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Adaptability of 11 alfalfa varieties in southern Qingyang
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(1.College of Agriculture and Forestry of Longdong University, Qingyang 745000, Gansu, China;
2.Qingyang Academy of Agricultural Sciences, Qingyang 745000, Gansu, China)

Abstract; Comparative analysis of 10 introduced alfalfa varieties with local alfalfa ‘lLongdong’ as control was
carried out in the southern area of Qingyang in Gansu Province in 2013—2015. Additionally, nutritional compo-
nents were analyzed and an analytic hierarchy process was used to evaluate all varieties. The results showed
that: 1) the advantages of Sanditi, 55V48, Cossack, and Gannong No. 5 were outstanding. Among them,
55V48, Gannong No. 5. and Sanditi showed three-year average hay yields of 15.92, 15.35, and 15.25 t » ha™ ',
respectively, which were 7.35%, 3.51%, and 2.83% higher than that of CK. Cossack showed the best quality
and the highest protein content of 15.21%, as well as the lowest stem-leaf ratio, which was 17.1% lower than
that of CK. Sanditi showed good drought resistance and a hay yield of 15.11 t « ha ! in 2015, which was only
lower than that of CK among all 11 varieties. These four varieties showed excellent comprehensive performance
and high adaptivity to the local climate, and thus can be popularized in similar areas. 2) The advantages and
disadvantages of 55V12, Gannong No. 3, Queen, and Gannong No. 4 have different advantages, but the overall
characteristics were good. The comprehensive performance of these four varieties was similar to that of CK and
varieties should be chosen depending on their advantages. 3) There was no obvious advantage of Gannong No. 1
and Xinjiang big-leaf. These two varieties showed poor stability and quality and unremarkable comprehensive

performance, which should be considered carefully before use.
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Fig. 1 Precipitation distribution and average temperature in 2013—2015
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1
Table 1

