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Comprehensive evaluation of drought resistance of Tartary buckwheat
( Fagopyrum tataricum) germplasm resources at germination stage
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Abstract; 110 Tartary buckwheat germplasm resources were treated with PEG—-6000 as an osmotic agent to
simulate drought treatment. The germination of Tartary buckwheat seeds under 0, 5%, 10%, 15% and 20% PEG-
6000 solution stress were studied. The changes of relative germination potential, relative germination rate, relative
germination index, relative radicle length and relative radicle diameter and germination drought tolerance index of
seeds were analyzed. The results showed that 15% PEG-6000 was the suitable concentration for the identification of
drought tolerance of Tartary buckwheat seeds during germination. The relative germination potential, relative germi-
nation rate and relative germination index were determined as the key indexes by principal component analysis. The
comprehensive evaluation value D of drought tolerance of Tartary buckwheat germplasm resources at germination
stage was obtained by membership function combined with weight analysis. According to the D value, 5 drought-tol-
erant types, 28 drought-tolerant types, 48 intermediate types and 29 sensitive types were screened and identified.
110 Tartary buckwheat germplasm resources were divided into 5 subgroups by cluster analysis. Subgroup I was a
subgroup with strong drought tolerance, subgroup II and subgroup Il were moderate drought tolerance subgroups,

