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Introduction

Todays, efforts to increase crop yields have led to the indiscriminate use of chemical fertilizers, especially
nitrogen (N) and phosphorus (P) fertilizers. It has caused soil and groundwater pollution and the destruction of
soil microbial communities. Therefore, researchers should look for ways to replace N fertilizers and reduce their
side effects. Intercropping of cereals and legumes due to differences in the distribution and depth of roots in the
soil profile can reduce competition for water and the survival of these plants in water shortage conditions.
Among the methods that may reduce the use of N and P fertilizers and thus reduce sensitivity to water stress is
the intercropping of cereals and legumes. Using growth-promoting N-fixing bacteria such as Azospirillum
brasilense and phosphorus solvents such as Pseudomonas fluorescens as biofertilizers can be another way to
reduce the use of N and P fertilizers and the adverse effects of water stress. Therefore, this study aimed to
investigate the effects of different fertilizer systems [chemical, integrated, and biological] on yield and
competitive indices in triticale (x Triticosecale Wittmack) - chickpea (Cicer arietinum L.) intercropping under
water stress conditions in Southern Iran (Fars province).

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 the Darab Faculty of Agriculture and Natural Resources-Shiraz University in
the 2019-2020 growing season. Experimental treatments included two levels of irrigation (Ir) [Normal: irrigation
based on plant water requirement (IRn) and water stress: irrigation based on plant water requirement up to the
milking stage (WS)] as the main factors. The Sub-factors included three sources of fertilizer (F) [Chemical: 50
kg P.hat +150 kg N.ha, Bio-organic: 40 tons of manure sheep ha* + inoculation with Pseudomonas fluorescens
and Azospirillum brasillens, Integrated: 25 kg P ha* + 75 kg N.ha™* + 20 tons of manure sheep ha™* + inoculation
with Pseudomonas fluorescens and Azospirillum brasilens] and three types of cropping systems (Cp)
[Monoculture of triticale, monoculture of chickpea, and intercropping of triticale-chickpea (1:1)]. The crops
Grain yield were measured, of the crops was measured and competitive indices including land equivalent ratio
(LER), aggressivity (A), competitive ratio (CR), and system productivity index (SPI) were computed. The SAS
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9.1 software was used to analyze the data, and the means were separated using the least significant difference
(LSD) test at a 5% probability level.

Results and Discussion

The results showed that the cessation of irrigation after the milking stage put severe stress on the triticale and
chickpea during the grain-filling period and reduced the grain yield of both plants. The Ir x F interaction for
triticale and chickpea grain yield showed that the lowest reduction of their grain yield (31% and 27%,
respectively) was obtained in Bio treatment due to water stress as compared to IRn. Furthermore, The Ir x Cp
interaction for triticale and chickpea grain yield showed that the water stress reduced their grain yield. However,
the reductions were lower in the intercropping system of triticale (38%) and chickpea (24%) as compared with
their sole cropping. Late season water stress increased triticale, chickpea, and total LER as compared with IRy
conditions by 40, 65 and 51%, respectively. Furthermore, the Ir x F interaction showed that the highest and the
lowest reductions (55% and 17%, respectively) of SPI were achieved in chemical and Bio treatments due to
water stress conditions.

Conclusions

Based on the results obtained from this study, it can be concluded that the intercropping system of triticale
and chickpea is superior to their monocropping under late season water stress conditions. Also, the lowest
reduction of chickpea and triticale grain yields as a consequence of water stress was obtained by applying Bio
and integrated fertilizers. Therefore, the use of Azospirillum brasiliens and Pseudomonas fluorescens with sheep
manure fertilizer not only mitigates the negative effects of water stress but also reduces the excessive use of N-P
chemical fertilizers and their harmful environmental effects, and it can be an effective step for the sustainability
of agricultural systems.
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Table 1-Climatic data of Darab during 2019-2020 growing season

olo
Month

e obl ) «°

Okt Ml (3958 Cudgud)l d08 4
October November December January February March April

