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Evaluation of Lodging Resistance and Selection of
Identification Indexes of Common Buckwheat
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Abstract: Lodging is a main problem affecting the yield of common buckwheat in central Gansu, China.
This study used 76 common buckwheat germplasm resources from both domestic and international sources to
investigate genetic diversity of 23 phenotypic traits that associate to lodging resistance. Through applying statistic
methods such as Shannon-Wiener diversity index, correlation analysis, principal component analysis, regression
analysis, cluster analysis and stepwise discriminate analysis, a comprehensive evaluation of the lodging
resistance was conducted. The collection of common buckwheat exhibited high genetic diversity, with diversity

indices ranging from 2.349 to 4.331 for different traits, among which the number of main stem branches was the
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smallest and the length of the second inter-node was the highest. Correlation analysis revealed correlations of
varying degrees among the 23 traits. The principal component analysis showed that the first five principal
components could represent 81.421% of the information of the 23 traits. Using a membership function method, a
comprehensive score value (D) for lodging resistance was calculated, with an average D value of 0.469. The D
value for Yuntiangiao 1 was the lowest (0.200) and the highest for TQ10-07 (0.819). Stepwise regression
analysis identified eight traits, including plant height, stem height of center gravity, the first inter-node length
and wall thickness, the second inter-node length, number of main stem branches, bending degree and stem
resistance, as comprehensive evaluation indicators for lodging resistance of common buckwheat germplasm
resources. Based on D value clustering, 76 materials were divided into four groups, among of which, 10
materials in class IV exhibited high lodging resistance and high D value, which could be used as parent materials
for material innovation and breeding. This study showed that using a multivariate statistical analysis method for
comprehensive evaluation of lodging resistance is feasible, providing a basis and reference for germplasm
innovation and lodging-resistant breeding in common buckwheat in central Gansu, China.

Key words: common buckwheat; dry-farming region; culm;lodging resistance ; comprehensive evaluation
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Table 1 76 common buckwheat germplasm resources
Frs EAiN KR | ZFR Heilit 7 ZFR el 75 HFR Heilit
No. Name Source | No. Name Source | No. Name Source | No Name Source
1 BIREAR By | 20 HAKRIFE PENSEL | 39 HBNFE hERTT | 58 TEAR9978  PEIBEYY
2 Yk ZH . Gy |21 2002-6 R | 40 7 D07-3 RETE | 59 KdEt1S dESU
3 pjied = 271 By | 22 @SS PETHE | 41 501-03-1  PENGEY | 60 EFAEFR hEPDE
4 WrslsE 9y | 23 aEdtes2  HrETH | 42 FiR-5 ER | 61 ARiELS PEINSEY
5 sl Bt | 24 2002-9 RN | 43 ZiEBELS RN | 62 Fik01-036  HEH
6 Cherermshanka &' | 25 2002-5 PETR | 44 BEEELS hEZEE | 63 RELgEsE  hEph
7 Batyr W | 26 MiFE2S PEBRE | 45 RMHZERF  PETR | 64 F01-034  hETHR
8 Nicholas w2 | 27 2002-4 PETOE | 46 RER4EFE-2 hEREE | 65 P FpE L
9 ASCHEEE PR | 28 2002-3 REHH | 47 RFE1S hEBMN | 66 TQ09-14  hEBEE
10 WFERTYS hET | 29 T4-04 PEHR | 48 JeRA PENZEE | 67 T D07-1 T E
11 FFEsS PETR | 30 PEA9976  HhEPEFE | 49 FHIE105 PEEK | 68 TQ08-08  HEBLYY
12 gEeE EEHEE PEEGE | 31 @RS REEH | S0 TQ10-3 RERPE | 69 TQ09-07  HEEL
13 SEFHFE LS REREPE | 32 REREE RELE | s TEINFIEE hERE | 70 ®R1S HERm
14 TIEMIE hEpkY | 33 E 98-1 rEHR | 52 Fi 15 HRESEM | 71 PEA9976-2  HIEIBKP
15 HIELS hEL | 34 T 9002 ke | 530 AREEFELS hELE | 72 #fo103-3 tPENGEY
16 mEwEE hEL | 35 2002-2 RIEHA | 54 geTE4dEFE RSN | 73 TQI0-07  HIEBRIY
17 TFE3S HBEPY | 36 9001¥k  HEHF | 55 C5-3 HEHGR | 74 ARV RIS
18 T4-02 drEER | 37 EEEEREE hEE | se 521820 PENSEE | 75 TR FE P
19 WEZE)IEEE PR | 38 AN hELNFE | 57 P2 R | 76 FHFE e 1 7
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50 HEATIE A A AT R R 3, 45 P>0.05 , RUTFEA K
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Table 2 Distribution characteristics of agronomic traits of 76 common buckwheat materials

