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Introduction

Chickpea is an important source of energy and protein of the Iranian people’s diet. Iran is one of the main centers of
genetic diversity of this crop. The cultivation of chickpea nowadays is practiced using irrigation or supplemented
irrigation in many parts of Iran, as more challenging by climate change, precipitation decline, and salinization of
underground water resources. On the other side, there is no enough fresh water to meet the full water requirement of
chickpea. Although chickpea consider as a salt sensitive crop but there are some reports that show some variable
reaction to salinity amongst different chickpea genotypes. A collection of cold and drought stress tolerant chickpea
genotypes are maintained in Mashhad Chickpea Collection (MCC) in the Plant Science Research Center of Ferdowsi
University of Mashhad. Therefore, testing the tolerance of different genotypes and landraces of this crop to salinity
stress is of important, and this experiment is arranged to test salinity tolerance of chickpea genotypes in this collection.

Materials and Methods

In order to identify and assess of chickpea genotypes salinity tolerant, seeds of 206 Mashhad Chickpea Collection
genotypes were kindly prepared by Plant Science Research Center of Ferdowsi University of Mashhad (FUM). The
experiment was carried out in the research green house of Faculty of Agriculture of FUM at the spring of 2021 which
light was normal, and temperature and humidity were controlled. A randomized complete block design was used with
three replications and each treatment consist of 10 plants for each genotype. Seeds were sown in the shallow trays in the
lab at 25 degrees centigrade and emerged seedling were transplanted in the sand culture medium. Saline water prepared
by adding NaCl to tap water till its EC reached to 12 dS.m™. Salinity imposed after a week of transplanting through the
Hoagland nutrient solution and continued for four weeks. Nutrlent solution was renewed each week and 12 dS.m™ NaCl
dissolved in that solution. Measured traits included the height difference at the beginning of the imposing of salt stress
and for weeks later, number of branch per plant, survival percentage, and biomass accumulation. Sodium and potassium
content of shoots. Data were analyzed using Minitab for windows 17 and standard error and cluster analysis arranged
using JMP4 software.

Results and Discussion

The results showed that 31 genotypes have a survival rate of 76-100% which 10 genotypes showed survival rate of
100%. Plant height, biomass, and number of lateral branches per plant decreased as survival rate decreased. Significant
increase in shoot Na* concentration was only found in survival range of 0-25% while the shoot sodium content was the
lowest in in group of 57-100% survival compared to the other three groups. Biomass accumulation also reduced more
rapidly in low survival group (0-25%) compare with 76-100% survival group by 66%. The correlation analysis showed
that survival rate, plant height and number of lateral branches per plant, biomass, plant height difference and shoot K*
concentration showed significantly positive correlation. Based on factor analysis, three factors were selected that in
total 79% of the total variation was explained. The first and second factors were explained high percent of variation that
include survival rate and plant height and number of lateral branches per plant, biomass, plant height difference and
Na+ concentration. Genotypes MCC1782, MCC197 ,MCC1703 ,MCC1568, MCC1573, MCC1737, MCC1209,
MCC1516, MCC1493, MCC1832, MCC1957, MCC1721, MCC2016, MCC1704, MCC1641, MCC1815, MCC1775,

1, 2 and 3- M.Sc. Student, Professor and Assistant Professor, Department of Agrotechnology, Faculty of Agriculture,
Ferdowsi University of Mashhad, Mashhad, Iran, respectively.
* Corresponding Author's Email: m.kafi@um.ac.ir

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in

any medium or format, as long as you give appropriate credit to the original author(s) and the source.



https://orcid.org/0000-0002-0933-1346
https://orcid.org/0000-0001-9490-6935
https://orcid.org/0000-0003-0483-7003
https://doi.org/10.22067/ijpr.2023.79906.1049
mailto:m.kafi@um.ac.ir
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

VoY ol o o) 6 locs 0O ol oyl ol Sligus gl iy s o ¥

MCC178, MCC1754, MCC1627, MCC1716, MCC1918, MCC1827 ,were selected as the superior genotype under
salinity stress of 12 dS.m™ for four weeks. According to the result of cluster analysis, the genotypes were classified in
four clusters. The genotypes of the third and fourth clusters had a high average salinity tolerance compared to other
clusters with the investigated traits.

Conclusions

While chickpea is not traditionally considered a salt-tolerant crop, the observed variations among genotypes suggest
that further efforts are required to screen and identify salt-tolerant genotypes and landraces for potential inclusion in
breeding programs. It's important to note that the current study was conducted in a controlled environment, with only a
few weeks of exposure to salinity treatment. Consequently, we propose a more extensive experiment that includes those
genotypes exhibiting superior performance in terms of survival rate, biomass accumulation, low shoot sodium content,
and high potassium content.

Keywords: Biomass, Cluster analysis, Factor analysis, Sodium, Survival percentage
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Fig. 1- Number (A) and frequency (B) of chickpea genotypes in different survival range after four weeks of 12dS.m™
NaCl salinity
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Genotype  Survival Branch.plant™ height - Biomass K (mg.gdw™) i
(MCC) (%) : AHeight  (mg plant?) Na : ]
(cm) (cm) (mg.gaw™) Na.K
1703 100 10.0 24 7 690 3.00 11.7 0.26
1568 100 10.0 26 9 617 6.50 28.6 0.23
1573 100 12.3 24 7 404 18.2 17.9 1.02
1737 100 9.00 23 3 739 4.10 19.7 0.21
1209 100 105 27 10 772 5.10 30.6 0.17
1466 100 10.0 23 7 594 15.20 7.1 2.14
1493 100 9.30 20 2 461 9.30 10.9 0.85
1832 100 9.00 26 8 193 3.30 7.0 0.47
1957 100 10.5 23 4 546 31.80 43.4 0.73
1721 100 125 27 6 371 5.70 3.7 1.37
2016 92 9.00 26 8 613 5.40 14.7 0.37
1704 92 9.70 21 3 457 7.50 22.1 0.34
1641 91 12.3 32 11 757 11.30 136 0.83
1815 91 9.70 28 9 654 8.40 20.8 0.40
1775 91 10.3 25 8 539 1.90 12.4 0.15
1787 90 9.70 26 7 536 8.80 145 0.61
1760 90 11.0 24 6 572 8.20 6.6 1.24
1625 90 8.00 22 2 638 3.40 11.8 0.29
1977 89 8.70 21 10 392 470 7.6 0.62
1716 87 11.0 40 0 799 3.90 6.8 0.57
1782 85 10.3 22 9 462 2.50 10.2 0.24
2112 85 11.7 28 9 725 5.00 6.8 0.73
1827 85 9.00 24 4 481 8.80 9.0 0.98
1918 83 10.0 18 3 668 6.40 13.0 0.49
1516 83 11.3 21 5 545 7.00 43.2 0.16
2121 83 7.30 22 2 526 3.50 15.0 0.23
1545 82 9.30 27 7 530 4.20 10.3 0.41
1760 80 7.00 22 5 656 8.90 24.0 0.37
2009 77 11.3 28 9 561 8.60 19.9 0.43
1507 77 10.7 26 6 383 3.60 25.9 0.14
1529 76 11.0 19 1 446 15.4 17.9 0.86
Sla
ol 2.32 2.99 7.40 4.60 275.23 5.11 5.29 6.34
o sine
LSD(0.05)
s
Jezs! 0.01" 0.01" 0.01" 001" 0.01" 0.01" 0.01™ 0.01"
Pvalue
s 4 19 19 69 34 25 18 90
CV (%)

Ol S o CV o po i Jleits s )0 4lo ixe Sglas Jlas LSD cagin 9955 43 SSL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Fig. 2- Average plant height (A) and branch number per plant (B) of chickpea genotypes in different survival range after four
weeks of 12 dS.m™ NaCl salinity
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Table 2- Effect of salinity stress of (12 dS.m™ of sodium chloride) on different traits in chickpea genotypes in the survival
range of 51-75%

95 W T e s e,y 9P e -

N 2 Wy Plant ] L O e 1 e R T
Genotype SUI;Vlval Branch height &g Blomass_1 Na K (mg.gdw?) el

(MCC) (%0) plant™ (cm) AHeight (em)  (Mg.plant™) (ma.gdw) N;LK'I
1816 75 9.67 27 6 630 5.50 37.90 0.14
1973 75 9.33 26 8 590 17.8 5.20 3.42
1748 74 9.67 22 6 363 8.00 53.20 0.15
1836 70 8.00 21 6 553 6.60 33.70 0.19
1606 70 8.00 21 3 484 0.90 10.80 0.08
2034 70 11.0 29 9 556 35.9 7.90 4.54
1820 69 11.3 24 8 529 3.50 29.30 0.12
1812 69 10.3 21 4 673 3.40 6.60 0.51
1809 68 11.0 30 19 614 6.40 20.80 0.38
1887 68 11.0 28 10 742 3.50 9.70 0.36
1585 67 8.67 21 6 728 321 4.20 7.64
1277 67 9.33 25 7 677 4.30 21.10 0.20
1883 62 10.0 24 4 329 13.1 12.30 1.07
1571 62 10. 7 21 8 335 3.90 41.4 0.09
1971 62 9.67 22 3 663 27.6 9.40 2.94
1987 62 9.33 24 8 517 5.60 31.40 0.18
1905 61 10.0 20 5 423 6.10 2.00 3.05
1865 60 11.0 23 7 704 3.30 6.70 0.49
1808 60 9.00 24 3 560 3.30 10.30 0.32
1512 58 11.7 24 9 654 6.90 9.70 0.71
1964 58 6.33 28 8 300 2.80 20.80 0.13
2117 57 8.50 18 1 584 11.9 15.50 0.77
1803 56 7.00 16 2 446 15.9 7.10 2.24
1803 54 7.67 20 3 375 8.30 31.80 0.26
1574 51 7.00 21 5 395 14.2 8.40 1.69
1561 51 5.50 20 0 378 17.6 61.40 0.29
1278 51 11.0 26 6 324 4.30 46.80 0.09
1763 51 10.0 30 11 421 194 13.70 1.42
Jslo>
sl 2.32 2.99 7.40 4.60 275.23 511 5.29 6.34
B

