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Preliminary study on relationship of common buckwheat
quality with ecological factors and agronomic traits
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XU ChangJiang CHEN QingFu’

(' Research Center of Buckwheat Industry Technology Institute of Plant Genetics and Breeding
School of Life Sciences Guizhou Normal University Guiyang 550001 China )

Abstract: Variations of buckwheat grain quality( flavonoid and protein contents) and the correlations of the quality and
yield with ecological factors and agronomic traits were studied using 8 common buckwheat varieties in 19 different loca—
tions across the country. The results showed that there were significant variations of seed flovonoid content and protein
content among different varieties and different locations of the same varieties. There were all significant relationships of
yield with plant height grain numbers of per plant and grain weight of per plant of the flavonoid content with the eleva—
tion and the average temperature of the growth period of the protein content with latitude and their correlation coefficient
were 0.2717 0.588™" 0.495"* 0.270" -0.330"" and 0.212" . The path analysis indicated that grain number per
plant the key trait for yield and the higher the grain number per plant the higher the yield. The average temperature in
the growth period was the key factor of the flovonoid content and the suitable lower average temperature in buckwheat

fertility period could increase the accumulation of seed flavonoid. Latitude was the key trait affecting the protein content
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and higher latitude would help to increase the protein content. This study also showed that different varieties had differ—
ent sensitivities to ecological factors.
Key words: common buckwheat; yield; flovonoid content; protein content; correlation analysis; ecological factors; ag—

ronomic trait
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Table 2 Cultivation places and their related ecological factors
(°C)
(m) Mean temperature in
No. Place Unit Code Altitude Latitude .
the growth period
1 SXDT 1068 40°06°N 21.78
2 SXYY 1348 39°59°N 18.23
3 SXTY 804 37°32°N 20.26
4 NMHH 1595 41°05°N 20.28
5 NMWL 1600 40° 57°N —
6 NMCF 604 43° 21°N 20.96
7 GSDX 1920 33°32°N 19.11
8 GSLZ 1520 36°01°N —
9 XJTC 415 46°21°N 21.53
10 XJWL 830 44°13°N 18.96
11 GZB] 2300 26°31°N 16.89
12 GZLP 1910 26°49°N —
13 JSTX 5 32°10°N 24.96
14 QHXN 2610 36°51°N 14.04
15 XZSN 3650 29°11°N 17.86
16 X777 3300 29°17°N 14.03
17 SXYL 1400 37°37°N 20.34
18 SCLS 2100 28°02°N 21.55
19 HBZJ 1450 41°09°N 18.03
3 (%) (SSRy,4s)
Table 3  Flovonoid contents ( %) of the different common buckwheat varieties seeds in different
cultivation places and the multiple comparisons ( SSR, ¢5)
Cultivar
Mean and SSR, s
No. Place o4 T2 TQ3 TQ4  TQS  TQ6  TQY  TQ-S comparison Range
1 SXDT 0.338 0.392 0.112 0.191 0.174 0.202 0.259 0.305 0.247bcdefg 0.112 ~0.392
2 SXYY 0.360 0.286 0.111 0.207 0.253 0.519 0.226 0.276 0.282abcdef 0.111 ~0.519
3 SXTY 0.384 0.279 0.090 0.145 0. 180 0.126 0.179 0.158 0.193 defg 0.090 ~0.384
4 NMHH 0.405 0.341 0.165 0.192 0.212 0.477 0.181 0.485 0.308abced 0.165 ~0.485
5 NMWL 0.439 0.382 0.168 0.193 0.199 0.505 0.218 0.454 0.319abc 0.168 ~0.505
6 NMCF 0.233 0.319 0.100 0.194 0.171 0.203 0.204 0.210 0.203cdefg 0.100 ~0.319
7 GSDX 0.334 0.277 0.164 0.193 0.124 0.334 0.212 0.295 0.240bcdefg 0.124 ~0.334
8 GSLZ 0. 166 0.237 0.091 0.108 0.128 0.117 0.157 0.161 0.143g 0.091 ~0.237
9 XJTC 0.305 0.310 0.155 0.174 0.208 0.291 0.187 0. 186 0.228bcdefg 0.155 ~0.310
10 XJWL 0.166 0.217 0.083 0.141 0.151 0.246 0.154 0.195 0. 169efg 0.083 ~0.246
11 GZB] 0.243 0.355 0.094 0.175 0.123 0.240 0.236 0.230 0.213bedefg 0.094 ~0.355
12 GZLP 0.340 0.215 0. 101 0.170 0.142 — — 0.198 0.193 cdefg 0.101 ~0.340
13 JSTX 0.176 0.190 0.026 0.098 0.143 0.229 0.124 0.158 0.330ab 0.026 ~0.229
14 QHXN 0.271 0.247 0.097 0.160 0.148 0. 646 0.152 0.915 0.330abc 0.097 ~0.915
15 XZSN 0.250 0.191 0.114 0.620 0.140 0.173 0.177 0.520 0.274abedef 0.114 ~0.620
16 X777 0.292 0.127 0.106 0.137 — 0.728 0.709 0.587 0.386a 0.106 ~0.728
17 SXYL 0.217 0.189 0.085 0.108 0.108 0.210 0.124 — 0.155 fg 0.085 ~0.217
18 SCLS 0.342 0.336 0.117 0.082 0.172 0.265 — 0.380 0.242bcdefg 0.082 ~0.380
19 HBZJ 0.432 0.333 0.161 — 0.233 0.385 0.232 — 0.295 abede 0.161 ~0.432

