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The Effect of Different Tillage Methods on Soil Moisture and Temperature
and Yield of Different Chickpea Cultivars in Rainfed Lands
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Abstract

To evaluate the effects of different tillage systems on soil physical properties and quantitative traits of
different chickpea genotypes under rainfed conditions in Dalahu region of Kermanshah province, an
experiment was conducted as a split-plot arrangement based on randomized complete block design
(RCBD) with three replications during the 2018-2019 cropping season. Tillage systems were assigned
to the main plots, including conventional tillage, no-tillage, and reduced tillage, while 23 chickpea
genotypes were assigned to the sub-plots. The results showed that soil physical properties (temperature
and moisture content at 7.5 and 15 cm depth during flowering and grain filling stages), the length of the
main branch, and chickpea yield and its components were significantly affected by tillage system,
genotype, and their interaction. At the flowering stage and at a soil depth of 7.5 cm, the soil temperature
in the reduced tillage system was 8.83 °C higher than in the no tillage system. During flowering (25.11
°C) and grain filling (28.87 °C) at a depth of 15 cm, the highest soil temperature was observed in the
conventional tillage system. The number of pods per plant was higher in the no-tillage and reduced
tillage systems than in the conventional tillage system. The Azkan genotype produced the highest
number of pods per plant under no-till conditions (31.30). The Aras and Uzbekistan 1 genotypes had the
highest 100-seed weight under no-till conditions (40.35 and 40.32 g). Chickpea seed yield was higher
under conservation tillage systems, especially under reduced tillage system. The highest grain yield
(844.70 kg ha) was obtained with the Flip 09-7 genotype under reduced tillage conditions. In addition,
the different genotypes responded differently to the tillage systems, with specific genotypes performing
better under no-tillage and reduced tillage conditions. These results suggest that conservation tillage
systems can better retain soil moisture and increase chickpea yield in rainfed areas.
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Table 1. Physical and chemical properties of soil before chickpea cultivation

Depth clay silt  sand Soil texture OC N K Cu Zn Fe Mn

cm % % mg.kg*

0-30 20 30 50 Loam 0.97 460 142 068 112 96
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Table 2. Number and name of 23 different chickpea genotypes

Genotype number Genotype name

Genotype number

Genotype name

Mansor
Adel
Aras
Ata
Aksu
Ana
Azad
Uzbekistan 97149
Flip 8517
10 Flip 86-5
11 Flip 09-289
12 Flip 09-7

OCoOoO~NOoO Uk WN P

13 Flip 97-266
14 Saeed

15 Flip 86-6
16 Foreign market
17 Flip 09-77
18 Lab Labi
19 Guksu

20 Azkan

21 Nusrat

22 Uzbekistan 1
23 ragi - Sanghar
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Table 3. Results of variance analysis of the effect of different tillage systems on the physical properties of soil

under different chickpea cultivars
Mean square

sources of variance df Flowering stage Grain filling stage
Soil temperature Soil moisture  Soil temperature Soil moisture

7.5cm 15cm  75cm 15cm 75cm  15cm 75cm  15cm
Block 2 084ns 043ns 6.15ns 0.12ns 2.20ns 0.11ns 3.40ns 3.001ns
Tillage 2 12534** 108.08** 24.05* 18.88* 1.93ns 41.72** 32.66 ** 27.87 **
Whole-plot error 4 14.41 0.37 2.90 2.63 1.16 1.33 1.46 1.30
Genotype 22 562** 058ns 2.73ns 399* 221* 180ns 0.92* 1.10ns
Tillage x Genotype 44 513** 0.86** 240ns 4.90** 1.94** 160** 0.91** 0.93**
Split-plot error 132 1.04 0.42 1.72 2.24 0.86 0.86 0.46 0.75
Coefficient of variation (%) - 3.50 2.67 1255 10.76 2.72 3.32 22.18 10.80

**and * significant at 1% and 5% and ns, not significant respectively
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Table 4 . Comparison of average changes in soil temperature and moisture under different tillage systems during
flowering and grain filling at depths of 7.5 and 15 cm.

Flowering stage Grain filling stage
Tillage systems  Soil temperature (°C)  Soil moisture (%)  Soil temperature (‘C)  Soil moisture (%)
7.5cm 15cm 7.5cm 15cm 15cm 75cm  15cm
Conventional tillage ~ 29.96 ab 25.11a 997b 13.68b 28.87 a 281b 8.02ab
No-tillage 27.75b 2280b 11.11a 1451a 27.72 ab 3.85a 8.67a
Reduced tillage 30.20 a 2480a 10.27ab 13.54b 27.40b 255b 7.40b

Different letters in each column show a significant difference by the LSD test at the 5% probability level.
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Table 5. Comparison of average changes in soil temperature and moisture under different chickpea cultivars
during flowering and grain filling at depths of 7.5 and 15 cm.

