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Table 1 Information of tested tartary buckwheat germplasms
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Table 2 Analysis of agronomic traits and selenium response of different tartary buckwheat germplasms

febr osiil

B/ME

SZONI: I FEE Rz ARRARH

Index Treatment Min. Max. Mean SD CV (%) P

#& 151 Plant height (cm) C 38.90 100.60 66.04 16.10 24.38 0.048"
P 45.94 102.66 74.67 16.08 21.53

241 Stem diameter (mm) C 1.64 440 275 0.65 23.71 0.060
P 1.87 4.88 3.10 0.73 23.56

F 227541 Number of main stem nodes C 10.50 21.60 15.02 3.14 21.24 0.673
P 10.60 22.00 15.35 341 22.61

=241 Number of main stem leaves C 4.70 16.80 10.27 3.47 34.40 0.712
P 5.20 17.60 10.60 3.60 34.62

— 243 %0 Number of primary branches C 1.60 6.10 4.53 1.19 26.61 0.764
P 1.00 6.60 4.63 1.32 28.83

2R B Number of secondary branches C 1.60 6.50 4.48 1.12 25.48 0.324
P 2.20 6.90 4.75 1.13 24.24

“x7 RIREP<0.05 KVPEREE. FH.

“*” indicates significant difference at P < 0.05 level. The same below.

6.50, P AL RN 1.00~6.60 i1 2.20~6.90.
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30 P S FEM 5 ) 7 B A AN [R] Ak 3L () 35 47

ERKER (R3) . PUHET, 516 (BES

5 REEE, W5 25 (B2 5) MERK. C
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M'5 17 O8N 2 5) BRIRECR, AOBRIE 2 7 A R .
AN T FEBR R AR MR AR R 2 5. C
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Table 3  Analysis of yield, grain traits and selenium response of different tartary buckwheat germplasms

s = Ab T FeE TRiE ML 5 N
Germplasm code Treatment Yield (kg/hm?) 1000-grain weight (g) Grain weight per plant (g) Number of grains per plant
1 Cl1|P1 406.951431.20 8.43)8.55 0.45|0.49 54.70/59.10
2 C2/P2 740.15[795.90 9.00[9.05 0.74/0.81 93.00[97.20
3 C3|P3 1252.30/1535.30 8.54/9.39 0.64/0.57 65.00[72.70
4 C4[P4 699.90(738.60 6.70[7.54 0.72/0.65 62.90/83.20
5 C5|P5 1273.25/1473.85 7.668.12 0.47/0.39 45.80[53.50
6 C6/P6 826.40(881.50 6.94/6.64 0.87/0.95 76.80(76.80
7 C7/P7 878.50[1038.40 6.29]7.31 0.81/0.97 104.80/98.80
8 C38|P8 691.05[725.15 7.57(7.40 0.61/0.69 59.70/59.60
9 C9[P9 503.55|530.80 8.86/9.61 0.34/0.39 34.10[33.90
10 C10|P10 512.05/638.15 7.25]7.21 0.69/0.68 76.30/80.50
11 C11/P11 670.75/864.45 7.7018.66 0.65|0.65 77.80]79.40
12 C12|P12 701.60/1131.75 7.98)8.76" 0.67/0.67 73.60]73.60
13 C13|P13 972.55/996.95 8.36/9.89" 1.31]1.27 125.50(122.60
14 Cl4|p14 890.05/813.95 8.70/8.58 1.48/1.48 123.90/126.80
15 Cl15|P15 853.60[959.75 8.58(9.17 1.70[1.90 147.10/158.60
16 Cl6|P16 1674.10/1759.20 9.07|10.33" 0.65|0.66 72.60[79.90
17 C17|P17 829.30(757.75 7.4318.17 0.64/0.68 68.70[73.20
18 C18|P18 1349.85/1597.10 7.84/8.47 0.73|0.74 77.20/82.60
19 C19|P19 1466.60/1585.80 8.538.49 0.78|0.82 83.20/83.70
20 C20|P20 369.10[374.25 6.82/5.11° 0.22/0.25 45.50/49.10
21 C21/p21 894.50[1093.05 8.04/9.97 0.39|0.48 52.50[40.40
22 C22|p22 452.15451.45 8.488.44 0.16/0.23 26.00/19.20
23 C23|p23 1020.40/968.50 8.9319.24 0.63|0.68 49.9059.90
24 C24|pP24 1167.80|1218.05 8.74/9.24 0.87/0.95 96.10197.30
25 C25|P25 322.85[341.55 7.56/8.15 0.21/0.25 23.9026.70
26 C26|P26 530.65|569.20 8.10[8.05 0.62(0.77 79.40(87.40
27 C27|P27 851.05/895.80 7.55)8.15 0.69/0.66 48.90/51.80
28 C28|P28 870.30[910.30 7.56(7.17 0.82/0.94 119.70[121.50
29 C29|P29 1011.75|1087.30 8.088.07 0.73/0.92 96.90[107.90
30 C30[P30 1032.20/1182.00 9.01/9.02 1.19]1.22 131.10/144.50
“F¥J{H Mean 857.18/944.90 8.01/8.40 0.72/0.76 76.42/80.05
P 0.342 0.113 0.666 0.692