0.304ab 0.279bc  0.117e¢ 0.186de 0.171de 0.349ab 0.221cd 0.382a
Mean and SSR,, s
comparison
Range 0.166 ~ 0.127 ~ 0.026 ~ 0.082 ~ 0.108 ~ 0.117 ~ 0.124 ~ 0.158 ~
0.439 0.392 0.168 0.620 0.253 0.728 0.709 0.915
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Table 4  Protein contents of the different common buckwheat varieties seeds in different

cultivation places and the multiple comparisons ( SSR ys)

Cultivar
N Pl Mean and SSR, s R
0- ace TQ-1 TQ2 TQ3 TQ-4 TQ-S5 TQ-6 TQ TQ-8 comparison ange
1 SXDT  57.776  73.390 75.079 49.573 90.014 102.091 69.111 63.358 72.569 defg 49.573 ~102.091
2 SXYY  60.019 62.702 76.092 47.760 80.442 92.560 67.194 49.933 67.096fg 47.760 ~92.560
3 SXTY 56.106 104.916 81.167 61.899 77.352 92.803 62.281 62.920 74.930def 56.106 ~104.916
4 NMHH  50.558 74.477 85.957 68.637 91.021 115.889 71.091 79.337 79.621 cd 50.558 ~115.889
5 NMWL  84.573 89.517 106.561 80.052 84.516 112.595 79.942 87.171 90. 587ab 79.942 ~112.595
6 NMCF  72.699 76.336 72.032 64.633 82.840 127.754 73.351 59.054 79.556¢cd 59.054 ~127.754
7 GSDX  68.546 70.885 110.262 72.795 79.329 119.894 78.223 101.145 87.639bc 68.546 ~119. 894
8 GSLZ 62.436 87.233 67.726 65.130 53.333 131.269 64.258 74.898 75.793def 53.333 ~131.269
9 XJTC 64.927 80.865 92.949 63.729 72.085 125.420 71.410 63.075 79.285cde 63.075 ~125.42
10 XJWL  75.519 89.387 95.529 78.797 82.830 136.681 68.858 97.430 90.617ab 68.85 ~136.681
11 GZB] 66.336  72.043 73.740 50.298 79.826 120.483 70.034 65.757 75.787def 50.298 ~120.483
12 GZLP 56.449 68.319 74.071 50.445 60.665 — — 61.977 61.988¢g 50.445 ~74.071
13 JSTX 55.940 81.216 85.468 52.245 66.129 96.960 48.695 63.570 68.761 efg 48.695 ~96.960
14 QHXN  64.951 78.831 80.752 61.167 67.833 105.184 61.456 70.028 73.770 def 61.167 ~105. 184
15 XZSN 53.543  86.250 73.568 45.674 65.807 74.385 58.593 84.407 67.7781g 45.674 ~86.250
16 X777 58.997 98.500 79.893 46.313 — 78.410 56.310 57.563 67.5691g 46.313 ~98.500
17 SXYL 88.668 130.055 83.631 85.133 95.764 131.748 77.078 — 98.868a 77.078 ~131.748
18 SCLS 81.033 76.516 81.710 68.075 63.346 102.568 — 56. 155 75.670def 56.155 ~102. 568
19 HBZJ 71.204 97.274 69.276 — 73.726 108.344  66.541 — 81.066 bed 66.54 ~108. 344
65.809ef 84.143b 82.236bc 61.797 £ 75.923 ¢d110.170 a 67.319ef 70.905de
Mean and SSR,, s
comparison
Range 50.558 ~ 62.702 ~ 67.726 ~ 45.674 ~ 53.333 ~ 74.385 ~ 48.685 ~ 49.933 ~
88.668 130.055 110.262 85.133 95.764 136.681 79.942 101.145
T N
> N 0.588**.0.495*"
> > . r=0.271" .
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Table 5 Correlation coefficient and path coefficient of the various factors corresponding to yield flavonoid and protein contents

