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Fig. 1. Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air temperatures
(Tmin and Tmayx, respectively) and relative humidity (RH) during 2019- 2020 growing season
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Table 1. Physical and chemical characteristics of the soil in 0-30 cm depth
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Table 2. Analysis of variance for the effect of irrigation regime, cropping system and fertilizer system on pod No. plant
! grain No. pod?, grain weight, biological yield, harvest index and grain yield of chickpea
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Irrigation regime (Ir)
(&) (slb= 2 14.45 0.02 122.13 743992.71 61.00 247458
Error (a)
il 665l
Cropping system 1 88.89" 0.07" 180.9™ 500674.17™ 378.30" 1764912™
(Cs)
6‘355 Aol
Fertilizer system 2 19.63" 0.31" 1636.3™ 2868324.83™ 1061.30™ 5315787
(Fs)
Ir x Cs 1 151.16™ 0.00002"™ 265.14™ 2864274.17™ 294.12™ 2404050
Ir x Fs 2 7.06™ 0.14™ 636.04™ 690479.03™ 259.84™ 758100™
Cs x Fs 2 23.87™ 0.03™ 320.41" 1288717.09" 62.81™ 1044909™
Irx Cs x Fs 2 23.87™ 0.0004™ 18.97™ 202426.94™ 1.21m™ 14493™
o) slas
s 20 13.86 0.01 75.16 238852.82 8.57 29690
Error (b)
R
(1)) Sl e 2 14.21 11.63 4.14 8.42 6.82 6.67
CVE (%)

SlysS cp £ 160 sir0 i NS w0 )0 Sy g oo iy Jlail mhas 0 (5l sime i 5y FF 5

*and **: significant at the 5% and 1% probability levels, respectively. ns: Non significant; €: Coefficient of variation

3950 il & YKo § bl (S Ll 0097 o § O Ko digy 40 IIE Sluwd p ClblS (oKl x (g5l 135y iiSoR 3 ST -T o
Table 3. Effects of Ir x Cs interaction on pod No. plant?, biological yield, harvest index and grain yield of chickpea
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Aigy yo BIE olawy 3 _
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1 Biological yield Harvest index Grain yield
Ir x Cs Pod No. plant (kg ha ) (%) (kg ha))
A 2 *30.5° 6872° 4760 3266°
wollae Sole cropping
Dalies ot
Normal sle wi8 29.5% 6543° 48.3° 3193
Intercropping
) oAl a8 18.7° 4504° 31.8° 1456°
& s Sole cropping
Water stress sle 25 25.9° 5304° 44.0° 2416"

Intercropping
5,15 )0 0 Jlazsl e 0 (s,ls sime Sglis (LSD) lo tae By 168 (5051 ol 32 i 2 50 alie gy b (slagySiliost
* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
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Table 4. Effects of Ir x Fs interaction on grain No. pod™, grain weight, biological yield, harvest index and grain yield of

chickpea
30 &ils sy wls 439 0395 Sy j O ySlos Clld p el &ils 5 ySlos
IrxFs L (p 5 o) (LSS 2 0,5 9lS) (w0)2) (LS 5 0,5 5LS)
. 1 Grain weight Biological yield Harvest index Grain yield
Grain No. pod (mg) (kg ha) (%) (kg ha’)
« £
g; N *1.207 21550 6435 4250 2748°
emica
s
e B 1.30° 222.8% 6999° 50.72 35432
Normal Integrated
" ¥
‘5“"“. 1.29° 223.42 6689° 50.8° 33972
Organic
« £
i 0.71° 176.3¢ 4083¢ 21.7¢ 882¢
Chemical
ol (oAt 1.19° 209.6° 54020 44,9 2449°
Water stress Integrated
" ¥
= 1.18 208.6° 5227° 47.1° 2477¢
Organic

