, R. L. and Patterson, F. L. 196la.
The breeding behavior of yield and related variables in alfelfa. II.
Assoclations between characters. Crop Science 1: 207-209.

Frakes, R. V., Davis, R. L. and Patterson, F. L. 1961b.
The breeding behavior of yield and related variagbles in alfalfa. III.
Associations and specific combining gbility. Crop Science I: 220-222.

Gartner, A. and Davis, R. L. 1966.
Effects of self-compatibility on chance crossing in Medicago sstiva
L. Crop Science 6: 61~63.

Graumaan, H. 0. 1952.
The polycross method of breeding in relation to synthetic varieties
and recurrent selection of new clones. International Grassland Congress,
Sixth Proceedings 1: 314-319.

Hagberg, A. 1952,
Heterosis in some crosses between populations of rye and red clover.
Hereditas 38: 506-510.

Hayes, H. K. 1926.
Present~day problems of corn breeding. Journsl American Society of

Agronomy 18: 344-363.



13

Johansen, B. R, 1963.
On the frequency of natural crossing in lucerne. Royal Veterinary
and Agricultural College, Copenhagen, Yearbook 1963: T0-96,

Johnson, I. J. 1952,
Evaluating breeding materials for combining ability. International

Grassland Congress, Sixth Proceedings 1l: 327~-33k.

Kehr, W. R. 1961.
General and specific combining ability for four agronomic traits in
a diallel series among six alfalfa clones. Crop Science 1l: 53=55.

Kehr, W. R. and Graumann, H. O. 1958.
Specific combining ebility in alfelfa. Alfalfa Improvement Conference

Report 16: 9-16.

Kehr, W. R. and LaBerge, W. E. 1966.
Cross-pollination of alfalfa in cages with honey bees. Crop Science

6: 91-92.

Kirk, L. E. 1927.
Self fertilization in relation to forage crop improvement. Scientific

Agriculture 8: 1-40.

Kirk, Lo E. 19320
Methods employed in the breeding of biennial sweet clover (Melilotus)

and brief notes on the breeding of lucerne (Medicago sative) brome
grass (Bromus inermis) and slender wheat grass (Agropyron temerum)
Imperial Bureau of Plant Genetics Herbage Plants Bulletin T: 5-13.

Knowles, R. P. 1943,
The role of insects, weather conditions, and plent character in seed

setting of alfalfa. Scientific Agriculture 24: 29-50.

Koffman, A. J. 1959.
Effect of inbreeding on various agronomic characters in Du Puits

alfalfa., Unpublished M, S. thesis. Ames, Iowa, Library, Lowa State
University. ’

Lantican, R. M. 1961.
Sib~-compatibility in S_ lines of Medicago sativa L. Unpublished Ph.D.
thesis, Ames, Iowe LiDrary, Iowa State University.

Larson, K. L. and Smith, D. 1963.
Association of various morphological characters and seed germination
with the winterhardiness of alfalfa. Crop Science 3: 234236,

Lesins, K. 1956.
Interspecific hybrids between alfalfa, Medicago sativa L. and M.
dzhawakhetica Bord Z. Agronamy Journal L43: 583.




Th

Lesins, K. 1961.
Mode of fertilization in relation to breeding methods in alfalfa.

Zeitschrift fur Pflanzenzuchtung 45: 31-5k.

Levings, C. S., Dudley, J. W., and Alexander, D. E. 196T7.
Inbreeding and crossing in autotetraploid maize. Crop Science T:
72"73 .

Liang, G. H. L. and Riedl, W. A. 196k,
Agronomic traits influencing forage and seed yield in alfalfa., Crop

Science 4: 39L4-395.

Longuist, J. H. and Gardner, C. O. 1961.
Heterosis in intervarietal crosses in maize and its implication
in breeding procedures. Crop Science 1: 179-183.

Lubeneec, P. A. 1959.
Intraspecific and interspecific hybrids of lucerne. Vestn. sel-
skohozjajstv. Nauk b: L49-~57. Original not available; abstracted in
Plant Breeding Abstracts 30: T7Tk. 1960.