31> 0 29

May June July August September

Lo J8las
Minimum
temperature
(°C)
o> Lawgio
Average
temperature
(°C)

b Sl
Maximum
temperature
(°C)
S8k
Rainfall
(mm)

18.4 10.8 6.3 3.9

26.9 18.5 13.0 10.7

354 26.2 19.8 17.6

0.2 26.1 117.3 122.8

3.8

11.0

18.3

24.6

79 10.8 158 213 254 267 23.4

155 17.2 239 309 334 346 30.6

23.1 236 319 405 415 425 37.8

9.4 1587 0.0 26 13 00 0.4




VoY (bl «

Fo e U e Bos 3 B (abond 9 (o3 SS9 S0 -Y g

Table 2- Physical and chemical characteristics of the so

il in 0-30 cm depth

3T

Jélg )L\.ﬁa ‘;)-39 Jéls )lsde
Characteristics ~ Unit Amount Characteristics Unit Amount
o %  38.23 S oisr 7 009
Sand Total N
. 7 4510 o dBel o0 g0
Silt Available K
o 7 1667 oA Lot 1067
Clay Available P
S ot 7 oge3 ool g0
O.C. Available Fe
o ole 7 157 oA dEESe 0 1588
O.M. Available Mn
Fledhacdl o g7 oA dBoe gt 15s
EC Available Cu
Rt - 7.49 O B ) mg.kg! 0.63
pH Available Zn

Yo)LmZ ‘\A.\l’.“s})sw@au £9 44).*..\4 ¥+A

Y0) a5 ol L canal 030l & yaud 5 5950 (olesd 355
355+ (LIS 1 (s S YO+ S 53 s p 5ok
2 SNhesS 398 (5 V) A olS Sl bl ojlilay (gaidsS
polisssogil 5 uirypld oligospe S5 ySL b gl + (1S
cosS - @iy allb culiS -V ] cusS g dw g [ uilaoly
a4 S 300 [(V1Y) 5550 Al 5 balse culS =Y 0450 Lalb
SidgS 395 la Sy 8)S )3 1S5 a3 J)eSlh 050

ol 02l ¥ Jgan 3 ooliiul 390

= Sl ol V] (ol s 93 Jols (tlojl (slolos

il DR =Y g Sefelanied (S alopo oS o Sl ol
I o bl ad) 50 dlopo ol Gl Sl bl 2 o)l
e Jold 258 Glabele gy (ol Jole plgicas [(c5 b als yo
D) yid g B39yt (2l 355 i aliend Jlogf TV (395 arie
PSS N0+ oy Glad ygw ©)jgods JUSB 55 jiud p)SolS
295 1A = i Jlos =Y dfoy) @ ppmmay LS 5 (59,0
slae S b il + (s )5 5 ¥+) JolS (giiss
il e =V ikl pol sl puiaogl8 yoligog s

o3lw! 390 (GihwgS 395 (olhon 9 (58 S Sy (ST g
Table 3- Physical and chemical characteristics of the sheep manure

S dolylade & 9 doly e
Characteristics Unit Amount Characteristics Unit Amount
o % 3231 oA dEesl o0 sgg
O.C. Available K
] - 797 o JBoe mg.kg? 49
pH Auvailable Cu
A e cdl yo 1 gog o JESSe s o)
EC Available Mn
qu)ﬁﬁ-” % 1.51 L)“’)“"‘) J“b S99 mgkg-]_ 99
Total N Available Zn
a8 ot mg.kg! 2543 U JE o2l mg.kgl 2714
Available P Available Fe

