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Extended Abstract ‘ \

Introduction: Rainfed chickpea (Cicer arietinu gumes in the'eold dryland regions
of Iran, playing a key role i g ability and adaptation to dry
conditions. However, its yield | due to moisture limitation,
low temperatures during ea lication of nutrients, as a
complementary approach t i i stresses by rapidly supplying
nutrients during critical gro ; pends on the timing of application and the type of

d used. This tw was conduct
nic and c&ical compo
Materials an i carried out at the Dryland Agricultural Research Institute of Iran
(Maragheh) durin i 4-2025 and 2025-2026). In the first year, the experiment was conducted

e of rainfed chickpea to foliar application of

and the type of foliar appligation at six levels (urea + zinc sulfate, potassium phosphite, amino acid, humic acid,
seaweed extract, and control)Was assigned to the subplots. In the second year, due to logistical constraints, foliar
application was performed only'ahthe vegetative stage, and the experiment was conducted as a randomized complete
block design with three replicatigns. Chickpea cultivar Anna was sown at a density of 40 plants m™, and traits
including dry matter yield, grain yield, plant height, 100-grain weight, harvest index, and rainfall use efficiency
were measured. Economic indices including change in grain yield (AGY), added gross revenue (AGR), incremental
variable cost (1VC), incremental net benefit (INB), and marginal benefit-cost ratio (MBCR) were also calculated.
Results and Discussion: The results of analysis of variance in the first year showed that the timing of foliar application
had a significant effect on dry matter yield, grain yield, plant height, and rainfall use efficiency, while the effect of the
type of foliar application was significant only for dry matter yield, and the interaction between timing and type of
foliar application was not significant for any of the studied traits. Foliar application at the vegetative stage resulted in

the highest dry matter yield (1805 kg ha™), grain yield (731 kg ha™), and rainfall use efficiency (2.1 kg ha mm™),
\
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and was significantly superior to the flowering and vegetative + flowering stages. Among the foliar application
treatments, humic acid showed the lowest dry matter yield (1497 kg ha™'), and the other treatments did not differ
significantly from each other. The combined analysis of variance over two years showed that the effect of year was
significant for all traits except harvest index, such that grain yield in the second year (855 kg ha™') was significantly
higher than in the first year (731 kg ha™). In contrast, rain rainfall use efficiency in the first year (2.1 kg halmm™)
was significantly higher than in the second year (1.8 kg ha® mm™), indicating that the plant used limited water more
efficiently under drier conditions. The effect of the type of foliar application was significant for grain yield, plant
height, and rainfall use efficiency, and the amino acid and urea + zinc sulfate treatments with a grain yield of 873 kg

ha™ were superior to the control (744 kg ha™) and other treatments. The results of thg economic analysis showed that

at the vegetative stage, the amino acid treatment with MBCR hA of 12.5 and 8. d the urea + zinc sulfate

treatment with MBCR values of 8.5 and 7.1, were the most profitahoptions inb

and seaweed extract showed unstable profitability, and potassium phosphite CR. The vegetative +
flowering stage, due to approximately do on thro kcreased yield,
was not economically justified for any of the . “ \

Conclusion: The results of this study show f Maragheh, foliar application at

L) and urea (3%) combined with<i ; ir signi t increase in grain yield and

rain water use efficiency and &‘ itabili e best management options.

