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o R 255 e 25008 B IR R 250 kg/hm’ Fl 125 kg/hm”
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[ RN AN S G IR E A U 2 N N e X
ABEM ., 10 ~15 em 4 )2 - HEHT 87 98 B Bl Ok 45 R
HWACEEAER) 5 ~ 10 em + 2, ¥ b A4 T
(18 4 2 552 S0 8 0 J /0N 1 R B, A A g ) - B i Y
SRR K 15 ~20 em + 2, BT 9 B R
BB, Bt 2B 30 A A AE /N W A 0 R R
P R PR RS E , 1 W L e o o B AR T I
ATEW, R ETN R AR E .
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Tab.1 Characteristics of soil shear strength in different

soil layers during the developmental stages of maize

kg/cm’
- + B WE/ em

0~5 5~10 10 ~ 15 15 ~20
i 0.8 +0.1d" 2.5+0.3d° 3.7 +0.4d" 5.3 +0.6b"
NG 1.2 0. 1¢? 3.0 £0.4¢° 4.6 +0.4c” 6.9 £0.5a°
KWL 1.2 20. 1¢" 3.7 20.4b° 5.4 20.6b" 7.1 +0.7a®
il it 491 2.6+0.3b" 4.4 £0.4a° 5.9 £0.3a" 7.3 +0.7a"
TR 3.5+0.2a" 3.8 +0.5b° 5.5+0.6b" 7.1£0.7a"

T A R/ING 50 3R 4 A2 17 AR B ) 2% S R 3 (P <0.05) 5 1
PR /ING B e 7s 4 L 2 AR L) 22 53 .2 (P < 0.05)

2.2 TEHMWEBEETAEMEZSF
2.2.1 RHEEHKR

HiP 1 AT1,0 ~5 em 4 )2 EHT 5T 58 B BE 4
HEE KRR BN, RS KRS L gEhEy
SRR E EAHOC (P <0.05) o 2 & m] 41,0 ~
5 om 2+ HEE K R AE T E Al N P B
N 8.93% , B B I G, 4 3 B K A BTG I, oF- 1
{4 10.35% , 3X 32 %2 B o iF 5 X 24 34 OF A B W0
BEAE RIS TR BN, B R OK 2 R L BB AR
BEL424 B ' Xof i 35 1) JEE 555 DA T 0/ e 6 7K 43 I 78 %
T A 5 K R A Al A B KR, AT A S 4
FRE YR E . BEE L2 MINE,5 ~ 10 cm
FEEEEKRERE LR, KR
18.05% ~19.91% , & HE40 57 5if i B 75 /K R34 K 2
MW, ZH B RBOC R A AR R W KT
(P>0.05);10 ~15 cm 1 15 ~20 em + )3 + HeHp
S KE LR G5 ~10 em 12 M A kK 5 B
FKF X Al fEJE B Tk 2 )2 A T O 9 R AL
2 K AR FZ T LA 32 HoAh R K52
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Fig. 1  Relationship between soil shear strength and

water content in different soil layers

2.2.2 LHIRTE

ZMERH, 0 ~5em + 2 HHEAELE T K
WS CF B R 1,17 g/em’ | B3 A T 100 00 4k
TIEAEEEWIG NG, X FEEH TS
G Bt T 6 R T T 9 AR R R
KA ZR 06 ORI i [ VR, R A . 5 ~
10 cm 115 ~20 cm + 2 HEAETEE ERKESEFM
MAELERIES 0 ~5 em 2 AL, 15 ~20 em £ )2
TR SRR, B 1,48 g/em® /N
WU, BIEA TR E 1.56 ¢/cm’, HJ5 L%
HOP AR FEAE B = KOF

W PR E SPUoToR BT ELA L AR WA 2
JiR 4 A 2 b T Y 5 B BE T A 3 2
NERG I W Ty AR, 45 LR DR S A
HERELKEIEMIK(P<0.05), BEE FKETH
O 1B 7i oz RO N b N w181 D1 S

9 *0~5 cm ¢5~10 cm x10~15 cm 415~20 cm

y=12384x-12373 4 ,
R*=03325 L ‘
X 1=9.326 7x~7.562 7
y=21.621x-24.792 X A R?=03248
4 .
RE=04981 ¢ Kex X

y=9.841 1x-9.546 2
R?*=0.400 9
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s °,
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Fig.2 Relationship between soil shear strength and

—_
—_

bulk density in different soil layers

2.2.3 EAMBR

e AT BEAE TR AR T I RE , TORMR A
AR AR FIAR AR 2 T B A R AR E B AR R
B YILR B N AR R A5 SR Ik R,
PP IR R A S HA PR, RAZFSHS -
SEHT Y 5 AR S AT AN SR 2 R

