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Introduction
Tillage is an important component of soil management that affects the production of crops. Maintaining and
improving the quality of the soil is a basic requirement to ensure the sustainability of the ecosystem. This
experiment was conducted in order to investigate the effect of different tillage methods and the use of plant residues
on the yield, protein and nitrogen percentage of triticale plant and physical and chemical indicators of the soil.

Materials and Methods

The experiment was carried out as split plots based on a randomized complete block design with three
replications at Shahid Chamran University of Ahvaz during 2023-2024. The main factor including different
methods of tillage at three levels (conventional tillage, reduced tillage and no tillage) and the sub factor also
including 5 levels of plant residue application (without residues (control), wheat residues, mung bean, sesame and
half of wheat residues + half of residues Mung bean) were considered. The amount of residues used for each plot
was approximately 30% of the biological yield of the product, which was considered to be 3, 1.5 and 1 ton.ha™ for
wheat, sesame and mung bean, respectively. At the end of the experiment yield and yield components, seed
nitrogen and protein of triticale plant and physical characteristics (bulk density, percentage of porosity) and
chemical (pH, EC, organic carbon content, nitrogen) soil properties were measured. All statistical calculations
were made using SAS 9.3 statistical software and for the LSD test was used to compare the means at a probability
level of 5%.

Results and Discussion
The interaction of tillage treatments and the use of plant residues showed that the highest grain yield was equal
to 8.6 ton.ha from the treatment of reduced tillage and the use of Mung bean residues, and the lowest value
obtained was related to the effect of the treatment conventional tillage and no residues (control) with 3.5 ton.ha™.
The grain yield in the reduced tillage method was 12.5% and 7.6% higher than the conventional tillage and no
tillage methods. The reduced tillage method resulted in a 32.2% increase in seed protein and a 32% increase in
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seed nitrogen compared to conventional tillage. The results also indicated a significant interaction effect between
tillage treatments and residue application on grain yield (p < 0.01). Additionally, the interaction between tillage
and residue application had a significant effect on soil bulk density (p < 0.01). The lowest bulk density (1.3 g.cm’
%) was observed in the conventional tillage treatment combined with wheat and mung bean residues, with this
combination falling within the same statistical group. The highest bulk density (1.75 g.cm®) was obtained from
the no-tillage treatment and the use of NO residues (Control). Based on the obtained results, the interaction effect
of tillage treatments and the use of residues on soil organic matter, soil organic carbon and nitrogen soil (p<0.05).
The interaction between the effects of tillage and the use of residues showed that the highest soil organic matter
(1.53%) was from the treatment of reduced and the use of wheat residues.

