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Genotype X environment interactions and consistency analysis for agronomic

characteristics of five Vicia sativa lines
NAN Zhi-Biao', ZHANG Ji-Yu', WANG Yan-Rong', LI Chun-Jie!, NIE Bin', ZHANG Jian-Quan’,
ZHAO Hongz (1. College of Pastoral Agriculture Science and Technology of Lanzhou University Gansu Grassland Ecological Research
Institute, Lanzhou 730020.Chinay 2. Institute of Arid Meteorology, China Meteorological Administration, Lanzhou 730000, China). Acta
Ecologica Sinica,2004.24(3):395~401.
Abstract : Vetch (Vicia sativa) is an important forage legume in alpine grassland. It is sown with oats (Avena sativa) to
increase herbage yields and protein content. It has been frequently reported that the performance of vetch is inconsistent under
differinig environmental conditions, Genotype X environment interaction assessment is recommended for identification of
genotypes with high performance over & wide range of environments. The genotype X environment interactions for vetch have
not been reported previously. The objective of this study was to determine the genetic and environmental control of important
agronomic characters by looking at five vetch lines over a two-year pericd in four locations in Gansu Province, China.

Four breeding lines developed by the research team of Gansu Grassland Ecological Research Institute (GGERI) and a local
Vicia angustifolia commercial cultivar named 333/A were employed in the experiments. Four representative alpine grassland
experimental locations including Xishe, Luqu, Sunan and Tianzhy in Gansu Province were used as trial sites. Seed of the five

Vicia lines were sown into field plots at these four locations in both 200land 2002. The agronomic traits of each line were
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measured, including plant height, herbage dry matter yield, seed yield, pods per plant, seeds per pod, dry root weight per
plant, 1000 seed weight, days to mature, and days to first 20% flowering. Tests of normality of error variance were carried
out using the SAS/UNIVARIATE procedures {SAS.1987), and Bartlett’s test to test homogeneity of variance. PROC GLM
of SAS/STAT was used to conduct the analysis of variance., PROC VARCOMP of SAS/STAT was used to estimate the
variance components for agronomic characteristics. (enetic variation' and genotype X environment interactions for important
agronomic characteristics were estimated. The genotype X environment interaction effects from combined analysis were
significant for three factor analysis of variance. Highly significant interactions were found between genotype and location, and
between genotype and year for all characteristics measured. Environment showed the greatest contribution to all agroncmie
characteristics and there was significant difference between each trial site for all characteristics measured (£<C0.01 or p<<
0. 001). There were also significant differences between 2001 and 2002 (£<C0.01).

The correlation analysis of climatic factors with herbage dry matter yield and seed yield of different Vieia lines tested,
showed monthly average temperature from May to August had a direct effect on herbage dry matter yield (DMY) and seed
yield (SY), and that high DMY and SY can be obtained with high temperature. DMY and 8Y characters alse showed a positive
correlations with total rainfall in July. 2556 and 2560 lines showed more consistent performance with evaluation at four
locations between 2001 and 2002, so are identified as outstanding genotypes with high performance over a wide range of
environments. l

Key words ;:Vicia satfva; agronomic; characters; genotype X environment interactions
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EWERD Vicia saviva) SR ETREKIHFTH. AAAALESE B ROREMSEEY D, T ENBREER
RENSFNE FENERGCERIERRVRATRERRTTERMER. $NRERLUERE, X 5HE (Avena
sattva) IR KB B TH, TERRAN FTEFHEARMNS K AESRF A EMRESEERAESREMBMEZ R, A
MTPEROESHES ENMRERRMNENEREIRHFT REERUERTA AW KR mF&, Sit, 51998 FLL
B BIIUA RS BN FR TN YRR L HEEB 4 AR EHETRNERE RS RAS AR RE
B 60 40 2 (B T 2 . o T 0 2 D R O LR L BT 3 M TR ) — M AR RV AR 4 L BRI — SE 0 7 P o o B0 399 A B K
HER. ARAMENEHIHNTTREFIRUNRAT Y, EAEEFUHEEREEY R, BT IR SIFHET
TR RN AR EUEHERI I MR UAR AR EL. A SR SN IR BN Lk
M EFB S (Vicia angustifolia )@ MFER TERUNSAREFREN TERIAERMNEN UM AREAEZESLR XL HE TR
HeEs, :

