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Calibration of discrete element simulation parameters
for sea buckthorn seeds and pomace

QIAO Weihao, HU Jingming, YANG Mei, YAN Huili, ZHANG Wenjie, WANG Qingze
(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract; To address the issue of lacking accurate contact parameters in the mechanical separation of sea
buckthorn seed and pomace mixtures after the beating of sea buckthorn berries to extract raw juice, the physical and
contact parameters of the seeds and pomace were calibrated through both physical and simulation tests. The intrinsic
parameters of sea buckthorn seeds were calibrated through physical tests. Using free fall, inclined plane slip, in-
clined plane rolling tests, and simulation analysis, the collision recovery coefficient, static friction coefficient, and
rolling friction coefficient between the sea buckthorn seed and Q235 steel plate were determined to be 0.550),
0.449, and 0.039, respectively. Through the steepest climb test and Box—Behnken test, the contact parameter com-
bination between sea buckthorn seed particles was optimized, and the collision recovery coefficient, static friction
coefficient and rolling friction coefficient between sea buckthorn seed particles were determined by simulation test to
be 0.150, 0.344, and 0.013, respectively. The Plackett—Burman test was designed to screen out three parameters
related to fruit residue that had the most significant influence on the accumulation angle of the mixed materials of
sea buckthorn seeds and fruit residue ; Shear modulus of fruit slag, static friction coefficient of fruit slag and rolling

friction coefficient of fruit slag were determined by the steepest climb test. The second-order regression equation was
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established by the Central Composite test, and the optimal parameter combination of the three significant parameters

was obtained by optimizing and solving the regression equation: the shear modulus of the slag was 1.57x10°, the

static friction coefficient between the slag and the slag was 0.303, and the rolling friction coefficient between the

slag and the slag was 0.145. The relative error between the simulated stacking angle and the actual stacking angle

was 2.78% through EDEM simulation. This study provides theoretical basis and model for the separation technology

of sea buckthorn seeds and pomace.

Keywords: sea buckthorn seed; pomace; stacking angle; simulation test; EDEM
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Fig.2  Sea buckthorn seed and direction of three axis
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Table 1
recovery coefficient of sea buckthorn seed—Q235 steel plate

Design and results of simulation test for impact

215 Group x y/mm
1 0.40 47.74
2 0.45 53.40
3 0.50 59.00
4 0.55 70.99
5 0.60 78.44
6 0.65 89.43
7 0.70 105.78

TE o VDMK -Q235 WIAR 8] A B 131K 52 R4, y S VD OFF B
&S AR S SRR I RO L

Note: x is the collision recovery coefficient between sea buckthorn
seed—Q235 steel plate, and y is the maximum height after the collision

between free fall and steel plate.
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Fig.1 Sea buckthorn seed-pomace mixture
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Fig.3 Sea buckthorn seed discrete element model
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Fig.4 Impact test and simulation of sea buckthorn seeds

(a) i JBE 1056 & Static frition test bench

(b) & 5 4i 258 Static friction simulation test
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Fig.5 Static friction coefficient test and simulation of sea buckthorn seed—Q235 steel plate
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Table 2 Design and results of simulation test of static friction

coefficient of sea buckthorn seed—(235 steel plate

205 Group X, 6/(°)
1 0.25 13.82
2 0.30 16.79
3 0.35 18.55
4 0.40 21.95
5 0.45 25.15
6 0.50 27.17
7 0.55 29.51
8 0.60 31.07
9 0.65 33.12
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Note: x, is the coefficient of static friction between sea buckthorn
seeds and steel plate; and 6 is the inclination angle of the steel plate

when the sea buckthorn seeds start to slide.
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Fig.6  Simulation test of rolling friction coefficient of

sea buckthorn seed—(235 steel plate
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Table 3  Design and results of simulation test of rolling friction

coefficient of sea buckthorn seed—(235 steel plate

25 Group X3 S/mm
1 0.01 186.36
2 0.02 162.56
3 0.03 148.68
4 0.04 141.77
5 0.05 131.09
6 0.06 117.84
7 0.07 91.83
8 0.08 83.88
9 0.09 79.95
10 0.10 67.80

