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Abstract: To enrich the germplasm resources of tall fescue (Festuca arundinacea) in China, and select elite varieties and
breeding parents, we conducted a series of analyses for 19 introduced cultivars of forage-type tall fescue based on 14
phenotypic traits. The analyses comprised descriptive analysis of morphological traits, correlation analysis between morpho-
agronomic characteristics, principal component analysis (PCA) and clustering analysis. The main results were as follows:
1) The coefficients of variation (CV) of most traits were higher than 10%, except for the internode number (IN), which
demonstrated great differences and/or high diversity among the studied cultivars, and their benefits to future breeding. Owing

to the highest CV found in fresh weight per plant, this character could be used to screen out cultivars with high biomass.
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2) There are complex correlations among various morphological traits. The higher the plant, the better the performance of
production trait, conversely, the stronger the stem of the plant, the better the reproduction traits. 3) Principal component
analysis showed that the plant height, leaf size, inflorescence structure, grass yield and seed quality were the main factors
influencing the phenotypic variation of tall fescue. According to the results of principal component analysis, 19 tall fescue
cultivars, with the exception of Fawn and Kenwell, could be divided into two groups, which was consistent with the cluster

results based on UPGMA method. Of the two groups, cultivars of group [ are suitable for seed production, whereas

cultivars of group II are suitable for screening high-yield lines or parents.
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5 2E 3 (Festuca arundinacea), X FRZFEIRES,
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1.1 R IE Bt

6 1AL T DY 1] A8 e 2 T DY )1 AR b K 5 i
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H RIS % 1039.6h, JGREMI304d, >10 C EIR
5231 C-do I HL R [ HE 1415 B0 TUE KAk
R YL i &+, L FigiE, pH6.5. &8
F2N. Po KIS E2HIN 0.14% 0.25% 2.66%
TR 4 9 831, 25.5. 97.2mgkg .

1.2 I RFEE DN X

PEIR R 2 5 A R R YR T 38 R O AR A A
i (NPGS), 3t 19 £ 4] 5 8 5 £ 55 b M (BB 1)

KBWAEFRFRIL A . FEFRILAE 20 'C T & T RIE A,
HBVRS . REEHEFR IR R B =T,
BB H M 14 h, e IR TR 300 pmol-(m”s) .
JE BRI EE 22 °C, WEJE A 10 b, W E AR BE 18 C .
2015469 A, e bR =M BRI I A
MW mE AR E I B RE W NX . H
) /N X SR BB AL X 2H B 0F, B4 2 58 PR i
3NN NXEA AN 1.2mx 1m, &KX 12 5%,

