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Background and Objectives: Recently, conservation tillage (controlled)
has been given much attention as a soil stabilization factor so that soil
becomes less disturbed and at least 30% of the soil surface remain. This
greatly helps to maintain soil structure and moisture, especially in sloping
fields. The fields of the Hezarjarib Behshahr region are steep, and due to
the cold and dry climate and the wind blowing most of the year, it is very
important to stabilize and maintain the soil moisture and structure and
prevent it from being washed away by the wind. On the other hand, the
sloping lands of this region are under dryland cultivation of wheat and
barley, which have little income for farmers and require alternative crops.
In this regard, Black cumin (Nigella sativa) plant is a valuable substitute
for current products. Therefore, the purpose of this study was to investigate
the effect of controlled tillage to cultivate black cumin plants on energy
consumption, physical properties and soil protection, as well as plant
performance in the sloping lands of Hezarjarib Behshahr region.

Materials and Methods: The investigated parameters included the
required draft force by tillage tool, tractor fuel consumption, and changes
in the degree of soil fragmentation and permeability before and after
tillage. The input variables included root cutter supplement in two levels
(without and with root cutter), tillage depth in two levels (35 and 28 cm for
chisel) and forward speed in two levels (low gears 1 and 2). Considering 3
replications for each treatment, a total of 24 experimental plots with 2m
width and 40m length were created with the random complete block design
(RCBD) method and perpendicular to the slope. Regarding the yield and
yield components of black cumin, after harvest, biological vyield
parameters, root weight, root length, root diameter, the width of root
distribution, number of follicles per plant, number of seeds per follicle,
thousand seed weight, plant height, stem diameter and performance were
measured per unit area.

Results: The results showed that the effect of the input variables was
significant only on the required draft force by tillage tool and the tractor
fuel consumption, in addition to the biological yield and the yield per unit
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area of black cumin. The use of a root cutter increased the required draft
force by tillage tool and tractor fuel consumption, while harmed soil
permeability and crushing, seed weight, biological yield and yield per unit
area of black cumin. The use of higher forward speed leads to an increase
in draft force and fuel consumption, and the absence of root cutter, leads to
a decrease in soil permeability and fragmentation, biological performance
and vyield per unit area of the black cumin at a greater depth of tillage,
while at a lower depth, no significant (5%) difference can be seen between
the two speeds. Increasing the depth of tillage up to the range of vertical
root growth due to the negative draft of the tillage tool has reduced the
draft force and fuel consumption and had a positive effect on soil
permeability and crushing plus crop yield.

Conclusion: The best treatment was the used triple action tillage tool,
without root cutter supplement, greater ploughing depth and forwarding
with low gear 1. In this way, it will be possible to save 25% in fuel
consumption due to the negative draft of the rotary plough, increase the
depth of the plough and reduce the required draft force by 25%, increase
the biological yield (straw) by 25% and increase the yield by 45%.

Cite this article: Askari, Mohammad, Moradi, Hossein, Ghorbani, Zhila, Riahi, Karim. 2023.
Investigating the effect of controlled tillage in black cumin (Nigella sativa) planting on
energy consumption, physical properties and soil protection (case study: sloping lands of
Hezarjarib region, Behshahr). Journal of Water and Soil Conservation, 30 (1), 151-166.
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Table 1. Physical, chemical and nutrients of field soil.
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0.1 (TN%) JS &l do s
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1
y = 0.0683x - 0.4511
3 0.8 R =0.9845
} g y = 0.0341x - 0.2098
j,:i = 06 R® =0.982
3 o 0.4
% 0.2
0
0 10 20 30 40
(e Fl) Ges
Depth (cm) before tillage s, s> 51 13

after tillage s, St 51

(552385 51 A g b peiand 55 o8t 1 ealitl b S (o3 58 0051 s -Y K3
Figure 2. The results of soil penetration tests using penetrometer before and after tillage.
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Table 2. ANOVA of the effects of input variables on the output ones.
Slayye Sl
Mean of Square

3 .3 !
- 7 2 9 f} %
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=} 5 Z
. . J
1167 18707 204 063 14 106 62 68 003 009 204 105 576 1 ;
Wing
006 107 037 1219 0006 01 02 01 06 063 204 702 3847 1 ges
Depth
235 3861 037 382 0015 101 008 68 03 012 004 16750 917 1 =
Speed
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Figure 5. The effect of wing and no-wing condition on the seed weight.