TE 2oy NUDBIORF 5 Q235 40 6] 7 B BE 452 R B0 S b Bioks 7K
SRR TR SRR

Note: x5 is the rolling friction coefficient between sea buckthorn
seeds and Q235 steel plate; and S refers to the rolling distance of sea

buckthorn seeds on the horizontal steel plate.
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Table 4 Test scheme and results of steepest climb
F5 RIGH &= Experimental factor IR EE R Result

Code A B c 0'/(°) w/ %
1 0.05 0.15 0.005 23.12 17.49
2 0.10 0.25 0.010 24.52 12.50
3 0.15 0.35 0.015 28.94 3.28
4 0.20 0.45 0.020 35.26 25.83
5 0.25 0.55 0.025 36.62 30.69
6 0.30 0.65 0.030 37.35 33.29
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Note: A refers to the collision recovery coefficient between seed par-
ticles of sea buckthorn; B is the static friction coefficient between seed
particles of sea buckthorn ; C is the rolling friction coefficient between seed
particles of sea buckthorn;6’ is the simulation stacking angle ; is the rel-

ative error of pile angle.
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Table 5 Design and results of Box—Behnken experiment
F5 B ZE Experimental factor  PEH 5§45 Evaluation index

Code A B c 0'/(°) /%
1 0.10 0.35 0.010 28.415 0.01
2 0.10 0.25 0.015 27.310 0.03
3 0.15 0.35 0.015 28.610 0.02
4 0.10 0.45 0.015 31.710 0.13
5 0.15 0.35 0.015 28.120 0.00
6 0.15 0.45 0.020 31.845 0.14
7 0.15 0.45 0.010 31.030 0.11
8 0.20 0.35 0.010 28.735 0.03
9 0.20 0.25 0.015 27.080 0.03
10 0.15 0.35 0.015 28.340 0.01
11 0.20 0.45 0.015 31.835 0.14
12 0.15 0.25 0.010 25.920 0.07
13 0.10 0.35 0.020 30.530 0.09
14 0.20 0.35 0.020 29.365 0.05
15 0.15 0.25 0.020 26.650 0.05
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% 6 Box—Behnken BV EI = o1

Table 6 Variance analysis of Box—Behnken regression model

e S ST
Sum of Mean F P
Source Freedom
squares square
ki) 52.8500 9 58700 549600 0.0002* *
A 0.1128 1 0.1128 10600  0.3513
47.3400 1 473400 443.0400 <0.0001* *
2.3000 1 23000 215300 0.0056" *
AB 0.0315 1 0.0315 02949  0.6104
AC 0.5513 1 0.5513 51600 0.0723*
BC 0.0018 1 0.0018 0.0169  0.9016
A2 2.1500 1 21500  20.1500  0.0065" *
B 0.4880 1 0.4880 45700  0.0856*
e 0.0735 1 0.0735 0.6874 0.4448
5% Residual ~ 0.5342 5 0.1068
Neut
R 0.4138 3 0.1379 22900 03184
Lack of fit
4ilii %
= 03120 2 0.0602
Pure error
ST Total 53.3800 14

o ox FIORMPE R (P<0.05) 5 * FRBE(P<0.1), T,
Note: * * indicates extremely significant ( P<0.05); * indicates

significant (P<0.1). The same below.
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6’ =38.01 + 0.2754X, + 1.82X, + 0.4713X, +
4.41X, + 5.72X, - 1.68X, + 0.9537X, +
0.9321X, - 0.2829X, - 0.1379X,, — 1.30X,,
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Table 7 Discrete element simulation parameter

Pz UiHZH B
Code Simulation parameter Value range
sy \
X, RN 0.1~0.4
Pomace poisson’ s ratio
X Heits By U it/ Pa 1.0x10° ~
2 o .
‘ Pomace modulus of elasticity 1.0x107
SR -SRI L R
X; Pomace-pomace collision 0.1~0.4
recovery coefficient
it - FL A AR R
X, Pomace-pomace coefficient 0.2~0.8
of static friction
R -SRI RNEE R
Xs Pomace-pomace coefficient 0.05~0.30
of rolling friction
SR - R L R A
X Pomace-steel plate collision 0.1~0.5
recovery coefficient
SRt - B R M
X, Pomace-steel plate coefficient 0.4~1.0
of static friction
- AR BB R
Xg Pomace-steel plate coefficient 0.05~0.30
of rolling friction
SR
Xy Pomace-seed collision 0.1~0.4
recovery coefficient
s — R R R AL
Xy Pomace-seed coefficient 0.1~0.6
of static friction
T T
X Pomace-seed coefficient 0.05~0.20