1 #HE5F%
1.1 HEWHH

HA MR EIE AT 4 MR EHE R K 2505,2556.2560 F0 2566, — P ¥ A v BYBU T B B 333/A fE AN B W
EHERBEMNH T HFREEATB/ABPERBRLENERSHEFRFRM.

1.2 XRBK

ERUERN 4 M RBEAFT AR ERMENEEREESRMNTERRE RN HHFEIN. XH)  HEEKE G Mm%
s (R AR, LQ) K E M RER AR REH (RN SNORNRBRTXAMKAWEEFRN S (HHEEAR.TD., K
BEREXSHGMAREMEPELR 1, 2000 £ 2002 F4MERGAWASBREKERE 1,

1.3 KREFHESRNAE

RBRAMNKERIT cKEE EEHM 2X4m?, REEE 1m, /KB E 0. 5m, &%, 1788 20cm . #& & 75kg/hm’,

2001~2002 F 4 P RIBAEEPRWE 9 TREEWRLE 58 PH), FERM AR E 15 8T F 25 H (cm) K
FEODOMY), BRI E 2m? BB BRIERA P 105 CH4t 36h FHE HBREM kg/hm® F-F =R GSY) 4 2’ MK LSBFEL
6 5 L PO 45 00, Keg/hm® s € /8K (PP, 2 45 0. 5m 78 11 P A7 70 L JE 3 I L 4% 0 B 390/ 2% (SP) BEAL 15 A~ e
T HBRTE/ S (DRW), BEHLEE 15 BEB (/8 TRE(TSW), 1000 B T ER (@), 24 B XK OTM) . EMH B R
MR MEXBDTE) SEFE 200 MHFRFEN PR W),

1.4 KUHAHFE :
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Table 1 Details of experimental locations and sowing dates

M & Location
I B Item - -
¥ A Xiahe ®il Lugqu F# Tianzhu #E Sunan
#% 4% Elevation(m) 3050 3100 2650 3000
£ BIA Annuval accumulate temperature{==0C ) 1805. 50 1707. 20 1738. 20 2336. 40
MK Annual precipitation{mm) 444. 40 612. 60 411. 3 253
K~ (18] 2.5 36 24 11
E4
F M Class of grssland iﬁszdamp iﬁ?;ﬁ-damp Suﬁiﬁ-damp ﬁﬁz;ie—semiarid
7 B #5 Sowing date .
2001 & 4. 26 5. 14 5.6 .5.9
2002 4 4. 29 5.12 4. 24 4.22

*» K =r/0.1 Eﬁ,r: 4 4E % K B Annual precipitation{mm), 26‘, =20CHERE The value of annual accumulate temperature(Z=0 C)

4 SN - LQ -X.- XH -0 TZ

180 2002 o
150 E« 20 X0
120 - 5 1s ' 15
90 Ba g 10 A 10
60 AT “ g 3 HIE EH EE 5 i
0 ,x:#-ﬂ.ﬁ_.x_g 2 o BEEEEE [N
oy T a # M v : H HA N
N e -5 Rl ® AN 2N 2 0N ¢ il o [HLELEN BN ER BN B Y
345 6 78 910 345 6 78 910 4 5 6 7 8 9 10 3 45 67 8 0 10
A4 Month B4 Month