Sleslaad (U IK8) ol ol s 5 3 Shes Ol 50
b5 S OAS G G e s e
ok pady; O3k S & s 585 abaie 5
3wl s SR pde e bl
5 el Sb e 55 O GesS slaety,
5 G Skee) Jspams Oy S8 e Culg o

b dal 2 whsebs (o) s 5,Shas

200

) S 5 S glasles bl S
5 Ses 5550 5 &S sl Ol o @selew (olS)
ey padas b3l g pads) 05k 2
Y Ol w il o Ges i S ol
I Sl el YO 5 L5less Gl etla
LTI I
DA A e s oS o3 LB e e

¢

(5 Gmes v;w)

>
S
o

]
5
5
7
5

5]

<
&
W

%

s

..A
25
2
2

s
%
S
K
s
R

S )SL.;
-
%
S
CRRRRRXUARA

£

=
e
R
g
o
s
252

u‘.-'-!J

o
2
%
&
5
%
i
2

.
5
5
s
2K

100

T
2
o
525
s

¥
:.Q
:

%
25
o

K5

3
25
&
%
&
&5
<

2
2
%
2
BB

—
%
S
s
%
g5
it

RE%s
S

&

(f,f)

Biological function (gr)

podsenanesasssd

wn
(=}

o

P

First tillage de;
db oy

No wing

Low Gearl # . L.\ o3 % - K.Y s Low Gear2

09 ‘..’h:v s
th  Second tillage depth

SsE Ll

d

e nec]

%
::g:‘ i
pRiceet Beiesd] 250 00
R3] 20 305
pRecseszsesced Jeccisd seicecd
VR 2t Xt
R oo &g
fooeiiescicieod et x 050
i) R
i) fisissciaieid
eEase el Jocaieicieseid
i iy
ey JoRieiess
s R
K00S00 e
BRosRases

s ks

R

.
5358

58
L

2
2
&

35
25

&
o
o

R

25

K
%
B ;
o
s et
S s
ko] e
CEELEEERLEE) B
e ]
e R
VR s
052525 s

5
5
&

¥
5

% 0
Losesaed

B
S
¥
S

ps3 ﬁ""‘: e
Second tillage depth

Js! ‘..a..“ e
First tillage depth
Ju

With wing

Tillage treatment
.@'ﬁ}.\;‘l«ﬁﬁd‘.}}d}& o (G ngi;n;!—‘k‘}i.z
Figure 6. The interaction effect of depth, forward speed and wing on the biological function.

"y



Ol o2 g (5N us doxo [ o 0L CuilS 43 bawd J 555 (6559 T wy

VO USKE) sl Ol s Sl g e s Shes U
Wi Co e A3 sl isy g S 4 S0ka
GV (S g il daas | eali
VSWﬁS«Q\:o@&UJa,\JﬁLﬁjJB
S ey g OLAS) (glaaly ;) 5 350 0 OIS
Jsames 3 Shas 5 o 56 5 55 dal il Conleo

s dal

600

s p GoesSE sl i
wlsols 5 Shas 5590 53 a5 5l QLA el alselw
S ool il bl me el 05k Sl
2 (GGms o52) Jol @5l Ges paly) 0o
o bl el ails e s Sles K ) ol
£33 (Fd Gas (s Ve 3 pada, L -
PQLL;A;‘Q:QN\’ s> 5 5 adly (6 g 3 Shas

bc

o
S
S

“
\\\§H o

Yield (kg/ha)

