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Introduction

Water stress is one of the main limiting factors for global crop productivity in arid areas. A strategy to mitigate
the pronounced water stress levels may entail the application of plant growth-promoting rhizobacteria (PGPRs),
organic matter, and intercropping systems in arid regions. Among PGPRs, Pseudomonas and Azospirillum bacteria
stand out for their remarkable capacity to enhance the availability of soil phosphorus (P) and nitrogen (N),
respectively. Sufficient P and N uptake has been documented to improve plants' resilience to water stress through
several mechanisms and, therefore, increase dry matter remobilization, grain yield in late-season severe water stress.
The application of organic matter and intercropping systems emerges as alternative solutions for mitigating severe
water stress levels, and consequently improving dry matter remobilization and grain yield of the intercropping
members. Despite the above knowledge, there is a lack of information regarding the interaction between biological
fertilizer, organic matter, and the triticale-chickpea intercropping system in mitigating the detrimental effects of
water stress on triticale (x Triticosecale Wittmack). Therefore, this research was conducted to evaluate the impacts
of PGPRs, sheep manure, and intercropped triticale with chickpea (1:1) on assimilate accumulation and
translocation of triticale as two main traits for determining the triticale grain yield under the late-season deficit
irrigation (water stress) in southern Iran (Fars province -Darab).

Materials and Methods
A split-factorial experiment based on randomized complete block design with three replications was
implemented at the research field of the College of Agriculture and Natural Resources of Darab - Shiraz University
in 2019-2020 growing season. Treatments were two levels of irrigation (Ir): [1- normal (IRy): irrigation based on the
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plant water requirement up to the physiological maturity stage (ZGS92) and 2- deficit irrigation (water stress - WS):
irrigation based on the plant water requirement up to the milking stage] as the main plots. Three fertilizer sources
(Fs) [1- chemical: ( 50 kg P ha + 150 kg N hal), 2- integrated: (25 Kg P ha + 75 Kg N hal + 20 tons sheep
manure ha* + inoculation with Pseudomonas fluorescens and Azospirillum brasilense) 3- bio-organic: 40 tons sheep
manure ha* + inoculation with P. fluorescens and A. brasilense] and two cropping systems (Cs) [1- monoculture of
triticale, 2- intercropped triticale with chickpea (1:1)] were subjected as the sub-plots. The aboveground dry matter
of the whole plant organs at the anthesis stage and the dry matter of the vegetative organs at maturity were
measured, and the dry matter remobilization and its attributes were calculated as Barati and Ghadiri (2017)
mentioned. Data were analyzed using SAS 9.1 software, and means were separated using the Duncan multiple range
test at 5% probability level.

Results and Discussion

The results showed that the highest amount of assimilate remobilization occurred in integrated (2271.9 kg ha™)
and intercropped triticale (2188.4 kg hal) under IRy condition. Assimilate remobilization and assimilate
remobilization efficiency decreased by deficit irrigation. However, these decrements were different in the two
cropping systems. Intercropping triticale, as compared to its sole, showed a lower decrease in these traits (16.5% and
4.3%, respectively). Furthermore, the smallest reductions in assimilate remobilization and assimilate remobilization
efficiency due to deficit irrigation were observed in the bio-organic (16.0%) and integrated (2.3%) treatments,
respectively. Grain yield showed a positive and linear relationship with assimilate remobilization in IRy and WS
conditions (R? = 0.65 and R? = 0.95, respectively).

Conclusions
As a result, to enhance assimilate remobilization and subsequently increase triticale grain yield, triticale—
chickpea intercropping combined with integrated fertilizer application is recommended under IRN conditions. In
contrast, when deficit irrigation (water stress) is anticipated, a bio-organic fertilizer system and intercropped triticale
are advisable.

Keywords: Contribution of pre-anthesis assimilate, Dry matter remobilization efficiency, Grain yield, Harvest
index
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Table 1- Physical and chemical characteristics of the soil in 0-30 cm depth.
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Fig. 1- Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air temperatures (Tmin and
Tmax, respectively) and relative humidity (RH) during 2019- 2020 growing season
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Table 3- Analysis of variance for the effect of irrigation regime, cropping system and fertilizer system on grain yield, harvest index,

dry weight of the shoots at anthesis, dry weight of the vegetative parts of the shoots at maturity, dry matter remobilization, dry
matter remobilization efficiency and contribution of pre anthesis assimilate to grain of triticale