LSD(0.05)
b

Jezs] 0.01™ 0.01™ 0.01" 001™ 0.01™ 0.01™ 0.01™ 0.01™
F’value
oo

Ol s 4 19 19 69 34 25 18 90

CV (%)

Sl S o CV o o ey oo el )0 lo cixe glas Jlas LSD cagin 9955 44y SOL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Table 3- Effect of salinity stress of (12 dS.m™ of sodium chloride) on different traits in chickpea genotypes in the survival
range of 26-50%

)é as L M| ‘552.7;0 ‘592.7;0 “""""‘"’
i 95 L i S i) o 0395 Lot 3 i © i
Genotype  Survival “# Plant “y els) Biomass ik iy $
(MCC) % Branch.  height (cm) ~ AHeight  (mg plant™) Na K el
plant™ (cm) (mg.gdw™)  (mg.gdw™)  NaK?
1508 50 8.00 9 3 664 5.3 7.00 0.76
1286 50 11.0 22 6 480 19.1 5.80 3.80
1548 50 9.67 16 5 737 8.7 34.7 0.25
20555 50 8.33 19 5 630 4.1 10.0 0.41
1966 50 9.67 24 5 588 14.1 35.1 1.66
2122 50 6.00 14 3 255 9.6 8.50 1.13
1963 50 9.33 22 4 712 10.7 1.50 7.13
1515 50 6.00 18 1 471 34.9 450 7.75
1580 50 10.0 20 3 704 18.0 5.70 3.18
2084 50 8.00 22 3 314 9.0 6.30 2.43
1755 46 8.00 20 1 671 24.7 4.60 5.37
1914 44 7.67 17 2 257 21.1 60.8 0.35
1578 44 8.33 22 3 390 1.6 20.4 0.08
1709 43 10.7 20 5 565 4.0 9.20 0.43
1846 40 8.33 13 4 419 14.4 2.30 6.26
1816 39 10.5 23 5 503 27.0 27.3 0.99
1889 36 133 20 4 621 9.1 14.1 0.64
2010 36 9.33 17 6 236 14.7 28.6 0.51
1503 34 8.00 21 4 357 31.0 24.8 1.25
1817 33 8.67 19 7 359 4.6 10.3 0.45
1626 33 8.67 15 5 451 4.8 47.1 0.10
1514 33 9.00 22 7 453 12.0 29.7 0.40
1731 33 7.00 14 0 218 18.3 4.40 4.16
1925 33 5.67 22 7 231 29.2 4.70 6.21
1636 33 9.33 21 1 541 2.7 20.1 0.13
1777 33 8.00 29 7 427 8.4 7.40 1.13
1680 33 8.33 20 4 340 8.8 5.10 1.72
2082 29 8.00 26 5 514 111 26.0 0.43
1500 29 8.00 17 2 416 15.7 25.9 061
1063 29 10.0 19 2 357 5.5 6.40 0.86
1546 27 10.0 23 7 661 6.8 7.50 0.91
1576 27 7.67 19 0 408 73 6.80 1.07
1751 26 6.00 16 3 337 2.0 10.0 0.2
1501 26 7.50 16 6 201 9.1 4.70 1.94
Sglas JSlas
5 isin 2.32 2.99 7.40 4.60 275.23 5.11 5.29 6.34
LSD(0.05)
Jeslghe g g 0.01™ 0.01™ 001" 0.01™ 0.01™ 0.01™ 0.01"
Pvalue
el 4 19 19 69 34 25 18 90
CV (%)

Olyats 0 OV s o iy Jloio! mlaws (o o cixe iglas JSlas :LSD caguinn 5450 ,4y SSL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Table 4- Effect of salinity stress of (12 dS.m™ of sodium chloride) on traits studied in chickpea genotypes in the survival range

of 0-25%
e 933 e » &) 03¢ Caumn 3 & cud
: g Plant &g ; PR by g Ao
Genotype  Survival height : Biomass K (mg.gdw™) 3
(MCC) % Branch. g AHeight (mg.plant™) Na 9.9 ey
plant™ (cm) (cm) (mg.gdw™) Na.K™
1549 25 7.33 20 4 280 5.90 37.7 0.16
1687 25 7.67 20 2 233 11.3 6.90 1.64
2113 24 6.00 14 0 453 20.2 3.10 6.52
1484 23 7.67 22 6 651 20.9 6.60 3.17
1975 23 10.33 18 3 287 2.60 6.80 0.38
1956 22 9.33 19 8 447 1.60 10.0 0.16
1531 22 11.00 22 4 635 14.6 9.40 1.55
1974 22 7.67 17 0 396 6.00 4.10 1.46
1637 22 10.67 23 4 668 12.3 5.50 2.24
1953 20 7.67 21 2 273 12.8 47.3 0.27
2114 20 8.00 17 0 498 114 27.2 0.42
1640 20 6.33 16 0 216 4.40 40.1 0.11
1354 20 9.33 19 1 329 18.8 3.60 5.22
1615 18 8.33 20 2 358 1.80 9.70 0.19
1512 18 7.67 20 3 345 7.40 9.40 0.79
1829 17 7.67 22 3 625 23.9 3.30 7.24
1769 17 7.67 17 1 438 14.5 39.9 0.36
1917 17 9.67 19 4 532 5.70 16.9 0.34
1741 17 4.67 15 0 127 4.20 5.80 0.72
1518 17 7.67 16 4 384 23.8 4.90 4.86
1811 17 8.00 17 2 422 29.9 7.50 3.99
1428 17 7.67 18 0 366 5.90 13.5 0.44
1567 17 8.67 17 0 386 8.60 8.30 1.04
1553 17 8.33 16 2 309 14.5 5.80 2.50
1844 15 7.00 21 1 531 16.0 6.30 2.54
1913 15 10.00 20 5 676 4.00 8.60 0.47
1958 14 7.67 18 0 450 22.5 7.20 3.13
2120 14 10.67 20 4 598 12.7 10.0 1.27
2116 14 7.00 24 4 411 13.3 28.1 0.47
1586 14 6.67 18 2 293 15.1 2.70 5.59
1834 13 9.00 23 7 553 16.4 44.2 0.37
1667 13 7.00 16 3 416 4.90 8.60 0.57
1972 13 6.67 26 4 412 3.00 7.40 0.41
1803 11 9.33 18 6 572 10.7 5.00 2.14
1425 11 7.67 18 0 490 24.0 5.10 471
1924 11 6.33 20 4 321 13.9 32.8 0.42
1276 10 6.67 16 0 379 8.10 7.90 1.03
1772 9 5.67 16 2 440 5.90 115 0.51
2045 9 8.33 18 3 434 4.40 34.2 0.13
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Table 4- Effect of salinity stress of (12 dS.m™ of sodium chloride) on traits studied in chickpea genotypes in the survival range
of 0-25%, continued

95 G < 0095 Caum 5 & cu
. A9 Plant &g : PR PO LIRPTVE TR VR W
Genotype  Survival heiaht : Biomass K (mg.gdw?)
(MCC) % Branch. €lg AHeight (mg.plant™) Na g.gaw by
plant™ (cm) (cm) (mg.gdw™) Na.K!
1577 9 8.67 20 1 493 22.3 13.8 1.62
2017 8 6.00 20 1 184 22.1 41.2 0.54
1713 8 7.67 18 0 465 4.70 12.6 0.37
1764 8 6.00 16 1 263 3.60 4.70 0.77
1639 8 7.33 17 0 381 214 4.50 4.76
1993 0 6.33 17 7 304 7.40 35.0 0.21
2115 0 7.67 17 1 423 4.00 7.40 0.54
2073 0 6.67 16 0 231 4.90 7.70 0.64
1894 0 7.67 23 0 315 3.30 9.50 0.35
2019 0 6.00 18 3 339 5.30 7.60 0.70
1465 0 4.00 17 0 185 3.00 10.4 0.29
1779 0 4.33 16 1 107 1.30 10.4 0.13
1649 0 6.33 15 0 216 1.30 9.00 0.14
1847 0 6.00 14 2 260 3.70 8.30 0.45
1776 0 5.67 19 0 282 3.50 317 0.11
1721 0 8.50 18 3 150 18.6 34.6 0.54
1766 0 6.33 14 0 209 7.00 19.9 0.35
1554 0 5.33 14 1 138 27.6 46.4 0.59
1772 0 8.33 18 0 251 2.80 48.6 0.06
1707 0 6.33 19 0 409 1.80 10.2 0.18
1919 0 8.00 20 2 357 1.60 4.60 0.35
1956 0 5.00 15 4 185 3.30 8.70 0.38
2020 0 8.00 18 0 333 2.30 6.20 0.37
1770 0 7.33 20 0 222 195 8.20 2.38
1584 0 5.50 17 0 302 13.8 8.50 1.62
1626 0 10.00 23 4 494 6.90 7.20 0.96
1834 0 5.33 16 1 223 5.70 36.1 0.16
1618 0 5.00 18 0 199 5.50 24.6 0.22
1900 0 6.00 20 0 248 5.50 34.0 0.16
1726 0 7.67 24 4 448 135 24.0 0.56
1613 0 8.67 20 2 426 14.8 404 0.37
1644 0 6.00 18 1 314 5.30 11.3 0.47
1640 0 6.67 18 0 148 4.30 3.50 1.23
1631 0 8.67 25 3 415 9.90 5.00 1.98
1619 0 7.33 18 1 206 5.30 124 0.43
1543 0 6.33 19 0 280 14.4 7.00 2.06
1801 0 6.67 17 1 261 7.90 7.70 1.03
1898 0 8.33 18 0 261 10.5 6.60 1.59
1732 0 11.33 19 6 591 195 5.20 3.75
1603 0 7.00 16 1 226 9.80 7.30 1.34
1915 0 6.00 14 1 238 3.70 5.70 0.65
1695 0 6.33 18 4 95 1.30 7.80 0.17
1810 0 5.00 16 1 100 2.80 0.20 14.00
1813 0 8.33 15 2 209 9.00 4.50 2.00
1751 0 7.00 16 0 266 8.30 4.70 1.77
2003 0 7.33 15 0 242 6.70 3.10 2.16
1774 0 11.00 28 5 414 6.00 5.20 1.15
1997 0 6.00 15 0 153 2.60 5.80 0.45
2031 0 5.00 18 0 219 7.90 3.60 2.19
1611 0 7.00 20 0 316 15.0 32.1 0.47
1838 0 3.00 9 0 116 55.1 40.3 1.37
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Table 4- Effect of salinity stress of (12 dS.m™ of sodium chloride) on traits studied in chickpea genotypes in the survival range
of 0-25%o, continued