Flowering stage

Grain filling stage

Genotype number

Soil temperature (°C)  Soil moisture (%) Soil temperature (‘C)  Soil moisture (%)

7.5cm 15cm 7.5cm 7.5¢cm
1 27.51¢e 14.09 ab 33.76 ab 2.77 ab
2 27.94 de 12.63 ab 34.71 ab 3.24 ab
3 28.63 a-e 14.46 ab 33.78 ab 2.98 ab
4 28.32 c-d 13.94 ab 3491a 2.80 ab
5 28.68 a-e 14.26 ab 34.21 ab 3.09 ab
6 28.61 a-e 12.47 ab 34.86 a 3.60a
7 28.42 b-e 13.03 ab 34.18 ab 3.27 ab
8 28.83 a-e 14.48 ab 33.99 ab 3.54ab
9 29.90 a-c 13.08 ab 34.60 ab 3.09 ab
10 29.90 a-c 13.43 ab 34.22 ab 3.37ab
11 30.16 a 14.50 ab 34.30 ab 3.48a
12 29.54 a-d 13.67 ab 31.88a 3.45a
13 29.84 a-c 14.36 ab 33.94 ab 2.75 ab
14 30.01 ab 13.92 ab 33.26b 3.15ab
15 29.33 a-d 14.78 ab 34.71 ab 2.90 ab
16 30.02 ab 14.40 ab 33.26b 2.55 ab
17 29.02 a-e 14.67 ab 34.26 ab 3.04 ab
18 29.38 a-d 13.96 ab 33.99 ab 3.34ab
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19 30.17a
20 30.00 ab
21 29.86 a-c
22 29.70 a-c
23 30.22a

13.60 ab 34.16 ab 3.15ab
14.00 ab 34.11 ab 3.02 ab
13.41 ab 34.62 ab 2.35b
1494 a 33.43 ab 2.83 ab
13.88 ab 34.68 ab 2.90 ab

Different letters in each column show a significant difference by the LSD test at the 5% probability level.
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Table 6. Comparison of average changes in soil temperature and moisture under different chickpea cultivars
during flowering and grain filling at depths of 7.5 and 15 cm in different tillage systems

Flowering stage

Grain filling stage

Tillage Genotype

Soil temperature (°C)  Soil moisture (%) Soil temperature ("C) Soil moisture (%)

systems  number

7.5cm 15cm 15cm 7.5cm 15cm 7.5cm  15cm

1 27.47 24.47 14.50 34.37 28.70 1.87 7.40

2 29.63 24.83 13.27 36.37 28.70 2.10 8.20

3 30.53 25.13 13.33 33.00 29.43 2.67 7.73

4 30.37 25.27 15.63 35.27 29.40 2.43 8.63

5 30.93 24.43 12.33 34.13 29.33 3.20 8.13

6 30.13 24.50 13.20 36.00 29.20 3.83 8.27

7 30.07 2457 13.07 34.23 29.17 3.33 8.93

8 31.37 24.37 16.73 33.50 29.47 3.43 8.67

fgfv 9 29.13 25.37 12.33 35.37 29.70 3.40 8.07
= 10 29.37 25.63 14.50 33.67 28.87 2.93 8.40
= 11 29.73 25.53 14.63 33.80 29.00 3.40 8.33
_S 12 29.00 25.10 13.30 35.07 28.67 3.43 8.07
‘q:'; 13 28.93 25.07 14.93 33.27 29.40 2.43 8.00
2 14 30.47 26.10 13.77 33.07 29.37 3.07 8.13
3 15 29.40 25.50 15.03 35.30 28.77 2.63 7.73
16 29.83 25.23 13.90 31.83 28.50 2.50 8.03