of rolling friction
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Table 8 Plackett—Burman test design and results
b 5 &K Experimental factor e 0'/(°)
Serial Accumulation
number X, X, X; X, Xs Xg X, Xy X, Xy X angle
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 27.46
2 0 0 0 0 0 0 0 0 0 0 0 38.59
3 1 1 1 -1 -1 1 -1 1 1 -1 1 26.98
4 1 -1 -1 -1 1 -1 1 1 -1 1 1 40.34
5 1 1 1 -1 -1 -1 1 -1 1 1 -1 31.78
6 -1 1 1 -1 1 1 1 -1 -1 -1 1 37.55
7 1 -1 -1 1 -1 1 1 1 -1 -1 -1 36.29
8 -1 1 1 1 -1 -1 -1 1 -1 1 1 37.96
9 -1 -1 -1 -1 1 1 -1 1 1 1 -1 35.62
10 -1 -1 -1 1 -1 1 1 -1 1 1 1 31.37
11 1 1 1 1 1 1 -1 -1 -1 1 -1 48.27
12 -1 1 1 1 1 -1 1 1 1 -1 -1 54.57
13 0 0 0 0 0 0 0 0 0 0 0 40.48
14 0 0 0 0 0 0 0 0 0 0 0 38.68
15 1 -1 -1 1 1 -1 -1 -1 1 -1 1 44.16

#& 9 Plackett—-Burman X318 B Z M9

Table 9  Significance analysis of Plackett—Burman test

R 2 REBERKIKEIEITTRER

Table 11  Design and results of the second steepest climb test

s g M g, BERET
Parameter Effect Sum of Contribution Slgmhgancc
squares ranking
X, 0.5508 0.9103 0.1207 10
X, 3.6458  39.8763 5.2860 3
X -0.9425 2.6649 0.3532 8
X, 8.8141 233.0690  30.8957 2
X; 11.4442 3929070  52.0839 1
X -3.3642  33.9529 4.5008 4
X, 1.9075 10.9157 1.4469 6
X 1.8642 10.4254 1.3819 7
X -0.5658 0.9605 0.1273 9
Xio -0.2758 0.2283 0.0302 11
Xy -2.6058  20.3711 2.7004 5

Table 10 Design and results of the first steepest climb test

R0 F1RRBERKIKIIZITRER

b HERA 6'7(°) MIXRZE 0/ %
Serial X, X, Xs Accumulation Relative
number angle error
1 1.00x10° 0.20 0.050 26.085 18.96
2 2.43x10% 0.43 0.175 42.805 25.23
3 3.86x10° 0.66 0.300 52.495 53.58
4 5.29x10° 0.89 0.425 53.195 55.63

) HBU 0/ (°) MIXRE 0/%
Serial X, Xy X5 Accumulation Relative
number angle error
1 1.00x10° 0.20 0.05 26.085 18.96
2 1.57x10° 0.29 0.10 34.695 1.51
3 2.14x10° 0.38 0.15 36.945 8.09
4 2.71x10% 0.47 0.20 40.360 18.08

43 TREPFEXREEAESIRE
TR IATH E AZ e e 4 A gl i e A B
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T D5 BT 2P AS PR 3R 22 18] Y — 2052 BLAE T 30
AR AL YK B BIF 5 45 TR 3R 5 i) 7 (L 22 ) Y G
F PR WO E 2 R RGN B,
-4k EDEM i B 50 i S A S8 &, UL 2
S O AL SRR AR 3 S R
IR Sy R A TR A e 45 I B - 1,01 7K
Vo IR SR ANER 12 Frox, DUR AT B
FHES Y HEFL A A B {E , #£47 Central Composite
RGBT, 7 B Bt R 54 R INE 13 s,
XA #E 1T 2 o0 mIH LA 15 5 2 o0 [l iH
WG
' =32.57 + 0.4260X, + 2.44X, + 1.49X, +
0.2453X,X, — 0.5297X,X, — 0.0034X X, +
0.3035X; + 0.0491X; - 0.0167X;  (11)
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Table 12 Simulation test factor coding

ity FZE Factor
Code X, X, X,
-1.682 6.11x10° 0.1386 0.0159
-1 1.00x10° 0.2000 0.0500
0 1.57x10° 0.2900 0.1000
1 2.14x10° 0.3800 0.1500
1.682 2.53x10° 0.4413 0.1841