The information of alfalfa varieties in the experiment

Variety Fall dormancy  Source area Origin
Cossack 3.0 Russia Cansu Agricultural University
Xinjiangdaye 2.2 China Cansu Academy of Agricultural Sciences
1 Gannong No.1 1.6 China Cansu Agricultural University
55V12 5.1 USA Cansu Academy of Agricultural Sciences
4 Gannong No.4 3.5 China Cansu Agricultural University
3 Gannong No.3 3.0 China Cansu Agricultural University
Sanditi 5.6 France Beijing Clover Seed &. Turf Co.
55V48 5.6 USA Cansu Academy of Agricultural Sciences
Queen 2.0 USA Beijing Clover Seed &. Turf Co.
5  Gannong No.5 7.4 China Cansu Academy of Agricultural Sciences
Longdong(CK) 1.2 China Huanxian Grassland Workstation
1~3 . . . 4 1.4.5 2015 2 ,
R 2.1 mX5 m, ,  0.425 mm
0.5 m, 1 m, 30 em, 2013 4 , . . e
25 . 15 kg « hm 2, , (GB/T6432-94) ,
1.0~2.0 cm, , (NY/T1285—2007),
450 kg » hm™*, , (GB/6434—2006),
1 225 kg « hm 2, (GB/T6438—2007),
1.4 1.5
1.4.1 BN 20 .
(70% ) , AHP \
. . . . [21] . [22] [13-14] ,
50% .
10%~20% . 1< ) . 1.0(¢ ) 2
1.4.2 . ( ) 0.55. 0.35. 0.10;
15 . 3« ) . 0.6,
. , 0.2, 0.1, 0.1 4 ;
, . 0.3, 0.42, 0.14, 0.07.
1.4.3 . 3 0.035, 0.035 6 ;
500 g, Les24)
h, . . 2015 \
. ( / . ,
) , (
). 3 . 5 5, 1,
1.4.4 s s ;
20% . , .
1 m® , 3~5 cm, , ,
. .3 .
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1.6 55V12 (P <0.05),
Excel 2000 s 55V12 (P>0.05),
SPSS 17.0 , Duncan’s 2 (P>0.05), 3
. 1 . (P>0.05),
(P <C0.05), ,
2 1 (118.3 cm)> 2 (67.5 cm)> 3
2.1 (59.4 cm),3 3 , 3
2013 s 24 (P<C0.05)C 3),
5 A7%, 2.2.2 1 55V12,
. 22 d . 4 .55V48 5 (P<C0.05)C 4),
55V48, 5 . N 3 (P>0.05), 2.3
s ,55V48 8 d, (P>0.05), s
5 3 , 1 (0.43 cm)> 2
10 d, 9 17 (0.29 em)> 3 (0.25 cm),
), 55V48(9 27 ), 2— 2.23 ¢ 5),2013
3 ( . 3 . \55V48, N 5 1
2), (P<C0.05);2014
2.2 , 55V12, 3 .55V48
2.2.1 1 , 1 N 3 N 4 (P<C0.05);2015 s 1
N N N Lo5V48, . 5 LO5V12 (P<C0.05),3 ,
2 2013—2015
Table 2 The growth stage to 10 alfalfa varieties in 2013—2015
MM-DD
/
Seedling date Budding date Blooming date Pod-set date Seed-filling date
Variety
2013 2014 2015 2013 2014 2015 2013 2014 2015 2013 2014 2015 2013 2014 2015
Cossack 05-25 04-01 04-03 07-20 05-25 05-24 0805 06-03 06-02 0828 07-16 07-16 09-19 08-23 08-25
Xinjiangdaye 05-22 03-29 03-30 07-21 05-23 05-23 0806 06-04 06-04 09-01 07-14 07-14 09-25 0825 0825
1
Gannong No.1 05-24 03-30 03-31 07-26 05-23 05-22 0807 06-03 06-05 09-01 07-13 07-15 09-24 08-22 08-27
55V12 05-20 03-30 03-30 07-26 05-20 05-21 0808 06-01 06-02 0827 07-17 07-18 09-21 0819 0824
Gann:ng No.d 05-21 03-28 03-29 07-24 05-22 05-23 0807 06-02 06-04 09-08 07-12 07-13 09-26 08-20 08-21
3
Gannong No.3 05-19 03-28 03-30 07-23 05-24 05-24 0809 06-05 06-03 09-01 07-10 07-12 09-22 0819 08-18
Sanditi 05-19 03-26 03-29 07-18 05-20 05-23 0803 06-01 06-04 09-05 07-12 07-14 09-26 08-26 08-24
55V48 05-17 03-29 04-02 07-20 05-24 05-25 0804 06-05 06-07 09-08 07-14 07-15 09-27 0822 0825
Queen 05-23 03-29 03-29 07-18 05-24 05-24 0802 06-04 06-04 09-02 07-13 07-17 09-23 0820 0823
Gannjng NoLs 05-18 04-01 04-02 07-18 05-25 05-24 07-31 06-06 06-06 0830 07-12 07-14 09-20 08-23 08-23
05-19 03-27 03-29 07-20 05-23 05-26 0801 06-03 03-05 0816 07-12 07-13 09-17 08-21 08-25

Longdong(CK)
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3 2013—2015
Table 3 Plant height of tested alfalfa varieties in 2013—2015
cm

1

Variety 1st cutting

2

2nd cutting

3

3rd cutting

Average

Longdong(CK) 114.90+9.49ab

Cossack
Xinjiangdaye
1 Gannong No.1
55V12
4 Gannong No.4
3 Gannong No.3

123.10+7.78a
122.304+7.27a

125.93+13.72a

101.60£6.25¢
120.93+£7.58a
125.80+4.35a

69.90£6.59%
62.43+4.59%
66.70£5.88a
62.80+3.40a
69.6+1.84a
72.87+3.46a
71.20£10.79a

53.90+t4.24b
60.40+t1.93a
59.60£7.93a
57.80£6.31ab
60.60E1.56a
60.70£1.99a
62.10£2.14a

79.57+6.74b
81.984-3.52ab
82.87+2.91ab
82.1843.74ab
77.27%+2.57b
84.83+2.84ab
86.37+3.07a

Sanditi 120.70+9.53a 70.9018.83a 59.3046.88a 83.6344.57ab
55V48 114.30+10.81ab 65.90+3.99a 60.20+1.65a 80.1343.57ab
Queen 119.60+2.78ab 62.90+2.24a 58.17+6.19ab 80.22+2.23ab
5  Gannong No.5 112.37+£3.01ab 66.93+5.56a 60.10+7.05a 79.80£1.29ab
Average 118.30 67.50 59.40 81.70
(P<C0.05),

Different lowercase letters within the same column indicate significant differences between different varieties at the 0.05 level; similarly for the fol-

lowing tables.