17 29.27 24.87 14.53 34.40 29.20 2.40 7.93

18 29.23 25.00 12.57 35.13 29.20 3.30 7.50

19 29.87 25.40 11.30 33.25 28.95 3.30 7.13

20 31.30 25.80 12.67 35.93 23.83 3.23 7.50

21 30.03 25.13 12.83 34.90 29.47 1.43 7.83

22 31.47 25.50 14.00 33.30 28.83 2.40 8.07

23 31.43 24.67 12.40 34.80 28.97 1.95 7.80

1 26.20 23.03 14.20 33.90 27.60 2.87 8.40

2 25.40 22.10 12.67 34.03 27.40 3.57 8.00

3 25.40 22.77 14.27 33.97 27.93 3.10 8.40

4 25.47 23.03 12.43 35.10 28.60 3.33 8.70

o 5 25.97 23.23 14.57 34.37 27.50 3.93 8.33
& 6 26.10 23.00 12.30 34.67 27.47 4.15 8.70
= 7 25.73 22.87 13.37 34.37 27.17 4.30 9.53
g 8 25.23 23.10 13.40 33.93 28.53 4.43 8.23
9 28.90 22.77 14.23 34.53 26.97 3.53 8.27

10 27.73 22.53 12.37 34.30 27.83 4.43 8.93

11 28.77 22.87 16.30 34.70 27.50 4.47 9.37

12 27.67 22.40 15.17 34.97 27.70 4.73 8.27

13 28.67 22.00 14.70 34.67 27.87 3.47 7.63
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14 28.40 22.20 15.47 32.57 27.67 3.83 8.53

15 27.37 22.77 15.20 34.57 27.67 4.17 8.13

16 29.50 22.93 15.77 34.53 27.67 3.37 8.17

17 29.07 23.90 15.97 34.57 27.70 3.93 8.27

18 29.43 22.57 14.13 32.43 28.50 3.77 8.83

19 29.50 22.83 16.33 34.83 27.63 3.93 8.67

20 29.50 23.23 14.87 33.57 27.60 3.40 9.10

21 29.40 22.53 15.43 34.93 27.90 3.43 10.07

22 28.97 22.73 16.37 33.77 27.47 4.20 9.70

23 29.97 23.00 14.20 34.67 27.67 4.30 9.27

1 28.87 24.60 13.57 33.00 27.33 3.57 7.97

2 28.80 25.67 11.97 33.73 27.30 4.07 8.20

3 29.97 24.43 15.77 34.37 27.47 3.17 7.23

4 29.13 25.03 13.77 34.37 27.40 2.60 7.20

5 29.13 25.43 15.87 34.13 27.80 2.13 8.83

6 29.60 25.10 11.90 33.90 27.33 2.83 8.67

7 29.47 24.53 12.67 33.93 27.37 2.17 8.23

8 29.90 24.60 13.30 34.53 26.70 2.77 8.40

® 9 31.63 25.03 12.77 33.90 27.30 2.33 6.93
2 10 32.57 25.63 13.43 34.70 28.30 2.73 7.47
= 11 31.97 25.70 12.57 34.40 27.43 2.57 7.07
2 12 31.97 25.27 12.53 34.60 27.37 2.20 6.93
é 13 31.93 24.93 13.43 33.90 27.30 2.37 7.40
e 14 31.17 24.03 12.53 34.13 27.10 2.57 7.03
15 31.23 24.97 14.10 34.25 28.23 1.90 6.90

16 30.73 25.30 13.50 33.40 27.47 1.80 6.57

17 28.73 23.57 13.50 33.80 27.03 2.80 6.90

18 29.47 24.00 15.17 34.40 26.83 2.97 7.63

19 31.13 24.37 13.17 34.40 27.73 2.23 6.70

20 29.20 25.07 14.47 32.83 26.87 2.43 7.60

21 30.13 24.70 11.97 34.03 26.90 2.20 6.80

22 28.63 24.80 14.47 33.23 28.37 1.90 6.77

23 29.27 23.50 15.03 34.57 27.17 2.47 6.83

LSD 1.65 1.05 242 1.50 1.50 1.09 1.40

Different letters in each column show a significant difference by the LSD test at the 5% probability level.
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Table 7. Results of analysis of variance of the effect of different tillage systems on the main shoot length, yield

and yield components of chickpea under different cultivars

Mean square

sources of variance df shoot length No. pods per No. grain per 100-grain Grain yield
plant plant weight

Block 2 0.44 ns 11.38 ns 0.35ns 1.37ns 1311.25ns
Tillage 2 34.38** 253.38 * 12.35 ** 45,98 ** 18815.85 **
Whole-plot error 4 0.10 32.68 0.03 0.33 25.50
Genotype 22 5274 ** 64.67 ** 80.92 ** 84.94 ** 70586.03 **
Tillage x Genotype 44 951 ** 14.13 ** 6.15 ** 8.44 ** 9639.26 **
Split-plot error 132 0.22 5.51 0.07 0.30 134.30
Coefficient of variation (%) - 1.24 10.51 1.84 1.60 242

**and * significant at 1% and 5% and ns, not significant respectively
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Table 8. Comparison of average main shoot length, yield and yield components of different chickpea cultivars
in different tillage systems

. No. pods per No. grain per . . L
;I'ls!:gr%]es Genotype number shoot length plant plant 100-grain weight Grain yield
4 (cm) - (@ (kgha?)