PAEZ 42 EDEM {5 HEAIE , 153 1 SR VD ok
D EHERUA 5 S PRHERUA AR R 229 0.67% , 10k
- RIR I R 00 0 LS B A 38 R S o S R A 32 A
XHRZEN 2.78% , F WA ARV TR R i (14 2 O
ST LI R R SR U0 Ok AR 1R 5 ) B B 20 B
Wi pt2%

F 13 Central Composite KEEEIHRER

Table 13 Experimental design and results of Central Composite

7 ¥ F K Experimental factor R 6'7()
Serial Accumulation
number X Xy Xs angle
1 1.00x10°  0.2000 0.0500 27.70
2 2.14x10°  0.2000  0.0500 30.22
3 1.00x10°  0.3800 0.0500 33.20
4 2.14x10°  0.3800 0.0500 35.33
5 1.00x10°  0.2000  0.1500 32.50
6 2.14x10°  0.2000 0.1500 31.54
7 1.00x10°  0.3800 0.1500 36.62
8 2.14x10°  0.3800 0.1500 38.00
9 6.11x10° 0.2900 0.1000 32.89
10 2.53x10°  0.2900  0.1000 33.33
11 1.57x10°  0.1386  0.1000 28.79
12 1.57x10°  0.4413  0.1000 35.99
13 1.57x10°  0.2900 0.0159 29.79
14 1.57x10°  0.2900 0.1841 34.62
15 1.57x10°  0.2900  0.1000 32.97
16 1.57x10°  0.2900  0.1000 32.59
17 1.57x10°  0.2900  0.1000 32.34
18 1.57x10°  0.2900  0.1000 33.17
19 1.57x10°  0.2900  0.1000 32.12
20 1.57x10°  0.2900  0.1000 32.35

xR 14 EPRERFTESHT

Table 14  Analysis of variance of regression model

; -5 AN . >
e TS BT
Sum of Mean F P
Source Freedom
squares square
Model 102.6800 9 11.4100 32.1100 <0.0001 * *
X, 1.1000 1 1.1000 3.1000 0.1088
X, 71.9500 1 71.9500 202.5400 <0.0001**
Xs 24.7300 1 24.7300 69.6100 <0.0001**
X, X, 1.9000 1 1.9000 5.3600 0.0431°
X, Xs 0.6598 1 0.6598 1.8600  0.2028
X, X5 0.4572 1 0.4572 1.2900 0.2831
XZZ 1.8100 1 1.8100 5.1000 0.0474*
X42 0.1449 1 0.1449 0.4079 0.5374
X52 0.0171 1 0.0171 0.0481 0.8308
Residual 3.5500 10 0.3553
eIl
R )\.. 2.7300 5 0.5456 3.3100 0.1075
Lack of fit
PR
R E 0.8245 5 0.1649
Pure error
SR Total — 106.2300 19
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(a) JiL & Original (b) _{E 1k 4t # Binary processing (c) ff1 & M it Angle measurement

E7 HERBENE

Fig.7 Accumulation angle measurement

A - " el
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(b) AL A P A 56 Pile angle physical test

B8 WEirERATERESYELRE

Fig.8 Simulation test and physical test of sea buckthorn seed accumulation angle

(a) HEALA 15 B K Pile angle simulation test

(a) /N i Small fruit residue (b) " B Middle fruit residue (c) KA Big fruit residue

B9 mRBELY

Fig.9 Real fruit residue of sea buckthorn

s I g '\_/\\_//‘

N » y
7/ s e’
—— ——

(a) /N J#5 Small fruit residue (b) # 4L Middle fruit residue (c) KA Big fruit residue

B10 DRREERTER

Fig.10  Sea buckthorn residue discrete element model

e o N 4 \
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e L o sty ety VTS e &% A Y o e
(a) & & 0 BHT 3R (b) V& & Pk s b i 71
Mixed material simulation stacking angle Mixed material actual stacking angle

B 11 Smir-REBESYHERABREESHE

Fig.11  Test and simulation of stacking angle of sea buckthorn slag and seed mixture