©laryo ke
Mean of squares
-plal SSs 59 Celul SWis 59 e L
4, Se, e sase JUH T, Age &5 Lo
O kS ol o 3 Slos peals  Petn s oy 53 (g Slg 300 U1 2 et 05,0
&3l . 5 als s 03,9 3 T
SXOAY) df &l Cuils il h’“ " “s_"*‘"’ 8359 Dr”r);ati;r Contribution
Grain Harvest D|:y melg to Dry Welght of the Dry matter remgbilization of pre-anthesis
yield index the shootsat  vegetative parts  rgmgpijization O assimilate to
milking stage  of the shoots at efficiency grain
maturity
‘ .
)_’S\) i 2 23001™ 1.24™ 357749.53™ 418960.21™ 3988.22" 6.00™ 12.26™
Replication
&bl w255
Irrigation 1 82716296™  1108.33"°  27680751.56™ 1245325284 3032822.25" 89.93™ 499.52™
regime (Ir)
) glas
() 2 252273 12.30 2326742.24 22953.22 35953.18 0.49 9.31
Error (a)
cusls d?ijl
Cropping 1 15000516™ 140.77" 24132492.50™ 9174941.97™ 3513000.49™ 122.10" 166.84™
system (Cs)
5395 alolw
Fertilizer 2 5751212 240.68”  34953126.66™  32746200.08™ 1438600.11™ 268.51" 352.23"
system (Fs)
Ir x Cs 1 1029108" 57.08™ 2408652.27™ 817487.22™ 431649.00™ 47.38" 55.50"
Ir x Fs 2 5141185™ 142.47™ 730649.13™ 823071.96™ 440590.34™ 52.24™ 79.76™
Cs x Fs 2 247121 2.03™ 1490615.75™ 921385.12™ 73297.57™ 0.52™ 19.53™
Ir x Cs x Fs 2 116314" 5.25™ 299444.04" 225804.96" 23858.15"™ 4.57™ 7.56"™
o) slks
() s 20 139990.1 5.00 1670745.3 553239.9 31887.03 8.42 8.46
Error (b)
UIM cere 7.40 5.83 13.55 9.48 10.53 16.18 8.51
CV¢ (%)

Oy pi € 6 sino i NS ko) Sy 5 doyd gty Jloin] gl )3 (I3 sine agi s % o F
*and **: significant at the 5% and 1% probability levels respectively, ns: Non significant; €: Coefficient of variation
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Table 4- Effects of cropping system and fertilizer system on dry weight of the shoots at the anthesis and dry weight of the
vegetative parts of the shoots at the maturity of triticale

gy g gLl SWds 3

gy g laelail Subs 3

Sl (6 Al po 5 Sy > 5o )3
Treatment Dry weight of the shoots at Dry weight of the vegetative parts of the shoots at the
the milking stage maturity stage
_ <_£)L:J.| #23) (kg.ha)
Irrigation regimes (Ir)
ol ! 10412? 8429°
Normal irrigation
illes 8658° 7253
Deficit irrigation
cusls 69§-"
Cropping system (Cs)
oAl i 8716° 7336
Sole cropping
bsle cuis 10353 8346°
Inter cropping
865 lobw
Fertilizer system (Fs)
“f
e 101872 8824
Chemical
w ot £F
Sl 10819* 8765°
Integrated
T . ¥
I et 7898" 5934
Bio-organic

15 do ) gy o] s 53 (I ime gl ¢SSl (glasals Wi yg05T olalyy gty 53 Ao LB b (gla uSilie
oSl b gudls + Sy (GhusS 28 (5 Vg JUSm 1 59,05 2SS VO S 2 jhud p S VD) Eidls 398 EE ¢ (JiSay (59,55 p TS N0+ 5 S 1y pS5LS ) liasd 255 £
(rtlealss ol sl g iyl olipagise SloisySl b glls QS jy (saiduosS 398 (5 Fr) I st 395 ¥ ¢ (uthols polppmonl g putarjslb yolisog g
* Means in each column followed by the same letters are not significantly different at 5% probability level using Dancan 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 tons sheep manure ha* + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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S5 ey (sl G Jla 3 S (e Lol il s o i
Bijanzadeh et ) ;L Sen 4 0315 50 (Ahmadi et al., 2004)
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A Caud 52 bgbre culS a5 sl L (Biswas et al., 2019)
3y Gial38l any yote g llas (g)lol bl o o alls cuss
W5 g2 0359 dlge daome JWl 5 (v,
3aoe JLasl oo )d VOB g FYIA LialS 4 e o WleS
Ab by e S g palls ciS jlass 53 o ia 0dy9 dlge
otalS 5 S e ptalS &b il ol 50 Jsie)
0395 oo J! 15 5 oud i o3lo Moy ol Cunw Fiiwgid
ol o imgy ) 5 5 o Sl 5] S 51 5 0o
=) i 4Bl ialS glaw 53 6359, dlge dame Jlsl 45" wlools
Movludi et ) pas ] (a5 4 Cans |y (55008 ialS Sl o
JUas) yieS JialS 55 pols islel p3.amy olis (al., 2015
ceitS baulyd o ()laleS) ol G5 dlawlyay 03,95 dlse duore
ol LIS S 4 s (10,3 15/0) 2956 b Sty 5 boglove
masdyy Bos g (SO5wS 0558 3 OoliS & g |) (4o YY/A)
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by lie cois ulyd p Ay iy o)l 2gde ol
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S9) —ibo} ,d (Bijanzadeh et al., 2019) l,LSen 4 00l
sazme JUasl (alS 4 ot o (15 &5 A5 aoes Sty 5
ciS 3l 59y Ao ygodny 45 oting el A5 039 Slge
bl 4oy 03)9 dlge sa0me JWI p Slges g Al 5 bolse

s el

e sladdny (655,18 Bos 0 Cgldy Jdday cbglre cuis” jo
Mazaheri, ) 38’ o law 39400 ol By (590,00 «bge> o
ol ileg] 3 Lolsia 28 Caja il dugise A5 4 o (1998
Sty dloye 3 gy slaplil K25 (559 (55 2 st T
b by dlyo )3 0594 Ol quie Cydgizme 4 dag b Sty
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Table 5- Effects of the Ir x Cs interaction on dry matter remobilization, dry matter remobilization efficiency, contribution of pre-
milking assimilate to grain, harvest index and grain yield of triticale