Pl gy ely, EWH SN S S
e 933 e #EE 03¢ Caumn 3 G ca
. dig Plant LoY) K PR L) (S g0 N e
Genotype  Survival height : Biomass K (mg.gdw™)
(MCC) % Branch. g AHeight (mg.plant?) Na 9.9 pow
plant™ (cm) (cm) (mg.gdw™) Na.K!
2118 0 7.33 15 2 251 15.7 4.6 341
1635 0 5.67 18 1 422 7.50 5.90 1.27
1761 0 5.67 19 0 319 9.10 7.70 1.18
1597 0 7.33 18 1 416 7.20 3.40 212
1604 0 7.00 14 1 224 6.50 7.40 0.88
1852 0 5.67 17 0 281 9.60 7.20 1.33
1528 0 6.00 19 0 247 6.60 6.20 1.06
1838 0 6.67 17 0 315 10.6 8.70 1.22
1699 0 3.50 16 0 186 5.10 4.10 1.24
1967 0 5.67 17 0 233 7.40 7.10 1.04
2078 0 9.00 17 1 437 14.6 2.90 5.03
1234 0 4.00 15 4 208 6.50 4.40 1.48
1551 0 5.67 22 5 273 4.90 9.10 0.54
1830 0 6.67 16 0 260 8.10 15.0 0.54
1896 0 8.00 27 4 669 19.10 5.00 3.82
1837 0 11.00 32 7 671 19.10 8.30 2.30
2018 0 4.33 17 0 215 5.80 7.50 0.77
1747 0 7.50 22 3 475 151 6.00 2.52
1698 0 3.00 12 5 115 17.9 9.80 1.83
1525 0 9.00 22 3 497 114 4.60 2.48
1312 0 5.00 16 0 170 3.80 4.40 0.86
1665 0 6.00 16 1 128 3.80 7.60 0.50
2046 0 9.50 20 2 277 15.0 2.20 6.82
ol JBlos
o g 2.32 2.99 7.40 4.60 275.23 511 5.29 6.34
LSD(o.05)
Jelebe g1 0.01” 0.01” 001” 0.01” 0.01” 0.01” 0.01”
F’value
oo
&l s 4 19 19 69 34 25 18 90
CV (%)

Sl S 5 OV s o gy ool s )0 lo cire @glis Jlas (LSD caginn 9955 44y SOL:MCC
MCC: Mashhad Chickpea Collection, LSD: Least Significant Difference in p<0.05 of probability level, CV: Coefficient of variation.
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Fig. 3- Shoot Na and K (A) and Na/K (B) concentrations of chickpea genotypes in different survival range after four weeks of
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Fig. 4- Shoot dry weight of chickpea genotypes in survival range after four weeks of 12 dS.m™ NaCl salinity
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Fig. 5- AHeight (cm) of chickpea genotypes in survival ranges after four weeks of 12 dS.m™ NaCl salinity
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Table 5- Correlation coefficients of traits studied in chickpea genotypes under 12 dS.m™ sodium chloride salt stress
1. 2. 3. 4. 5. 6. 7. 8.
1. e 1
Survival
2 asLs olows 0.49™ 1
Branch No.
5oy elas - -
3. Sy g, 0.44 0.41 1
Plant height
4. Sy glas| L 050" 043" 055" 1
AHeight
5. PP 047" 050" 035" 0307 1
Biomass
6. M*‘”N‘”"“‘ 002  006™  000®  -0.01™ 007" 1
a
7. “’*“"’*kd%’“’ 014™  004™ 007" 0127  -0.04" 005" 1
8. el e Sl 01 001 004" -008®  004® 0357 0257 1
Na.K
S Foe 5 0o, S gty i Jleisl a0 I8 S oS 54y NS g ke g
*, **and ns: significant in 5%, and 1% of the probability levels and nonsignificant, respectively.
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Fig. 6- Classifying dendrogram in chickpea genotype based on studied traits
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Table 6- Factor analysis for chickpea genotypes under 12 dS.m* sodium chloride salt stress

Jol Jele P9 Jole po Jole
Factor 1 Factor 2 Factor 3
& -0.82 0.00 0.07
Survival
asLy oloss
-0.85 -0.09 -0.05
Branch No
) -0.82 0.02 -0.06
Plant height
éL&J)l A 081 0.09 0.01
AHeight
°°_95C-e.j -0.80 -0.17 -0.13
Biomass
e (Syime -0.02 -0.70 0.61
Na
el (S5 -0.14 0.47 0.82
K
POV LR VIR VGO
N 0.09 -0.88 -0.02
Na.K
o5 Sl 3.43 1.53 1.06
Eigen value
ST deo ) 42.9 62.0 75.3

Cumulative%
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Table 7- Analysis of variance (mean of squares) based on measured groups
in chickpea genotypes under salinity stress

Olas Wog S o og 5 S50
Traits Between groups Within groups
oLl ez 3 202
d.f
[ETRWESRS
] 65646** 156866**
Survival
asLs olaws
350** 465**
Branch No.
G €8 1219%* 2707%*
Plant height
elis | odlus| . 1503
AHeight
2P 5412082" 516663
Biomass
e S5 109™ 14747
Na
peliy s 1214 33777
K
el 4 o S ns ns
’ 17.9 3074
Na.K

SIS sire g Ao ,0 S g de )0 gy Jleixl mhaw jo jlo dixe ccud Sy NS g s g
*, ** and ns: significant in 5%, and 1% of the probability levels and nonsignificant, respectively.
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Table 8- Mean comparison and standard error of means of studies traits in different groups of chickpea genotypes in the
presence of salinity

Sl S 095 99095 Vo9 Fogys Egoxo
Group 1 Group 2 Group 3 Group 4 Total
Number 59 77 35 35 206
Gy 2 7.93%%+17.6 31.0°+29.6 53.7%+33.7 52.6°+31.6 31.9+32.9

Survival (%)
Ag ,0 FESRIRIRY]

6.34%1.55 8.12°+1.63 9.41%+1.24 9.85%1.46 8.12+1.99
Branch No.
iy g 16.9%2.69 20.0°+3.59 23.2°+3.25 22.9%+5.29 20.1+4.38
Plant height (cm)
5“‘3' ks 1.49%2.01 3.16°+2.72 5.26%+3.71 5.31%2.63 3.40%3.10
AHeight (cm)
| ey 214%52.1 390°452.6 544P+42.2 677°451.1 415+170
Biomass (g.palnt™)
e S 9.35%+8.86 10.8%8.59 11.2°+8.47 11.0%8.00 10.548.51
Na (mg.g dw™)
et Sy 14.7°+14.9 14.9"+135 19.1°412.3 10.8°+7.58 14.9+13.1
K (mg.g dw™)
“’“"l“;’ “”k‘fj R 1.94%3.32 2.30%4.77 1.60%+2.40 2.46°+3.86 2.11+3.88
a.

ol Qlizee gloog 5 les Slo ge Dglas oasmelis Sglate By,
* Means with the same latter are significntly differences.
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Table 9- Analysis variation of multi variables based on unbalanced completely randomized
design (CRD) Wilks' Lambda in chickpea genotype under salinity stress

&b &ol3T a0 lawo¥ Slig 20 S Jbos> c_lg..,“ ,
Function d.f Wilks' Lambda  Chi-square Prolté‘;"/gl'l'ty
1 24 0.07 517 0.00
2 14 0.91 18.1 0.20

3 6 0.99 2.71 0.84
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Table 10- The results of discriminant function for clustering validity of chickpea
genotypes under salinity stress

, 09,5 gac
°95 Group membership Eyoo
Group 1 ) 3 4 Total
1 59 0 0 0 59
gz 2 2 74 1 0 77
Total 3 0 1 34 0 35
4 0 0 0 35 35
1 100 0 0 0 100
- 2 26 9.1 13 0 100
Percent 3 0 2.9 97.1 0 100
4 0 0 0 100 100

Sl 0o ploxil oro Hebody (g0 )3 5l dusys AA/N
98.1 percent of original grouped cases correctly classified.
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Table 11- Standardized canonical discriminant function coefficients
measured groups in chickpea genotypes under salinity stress

Olo 4.:{""5‘[5 é.'u
Traits Canonical function
1 2 3
Gy ey 022" 0.39 0.13
Survival
asLs olows "
-0.05 0.25 0.87
Branch No
435.3 él.tu) *
_ -0.06 052 -0.06
Plant height
o e 0.13 012" -0.64
AHeight
2P 107" -0.20 -0.15
Biomass
o SR 0.15 0.10 0.15*
Na
oy s5ime -0.10 0.53" 0.35
K
e 0.18 0.03 0.26*
_1 = . . .
Na.K
o5y Jlaie 113 0.08 0.01
Eigenvalue
ez o) 99.2 99.9 100
Cumulative%
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Fig. 7- Cluster grouping of chickpea genotypes based on significant canonical variable under controlled conditions
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Introduction

Chickpea is the third most important grain legume and its seeds contain protein that is an important energy source for
human. Drought diminishes crop yields and carries the potential to result in total crop failure. However, chickpeas are
renowned for their superior drought tolerance compared to many other cool-season legumes. Given that water
availability is the primary constraint on growth in arid conditions, optimal yields and crop production occur when plants
efficiently absorb the limited soil moisture available. This feature will only be achieved through the compatibility
mechanisms associated with the root system. Chickpea have a direct and deep root system that helps the plant absorb
moisture from the lower layers of the soil. Therefore it has led to the prosperity of its cultivation in rainfed areas. Water
absorption by the plant depends on the size of the root, its activity and distribution in the soil. Therefore, it seems that
the understanding of plant root traits is necessary to further understand the mechanisms of drought resistance. In
general, few studies have been done on the diversity of legume roots. Therefore, this research was carried out with the
aim of investigating the diversity of root morphological traits of chickpea lines in order to use these traits to select
drought-tolerant chickpea lines.