TR SEAT  TORUD PO FIRE 1 B oLl B 8br e

297

5534
B % X #k.
(1] skaai, e, ko, 45 VPR BOTO S Rbn g 510

(3]

[10]

B[ J]. AdeAl R, 2023, 54(10) : 59-69.
ZHANG W J, YANG M, ZHANG Q L, et al. Discrete element simula-
tion parameter calibration and experimental verification of sea
buckthorn material [ J]. Journal of Northeast Agricultural University,
2023, 54(10) : 59-69.
B, RS, RER, B DR R TR R ] 2 SO
PR S AHAREL 1], BUCEABHE, 2022, 38(5) : 87-95.
ZHAO X X, WU R, YI C M, et al. Sea buckthorn pomace powder
preparation by superfine freeze pulverization and characterization of its
physicochemical and structural properties [ ] ]. Modern Food Science
and Technology, 2022, 38(5) : 87-95.
JERIEE, . UDRRFFMAEI AT ) ] RS, 2015, 17
(12): 1288-1291.
YOU L X, HOU X. Detection and analysis of sea buckthorn seed oil
[J]. Modern Chinese Medicine, 2015, 17(12) ; 1288-1291.
TREPE, SO, WINEH, AE RIS B R AT R B T
#%:CN201610000811.0[ P ]. 2016-01-04.
FENG L D, SHENG W J, HU J M, et al. The invention relates to a
device and a method for rapidly separating sea buckthorn fruit seeds:
CN201610000811.0[ P ]. 2016-01-04.

W, G tete, S ETRGERNIERR- T AR
JPERE DT FS IR T ] Aol TR, 2023, 39(19) : 75-84.
ZENG B G, LI M, YAO L H, et al. Simulation and experiment on the
mechanical properties of coptis chinensis root-soil composites based on
image reconstruction[ J]. Transactions of the Chinese Society of Agri-
cultural Engineering, 2023, 39(19) ; 75-84.
WES, S, B, 5. ool TR N B
ARFVEELT]. RAHUIAAR, 2021, 52(4) ; 1-20.
ZENG Z W, MA X, CAO X L, et al. Critical review of applications of
discrete element method in agricultural engineering[ J ]. Transactions of
the Chinese Society for Agricultural Machinery, 2021, 52(4) : 1-20.
BMIE, RS, M, S BB Gt e B oLy B
FSHERET]. PEPZZGE, 2023, 48(15) : 4007-4014.
LI HZ, TANG X F, LIN Y, et al. Discrete element simulation study
of mixing process of Guizhi Fuling capsules : parameter calibration[ J].
China Journal of Chinese Materia Medica, 2023, 48(15) ; 4007-4014.
ek, JUEHL, MR, 25 DKEIRhTUINES BN E S B UL
SHBET]. AU TR, 2020, 36(24) : 46-54.
HOU Z ¥, DAI N Z, CHEN Z, et al. Measurement and calibration of
physical property parameters for agropyron seeds in a discrete element
simulation[ J]. Transactions of the Chinese Society of Agricultural En-
gineering, 2020, 36(24) . 46-54.
bk, DA%, BRE, % SIPRE ol B2 80 E S5
FHRIRIAIELJ]. ARk TREAR, 2019, 35(20) : 25-33.
SHI L R, MAZT, ZHAO W Y, et al. Calibration of simulation pa-
rameters of flaxed seeds using discrete element method and verification
of seed-metering test[ J]. Transactions of the Chinese Society of Agri-
cultural Engineering, 2019, 35(20) ; 25-33.

MENE, AMFE, B/VF, %5 SESR T RB HOTTT S8R e

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

SIRKIIIEL) ] TRHXARADITE, 2022, 40(2) : 240-249.
TIAN J F, SHI L R, YANG X P, et al. Calibration and experimental
validation of discrete element simulation parameters for Codonopsis pi-
losula seed [ J]. Agricultural Research in the Arid Areas, 2022, 40
(2) : 240-249.

T, g, ma, AF BT RORAE RIS VD IR 2 L
TEBHHREL)]. TRIKARITITE, 2024, 42(2) ; 284-292.
WANG Q Z, YANG M, XIANG J T, et al. Discrete element parame-
ters calibration of Hippophae rhamnoides based on particle scaling the-
ory[J]. Agricultural Research in the Arid Areas, 2024, 42(2):
284-292.