Ve g o) ey ((siis) (ol 355 cudlS S

bolows asyio S L cuils 5l L3 atan 93 g 8Ll o 4 (LS e Y/OXY slal

M,y 138 b (65,5518 Sllos cimaj (sil o2lel g
P A O)S il s b el S



¥.9 el bgloo clS 8 )Sdos g (B, s ls 2b )yl (o] )od g 593 Gy

g plonl SLs jlaze b gy paiges s pie sl Yo Jols
3,5 il a0 V0 glod o cel YF sody S <058 59
S L (Barati et al., 2015) >9s Suid b 8,5 )5 ol 19
S 0g 3l (0l b o8 ) ) Seis SIS 39 00,5
dol s SIS cagby (o9l 5o o315 4,3 5l J=8) wgboye
~ol Ll 55 S Cusby 5:Sle & ilej (Alizadeh, 2001)
ol sy o yod BB sy 1ioy> B+ 5l a8 4y 00d (55
)b 4y (yia o oo P Bes ) (ej Cughy g plxl S
J(Barati & Ghadiri, 2016) 1 63l 4c e

Vel 3o b ) Lacsy S (Ll (sl 5l 3590 O ylaie
e ey 3y S b (glys 005 dliel O e g dsuslxa
&l 5 ay5e ooy Al (5503l (Grimes et al., 1987) Jlo;
Sl 0dd a sladlg Jl 298 Ol (@ g LS )l
U bl e ol 0i s 4 bgaye (slacs S 5o il comsas (o)l
b pll (g dls yo slai]
D = X, (8 — 6, AZ, (V)ahslae
byl cdls > SK Cugby oz (slgie By (S oY
ez (Slgiome B fexSagin Blaw S jto g5l 4250
Y el )3 (o yin Bl el o i) SB- cugb,
sl on (yiacds) &Y a Culsus AZ; 5 S

W &b 50 @959 5 Al 5 Sujglgnjud (S dl> yo Sl
d ), S S a g jl alb 0)Sles pusd jslaieds b
Bl jio il 0+) 3 p i )8 pp Sb gaw I e S S5k
Hlolyea @ )L ) 93 imen 5 dy o skl
Sy yglitads 4l S5 4y o3V (15 4B S a3 5 (glatls
coLfs 9o d‘)_, uan_> 9 Jo9.l:>u cusS » C~.f}1.>).3 C.‘aw RS
oS 53 ;o (el bglo 5 Lalls cutS Lol 5 golus i loo
byl cutS (il <) Glise (yp pslateds b il
Lol 0 00wl ¥ Jod> (sladlsleo

A5 plsl SAS 9.1 l58le 5 5l ealatwl b baosly ywily,lg & 500
o 5 SO wue (laals sin 905 3l ol b S5l
oy EXCEL 5810 5 5l ookl b o IS5 5 duslie o yd gty Jlais|

pLol (ol 355" (Supogy yolaiods S ol ] 5l g 03
Be bt Slid g 355 (SIS (gail @l 4 a2y b cd S
ma sl 8 gy S LS 5 p)SolS VO 5 LS p S5k
WA dBLs] e 4 ol 90y ciS slbady o (o)l e
9 P35 Bblie 1 CniS (ly canlia) (Sl (e 03)) 395 54
o8,) 0 5,4 4 (Mohavieh Asadi et al., 2019) (Lis
5055 9035kS (ool o cudlS (sl cuslio o395 o)) (soile
729 b as s g Jld and g el (Olidod dube I (St
L5 5o s YO alols b o aus Jsboay cudls bis b o)
Joolgd Lol oas a5 )l ) (s cdls bghas Juolgd) 45
(e (39 Ggliie 3955 o s (sl hod) g9y Ay
72 93 S V) oligogspes 5 el ool ponss] Slais yS
355 43 SB 5 Ol Slagiod ante jl (p)5

e Syl g Jolone b el Jl L8 W)y (357 (Jsheas
sede Ol L by ol 51 s g A plosl adds Ve Cdedy duojd S
aglh Ve Cdedy bayds ey dls o )0 008 SiS g gt (9w
Oyt ghaw plad U aid)S )3 woyd Ve S5 Jole
Lulyd 3 0956 5 Ay boyd gy 298 Sliws cols
il e oslite cul 4 b plonl (58 5l e 5 (R
31 33) puienspl8 oligogse g puihelss pol sl closyS\y
- Lol Sl sboyh 4 (Sk 2 jlp S Ve sl pSolS o
WS g o Gyme B)b (b (IS 4l YO Gl aw g ead
b 550 (8 s osieall 489 (595 el il 4y 4l (sl
Wgd S alw pd