Mann, T. J. and Weybrew, J. A. 1958.
Manifestations of hybrid vigor in crosses between flue-cured varieties
of Nicotiana tabacum and N. sylvestris. Tobacco Science 6: 120-125.

Marani, A. 1963,
Heterosis and combining ability for yield and components of yield
in a diallel cross of two species of cotton. Crop Science 3: 552-

555.

Matzinger, D. F. and Menn, T. J. 1962.
Hybrids among flue-cured varieties of Nicotiana tebacum in the Fl
and F, generations. Tobacco Science 6: 127-13k.

Morley, F. H. W., Daday, H., and Peak, J. W. 1957,
Quantitative inheritance in lucerne, Medicago sativa L. I, In-
heritance and selection for winter yield. Australian Journal of
Agriculture Research 8: 635-651.

McAllister, DeVere R. 1950,
The combining ability of selected alfalfa clones as related to the
self-fertility of the clones, the F, and F, progenies. Unpublished
Ph.D. thesis. Ames, Iowa, Library, Iowa State University.

Nielsen, H. M. and Mortensen, G, 1963.
Interrelations among various characters in lucerne (Medicago sativa
L.). Royal Veterinary and Agricultural Coliege, Copenhagen, Yearbook
1963: 97-118.




75

Oakley, R. A. and Garver, S. 191T.
Medicago falcata, a yellow-flowersd alfalfa, United States Department
of Agriculture Bulletin 428: 1-70.

Oldemeyer, R. K. 1956.
Interspecific hybridization in Medicago. Agronomy Journal 48: 58k~
585.

Pearson, L. C. and Elling, L. J. 1958.
Predicting synthetic varietal performance from single cross informa-
tion., Alfalfa Improvement Conference Report 16: 17-21.

Pfahler, P, L. 1966.
Heterosis and homeostasis in rye (Secale cereales L.). I. Individual
plant production of varieties and intervarietal crosses. Crop Science

6: 397-L00.

Rotar, P. P. and Kehr, W. R. 1963.
Relationship of self-fertility, pollen abortion, and micrcnuclei
number to agronomic performance in alfalfa. Nebraska Agricultural
Experiment Station Research Bulletin 209: 2L.

Sandal, P. C. 19L6.
Seed setting and early vigor in alfalfa as influenced by self- and
cross—-fertilization. Unpublished M.S. thesis. Ames, Iowa, Library,
Iowa State University.

Shaepman, H. 1952.
Application of the polycross test to grass breeding. Euphytica 1:

105-111.

Sprague, E. W. 1956.
Interspecific hybridization of 3 diploid Medicago species. Alfalfa
Improvement Conference Report 15: 2-3.

Sprague, G. F. and Tatum, L. A, 1933.
General vs, specific combining ebility in single crosses of com.
American Society of Agronomy Journal 34: 923-932,

Theurer, J. C. and Elling, L. J. 1963a.
Comparative performence of diallel crosses and related second genera-
tion synthetics of alfalfa, I. Bacterial wilt resistance. Crop
Science 3: 50-53,

Theurer, J. C. and Elling, L. J. 1963b.
Comparative performance of diallel crosses and related second genera-
tion synthetics of alfalfe, II. Winter hardiness and persistence.
Crop Science 3: 2L5-248,



[

Theurer, J. C. and Elling, L. J. 196k.
Comparative performance of diallel crosses and related second

generation synthetiecs of alfalfa. III. Forage yield. Crop Science
k: 25-28,

Tysdal, H. M. and Crandall, B. H. 1948.
The polycross progeny performance as an index of the combining
2bility of alfalfa clones. Agronomy Journal 40: 293-306.

Tysdal, H. M. and Kiesselbach, T. A. 194k,
Hybrid alfalfa. American Society of Agronomy Journal 36: 649-667.

