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Tablel Meansof tested morphology values of wheat in different growth stages
g Kt B M TR Az & MK ZRTRE SKkE HURE INEE ORI TR 5

X/mm Xo/mm Xa/mm Xg/mm Xs/mm Xe/mm X719 Xg/% Xo/g /g9
677.33 521.77 136.33 421 0.84 100.69 3.08 722 1.90 — — —
thk 9-1 719.06 578.22 90.06 411 0.80 101.06 1.37 62.8 4,08 19 43 257
725.11 544.02 100.21 451 0.62 94.61 0.68 275 252 13 37 1.56
TFAE 674.78 57439 9476 4,01 0.73 7217 2.40 736 1.98 — — —
gk 9801 P 640.28 532.33 86.46 3.92 0.61 75.00 112 62.6 3.26 17 44 2.27
Wt ) 636.89 581.67 106.71 4.06 0.48 65.11 0.08 12.4 1.62 17 34 121
THER 84172 692.67 120.05 344 0.65 82.33 2.60 72.75 1.16 — — —
1Ak 129 FLEJH  850.50 706.61 123.75 3.48 0.58 8244 1.46 722 227 15 26 141
Wt ) 863.17 694.94 111.81 361 0.62 1334 2.03 64.3 3.69 17 37 2.87
THER 82217 659.61 129.02 4.39 0.63 72.89 2.86 743 1.25 — — —
14 91003 FLEUH 792.00 673.94 122.26 4.44 0.59 73.83 1.69 73 2.98 18 42 2.00
s ) 851.83 723.06 134.04 4.36 051 67.44 0.89 46.2 2.38 16 37 1.87
F2 AREERPNEER (EBEZTE) EYHFEEFREFLRIE
Table2 Means of biomechanical properties at basal second internodes of wheat in different growth stages
. . AR AR ] lip FPEAS R B NI R R B
it R i /mm?* o, /MPa E/MPa BT /N-mm? o, /MPa 7, /MPa
TrAE 14.90 9.72 679.11 9274.65 27.02 6.55
e 9-1 FLAH 14.19 16.50 1166.78 16538.79 24.63 754
s S 16.62 6.93 485.92 8247.26 28.38 7.56
FFE 8.38 11.08 997.31 8060.33 20.38 6.46
il 9801 FLAH 10.10 12.61 1311.16 11770.57 27.26 6.28
s S 8.32 6.60 582.74 4853.81 18.81 5.49
TrAE 9.32 15.95 1499.02 13175.27 31.48 8.97
e 129 FLAH 6.43 14.02 1577.23 9904.31 2752 6.57
s S 6.44 19.80 221261 14846.16 34.44 6.5/
TrAE 12.38 541 408.47 5033.01 2231 7.25
1l 91003 FLAH 14.56 7.64 592.84 7829.05 23.79 472
I S 11.79 553 408.36 4135.83 21.10 8.32

*3 FAREKNEEYHFERERERS. SRIEFNREXRER EZ 0T
Table3 Partia correlation coefficients and significance test between biomechanical and morphological properties of wheat stalk at three growth stages

K WAEZ st X1 Xz X3 X4 X5 X6 X7 Xg Xg
iR b 0.12432 -0.36628 0.19454 -0.29023 -0.43128 0.06531 0.24654 0.01746 -0.40953
P {H 0.6464 0.1629 0.4703 0.2755 0.0953 0.8101 0.3401 0.9488 0.1152
ERUIEIES -0.01843 0.04300 -0.02725 -0.34038 -0.57804 0.08187 0.06002 -0.08985 -0.00132
P i 0.946 0.8744 0.9202 0.1970 0.019 0.7631 0.8252 0.7407 0.9961
T 5 R -0.67256 -0.12432 0.65888 -0.90622 0.61667 0.08926 0.81593 -0.6206 -0.61142
P i 0.006 0.6589 0.0076 <0.0001 0.0143 0.7517 0.0002 0.0136 0.0154
PR B -0.57148 -0.22183 0.60737 -0.91782 0.47117 0.05019 0.76708 -0.5539 -0.5459
P {H 0.026 0.4268 0.0163 <0.0001 0.0763 0.859 0.0008 0.0322 0.0353
PSR -0.50825 -0.09878 0.47169 -0.47307 0.66629 -0.04166 0.73126 -0.4895 -0.44215
P i 0.0531 0.7262 0.0759 0.0749 0.0067 0.8828 0.0019 0.064 0.0989
iR b 0.19859 0.00659 -0.09857 -0.66282 -0.22327 -0.25552 0.46433 -0.51626 0.31281
P {H 0.4609 0.9807 0.7165 0.0051 0.4059 0.3395 0.07 0.0406 0.2381
ERUIEIES -0.09708 -0.03531 0.26996 -0.58769 -.47933 -0.0506 0.17585 0.00604 0.19989
P i 0.7206 0.8967 0.3119 0.0167 0.0603 0.8524 0.5148 0.9823 0.4579
L3 5 R -0.19524 0.41063 -0.58493 -0.85569 -0.12292 -0.26239 0.66741 -0.46581 0.71137
TR P {H 0.4687 0.1141 0.0173 <0.0001 0.6502 0.3262 0.0047 0.069 0.002
PR B -0.50783 0.42801 -0.34899 -0.87701 -0.22251 0.2904 0.56057 0.37426 0.59588
P {H 0.0446 0.0981 0.1852 <0.0001 0.4075 0.2752 0.0239 0.1533 0.0149
PSR -0.60117 0.58768 -0.4082 -0.63445 0.13765 0.19647 057319 0.02834 0.68203
P i 0.0138 0.0167 0.1165 0.0083 0.6112 0.4658 0.0203 0.917 0.0036