M1 2001 4802002 £ 4 M ER A AHBEKE

Fig.1 Monthly rainfall and average temperature in 2001 and 2002 at four locations
XH M Xiahe, LQ #pff Luqu, SN # & Sunan,TZ X# Tianzhu
MA—FREREEARTERENEZESN TR ERER Y ERERREEY FRUE _FEETHEREME
BR.EAMINQUEDERBEREHEROESHBIEN FEZ4E. AN THREEEREEAREMEERERZERNWTEER
1.7, 0
FEAWDRBREMHESHT®F R SAS/UNIVARIATE BFIY, Bartlett RHFTHITFEFERE. BAHEE
F-MBEASHE, BRY.EFIITREES  THAF /i FHEn TEHAMBFHE BLTUERTHHBSRIER
ﬂEZD'lez
Yo =f+ & + By + A+ (@B + (Bf)oym + ¥ + (a)y
+ (B + B + (@B + Eijins
P=1dy j=1,ys B=1yo,gsm= 1,07
R REBEERY .« A7 F BAYRED S FH EHANERGT B, @B, (BT ) a. (@i (BB trjms (BY )i im
M) B AREH/MEAFZAMITEFZEMEIME. it 2 F 4 0 S EY S KEROE R B E R FEaEY
REDLEL N Al — MR A B R,
R MINQUEDSRFAEERMEEASRN T Z480, 0%,
U QUUQUH]e] = [YQU.UQY]u, b =1, 2,-,11

Hib, @=v'— VI X (XVIX) XV LV = DUV FAGEEGV L Y RREENE Y WERAE,
w=1

VL b ES B AT B SR T B A B4 67 BB A SR B 2R HE T e AR R A AT MR 3. =i
H SAS/STAT P PROC GLM BF#T. &R LM RWERHAE ST R 240 B 0411 F SAS/STA F1 45 PROC
VARCOMP % Kt 17 . W R fofb 7 7= i 5 <8 B T M6 247 B SAS/STAT by PROC CORR B #1307,
2 ZR
2.t EEE A MER LR ERRN

SEHEFEMTBINBER A FHE 2 A AREHRELEND IR GBAONERUR 2EZRIEXEATESR
4 S [B) f 3

BREMRE 2001 SF5 2002 FHERE B ERBEEERN  HAE KB FRERSEREERER (p<<0.01 /0
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$p<0.001), REBFEMMKTHERTIT AR LHRTEMAENKETAXLEREEEFRR (p>0.05),HFFRER
BE(p<0.05); Hp B HRLBE T HKF(p<0. 01 F p<0.001) . SFHE Ot ) X E R AN IR A3 T | LUSMY BT A WK
BEAR 39 4 15 B W (<0, 01 B p<C0.001), FFHCGHA) X BRDNE X AWK THE. LT XY HE RTENE
RPHH BFE(p<0. 05) R BF R (p<<0. 001), AW RERK L) X ERVERTATFEBERL. BRUXFEHE
BTFE.2ABREADERBGEE T BERMI (p<0. 01 #1 p<<0. 001, HAAFAEARUTHEE KT, BEHXHF
BXEE QB IEEREARET PR . TEE NEXENSET REAR TREF KT (p<<0. 01 f p<<0. 001): &
ERREET (p<0. 0B BE BN HRURE IEREAT AFERERR.

Rz HRAHBHGHHEN F MR EEKE

Table 2 Degrees of freedom (DF), mean squares (M. S.), degree of significance (P) from the analysis of variance

L3 3 =R ] ¥ Mean squate

Source of variation DF PH DMY SY PP SP DRW TSW DTM DTF
R 3 0.41 66944 52161 1. 43 0.3 0.62 33.04 1. 03 21,22
Y 1 287.35"** 39031454 11426700 754.61*** 2.73* 8.41* 400.31°"" 802,33 1428.21""*
L 3 3743.72°*%  29804624"°"" 19714124°** 617.21*"" 3.13"" 19.57***654.48""" 396. 46" 2164.21"*"
G 4 45. 81 8198333""* 353316" 20. 47 2.67* 3.99 1279.17"*" 363.57*** 239.33"""
YXL 2z 523.72°"" 12211441*** 10607297 *** 368.26""* 3.32"" 1.4 1799.26***  2250.67""" 149.05"*°
RXY 3 68. 27" 1369110 185183 14. 39 0.'87 0. 33 37.40" 0.5 37.8
LXG 12 46, 23" 749507 207429 28. 33 2.89"** 3.20* 90.27°*" 24.50""" 53. 47"
YXG 4 17. 61 2927935 " 221189 2.8 0.29 1.45 25. 68 6.95*** 100. 27**
RXG 12 22.78 450168 - 157124 6. 65 0. 56 0.94 12. 18 0. 67 25. 06
YXLXG 8 23. 39 578918 667154°"" 21. 64 1,20 1.33 35,47 23.11*** 65. 39"
RXYXG 12 26. 32 380884 85764 8. 84 0. 87 0.72 12. 65 0.94 33,318