REFER, TORLE . R E AR R I AE 6.29~
9.07 g+ 0.16~1.70 g F1 23.90~147.10, HE 5 HH
8.01g. 0.72g A1 76.42; P Ab¥ N4 HITE 5.11~
10.33 g+ 0.23~1.90 g Fi 19.20~158.60, ¥I{H 55N
8.40 g. 0.76 g F1 80.05. 20 17375 FE 5 (1) T EE 7E
PACERRE N, Hd 3 MR (5 12, 13
M16) REIN; 10 G5 TR E FEAG, Hordh g
520 (BKE) REFREK ANIE AL O R %
o 21 XFEFERIR MIARRLE LR P ACIE NI, 6 1
PR S, 3 MRl piReF, AL ZERARE. 22
UrEs R R ORR R P ALFE R, 6 i RlR T
B, 2 PSR, AbER(RZE R AR,
23 AEIEFMRTIRRAR ST &R N ZE S
AHARAEETNBRMTHRRER ., S

BRI, ABTHAE MR AERKERE, 5%
AR L= B f1. B la~e TN, F5FEAH 5 B
T AR R R bR E A 2 B . C kb
HN, SA B E TR R RN R R
1K 52.56%, ¥IME 4.72 g/tk; FERIAE R RECH
46.40%, ¥JMH 9.36 g/tk; WAL R RE A
49.34%, ¥JMH 13.52 g/tk. P AN, &P Ak
TR REL T RN 52.56%, ¥{E
3.72 gtk MESINAR 7 RECN 47.89%, IME 9.36 g;
RIS 7 R BN 51.7%, $A1H 14.90 g/kk.

G AT T SRR AE & AR E S T R AR
BE N N 2R (B 1d) , P AR T TR R &
A B BARS TR REY B, HEA
FEA B HHEZEE —E Z5%. PRI T, 70%M
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Analysis of total dry matter accumulation and selenium response of different tartary buckwheat germplasms

SERB AN 49.10% 54.97%- 56.86%F1 31.98%
(FR4) o 251, P AT B FRF0 5 55 IR
TP IS, S STV s R i w2 .
24 AEEFWHRMBRESHEER
A F SR ERM S ENLERNES
PRV 2206 8 2L, I8 I A 38t A I v g T
WA SR, C AT, WIFRMARE . 225,
Wy RORF L R A0S 25 B 34 53 79 0.0086+ 0.0369
0.0495 1 0.0414 mg/kg; P AbHE N %28 B Al & w13
AHrsghn, S EME S MG A 0.0108. 0.0489,
0.0830 1 0.0727 mg/kg, HAXZEFF (P<0.05) .
M (P<0.01) FUFFRL (P<<0.01) fifi& &8I
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Table 4 Analysis of biomass, dry matter transport and selenium response in different tartary buckwheat germplasms