Conclusion

The results showed that tillage methods and the use of plant residues, in addition to affecting the percentage of
nitrogen and protein of triticale seeds, also affected the physical and chemical indicators of the soil. The changes
related to the physical and chemical indicators of the soil in the method No tillage are more than the two methods
of reduced tillage and conventional tillage, and the improvement of these characteristics has been limited even at
this time. Overall, from the point of view of soil protection, the results of this experiment clearly show the
superiority of conservation tillage methods compared to conventional tillage methods. Sustainable agriculture aims
to achieve optimal yields while preserving environmental structure and minimizing the adverse impacts of
agricultural activities. One of the key challenges in sustainable agriculture is the lack of organic matter and its
associated consequences. Implementing conservation tillage and managing plant residues-critical elements of
agricultural production-can help address this issue. By improving soil quality, these practices contribute to
increased productivity in farming.
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Figure 1- Comparison of the average interaction between the effects of tillage and residue spreading on grain yield
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Table 2- Mean square of the effects of tillage and residue spreading on yield, protein and nitrogen percentage of triticale
plant seeds and soil physical and chemical indicators
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513 e s Colad cubld L nte i
Ol s 2alio &35 4l 3 Slos &3 (9 5 B ol pH e “l‘ * T
SYOAY) ’ Seed yield Seed protein .Seed A .SO'I
(df) nitrogen EC Nitrogen
Rep,| s 2 23" 9.7" 0.35™ 0.21"™ 0.0003™ 0.0005"
Tillage ¢, 2 26" 71.12™ 2.55" 0.004" 0.14™ 0.002™
Ea Lol sles 4 0.4 0.57 0.02 0.03 0.0055 0.0005
Residuesl i, 4 5.05" 41 0.14" 0.004™ 0.09™ 0.001™
Ll x 65985 - «
e 8 0.9 0.6" 0.023" 0.0001"™ 0.003™ 0.00002
Tillage x Residues
Eb <5 slbs 24 0.2 0.3 0.01 0.0003 0.003 0.00001
C V(L) &lyuss oy 7.06 431 4.39 0.22 35 37
) S oS il eyae pr pegae (g Loy o esle
&l sy Soil Il L - e Sk
25 leS.0V f o Soil g o S _ _
(ar) organic carbon/nitrogen Bulk Apparent Porosity Soil organic
carbon density density percent matter
Rep,l,ss 2 0.001™ 2.3 0.09 0.12" 8.8™ 0.003"
Tillage ¢;j,s5 2 0.09™ 0.31" 0.54™ 0.26™ 312.7" 0.3"
Ea Lol slas 4 0.0002 0.3 0.005 0.01 18.5 0.0006
Residues i, 4 0.08™ 7.9" 0.007™ 0.03™ 66.2" 0.24™
L& x 65y9 S5
e X559 i 8 0.0012" 0.05"™ 0.001™ 0.005™ 4.57™ 0.004"
Tillage x Residues
Eb <5 sls 24 0.0005 0.08 0.0001 0.003 3.6 0.001
CVL(L) &lyusis cp 34 3.86 0.75 25 5.43 35

b (o i |y dre et g o )d SO o yd gy Jlein] zolaw )0 45 bze i 4 NS g ok
=% ,% and ns indicate significance at five percent, one percent and no significance levels, respectivel.
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Table 3- Comparison of the average effects of tillage and spreading of residues on yield, protein and nitrogen percentage of
triticale plant seeds and physical and chemical indicators of soil

o Lo WaSlos gl gy Wl sk Gl B S8 gy
* Seedyield  seed protein Seed pH S Sl Soil
Treatments 1 . - .
(ton.ha't) (%) nitrogen (%) EC(dS.m?)  nitrogen(%)
&5y9S6 Tillage
o yo CONventional 6.04° 11.21° 2.1° 7.45° 1.53° 0.081°
595 &
33 .f"f 6.86° 15.54? 2.9° 7.46° 1.58° 0.012
Reduced tillage
<59 o tillage 6.27% 13.71° 2.6 7.43% 1.72* 0.089°
residuestz,
sls Control 5.44° 12.6° 2.38° 747 1.45¢ 0.07°
pu5 bl Wheat residue 6.74° 13.4° 2.56° 7.45° 1.712 0.09°
b i byl Ll Mung 7.31° 14.4° 2.74° 7.42¢ 161 0.8
bean residue
28 <L, sesame
g d 5.82° 13.2° 2.5 747 1.67%® 0.08¢
residue
=5y combination 6.63" 13.7 2,59 7.43° 1.59° 0.09°
s ey SB 595 o2 pPpaTe Py . s L
la o3 Sﬁilwg ol » L G mga S S ek
Treatm:ents organic carbon/nitroge B |f/: i Apparent density Porosity Soil organic
ulk densi - y
carbon(%) n (%) mamy Mo percent ) matter ()
&S Tillage
pow o CONventional 0.60° 7.58° 1.34¢ 2.28 39.22 1.03°
39S B
09 _"’5 0.75° 7.49° 1,526 2.4 35,28 1.3
Reduced tillage
<595 no tillage 0.63° 7.29° 1.72 2.5¢ 30.2° 1.1°
L residues
Jls Control 0.54¢ 7.28° 1578 2.25°¢ 30.21¢ 0.93°
a45 L, Wheat residue 0.78* 8.83? 1.494 2.33° 36.12@ 1.35¢
> Lao) Ll Mun
ot o L) sl Mung 0.65° 6.19° 1.52¢ 2.42 36.9° 112¢
bean residue
208 <L, sesame
=< o 0.62¢ 7.55p 1.53° 2.35% 34.91° 1.06
residue
=5 » combination 0.72° 7.41° 1.52¢ 2.38% 36.28% 1.25