Sl 3050 JUESH dusxe JWS! (1,8 51 a8 095 g0 5 Hlike sl
W8 5. 23958 83,95 dlgo Ald 3 (g s Al o cudls
IrxCs Grain yield Dry matter Dry matter Contribution of pre- Harvest
remonbilization remo_bl_llzatlon milking ass_lmllate to index
efficiency grain
---------------- T — %)
oAl cuis 6092° *1782.6° 18.81° 29.54° 43.18°
ollas Sole cropping
Normal byle cuis 70452 2188.4° 20.20° 31.36° 44.62°
Inter cropping
Glls oAl cuis 27230 983.1° 13.359 34,510 29.57¢
D) f " Sole cropping
efici S
irrigation bsl 4352¢ 1826.9° 19.33° 41.30° 36.04°

Inter cropping

35,5 20> gy Jlesol prdaw 53 (65 dime gl SOl (laals bz yg05] bl gt yb )3 altie Cgys b gl Silost
* Means in each column followed by the same letters are not significantly different at 5% probability level using Dancan multiple range

OFar (leewd 365 Jl &5 (anlyd p> o ol (L e 5 69,
s ) G 5By s odlil (S 4y p,SshS V04) YU lskedy
s JUih ¢ jaagd dlge Gljne 2ad (il b (23S Al yo
oials g daled ol jor dily 3, Slae yialS oS j3 g 03595 dlge
S b duwlio jd a8l (slaylowd 13 039y dlge dazee Jlanl yieS
o wolas o)lul bl 4 s o 5 dawlgdy olond
Niazi Ardakani et al., ) 3= oL3 (59, o Sdivg}y plo bawgs
bl > (i3 5 (il 355 (5550 ol 05 55 (2021
blos ol 3 ol G35 (S0 s Sl glgices |y ol o
byl 50 oS g plaw 0 Caws Slas 365 34k 5l S
O e ialS )3 ST lge g sy oaiiS mabats sla 6 iSL cuto
5y Sles .a5le3,8" 5,155 (Niazi Ardakani et al., 2021) 1,
g Coto s abyly (ol 05 g s b) Csllas buylyd s il
Sloo 305 Ll Uy (R2= 0.95 5 R = 0.65 o i) psiians
Niazi ) ol )LSen g SLS>) (g5l (VY JS5) oly i 039,
g 0 aild > Slas 8" widl > Lidgh ) (Ardakani et al., 2021
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{(Barati & Ghadiri, 2017) 545 s <Me )3 035 dlgo daoxe
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diwly e y> (Bijanzadeh & Emam, 2012) c.oily A algs
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Fig. 2- Relationship between grain yield and dry mater remobilization of triticale
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Table 6- Effects of Ir x Fs interaction on dry matter remobilization, dry matter remobilization efficiency, contribution of pre-
milking assimilate to grain, harvest index and grain yield of triticale

Slge dusme JWS! 2,8 51 a8 3595 dge Sy Wi
83952 3lge daso JWE! 8395 EHERJOONS &13 53 (5 Al> g0 Cuild py ol
Dry matter Dry matter Grain Contribution of pre- Harvest
remobilization remobilization yield milking assimilate to index
efficiency grain
Ir x Fs (kg.ha!) (%)
stbeoni® b b b d a
i 1870.50 16.81 6970 26.68 43.00
Chemical
s ols EE
sl Al 2271.90 18.98% 7449 30.40° 43.48
Normal Integrated
C oy
“_A‘ ) 1814.25b 22,712 5287¢ 34.28° 45.232
Bio-organic
+£
sthes 855.50¢ 8.85¢ 2758 29.21¢ 24.231
. Chemical
SolleS o s £E
Deficit (el 1836.05° 18,53 4190¢ 43212 34.38°
Lo Integrated
irrigation Lo ¥
# ) 1523.60° 21.65%® 3663¢ 41.282 39.80°
Bio-organic

105 o) iy o] s 53 (I ixe gl ¢SSl (lasals Wi ygeil bl gt ya 40 e g ys b (la Sl
(S5l e+ 55t 53 355 5 Vg 550 1 0 S VO K 1 i S Y0) s 255 EE L ([ (3355 £y Ve 5 550 1 i 55k 01) (sl 35 &

(cmilelys s pmasily iyl pobipagapm Slais S b uils S 2 (gaidag 398 55 ¥+) I i 36 ¥ < (Lthioly polepsminl s puivnsslh olipasses
* Means in each column followed by the same letters are not significantly different at 5% probability level using Dancan multiple range 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), ¥: Bio- organic (40 tons sheep manure ha* + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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