AIKAE, A, R, S ST IR N R B TS
BAREL)]. gk TR, 2019, 35(16) : 320-327.

LI'Y X, LIF X, XU X M, et al. Parameter calibration of wheat flour
for discrete element method simulation based on particle scaling[ J ].
Transactions of the Chinese Society of Agricultural Engineering,
2019, 35(16) : 320-327.

AR, W, AR, AF. BETNURLAE OIS A R B DT
ZHBRELT]. TEBASOR, 2023, 29(2) : 81-91.

Z0U Y, TANG T, GAO Z C, et al. Discrete element parameter cali-
bration of quicklime powder based on particle scaling theory [ J].
China Powder Science and Technology, 2023, 29(2) . 81-91.
FARW, SRk, PRLIME, 45 BT EDEM R3S SERE
[J]. Al AR, 2020, 36(15) : 95-102.

WANG L M, FAN S Y, CHENG H S, et al. Calibration of contact
parameters for pig manure based on EDEM[ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2020, 36( 15) : 95-102.
B, TS, M, 55 ST JKR Sl 0 ok Um0k Bl
TCBHREL) ] PEBAREA, 2021, 27(6) : 60-69.

HAN W, WANG S Z, ZHANG Q, et al. Discrete element parameter
calibration of micron sized powder particles based on JKR contact
model[ J]. China Powder Science and Technology, 2021, 27(6):
60-69.

R, (R, T, A ST R PR AR A R R B T
TEBHBRELT]. FOWHIBRFAR, 2024, 55(5) ; 87-97.

WANG B B, HE Z, DING X T, et al. Calibration of peat discrete el-
ement parameters based on uniaxial closed compression test [J].
Transactions of the Chinese Society for Agricultural Machinery , 2024,
55(5): 87-97.

JANDA A, 001 J Y. DEM modeling of cone penetration and uncon-
fined compression in cohesive solids[ J]. Powder Technology, 2016,
293 60-68.

SAKAI M, TAKAHASHI H, PAIN C C, et al. Study on a large-scale
discrete element model for fine particles in a fluidized bed[J]. Ad-
vanced Powder Technology, 2012, 23(5) : 673-681.

MW, ZRERl, ZEih, A5 IR R FORL B 1 4 B P 20
RIFAHTLI]. PR RS2, 2022, 27(7) « 12-25.

XIAO Y N, LI G K, LI K, et al. Genome-wide association study of
kernel volume and weight in sweet corn[ J]. Journal of China Agricul-
tural University, 2022, 27(7); 12-25.

ELEH. ST 2RI FORFPRIF AR B[ D], KA.



298

T T XA TS

543 45

[21]

[22]

(23]

[25]

FMAREE, 2017,

WANG X M. A multi-sphere based modelling method for maize grain
assemblies[ D]. Changchun; Jilin University, 2017.

BRI, WOk, frdE, A5 RIS H i E )
HEBRE LA AR T ] I 55 B4R, 2024, 52(6)
69-78.

ZHAO HS, PAN Y T, QIAO X, et al. Fracturing evolutionary law
and energy utilization efficiency of green sandstones under different
loading rates[ J]. Coal Geology & Exploration, 2024, 52(6) ; 69-78.
GERGES N N, ISSA C A, KHALIL N J, et al. Effects of recycled
waste on the modulus of elasticity of structural concrete[ J ]. Scientific
Reports, 2024, 14(1) ; 16189.

KT, AEHL, IVEDD, A5 R IIEE SRR R O S
FRE[]. TRMRAOIIT, 2022, 40(6) : 286-294.

ZHANG K P, HOU C K, SUN B G, et al. Discrete element simula-
tion parameter calibration of pea grains at harvest time [ J ].
Agricultural Research in the Arid Areas, 2022, 40(6) : 286-294.
MR, B, B, 5 BRI R A B HOCSERE
LA ], PR, 2022, 43(8) ; 40-46.

LI X Y, LIAO M, YANG ], et al. Calibration and seed arrangement
verification of discrete element parameters of Notopterygium seed and
pearlite[ J ]. Journal of Chinese Agricultural Mechanization, 2022, 43
(8): 40-46.

Ty, fhdth, MK, . WIEERSE FERBEET LEA
PR 7= T M R B SR AR IRAR [T ). U 5d AR, 2016, 43(2) .
360-369.