4 2013—2015

Table 4 Plant stem diameter of tested alfalfa varieties in 2013 —2015

cm
1 2 3
Variety 1st cutting 2nd cutting 3rd cutting Average
Longdong(CK) 0.44+0.04ab 0.2940.07a 0.2540.04a 0.3340.03a
Cossack 0.43+0.03ab 0.304-0.06a 0.26+0.05a 0.337£0.02a
Xinjiangdaye 0.4340.02ab 0.304-0.05a 0.2540.03a 0.334-0.02a
1 Gannong No.1 0.45+0.04ab 0.2840.07a 0.2440.06a 0.3240.02a
55V12 0.4140.02¢ 0.28+0.05a 0.24+0.01a 0.3140.02a
4 Gannong No.4 0.417%0.03¢ 0.304+0.02a 0.26+0.05a 0.324+0.01a
3 Gannong No.3 0.4540.03ab 0.31£0.04a 0.26+0.05a 0.3440.01a
Sanditi 0.50+0.01a 0.304+0.02a 0.26+0.04a 0.35+0.01a
55V48 0.3840.06¢ 0.2940.06a 0.2540.05a 0.3140.05a
Queen 0.434+0.05ab 0.2840.04a 0.2440.04a 0.3240.04a
5 Gannong No.5 0.3840.01c 0.2840.04a 0.2340.03a 0.30%0.02a
Average 0.43 0.29 0.25 0.32
1 , (P>0.05), 3 1 3
55V48, N 3 s ,2013
(P<<C0.05), (2013) (2.67)<C2014  (3.24)<C2015  (4.08),
(1.37) 2 (2.20) 3 (2.05), 2.3
¢ 5),2013 N 65,2013 s
(P>0.05) 55V12, 5 (P<C0.05), N
(P<C0.05);2014 (P>0.05); N 3 (P>0.05);2014 ,
2015 1 (P<C0.05), 5
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5 2013—2015
Table S The stem-leaf ratio and fresh-dry ratio of alfalfa varieties in 2013—2015
Stemrleaf ratio Fresh-dry ratio
Variety 2013 2014 2015 Average 2013 2014 2015 Average
Longdong(CK) 1.5240.05bc  2.44%0.13ab  2.20£0.26c  2.05£0.13ab  2.4340.55¢ 3.49%0.34a 3.8040.08b 3.24+0.48d
Cossack 1.02£0.0le  2.27£0.15b 1.80£0.13e  1.7040.09cd  2.6940.18ab 3.05+0.05a 3.9040.20ab 3.2140.16d
Xinjiangdaye 1.74+0.11ab 2.10%0.24bed 2.2540.15¢ 2.03+0.17ab  2.54%0.13bc 3.18£0.33a 4.30+0.18ab 3.34+0.19bcd
1 Gannong No.1  1.35%0.12d  2.40%0.17ab  2.50£0.03a 2.08+0.11a 2.70£0.14ab 3.44+0.33a 4.45+0.30a 3.53+0.28a
55V12 1.7940.02a  1.92+0.14d  2.40£0.32b  2.04+0.16ab  2.57%+0.24b 3.0040.48a 4.20+0.41ab 3.26+0.34cd
4 Gannong No.4  1.47%£0.19¢  2.39£0.24b  2.00£0.25d 1.9540.20b 2.7740.43ab 3.24£0.15a 4.10%0.18ab 3.37£0.28bcd
3 Gannong No.3 1.17£0.13e  2.024+0.11cd 1.95£0.06d 1.71+0.14ed  2.85+0.21a 3.3340.06a 4.154+0.32ab 3.44+0.19ab
Sanditi 1.284+0.04de 2.16+0.08bc  1.90£0.13d 1.78+0.08¢c 2.95+0.21a 3.15%+0.29a 3.90%0.20ab 3.3340.33cd
55V48 1.29£0.25de  1.79£0.05d 1.80£0.03¢  1.6340.11d 2.88+0.56a 3.1240.17a 4.00%0.22ab 3.33£0.31cd
Queen 1.234+0.17de 2.1740.13bc  1.854+0.14de 1.75£0.13cd  2.24+0.18c 3.08+0.09a 4.15+0.34ab 3.1610.21e
5  Gannong No.5  1.31£0.09de 2.51£0.05a 1.9040.10d  1.9140.08bc  2.71£0.37ab 3.5740.33a 3.90£0.05ab 3.394-0.24b
Average 1.37 2.20 2.05 1.88 2.67 3.24 4.08 3.33
6 2013—2015
Table 6 The annual plant hay yield of tested alfalfa varieties in 2013—2015
Year yield/(t « hm %)
Average yield/ Increase/
Variety 2013 2014 2015 (ts hm ?) o Rank
Longdong(CK) 14.33+2.15bc 14.4743.54d 15.68+3.25a 14.8342.58¢ - 6
Cossack 10.94=+2.24e 16.1842.19b 14.8342.18a 13.9842.16d —5.73 10
Xinjiangdaye 12.7040.87d 15.7443.03¢ 14.734+3.96a 14.3942.87cd —3.00 9
1 Gannong No.1 14.294+3.21c 15.2541.09¢ 14.8442.31a 14.7943.28c —0.27 7
55V12 17.5542.03a 17.23+1.83ab 14.21£2.78a 16.33+1.31a 10.11 1
4 Gannong No.4 15.2943.55abc 15.384+4.23c¢ 13.624+1.02b 14.76+3.02¢ —0.47 8
3 Gannong No.3 10.37+1.07e 15.71+4.15¢ 13.9943.87ab 13.364+2.51d —9.91 11
Sanditi 12.51+4.13d 18.12+2.36a 15.11%4.15a 15.2543.05ab 2.83 5
55V48 15.69£1.09ab 17.3941.48ab 14.6942.09a 15.9241.83a 7.35 2
Queen 15.64+2.21ab 17.38+1.89ab 13.69+2.87ab 15.57+1.92ab 4.99 3
5 Gannong No.5 16.61+2.34a 14.5543.12d 14.90%4.31a 15.3543.22ab 3.51 4
Average 14.17 16.13 14.57 14.96 —
(P<C0.05);2015 4 (12.7%), 3
(P<C0.05) , (P>0.05), , 1 s, 2 o
s 2014 = 3 ,55V12,55V48, N )
2015  >2013 , 3 5 >
2 2015 2 10.11%6.7.35%.4.99%.3.51%
C D, 2.83%, .55V12.55V48, 3 2
C 7, 1 (P<0.05),
5) 3 .55V48 2.4
(P<C0.05); 2 ; 2015 C 8, N 3
3 3 (P <C0.05);
(P<C0.05), , (P <C0.05); N
1 (59.95%)> 2 (26.9%)> 3 N 5 3
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7 2013 —2015