Tysdal, H. M., Kiesselbach, T. A. and Westover, H. L. 19k2.
Alfalfe breeding. Nebraska Agricultural Experiment Station Research

Bulletin 12L,

Waldrom, L., R. 1919.
Cross—fertilization in alfalfa. Americen Society of Agronomy Journal

11: 259-266.

Waldron, L. R. 1920,
First generation crosses between two alfalfa species, Journal American

Society of Agronomy 12: 133-143.

Wellensiek, S. J. 1952,
The theoretical basis of the polycross test. Euphytica 1: 15-19.

Westgate, J. M. 1910,
Variegated alfalfa. United States Department of Agriculture Bureau

Plant Industry Bulletin 169.

Whitehead, W. L. and Davis, R. L. 195k,
Self- and cross—compatibility in alfalfa, Medicago sativa. Agronomy

Journal L6: L52-456,

Wilcox, J. B. and Wilsie, C. P. 196k.
Estimated general and specific combining ability effects and reci-

procal effects in crosses among nine clones of alfalfa, Medicago
sativa L. Crop Science 4: 375-377.

Williams, D. B. 196k,
Cross- and self-fertility relations among inbred lines of Medicago
sativa L. Unpublished M.S. thesis. Ames, Iowa Library, Iowa State

University.

Wilsie, C. P, 19051.
Self-fertility and forage yields of alfalfa selections and their

progenies. Agronomy Journal 43: 555-560.



17

Wilsie, C. P. 1958.
Hybrid vigor, yield variance and growth habit inheritance in divergent
crosses., Alfalfa Improvement Conference Report 16: 21-33.

Wilsie, C. P. and Skory, J. 1948,
Self-fertility of erect and pasture-type alfalfa clones as related to
the vigor and fertility of their inbred and outcrossed progenies.
American Society of Agronomy Journal 40: T86-T9k.

Young, E. F. and Murray, J. C. 1966.
Heterosis and inbreeding depression in diploid and tetraploid cottons. .
Crop Science 6: 436-438.



18

ACKNOWLEDGMENTS

The author wishes to express his sincere appreciation to Dr. C. P.
Wilsie for his patient assistance and guidance throughout all phases of
the study.

To Dr. R, E. Atkins, Dr. D, S. Robertson, Dr. D. C. Norton, and Dr.
C. C. Bowen, his members of advisory ccmmittee, whose counsel and encourage-
ment were valuable, to Dr. D. Jowett, who assisted in statistical analyses,
the author expresses appreciation.

The author also wishes to thank the Department of Agronomy, Iowa State
University, and the Rockefeller Foundation, whose financisl assistance made

this study possible.



19

APPENDIX



Table 19. Performance of the Fl progenies for agronomic characsteristics
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Table 19. (Continued)

Entry Yield, 1966 Yield, 1967 Seedling Spring Spring Rate
1st 2nd ist 2nd vigor vigor vigor of
cutting cutting cutting cutting 1965 1966 1967 recovery