and subgroup IV and subgroup V were typical drought sensitive subgroups.
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Table 1  Experimental Tartary buckwheat germplasm materials
% VA A D || s EA K pE 4
No. Name Origin D value  Rank No. Name Origin D value  Rank
L i) LR % i
! Mangqiaoze Shanxi 0.21 76 2 Zuoquan Tartary buckwheat Shanxi 0-31 57
g 4 e
2 fiialakd W0, ko | 0 ERET WP 36 us
Zhongyang Tartary buckwheat Shanxi Zuoquan Tartary buckwheat Shanxi
3 Dy gE Wy %0 . T FH B SR W s3 13
Fenxi Tartary buckwheat Shanxi Zhongyang Tartary buckwheat Shanxi
N oy YA B i
4 ' U PSR LUFﬁ‘ 0.12 93 0 ‘ i g IJ_IW. 03 61
Fenxi Tartary buckwheat Shanxi Fenxi Tartary buckwheat Shanxi
Yo sE v PP i
3 Fenxi Tartary buckwheat Shanxi 0.09 95 33 Fenxi Tartary buckwheat Shanxi 0.36 M
AN s =
6 | g W0 7 34 ARG WP 08 6
Fenxi Tartary buckwheat Shanxi Lingqiu Tartary buckwheat Shanxi
Ly BB R Ly
7 ot Shanxi 041 30 35 Chuangxincailiao Shanxi 0-21 »
i) KI5 Ly
8 0172 Shanxi 0.45 25 36 Tianzhen Tartary buckwheat Shanxi 0-41 3
9 03-02M4 LUE. 0.51 15 37 :*&ﬁ [J_IE‘ 0.33 54
Shanxi Sanlenggiao Shanxi
17y A i3 i}
10 05-01M5 Shanxi 0.47 18 38 Bendiqiao Shanxi 0.4 32
g T L
i 05712 Shanxi 0.44 26 39 Tartary buckwheat Shanxi 0.39 34
7 H3F L7y
12 05/11 Shanxi 0.39 35 40 Xiaqiao Shanxi 0.37 39
1Ly W i
13 15/01 Shanxi 0-35 a8 M Tartary buckwheat Shanxi 0.54 10
iy 6-21 Bepy R iy
14 Yu6-21 Shaanxi 0.46 20 42 Tartary buckwheat Shanxi 0-35 47
5. ek Wi o4 2 43 A Wi o o
Zhongyang Tartary buckwheat Shanxi Fanzhi Tartary buckwheat Shanxi
PN Lo e i
16  BaEw W39 37 | aa R WS s
Wautai Tartary buckwheat Shanxi Wutai Tartary buckwheat Shanxi
17 R UJE. 0.39 38 45 I UJE. 0.27 69
Zhongyang Tartary buckwheat Shanxi Tartary buckwheat Shanxi
18 P W on x| e prl 52 WP 039 36
Zhongyang Tartary buckwheat Shanxi Yangqu Tartary buckwheat Shanxi
KRG 57 Ly WIET Ly
19 Zuoquan Tartary buckwheat Shanxi 0.42 » 41 Tartary buckwheat Shanxi 0.37 42
VAT A N o
20 | g W a3 a7 || 4 R WP g0y s
Fenxi Tartary buckwheat Shanxi Pingding Tartary buckwheat Shanxi
e ]
21 5 U-Iﬁ, 0.45 24 49 . P I UJ@_ 0.15 89
Zhongyang Tartary buckwheat Shanxi Xiyang Tartary buckwheat Shanxi
P vy WY i
2 Zhongyang Tartary buckwheat Shanxi 0.37 40 30 Kutiaozi Shanxi 0.07 %
URSTRv= i 55
23 @J¥ﬁ*j*+ . L“E. 0.19 82 51 HIESE IJ_IE‘ 0.12 91
Chuangxincailiao Shanxi Heshun Tartary buckwheat Shanxi
TERUE SR Ly HHE ]
2 Zuoquan Tartary buckwheat Shanxi 0.32 36 32 Tartary buckwheat Shanxi 0.07 o7
KRS Ly A FE Ly
2 Zuoquan Tartary buckwheat Shanxi 0.32 35 53 Bendigiao Shanxi 0.18 86
FERLE TR vy WHE Ly
26 Zuoquan Tartary buckwheat Shanxi 0.29 62 4 Tartary buckwheat Shanxi 0.37 41
KA SR Ly e Ly
2 Zuoquan Tartary buckwheat Shanxi 0.26 & 33 Tartary buckwheat Shanxi 0.18 85
TERLEFF iy FhEr Ly
B Zuoquan Tartary buckwheat Shanxi 0.28 66 36 Tugiao Shanxi 0.09 %
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Continued table 1
ETRe E 5 D & | &S LK KR pE 4
No. Name Origin D value  Rank No. Name Origin D value  Rank
I 1y = HH
37 Tartary buckwheat Shanxi 0 103 84 Makugiao Gansu 0.43 28
RAWFF g HEFE Hl
8 Lingshi Tartary buckwheat Shanxi 0 104 85 Heikugiao Gansu 03 60
I 17 TFE HM
» Tartary buckwheat Shanxi 0 105 86 Tartary buckwheat Gansu 0-35 >0
AHFEE Ly WA Hokr
60 Bendi Tartary buckwheat Shanxi 0 106 87 Tartary buckwheat Gansu 0.21 8
e e =y
61 ok W g || ss ki AT R C R
Tartary buckwheat Shanxi Tartary buckwheat Qinghai
wIE g EEl il
62 Tartary buckwheat Shanxi 0.03 100 89 Tartary buckwheat Qinghai 0.27 67
R 1y RHWFF Gl
63 Tartary buckwheat Shanxi 0.05 % %0 Dabai Tartary buckwheat Guizhou 0.29 o4
YrouSE g TR il
64 Fenxi Tartary buckwheat Shanxi 0.02 101 o Heikugiao Guizhou 0.26 0
wF P4 W FOM
65 Tartary buckwheat Shanxi 0.01 102 2 Tartary buckwheat Guizhou 03 5
TIE i) THWFF el
66 Tartary buckwheat Shanxi 0 108 93 Erbai Tartary buckwheat Guizhou 0.29 63
EEl 1Ly BAFF el
67 Tartary buckwheat Shanxi 0-16 87 94 Lengjiaogiao Guizhou 0-2 81
WHE g WHE Bt
68 Tartary buckwheat Shanxi 0.12 2 93 Tartary buckwheat Guizhou 0.33 >3
WHE Iy RITvi5e M
s Tartary buckwheat Shanxi 0.19 84 % Dafang Tartary buckwheat Guizhou 0.37 4
9 N 2 e I
70 %% HAFF Bl . 0.46 21 97 mlJJ i = 0.72 1
Laoyazui Tartary buckwheat Shaanxi Gongshan Tartary buckwheat Yunnan
71 e BRI s e || o Rt SHC g3 s
Tartary buckwheat Shaanxi Fugong Tartary buckwheat Yunnan
o - B —
7 | uE o s 99 A =Moo s
Tartary buckwheat Shaanxi Heibianzi Tartary buckwheat Yunnan
TIE By K g =W
3 Tartary buckwheat Shaanxi 0-55 8 100 Mikugiao Yunnan 0.27 o8
Rt 7 ¥ =
74 Jﬁﬁ% ol 0.55 7 101 ﬂﬁ% =M 0.19 83
Makugiao Gansu Yuanzigiao Yunnan
sk it A s
75 Tartary buckwheat Gansu 0.64 3 102 Tartary buckwheat Qinghai 0.23 "
TIE HM HEFE HilF
76 Tartary buckwheat Gansu 0.65 2 103 Heikugiao Qinghai 0 109
JPRERFF HoAr FRE HlE
m Malvqiao Gansu 0-59 6 104 Tartary buckwheat Qinghai 0.35 ¥
/NF HM HHE G
78 Xiaoqiao Gansu 0.63 4 105 Tartary buckwheat Qinghai 0-35 46
/NFF HM WHRHE i)
” Xiaogiao Gansu 0.62 > 106 Tartary buckwheat Shanxi 0.34 32
JRERFF Hf HHE iy
80 Malvgiao Gansu 0.49 17 107 Tartary buckwheat Shanxi 0-25 2
H&5F HM HrFRE i)
81 Bailvgiao Gansu 0.55 0 108 Yeqiaomai Shanxi 0.16 88
RETE il W L
82 Heilvqiao Gansu 045 23 109 Tartary buckwheat Shanxi 0.24 &
83 I WA os 16 | 1o ek Wes =y g
Xiaogiao Gansu Changgou Tartary buckwheat Shanxi
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8 i B R R A &R IR F] 70% L b, & 7.3%, B
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Wik, 5 61.8%,