Keyw



byl i 39 (lowd 9 JT Wl 5 ol Jokoo 4 BT o8y 030 39505 yiSg

é,.mwb‘

PP STRT W CAN PUR GPRVIPAS. SEN ICURE SR VPSS v

Olnl el «63,0liS gy 9 (jgel Dladod ylojlu «)5iS 010 (55,5l Dladod dunge

y.azimzadeh@areeo.ac.ir :é"”‘:ﬂl Sy

2l 55 4 b ol Jot5 UL, &

A g5 g e

renly (Saiyl 5550 4B 52 ls o Sas (i oole 0 Sas 3 (55l0 g S AL oo loy aS sl las Jgl Jles
VY als o Sles b oiug, 30 Sbdeloee al lo e SiS oole o Sles p dasd LSk Jeloe g5 Sl a5 Jb> o
W+ a9y 9 (B e IR s e b e 2 BSe e SIS VY Sk 655000 9 U5 50 056l
Jsl Jlo 51 s 5 loisimn ol (S 5 0,558 ABD) o3 JLu 53 ails o Shae 45 ols ol Jlo 55 o o 025 3
L gy Sl + o sl 5 atpol dpusl slojlas 050 5L gl Jlo po (S5l 5905 45 (J 5 105 (LS o 0,5 5L VYY)
Al (gl Loy a5 oy lis solamdl Jdow aisg (LS 10 0,5 0lS VEYT) wals 5l 50 (LS 0 0,5 5LS AVY dils o Sles
50 a5 s Seddguw dug, al> e ;0 (VY 5 O/A 5l MBCR L) (g4, Sligas + 0,9l 5 (B/A 5 O/VY o MBCR L) ax]

b oo sl gamme o .cublai (golamdl azgi culy g0 Loy pste aze Jdoay palS+ sius, alpe idg Jlo g0 ,0


mailto:y.azimzadeh@areeo.ac.ir

Sl e JSal) e lered stasy Al e 0 Gl 0 ) (55, Slagw bolian (aoy0 ¥ o)sl b (lin 50 Y) areel ol
Syion o atlyn s Lalyh )3 o 9355 (8085 53, Shos il

el slme ¢ ol ys Sl o las ¢ golazdl Jlod «Sooged sl il sl 1 gl olods

doddo

5 S bl o bose (a8 00 5l i ,o a5 Cul ol 615\;% et (Cicer arietinum L.) 545

5 posiigie omiz SIS L (e 592 @‘0 Mg 4 s
Graham & Vance, 2003; Zhang et al., ) ¢l o5 IS al, &)gw Sy Sl

@ ol 0l odes Lidk g o9 SRS o o955 ol pl yo (2024
Cudgizme 45 Aad oo ol o‘ﬁ.‘ﬁi sbls 5l < - 29S8 o dled g o)
Slabs ) (ol )5 wis “‘ ol = e 5oy as Jsb 5o (o)l ceslial g g o]

SN0+ v \)5\‘: Logie o ,Slas
g & S 5o 0 Sl AN sgam 1) 09l 3 Shoe 5 0,57 3155 LS o

)0 95zg ol Zydgazme Lulpd ;0 0y Cud )b 5 02 ge o Slas
3976 Slgi oaiiSsg i Sl Sl dolie 5o ol 05eaS 5 0y adsl Ul 5 (raaly (glod s s 3olio o
Wb ol 2alS b o Los a5 bl )0 g 00gs oiulj 0,50 slod 4 wlu> L:.,....., BLS 05565 . Aig ) o0 jlod 4y @20
w23 Gl 1) o slel SasBolS agzlse Jlail 5 00,5 5 Vob |y 0 090 Wil go S S5 5 oS o o3
J>l el 51 s ails oo B8 LSCas 5lel 5losgas o oty al o )0 T 540eS 4 ol (Berger et al., 2007)
5 ol ol jo ails 0310l g ol LzalS 5 ML g IS oy, ol cinl) 5 (odugy oy (alS b Ol d ey LRelS ool
yemsd oo (3L 50 030 3956 A5 e Slaudgaze 51 K SO (Pang et al., 20172) s oo ialS 1) ails o Sloe Cols 5o

drgs Wlg oo 0 Ggm )l SB og ollB 5 Sis g g o5l SB sles 39 ol el 2lie olie S el

)Mg_ilJS)I..\LAAS@LQJB)Q&‘w)ogﬁogmm)dd)’lu..iéq)oI)@bepl.:.cg,nl\.?.\;.ﬂ)ésw)