Kolmogorov-Smirnov

| ES =gy & fr
thEajz IE?S%TET&E@% P}\)/fie Skzﬁ\ivrfess Kutt}j:sis F- fffue
K-S normal distribution test

PR (cm)PH 0.083 0.200 0.381 -0.464 116.280%*
ZEFFHELO R (em) SHG 0.088 0.200 0.325 -0.706 19.672%*
FAPREE T (g) FWP 0.165 0.000 2.423 8.624 255.193%*
FEETHNM 0.110 0.024 -0.615 1.772 1.546%*
F 2214 (mm)FIL 0.072 0.200 0.023 -0.291 37.296%*
F 25— A KL (mm)FISD 0.069 0.200 0.293 0.221 0.455%*
F 225 [l BEJE (mm) FIWT 0.140 0.001 1273 1.558 0.217%*
F 25— E (g)FIFW 0.082 0.200 0.448 -0.189 0.043%*
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F2 (%)
P IR Kolmogorov-S-mirnoV Pl TR i i Flt
Traits E?}ﬁ}?ﬁﬂ:ﬁii}(j P value Skewness Kurtosis F-value
K-S normal distribution test

F2E5 5] T (g )FIDW 0.149 0.000 0.997 1215 0.004%*
F 2L — M (g/em’ ) FID 0.095 0.084 -0.038 0.906 0.025%*
F 2L ) 7 I (g/em)FIF 0.146 0.000 1.893 5.002 0.000%*
F22555 A K (mm)FSL 0.113 0.018 0.682 0.518 117.949%*
F22£55 A5 A KL (mm)FSSD 0.054 0.200 0.133 -0.005 0.731%*
A [A) BEJE (mm) FSWT 0.122 0.007 1.142 1.715 0.445%%
F 2R ) E (g )FSFW 0.132 0.002 0.536 -0.242 0.126**
F 2L AT EE (g )FSDW 0.167 0.000 1.072 0.691 0.005%*
F 2R A (g/em’ )FSD 0.133 0.002 -0.184 5.049 0.068%*
F2L55 A ) 75 (g/em ) FSF 0.133 0.002 0.940 0.308 0.000%*
EEEYivs7ig\: 0.140 0.001 0.033 0.822 0.953%*
I BD 0.149 0.000 1.631 3.435 0.063%*
R 71 (g)SR 0.093 0.166 0.621 0.371 11926.677**
fERFEEL LI 1111 0.021 1.115 1.846 5.666%*
FBRENRAE ALR 0.112 0.020 1.854 5.714 0.179%*

UFRIE0.01 P B2 5 B T

** indicates significant difference at the 0.01 probability level; PH: Plant height; SHG: Stem height of center gravity; FWP: Fresh weight per plant;
NM: Node number of main stem; FIL: The first inter-node length; FISD: The first inter-node stem diameter; FIWT: The first inter-node wall
thickness; FIFW: The first inter-node fresh weight; FIDW: The first inter-node dry weight; FID: The first inter-node density; FIF: The first inter-
node fullness; FSL: The second inter-node length; FSSD: The second inter-node stem diameter; FSWT: The second inter-node wall thickness;
FSFW: The second inter-node fresh weight; FSDW : The second inter-node dry weight; FSD: The second inter-node density; FSF: The second inter-
node fullness; NB: Number of main stem branches; BD: Bending degree; SR: Stem resistance; LI: Lodging index; ALR: Actual lodging rate; The

same as below
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Fig. 1 Distribution of 8 traits of 76 common buckwheat germplasm resources
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Table 3 Variation characteristics of agronomic traits of 76 common buckwheat materials