X Xy X3 X4 Xs X6 X7 Xg X9
CC DPC (0(0 DPC CcC DPC

X, -0.018 0.447° 0.270° -0.037 -0.084 -0.352 0.994 -0.862 0.419 -0.272 0.262 0.022 -0.041 -0.623
X, 0.127 0.283 0.015 -0.004 0.212° 0.123 -0.518 0.287 0.189 -0.197 0.319 0.012 -0.035 -0.393
X5 0.000 0.216 0.330** -0.338 -0.067 -0.371 -0.578 -0.369 0.399 0.162 -0.204 0.038 -0.024 -0.282
X, 0.001 0.098 0.123 0.175 0.046 0.180 0.127 0.109 0.180 0.133 0.047 -0.144 0.109 0.067
Xs 0.196 -0.066 0.012 -0.070 -0.002 -0.430 -0.252 -0.350 0.224 0.408 0.708 0.015 0.008 -0.722
Xg 0.2717 0.090 0.138 0.239 0.064 0.053 0.288 0.673 -0.335 0.172 0.839 0.045 0.019 0.612
X; 0.588"*1.479"* 0.193 0.230 0.138 -0.047 0.055 0.057 0.145 -1.208 0.040 0.104 0.891 -0.739
Xg 0.495°* 0.852" 0.205 -0.487 0.135 0.443 -0.116 -0.187 -0.101 1.015 0.023 0.049 0.989 1.097
Xq 0.136  0.084 -0.132 -0.107 -0.136 0.434** 0.207 -0.251 -0.140 0.073 0.259 0.185 -0.097 0.129

Do 1% ( ) ;o 5% ( ) o X; X, X3 X4 X5 Xg X5 Xg Xg N N N N

N N N N ; CC DPC .
Note: ** means correlation is significant at the 1% level( 2-tailed) ; * means correlation is significant at the 5% level (2ailed) . x, X, X; X, X5 Xs X; Xy X, represents
elevation latitude mean temperature in the growth period stem branch number main stalk pitch number plant height grains per plant grain weight per plant 1000-grain

weight respectively; CC and DPC stands for correlation coefficient and direct path coefficient respectively.

2 1
o (P=1.097) . > (s
(P=1.015) (P=0.989) =0.848%* P=1.442) . 1 (r=0.695 P
=0.505) .
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Table 6  Correlation coefficient of various factors on the yield flavonoids and protein contents of different varieties