LS (a0 oSS VO 5 Sl yad 0 FelS B0 ) oleand 555 £ 05l o )0 0 Jlail s 10 (g b0 sime Dglis (LSD) o sixe B 1y 268 503l ull gt o 50 asliie By b (sl Sibis 3
055 S0 5 F0) (Gt 055 ¥ (ethooy o sl 5 tos 8 olisesdses Slas rSL b el + S8 (sathusS 355 5 Vg LSl )59 0 S PS VO LS i 0,55l T (Rdls 055 £E
(bl sl semss ] § iyl olipogges Sos 7S b il «satinnsS
* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test. £: Chemical (50 kg P ha* and 150 kg N ha),
££: Integrated (25 kg P ha'%, 75 kg N ha' and 20 tons ha'* of sheep manure + inoculation with Pseudomonas fluorescens and Azospirillum brasilense), ¥: Organic (40 tons
ha* of sheep manure + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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Slosd 3 ol odaliive o by e cunS Lylyh )5 alls Sy S8 e sy sledd 5o b S e slas ST
6095 alolw ;5 5955 ails o Shee o yilin cbglie cuiS 5 =l o llb e ol i Sie alpla 5 bady,
5y I 5o cpl el Cawsds (LS p 0,5 olS YFY ) il 0y Shas Cosgamae dlex 5l ol (5 05 sladsly rals
(LS 0,5 el S YYAY) i Jlows j0 0950 0, Slec by aS A o) Hlend jo (lo 05 8ezg Bk 5l el sl asls
O, Slas San g stetl o ol cilas (g lo g OS] Sly ssler Ll i olou) amis jo g i JI55 oloul ddawly
4o g losine sebodr (liend 095 jless 4 S | 0950 il Slyaopg S gie Glyieds Grizmen g a1 (ol cudlad
O Jgo>) assls Liali8l oo )0 FAID 9 0« oylie 0 a5 Lodis, o, ;o g mSb caie &l 31 il e Ll 6l 0
CeiS 0 olbead 555 salavly ails o Slee pliny ol o Al ool Glgeas als 055 copl 5 ogdle .ol o
3 s solaiwl 4 les so 1) Al S @ Cannd bgle l, = i Ol g oas S o Ol ()l eublE ol58l
oL 4 o ol 6y 9 At 5 olS Lasgs (g 550 065 (Singhetal., 2011) was o ualS g 2SL 5 oLS (6l
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555) inil ass 3l oolitusl el oLss (Abbo, 2001
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Ll 8 50 (680 L il + (ol 955) (s 9 (5
adox 515l 0 )9 polie ailsi oo bl 5 (AllS i
Sy Jab b pla o g aial jsbas | i 5 59,5
(Barker, 2016) aas 41,8 0450 oL ,Lus]

Srby golyj jlade o 39y 355 4 olS (nl Lo sl
oy Jad gl jo (595 955 (o5 Slake 4 Lo g 090 g0
5555 23,15 5 (50 008 ot (sla, oSt b
Lot 5o 035 o5 sk VF - b Wlgige o) Jad 2 5o
PSS P LY s wjlae ;35T 0 am ST ass cos
Rupela & Saxena, ) .cowl oai i,)155 LiSa jo (g 5

1987; Herridge et al., 1995; Marcellos et al., 1998;
Pilbeam et al., 1998; Carranca et al., 1999; Kumar &
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Table 5. Effect of Cs x Fs interaction on grain weight, biological yield, harvest index and grain yield of chickpea

als 439 0095 Cmnd § O ySlos Clold p el 4ils o Slos
Cs x Fs (55 o) (LSe35 p,55ls) (o)) OUSe 0,5 5lS)
Grain weight Biological yield Harvest index Grain yield
(mg) (kg ha) (%) (kg ha!)
£
il 199.7¢ 5502¢ 31.5¢ 1932°
Chemical
ol “““5 hib 211.0 5804 43.4° 25720
Sole cropping Integrated
) 210.8° 5758 44.2° 2581°
Organic
£
il 192.2¢ 5016¢ 32.7° 1698¢
Chemical
Lyl “‘“5 i 221.5% 65972 52.2% 3420°
Inter cropping Integrated
) 221.3% 6158 53.72 32942
Organic

0595 p S eSO 5 iSe s b o FelS D) sliend 055 £ L0505 o )3 0 Jlaisl mlaw 13 (5 b e Sglis (LSD) ls sixe B 1y 268 y50i] ulsl 1 gt 8 50 aliie g b sl Silis 3
055 (5 F0) tawsj 055 ¥ ¢ (il ool s g oy sl ulizagosms Slas 2L b el + SR (aihsS 055 (5 Vo 5 S 2 (5550 )T 5heS VO Se s yhed ) S5LS YO) hdls o055 £E L (1S
(sl 5l pgers 5 ooy 3l8 lizagoges S5 7S b el « S 5y (GakhnssS

* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test. £: Chemical (50 kg P ha* and 150 kg N ha

1), ££: Integrated (25 kg P ha, 75 kg N ha' and 20 tons ha* of sheep manure + inoculation with Pseudomonas fluorescens and Azospirillum brasilense), ¥: Organic
(40 tons sheep manure ha* + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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Table 6. Analysis of variance for the effect of irrigation regime and fertilizer system on
LERCchickpea aNd LERotal in chickpea-triticale intercropping
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*

*and **: significant at the 5% and 1% probability levels, respectively. ns: Non significant; €: Coefficient of variation
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Table 7. Effects of irrigation regime and fertilizer system on LERchickpea and

LERotal
Ol po (ko
Mean of squares
RIS R
(LER)
slos Sg5u z
Treatment chickpea Total
kel w5,
Irrigation regime (Ir)
N *0.49° 1.07°
Normal
! 0.81° 1628
Water stress
5595 ailalus
Fertilizer system (Fs)
a2 £
b 0.56° 1.28°
Chemical
L EE
B 0.712 1.412
Integrated
. ¥
&) 0.68° 1.35°
Organic