(LS G U 2 e

RN ¥fH bRz NI fR/ME "
Traits Mean SD Max. Min. (%) e

cv H’
P (em)PH 60.61 10.78 89.67 43.00 17.79 4.068
ZEFFECH E (em) SHG 27.41 4.44 37.00 18.67 16.20 3.839
Pk (g)FWP 36.19 15.97 116.47 14.37 44.13 4.276
FZEENM 8.78 1.24 12.00 5.00 14.12 2.470
F2 2L — T A (mm)FIL 30.36 6.11 46.22 16.90 20.13 4330
F2 2L 55— [ KL (mm)FISD 5.55 0.67 7.33 3.86 12.07 4.141
F2 285 — 1 A1 REJE (mm) FIWT 1.90 0.47 3.36 1.21 24.74 4.069
F 25— (g)FIFW 0.77 0.21 1.36 0.32 27.27 3.815
F 2L — T T E (g )FIDW 0.20 0.06 0.39 0.09 30.00 2.878
F 25— L (g/em’ ) FID 1.20 0.16 1.57 0.70 13.33 3.522
F2L5— A 75 (g/om ) FIF 0.07 0.02 0.15 0.03 3232 3.684
F2L58 A A (mm)FSL 35.86 10.86 65.27 15.56 30.28 4331
F22L55 A KL (mm)FSSD 6.55 0.85 8.61 4.73 12.98 4.185
F22L58 A A BEJEE (mm) FSWT 1.99 0.67 4.06 0.89 33.67 4.062
F2L58 I E (g )FSFW 1.08 0.36 2.05 0.41 33.33 3.872
F2L58 AT E (g )FSDW 0.20 0.07 0.43 0.08 35.00 3.077
F2L58 A BE (g/em® ) FSD 1.13 0.26 1.85 0.81 23.01 3.653
F2L58 A 7L (g/em ) FSF 0.06 0.02 0.11 0.03 31.50 3.588
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x=3(4)
_ - o BREAK BN

LRI M frez Rkt Fe/ME -
. R (%) FEEL

Traits Mean SD Max. Min. i

cv H
F LR NB 6.16 0.98 8.67 3.33 15.91 2.349
Z5Hh B BD 0.62 0.25 1.56 0.24 40.32 3.135
LRI 1 (2)SR 421.67 109.21 730.00 206.67 25.90 3.927
BIRAEH LT 242 1.06 7.06 0.87 43.80 4.167
SEBRAEIR % ALR 0.97 427 2.84 0.36 437 3.891
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TRBON RS e Z R RO E A 3710, 35/ 2.2 HEXMES
R 2.349~4.331, Hivp F2 2858 T R K i e, HIROR AH A BT (] 2) 25 S BoR 23 AR (R A7 7
TR AT, RO/, R 76 Al ORRIFEEEAGAISCE . S RERRBH AR ik 8 23
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* indicates significant correlation at the 0.05 probability level; The same as below
B2 763 EHFERRRIR 23 MR EIHE X 12 4T

Fig.2 Correlation analysis of 23 agronomic traits of 76 common buckwheat germplasm resources
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Table 4 Eigenvectors and contribution rate of first five principal components based on 23 agronomic traits

[N F 4> Principal component

Traits 1 2 3 4 5
Fim PH 0.769 0.254 0.317 0.253 -0.077
ZEFFEO S SHG 0.700 0214 0.303 0.100 -0.172
FAPf A EE FWP 0.893 -0.188 0.107 -0.116 0.041
FZEWENM 0.612 -0.298 -0.005 0.501 -0.315
F 25— FIL 0.157 0.817 -0.282 -0.092 -0.313
F2E5 A HLFISD 0.888 -0.018 -0.043 -0.251 0.051
F L5 I BEJE FIWT 0.384 -0.750 0.233 -0.015 0.310
F2L5 1 ) T FIFW 0.758 0.455 -0.267 0.124 0.033
F2L55 5[] T FIDW 0.877 0.179 -0.215 -0.019 0.119
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PR T4y Principal component
Traits 1 2 3 4 5
F 21T FID -0.116 0.237 -0.219 0.737 0.219
F 2R F S FIF 0.794 -0.391 -0.030 0.060 0.339
FZEE K FSL 0.142 0.909 0.180 -0.092 0.048
FZEE M FSSD 0.689 -0.015 -0.493 -0.222 -0.190
FZEE TN BEJEFSWT 0.151 -0.872 -0.311 -0.029 0.003
F 2R v ) e E FSFW 0.591 0.707 -0.129 -0.070 0.069
FZEEE N T H FSDW 0.803 0.454 -0.026 -0.158 0.130
FZEE NN FSD -0.034 0.574 0.365 0.234 0.446
FEEEE R FLSLE FSF 0.785 -0.385 -0.210 -0.108 0.151