WX 6 N PEG-6000 ¥ EE R Ff1- 8
RIAPTR A AR AR B G PT 0 (3R 3) , AN [R) ok JBE Ak
FEXTAS [F b DX AV E T RORAE AR 22 57, S5 R 3R, 5%
~10%1 PEG-6000 X 548 17 W A Rk B & 25 52 i A
B, YR N 15% ~20% , 45 Fh TR} 2 25 0

20%H5},60% LA L 1) S Bl 4 BUBE  Fib 152 2] (8 0 61 78
WPE N 15% INF HE v E R 109% S 3% | ¥R Ry 10% 1),
4/5  FHRRE & A 80% W T R 15% 3058 ; i
XF R, A oA 57 4 W R 1) R R SR A R A
95% L) | WeBE N 5%}, PEG - 6000 X 1 1Y i &
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Table 2 Number of materials corresponding to each treatment

under different germination rates/Number of copies

KEEHE GP CK 5% PEG 10% PEG 15% PEG 20% PEG

<50% 0 0 1 39 97
Z B NABXS B KR ECR R, YW BN 10% ~ 50% ~60% 0 0 6 17 3
NGAEHHFARII G W R IR, FMFIRE  ©%0% 0 03 2
. . e 70% ~80% 1 0 6 13 2
Wit e J3E () 258 i iR
N . - . 80% ~90% 3 5 14 10 1
20% 5}, B~ E 2 R Az 2 1AM, Jn HOR R N
3 ARE PEG-6000 iR E xR [E &4 # R 5 £ B R KI5 22D
Table 3  Effects of different PEG-6000 concentrations on drought resistance related
indexes in different provinces during germination period
R PEG-6000 ¥t & o _— e A . S
Bl HFR e 60(?55‘: MRS HREER ADEBIRIEE O HDMIRRK MR
Province Name e RGP/ % RGR/% RGL/% RRL/% RRT/%
concentration/ %
5 100.020.0a 100.0+0.0a 89.3+2.3a 73.2429.0a 63.9+20.7a
ot o g5 oL 10 100.0+0.0a 100.0+0.0a 68.06.9h 58.3+30.2a 67.6+24.5a
Gansu Heikugiao—85 15 46.7+11.6b 60.0+0.0b 32.0+3.5¢ 0.0+0.0b 0.0+0.0b
20 0.0=0.0a 0.0£0.0¢ 0.0+0.0d 0.0+0.0b 0.0=0.0b
5 100.0=0.0a 100.0+0.0a 79.8+6.6a 22.3+14.5a 96.3+40.0a
e e &
e ﬁf 95 % 10 76.7+5.8b 80.00.0b 49.0+1.8b 16.2+13.3a 113.7+41.3a
. artar
Guizhou ey 15 53.3x11.6¢ 63.33+5.8b 35.5+2.3c 0.0+0.0b 0.0+0.0b
buckwheat—95
20 30.0+0.0d 40.0+17.3¢ 21.3+5.8d 0.0+0.0b 0.0+0.0b
5 79.3x1.3a 80.0£0.0a 71.2+7.2a 18.0+6.9a 106.1+40.6a
e =}
Hig ﬁﬁ?% 102 10 48.9+15.4h 56.7+5.8b 41.6+13.6b 23.6+23.6a 82.9+6.9a
. s artary
Qinghai |\ =102 15 34.8+8.3b 46.7+11.5b 25.5+7.1c 0.0+0.0b 0.0=0.0b
20 0.0+0.0c 0.0+0.0¢ 0.0+0.0d 0.0+0.0b 0.0=0.0b
5 100.0+0.0a 100.0+0.0a 112.5+7.1a 59.1+35.9a 75.2+19.2a
B 43
g 10 100.0+0.0a 100.020.0a 92.2+6.8b 28.5+14.0b 56.4+28.4a
Shanxi | o AT 15 66.7+5.8b 73.3+5.8b 64.5+3.7¢ 2.5+3.7¢ 50.3+17.0a
buckwheat—43
20 0.0=0.0c 0.0£0.0¢ 0.0+0.0d 0.0£0.0c 0.0=0.0b
g 5 100.0£0.0a 100.0+0.0a 98.7+2.3a 60.0+£44.6a 100.0+38.2a
e P 270 B 10 100.0=0.0a 100.0+0.0a 74.7+4.6b 21.6+27.2b 84.5+21.6a
Shaanxi  Laoyazui Tartary 15 73.3+5.8b 90.0+10.0a 49.0+3.5¢ 0.0+0.0b 0.0+0.0b
buckwheat=70 20 30.00.0¢ 50.0+10.0b 24.03.0d 0.0+0.0b 0.040.0b
5 103.6+6.4a 100.0+0.0a 83.2+6.5a 38.1+20.4a 77.0x14.4a
v g 0 b
Sy MO 987 10 96.4+6.4a 100.0+0.0a 74.1+2.3a 39.9+20.7a 108.6+35.7a
Fugong Tartary
Yunnan - 15 53.6x13.4h 62.2+3.9h 40.8+5.2b 0.0+0.0b 0.0=0.0b
buckwheat—98
20 25.0£13.5¢ 38.5+14.8¢ 22.4x8.2¢ 0.0+0.0b 0.0=0.0b