* p<0.05, » # p<<0.01, » » # p<(0.001,R WX replicate,L X 3 & location, G % B B genotype, Y fE{f vear;PH  ## plant
height;DMY ##F % dry matter yieldsSY Tk seed yield, PP M/ pods per plant;SP ¥ ¥ /3% seeds per pod; DRW RTX/
# dry root weight per plant; TSW FR K 1000 seed weight; DTM 4% W X days to mature; DTF M FE R Y days to first 20% flowering

2.2 HH.FEEBOMNERYN3ERTRHRIERTESE
2.2.1 Ff FNERLERRSERESH K 2 ABENHBELR 2002 EHEBIFHRENR T 2001 FR D).

%3 AREHWRIEFFES IR CE WA TN DR M8 P4 B

Table 3 Variance compatativity on different year, environment and genotype for agronomic characters

B3| #aE PH DMY SY PP sp DRW TSW DTM DTF
Sources N (em) (kg/hm?)  (kg/hm?) (g) (g) () {d)
Y 2001 60 34. 23b 1967. 5b 956. 3b 6.02b 3.1 0. 10b 63. 40b 120. 95b 71.16b
2002 80 37.12a 3034. 5a 1536. 6a 10. 83a 3. 38 0.12a 66. 82a 125. 7% 77.62a
L XH 40 24. 00D 1475.6C 871.2B 5. 65C 3, 07B 0.055B 70. 88A 122. 73C 69. 53B
LQ 40 34. 34C 2358.8B  539.2C 5. 04C 2.97B 0.116B 61- 69B 123. 48B 69. 43B
SN 40 47. 48A 3568. A  2061.2A 12.33B 3.51AB 0.104B 63. 70B 126. 70A 85. 00A
TZ 20 39.51B 3233.7A 2081.1A 15. 35A 3.71A 0. 164A 64, 96B 120. 20D 69. 60B
G 2505 28 33. 657 2101. 9B 1219. 5b 9. 232 3. 008 0. 093b 64. 95bA  118.89C 72. 08bB
2556 28 36.214 3509.0A 1327.9a 7.543 3.532 0. 125a 67.68abA 124.64B 74. 61bAB
2560 28 36,536 2354. 2B 1470. 4a 9. 782 3.391 0. 117ab  70. 82aA 122. 04BC 70. 79bB
2566 28 36. 886 2463.5B  1216.3b B. 918 2. 853 0.118zb  69.41abA 124. 32B 73. T9bAB
333/A 28 36. 104 2457. 5B 1211.9b 8.371 3. 507 0.115ab  53. 92cB 128. 68A 78. 43aA

FRAMNEFER . REFBHRLE 0. 05, p<0.0]1 f222 % B ¥ Means with the same letter are not significantly different at p<C0.01,p
<0.001,XH ¥, LQ W, SN #pg TZ FE#.:Y.L.G.PH, DMY, SY, PP, P, DRW, TSW, DTM, DTF R#% 2, Y. L. G, PH,
DMY, SY. PP, SP, DRW, TSW. DTM. DTF See table 2 for details