R 2 ATH,0 ~5Sem 12, HERRSHS -

SEPU T o A G R X B F K, X EEE R T
RIZ LT T 32 W o P AR IR v R LR N O A Bl
ORI, SO B EIR SR S ~ 10 em A
10 ~15 em £ )2, RS AN R ARAF IR S/, BT 0 5 B2
FREZEAMRBR . R MR R E AR R
PRERGEHE br 15 L S PT BY 5 22 B 3 IE A R (P <
0.05),HF0~0.5mm EEKF 0.5 ~1.0 mm K
505 9 A O B B K P (P <0.01) X5k
W B 50K A 8 300 A0 4 o A PR AR AR A AR R R
0~0.5mm F10.5 ~1.0 mm R KA AT DUA &R
B EPUYSR B  AE 15 ~20 em £ 2, AR RERAE
SRR SNE R PSR SN G
R2 TEREFIESHHEERAXRY
Tab.2 Correlation between soil shear strength

and root parameters

+ 2 E/cm

0~5 5~10 10~15  15~20
LS 0.42 0.79 " 0.77* 0.10
iiSN 0.14 0.88 0.80 " 0.15
R R -0.02  0.80*  0.81* 0.02
SRR AR -0.39 -0.28 -0.25 -0.49
LN -0.15  0.69*  0.78** -0.22
0~0.5 mm 4K 0.16 0.89™  0.79* 0.18
0.5 ~1.0 mm £ -0.14  0.65  0.69™* -0.16
0.5 mm Pk EARK -0.21 0. 40 0.54" -0.26

s # FIRTE 0. 05 AKF LAY AH G M 3, #+ RIRAE 0. 01 K
AR W, TR
2.3 TEHTEEERENNEZINERSH
2.3.1 ST Y g RS SR AL

B3R 3 WAL B BOKAE & IR E, Eok i+

ST B oIk 34 gy TN L IS A RR S HTBY SR T AT
UL, A5 A B OK A AR 0 - b B 9 B R T —
PIHESRELN o 0 ~5 em 1 )2, 1 W] 4 58 Hi oy 9 B 3
SRAE & X FE R T IR EORAE RN, X 4
PR 52 W 5055 , B B oK A= B 4, T a0y
SHRFEE 8 IR AU I A T N 2 A B O A KA, B A
W, A BT 5T ok B B R A TR, 5 ~ 10 em AN
10 ~ 15 em + 2, - 3P0 5 9 J32 5 9 550 0 722 1 e 3
50 ~5cm 125030, bu oy R R R R AT
SO A 2 5 S T I 0 s/ 8 A O A i kg A s I
KAE . 15 ~20 em 2, - et 59 5 B 3 5 2 78 1
WU N S I SRR BT 6.2%
Jo AR ST BT B R Y R R WA 1 H R AR
SRR A )2 EORAE RN 1 T 5 R Y 1 5
BN B — 28 25 5% 76 5 ~ 10 em + 2 34 58 8500, e
3,15 ~20 cm +EHEE,
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Tab.3 Enhancement effect of soil shear strength in different soil layers during the developmental stages of maize

T E B/ em ZH T NN ] Ko w4 il 340 JRH
BT B SR B/ (kg om ~7) 0.8 1.0 1.0 1.9 2.6

0~5 B T 94 B R AR/ (kg om 7)) 0 0.2 0.2 0.7 0.9
BL Y 5 I R 2 % 0 20.0 20.0 36.8 34.6

B M T BT R B/ (kg om ~2) 2.3 2.5 2.6 2.7 2.7

5~10 B 30 R R AR/ (kg om ) 0.2 0.5 1.1 1.7 1.1
B 1 B B R % % 8.7 20.0 42.3 63.0 40.7

P BT SR B/ (kgem ™) 3.6 4.2 4.3 4.4 4.4

10 ~ 15 00 o 1 R/ (kg em %) 0.1 0.9 1.1 1.5 1.1
BT B R % % 2.8 21.4 25.6 34.1 25.0

BT TT R B/ (kg em ~2) 5.2 6.5 6.6 6.6 6.6

15 ~20 00 7 K 9/ (kg em 2) 0.1 0.4 0.5 0.7 0.5
B 1 B R R % 1.9 6.2 10.6 7.6 7.6

2.3.2 bR OY BRI SR AN R R DR R 23

B 5 0K A T 0 A9 A, 2% )R T B 5l B BN
IO BR M ATC BT 55 B B AT I H 0, T BT 9 R R (5 A%
S DR B R R A S A SR 4 TR . ik 4
APRT,0 ~5 em o 2 o EPTTY 5R 0 (E B
IR AT F (L S N 3 O IR AR O, R
0 ~5 em oz 35 UK 5 T A 3 0 X 1 e 4T 59
508 J3E i A= 7 400 A0 T R R A EE R, 5 ~ 10 em
FI10 ~ 15 em 4 5% + ST 9 4 52 A 39 588 (5 5 + A
HAMRASHE W5 SR B, BEE R R
AWK MK RARTRARARHESHIH
BORIE I, IG5 T BT 95 )5 46 98 (] 1 s AT oK
e — S EM,0~0.5 mm Ff1 0.5 ~1.0 mm
L 55 70 B 5 52 6 9 AR O ok S R S
KA 1 mme LR AR R G R 5 B 3E K,
XU TR AR A A R 02 0 ~0.5 mm A10.5 ~

