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Abstract

Tillage reduces soil compaction while increasing soil porosity. Cover plants are fast-growing plants with
great impacts on the physical and chemical properties of soil. The confined compression curve indicates
the relationship between stress and void ratio. This research evaluated the impact of tillage types and
cover plants on Gompertz model coefficients. In this research, a factorial experiment in a randomized
complete block design was conducted with three replications in Hamadan province. Experimental
factors were tillage at three levels, including conventional tillage, conservation tillage, or minimum
tillage and no-tillage systems, with cover plant factor at three levels of Vicia, Lathyrus sativus, and no
cover plant. Samples were taken at the end of the growing season. To measure the confined compression
curve, intact samples were used at 6, 30, and 1500 kPa. The effect of treatments on the coefficients of
the confined compression curve revealed that coefficients, b, and ¢ were reduced in Lathyrus sativus
and Vicia, respectively compared to the crop plant due to the higher organic matter content. Also, there
was a reduction in the soil compressibility of these plants (Lathyrus sativus and Vicia). The pre-
compaction stress in different treatments ranged between 2.46 and 2.58 kPa, with the highest value in
Vicia under minimum tillage treatment. In general, the results demonstrated that the use of cover plants
and conservation tillage leads to not only a decrease in soil compaction but also an improvement in the
physical and mechanical properties of the soil, decreasing soil compressibility.
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Table 1. Some physical and chemical characteristics of the studied soil

Sand Silt Clay Texture H EC (cr:’nicl BD MWD Gravel CaCOs
%) %) (%) PRsmy ) 20”) (gem?)  (mm) (%) (%)
27.56 65.44 7.00 Silt 7.85 176.84 10.90 1.43 1.50 8.00 19.88
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Table 2. Comparison fit accuracy of the Gompertz model to the confined compression curve in different

suction
Suction (kPa) Statictical R? RMSE ME AIC
Mean 0.989  0.010 0.000 -935.2
6 Max 0.999  0.022 0.001 -748.8
Min 0.945 0.003  -0.002 -1179.9
CV (%) 1.3 46.7 -1044 -11.1
Mean 0.997 0.004 0.000 -1110
30 Max 1.000 0.011 0.001 -887.8
Min 0.967 0.002 0.000 -1288.5
CV (%) 0.70 57.9 546.8 -9.3
Mean 0.995  0.003 0.000 -1184
1500 Max 1.000 0.011 0.000 -900.3
Min 0.944  0.001 0.000 -1335.9
CV (%) 1.1 61.9 -466.6 -8.10
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Table 3. Results of analysis variance of the Gompertz model coefficient at suction 6 kPa

df MSE
S.0vV m \/E \/kT a
Repeat 2 0.0370 0.005M 0.001M)  0.0004")
Tillage 2 6.96" 0.084™ 0.123* 0.00023(
Cover crop 2 275M™ 035" 0.133° 0.00028(
Tillage x covercrop 4  1.03™)  0.049) 0.028( 0.00068(")
Error 16 1.49 0.0315 0.0293 0.0005

9 dNS) tao,0 ) s jo o e LSl eaies (yLis a0, O mhaw [0 o sre ,3U soies lad i L goliT ax e f 45 W8 Jae ollemc b a
«(Sources of Variations) <l &l ae lize 4 S.0.V aiil o o sxe 556

a, b, ¢, m The Gampartz model coefficients; df, degree of freedom. * Indicates a significant effect at the 5% level; ** indicates a significant
effect at 1% level; (ns) without significant effect. S.0.V means the source of the changes (Sources of Variations).

JUEewl s & (S0 50 35 508 Joho il b (uRiloo Ay lilo gulis =+ Jguzr
Table 4. Results of comparison mean of the Gompertz model coefficient at suction 6 kPa.

Treatment m

CT 1.840
MT 2.33®
NT 3.55%
C: 2.58%
C: 3.132
Cs 2.022
CTC: 1.71°
CTC; 1.80°
CTCs 2.02%
MTC; 2.39%
MTC; 3.02%
MTCs 1.35°
NTCy 3.64%
NTC: 4.322
NTCs 2.69%®

e o
1.08%  0.862°
1.01%®  0.969%
0.894°  1.092
0.923° 0.974®
0.850°  1.09
1.228  0.854°
1.02°  0.864
1.01°¢  0.8843c
1.22%  0.838™
0.940  0.950%¢
0.720°  1.19%
1.382  0.762°
0.804°¢  1.10%
0.818° 1.21*
1.06"  0.9623c

Cs E)B t5“""‘“’9’ cL:f Cr (Sibe Wy clﬁf L1 n‘_g)'»x_ﬂ} 9% 9 (J)..}) J.Bl» 6})9‘55 ‘()|JJ|Q)§)3) P 0 <_g)')5u5l> foud B A NT 9 MT CT
25 BB R 40 55 S Joe culpd M D s iy ol g (65,555 ,5iS g0 alisee gl (S (CTCh, MTC,, NTC;) Cp ¢ cialigy olS o0

s e NS Al By sl slaSilis (g

CT, MT and NT; Conventional tillage (moldboard), Minimum tillage (Chisel) and non-tillage; C;; Vicia cover plant; C,; Lathyrus sativus
cover plant; Cs; without cover plant; (CTCn, MTCn, NTCn) Cn, interactions between different levels of tillage and cover plant, b, ¢ and
m, Gampartz model coefficients; in each section of each column, the meanings with the same letters do not have a significant difference.
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Table 5. Results of analysis variance of the Gompertz model coefficient at suction 30 kPa

o MSE
S.0.v m c \/kT \/5
Repeat 2 1.1409 0,0053M) 0.0237M) 0.030()
Tillage 2 4.68M) 0.0224M) 0.0346() 0.104(M)
Cover crop 2 0.700) 0.0551M) 0.0146M) 0.0023(M)
Tillage x cover crop 4 0.103M™) 0.0166™) 0.0336M™) 0.099M)
Error 40 4.87 0.022 0.0178 0.044