L RIFIARRNG PR RN [F T 50 & 10 T 128 7 1 (P<0.05) .

Note : Different lowercase letters in the same column indicate different significances under different drought stress conditions (P<0.05).
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FEM BT B P AH XT & ZF S 0 ~ 100% , 4 1{E R
47.82% ; FH X} & R EH A 0 ~ 100%, ¥ {H H
56.06% ; F XF B K $5 B 0 ~ 74.03%, ¥ {E K
34.26% . FH LRI AT, w5 A0 e o 1 5 8 A E )
AEAE W0 1 0 o 8] 22 5 0 99 3% 0 BT T A OC
BhRAS S R BUL R N 48.59% ~373.28% , Vi B 45k
RXT 15% PEG-6000 Whif i) BURFE A E 2R
o R 6T JUAR AR A R A X R AR AL 7E ) 22 57 A
KA R EIR A 1 100% 5 #HXF & ZF 3 MR & 2
RN R PTFEHRBON AR 5 RECHE XN, A X
W ORI AR 5 RER /N, h 48.6%
23 FEBETEFHXMEEROBXES T

FER S

1E 15% PEG-6000 4T | &1 %t A X & 28 3
FEXT A 25258 RO B 2 48 0 AR IRAR A A X R AR
FL 5 A0 & 2 CFe AR A TR e b, &
5 RIS At A SC R B (]2 2 AR R IE A OG, B
R & A S RN R A AR X R 2E S A X
WA R AR EI RH T & 25 58 5 A0 X 0 4 AR A R IR AR
1 S AT AR, PG HE bR 2 (8] 9 AH ¢ R 55GA 5 0.6
DL b, B SR AR I AR At T — 2

H12¢ 6 M0, E s 1 B9AFAEE M 1.833, Emik
K 67.21% , FH R X 2 25 35 AHXT K ZF 5 RN AR X
W P BB 2R far (B 20 1) 0.513,0.511 H10.517, 35X
3 T8 bR A AT (AR R A , SR 1 B
7, 2R WLRh - 1 8 R 00 s A 2 FRE(Eh
1.105, , BTHk R 24.44% , FH X IRAR A FITRR X6 R AR
LA ZR AT {E 43510 0.643 F10.616, BB E RS 2 &
S PR R X SR A A X R AR A DR | s R R AR 1) A
KAFBL, XA F 19 BT 5Tk Rk F) 91.65% , 1]
AR W IR KBS R . 286 % I8 AR
RS RAXTH K A8 A Ry v SRR R R
TR B S BRFE R