Materials and Methods

The plant materials of this experiment included 39 chickpea lines of Icarda origin, which were taken from the Kurdistan
Research Center. The experiment was conducted as a completely randomized design with four replications in the
research greenhouse of llam University. Seeds were implanted in PVC tubes with a diameter of 10 cm and a length of
60 cm. A drip irrigation system was designed in such a way that an emitter was located inside each tube. With this
method, the test tubes were in favorable conditions. In the greenhouse the temperature was under control and had a
temperature of 25 degrees Celsius and an average humidity of 70% and the plants used natural light without any
additional light. After 35 days of seed germination traits were measured. For this purpose, first the aerial parts of the
plant were separated by scissors. After separating the roots from the PVC tubes, they were placed in ethanol with a
concentration of 98% and after being transferred to the laboratory, they were stored in the refrigerator, then the traits
were measured. Variance analysis of traits and average comparison of data was done with Duncans multi-range test
using SAS software version 9.1.

Results and Discussion

All the measured traits had a good variation range among the studied chickpea lines that these results are consistent with
previous studies. None of the lines showed superiority for all root traits. Line FLIPO7-20C having the longest root
length, can benefit from the water available in a larger volume of the soil profile. In the examination of rooting depth in
grain legumes, such as chickpeas, it was observed that root length remains relatively stable across a broad spectrum of
soil moisture levels. Root length is considered a crucial parameter in plant growth, as researchers posit that the length of
roots per unit of soil volume is the most effective characteristic for assessing water and nutrient absorption by plants. In
our current investigation, a significant disparity was noted between the highest and lowest root volumes. Root volume
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stands out as one of the plant's key attributes for absorbing water and nutrients. In this research, line FLIP 82-150C had
the highest and line FLIP97-706C had the lowest specific root length. The specific root length is one of the important
traits in showing the efficiency of the root in absorbing water and resistance to drought. When faced with drought stress,
the plant assigns more dry matter to the root system in order to increase the absorption ability of the roots; as a result,
there are changes in the morphological characteristics of the roots, such as an increase in the specific length of the root.
The highest root density was observed in line FLIP09-149C. root density is a trait that is affected by root weight and
volume. In the condition of drought stress, the decrease in root volume caused an increase in root density and at the end
of the growth period, the decrease in root dry weight was more than the decrease in its volume, which ultimately led to
a decrease in root density. Studies have indicated that as humidity decreases and soil depth increases, there is a notable
decrease in root density. Overall, the findings from this research offer foundational insights for advancing efforts to
enhance root characteristics, thereby mitigating drought and enhancing the resilience of chickpea varieties to drought
stress.

Conclusions

The results showed that Line FLIP07-20C had the highest root length, root length density and root water content
compared to other lines, but none of the lines were superior in terms of all root traits. The obtained information about
the characteristics of the roots of the studied lines can be used to improve drought-resistant chickpea lines.

Keywords: Drought stress, Root volume, Geometric structure, Root length
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Table 1- The list of chickpea lines

K90 0 kel oY el aolic yxl
NO. Line Name Pedigree

1 FLIP97-706C X04TH62/X03TH-130XFLIP97-116
2 FLIP03-77C X04TH65/X03TH-133XFLIP96-154
3 FLIP03-130C X04TH65/X03TH-133XFLIP96-154
4 FLIP06-158C X04TH65/X03TH-133XFLIP96-154
5 FLIPO7-19C X04TH66/X03TH-134XFLIP97-116
6 FLIPO7-20C X04TH66/X03TH-134XFLIP97-116
7 FLIP0O7-22C X04TH66/X03TH-134XFLIP97-116
8 FLIP07-28C X04TH67/X03TH-135XFLIP99-34
9 FLIPO7-31C X04TH67/X03TH-135XFLIP99-34
10 FLIP07-44C X04TH76/X03TH-144XFLIP97-116
11 FLIP0O7-239C XO04TH77/X03TH-145XFLIP99-34
12 FLIPO7-261C X04TH79/X03TH-147XFLIP96-154
13 FLIPO7-280C X04TH110/X03TH-178XFLIP97-116
14 FLIP08-46C X04TH110/X03TH-178XFLIP97-116
5 FLIP08-200C X04TH114/X03TH-182XFLIP97-116
16 FLIP09-70C X04TH115/X03TH-183XFLIP99-34
17 FLIP09-81C X04TH117/X03TH-185XFLIP96-154
18 FLIP09-85C X04TH123/FLIP97-205XFLIP97-116
19 FLIP09-90C XO04TH124/FLIP97-229XFLIP99-34
20 FLIP09-98C X04TH126/FLIP98-229XFLIP96-154
21 FLIP09-148C X04TH129/FLIP98-233XFLIP99-48
22 FLIP09-149C X05TH7/X04TH-126XFLIP01-18
23 FLIP09-189C X05TH106/FLIP97-131XFLIP00-14
24 FLIP09-191C XO05TH106/FLIP97-131XFLIP00-14
25 FLIP09-192C XO05TH106/FLIP97-131XFLIP00-14
26 FLIP09-194C X05TH106/FLIP97-131XFLIP00-14
27 FLIP09-214C X05TH131/FLIP97-118XFLIP00-17
28 FLIP09-216C XO05TH152/FLIP98-107XUC27
29 FLIP09-218C X04TH31/X03TH-31XFLIP97-116
30 FLIP09-219C X06TH100/FLIP02-47XFLIP98-230
31 1LC482 ILC482
32 FLIP 82-150C X79TH101/1LC 523 X ILC 183
33 FLIP88-85C X85 TH143/ILC 629 x FLIP 82-144C
34 FLIP93-93C X89TH258/ (FLIP 85-122CXFLIP 82-150C)/FLIP 86-77C
35 FLIPQ7-180C X04TH12/X03TH-12XFLI1P99-48
36 FLIP09-88C X04TH40/X03TH-40XFLIP99-34
37 FLIP09-115C X04TH50/X03TH-50XFLIP99-34
38 FLIP09-337C X04TH53/X03TH-53XFLIP97-116
39 FLI1P09-386C X04TH59/X03TH-59XFLIP99-48
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Introduction

Legumes are considered the second source of human food after cereals and have significant nutritional and agricultural
values. Because of the drought resistance of lentils cultivars, dryland production of spring types could be important in
the suitable regions with the proper temperature and rainfall, such as temperate regions of Yasouj county, Iran. To
achieve the optimum yield of lentil using the most suitable cultivar (s) in the most proper sowing date is substantial.
Mehraban (2018) reported that the highest grain yield in rainfed conditions belonged to Bilehsawar variety, which may
be due to the higher weight of 1000 seeds in this variety. Also, in this research, it was found that the delay in planting
by reducing the growth period and drought and heat stress in the seed filling stage causes a decrease in vegetative
growth (a decrease in the branches in the plants and also a decrease in biological yield) and also a decrease in yield
components such as the number of seeds. To mitigate end season drought stress in dryland lentil cultivation
mycorrhizae symbiosis can be a proper practice. In a study by Piade Koohsar (2017), it was reported that the effect of
mycorrhizal inoculation on grain yield in lentil plant was significant. He also reported that the highest seed yield from
inoculation with mycorrhizal fungus in the Kimia variety was 1939 kg.ha™, and the lowest seed yield was observed in
the control treatment (no inoculation) in the Kalpoosh native stand at 1339 kg ha. The objective of this experiment was
to evaluate the effect of sowing date and mycorrhiza symbiosys on physiological and yield traits of lentil cultivars in
dry land conditions in Dashtroom, Yasouj, I.R.Iran.

Materials and Methods

This research was carried out in 2020-2021 cropping season in the Deshtrum region, located 10 kilometers from the
center of Boyar Ahmad county of Kohgiluyeh and Boyar Ahmad provinces, with average rainfall of 726 mm. The
experiment performed as a split factorial based on a randomized complete block design with 3 replications. The main
factor was three planting dates (January 28, February 12, and February 27) and the sub-factor was interaction of two
factors including three lentil varieties (Sena, Bilehsawar, and Local accession) and mycorrhiza (Funneliformis moseae)
(with and without). Leaf proline, chlorophyll, and soluble sugars content, as well as, seed nitrogen and phosphorus were
measured. Plant height, grain and biological yield were measured. The data were analyzed using SAS software after
performing the normality test and mean comparisons were made using the LSD test, and in the case of interaction being
significant slicing was done and means compared by L.S.Means procedure.