HTR
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ELER
GRS ] AR X1 X2 X3 X4 Xs X6 X7 Xs X9
4] 0.07529 0.03742 0.2732 -0.5621 -0.57526 0.40933 0.08209 -0.22279 0.2539
P 1Y 0.7817 0.8906 0.3059 0.8362 0.0197 0.1154 0.7625 0.4069 0.3427
ERUIEIES -0.32486 0.39027 0.23762 -0.32865 -0.62146 0.45052 -0.28413 0.29454 0.4527
P{H 0.2196 0.1351 0.3755 0.2139 0.0102 0.0799 0.2862 0.2681 0.0783
i 5 R 0.18766 0.19105 -0.1054 -0.24392 -0.32439 0.26815 0.62305 -0.08797 -0.17864
e P 1Y 0.04864 0.4785 0.6976 0.3626 0.2203 0.3153 0.0099 0.746 0.508
FPER R -0.31036 0.26421 -0.12256 -0.38093 -0.38268 0.34015 0.58918 0.1069 -0.13084
P 1Y 0.242 0,.3227 0.6511 0.1455 0.1435 0.1974 0.0163 0.6936 0.6291
PSR -0.376 0.18624 0.08745 0.19611 -0.00123 0.19834 0.6384 0.00358 -0.12304
P{H 0.1512 0.4898 0.7474 0.4667 0.9964 0.4615 0.0078 0.9895 0.6499
e PAHTRREERINER .
F4 DEBGERVEAMAES T
Table4 Overal linear regression variance results
o i Ll #yJ5 F P>F R
s R 7 494.68862 70.66980 23.06 <0.0001 0.9150
L IR CRLEJD 5 566158343 113231669 18. 32 <0.0001 0.8359
#z5 INEFREHEERLMERANSEE Tt RIEER
Table5 Overal linear regression parameter estimates and t-test results at flowering stage of wheat
U X1 X3 X4 X5 X7 Xg X9
ZHAh T 330.06968 -0.05796 0.24193 -9.17201 13.99374 13.48778 -402.61809 -10.16415
Pr >t 0.0007 0.0019 0.0023 <0.0001 0.0069 <0.0001 0.0016 0.0067
E:E*P»M%tﬁﬁwﬁﬁc
F 6 PMEIABRHASRBLMELEVAMSEE T tRRER
Table6 Overal linear regression parameter estimates and t-test results at milk stage of whesat
R Xq X2 X4 X7 X9
SR 29126 -62.61766 49.35901 -9367.36871 17354 6071.60364
P>1t| 0.0010 0.0196 0.1096 0.0003 0.0008 <0.0001
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Relationship between stalk biomechanical properties and morphological
traits of wheat at different growth stages

Liang Li, Guo Yuming”™
(College of Engineering Technology, Shanxi Agricultural University, Taigu 030801, China)

Abstracts: Four kinds of fine variety winter wheat in northern China were chosen to perform the experiments in order to study the
biomechanical properties and optimal traits of winter wheat. The biomechanical properties (such as cross sectional moment of inertia, tensile
strength, bending strength, shear strength, Young's modulus and bending rigidity) and morphological traits of basal second internodes were
measured at three growth stages of wheat, which were flowering stage, milk stage and dough stage. The relationship between the stalk
biomechanical properties and the morphological traits of wheat were analyzed by Statistics Analysis System. It can be concluded that the
main biomechanical evaluation index is bending strength at the flowering stage and is bending rigidity at the milk stage. It is aso determined
what morphological traits are more relative to the corresponding mechanical properties. At the flowering stage they are outside diameter, dry
mass of stalk, plant height, internode distance, water content, stem wall thickness and ear mass. At the milk stage they are ear mass, outside
diameter, leaf sheath height and dry mass of stalk. The partia correlation coefficients between them are different with the growth of wheat.
Especialy the correlation degrees between mechanical properties and water content are decreased gradually. The conclusions are the
foundation to select evaluation indices for building biomechanical evaluation system.

K ey words. wheat stalk; biomechanical property; morphological trait; correlation analysis