5,05 LSD C)?")"‘ Gl 2oy iy e ) (g)b gixe d)L"" MR gt o > S ydio Bgy> gy oo 1, Sle
Averages with common letters in each column do not have a statistically significant difference at the five percent level based on
LSD's test
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Table 4- Comparison of the average interaction between the effects of tillage and residue spreading on yield, percentage of
protein and nitrogen of triticale plant seeds and physical and chemical indicators of soil

S L 5o S WlhaSles aily ouiign al ojg s Cabe bl sl g
Lfl')i)llsa e A Iice;ti(;ni;f)residues Seed yield Seed Seed PH Rt Sail nitrogen
g PP (ton/ha't) protein(%) nitrogen(%) EC (dS.m-Y) (%)
1l Control 5.39 9.69¢ 1.83" 7.49° 1.34" 0.07¢
puS gLl Wheat residue 6.1°f 11.36% 2.15% 7.45% 1.65% 0.08f
Pare s> L) Ll Mung b
Conventional <™ o T Re 6.9 12.1° 2.29f 7.43" 154 0.00%
resiaue
1S’ 5Ll sesame residue 551 10.92f 2.079 7.47%4 1.58%f 0.07¢
xS 5 combination 6.4% 11.97° 2.27° 7.43 1.52% 0.09°
aals Control 5.44% 14.8> 2,790 7.48% 1.459 0.08f
e85 Lla Wheat residue 7.17% 15.23° 2.93b 7.46%¢ 1.7b¢ 0.1°
s> Loy Ll Mung b
G5 oS GHe i by o ung bean 8.6° 16.9° 3.22° 7.44°0 1,64 0.12°
Reduced tillage resiaue
258 <Lli, sesame residue 5.8%9 15.21° 2.88b¢ 7.48%¢ 1.62¢¢ 0.09<
5 »» combination 7.320 15.52° 2.89° 7.45% 1.52 0.11°
1l Control 5.% 13.32¢ 2.52¢ 7.46" 1.56% 0.079
a5 cLla; Wheat residue 6.9 13.72¢ 2.6° 7.44¢ 1.8 0.09°
(5)’)9““‘> [ s Lo L M b
No tillage Gtk i beg) s Mung bean 6.4°¢ 14,29 2,759 7.41" 17" 0.1°
residue
28 <L, sesame residue 6.2¢f 13.53¢ 2.56° 7.45%f 1.8 0.08f
S  combination 6.2¢f 13.77¢ 2.61% 7.419 1.75% 0.09%

35,5 LSD (9051 (slise y duop> iy gedaw p3 (I3 ime (g lel MBI gt ya )3 S jndie gy (gl (slo puSilio
Averages with common letters in each column do not have a statistically significant difference at the five percent level based on
LSD's test
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Figure 2- Comparison of the average interaction between the effects of tillage and residue spreading on soil nitrogen
percentage
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Figure 3- Comparison of the average interaction between the effects of tillage and residue spreading on soil organic carbon
percentage
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Figure 4- Comparison of the average interaction between the effects of tillage and residue spreading on Bulk density
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Table 5- Comparison of the average interaction between the effects of tillage and residue spreading on yield, percentage of
protein and nitrogen of triticale plant seeds and physical and chemical indicators of soil
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