B0 2E 50 SR SO RLRP T AT R 2E, RAETE O BRATEEDN 30 om, AR I (R ANHE AL, I I AT BR
N, AR RO R UEAR b, SEARH] FIEEK
x1 #HASEFSEF RN
Table 1 Tall fescue cultivars used in this study
. Bl
st A ok e . o
ER SIS P R
Cultivar  Accession No. & Country KR/ 21 Origin/Pedigree egzis:::tlon
KIFTF 1143 [SIE S S S/ =Y AW 0) i B
Kenhy P1434051 20 the United States KT 1143 24 %E x m%%l@%fxiﬁﬁﬂ"]%ﬁ? 1977
11 42-chromosome Lolium multiflorum x F. arundinacea clones
Cajun P1520749 32 the United States KI5 T/ F AuTriumph Cultivar AuTriumph 1989
Maximize PI 549115 3. the United States SKJR T2 H 7 me & i A= &5 8L it Ff Ecotypes from southeast France 1993
. FIRT B B EEMPIA A4 Ecotype from temperate pasture in
Kentucky31 Clho 4677 3 the United States - P P pastu 1972
Kentucky
Kenwell PI574521 3 the United States SRJE T3~ H3Z & Three inbred lines 1968
Alta PI 600849 3£ the United States SKJFE T7EMBIXIIL E Ik R A 4-year-old plant selection in Oregon. 1945
Fawn P1578715 3% the United States HI8M Gt RZEA 1M 2K Temperate 8-clone synthetic 1974
Martin PI1586456 32 the United States SKIET24N SUMHERIJE% & 2 clones from broad based population. 1987
Missouri-96  P1596701  3£[E the United States SR¥F T 13Nk E R 5T 1 T 1% & 13 clones from France germplasm 1979
. HiKenwell, Fawn, Kentucky 31 FlZE 48 & 1Mok
th ted Stat ; ’
Forager PI 600739 3 the United States Kenwell, Fawn, Kentucky 31, etc. 1980
Barcel PI 600869 fif = Netherlands  SRJET 134 = TG % 13 temperate clones from Netherlands 1981
HIZN 5 AR AR A2 i F K enhy FOPR 2R 2% 52 10K
Johnstone PI 601020 241 the United States Blend of two strains of Kenhy derivatives and 42-chromosome 1983
Lolium sp.x F. arundinacea hybrid clones
. - ) SRVR T R 1270 5 R R 20 R IR T R B B AR AF-5
Autriumph PI601106 [ the United States An open pollinated population AF-5 comprised of 12 genotypess 1983
. FVET5 A B AT RO FFHAER R £
Willamette P1601226  3£[H the United States KIS Efz"‘% AR JE R E ft 1985
AF-5 an open pollinated progeny of five elite parental clones
. , KT 5L RRATCME R IF I 54X
Safe P1601279 [ the United States Open pollination progenies from five superior parent clones 1985
HiKenhy fi A0 53 240 00 5L R Al 5 &
Penngrazer PI 601508 2£[E the United States Synthesis of disease-resistant and drought-resistant germplasms from 1988
Kenhy varieties and two other species
Cattleclub P1601540  3%[H the United States HiKentucky 315 )fiit & Breeding from Kentucky 31 germplasm 1988
Carefree P1601731  3£[H the United States HiKentucky 31F#)fiit & Breeding from Kentucky 31 Germplasm 1989
HHoundog. RutgersfGPTF4E i Fl 1Mk R L5 A
Nanryo P1639920 %[ the United States & T o o 2006

Line synthesis of Houndog, Rutgers , and GPTF
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1.3 MERFERGE

2016 — 2017 F1HFZE, 78RR 18 B A0 Bl 24
HAE WM E T 14 MEBFRZ R (F2). N
SERS, BRI 3 ANEE /NI KRR S SRR, At
15 Bk, BEANPEIR [F] — 50K 3% BUAH T 49 B B 55 R 0
3K RIS R TR A B A Bl Y SR I I ME
1.4 HEHH

IR 8 AR SO S . DPS 14.5 8"

7343 §T (principal component analysis, PCA): F % 14
AR ST 548 28 br e A (8025 1 S E FF B DA bR 1
Z) Ja H T eV @Ak RBCERE, 1 T UE R SR B
AE 8 AR 2 AR AR A 8 70 A2 e 1 3 4y CRPAIE 1)
); M NTSYS 2.21 B4R kAT B T B A ) BRI R
B[ UPGMAZ A3 5, 14 UPGMA % 2Kt 46
Wt S5 55 L W R AE R [ (cophenetic matrix), 285
A H Genlex 6.5 ¥ 31T Mantel 5%, PAPEAl R
Kk 5 GSHFE 75 & .