Results and Discussion

The results showed significant effect of the triple interaction of sowing date, mycorrhiza, and cultivar on grain nitrogen
percentage, total chlorophyll, leaf soluble sugars content, and biological yield. Also, the results showed that the
interaction of cultivar and mycorrhiza on the plant height, grain phosphorus, total chlorophyll, the content of leaf
soluble sugars, and biological yield were significant. The interaction of sowing date and variety for all studied traits
except plant height were significant. Under the January 28 sowing date and mycorrhiza application, Sanna variety
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obtained the highest percentage of grain nitrogen (4.59%), total chlorophyll content (0.45 mg.g™ leaf fesn weight), leaf
soluble sugar content (about 120 mg.g™* leaf fesn weight) and biological )l/ield (3243.23 kg.ha™) in. Also, the highest seed
phosphorus percentage (1.67%), leaf proline content (13.16 pmol.g™ leaf fresh weignt), and seed yield (1152.90 kg.ha?)
related to the planting date of January 28 and Sanna variety. Application of mycorrhiza in nearly all of the traits had
better performance compared with non mycorrhiza application. We saw that all cultivars had the best nutrient
absorption, physiological characteristics and yield under mycorrhizal inoculation.

Conclusions

The use of mycorrhizal fungi increased all the measured traits. Also, in all three sowing dates, the variety Sanna had the
highest performance in terms of the studied traits. However, the grain yield and biological yield of the January 28
sowing date were higher than other sowing dates; therefore, it can be said that the early planting (28 January) of lentil
cultivars in the Dashtrum region helps the plant to achieve the maximum benefit from the growing season. On the other
hand, the best result was obtained from the use of mycorrhizal fungi. According to the above conditions, the variety of
Sanna along with the use of mycorrhizal fungi is the best variety for early planting in dryland conditions in the
Dashtrom region.

Keywords: Chlorophyll, Nitroge, Phosphorusn, Proline
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Fig. 1- Changes in daily temperature (a) and monthly precipitation (b) during the lentil growing season
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Silty loam

22 22 0.53 4.40 0.60 0.36 3.20 12 139 0.07 7.58
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At each planting date level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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At each sowing date level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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At each mycorrhiza level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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At each planting date level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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At each sowing date level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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At each planting date level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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Fig. 9- Interaction of mycorrhiza and cultivar on plant height in lentils
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At each mycorrhiza level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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Means with at least one common letter indicate no signifacnt difference based on the LSD test at the 5% probability level.
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Fig. 11- Interaction of cultivar and sowing date on seed yield in lentils
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At each sowing date level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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Averages with at least one common letter indicate no statistical difference based on the LSD test at the five percent probability level.

None-applications of
mycorthiza

led O3z (sl slaplil joel pliim g 009 093 e
wils Chlhe peili S oS angy Lul s L Ll L
olid 6 i Sl Sas oole 5 0 ,Slas dzil (o (il
gy Ay 3925 Ly ol wia ! 4 S s s ol
A S oy ad o (090 (wle 4 a9 b g cconlio
S Ldigy oty JtolS cel baore slos iol38l ¢ ot
i S (0 9 0ud )5 ole e Y 54 clllS &b
w00 ey o Slae yuals
sl 15,550k b ol bl oS wijsl ol 2 o, Kag3
e oS S s asly 4o gt Sy il
a9 S = Oiete wdale Rl el cul s g sl o
Ol 5 (s imgid alols L)l e (tal8l o] o

395 S Ly ol o Cmgh) (ponl B a8 Sy oo Sl 4

9 =29 =5y 0590 Job (a3 L (ol (page ) pln
Gl 1y (3tagts Jlab giais iz ol s 3l
Sy-do (2loa plal St (359 il 4 oie o5 AR s
oligS yuizren 5 Loo ]38l 4y axg5 L .(Amiri et al., 2020)
g e liole wianl 4 clls &by ol 0,90 ad
Ao 50 g 4l alS oS fwgid mhu lpedy S p
o il o b e al pals s o Shee 0y
BN % EFOPL I S SN IRV S ATV
oeplS ouds gl s o, Sles lade S 0 g Al oo
Y¥ 49 oS &b o (Heydarzade et al., 2020) wb oo

=gy iy 2les g ol Gallae Ll s Jdoas ole (rage



DO 1. e o8 s kot 5 Sy 3ol 5 lio s 152 595ako 3 SIS 36 1 (i35l o ylKed 5 puto el

YUy il ,olie i o g wiS o Jldl |, S )
cge Al ogdle 1 ,5le il (aiaran 95, o0
oS gt o olS 0 JB9)IS 9 S g polie Sl
WS (oo 23 SISl g ol g i polie Gl
sy 3,8bee JLisay 5 4l ol ol S wl; wulys o

(Seyed Sharifi et al., 2016) Wb oo Sgup LS

3500 - a
3000
=
< 2500
[=11]
= 2000 4 d cd
© 75
5, |5 e
= 1500 - 15 +
& B
S 1000 - 15 b
e |5 be
S =
_ i
500 E 3
f s *
0 —— . T

GolislS 5 565 LSy, Sl wiile plee il collad
Seyed Sharifi & Namvar,) ails co e ol jo sl
I,050ke )18 a5 wlaid 5 ass ladsxe o yuizeon (2015
Sl Sl gl asile LS (slagygns98 oy 3k 5l
adgl ol o ol g o ol S ) a8l
(8 il > gy 5 Wid3 gl il o ) ol s

R Sena - None-applications of mycorrhiza

HSena - Applications of mycorrhiza

@ Bilehsawar - None-applications of mycorrhiza

HBilehsawar - Applications of mycorrhiza

OLocal accession - None-applications of mycorrhiza

NLocal accession - Applications of mycorrhiza

Fan i My My My

S R R R R g

ettt btdtdsd] o

January 28

Fe

bruary 12

February 27

OO 33 (a3 3 5hos (519 CoblS G, el 32 53 08 5 1325950 le S 0 2 aSilso dumg e~V S
Fig. 13- Interaction of mycorrhiza, cultivar and sowing date on biological yield in lentils
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At each planting date level, means with at least one common letter indicate no significant difference at the 5% probability level based
on the L.S.Means procedure.
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Introduction

Bean is one of the most important legumes worldwide for direct human consumption and it is a rich source of protein
and carbohydrates. Bean is weak in competing with weeds due to its slow growth during the early stages. Therefore,
competition with weeds causes a significant reduction in grain yield at the end of the growing season. Weeds and crops
are always competing for obtaining nutrients, water, light and space. Weed competition is a kind of nonliving stress,
which effect on plant yield. The photosynthetic capacity of plants depends on abiotic factors such as the quality and
quantity of light. Each of the photosynthetic pigments such as chlorophyll a, b and carotenoids absorb light at a
different wave length. The rate of photosynthesis and biomass production in plants is also largely dependent on the
chlorophyll content of leaves. The weed interference in the plant growth maybe caused a change in the content of
carotenoids and chlorophyll pigments in plant leaves. Pinto bean (Phaseolus vulgaris L.) cultivars, with different
morphological and genetic characteristics, show different responses in the presence of weeds, which may ultimately
result in possible difference in yield. Measurement of growth indices is necessary to study the competitive ability of
species during the growth period.

Materials and Methods

In order to investigate the effect of different chemical and non-chemical weed control managements on the yield of
determinate and indeterminate bean varieties, an experiment was conducted as factorial based on a randomized
complete block design with three replications. This field experiment was carried out in Behshahr, Mazandaran, in 2021.
The first factor was different weed control methods: application of trifluralin herbicide as pre-sowing 2.5 liters per
hectare; application of trifluralin herbicide 2.5 liters per hectare + one weeding; wheat mulch in the amount of two tons
per hectare; application of bentazon 50% of the recommended dose; application of bentazon 75% of the recommended
dose; application of bentazon 100% of the recommended dose; weed-free control and control with weed infestation and
the second factor includes bean cultivars: Negin variety (determinate growth type) and Sadri variety (indeterminate
growth type). Weeds were sampled at flowering and final harvesting stages, and weed species, density, and dry weight
of weeds were measured. Also, photosynthetic pigments and yield were investigated.

Results and Discussion

The results showed that weed species in the field were from 9 plant families and included 10 species. From the total
species observed in the field, 4 species have C4 photosynthetic pathway, 4 species have C; photosynthetic pathway and
one species has CAM photosynthetic pathway. The Amaranthus retroflexus L. and Portulaca oleracea L. species had
the highest frequency and Chrozophora tinctoria and Physalis alkekengi had the lowest frequency in the field. In all
three stages (21 days after planting, flowering and final harvesting stages), the highest density and dry weight of weeds
were observed in the control treatment without weeding, and among the weed management treatments, mulch and
bentazon 100% treatments caused a decrement in the density and dry weight of weeds in both Negin and Sadri cultivars.
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Based on the results, the highest chlorophyll a, b and total chlorophyll were observed in both Negin and Sadri cultivars
in the weed-free control treatment, and the lowest values were in the control treatment without Weedlng Also, the
control treatment without weedmg had the highest amount of carotenoids in Negin cultivar (0.41 mg.g™ fresh welghtl
and in Sadri cultivar (0.37 mg.g™ fresh weight), while the lowest ones in Negin and Sadri cultivar (0.29 and 0.28 mg.g
fresh weight, respectively) was observed in the weed-free control treatment. The highest seed yield of Negin and Sadri
cultivar (1957.11 and 2426.01 kg.ha™, respectively) were observed in the weed-free control treatment.

Conclusions
In general, it can be concluded that the Sadri cultivar with higher competitive ability has performed better against the
weed than the Negin cultivar. Among the weed management treatments, the non-chemical management of mulch and

the chemical treatment of bentazon 100% had better performance.