2.2.2 FHEEM) SREAEREIIRZEERHBREFSER (<0 0L, HPHASHTFZRHIRREAERMN,
TR AR Y 2 KRB A ER B AN RR (R .
2.2.3 BEL SXA 5 RRE, 2505 B ER. A WA, WX RSH 333/A BAE 10d 22 HESHTRN
B 2556 M KR AT RBENFREHBETHREM HASRELHER EFRAKRFEOEAFTZR KD,
23 IERBHAEAEMEXNERLERHTAR
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R R (KR X ER AR EE R BN AR SR T MR, B, IR (R A B R 2 PR 0 BT 0 e T R
K BZHEREAMKZSERGEREFRE. TR AKRER KR DEXESETFEESR . HEKAER X FHE RS
HE HMMTFERE . AHER REREEFRERAATHRREEENFA.EOXFRB(RAL X EFENEF. ZALN XE
Bx AR (AL EE ERXEHEERENERIERGTEE. FEAFARENAR(E O KPP EERUTEENE
KIS HE Rt R k. _

EHRMBEFESRAMFENLESD TR L RERBTREHGRMNTEFEAEOEMS B2 LBFRAED
Bk 0.

4 EREHRGTREAH/HF

Table 4 Variance component estimation for agronomic characters

Variaz?cgoﬁrfsonem PH DMY S5Y FP SP DRW TSW DTM DTF
Var(R} —1.5804 —37579.5409 —6100.8356 —0. 2371 — 0. 0041 0.0000 —0.0045 0.0228 —0.2438
Var(Y) - 2.6139 376040. 4376 42282. 4540 7. 3620 0. 0289 0.0000  —15.4707 —18. 7760 1%. 5660
Var(L) 118. 4745 794488. 5414 447171, 7599 12. 4083 0. 0235 0.0002 —22.4743 —55.7869 74. 2267
Var(G) 0.1318 145468. 0151 13549. 3503 0. 5809 0. 0987 0. 0000 44. 4192 12.0970 6. 3686
Var(Y XL)> 2. 6246 317789. 0858 338395. 6725 12. 2303 0. 0260 0. 0003 74. 5264 111. 6033 —9.6118
Var(RXY) 0. 4049 52195. 3288 6079. 7372 0.1726 — 0. 0067 0. 0000 1.1768 —0.0249 0. 2628
Var (L. XG) 2.0183 40388.9129  —65495. 7452 0. 2965 —0. 0012 0. 0004 3. 0941 1.1326 —0.1368
Var{Y XG) —0. 1573 271753.5210 —12234.4135  —0. 8828 —0.1636 0.0001 —3.1745 —0.0434 —0.2985
Var{RXG) —0.9147 —2324. 4851 7730. 5958 —0. 5554 —0.0410 0. 0000 0.2089 —0.0688 —0.0104
Var(Y XL XG) 1.64%4 —126791. 2861 119531. 9143 1. 5908 0.4215 —0.0002 11. 4035 4. 0871 10. 3081
Var(tRXYXG) 0.8305 -—112271.085% —11445.4076 —1.4486 0.0879 —0.0002 —0.73%0 0.0708 —0.0086
Var(Error) 19. 0704  867408. 2334 143900. 5751 15.7121 0. 5408 0. 00186 13. 3655 0. 9000 25.1714

R, Y, L, G, PH, DMY, 8Y, PP, SP, DRW, TSW, DTM, DTF L3 2 See table 2 for details

24 WETENHRTFFESSERTFHRXE

SBMETFHEREENGEKERTHEANEAR WIS EREFHELEFANYEEREN EPREENER N 8 B 6
MHNR. ESHTEREEEMELE 2). H5 5 & 2505,2556,2560 F 2566 BT & R ¥ (R4 51 % 0. 9642, 0.5948,
0. 6760 1 0.7941, 3T 4 BB Yases = 272. 01X — 2602. 6, Yises = 319. 01X — 3236. 3+ Yiseo = 322. 52X — 3136. 9 Fl Yigse =
358. 49X —378. 8 FLLFR. AP Y ARTFER.X NS AGAHA. BRé~7 AMMEKESHETESER 7 A G KE
S5 FEEMRFEEMEXECNEEEFE - ERENABEE SN HES MM KBS LFEAELXR . KP4 H
MOAMBMELAESHEEBRRNAMHELLR.