MRS g ERERCEME D BEMEREEME G BRTIREER @ REERE
Germplasm Treatment Ma?(lmum vegetative Vegetative biomass at Total d}'y matter Total tr‘anslocatlon
code biomass (g/plant) harvest (g/plant) translocation (g/plant) efficiency (%)
1 C1/P1 4.12/4.63 2.46]2.69 1.66|1.94 40.29/141.90
2 C2[p2 8.57/8.87 5.57|5.68 3.00[3.19 35.01]35.96
3 C3|P3 7.88/8.63 4.72/4.64 3.16/3.99 40.10/46.23"
4 C4/p4 12.49]12.49 7.59]7.33 4.90/5.16 39.23]41.31
5 C5|P5 8.86/9.03 6.86]6.79 2.0012.24 22.5724.81
6 Co6[P6 19.63]19.12" 17.67/16.97 1.96[2.22 9.98|11.61
7 C7p7 9.219.35 6.39]6.23 2.8213.12 30.62|33.37
8 C8|p8 6.64/6.35 447431 2.172.04" 32.68|32.13"
9 CoP9 6.62(7.22 4.90/5.59 1.72/1.63" 25.98]22.58
10 C10/P10 10.78/10.31" 8.38/8.02" 2.40[2.29" 22.2622.21
11 C11|P11 9.139.12" 6.7116.30" 2.42)2.82 26.51)30.92"
12 C12/P12 5.58/6.10 3.8214.21 1.76/1.89 31.5430.98"
13 C13|P13 16.63|17.02" 11.07|11.13 5.56|5.89 33.43|34.61
14 Cl14|P14 10.78]13.27 8.45(9.83" 2.33|3.44" 21.61]25.92
15 C15/P15 7.45|8.87° 5.63(6.73" 1.82[2.14 24.43)24.13
16 C16|P16 6.81]11.34 5.54/9.33 1.27|2.01 18.65/17.72"
17 C17|p17 6.59/6.80 4.103.76 2.4913.04 37.7844.71"
18 C18|P18 10.44(10.46 8.69/8.38 1.75[2.08 16.76/19.89
19 C19|P19 10.79]10.28" 7.42/6.86" 3.37)3.42 31.23|33.27
20 C20/P20 9.59/10.46 7.27|8.01 2.32|2.45 24.19[23.42°
21 C21/P21 4.65/5.23 2.78|2.81 1.87|2.42 40.22/46.27
22 C22|P22 4.52/4.32 3.1512.90" 1.37|1.42 30.31/32.87
23 C23|P23 5.80/7.33 3.86]4.98 1.94/2.35 33.45|32.06"
24 C24/P24 4.08/5.97 3.17|4.59 0.91]1.38 22.3023.12
25 C25[P25 4.834.36" 2.89|2.23" 1.9412.13 40.17/48.85"
26 C26|P26 4.57|6.04 2.82|3.46 1.752.58 38.29142.72
27 C27|p27 14.09/18.31" 11.98/15.45" 2.11]2.86 14.98|15.62
28 C28|P28 20.33|24.78" 15.09|17.84" 5.2416.94" 25.77|28.01
29 C29|P29 18.50[20.62" 10.74/11.08 7.76]19.54" 41.9546.27
30 C30/P30 11.39|13.15 8.45[9.35 2.943.80 25.81]28.90
“F¥{H Mean 9.34/10.31 6.757.25 2.593.07 29.29]31.28
P 0.454 0.625 0.009" 0.377

“HE” FORE P<0.01 KPERREE. T,

“i#k” indicates extremely significant difference at P < 0.01 level. The same below.
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Fig.2 Analysis of selenium content and response differences in different organs of different tartary buckwheat germplasms
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Total selenium
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S AC L
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ratio (%)
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0.3015 C20 EE Range: 0.76%~4.93% 0.6788 P21 Jti [ Range: 0.80%~2.98%
518 Mean: 1.72% {8 Mean: 1.46%
246 AN b SD: L1 05350 RN bl 5D 0.92
0.5042 C4 1wy, R RBCV: 64.47% 06525 P4 iy \ AR ZHL CV: 62.94%
\‘ ¢ % . A
0.3715  C5 B N\ 06127 PS5
12318 o \\%“ Lo 76 | Wy
10078 C7 |y 11942 P7 [,
02966 C8 g 0.509 P8 sQp
04831 (O v % Stem 0.7267 P9 BRTT % Stem
Ju [ Range: 32.89%~77.01% 0.8635 P10 == i Range: 32.89%~61.49%
0.5031 C10 =" Yl Mean: 54.56% 02518 PlI HI{H Mean: 47.22%
0.0964 C11 = FrifEZE SD: 12.04 : * FRifEZ SD 11.27
0.1100 C12 - S RH CV:22.07% 0.2240 P12 - AR B OV 23.87%
0.9912 C13|] 1.4842 P13|]
1.8008 P14|]
13431 c14|]
13132 P15 )
0.6781 C15)
13743 P16 | /
0.6866 C16 | Bt {
0.2140 C17 s 0.6145 P17 !
0.4391 C187 M Leaf 0.8343 P18 ] ;\6 ) 0 Leaf
1 Y@ Range: 5.22%~26.83% 0.8464 P19 DO Ji # Range: 2.01%~26.81%
0.4081 C190 E YI{H Mean: 13.63% ' D W N ﬂ Y18 Mean: 13.42%
0.1699 €20 » bRUEZE SD:5.78 0.3469 P20 o< 1, ,j,‘k'*’!, bRUEZE SD: 5.36
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/X N
0.3498 €229 0.4639 P22 s K
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0.2948 C25 1 0.3625 P25 07 ',z/
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FKI Grain "W ¥KI Grain
0.7843 C27 | 7 Bl Range: 11.30%~41.42% 1.5610 P27 | 4/ i [l Range: 20.81%~54.10%
)18 Mean: 30.39% I Y318 Mean: 37.90%
1.8201 C28 brifE%E SD: 8.79 27160 P28| FRdEZE SD: 9.47
// R RBCV:29.21% /) A5 SR CV: 24.98%
0.7780 C29 [, 14234 P29 |,
0.3647 C30 70 0.6728 P30 ]
= 35 sk sk % %
: . | |
2 307
~ 2 25t -
o
®.S 20}
~ -E - - -
" % 15} ~
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X8 F
ol 5 . &
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“Hr N eR” HRIRIRZEFEE (P<0.05) FREE (P<0.01) . TH,
“*” and “**” indicate significant (P < 0.05) and extremely significant (P < 0.01) differences, respectively. The same below.
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Fig.3 Analysis of selenium accumulation and distribution in different organs of different tartary buckwheat germplasms
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Table 5 Analysis of selenium utilization, transportation, absorption and enrichment in different tartary buckwheat germplasms