28 0.76 0.52 .80 0.7 2.2 k.0 Lk 2.0
29 0.92 0.53 091 0.65 1.7 3.0 4.3 2.2
30 0.57 0.35 Q75 0.60 2,6 L.7 L,5 3.4
31 0.82 0.55 .95 0.62 2.1 3.7 3.6 2.1
32 0.58 0.39 0,63 0.60 2,6 .2 I ¢ 2.4
33 0.42 0.29 Q.65 0.48 2.3 6.0 5ok 3.3
3k 0.57 0.39 Q.76 0.56 3.3 L.9 5.0 1.k
35 0.86 0.56 .19 0.92 3.3 3.1 2.9 1.b
36 0.92 0.k 0,91 0.70 2.7 3.5 3.6 1.5
37 0.78 0.k49 1.08 0.79 2.7 L. L 3.6 1.8
38 0.77 0.52 1L06 0.75 4.3 4.3 3.2 2.3
39 0.76 0.45 0.86 0.71 2.1 4,0 3.2 1.9
ko 0.92 0.46 .93 0.72 2.9 3.6 3.7 2.7
41 0.88 0.52 L10 0.75 2.3 3.3 3.h 2.2
ko 0.81 0.53 1..00 0.82 2.6 3.3 3.8 1.7
43 0.91 0.1 0,98 0.65 3.2 3.6 Lo b 3.3
Ly 1.63 0.30 0.83 0.58 3.9 L.9 ' 2.7
45 0.93 0.08 ou5 0.09 7.0 5.4 7.2 8.5
L6 1.08 0.11 013 0.13 6.2 k.0 6.0 8.2
W7 0.77 0.0h4 0,60 0.06 7.6 5.9 8.5 8.6
48 1.01 0.13 0. 6ly 0.13 6.8 4.8 5.9 8.2
ko 0.94 0.09 046 0.11 6.4 5.2 6.2 8.4
50 1.00 0.05 0.39 0.09 7.0 L.3 7.3 8.9
51 1.04 0.08 Q54 0.12 6.3 L.y 6.7 8.5
52 1.38 0.39 120 0.55 2.7 2.7 3.6 k.5
53 0.81 0.06 Q.30 0.08 6.h4 5.3 TT 8.4
54 0.55 0.37 0.68 0.54 2.4 5.1 S.h 8.4
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(Continued)

Table 19.
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Table 19. (Continued)
Entxry Plant height Plant width Flover Winter Winter Disease Persistence
1965 1966 1965 1966 color killed injury killed
19 B.5 38.9 32,7 3k.1 2.7 0.9 1.1 4,0 4,0
20 30.7 L.l 56.5 Ul.9 4.3 1.0 1.5 1.0 1.5
21 27.9 33.4 5L.1 35.1 4.5 1.9 1.7 2,1 3.0
22 30.9  Lh.T 62,3 k6.2 L,6 2.0 1.0 1.0 3.0
23 35.7 49,9 51.9 L3.1 1.5 1.0 1.0 1.0 1.5
24 33.0 L46.6 68.9 57.6 3.9 1.5 1.0 1.0 1.5
25 46.0 53.7 k0.0 32.0 2.1 2.0 2.0 1.5 3.5
26 k6.5 55.8 k2.5 35.9 2,6 3.5 1,0 1.0 4.5
27 k6.1 54,6 50.6 4l.2 2.7 1.5 1.0 1.0 2.0
28 40.8 54,2 43,0 kLa.k 2,2 1.5 1.0 1.0 2.0
29 48.5 59,5 k2 k2,2 2.2 1,0 1.0 1.0 1.5
30 38.9 u48.9 33.1 32.5 2.3 2.5 1.0 1.0 2.5
31 48.1 57.2 L4 .8 39.2 2.3 1.0 1.0 1.5 2.0
32 bk1.1 55.k 35.4 38.3 2.2 1.5 1.5 1.0 2.0
33 k1.9 48,7 29.0 28.0 2.2 1.0 2.0 1.5 2.0
3k 41,9 50.1 39.9 33.6 2.2 2.5 1.5 1.0 3.5
35 33.4 53,0 k5.1 45,5 2.2 1.0 1.0 1.0 1.0
36 39.8 50.6 k3.8 L45.0 2,2 1.0 1.0 1.0 1.0
37 39.4  50.7 39.8 k41,1 2.3 1.0 1.0 1.0 1.0
38 29.3 50.0 50.8 51.9 3.3 1.0 1.0 1.0 1.0
39 40,1  51.7 44,6 38.9 3.3 1.0 1.0 1.0 1.0
Lo 39.4 53,4 54,1 L6k 3.h 1.0 1.0 1.0 1.5
L1 36.4 50,5 57.5 U43.7 2,6 1.0 1.0 1.0 1.0
L2 38.2 52,5 47.3 16.6 3.1 1.0 1.0 1.0 1.0
L3 37.2 k49,0 6.7 38.8 2,2 1.0 1.0 1.0 1.0
Lk 36.4 44,3 37.0 35.8 2.2 1.0 1.0 1.0 1.0
ks 22.5 18.0 62,7 28,2 5.3 2.0 1.5 1.5 6.0