£ .05,l0 0o i Jlil mhaa 58 (5 )ls e Dglas «(LSD) Sosire B oy 28 03] Gulul s (gt o 50 alie By > b sla . Sile
2 0357 5k VO LSy 5ad o S5lS Y0) (Rl 255 £E (LS (5553 )75k 10+ 5 S8 1 i )55 0) (oo 055
kS 355 5 ¥ ) (s 395 H (bl gl iyl 5 i3l oligagises Slois S b gl S (saihasS 055 (5 V5 LS
(il sl poeressj 5 iyl olipogoges Slois 7S L el LS 5
* Means in each column followed by the same letters are not significantly different at 5% probability level using
LSD test. £: Chemical (50 kg P ha-1 and 150 kg N ha-1), ££: Integrated (25 kg P ha-1, 75 kg N ha-1 and 20 tons
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tons sheep manure ha-1 + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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Introduction

Water stress and nitrogen (N) excess or defficiency are the major problems and the main cause of yield
and yield components reduction as compared to other non-biological stresses (Barati & Bijanzadeh, 2020) in
crop productions of arid areas. Organic farming is proposed as a solution for above problems. This farming
system reduce using of chemical inputs and irrigation water use. The utilization of free aerobic bacteria, such
as Azospirillum brasilense, in organic farming practices offers the potential to reduce the need for nitrogen
fertilizer by harnessing the ability of these bacteria to stabilize atmospheric nitrogen (N2). Similarly, the
application of Pseudomonas fluorescens can enhance the availability of soluble phosphorus in the soail,
benefiting plant growth and nutrient uptake. In addition, intercropping is recommended as a strategy to
enhance biodiversity in organic farming systems. This approach can alleviate water and nutrient stresses by
reducing competition among plants for these resources in the soil. However, there is a lack of information
regarding the interaction between organic fertilizer and the triticale-chickpea intercropping system in
mitigating the detrimental effects of water stress on chickpea. To address this knowledge gap, the present
study was conducted in the arid region of Darab, located in the Fars province of southern Iran. Therefore,
this study was aimed to investigate the interaction effect of different fertilizer systems (chemical, Integrated
and biological) and different irrigation regimes on the yield and yield components of chickpea in sole and
intercropping of chickpea-triticale, in an arid area of southern Iran (Fars province - Darab).

Materials and Methods

This experiment was performed as a split factorial on a randomized complete block design with three
replications in the research farm of Darab Faculty of Agriculture and Natural Resources - Shiraz University
in the 2019-2020 growing season. Experimental treatments included two levels of irrigation (Ir) [Normal
(IRn): irrigation based on the plant water requirement and water stress (WS): irrigation based on the plant
water requirement up to the flowering stage] as the main factor. Sub-factors included three sources of
fertilizer system (Fs) [Chemical: 50 kg P hat +150 kg N ha, Integrated: 25 kg P ha'+ 75 kg N ha® + 20
tons manure sheep ha™ + inoculation with Pseudomonas fluorescens and Azospirillum brasilens, Bio: 40 tons
manure sheep ha* + inoculation with Pseudomonas fluorescens and Azospirillum brasillens] and two types
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of cropping system (Cs) [monoculture of chickpea and intercropping of triticale-chickpea (1:1)]. Grain yield
and its components of chickpea was measured and harvest index (%) were calculated. Data were analyzed
using SAS 9.1 software and the means were separated by least significant difference (LSD) test at 5%
probability level.

Results and Discussion

The Ir x Fs interaction showed that the water stress significantly reduced grain yield of chickpea.
However, it’s the highest and lowest reduction was obtained in the chemical and bio fertilizer treatments by
68% and 27%, respectively. In a similar study, the lowest reduction in chickpea yield under water stress
compared to normal irrigation was obtained in bio fertilizer treatment (Khalegh nezhad & Jabari, 2015). The
Ir x Cs interaction also showed significant effect on the grain yield. The impact of water stress on grain yield
varied depending on the cropping system, with the highest reduction observed in monocropped chickpea
(55%) and the lowest reduction in intercropped chickpea (24%). This interaction also revealed that both
intercropped and sole chickpea experienced decreases in yield and yield components under water stress, but
the severity of the reduction was greater in sole cropping. Analysis of chickpea yield components, such as
the number of pods per plant, biomass yield, and harvest index, showed similar trends as observed in grain
yield under the Ir x Cs interaction. The Ir x Fs interaction had differing effects on the number of seeds per
pod and seed weight, with water stress leading to a decrease in these traits. Similar to the behavior of grain
yield, the least reduction in these traits under water stress was observed in the Bio and integrated fertilizer
systems. Water stress increased the LER of pea and total LER by 65% and 51%, respectively, as compared to
the IRn conditions.

Conclusion

The results of this study showed that the water stress after flowering stage of chickpea led to a decrease
in grain yield and its components that have been formed at this stage. If farmers intend to cut off irrigation
after the flowering stage in chickpea due to the lack of water resources, it is suggested to use of chickpea-
triticale intercropping system and the bio or integrated fertilizers that are as environmentally friendly
alternatives to chemical fertilizers for increasing chickpea grain yield.
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