T E SN MR FEFR I FIME (mean). % K{E (max.)-

B /ME (min) M2 2 (cv, cv=8% X, 2

SHARIEL, RN AR 1T (). ) P PEIR f

FRBOHR 3E T Pearson #1155 R HCR IR & Mk 21 REMPREHEATE AT

VR B AT L B A PR AT FERIIE AN R, X A B PR AT
*F2 EEMRENENRE

Table 2 Morphological and agronomic traits and measurement standards

R 5WR

Eg=; TR D& e
No. Morphological trait Measuring method
¥ Plant heieh . EiiipE S LR S aE O SHII bR

1 = Plant height (PH)/cm Distance from the highest to the base of a plant at the heading stage
TEAESTIN B A A fe A Ak B 4 0

2 MK Length of flag leaf (LFL)/mm Measuring the absolute length of the longest flag leaf of reproductive branches
at the flowering stage
TEAE T o A B A P ) 40 9

3 % Width of the flag leaf (WFL)/cm Measuring the absolute width of flag leaves of reproductive branches at the
flowering stage

e % . HA B k=1 ¥

4 B IR L Vegetative shoot number (VS) THAEI PRI E TR 5
Number of nutritional branches per plant at the flowering stage

5 4> B4 Tiller number (TN) AN FERR A3 BES Number of tillers per plant
1 I B AR BE A AR

6 Z£Hll Stem diameter (SD)/mm Measuring the transverse diameter of reproductive branches at the flowering
stage

B SV 4 W BE .

; 1K Length of first internode (LFT)/cm FFAE AL FE R 58] - 2K . Average length of reproductive branches at the
flowering stage

8 5 Number of internode FFA% BA A FE 15 %0 Number of reproductive branches at the flowering stage

9 HUPREEHE Fresh matter yield per plant (FMY)/g  #fif ) s bk b |- 3540 £ 5 Fresh weight above-ground part of a single plant

10 HPRT 5 Dry matter yield per plant (DMY)/g i 5kt %54 T Dry weight of above-ground part of a single plant

11 TR Thousand kernel weight (TKY)/g ki 3k 7 715 Tki 7 1000-grain weight of seeds harvested per plant
7 167K Panicle length (PL)/cm FFAE B FE A B FHEAE T 191 B Length of panicles on reproductive branches
at anthesis
13 /MUY Spikelets number (SN) FLAIHFE R - 25 42 /NS 2T Total number of spikelets on the spikelet axis
at the milky stage
’ LA AEAS NPT S /N %
14 /INFEE] Florets per spikelet number (FN) AN MEPTENMER T

Observation of the number of florets per spikelet at the milky stage
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BRABGHTMRELEE B, EEMT
PEH, R ST SHERR J R0 S,
JoE R Y A AR 1) AR S R RO, R O A
B F . Lou2!" i 31 hEE & X RMES
PERZE & VPN R B, 36 [ o 28 B B2 R 38 1
WREIAE SR o AW TR 19 43 47 5 AL w1 2 5 fp
17 14 AN HEARIB AR I Gt M 4 R EoR (R 3), &1
KRB AR TE S A AR R R B B TE R 9.1%~
46.9%, P A PR B RECEIIME N 23.45%, L RH
RERIONTTE < bR < 220 < /MEL < TRLE <

T < BEMH < /NEE < WK < M5 < FPE
TH < BEM < BRI < BHREEE. BN,
M REA () A U 2 R, MRS R R B> 10%,
M 14 MR AR 7 REP RA WD T 10%,
WSS MR ERPE, XMFET,
ARFREFRMOLERMGE. ko, S5
T ) B KR B . (CV = 46.9%) F1E F7 BL (CV = 45.3%)
AR R R, RESRSME~EEER L
BHEMREE T, AR TR mA T S~
R AR,

®3 sl EFEFAMEREMREER I

Table 3 Descriptive statistics for 14 phenotypic traits of studied tall fescue cultivars