FZEBHINB 0.673 -0.297 0 0.414 -0.260
SR I SR 0.575 0.051 -0.459 0.003 0.291
Zill)E BD 0.016 0.035 0.706 -0.132 0.111
BIRAEECLL 0.685 -0.167 0.460 -0.031 -0.164
FBRENR2E ALR 0.785 -0.062 0.461 -0.072 -0.183
FEAIE [ B Eigenvectors 9.347 4.829 2.207 1.327 1.017
DUk (%) 40.641 20.995 9.594 5.771 4421
Contribution rate

ZIT 51k % (%) Cumulative contribution rate 40.461 61.636 71.229 77.000 81.421
24 EIMEETEN RITEMIERIGIE 23 MRS £ 515 408 D AE I AR DG A 73 A 46

HHE TR o IT A RARAF ST R S A3 SRERW] bR ZEFF IO S bR AR BT

BATRHEG BB A (4) (5) (O) THE R MM 1 FEZETR 2R PR R LA S 3225

B Pi I 2r A1 %ﬁ*ﬁ(D{E) o LERRI 76
FERP TP EIPELE A5 B D AEYE F A 0.200~0.819,
174 0.469, = EHFF 1509 DAEAAK , TQ10-07 ) D
(ERGT=

£5 BMRETERERBMSABHE(DE)WEXEST

e L0 I F 1 R SO A i - | B S ]
5 DIEM R IEARSG , BUR A5 DIE R IEAE;

RS A IR BER R s R S DAE
AIFHORPEAR .35 (3R 5).

Table 5 Correlation analysis between 23 agronomic traits and lodging resistance comprehensive value (D value)

PER AHR AL PER AR AL
Traits Correlation coefficient Traits Correlation coefficient
Pim PH 0.710%* FEH _EHLFSSD 0.543%*
ZEFFEL B SHG 0.637%* F 25 I REEE FSWT -0.224
kA T FWP 0.577%* F 2855 v B FSFW 0.710%*
FETHNM 0.330%* F 2855 155 FSDW 0.758%*
F 2L FIL 0.440%* F 25 Y% EE FSD 0.141

F L5 A HLFISD 0.614%* F 2858 I 7S FSF 0.429%*
F 25— I REJE FIWT -0.031 F 2P BHINB 0.356%*
F L5 ) 5 FIFW 0.722%* ¥ BD -0.036
F2E5 5[] T3 FIDW 0.711%* 2T SR 0.872%*
F 25— 1A% FID 0.051 BIRFRECLL 0.293*
F 2L A 7 5L FIF 0.429%* SPREIR R ALR 0.294%
FZEH K FSL 0.401**
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Fig.3 Cluster analysis of common buckwheat germplasm resources based on principal component score
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Table 6 Description of each group in hierarchical cluster result

EFFE ERH- RS- EREEBC . Ev
Rt % D1 BRi(em) O RS WRIBEEL EIK I 1;%& g b
Group Number D-value PH (cm) (mm) (mm) (mm) NB BD (g)

SHG FIL FIWT FSL SR

I 24 0.410~0.705 63.70 28.96 32.64 1.84 36.78 6.22 0.55 466.39
I 38 0.235~0.550 57.94 26.12 29.50 1.89 35.34 6.02 0.57 358.77
I 4 0.200~0.256 48.47 23.07 26.77 1.75 36.38 5.25 0.56 220.00
v 10 0.655~0.819 68.25 30.32 29.57 2.18 35.44 6.90 0.69 636.67
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