FR 4B . AR RS AR ey MR
Germplasm Treatfnent Selenium ut.1112at10n Selenium partltlon Selenium ab.sorptlon Selenium en.rlchment
code coefficient coefficient coefticient coefficient
1 Cl1|P1 12.22|30.64 13.92/44.18 2.88 3.54
2 C2/P2 37.12}40.19 59.02|67.21 28.21 12.03
3 C3|P3 24.94/38.24 33.23161.92 9.60 7.71
4 C4|pP4 20.38]24.66 25.60[32.73 11.08 435
5 C5[P5 38.3427.34 62.18]34.53 18.02 1.87
6 Co[P6 18.86/25.52 23.24|34.26 51.23 19.20
7 C7/P7 19.31)38.41 23.93162.35 13.93 19.73
8 C8|P8 34.9754.11 53.77|1117.88 15.92 12.85
9 C9[P9 34.58/41.81 52.85|71.83 18.21 10.22
10 C10/P10 33.62/35.82 50.65|55.81 26.93 10.47
11 CI1|P11 17.97|35.76 21.91|55.66 11.62 5.44
12 CI12|P12 26.32|30.41 35.72/43.69 8.51 2.93
13 C13/P13 32.69147.99 48.57192.26 36.85 29.01
14 Cl4|P14 27.53|36.03 37.98/56.32 34.21 20.86
15 CI15/P15 38.59)37.81 62.85(60.77 47.46 17.54
16 Cl6/P16 32.96/43.33 49.17|76.46 51.40 27.59
17 C17|P17 32.32/40.61 47.75|68.38 29.93 13.48
18 C18/P18 38.16/42.86 61.71]75.02 29.54 14.20
19 CI9|P19 39.3151.76 64.73]107.31 32.76 20.76
20 C20|P20 11.32]27.01 12.74/37.01 13.23 5.57
21 C21/pP21 41.1645.88 69.97/84.76 1.25 1.22
22 C22|P22 36.44/39.83 57.32|66.11 8.53 4.27
23 C23/P23 38.88/58.20 63.60[139.23 13.11 10.40
24 C24/pP24 35.67/45.76 55.46/84.38 26.21 15.88
25 C25[P25 37.6143.31 60.26/76.40 5.06 3.45
26 C26/P26 41.4245.34 70.72/82.95 12.97 6.22
27 C27|P27 18.49]25.88 22.68|34.91 58.05 19.36
28 C28|P28 27.31)25.51 37.58)34.25 66.96 14.63
29 C29|P29 28.64|24.62 40.14/32.66 47.49 9.32
30 C30[P30 25.57)39.01 34.35|63.95 23.02 12.64
“F¥){H Mean 30.09|38.13 45.12/65.17 25.14 11.89
P 0.001™ 0.002™ - -

(B4, ¥ s MEXD, BitmmEis
85.881%. MRZMRIBE R kE . M. F2E4L
MEZENH, TYRR RIERTEFRE R KEY
B BERIE R AR, DU R R
w5 EEIRVAE PCL W B B 3 s FRRL PR e
L7 K o AC SR 7 S ACER 1Ky N A S DS & T RV RS T
FRFRTE PC2 B A makfir s 2 BEETE PC3 3k
TR R BT YR s BAUR TV s RA1E PC4
TR PR EAE PCS FREm B
27 AEEFMRIE LS R AEELIIE