BEQ



Table 19. (Continued)

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

k6 20.8 18.1 62.7 32.1 5.3 1.0 1.0 1.0 1.0
g 16,0 16.8 58.4 21.b 5.3 2.0 2.5 3.5 9.0
18 16.2 23.6 5.3 32,7 5.3 1.0 1,0 1.0 1.5
Lo 25.9 2h.T 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 22,4 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 k9.0 20.2 5.3 1.5 1.0 1.5 4,5
5k b1,7 s51.4 41.5 Luk,5 2,2 1.0 1.0 1.0 1.0
55 32,6 Lh.7 43,6 ko.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

acg
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Table 20. Performance of the F2 progenies for agronomic characteristics
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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
1l Ah XV, 2.54 2,86 31 Ah 0.22
2 A X Vg 2.02 %28 32 AS 0.hk
3 AT X vT 1.27 5 3k 33 Ac 1.36
L A8 X Vg 0.58 2.80 3L A8 0.48
5 Ay X v9 0.81 2.76 35 A9 0.50
6 '“‘h. X K, 1.02 o k1 36 A, 1.08
7 A X Kg 0.71 QL9 37 Aps 0.39
8 A, X K7 1.23 LT1 38 Al..{ 0.13
9 Ag X Kg .33 398 39 Ag 0.00
10 Ag X Ky 0.51 LT8 Lo Al9 0.3k
11 vy XK 0.98 .6k k1 vy, 2.58
12 Vs X Ks 0.03 0.51 L2 v5 1.84
13 v7 X K.r 2.16 2,02 43 v7 1.77
1k Vg X Kg 1.59 3.09 L v8 1.77
15 v9 X Ky 0.17 2,59 45 V9 0.71
16 Ay XA, 0.84 373 L6 VL 0.06
17 A5 X Als 0.89 Lot L VlS 0.16
18 A7 X A17 1.36 419 L8 V17 0.7T7
19 A8 X Als 0.94 LL43 Lo Vg 0.21
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Table 21. (Continued)

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

index index ‘ | inde‘:x‘
20 Ay X A9 0.56 109 50 Vig 0.31
21 v, XV 2.82 k19 51 K, 0.00
22 vS X Vs 0.56 4,00 52 Ks 0.00
23 Vo X Vg 0.95 k22 53 Ky 0.11
2k Vg X Vig 1.0k L, 05 5k Kg 0.L6
25 Vg X Vg 1.8k %76 55 K10 0.00
26 Ky X Kq), 0.00 .86 56 ), 0.57
27 K5 X K5 0.37 L6l 57 K15 0.00
28 Ky X Kl,{ 0.00 L37 58 KlT 0.02
29 Kg X K, g 1.62 0. 46 59 K8 0.00

30 Ko X X 0.00 213 60 K20 0.00
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Table 22. Barnes' proposed scale for visually scoring alfalfa flower color

Numerical Primery Secondary o
rating flower color flower color Probable genotype
1 White es0evssseresnrnsssscevresrstee ceee P-"“'-’yyy'y
ecee pppPr YyVY
2 Purple, violet
or lilac ® 0000500000 00008000000000s0 C-'- P‘-—-my
2.1 Dark
2.2 Moderately dark
2.3 Light
2.4 Very light
3 cream' €900 8000000000000 00000cs0v0 C"-" Ppppym
ccee P Yoo
ceee pppp Y——
h Variega'ted LA AR A B N AR N A EENNEE NS NN NN J C P 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

¢ o o

-F‘#'V«F‘FF'F‘-F‘F‘-F"
O o~V Wk o

5 Yellow L B R B B B R B0 B AW I B BN BN K BF BN N B B B N NN 3
5.1 Very light
5.2 Light
5.3 Moderately dark
Skt Orange