X, X, X, X, X5 Xq X, Xg Xy
Cultivar Index types
TQ- e 0. 143 0.050 0.259 -0.080 0.271 0.143 0.589" 0.470 0.104
Y, 0.042 0.211 0.162 -0.088 0.381 0.458 -0.325 -0.250 -0.035
Vs 0.261 0.536 0.132 0.237 0.138 0.372 0.422 0.351 -0.096
TQ2 Vi -0.208 0.336 0.169 -0.136 0.143 0.300 0.624" 0.435 0.187
Y, -0.370 0.395 0.256 0.061 0.479 0.500 0.191 -0.027 -0.021
Vs 0.164 -0.068 -0.236 0.154 0.381 0.273 0.302 0.467 -0.238
TQ3 N 0. 144 0.212 0. 064 -0.004 0.432 0.441 0.596" 0.588" 0.246
Yo 0.227 0.446 .258 0. 146 0. 145 0.327 -0. 140 0.074 0. 261
Vs -0.423 0.397 0.287 0.063 -0.249 -0.391 -0.021 0.089 -0.005
TQ-4 N 0. 141 0. 065 -0.230 0.372 0.235 0.417 0.735" 0.729" 0.071
Y2 0.848* -0.393 0. 447 0.311 -0.288 0.101 0.225 -0.220 -0.207
Vs -0.445 0.672 0.096 -0.102 0.215 0.307 0.268 0.185 -0.089
TQ-S v, 0.029 0.242 -0.201 0.162 0.074 0.153 0.405 0.327 0. 164
Y, 0.244 0.563 £0.116 0.243 0.489 0.411 0. 181 0.261 -0.064
Vs -0.299 0.518 0.217 -0.168 0.478 0.486 0.614" 0.486 0.226
TQ-6 e 0.225 0.112 0.313 0.328 0.318 0.302 0.378 0.335 0.358
Y, 0.253 0.185 -0.541 -0.003 -0.250 -0.189 0.677" 0.662" 0.371
Vs -0.436 0.534 0.049 -0.108 0.161 0.121 0.367 0.317 0.111
TQ-7 e 0.234 0.239 0.015 -0.163 -0.039 0.198 0.751° 0.624 0.561
Y, 0.286 0.059 -0. 460 -0.186 0.258 0.405 0. 157 -0.037 -0.266
Y3 0.017 0.533 -.428 0.147 0.362 0.598 0.446 0.299 0.201
TQ-8 N 0.497 0.432 -0.139 0.007 0.216 0.359 0.742° 0.680" 0.156
Ya 0.695" -.223 ©0.730° 0.256 0.135 0.365 0.451 0. 466 0. 156
Vs 0.304 -0.057 0.227 0.030 -0.015 0.186 0.245 0.157 £0.517
T V2 Vs Dt 1%( ) * 5%( ) .

*

Note: y, stands for yield y, stands for flavonoid content y, stands for protein content; ** means correlation is significant at the 1% level ( 2ailed) means correlation is

significant at the 5% level ( 2-tailed) .

7 N N
Xy Xy X3 Xy X5 X6 X5 Xg Xy
Cultivar Index types
TQ- vy 0.772 0.360 0.439 0.337 0.869 -0.441 5.829 -5.746 0.720 0.975
TQ2 Vi 0.650 0.235 0.915 0.060 -0.986 0.859 1.620 -0.938 -0.085 0.793
TQ3 vy 0.676 0.459 0.118 -0.348 0.982 -0.650 -0.009 0.381 0.375 0.458
TQ4 vy 0.091 0.177 0.210 0.372 -0.215 0.633 0.424 0.329 0.127 0.932
Y, 1.442 0.325 0.538 0.398 -0.982 0.871 0.405 0.563 0.191 0.981
Vs -0.350 0.547 0.313 -0.348 -0.137 0.672 0.702 -0.668 -0.239 0.791
TQ-S Ys 0.710 -0.083 -1.202 0.458 0.050 -0.804 3.685 2.793 0. 144 0.926
TQ-6 Y, 0.314 0.508 -0. 851 -0.321 0.481 -0.578 -4.285 3.798 -0.260 0.950
TQ-7 Vi -0.462 0.029 -0.332 0.139 -0. 155 0.008 1.484 -0.884 0.182 0.760
TQ-8 vy 1.027 0.035 0.652 0.996 -0.563 0.351 6.444 5.612 0.479 0.983
Yo 0.505 0.173 0.377 0.565 -0.005 1.114 5.710 6.711 0. 844 0.985
Y Y2 Y3
Note: y, stands for yield y, stands for flavonoid content y, stands for protein content.
~20.96% 2

; 13.79% ;
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