200

(s ,:rlf,\;) &ls ol 5 Shas

_
//

Jd R Ges
First tillage depth

\

Al Ol
No wing

3 e Al g Al eSS Ges ey
Mhs s darand 3 osbizal oyl ly 550 LSl
S b SO0 e 5 5y Al
LSS dalpt pame 5 olS LR e
e S Il s VL (6 i e Sl el
Lt g B pean 5 L) ge LLS (S50 Sl 4
A w e pads; Oy Sl s el pS) S
S G 3 abel 5 Shas 5 (g 5 Shas
FeS Gee o S cal edd (g8
O PR a3 edis 9 G Sobae SolE
LS Gas S bl S ($lp S b

a Low Gearl @ &y s # .8y s Low Gear2

ps2 (.,>..; s £33 o Ges
Second tillage depth  Second tillage depth

S8

Jal e Ges

[C,

First tillage depth

AL
With wing

B les

Tillage treatment

Alsolew 3 Shes 5 Al 5 69,50 o (o polize SV IS
Figure 7. The interaction effect of depth, forward speed and wing on the yield.

"y

I 55 ot
sy b eslanal sdelwsa 4w g L
Shissse AES a1
OS5 s B an 5Bl Ay 5 (55,58
3S8es G os L pstael A S I s 550 e
e el palyy ol wlselin 5 Shas 5 e
chie ghw sbml e S glacile 4,

Sk Cb—d 2303 G e (edd ) 03 ) P by

Sl

T

5 OLEd 4l ; L 0L lss 4y sl 45 23 8

gr ol A a s e dalr Ak Dl e
Wil o 3ol Lol 350 dal g a8 OLLS



V€Y o,h».;’s‘\“. 5)53‘6&99705&"(5&’0&55513

OleMb o Losly
Olpe b Glids b Sl 7 e dlie
53 Wlselw 2S5kt @ e J S (558"
SIS psle o2 ole el il el
ST 5 Sy 3 5 ol b sl
oled 4 0Ll Okl S el

g)‘i\ .,\.ZLJJA Veeo/oy/eR g_,.;”f,a_? @)U ‘j/"//\qvv

J‘D)b.;

ool adaie SulS s b gl s 2k
\Ki Lf” VYoo eLaJ.g,a A\l ybbwdmﬁx

sl 0 <=L>_L}l Vo) sleiligus)l

&Ble 2,3
UJ__\_}J)‘./\J Jj}j L;!.QLA uﬁ)u 431.5» L)J-‘ DL

ol OB ey 55 2en A 3 50 Sl

")@M’ “95 C&S)L&o
“wg LCJLV.NW rbu( aosls ks)'l.mabl.a] ZJ)\ ﬁv\'.»vv.i):?
o o 5y
5 el ld s 5 G b e s B
G ol e JUT s oSl lie (gl ole
(aesls 6)'[.“:5:1.4] 3 A 26),\.» N VI
9 leé BE QS)LJ..& lis d’?’)b Zr)l.é_?:- o.JC«Mu.JJ

Alie o5l (s )

S Jgo!
Wl 3550 g b0 ol 5 ezl ey ale

ol Lag] aan

Jb cales
°@‘°w““§f¢“é“%bbﬂ;5¢@\
S5 5 ol b sle s isles ole
a4 O30 Ol Sy S el LT 5 22
oled b Sl b B 55 Juy £e/ree /e

sl 4 S oy ARV 5l 3

A4

S8 G B sl S1 S ol U 3l S
Sl e BTG st s s Slis e
oMl 508 (55 S 5l Ll 05 sl olS
o b (od Ges oyt 3 S
Ll 500 5L ol S Gas 4 dlsele Sl
DA Lo d O Sl 3 5 o Ges
Gaas JalS g 5 sl IS s
AS 2 Ses 5 g 2 Shes RIEL 5 S5
Ges 3 SsSE amdyy Cwl edd e
.;;Jf&o slgin 5Ly Ges 53 SAS 5 S N
8 an GHsS Ll pwspanse led o e
S Ge Al deped Db eslituls e
Py oSN K els Lo s Sk
e 53 Ghe YO gprde oSSk
G I OFl e S e 4 O
Sliasse s5iS Sa Ao YO Sl 5 s
80 5 (1) s 3 Ses oy YO 05
el Al kgt e alseliw s Shae i0l580 Ao s
Ol 3 605l sler Olesla Sl 5o bl s
2 Slepenss e 28 15 Jbesd bl
Lot 3l G35 olS pl b pdS 03Kl o pas
Gble O3osliS shle Calgss b 55,8 j5lspm