BT 32 By 53 AT R A AR RN AT A T AN )
FEFNTE SRR FE bR (1) 55 o B AR, ki 3R AR

LEEAVEHNME D, RE D E¥S S A 3 2K,
HoA g5 28, 6. 13, 19. 14. 30. 15. 29. 16
A 27 310 ANFFUONEEEL H D ESCK, JE T
W N UL AR, (5 EE 33.33%; SRS 7. 24, 2.
10, 3. 4. 11. 18. 20. 23. 5 1 8 3£ 12 ANFl i
NEHE, @ TR e S R BB, B 40.00%:
G5 17, 9. 12, 26+ 1. 21. 22 F1 25 3t 8 AN
R, H DB HN, & T R B A R
&, HE26.67% (5
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MR R L R SRR R AR 2R
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TTE | & & & & & & 3K XX XX XK ) k) v DG @S @ @ 040
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SAP @& @& @& @& @ 2K X X XN N N N XK N X X ISy
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PH: #kf; SD: Z5Ml; NMSN: F 2474 NMSL: FZEMH: NPB: —H % NSB: 440 TGW: FHiE; Y: F=&; GWPP:
PRRIEE; NGPP: #RKiH; MVB: EFR{KRALEYE; VBH: WHIIE SRR, TDMT: DTYR%EE; TTE: & TYREIENE;
SUC: fiF|H %4 SPC: WHAMHCHEL: SAC: Wi HR%: SEC: MimER%: SAP: MMM RE: SAS: i BHMIRE: SAG: ¥
PARTIE AT

PH: plant height; SD: stem diameter; NMSN: number of main stem nodes; NMSL: number of main stem leaves; NPB: number of primary branches;
NSB: number of secondary branches; TGW: 1000-grain weight; Y: yield; GWPP: grain weight per plant; NGPP: number of grains per plant; MVB:
maximum vegetative biomass; VBH: vegetative biomass at harvest; TDMT: total dry matter translocation; TTE: total translocation efficiency; SUC:
selenium utilization coefficient; SPC: selenium partition coefficient; SAC: selenium absorption coefficient; SEC: selenium enrichment coefficient;
SAP: selenium accumulation in plants; SAS: selenium accumulation in shoots; SAG: selenium accumulation in grains.
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Fig.4 Principal component analysis and correlation analysis of different traits of tartary buckwheat germplasm
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Fig.5 Cluster analysis and group verification of different tartary buckwheat germplasms
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Fig.6 Analysis of selenium response (a) and ideal germplasm (b) of different tartary buckwheat germplasms by GGE biplot
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Comprehensive Evaluation of Growth, Development,
and Selenium Response Characteristics in Different
Tartary Buckwheat Germplasm Resources

Yu Qiuzhu'?, Qiu Junhua?, Du Hanmei', Wang Anhu'’

("Panxi Featured Crops Research and Utilization Key Laboratory of Sichuan Province, Xichang 615000, Sichuan,
China; 2College of Agricultural Sciences, Xichang University, Xichang 615000, Sichuan, China)

Abstract The absorption of selenium by tartary buckwheat to form selenium-enriched characteristics is of great
significance for promoting the high-quality development of the tartary buckwheat industry. In this study, 30
representative tartary buckwheat germplasm resources were selected to measure their agronomic traits, dry
matter accumulation and translocation characteristics, as well as yield and grain trait indicators. Foliar
application of selenium fertilizer was set as a treatment. Principal component analysis (PCA), cluster analysis,
and GGE biplot analysis were comprehensively utilized to conduct a thorough evaluation of the growth,
development, and selenium response characteristics of different tartary buckwheat germplasms. The results
showed that significant variations existed among different tartary buckwheat germplasm resources in terms of
agronomic traits, dry matter accumulation and translocation characteristics, yield and its components, and
selenium accumulation, distribution, and enrichment traits. Furthermore, foliar selenium application exhibited a
promoting effect on all measured growth and development indicators of the germplasm resources. Through
cluster analysis, ten selenium-sensitive, 12 selenium-intermediate, and eight selenium-insensitive germplasm
resources were screened. GGE biplot analysis identified YYMYO002 as a germplasm with high yield, high
selenium enrichment, and relative comprehensive superior traits.

Key words Tartary buckwheat; Germplasm resources; Growth and development; Selenium response; Comprehensive
evaluation
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