Keywords: Bentazon, Chlorophyll, Competition, Mulch
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Table 2- Weeds in the experimental field
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. Spl AL
Amaranthus retroflexus L. o Ady, wey gl Amaranthaceae Cy ok -
Broadleaf Annual
L Syl AL
Amaranthus blitoides L. odlgs g, 2 Amaranthaceae Cy r ok >
Broadleaf Annual
S SS,L b
Cyperus rotundus L. IS WP Cyperaceae Cs 2O,k w
Grassy weeds Perennial
. Spl aloas
Polygonum aviculare L. A Cas Polygonaceae Cs 2ok w
Broadleaf Perennial
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Chrozophora tinctoria L. 0y ieS Euphorbiaceae Cs sok -
Broadleaf Annual
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Tribulus terrestris L. S )5 Zygophylaceae Cs 2ok ]
Broadleaf Annual
. Spl JLS
Portulaca oleracea L. 48,5 Portulacaceae CAM r ok 3
Broadleaf Annual
Convolvulus arvensis L. S Convolvulacea Cs rok M
Broadleaf Perennial
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Echinochloa crus-galli L. By 9m Poaceae C, FRIR .
Grassy weeds Annual
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Physalis alkekengi L. 0y Gy Scuwg,e Solanaceae C; 2o )
Broadleaf Annual
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Table 3- Analysis of variance of the effects of weed management methods and growth type at weed density and weed dry
weight at flowering and harvesting stages
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Means of squares
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6 1500.19 1074.30 929.37 1008.21
Weed management (WM)
LSS e
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Growth type (GT)
WM x GT 6 232.38** 330.00** 113.43** 129.54**
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Error
16.37 12.86 17.60 13.61

CV (%)
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Table 4- The effect of weed management methods and growth type on weed density and weed dry weight at flowering and
harvesting stages

S sladide o1, i sbdide Sl ()9
. . (2270550 5 lusd) (&30 550 35 0,5)
Gy s dle Copoe Weed density (no.m?) Weed dry weight (g.m?)
Growth type Weed management 5 al> 5o il 3 al> o hs S 4l e Cild 1 alo o
Flowering Harvesting Flowering stage Harvesting
stage stage gstag stage
s
“’“J ”l""’_’ 18.40 & 29.6°¢ 21.76° 19.32°¢
Trifluralin
A ety 1.2° 21.40° 220" 11.96 ¢
Trifluralin + hand weeding
Sgacme 3, s gl 6.64° 732" 7.80° 6.60"
(5) Mulch
Determinate 222 00 Ogjl 25.32° 33.80° 20.00 ¢ 23.12°
growth Bentazon 50%
Negi YO ygilins
(Negin) H202 18 09 21.32 b 26.64 ¢ 18.48 ¢ 22.48°
Bentazon 75%
e O 12.00¢ 21.32°¢ 12.56 ¢ 10.92°¢
Bentazon 100%
(TS OIR R 61.32° 58.40° 30.48° 52.96°
Without weed control
e
Orlslie 16.00 ¢ 18.64° 17.16° 31.40%
Trifluralin
s g+l ygld 5 of 14.64 ¢ of 19.16f
Trifluralin + hand weeding
e 1.32° 54F 2.64° 8.48°¢
Sgaoals A Mulch
(5,32 222 00 0gjl 30.64° 26.00° 16.84° 33.56°
Indeterminate Bentazon 50%
i YO ygilins
growth (Sadri) w3 VO g5k 13.32 < 15.20 ¢ 13.00 ¢ 28.40°
Bentazon 75%
e 1Tt o9 12.00 ¢ 9.32°¢ 11.40¢ 25.48°
Bentazon 100%
OFTH 09k 22 33.32° 33.32° 25.04° 35.12°

Without weed control

* In each column, the presence of at least one similar letter indicates no significant difference
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Table 5- Variance analysis of the effects of weed management methods and growth type on photosynthetic pigments and yield
of pinto beans

Ola yo (52Skeo
Oy ol a9 Means of squares
’ of5T R R : P als o
SOV S ajagr bgar T e e
' Chlorophylla  Chlorophyll b Chlo:’)o?)hyll Carotenoid ¥ Seedield
S
* 2 0.00 0.00 0.00 0.00 67.40
Block
}]Q gjll; C“:’.ﬁu Kk Kk Kk * Kk
Weed management 7 0.72 0.30 1.42 0.05 14685.37
(WM)
3 1 0.57" 178" 0.34" 0.01" 28503.15™
Growth type (GT)
WM x GT 7 0.10™ 0.317 011" 0.05" 138.76"
Uas-
30 0.01 0.06 0.04 0.01 22.98
Error
(22,3) Syl o 2 2.69 11.93 3.39 14.21

CV (%)

BBl s oy S g i zokaw 5o o pixe BT Kl (o ey s g %
and ": Significant at 5% and 1% of probability levels, respectively.
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Introduction

The increasing demands for pulse crops and the lack of water resources in most parts of Iran, especially in dry areas,
need to employ new strategies to increase water productivity of pulse crops. One of the new methods in managing water
and soil resources is the use of zeolite as a storage tank, which prevents wastage and increases the efficiency of
irrigation water particularly in light soils. The purpose of this research was to determine the effect of different amounts
of zeolite and irrigation interval on growth and yield indices in Pak cultivar of white beans (Phaseolus vulgaris L.).

Materials and Methods

This research was conducted in order to investigate the effect of different amounts of zeolite and irrigation interval on
the growth and grain yield in Pak cultivar of white bean (Phaseolus vulgaris L.), in a split plot design based on
randomized complete block design with three replications in a farm located in the bojnord city - north Khorasan in the
agronomic year 2023-2024. The study factors mcluded 7, 10 and 13 days irrigation interval in the main plot and three
levels of zeolite in the soil (0 (no use), 5 and 10 t.ha™) in the sub plots. Data were analyzed using SAS 9.4 statistical
package and figures were drawn by Excel program. Mean comparison were arranged by least significant differences in
the 95% probability.

Results and Discussion

The results revealed that the white bean plants attained their shortest helght across all three irrigation levels when
zeolite was not applied in the plots. Conversely, when a zeolite level of 10 t. ha™ was introduced, there was an observed
increase of 18.15% in the number of nodes per plant compared to scenarios where no zeolite was utilized. The highest
level of zeolite consumption caused an increase of 13. 88% in the seed weight compared to the level of no zeolite
consumption. The hlghest seed yield of 4651.5 kg.ha'was recorded in the 7 day irrigation interval and zeolite
consumption of 10 tha The lowest amount of electrolyte leakage related to irrigation interval of 10 and 7 days and
consumption of 10 t. ha™ of zeolite was 14.8 and 12.34%, respectively. The consumption of 10 t. ha™ of zeolite caused a
21% increase in protein compared to the non-use of zeolite in white beans, and with the increase of the irrigation
frequency from 7 to 10 days, although the amount of seed protein decreased, it did not have a significant difference with
the level of irrigation once every 7 days. And when the irrigation cycle reached once every 13 days, the amount of seed
protein decreased significantly by 6.8% compared to the irrigation cycle once every 7 days. It was also found that the
addition of 10 tons of zeolite per hectare to the soil caused a 41.5% decrease in the amount of proline in white bean
leaves compared to the absence of zeolite. In this research, it was found t.hat the level of 10 t.ha™ the highest biological
yield of 13475 kg.ha™ recorded and it increased by 29.2% compared to the no zeolite consumption. By reducing the
irrigation interval to 10 and 7 days, with the increase of zeolite consumption, the harvest index increased, and in the
meantime, the highest index related to the irrigation cycle of 7 days and zeolite consumption of 10 tons was 35.5%.

Conclusions
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Based on the obtained results, it can be concluded that water stress resulted in a reduction in the growth characteristics
and overall performance of white bean plants. The lowest values of parameters calculated in this research were observed
at the level of no zeolite consumption and irrigation cycle of 13 days, and their highest values were observed at the level
of zeolite of 10 t.ha™ and irrigation cycle of 7 days, which shows that Zeolite, help more water absorption and water
return when the plant needs water, and increase the growth of different plant tissues and production of more products.
Overall, it can be inferred that applying zeolite at a rate of 10 t.ha™, particularly in conjunction with a 7-day irrigation
cycle, can optimize the yield and growth characteristics of white beans, specifically the Pak cultivar. However, we
recommend further investigation into higher levels of zeolite application across various soil textures to enhance our
understanding and refine cultivation practices.
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Table 1- Soil and water characteristics of the area before the experiment

S
Soil
T s ot S S MO S| PIC IR Yo /JH FEHW
Clay Silt Sand K p 2
Texture N (% O.C (% EC (dS.m H
(%) (%) (%) (ppm) _ (ppm) o) o) (@smy P
! 26 50 24 225 3.60 0.056 0.757 1.26 7.87
Loam
o
Water
(020 + oS 20w wlbey o Syl colus s dgunl PEURRUINE QLW
Ca+ Mg (g.I'Y) Na (g.I'"h HCO; (g.1) EC (mS.cm™) pH S.A.R

0.022 0.014 0.015 1076 7.33 111
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Table 2- Variance analysis of irrigation intervals and zeolite on growth and yield performance of Navy bean

oyl g ax)® oo Gl piigy  aig gl o F olaw Aig i ()9 Ay 0y90 Job
SO Vv ) sl Pr:)Iir;;e Seed Plant Number Plant dry Length of
T d.f protein height of nodes weight growth period
Sk 2 2.323™ 2.553™ 12.03™ 3.37™ 21.36™ 12.44"™
Block
“99,55 2 125.9" 36.38" 678.03**  28.48* 119.3%* 4.111ns
Zeolite
6{9' )9 2 8.186™ 17.18" 72.14* 97.14%* 122.31%* 96.44**
Irrigation
gy x skl e
7T S 0.723"  0.892" 93.70**  2.87ns 1.815ns 0.555ns
Zeolite x irrigation
e 16 0.878 3.93 14.57 4,78 10.79 8.77
Error
1) Sl ks g
) Sl o2 - 6.65 9.40 5.34 12.28 9.06 3.50
C.V (%)
o, S g gy Jliol mhaw jo I e lo pae e (oS Sy g % NS

ns, * and **: are non-significant, significant at the 5% and 1% probability levels, respectively
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Table 2- Variance analysis of irrigation intervals and zeolite on growth and yield performance of Navy bean, continued
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SOV ¢! Number  Numberof  100- “l o
ULV . . Biological Harvest Electrolyte
d.f of pods seeds per grain  Seed yield - -
: yield index leakage
per plant plant weight
<k 2 1445™ 5.25® 0250 57227  3333433°  1528™  0.607"
Block
‘”9_35 2 36482** 354.8**  30.48" 3112586~ 377311037 168.12" = 66.49"
Zeolite
@_lﬁ*' )9 2 40285** 640.3**  43.81" 8245139 12943719 105.14" = 66.58™
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v‘-‘-ljj) x LS)L.‘.'.‘—‘ 092 ns s ns ok *
e i 4 695.2ns 49.82* 1.592 391568 134005 56.23 7.002
Irrigation x zeolite
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Error
) Sl 2 - 1154 9.52 11.54 3.75 10.47 8.43