1 Mesorhizobium



5 el oLS il g adgl 0y 5 i) dnnngs e polic I ind ool LalS oS (gl ol saliul culils ! Conlin L
sble ,o (Graham & Vance, 2003; Ryan et al., 2013) oS sgamme | ai, sloo,5 cudlad 5 LS5 ailgi oo )] SgueS
oud ()5 S5l ol ) 532 9 (2T s, orsts b raneS polie 0aS iy Bl Jlad g Lol 02 S s § Sis
aas 2ol 1) jolie cnl 5l (S olS wytws wilgi oo JToole o5 e s YU PH (S 05 Sal asile Lelse o ol
3 ol Sdled )3 (59, 9 Sl @3V 0l W) (559,80 SlaS 5 g 39l (g n S5 sl (595 (Ryanetal., 2013)

RCCST IR IRYWIN o)i.l.o.c5‘!m§l
Lyls e o.\wfw 2Ll *;@

£5 4 Al oo o Jl> l‘wb
(Kayan etal., 2019) sgs axusly Jawme |, g ,los
bz T zals ) S ol 3l lale )3 55 olS 0l SlaS 20 g (Smy SlaS 5 5l ooliu
AN P SOV RS PSRRI INUNR S NI TIC IR IRCHI YK S J USSR
a8 51 (B e 5PN Wl e Sl e I3 polie s el 51 3 Loy lagT A1 5 astem o)
| sloailoles collad (5o plail g sy o) eelass aloz 51l S (Slplin 5 So5sls 508
Lyl s o aily o0 Soglgd 5 Songud slaawl a5 oo co (Lis 35290 algd « Siogd Slge 5,50 4o (Calvo et al., 2014)
Lo 4y galy s ol cnl b s )13 8beos 1) ol as olis Qi glaonTs g aty, i) 31 b 5l calis
S35 b, Sl o jlac (Canellas etal., 2015) ol atuly Jasee Loyl i g b s Hlodie o] olowds sla Sg 0ole

Y gams 3,Slae (il g ) o5 b ooyl o )5 wolalllas 5 (S 50 5 sk (s JUd Slge 5 JT LS 5 5l ab



e gleial Ghsy oSl aisS o las gg3 4y g 00g LSy o)lgen DlaS 5 cnl 4 olS sl bl sl 009y ol jen 25

(Battacharyya et al., 2015) sl Ky o) byl ) g OB pao
JoSo LS 5 b polie Bran ol 4 aSST ) iy (5L Jslone 21 ol by 45 90300 0Lt 995 (55, sudiplnl Slalllas
2 el J2e 50 595 9 009l (S o)lS Jle sl 0)ls (St i Ialpd 9 05 Gloj c2dale ole g9 4 Bl Aty
e LSt 5 (aalS al>se p3 05l (5L Jslre R0 anlllas 1o 5 0ud (53,Shes Slao S5ty wzse 095 slaalesl Sl (S

Oezen (Kayan et al., 2019; Pal et al., 2019) cowl axilds 31 50 als caaS g0 s dils (gq, cdale ymolidl pogdle

L ol eogicam g ols ialial 1) 0956 & Slee St 25 Jlosl | u..;é&f Qo0 B¢ g IR B Ty INEN

3kt g (551 (OSNE bl 5 2aVE 903 B 5 3l Jslomo a5 o 5 55

lbsyls (w0 )5 oles g

Lol ibicss 5 L\‘@LU\‘%* 33
\
o

e S, 4 oyge Slalll Sl s LB e I
ool s (13 iy a9 wl Al e el
) ololits 4 wlg oo a0 40 o uls o ooyl 0,15 lej dwslie
e Bl 5 il obes 1 ) Bam b ol gy (eld (il 2 S SaS

Al plol adl e liw g 0 s o8l Lol 15 )8 000 8950 o Sles

29, 9 dlge
VEF- g VF YN F) el Jlo g0 o a4 (B o loul )3T sl wél o) [5iS w0 (5,9l Slidos olKiwl jo jiagh
wbblgn glacsls wojls 158 0 0 Sisand o8l o o mhaw 5 2 VWV e sgus glay | acl o o] 0l T2l (VF-0
Sa5begeze LT YNFF) gl Jlo sl oo al,1 ) S 50 OFYV-VFY) Goeails 0,90 5 GialesT Jlo g0 40 ddilate