1 38 13.43 14.04 35.02 491.80
2 36.01 14.08 14.92 28.93 431.60
3 36.02 17.11 11.01 40.07 441.20
4 40.03 17.50 13.10 33.96 445.00
5 36.01 17.59 16.03 38.10 610.60
S 6 39.01 16.30 13.16 37.07 487.60
= 7 31.2 22.61 15.21 30.90 470.00
= 8 39.79 17.11 15.04 31.02 466.70
5 9 36.17 19.01 15.96 28.18 449.60
< 10 30.24 20.84 16.25 27.92 453.70
P 11 36.91 18.84 13.08 33.08 432.70
8 12 36.34 24.35 20.83 32.82 683.70
13 36.97 25.01 11.30 32.78 370.40
14 37.93 19.90 18.03 31.87 574.60
15 40.21 21.60 7.27 36.00 261.90
16 40.87 23.62 13.16 35.74 470.20
17 37.91 19.20 18.16 32.93 598.10
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18 35.34 20.84 11.25 35.82 403.10

19 40.11 24.50 13.12 35.93 471.40

20 41.83 23.07 10.42 34.22 356.60

21 40.15 25.03 12.09 35.09 424.20

22 35.9 19.61 10.40 32.04 333.20

23 34.88 24.16 13.08 32.93 430.80

1 39.97 18.23 13.10 38.28 501.30

2 37.89 23.01 13.20 30.44 401.80

3 38.81 23.40 13.30 40.35 536.50

4 41.93 21.70 15.30 36.30 555.20

5 36.09 25.01 16.34 39.33 642.70

6 40.11 25.87 13.43 36.29 487.40

7 36.9 29.30 12.35 33.37 412.00

8 39.15 21.92 16.3 33.166 535.00

9 36.8 19.60 16.32 29.43 480.20

o 10 32.11 23.70 17.31 29.36 508.30
g 11 39.04 21.55 13.36 33.37 445.70
= 12 35.24 24.29 23.23 29.32 681.00
S 13 41.09 25.41 12.37 33.41 413.20
14 40.05 20.59 15.31 32.38 495.80

15 39.88 24.70 6.34 35.29 223.80

16 39.88 22.78 16.40 36.39 596.70

17 41.11 18.62 15.18 35.36 536.60

18 38.86 20.32 8.30 38.33 318.30

19 36.92 24.07 13.23 35.36 467.80

20 39.99 31.30 14.12 37.22 525.50

21 39.34 29.05 12.39 35.21 436.30

22 36.09 27.61 13.27 40.32 535.10

23 39 29.33 14.11 36.33 512.70

1 41.12 19.40 13.87 38.87 497.70

2 35.15 20.63 14.90 28.02 417.50

3 36.13 20.33 12.04 36.00 433.30

4 42.9 18.71 13.05 35.94 469.10

5 35.02 19.60 14.14 38.16 539.60

6 42.11 23.01 14.96 37.90 566.70

7 33.19 24.86 16.01 26.12 418.40

8 38.19 20.41 16.07 31.02 498.50

o 9 40.14 20.73 18.10 24.30 439.70
g 10 33.29 25.90 17.07 32.01 456.30
= 11 42.12 22.75 17.00 32.35 548.30
3 12 38.21 28.06 26.10 32.37 844.70
E; 13 40.08 2333 13.10 34.04 445.80
g 14 40.37 24.04 16.18 32.22 521.20
15 37.99 24.01 9.02 33.92 306.00

16 40.14 25.36 14.06 35.33 496.80

17 40.19 21.01 15.10 32.92 496.90

18 38.27 22.04 9.11 36.22 330.00

19 37.97 22.33 14.20 35.33 501.70

20 45.23 23.60 12.03 35.26 424.10

21 34.26 22.61 11.12 35.24 391.80

22 39.25 25.37 16.01 39.31 629.20

23 34.34 26.79 13.00 31.96 415.50

LSD 0.76 3.80 0.42 0.88 18.72

Different letters in each column show a significant difference by the LSD test at the 5% probability level.
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