.u@&))\)pfu/lsw)b%

S g s

S5 el Sl S e OBy s

@l iuslis il alsjls gl 1 s
Sl DS ol JIsLT 5 bty o815 Ol g
et el adke 5 s Oldk
R o e sl 5 2l OLLS e
Gl b b s gislas esle WK
Ols sy opl el o Oliy) Sl clsa

.JJ.)‘.)@



Oy g (5 Sums doxe [ e 8LE S )3 s J S (55,98 T oy

1.Askari, M., Komarizade, M.H., Nikbakht,
A.M., Nobakht, N., and Teimourlou, R.F.

2011. A novel three-point hitch
dynamometer to measure the draft
requirement of mounted implements.
Research in agricultural engineering,
57: 4. 128-136.

2.Askari, M., Shahgholi, Gh., and
Abbaspour-Gilandeh, Y. 2019. New
wings on the interaction between

conventional subsoiler and paraplow tines
with the soil: effects on the draft and the
properties of soil. Archives of agronomy
and soil science, 65: 1. 88-100.

3.Tabad, M.A., and Behzadi, A. 2015.
Effect of Sowing Date and Weed Control
on Yield and Yield Components of Black
Cumin (Nigella sativa) in Marivan Iran.
1% national conference on herbs and
herbal medicine. 28 May. (In Persian)

4. Ahmadi, K., Ebadzade, H.R., Hatami,
F., Mohammadnia  Afroozi, SH.,
Eafandiaripour, E., and Abbas Taghani,
R. 2021. Agricultural Statics letter,
8574431. 156p. (In Persian)

5.Kassam, A., Derpsch, R., and Friedrich,
T. 2020. Development of Conservation

Agriculture  systems  globally. In
Advances in Conservation- 2 Agriculture,
Volume  1-Systems and  Science;

Cambridge, UK, Chapter 2, pp. 31-86.

6.Kassam, A., Friedrich, T., and Derpsch,
R. 2021. Successful Experiences and
Learnings from Conservation Agriculture
Worldwide. In Proceedings of the 8th
World  Congress on  Conservation
Agriculture, Bern, Switzerland, 21-23June,
(https://8wcca.org/wp content/ uploads/
2021/06/20-jun-prog english.pdf).

7.Kassam, A., Friedrich, T., and Derpsch,
R. 2022. Successful Experiences and
Lessons from Conservation Agriculture
Worldwide. Agronomy, 12, 769. (https://
doi.org/10.3390/agronomy12040769).

8.Akbarinia, A., Khosravifard, M., Rezaii,
M.B., and Sharifi Ashoorabadi, E. 2005.
Comparison of fall and Spring Cultivation
on Seed Yield of Some Medicinal
Plant under Irrigation and No-irrigation
Conditions. Iranian Journal of
Medicinal and Aromatic Plants Research,
21: 3. 319-334. (In Persian)

&bo

Ve

9.RNAM. 1995. RNAM test codes and
procedures for farm machinery/Economic
and Social Commission for Asia and the
Pacific, Regional Network for
Agricultural Machinery. RNAM technical
publications: 12. Bangkok, Thailand.
10.Godwin, R.J., Misiewicz, P.A., Smith,
E.K., Millington, W.A., White, D.R.,
Dickin, E.T., and Chaney, K. 2017.
Summary of the effects of three tillage
and three traffic systems on cereal yields
over a four-year rotation. 2017 ASABE
Annual International Meeting. Paper No.
1701652.