2 aTe ¥r) 0956 1 0k Aoy Hlade bl p cuslS Sldes
ole (63 pidin Zu) )3 (et ) 2 Voo ) AL 5 g (et
53 A plosl c3leisy Oygod e S bl ol 5l e g plol
(SIS s als po Ao )3 ()95 395 oliond 395 (Sl Lo
ol 5 e g Lol e S 4 (golume Hlaiods ¢ mdadles 5 Sjdom
(sl g Il = Gt 355 sloylod ) izan L plosl (o)l
lisagdsw o ikl poli gl 5 7Sk Aoyl il pogdle
“ (5)le] Ol L elyon ((22a8lo g 5y al> po 93 ) el ld
Niazi ) 1 oslil )5 2 3 (6ySLs pn 5l o8 \+) e
(Ardakani et al., 2020

s Ghgrts SB Cug, (glgie aogllas (gylel slacsS
29 S s yta il Fr Goe U oglaie cpl 4 0 (g Sojll



1P+ Lol « Yoylos VO ol (g 5,9L0s @au P A& s \AK)

bl CulS j5 Culd, s sl £ Jous
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System productivity index

(LER) = (Yab/ Yaa)*(Yva/ Yob)
(CRa) = (LERa / LERb)X(Zba / Zap)

(CRb) = (LERb / LERs)X(Zab / Zbs)

(Ab) = (Yba! Yob X Zba) — (Yo / Yaa X Zan)

(SPI) = (Ybb/Yaa) Yba +Yan
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Yba: Yield of chickpea (b) in intercropping
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Yaa: Yield of triticale (a) in sole cropping
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(Aa) = (Yan / Yaa % Zan) — (Yba /Yob X Zba)  Ypp: Yield of chickpea (b) in sole cropping
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Zap: Rate of triticale (a) in intercropping
bglseo S )3 (B) 3956 s
Zya: Rate of chickpea (b) in intercropping
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Fig. 1- Interaction effect of irrigation regime and cropping pattern on grain yield of chickpea
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. IRx: normal irrigation and WS: water stress
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Table 5- Analysis of variance for the effect of irrigation regime, cropping pattern and fertilizer

system on grain yield of triticale and chickpea

Slaspe (ke
A POVES JF I I9Y RSN Mean of squares
S.0.v d.f A 5 il 3 Slhos 3956 > 3 Slos
Grain yield of triticale Grain yield of chickpea
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Replication
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Ir x CP x Fs 2 116314 14493
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Error (b)
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CV¢ (%)

**x ok

pess Co s € gyl dmo st NS o )d K g oy gy Jloin] o (> (6 )b gixe it FF g
* and **: significant at the 5% and 1% probability levels respectively, ns: Non significant; €: Coefficient
of variation
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Fig. 2- Interaction effect of irrigation regime and cropping pattern on grain yield of triticale

Al e g Jleas] o (0 (013 me gl b e BMA] S aeil Wbl o alie g U ol Rl

74

o 05 WS ogllas £,LI IRN dbglsne cozS Inter-cropping « ol coiS : Sole-cropping
The means followed by the same letters are not significantly different at 5% probability level using the LSD test. IRx: normal
irrigation and WS: water stress
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Fig. 3- Interaction effect of irrigation regime and fertilizer system on grain yield of chickpea
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. Chemical: 150 kg N .ha! + 50 kg P .ha'l, Integrated: 75 kg N .ha'l + 25 kg P .ha'! + 20 ton.ha'! of sheep manure + seed

inoculation with Azospirillum brasilense and Pseudomonas ﬂuorescens, Bio-organic: 40 ton.ha! of sheep manure + Seed inoculation
with Pseudomonas fluorescens and Azospirillum brasilense, IRN: normal irrigation and WS: water stress
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Fig. 4- Interaction effect of irrigation regime and fertilizer system on grain yield of triticale
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. Chemical: 150 kg N.ha* + 50 kg P.hal, Integrated: 75 kg N.ha' + 25 kg P.ha* + 20 ton.ha* of sheep manure + seed inoculation