F 4 BERHEERNT R HME H00 R
Table 4 Response of each index to drought

stress at germination stage

brifE 22

Ei=tan bren | HyfE SRR
Index Range/ % Average/ % Standard CV/ %
deviation (SD)
RGP 0~100.00 47.82 0.30 62.34
RGR 0~100.00 56.06 0.27 48.59
RGI 0~74.03 34.26 0.19 54.15
RRL 0~42.70 1.47 0.06 373.28
RRT 0~114.58 10.19 0.24 238.65

24 EFMREBRLEESEEITMN

FIFH S eREORT 110 1 A48 AR X & 25 35 A
Xof R ZFHE R T 4 B AR R IR AR A B R X IR AR
HIEATZEA VRN AW D, RIE D [ER/NE 110
D FEM B 4 NEH (R T) R 1%
(0.600< D<0.800) , B Mif 7 2 9% (0.400 < D<
0.600) . FRTE] &L 3 %(0.200<D<0.400) fHJEAI 4 2%
(0.000<D<0.200) ,4 LB F B3 514A 5,28,
48 29 ¥,

&5 15% PEG-6000 fMB T & F R F R R IERE X ED T
Table 5 Correlation analysis of each index of Tartary buckwheat
germplasm resources under 15% PEG-6000 stress

$8#5 Index RGP RGR RGI RRL RRT

RGP 1.000

RGR 0.948**  1.000

RGI 0.958** 0.968**  1.000

RRL 0.362"* 0.340" " 0.318" "  1.000

RRT 0.359°*  0.339" " 0.406"" 0.665" "  1.000

oo RN E 2R (P<0.01)

Note : * * indicates significant correlation at P<0.01 level.

Ro6 HHEmMMBERERSNFE@NERTHE
Table 6 Characteristic vectors and contribution rate of principal

components of each index of Tartary buckwheat varieties

1555 F 14 Principal component
Index 1 2
RGP 0.513 -0.254
RGR 0.511 -0.278
RGI 0.517 -0.256
RRL 0.315 0.643
RRT 0.330 0.616
FEAEMH Eigen value 1.833 1.105
FIHk# Contribution/ % 67.211 24.441
ZiF kR Cumulative contribution/%  67.211 91.653

®T 110 R R &R SR
Table 7 Classification of drought resistance

grades of 110 materials

SRR PR TR

i} 45 % FienEl A
Membership ~ Species primes
Drought grade Scope

function value  per portion

i 5 1 2

Drought-tolerant type 1 £0.600,0.800) 0.652 3
it ELR 2 4
BRI 1 400 0.600) 0479 28
Drought-tolerant type 2
I 3 4
EPH. 33 [0.200,0.400) 0.306 48
Intermediate type 3
A 4 4
HUBR 4 5 [0.000,0.200) 0.084 29

Sensitive type 4
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Fig.1 Cluster diagram of drought tolerance index of 110 materials
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Table 8 Comparison of drought resistance of Tartary buckwheat

germplasm resources in different provinces at germination stage

PAAYTAN
Gt RGP/% RGR/% RGI/% RRL/% RRT/% D

Province D value

Hil Gansu 80.40a 84.40a 50.90ab 6.40a  20.86a 0.50a
HI Guizhou 47.14b  55.29b 31.57¢  0.00b 0.00b 0.29b
T Qinghai 36.67b 41.17b 23.83¢  0.00b 0.00b 0.22b
117G Shanxi  39.56b  49.27b 30.67¢  0.38b 9.36a 0.26b
BeVE Shaanxi 86.00a 91.40a 54.80a 0.60b 8.20a 0.50a
P Yunnan 53.60b  60.00b 36.00bc  8.60a  21.20a 0.36ab

3 3 8

3.1 ARERE PEG-6000 Xf 5 F i F il & B 8200
PEG-6000 1B A A5 5 38 (13541, 7244
BT GE VR B & 1 B B S M O 3 AN rh R
PN AR AR B 5T 3R W I PEG Mk B g
HEGE T ORFh & 2 if ], BEAR & 2R e T, BR IR |
WRZEMAE R R, MY s e R AR 2N
B 78 FOKRFP BT PR, R PEG BUUEREE T 5
JlE v B R 5% 5% 10% , T S A v E R 15%
o, 20% , T R B W N 25% , 524 0 i
FEEERIA -, THEDY IR B PEG W)
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FEEE () R A3, 5% ~ 10% PEG %5522 1 K A8HR 1
SR /IN, 15% ~20% PEG X 57 2 Fh 11 & K H R
R VR ZE 0 A K 5 AN R R B 1 9041 76 T, 25% PEG
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