11.Salar, M.R., Esehaghbeygi, A., and
Hemmat, A. 2013. Soil loosening
characteristics of a dual bent blade

subsurface tillage implement. Soil and
Tillage Research, 13: 4. 17-24.

12.Askari, M., Shahgholi, Gh., and
Abbaspour-Gilandeh, Y. 2018. New
wings on the interaction between

conventional subsoiler and paraplow
tines with the soil: effects on the draft
and the properties of soil. Archives of
Agronomy and Soil Science, pp. 1-12.
https://doi.org/10.1080/03650340.2018.
1486030.

13.Behera, A., Raheman, H., and Thomas,
E.V. 2021. A comparative study on
tillage performance of rota-cultivator
(a passive — active combination tillage
implement) with rotavator (an active
tillage implement). Soil and Tillage
Research, 20: 7. 104861.

14.Sarkar, P., Upadhyay, G., and Raheman,
H. 2021. Active-passive and passive-
passive configurations of combined
tillage implements for improved tillage
and tractive performance: A review.
Spanish  Journal of  Agricultural
Research, 19: 4. e02R01. https://doi.org/
10.5424/sjar/2021194-18387.

15.Upadhyay, G., and Raheman, H. 2020.
Effect of velocity ratio on performance
characteristics of an active-passive
combination tillage implement.
Biosystems Engineering, 19: 1. 1-12.

16.Choudhary, S., Upadhyay, G., Patel, B.,
and Jain, N & M. 2021. Energy
requirements and tillage performance


https://www.google.com/url?q=https%3A%2F%2F8wcca.org%2Fwp-content%2Fuploads%2F2021%2F06%2F20-jun-prog-english.pdf&sa=D&sntz=1&usg=AOvVaw3lgoynWs944JC_UhESbJYa
https://www.google.com/url?q=https%3A%2F%2F8wcca.org%2Fwp-content%2Fuploads%2F2021%2F06%2F20-jun-prog-english.pdf&sa=D&sntz=1&usg=AOvVaw3lgoynWs944JC_UhESbJYa
https://www.google.com/url?q=https%3A%2F%2Fdoi.org%2F10.3390%2Fagronomy12040769&sa=D&sntz=1&usg=AOvVaw2jCah6LGRC4qQxA_ihCf8z
https://www.google.com/url?q=https%3A%2F%2Fdoi.org%2F10.3390%2Fagronomy12040769&sa=D&sntz=1&usg=AOvVaw2jCah6LGRC4qQxA_ihCf8z
https://elibrary.asabe.org/abstract.asp?aid=48297
https://elibrary.asabe.org/abstract.asp?aid=48297
https://elibrary.asabe.org/abstract.asp?aid=48297
https://doi.org/10.1080/03650340.2018.1486030
https://doi.org/10.1080/03650340.2018.1486030

V€Y &) a)h».fs AR 0,92 “5&9&,:? cblis dtﬁ:uﬂhsf

under different active tillage treatments

in sandy loam soil. Biosystems
Engineering, 46: 353-364.
17.Heilman, M.D., Hickman, M.V., and

Taylor, M.J. 1991. A comparison of
wing-chisel tillage with conventional
tilage on crop yield, resource
conservation, and economics. Journal of
Soil and water conservation, 46: 1. 78-80.
18.Wang, X., Zhou, H., Huang, Y., and Ji,
J. 2022. Variation of subsoiling effect at
wing mounting heights on soil properties

»\1

and crop growth in wheat-maize
cropping system. Agriculture, 12: 1684.
https:// doi.org/ 10.3390/ agriculture
12101684.

19.Askari, M., Shahgholi, Gh., Abbaspour-
Gilandeh, Y., and Tash-Shamsabadi, H.
2016. Effect of forward speed and tillage
depth on tractor-subsoiler performance.
Journal of Engineering Research
in  Agricultural Mechanization and
Systems, 6: 5. 109-128. (In Persian)


https://doi.org/10.3390/