%4 FTATESEFHMES L REY
REMEEEMEXRY
Tab.4 Correlation between added value of soil shear
strength and added value of different influencing

factors in different soil layers

AT 12/ em

B A 0-~5 5~10 10 ~ 15 15 ~20
e 0.68 " -0.22 -0.17 -0.43
A 0.71* 0.55 0.63" 0.77*
A 0.51 0.79™  0.72* -0.55
iiSN 0.41 0.84"  0.80* -0.44
R KR 0.29 0.77™  0.78* -0.4
AR AR -0.11 -0.27 -0.31 -0.1
R KR 0.16 0.68° 0.73 -0.3
0~0.5mm K 0.43 0.85™  0.80* -0. 44
0.5 ~1.0 mm 4 0.01 0.63* 0.64° -0.15
1.Omm L AR 0.03 0. 44 0.47 -0.06

1.0 m AR AR IS T BT 5 J5E 1Y 3 5 2500 B 2
. 15 ~20 em LR BIEAR AR, LIS R
JE AR B BGRB9S AR (S A
S IR AR B IE A S (P <0.01) , 5 H b
M R A SR PR /0N, 3 3 B0 R O fE it + = 4
R, AR R R 3K — A% A ke ST B 9 JRE A g 5 AN
R M R AT

3 itig

3.1 FEISRETL4RAE

AWFIEENMET ,0 ~5 em + 2 1 5 4 5 Hi 57 9
JERE /N0, 8 kg/em® ), 5k 7E 4 78 ¥ - R B
HIOBF ST 45 R — B0, T T AL 2 2 0 e el Rt
WENVDHE BT ST S5 B, % T B T AW oY b
W AR . LR R R
ST T 2 S 0 B A, /N T B
oY R 5 A X W08 0 50. 0% , 3k 1.2 kg/em’ |
F kg A B R A ST 4 R, X
JE 0 T BE K A DA A B TR O AR A T T
5 S A B - 49 % T A K, ik b ST B 5 B A T
S . A S, ST 0 B R R X T s WL T
B 116. 7% ,3X — J5 W2 i T g8 R i K
AR R L2, 55— I T ol A A ) R K e 2 AR
BAE RSO >, B T RO A 20 T BT A R
X L AW el 4 P, S B S B R R R A, AR
ST B o R MR B 1. 35 A R R R AR
W1 0 B 22 (TN, S 3R 1T 5 T A M e 4 B, 3k
25 Kz (9 T SO B - S B R B A 1 B A —
S
3.2 MMRBRESMERRIEBYN

AT T, PR R 5 Ak R L
PBRECKEZR,0 ~ 5 em | J2 50 9 5 3 Bl /K 208 hn i



%5 1

IR A+ TR A ] e ST O 3 R A AT B R R [N 3% 129

S, T JEC A - 2 B R R K R R T,
T AR R R R X
S R 5 K R I, Ok [ A 43 T BB
B, KA TR B, % R A2 514 T AR R
S5 B KO TR I 2 A B AR G 0 B
K AR Dk 4, SR J B A K I JE
R, 7K BT - S R B 8 4 T N, S R 2 1]
PEVE I WA, TS 0T SR A TR, LA TE S
PO TR A B R TE AR G, 5 %R B g
ZES B R R TREE LA AR, s
B 7 LN AR A B, N B A A A D AR
BN T BTSRRI . BE G R KA W AR R
(395 X ST B R B LA B R R, B B
EARBRK WARTMHEMEREHER A S HE
35 T AR 56, (H S5 AR AR AT S MR I8 3, X 45 ) 5
24 U100 A AR 2R X T B 0 B 0 T A 45 R R — 3K
S AR [ AR AR AR 2R X - S 5 SR ) R
D7 RAFTE 2 5, MROR J M AR R T 0 2 3 o 4 11 4
JE 0 A ST BT 5 3 T B A AR AR R R
A T 12 32 2 L b 0 R

AT Y R R 00 R B R A T M R
ST DR /IS B A A b 3k e KA. K
75 TUE ST B 30 8 0 R 1 HL AT R R (R
AfFR4%Z 0 ~0.5 mm F1 0.5 ~ 1.0 mm AR & 34 fiin {8 7€
5 ~10 cm A1 10 ~ 15 om 5 £ J22 5 477 0 35 i 434 588 ) 5