C.V (%)

Aoy Sy g do,o gy Jliol maw jo o Jse )l Je e oS Sy kg % NS
ns, * and **: are non-significant, significant at the 5% and 1% probability levels, respectively
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Fig. 1- Interaction effect of irrigation interval and zeolite on plant height of Navy bean
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Introduction

The highest concentration of protein is found in plant-based sources, whereas animal protein production tends to be
more challenging and costly compared to plant-derived proteins. Within plant sources, legumes emerge as a primary
reservoir of protein. A notable proportion of protein compounds within legumes boast relatively high nutritional value.
The amount of protein in most plants of the legume family, including beans, is reported between 18 and 32%. guar or
cluster bean (Cyampsis tetragonoloba (L.) Taub.) is an annual plant from the legume family, which is cultivated in dry
plains as an alternative crop due to its high tolerance to drought and salt conditions. This plant, like most legumes, is
important in the balance of soil mineral elements in agricultural systems due to its ability to symbiosis with nitrogen-
fixing bacteria. Planting date and optimal plant density are two effective factors to achieve the potential performance of
plants. Considering the importance of guar as an edible, industrial, fodder and medicinal product, it seems necessary to
conduct research on the growth response of this plant to management factors, especially the date and density of plant
planting. The present study was conducted with the aim of investigating the effect of planting date and row spacing on
guar plant as an alternative plant for the climatic conditions of southern Kerman and other similar climates, in order to
achieve the highest yield and grain quality.

Materials and Methods

The experiment was carried out as split plots based on the completely randomized blocks design with three replications
in the research farm of South Kerman Agricultural and Natural Resources Research and Education Center (Jiroft) in two
years 2018-2019. Jiroft region has a latitude of 57 degrees and 32 minutes north and a longitude of 28 minutes and 32
degrees east and is located at an altitude of 628 meters above sea level. The experimental treatments include planting
date as the main factor in six levels (10 and 25 May, 9 and 24 June, 9 and 24 July) and seed planting intervals as
secondary factors in four levels (20, 30, 40 and 50 cm).

Results and Discussion

The results showed that the maximum dry weight of leaves and stems, the number of leaves in the secondary stem, the
height of the plant and the length of the pod were observed on the date of 24 June and the row spacing was 50 cm, and
in all planting dates, increasing the row spacing led to an increase in the mentioned traits. The comparative analysis of
average planting dates reveals that the highest metrics were achieved on June 9th. This includes a 43% increase in the
number of pods per plant, a 23% increase in the number of grains per pod, a 66% increase in biological yield, a 45%
increase in grain yield, and an 18% increase in harvest index. The highest leaf surface index (15%) and number of
leaves in the main stem (91%) was observed on the 24 June. In general, with the delay in planting after early June (9
June) to late June (24 June), the yield and yield components of guar gradually decreased and reached the lowest value.
The results comparing the mean effect of row spacing showed the highest number of pod per plant and seeds per pod at
50 cm row spacing, but the highest grain yield was obtained at 30 and 40 cm row spacing.
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Conclusions

In general, among the planting dates, guar planting in June to early July in Jiroft region is the best planting date. While,
early planting (May) and late planting (late July) were not favorable for guar and led to a decrease in plant yield.
Therefore, in order to obtain the best yield and agronomic characteristics of guar plant in the south of Kerman province
and similar conditions, it is recommended to cultivate this plant from early June to early July and at a row distance of 30
to 40 cm, because in the mentioned dates and row spacing, the plant makes the best use of environmental factors and
with the reduction of competition between the plants, its performance and components increase Because.

Keywords: Biological and grain yield, Guar, Harvest index, Leaf Area Index, Number of pod, Thousand grain weight
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Fig. 1- The interaction of planting date in spacing row on plant height of guar
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Different alphabet in each column indicates significant difference at p<0.05 based on Duncan Test
(D1, D2, D3, D4: 10" and 25" May, 9" and 24" June, 9" and 24™ Juy, :20, 30, 40 and 50cm)
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Table 4- The mean comparisons of experimental year on agronomical and yield traits of guar
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Different alphabet in each column indicates significant difference at p<0.05 based on Duncan Test
(D1, D2, D3, D4: 10" and 25" May, 9" and 24" June, 9" and 24" Juy, :20, 30, 40 and 50cm)
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Table 5- The mean comparisons of planting date on agronomical and yield traits of guar

o Bl 5 slass sls e olawy ailo sl S ySlos S ySlos L™
cubls _é?.)b Lol e Ag 40 ) &l ) oo g
Planting ; Number  Number Seed Biological ~ Harvest
date Number of leaves  Leaf area - - -
. . . of pod per of seed yield yield index
in primary stem index 1 1
plant per pod  (kg.ha™) (kg.ha™) (%)
S M ~-~°)1‘0Y’ 14.5° 3.59° 41.0° 5.0% 2409.0°  7453.0% 32.3
ay-
é‘;f f’)ZL;’ 18.2% 3.83° 46.4% 5.1% 2786.0°  8809.0% 31.9%
ay-
°J'°)" \; 21.3%® 4.09° 51.3% 5.3 3373.0°  10129.0° 33.4°
une-
Jﬁ‘ “‘2““1 22.0° 4.12 45.4" 4.9%® 2645.0°  9107.0° 29.1%°
une-
Jf“l \g 16.7% 3.78° 415" 4.7% 2318.0° 7541.0™ 30.7%¢
uly-
3“"‘ f;: 11.5¢ 3.14¢ 35.9¢ 4.3° 1717.0°  6109.0° 28.2°
uly-

Al e S s3] Gelusl o pd gy Jleisl o 55 lo cixe B snimo L (gt o 10 ailie o8 By >
* Different alphabet in each column indicates significant difference at p<0.05 based on Duncan Test
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Table 6- The mean comparisons of row spacing on agronomical and yield traits of guar
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* Different alphabet in each column indicates significant difference at p<0.05 based on Duncan Test
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Different alphabet in each column indicate significant difference at p<0.05 based on Duncan Test

(D1: 10" May, D2: 25" May, D3: 9" June, D4: 24" June, D5: 9" Juy, D6: 24" Juy, R1: 20 cm, R2: 30 cm, R3: 40 cm and R4: 50 cm)
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Different alphabet in each column indicate significant difference at p<0.05 based on Duncan Test.

(D1: 10" May, D2: 25" May, D3: 9" June, D4: 24" June, D5: 9" Juy, D6: 24™ Juy, R1: 20 cm, R2: 30 cm, R3: 40 cm and R4: 50 cm)
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Different alphabet in each column indicate significant difference at p<0.05 based on Duncan Test
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Table 8- Corrolation between studied traits
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y1l Y12 VY13
1 1
2 0677 1
3 0457 0677 1
4 058" 0607 0677 1
5 093" 0527 0257 0457 1
6 0437 0547 065 0497 0.09™ 1
7 0567 038" 0427 0557 0537 0237 1
8 -0.04™ -034" -0.24™ -016™ 0.01™ -017" -0.06" 1
9 0.06™ 0397 045" 0297 -01™ 0427 0.08™ 0.14" 1
10 0.01™ 01™ 017" 0.1™  -0.08® 0.2 0.06™ 0.05® 0.6 1
1 -0.07" 0.16 0.1" 01™ -017° 016" 001™ 019" 07" 067 1
12 0.03™ 0307 035" 0247 -011"™ 0377 -0.03" 0.16" 087" 06" 07" 1
13 -009™ 019" 023" 019" -027 0247 -007" 014™ 075" 06~ 08" 082" 1

oo 5 do 0 SO g iy Jleiml mhaw jo jlo pixe oS 4y :nsj’“‘s‘

ns: Non-significant, *and **: Significant at 0.05 and 0.01 probability, respectively
el g gy glas )| Y7 cils y aslis (Yg o ciag ) o Slos (Y5 cals 50 (55 1Y 4 B [0 ails slawd (Y3 calgy j0 BME slaws (Y wails o Sles 1Y
sl Ses 399 Y13 “5).3 S 09 Yo ‘é_c)s a8l sfﬁ slaxs 1Yy ‘le.pl aélwy jﬂ olass :Yqg e Js.b Yo ‘Sﬁ C‘Ia""
Y,: Seed yield, Y,: Number of pod per pelant, Y3: Number grain per pod, Y,: 1000-grain weight, Ys: Biological yield, Yg: Harvest
index, Y7: Plant height, Yg: Leaf area indeX, Yq: Pod length, Y10: Number of leaves per primary stem, Y;: Number of leaves per
scondary stem, Y,: Dry weight of leaf, Y3: Dry weight of stem
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Introduction

Beans are one of the cheap and important sources of high-quality vegetable protein, which is present in the diet of many
people in developing countries and completes the cereal protein. Bean seeds have almost as much energy per unit
weight as cereal seeds, and their protein content varies from 20-25% (about twice that of cereal). With 8-14% protein
content, bean straw is very suitable fodder for livestock. The production of vegetable protein of grains has several
advantages over animal protein in terms of cost and consumer health. Among other features of this plant, we can point
to the ability to coexist with air nitrogen-fixing bacteria and their role in productivity, as well as strengthening and
improving the physical properties of the soil. Through the ability of nitrogen fixation in these plants, placing them in
rotation helps the stability of agricultural systems. At present, the largest area of bean cultivation is in the form of
traditional cultivation and bean irrigation is also in the form of flooding. In this production method, more than 15,000
cubic meters of water is consumed. This amount of water consumption, along with the lack of proper productivity of
other factors in production, has caused beans to be one of the least efficient products in terms of water consumption
efficiency.