3 g T
B 5 SR AR B T SRR IT R A AR §“” . Bee @
WRHETHEREO TR FRATBERR SR 5| o B0D
REEMIANY, BARMMAA MINQUEDESHEER 55F 3 [ & 25050
B AE ORI X B AR SR, B S BR g 0 R ﬁww
PUs=nl PSR, A X EREXER AR B THRERR % 5 10 15 2 25

ERSEEERMTHEHEACEERZERNRES HFR #BF Temperature (°C )
BTEIFHEGER, REASHFESEEH. Kl . £0XER H2 8 AMEESEEHTSENEELR
ROMBEREHERGTERTREA AFAESHERSEREYE . . : .
ig. 2 Linear regression on seed yield of each lines and August

REEFHEHT BEAL, RPRRANEHEREMRE o
THRTARBER.FREEREEIRERAZHEREE, B _
PLH A e A AR RS TEMUERD, MRETEMH TERREH RS SBRE THRMHEXAH . VILBHET#H—F
MXB ERUEREKBE, AXRS AMMNEE AR RGN ETRENBEEENE T BYUHEMSGFARD ANBER
EHREHETASER TRANYENER.7 AOMBRARESHETEMR F 8T E-EREMNEHXXFE. 4 AN A
HHOMARESRFERBHAHEXEZ A AN ANRAENEARAATRETENRTENRR.TEEEN L AGER
EWEAKFRNTHENSREA NTER B HHE WA AEBNEKRRAH TR TR,

ERREAHFEFRAZRETREREHA BANTHRELALEMEAA™, TR EFERT~EARERT EHTHR
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BRI R M RN RN AR EE T AN NIRRT TR ERANR R T BN —MEE . NG
HAMENIREERFEREAR (B ELNESFRFLT MABRREEYNER. FEPNERSERPFEMLEX
th,FENTUENEERR_ENEE. EFREGE . ARERNYEHNARARE(KEAL) fERIABRRMERBAHD
BREEFGXFERHN LB TERERERAFTHERANKEREENE RN ER ARSI TR EMEEE R
BB . RFEEEIRRR e AR TRENRS IFERNTREE. B FERTRAENBWEL 5 TR
ENHE.BEREFRESEES  FENBEARKEREAAEREMTRENEERR. HERINESELEZH TS
REEAETPHAXEENTRE MEERERKETRERKEAER. Blum S\ A MERETHEMRTFAEEEEZNE
mile, AR MR E AN AR EEER AR AR AN TR EZ MM TR MR M EE
E X BRI TR B b R R T B, AR M KR S (OB P R R T A KE,

WA ERLERE  HEREYEKETREENHEAR 002 EERTHERHEHHEBEFRT 2001 £ EFREAN
2002 FE 8~10 A A9 ABR AT 2001 &, HKBAHMNER 2EFREUAOERBER ATHEANTHFHEBRE .

EEHXEHRXTE BA SAREERET HFER.TEEMEREMNSEFTREE THREFKF (p<<0.01
N op<<0. 001} AR BMIKB T (p<<0.05)MEBEFEHN., Moneim GHR THHRERBAUSHETEHN LU R EMNBEHRE. A
HEATUIEHEERBERRMNFRLAG TERASTFERARAARE A EEYU S FRE MM AR LR
M BREEE R, NRASARREANEHIRFERNTERE SR AN GRS GHREAE
BEESSERAEERGBRIPINEHG BN R DR AN T A% LRSS, AN ERETHERIHTF
R CTFREEMERE. EFREMEENESEFERNETN OO ELE N SEEFRAERNEE. EARNES
A#RTFERR BTEESFN EEFLBAFRERRERMAE T ZENENTERILHM.

SHERMERTT 2a4 MPERANREKE AR 2556 M 2560 ZE 4 MRBAWERREARE HFE=RNA. MAR
RIGS6HETERK . SHTEEARNZAFELEREE. TWL AN MERTHEIENBUER 1 FLOMREFATE
EREMRRESCMENRE LM,
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