with Azospirillum brasilense and Pseudomonas fluorescens, Bio-organic: 40 ton.ha™* of sheep manure + seed inoculation with
Pseudomonas fluorescens and Azospirillum brasilense, IRn: normal irrigation and WS: water stress
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Fig. 5- Interaction effect of cropping pattern and fertilizer system on grain yield of chickpea
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. Chemical: 150 kg N.ha* + 50 kg P.ha™l, Integrated: 75 kg N.ha! + 25 kg P.ha't + 20 ton.ha™* of sheep manure + seed inoculation

with Azospirillum brasilense and Pseudomonas fluorescens, Bio-organic: 40 ton.ha™* of sheep manure + seed inoculation with
Pseudomonas fluorescens and Azospirillum brasilense, in solecropping and intercropping
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Table 6- Analysis of variance for effect of deficit irrigation regime and fertilizer system on the land equivalent

ratio (LER), competitive ratio (CR), aggressivity (A), and system productivity index (SPI) of triticale and
chickpea 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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(Saeidi et al., 2018) (Brasassica nigra ol J>,5 5 (Phaseolus vulgaris L.)
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Table 7- Effects of irrigation regime and fertilizer system on the land equivalent ratio (LER), aggressivity (A), and competitive ratio
(CR) of triticale and chickpea

0 (523 Comnd Cudle B S
Slowi LER A CR
Treatment I 5 3950 5 I 5 3959 A% 5 3954
Triticale Chickpea Total Triticale Chickpea Triticale Chickpea
el o)
Irrigation regime (Ir)
osles 0.58"" 0.49 1.07 0.082 -0.08° 1.23 1.02¢
Normal
’|
ot o 0.812 0.812 1.622 0.00? 0.00? 1.012 0.85?
Water stress
6355 &lobs
Fertilizer system (Fs)
£
o 0.72¢ 0.56" 1.28 0.322 -0.32° 1.372 0.77°
Chemical
w (. £E
bl 0.70? 0.712 1.412 -0.03v 0.03? 0.99° 1.012
Integrated
i_ . ¥
s 0.672 0.68? 1.352 -0.02b 0.022 1.00° 1.022

Bio-organic

505 0oy i Jlein] o y3 (615 gime gl (5SS Mt (slatals dix geil olul p gty 5D dlie g b (ola 5, Silio
2 kS 355 5 Vo3 i 1 3575 p TS VD IS 1 jhed p S YD) (A 355 EE ¢ (JSn s (st p Sk VD 5 U ik SIS 00) oliand 355 £
5 puiaspld oligogises lais ySl b il (iS558 JUSa (5 ¥+ ) Il =t 355 ¥ < (bl o5l sl 9 iy sld olizogdpew s 3Sh L s + LS
(bl ool posssj!
* Means in each column followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple
range test. £: Chemical (50 kg P.ha™ and 150 kg N.ha), ££: Integrated (25 kg P.ha%, 75 kg N.ha* and 20 ton.ha™* of sheep manure +

inoculation with Pseudomonas fluorescens and Azospirillum brasilense), ¥: Bio-organic (40 ton.ha* of sheep manure + inoculated with
Pseudomonas fluorescens and Azospirillum brasilense)
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Fig. 6- The relationship between the competitive ratio of triticale and chickpea under regular irrigation and water
stress conditions
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Figure 6- System productivity index of triticale and chickpea intercropping
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. Chemical: 150 kg N.ha* + 50 kg P.hal, Integrated: 75 kg N.ha + 25 kg P.ha + 20 ton.ha* of sheep manure + seed inoculation

with Azospirillum brasilense and Pseudomonas fluorescens, Bio-organic: 40 ton.ha™* of sheep manure + seed inoculation with
Pseudomonas fluorescens and Azospirillum brasilense, IRn: regular irrigation and WS: water stress
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