i thm MR HOMSE BB B M BRK W RKREE O RKRTE EFEK MENOMER THE

Cultivar  PH/em LFL/em  WFL/mm VS TN SD/mm LF/mm NI  FMY/kg DMY/kg PL/mm SN FN  TKW/g
Fawn 89.10  19.20 5.09 2567 29.67  3.02 47.07 267 0.175 0.070 6.333  27.13  76.00 1.73
Barcel 87.83  21.16 9.88 109.67 11467 455 5253 3.0 0.310 0.100 5607 3340 12433 201
Alta 7157 2157 7.79 80.67  90.00  3.64 7461 2.00 0.155 0.070 6.000 27.57 109.33 1.89
Kenhy 10157  22.17 8.41 64.00 7633 4.07 5577 3.0 0.465 0.148 9.667 30.63 148.00 1.88
Carefree  108.33 27.67 9.66 67.33 7400 3.54 93.57  3.00 0.335 0.120 6.667 3090  95.00 1.95
Safe 7870  20.83 10.8 68.00 7867 417 5857 2.67 0.255 0.085 6.333 3627 12933 221
Penngrazer ~ 69.37  17.27 9.15 4533 51.00 435 89.07  3.00 0.115 0.065 6.333  29.83 127.00  2.12
Cajun 9740  26.70 536 7133 7933 3.62 8482 233 0.335 0.100 8.000 2863 8367  2.09
Martin 80.23  20.24 9.11 2933 39.00 441 4220 3.00 0.215 0.080 7.333 3253 121.67 1.76
Willamette ~ 84.70  20.24 3.87 4133 46.00 3.30 57.04  2.67 0.135 0.060 6.667 21.03 109.67 1.92
Nanryo 89.27 16.97 8.15 4533 51.00 4.87 69.10  3.00 0.140 0.052 7.000 31.63 13533 1.84
Missouri-96 9393 18.43 334 2533 5100  3.85 96.56  2.67 0.140 0.060 9.333 2447 107.00  2.13
Maximize 9123 19.60 5.19 64.67 7467 3.16 92.63 267 0.115 0.065 7667 2350 6133 2.03
Cattleclub ~ 99.13 2922 5.90 2000 4033 372 88.88  2.67 0.160 0.060 8.000 3053 121.00 1.98
Johnstone ~ 96.17  31.77 5.85 2033 64.00  3.21 100.99  2.67 0.300 0.110 7.000 26.50 107.00 1.89
Kenwell 8793  27.57 6.89 88.67  96.00 4.17 83.00 2.67 0.155 0.085 7.333 29.50 172.00 1.20
Autriumph ~ 92.87 22.80 8.44 92.00 9933  4.05 76.85  2.67 0.275 0.100 5333 2533 84.67 2.19
Forager 69.27 1537 6.91 59.67  61.00 4.6 63.13 267 0.105 0.045 6.000 2357 116.67 1.93
Kentucky3l ~ 93.10  23.23 8.64 93.00 97.67 4.4 7213 2.67 0.110 0.070 7667 2893 109.00  2.85
FH Mean 8883 2221 7.29 5851 69.14  3.90 7361 272 0.210 0.081 7.070 2852 11253 1.98
BMEMn 6927 1537 334 2000  29.67  3.02 4220 2.00 0.105 0.045 5333 21.03 6133 1.20
B Max 10833 3177 10.87 109.67 11467 487 100.99  3.00 0.465 0.148 9.667 3627 17200  2.85
PREZE S 10.07 4.36 2.08 2650 23.13  0.50 1750 025 0.10 0.03 112 374 2522 030
BREHCV 113%  196%  285% 453%  33.5% 12.7% 238% 9.1%  46.9% 31.3% 158% 13.1% 224% 15.0%
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MERTE S R TEAR A R A S0, T
i 2 TR R R A A B) B A oG 1 A B T VR & SR R
J5 %%, FF Pearson 2 BN 19 4 5| kR BL R & 26
st PR ) 2R BV AR AT AH O A AT, R R IR ) A
EREMAMEGE 4. H, haE5ETK =
0.645, P <0.01). ¥k T 5 (r=0.578, P <0.01) t &
FIEM R, HHFREEE (-=0.551, P<0.05) &% 1F
FHOG, 105 2 AN R B A OG, X AE AR
KRR, WAKFEOryza sativa)®) . 23
(Lolium multifforum) "™ 148 KA RLEE 5L R K 5 8
BT E (r=0.524, P < 0.05) I 45 8] K (r = 0.468, P <
0.01) & & IEA G, HEME NHEMMAHE,
55 5 254 (r = 0.625, P < 0.01). /NEE (r=0.771,
P<0.01) thBFIEMKX, SEFEE(r=0499,P<
0.05) B IEAHR. EFHES 8 (-=0.934, P<0.01)
W #EIEME K. ZMH5 /MNEE (=055, P<
0.05) F/NEHL (r = 0.646, P < 0.01) 43 1) & 2 1E AH ¢
5B FEEMK. REW, ME8REK, it
A, 7 A R R PR MR ZE AT RO,
MR TE, AEFEVOR BRI, R, e S
MER - CREEMNAMEX(r=-0345, X5
Chtourou-Ghorbel Z="Y % 3543 5 J& 1 b X 135 2 2 13