P & IEAOC TSGR (R 4) , BRI % 315, H1 Y
P R 3 U B K A R A A 3
0 ~ 1 mm/ARI (13 22368 + S BT BT 5 B 39 i HAy E 20
Ko B M ARSGESE ™ BRI O ~ 1 mmAR K
JE AR PR AT IR Y EAR R SR X R W
0 ~ 1 mm AR SEH 3 + IR BUIR PLEE Sy i BN 1,
P X UK R A N R Z —

4 it

(1) G FE KL F WM ,0 ~5 em + 2 + 4
BUOY 588 i 2 A T 0 0 0 A AE A R R RS ~
10 em F1 10 ~ 15 em + )2 + 35T 57 58 )3 48 1k 45 AF 0]
2By SE B0 JE WIS B R B A R 0 O g K
15 ~20 em + 2 + HEH0 8 50 I SR(E 5K, HAH FE
A B S A AR /N T R e B, S AR R
FoGE o T K - BT B i B 0 i T sk 17 i A 0 A
HE 5 S S D i

(2) EHEF KRS 75 F gy o g BA K
M), i) B KR 28 % = BT B a8 3 b AT A K
Horb FEERIAES ~10 cm F1 10 ~15 em )2,

(3) R FHABRE 1 i ok 42 3 - HE 36 2 A0 &5 /K SR A
5 T 498 2 X 30 B o 3 U2 - R BT BT 9 R 5 0k B
0 ~ 1 mm AR5 2 1 K S B i AR = [ 07+
AE 1, %t 8 0 X ARl AT R 22 & e A IX K 4 37 2k
Biiih BT HEE X,
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Influence of Organic Ingredients Mixing Ratio on
Anaerobic Fermentation

Liu Dan Li Wenzhe Liu Shuang Wang Ming Cao Lan Chang Suqing
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to determine the interaction rule of fat, starch and protein in the process of anaerobic
fermentation, the influence of different mixing ratios on the characteristics of methanogenesis and
degradation was investigated using mixture design under mesophilic condition. The results revealed that
when fat, starch, and protein was used as substrate separately, the methanogenesis performances were
inhibited in different degrees, and the mean biochemical methane potentials ( BMP) were 345. 36, 59. 80
and 135. 87 mL/g, respectively, which accordingly accounted for 34% , 14% and 26% of theoretical
methane production. At the same time, the degradation property was affected apparently. However, the
synergistic effects on methanogenesis and degradation were obvious while the three components were
mixed as substrates. The regression models between the organic ingredients mixing ratios and BMP and
volatile solid ( VS) degradation rate were established, furthermore, the parameter optimization was
carried out. The optimization result was that as the ratio of fat, starch and protein was 36:30:33, BMP
and VS degradation rate were maximum. Experimental verification showed that BMP and VS degradation
rate were 451.36 mL/g and 79. 62% respectively at optimal ratio.

Key words: Anaerobic fermentation Organic ingredients Mixture design Dynamics
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Change Characteristics and Influencing Factors of Soil
Shear Strength during Maize Growing Period

Zheng Zicheng' Zhang Xizhou' Li Tingxuan'  Jin Wei'  Lin Chaowen’
(1. College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China
2. Soil and Fertilizer Institute, Sichuan Academy of Agricultural Science, Chengdu 610006, China)

Abstract: In order to explore the change characteristics of soil shear strength, change characteristics and
influence factors of soil shear strength were studied during maize growing period based on the method of
field investigation and laboratory. The result showed that in the 0 ~5 cm soil layer, soil shear strength
increased gradually with the maize growth period and reached the maximum in mature period. However,
soil shear strength increased first and then decreased with the maize growth period in the 5 ~10 cm and
10 ~ 15 cm soil layers, and soil shear strength reached the maximum in tasseling period. Soil shear
strength showed the higher values in the different maize growing periods. The reinforcing effects of the
shear strength in the first three soil layers were the better, and the reinforcing rates were the highest in
tasseling period of maize. There existed linear function between soil shear strength and the soil moisture,
and there were significant positive linear correlations between soil shear strength and soil bulk density,
root amount, root length, root volume. At the same time, there were significant positive correlations
between the reinforcing values of the shear strength and increasing value of 0 ~1 mm root length. Soil
shear strength enhanced gradually with the maize growth period, and soil water content, bulk density and
maize root had a great influence on soil shear strength. So, it had significant importance for soil erosion
control to select the maize variety with O ~1 mm root ,and applied soil and water conservation measures to
increase soil water content and bulk density.

Key words: Purple soil Maize Soil shear strength Influence factors