«(Sources of Variation) col &l s e boe 4 S.0.V ol oo Hlogixe 56 (900 (NS) gol5T a0 df ¢55,005 Jow col,omc b @
a, b, ¢, m The Gampartz model coefficients; df, degree of freedom. (ns) without significant effect. S.0.V means the source of the changes

(Sources of Variations).
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Table 6. Results of comparison mean of the Gompertz model coefficient at suction 30 kPa.

Treatment c \/kT Ja_
CT 0.853* 1.21* 0.372%
MT 0.7832% 1.30* 0.318%®
NT 0.8268 1.27@ 0.221°
Ci 0.794* 1.29* 0.2962
C 0.784* 1.25% 0.317%
Cs 0.8842 1.258 (.2982
CTC, 0.816® 1.29%®  0.4502
CTC, 0.854% 1.17° 0.326%¢
CTCs 0.889% 1.19% (.339%c
MTC, 0.753% 1323 (.2718c
MTC, 0.775% 1.23% (.2482c
MTC; 0.821% 1.358 (.435%
NTC, 0.812% 1.28% (Q.167
NTC, 0.723° 1.34% (.377%C
NTCs 0.9422 1.20% (Q.121°

3 e,l> iigy olS Lo «Sile iy ol Ci «55,055 s 5 (Upz) JBla (55,055 «(Glsls 5 5) pos o (55,555 toes 3 4 NT s MT CT
Sl oisu 8 00 ¢35 a8 Jaw culs € gD @ ¢ iiig olS 5 (65,0 e g0 calisie zolaus (iiS e (CTCh, MTCy, NTCy) Cp ¢ gy oL oy50

5l e B aline By i )l sl Sl g o

CT, MT and NT; Conventional tillage (moldboard), Minimum tillage (Chisel) and non-tillage; C1; Vicia cover plant; C2; Lathyrus sativus
cover plant; C3; without cover plant; (CTCn, MTCn, NTCn) Cn, interactions between different levels of tillage and cover plant, b, ¢ and
m, Gampartz model coefficients; in each section of each column, the meanings with the same letters do not have a significant difference.
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Table 7. Results of analysis variance of the Gompertz model coefficient at suction 1500 kPa

MSE
S.0VvV df m c b \/5
Repeat 2 0.48M) 0.00220) 0,091  0.048(M)
Tillage 2 0.87M) 0.0340 0.1510M9) 0.009)
Cover crop 2 0.350M 0.063 ™) 0.0480) 0.011(M)
Tillage x covercrop 4 0.53 0,050  0.075 0.025()
Erorr 16 0.9902 0.027 0.1184 0.026

Ol yess i (Sre 43 $.0.V .0l o o cime 30 (90 ((NS) tao 10 O mhaws 4o jlo cme ;3 oaies lis ai L goliTaz o df 55,05 Jos culomc b a

(Sources of Variation) c...!

a, b, ¢, m The Gampartz model coefficients; df, degree of freedom. (ns) without significant effect. S.0.V means the source of the changes

(Sources of Variations).
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Figure 1. The effect of Gompertz's model coefficients on the confined compression curve
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Table 8. Comparison mean of coefficients of the Gompertz model and the characteristics of the compression

curve in the suction of 1500 kPa (depth 0 to 10 cm)

Expansion Void ratio Final Initial Compression
Treatment index loadi Void id rati ind Pc (kPa) c
loading oading ratio void ratio index

CT 0.0262 0.7072 0.8732 0.9692 0.6652 2.482 0.8292
MT 0.0232 0.5662 0.6352 0.9022 0.6022 2.512 0.7072
NT 0.0252 0.6542 0.7262 0.9262 0.6062 2.482 0.7862
Ci 0.023° 0.6112 0.6782 0.854% 0.570P 2.512 0.7252
C 0.023° 0.5932 0.6602 0.9822 0.593° 2472 0.6262
Cs 0.0282 0.7242 0.8062 0.9612 0.7092 2.492 0.8712
CTC, 0.024% 0.7432 0.8132 0.943® 0.707% 2.50%® 0.891%
CTC, 0.024% 0.6402 0.7102 0.984%® 0.5602¢ 2.46° 0.751%
CTCs 0.0292 0.7402 0.8262 0.980% 0.726%® 2.48° 0.845%
MTC, 0.024% 0.5202 0.5902 0.895% 0.521bc 2.582 0.610°
MTC; 0.019° 0.4362 0.4932 0.829% 0.530¢¢ 2.48° 0.574b
MTCs 0.027% 0.7432 0.8232 0.980% 0.7542 2.46P 0.9382
NTC; 0.021% 0.5702 0.633?2 0.725P 0.483¢ 2.46P 0.675%
NTC; 0.0252 0.7032 0.7762 1.1302 0.689% 2.48P 0.853%
NTCs 0.0272 0.6902 0.7702 0.922% 0.645%¢ 2.528b 0.830%
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