TR Z VRN I 45 AR AL
22 EROANMERESH

FIH E B 3 M 0 AT 19 40 23K b A 14 A4
RFGHR ISR Ay, SRR HE R AR R T 17,
SERRET SAE K RiF oI wk R O & 2 82.7%
(F5), LM E 1 14 MR FE AR 1 5 B 2] L
X 5 A FE M. K, 1A FERS I
BR 26N 27.44%, FRAEAA N 3.84, R I W B PHEIR
TR TE . N R T 3 AN FEEN
TR A 23.11%, FEAEAE A 3.24, R IEH B
Ragtkm ., HHKMPRTE; H3NFHTH0T
Bk Z N 15.26%, FRAE{E N 214, R I 8B HEIR
T P KAUNEE: 4 FE R DT
N 8.71%, AN 1.22, R B MR ET
FLEE FIHTH 26 S A ED M TTRRE N 8.17%, FF
fEAE R 114, RILBH B HERZ T 27K
THRE. SMERSLGZERE, AR T SR
an MR @R RN B S . TREE
KA 7R ERE, RIERS AR FIESE R
FHEREK, AT IF X 5 A TS5 19 43 3R 0
FREAT 2565 VR o AL, B — R AR K
SRR D) BT S A, A

T4 BERBEMRENEEBXOH

Table 4 Bivariate correlation analysis of 14 phenotypic traits

MR B MK M ESEEEC a8 2O Wk W RREE PRTE O BrK M ME TRE
Trit  PH  LFL  WFL VS TN sD LM NI__FMY DMY PL SN FN TKW
PH 1000

LEL 0645 1,000

WEL 0177 0048 1000

VS 0016 0015 0499 1,000

IN 0125 0238 0435 0934 1,000

SD 0345 0366 0625 0328 0239 1000

LI 0350 0468 0302 0113 0089 0300  1.000

N 0123 0179 0391 0128  0.187 0453 0212 1000

FMY 05510 0436 0323 0203 0316 0025 0104 0214  1.000

DMY 0578 0524 0350 0289 0422 0084 0007 0223 0945 1000

PL 0496 0169 0383 032 0215 0094 0230 0092 0193 0203 1000

SN 004 0153 07717 0196 0189 0550 0266 0367 0388 0337 0023 1000

FN 0207 0037 0362 0106 0116 0646 0197 0312 0065 0101 0164 0475 1000

TKW 0061 0122 0182 0202 0218 0060 0102 -0058 0066 0074 0028 0005 0378  1.000

* P<0.05; **,P<0.01.
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Table 5 Summary of principal component analysis for
studied tall fescue cultivars