Table 7 Average hay yield of every cut of tested alfalfa varieties in 2013 —2015
kg « hm ?
1 2 3
Variety 1st cutting 2nd cutting 3rd cutting
Longdong(CK) 8.79+1.64a 4,64+1.33a 1.39+£0.67¢
Cossack 8.96+1.32a 3.92+1.28a 1.1040.43e
Xinjiangdaye 8.5941.79a 3.9041.19a 1.9140.46d
1 Gannong No.l 9.10£2.10a 3.50£2.01a 2.1940.78¢
55V12 8.454+1.78a 3.3841.30a 4.504-0.25a
4 Gannong No.4 8.331+1.69a 3.6041.05a 2.8340.94c¢
3 Gannong No.3 7.9942.34ab 3.82+1.11a 1.5540.73de
Sanditi 8.57+2.37a 4,88+2.10a 1.804-0.68d
55V48 7.72+2.04ab 4,03£1.70a 4,1840.19a
Queen 8.47+3.21a 3.334+0.98a 3.754+0.17ab
5  Gannong No.5 7.53+0.84b 4,01+1.83a 3.81£0.20ab
Average 8.41 3.91 2.64
8 2015
Table 8 Major nutrient contents of 11 alfalfa varieties in 2015
%
Variety Crude ash Crude protein Crude fat Crude fiber Nitrogen-free extract
Longdong(CK) 6.630.14b  14.7540.18b  2.1440.29c  22.62+2.18b 53.86+8.32¢
Cossack 9.0740.26a 15.2140.34a 3.2240.37a 22.54+3.43b 49.96 £7.65cd
Xinjiangdaye 6.884-0.16b 13.58+£0.28¢ 1.742£0.43d 14.1341.98d 63.6749.10a
1 Gannong No.l 7.48+0.45ab 13.80+0.38¢ 2.23+0.26¢ 23.33+4.32ab 53.16+8.33cd
55V12 6.52+0.37bc 14.1740.13bc 2.35+0.34bc 21.43+3.27b 57.53+6.34ab
4 Gannong No.4 6.1340.16¢ 14.13£1.07bc 2.184+0.52¢ 18.1142.07¢ 59.4547.56ab
3 Gannong No.3 8.284+0.68a 14.5840.28b 2.97+0.37ab 25.59+5.64a 48.58+6.38d
Sanditi 7.3340.28ab 13.4340.15¢ 2.04+0.16¢ 25.33+6.76a 51.8748.45¢cd
55V48 6.1040.64c 13.604+0.13¢ 2.334+0.23bc 21.86+4.82b 56.11+7.64abc
Queen 6.9940.44ab 13.48+0.31c¢ 3.0940.34ab 21.72+6.30b 54.7248.20bc
5 Gannong No.5 6.61+£0.30b 14.2740.51b 2.60£0.19b 21.37+7.11b 55.1549.11bc
(P<C0.05); N 4 5 3.11~3.35, T ||
(P<C0.05); :00V12, 3. N N 4,
(P <C0.05), 3 (P << 2.713~2.97, P || 1
0.05), , o s 2.29~2.64, o
2.5 AHP
AHP s ’
«C 9, 3.1
, , 11 , (1617251
3 C 10), 1 \O5 V48, N , 1.2, fiel
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9
Table 9 Comprehensive character synthetic evaluation target grading standard of alfalfa
Score Hay Ylelfl/ Height/ Stem diameter/ Fresh-dry ratio Stenrleaf ratio Crude ash/ %
(t* hm™ %) cm cm