Materials and Methods

In order to investigate the effect of four irrigation methods on the damage of weeds, two-spotted spider mite
(Tetranychus urticae Koch) and bacterial blight disease in chitti bean (Phaseolus vulgaris L.), a research study was
conducted in 2022 and 2023 at the Bean Research and Education Center in Khomein, Iran. Despite employing a field
with uniform conditions, the study was designed as a multi-location (regional) experiment using a randomized complete
block design with three replications. The irrigation methods were categorized into four treatment levels: classical
sprinkler irrigation, New-fit sprinkler irrigation, rain flat irrigation, and drip tape irrigation. Different types of chitti
bean cultivars with three growth habits were randomly sown in these locations.

Results and Discussion
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The experimental results showed that the irrigation method had a significant effect on seed germination percentage and
bean plant height. The highest and lowest seed germination percentage and plant height were associated with drip tape
irrigation and classical sprinkler irrigation, respectively. Also, the type of irrigation significantly impacted weed
density, total biomass of weeds, the intensity of two spotted spider mite infestation, and bacterial blight disease. The
highest weed density and biomass were observed in the New-fit and classical sprinkler irrigation methods, and the
classical sprinkler irrigation exhibited the highest incidence of bacterial blight disease, too. Conversely, the lowest
values for these parameters were obtained with the drip tape irrigation method. However, the highest damage caused by
two spotted spider mite was observed in the drip tape irrigation method, while the lowest damage by two spotted spider
mite was present in the classical sprinkler irrigation method. Furthermoreb both irrigation method and bean cultivar
significantly affected bean grain yleld The highest grain yield (293.6 g.m™) was associated with drip tape irrigation,
while the lowest yield (225.4 g.m" %) was observed |n the classical sprinkler irrigation treatment. Among the different
bean cultivars, the highest grain yield (274.1 g.m?) was obtained from the Kousha cultivar. One of the important
solutions in achieving the goals of reducing water consumption and increasing the efficiency of water consumption in
bean cultivation is the implementation of pressurized irrigation instead of conventional cultivation. Pressure irrigation
methods in planting beans reduce water consumption to a great extent and increase the efficiency of water consumption.
The two main methods of irrigation under pressure in the country are the drip tape method and the fixed classical
sprinkler with a movable sprinkler, each of which has its own advantages and disadvantages. In addition to the positive
aspects of increasing yield, drip tape irrigation method in bean planting will help to further reduce water consumption.

Conclusions

In general, the experiment results demonstrated that drip tape irrigation not only increased seed germination percentage
and plant height in different bean cultivars, but also led to higher grain yield compared to other irrigation methods.
Additionally, the presence of weeds and bacterial blight disease were reduced in the drip tape irrigation method.

Keywords: Bean, Grain yield, Irrigation, Two spotted spider mite, Weed
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Table 2- Mean squares of growth characteristics and yield in different irrigation methods of chitti bean

PO s L;J
Sy gl P AT X TIVER N
S.0.V. d.f Germination Biologic yield Seed yield cwlor
percentage HI
L . - ox
J 1 3204.00 310472.00 38023.63 2.00"™
Year
) ?J A% 4 85.22 20998.43 1340.93 19.59
Replication (R) X year (Y)
Lo.)] Kk *k ok
o= 3 2486.77 66598.76 14774.43 23.46™
Irrigation
X 1 o
JL“I y ‘f{’w 3 17750 1541.22" 44,56 0.29
Lo X o,lol s )55
J el 15 12 44,59 906.18 474.98 14.57
RXIXY
~ 2 11.34™ 14659.06™ 9040.90™ 71.97"
Cultivar (C)
%
Jb et 6 11.34™ 36.17" 18.13" 0.35™
CXY
5, X oL
“’S)I N Gc) 2 3.28"™ 2164.43™ 1422.17™ 23.63™
Ju X, X sl 6 3.28" 19.39™ 319" 0.09"
I XC XY ' ' ' '
bl sl 32 28.23 2246.63 628.02 12.94
Error
T e 6.72 6.08 9.72 10.87
C.V.

Aoy S gty gaw 0 (51 sixe g (6,18 fre juf eims LS oS Sy ek g 3 NS
ns, *, **: non-significant and significant at 5% and 1% probability level, respectively
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Table 3- Mean comparison the effect of year on growth characteristics and yield of chitti bean

cultivars
Jw & ysle S5 g 0 ySlos Al 8 Slos Cllo y Ll
Year  Germination (%)  Biologic yield (g.m?)  Seed yield (g.m™) HI (%)
2022 72.3" 712.7° 234.7° 33.0°
2023 85.7° 844.0° 280.6° 33.2°

Wb go b jlows Sl g B oasolis g jo 40 lie f Bgy
* Non-similar letters indicate significant difference between the treatments

Szl pB,1 0, Khos g gy G S513 2 Syl HT aSileo dumslio -F Jgu
Table 4- Mean comparison the effect of irrigation on growth characteristics and yield of chitti
bean cultivars

- L5
;S’l_ﬁ‘ ‘f“” oidle> S elaw 0 Slos &ils o Slos ua"
rrigation L o . L. 2 . 2 s
method Germination (%) Biologic yield (g.m™)  Seed yield (g.m™) HI (%)

fo la *

‘% n 93.1° 856.4° 296.9° 34.8°
Drip tape

o 82.8" 784.1° 256.7° 32.7°
Rain flat

Sos 74.6° 763.5° 248.4° 32.5°

New-fit sprinkler

. b . 65.5° 709.4° 228.7° 32.4°
Classical sprinkler

Al oo B lowd Sl Sre BB onsolid st 2 50 dliie e Bgy
* Non-similar letters indicate significant difference between the treatments

Fezleg) pl)l o )Shos 9 g SS9 2 08 F el s lio -0 Jgux
Table 5- Mean comparison the effect of cultivar on growth characteristics and yield of chitti bean

cultivars
P Siailg> SO 59l gw 8 Slos &ils 8 ySlos o g Ll
Cultivar Germination (%) Biologic yield (g.m™) Seed yield (g.m™) HI (%)
KS21492 79.7% 772.2° 262.6° 34.1°
L.;.J
s 79.0% 805.6° 274.1% 34.1°
Kousha
Lo
e 78.3° 757.3° 236.3° 311
Saleh
Wil ge blows Sl pre BB oasmolis st 1o 50 aliiejf By
* Non-similar letters indicate significant difference between the treatments
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Table 6- Mean squares of weed characteristics and damage score of two spotted spider mite and blight disease in
different irrigation methods of chitti bean

T 3 O
i o a2 WS cdl Oyl oy Sslow sl 0 503 ”Sf‘ e
SO V. 93T Damage score of two LS S g et e
T d.f spotted spider mite  pamage score of blight disease Weed Weed
density biomass
Ju 1 272" 11.68™ 1.68" 264.50™
Year
X 5 * sk ke
) fjl‘“ A 4 0.01" 0.51 2.93 163.72
Replication (R) X year (Y)
) 6’%"' 3 4.06™ 7.68" 5250  2330.02"
Irrigation (1)
X 1 s
Jbo X sl 3 0.35" 4.79 0.24" 9.50"
| XY
X TX 1SS
Jlo sl XIS 12 0.19 0.28 0.42 26.25
RXIXY
~ 2 1.85™ 0.10" 3.60™ 105.06"
Cultivar (C)
% s
Jbe X 6 0.01™ 0.40™ 0.01™ 0.50™
CXY
. .
= % Sk 2 007" 004" 008 735
I X C
X 5, X 1
Jbo X X sk 6 0.09™ 0.04™ 0.01™ 0.50™
| XCXY
bl sl 32 0.21 0.12 0.34 26.72
Error
Sl o2 22,50 21.51 10.88 10.83
C.V.

Qo0 G gz gaw )0 (50 s g (6,18 S e o lis ol Sy # NS
ns, *, **: non-significant and significant at 5 and 1 percent probability level, respectively

SUFSL (i g g ylons 9 45 ST @l 0505 9 5 pile (b g 3 b Fl il dumnliio -V Jgur
Table 7- Mean comparison the effect of year on weed characteristics and damage score of two spotted spider
mite and blight disease of chitti bean

Jlo as el ojlus opei (b SL (S sw Gilow wylus opei Gyadile (51 el 009 )

Year Damage score of two Damage score of Weed density Weed biomass
spotted spider mite blight disease (per m?) (g.m?

2022 2.7 1.2° 5.2° 45.8°

2023 1.8 2.0° 5.5° 49.6°

Ailge oyl oy jlo sme B oaimsylias bt e By o
Non-similar letters indicate significant difference between the treatments
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Fig. 2- Damage score of two spotted spider mite in different irrigation methods of chitti bean
Al e bjled oy o dme BT oaimsylis asline e By >
Non-similar letters indicate significant difference between the treatments
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Fig. 3- Damage score of two spotted spider mite in different cultivars of chitti bean
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Non-similar letters indicate significant difference between the treatments
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Fig. 4- Damage score of blight disease in different irrigation methods of chitti bean
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Non-similar letters indicate significant difference between the treatments
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Fig. 5- Damage score of blight disease in different cultivars of chitti bean
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Non-similar letters indicate significant difference between the treatments
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Fig. 6- Amount of weed density in different irrigation methods of chitti bean
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Non-similar letters indicate significant difference between the treatments
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Fig. 7- Amount of weed density in different cultivars of chitti bean
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Non-similar letters indicate significant difference between the treatments
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Fig. 8- Amount of weed biomass in different irrigation methods of chitti bean
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Fig. 9- Amount of weed biomass in different cultivars of chitti bean
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Non-similar letters indicate significant difference between the treatments
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