PEAR Trait PCI PC2 PC3 PC4 PC5
P PH 00586 04834 0.0980 0.1713 0.1020
MG LFL 00826 04382 —0.0086 —02966 0.0778
MEH%E WEL 04390 —0.1599 —0.0619 0.1339 —0.0343
EREHVS 03141 -0.0234 -04720 —0.1068  0.060 0
BTN 03139 00967 04668 —0.1614 0.1490
ZEH SN 03178 -0.3273 0.1116 0.0017 03423
T LFI  -0.1485 02784 —0.1155 —0.1380 0.529 1
THNI 02132 -0.0865 04053 03369 0.0225
HHEFE FMY 03130 03400 01025 0.1110 03127
BHRTEDMY 03223 03731 00551 00430 —0.2421
WK PL 00627 02526 03452 0.1084 04409
MEHSN 03957 -0.0583  0.1886  0.0379  0.0602
MEBFN 02621 -0.1572 03064 —0.4631 0.2888
THIE 1000-KW 00173 -0.0028 —0.3059 0.6730 03481
FFE{H Eigenvalue 3.8417 32358 21369 12199 1.1432
Percentage of 02744 02311 01526 00871 0.0817
variance explained
E S
Cumulative 02744 05055 0.6582 07453 0.8270

percentage of
variance explained

WEFE I 19 43 23 it B B Fawn A1 Kenwell #1 7] LA
B o P2

JS2 1 267 2419 UPGMA 5 19 6y 51 1k 47 55 3
FFH 14 NSRRI AREAT R E M, JFEAL

RRPOIRE . S5 H R, 19 4 i Bl ] jR I8 A% B
BSARME N 19.9~137.6, fE BRI A% BE 2 HC-F 418
9 65.9 I, 19 A~ Z 3 Bl B Fawn #I1 Kenwell 71 7]
Wy MR, RERE T o 13 21 5
RER—F (K 1): 28 1 47 Kenhy. Safe. Forager.
Penngrazer. Nanryo. Martin. Willamet. Missouri-96.
Johnstone. Cattleclub £ 10 Flibfh, 1T 5 Barcel
Alta. Kentucky31. Autriumph. Carefree.
Maximize 3t 7 A~ Fl i Bl o 3 T 5 SRR B 56 BE O
B P R AEFE B (Cophenetic matrix) 5 3 T 14 B
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Figure 1 Principal component score plot of 19 tall fescue cultivars by 14 phenotypic descriptors
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Table 6 Comparison of the character values of two groups of

Fawn

Kenhy
Safe

{ Forager
Penngrzer

1 Nanryo

Martin
|: Willamet
Cattleclu
Johnstone

Missouri-96
Barcel

Alta
| L Kentucky 31
Autriump I

Carefree
[ Cajun
| I

Maximize

- - Kenwell

86.90

70.15 65.9 53.40

36.64 19.89

X FE 2 Euclidean distance

2 BETREMROSHSFFmMPBREN R

Figure 2 Clustering Analysis of studied tall fescue cultivars based on phenotypic traits

tall festuca cultivars by 7-test

HHE T FIME ES RSOl
IR Trait The average value of The average value of
Group | Group I
¥k PH/em 86.23 +11.12 92.03 +7.80
J#E 4 LFL/mm 21.25+5.04 2379 +3.11
JEEN % WFL/mm 7.15+2.29 7.73+1.78
H R NFB 41.87 +16.99 83.42+2263"
S BEST TN 55.83 +13.14 90.71 +22.86
22 SN/mm 4.02 +0.49 3.86 +0.47
F7E4 LF/mm 72.13+19.14 78.77 +15.32
FTHL NI 2.80+0.16 2.63+0.29
HRREE E FMY /kg 0.20+0.11 0.22 +0.09
HRRT E DMY/kg 0.08 +0.03 0.09 = 0.02
167 PL/mm 7.37+1.20 6.79 £ 0.91
/MBS SN 28.70 £ 4.44 28.47 +2.76
/NERFN 122.28 + 12.50 104.92 +30.76"

THLE 1 000-kw/g

1.97+0.14

2.03+0.41

i RIRAEO.01 /KT L JEHURAE P SRR 22 57 B3

** indicate significant difference was found between two groups for a

trait at the 0.01 level.
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