1 13.360—13.954 77.30—79.12 0.290—0.302 3.160—3.234 1.99—2.08 6.100—6.694
2 13.955—14.548 79.13—80.94 0.303—0.314 3.234—3.308 1.90—1.99 6.694—7.288
3 14.549—15.142 80.95—82.76 0.315—0.326 3.308—3.382 1.81—1.90 7.288—17.882
4 15.143—15.736 82.77—84.58 0.327—0.338 3.382—3.456 1.72—1.81 7.882—8.476
) 15.737—16.330 84.59—86.40 0.339—0.350 3.456—3.530 1.63—1.72 8.476—9.070

2015 *

Nitrogen-free  Hay yield of 2015/
Score Crude protein/ % Crude fat/ % Crude fiber/ %
extract/ % (t+ hm™?)

1 13.430—13.786 1.740—2.036 23.298—25.590  48.580—51.598  13.620—14.032

2 13.786—14.142 2.036—2.332 21.006—23.298  51.598—54.616  14.032—14.444

3 14.142—14.498 2.332—2.628 18.714—21.006 54.616—57.634 14.444—14.856

4 14.498—14.854 2.628—2.924 16.422—18.714  57.634—60.652 14.856—15.268

) 14.854—15.210 2.924—3.220 14.130—16.422  60.652—63.670  15.268—15.680

2015

Hay yield in 2015 was used as the drought resistance index, because positive correlation between hay yield and drought resistance under drought

stress.
10 y .
Table 10 Nondimensionalize of appraisal target’s final , 2—4 )
score and rank of alfalfa varieties (2013 >2014 >2015 )
( 2013 >2014 >2015 )
Variety Final score Classified rank °
Longdong(CK) 2.92 1 ’
Cossack 3.19 1 °
xinjiangdaye 2.29 I 3.2
1 Gannong No.1 2.64 [l
55V12 2.97 i B
4 Gannong No.4 2.73 I 1 [30-31] ,
3 Gannong No.3 2.92 Il ’ o 3
Sanditi 3.35 1 s 1 4—6 )
55V48 3.31 1 60 mm . .
Queen 2.78 Il 3 2.3 (7—38 )
5  Gannong No.5 3.11 1 . 2015
190 mm, 2014 395 mm
55V12.,55V48, 5.1.5.6.5.6, 48.10%, i 3 i
L1251 7.4,
[25 . s ) , [32] R
) 1 = 2 [33]
> 3 , SN SN , O ’
= ; , ,
»3 o
( ) 3 3 ,
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2 3 ) :1) 1 N
1 s 55V48, N S 4
o s 55V48, S5 . 3
3.3 , 3 15.92,15. 35,
, ; 15.25 t « hm *, 7.35%,
e , 2.3, 3.51%.2.83%; .
, o 15.21%, , s
Ls428] 17.1%; , 2015
, 15.11 t « hm™?%, o , 4
e N N N N s
[37] . , s 3
, 3 2) 1 55V12, 3. N N 4
. , N 3 ) )
. ; .3 I
3.4 AHP 1 , s
[18-19] , s .
el s s
s s s
[2829.31] , , ,
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