CHENG G, XU J Z, GUO Y F, et al. Breeding and fermentation op-

[26]

[27]

[28]

[29]

[30]

timization of L-arginine producing strains[ J]. Microbiology, 2016, 43
(2) : 360-369.

TRk, iR, TR, 5. JET EDEM M4 B35 4 Bok: a]
Hef e )], PEAOVRRIRR, 2023, 25(12) ; 111-120.
YU M, ZHOU H B, DING J T, et al. Calibration of interparticle con-
tact parameters of kitchen waste composition based on EDEM[ ] ].
Journal of Agricultural Science and Technology, 2023, 25 (12):
111-120.

SR, BRI, BRI, 4%, FET EDEM YA RIRL B HOTRA
ZRBE[T]. TP, 2023, 45(3) : 726-736.

WU B, QIAN H Y, HUANG T C, et al. Calibration of discrete ele-
ment model parameters of pig porridge based on EDEM[]]. Acta Ag-
riculturae Universitatis Jiangxiensis, 2023, 45(3) ; 726-736.

NAZHA H M, AMMAR B, DARWICH M A, et al. Response surface
analysis of Zn-Ni coating parameters for corrosion resistance applica-
tions ; aplackett-burman and box-behnken design of experiments ap-
proach [ J ]. Journal of Materials Science, 2023, 58 (30):
12465-12480.

QIN Q Q, HUS M, DONG J J, et al. Application of plackett-burman
experimental design for investigating the effect of eight phytohormones
on malt quality parameters[J]. Journal of the American Society of
Brewing Chemists, 2023, 81(3) : 416-423.

TRIR. —HROBHL AT MY T 1k , %58 MITAETH SR B W) TAL i
RN ST D]. Fist: mafll R, 2015.

ZHANG R. Study on isolation and identification of Trichoderma as-
perellum and its of bio-pretreatment in

application biogass

fermentation[ D]. Nanjing: Nanjing Agricultural University, 2015.

(LBF 27T R)

[22]

(23]

[24]

A, B, T, S VEYIXET R e AL B A
PP RRET MRS TR AT R [T ). P E A A, 2022, 38
(29): 31-44.

WANG S, JIA X Q, HE L, et al. Response mechanism of crops to
drought stress and measures for improving drought resistance of crops:
research progress[ J ]. Chinese Agricultural Science Bulletin, 2022,
38(29) ; 31-44.

XEF, SRR, M5, & BT R FIBCRES T 28Uk
PEPEAG [T PHACARMBH R E 2R FARBLERR) , 2023, 51(6)
81-90.

LIU X, SU XL, JIANG T L, et al. Assessment of ecological drought
sensitivity based on water use efficiency[ J ]. Journal of Northwest A &
F University ( Natural Science Edition) , 2023, 51(6) ; 81-90.
HIgREES B L, BIE, 45 HIGE B/ DE RSN5854
PEAHT BEBA FE [ ] ]. TR AL 5T, 2002, 40(6) .
232-241.

SHEN Y L, ZHAO M F, ZHAO T, et al. Study on meteorological

conditions and prediction models of sowing date for spring wheat and

[25]

[26]

[27]

rape in Qinghai Province [ J ]. Agricultural Research in the Arid
Areas, 2022, 40(6) ; 232-241.

FZLER, KIbEEE, R, S5 SN TP AR R CE KUK
ISR ] PR AR, 2022, 34(2) : 20-26.

GAO H X, ZHANG X L., WU S M, et al. Risk analysis and regional-
ization of potato drought disaster in central inner mongolia[ J]. Acta
Agriculturae Jiangxi, 2022, 34(2) . 20-26.

AN, ZEATY. T RRAXT R R R AT S S v [T R
25/, 2005, 21(11) ; 205-207.

TANG Q C, LI J Q. Plasticity of clonal architecture in response to
drought menace in the stoloniferous herb Juema[ J]. Chinese Agricul-
tural Science Bulletin, 2005, 21(11) : 205-207.

RO, RHEFE, PNIE, A5, SRR A% S S BR A T R A Y
WIFELRRLT]. hEL R4, 2023, 44(5) : 398-409.

HAO S, SONG Y L, SUN S, et al. Review on the impacts of climate
change on highland barley production in Tibet Plateau[ J]. Chinese
Journal of Agrometeorology, 2023, 44(5) : 398-409.