£ 050) Sowaidy .Sk 3l s pe g i i Ay e L TP SLL (VT FNFAD) pg0 Jlo g yie Le YA



sba Qs loole )0 9o Jlo ;o 5 19a sled g o Foglhe Jgl Jlo a Comd g0 Jlo j0 (5L @oj9 iog (e s

350 1 = Rainfall C—3ET - 25
= 300 4 o=+ Min. Av. Temp. - - - Av. Temp. L 0
E —&— Max. Av. Temp. 3
et 250 A L 15 }','
M 200 + - ;0 g
= 7 i =
‘E 150 (o §
‘= 100 A [ 5 &
= 50 L .10 ©
01 -15
350 ~ ~ 35
E 300 H | s 6‘
g 250 A s ;,‘
E 200 A . g
— 150 A A "'-‘,__‘.__~_.,_-—l-’ .............. g
.qg wo4 || e .. F -3 %‘
Gl el e l
0 -25
350 - ~ 30
g 250 A - ?g <
= - w
200 + 5
= 150 - 10 £
& . L 5 g
E o “"-l r 0 E
09 (| e 2.l --- | 5
0 ] I'I I l L Al

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun.
Month

4

0795 9 (D) VE+F—1F+0 «(a) QP —1F+F cla Jlu gy 4l yo dllane 53 &ilble § y25— pusesi g oyl clod (ufiloo Slo ol puusd ) S

() waouds

Figure 1. Temporal variations onthly mean temperature, precipitation, and evapotranspiration in the Maragheh

region for the years 2024-2025 (a), 2025-2026 (b), and the long-term period (c)
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Table 1- Some physical and chemical prope‘s the studied far

Year Texture pH EC. oC *’ Avat
(dSm™) @3]
0.619 0.66
0.745 0.53

2024-2025 Clay loam 7!
2025-2026 Clay loam  7.75
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Table 2. Characteristics of the used organic and chemical compounds

Fertilizer Brand Company Application  Total Organic Main active Other
type name rate (%) N(%) C®%) ingredients (%)  compounds (%)
Total amino acid:
Amino acid Fermolife Baharan 0.2 15 35 80; Free amino —
acid: 12
Ascophyllum Soluble K2O:
S:)f;’r":;d gmg gmi 0.4 18 343 12.5; Available
\ PzOs: 1.85
. . Plants Plants Soluble K20:
Humic acid Choice Choice 0.04 1 \
Urea + o o Urea: 3; 46
ZnS0Oq ZnS04: 0.3
Potassium

phosphite Fermolife Baharan

ed on 400 L of spray soluti
ite was applied at 0.2% (v,

NG PRV u“)‘)f o&)'l....\

re applied at 3% and 0.3% (v/v),
rted by the manufacturer.

Amounts applied were calculate
respectively. Potassium phos
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Table 3. Pr*l chickpea and the

anie.and chemical pounds used in the two study years

e (Rial kg™ or Rial L)

2024-2025 2025-2026
1850000 2100000
137500 310000
20000000 24000000
7686000 10425000
20000000 25000000
20000000 36000000
20000000 25000000

Col 00l dline 0 S5lS 5 U, s o0gS e

Potassium phosphite was applied as uid, while the other fertilizers were applied as powders; therefore, the price of potassium
phosphite is expressed in Rial per liter (Rial L"), whereas the prices of the other fertilizers are expressed in Rial per kilogram

(Rial kg™).
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Table 4- Analysis ‘arlan‘ mean sq i i its as affected by time and type of foliar spraying

Plant 100Grain
yield HI height weight  RUE
45786ns 9671ns 2.80ns 1.85ns 2.89ns 0.08ns

366562**  82846**  8.02ns 12.46* 2.39ns  0.71*%*

Foliar application

Error a 37656 6118 2.35 2.85 0.36 0.05
Foliar treatm 50876* 9627ns 9.10ns 2.52ns 1.32ns 0.08ns
10 24704ns 5947ns 6.28ns 3.82ns 2.01ns 0.05ns

Error b 30 19558 5047 4.37 2.32 1.74 0.04

CV (%) 8.5 10.9 5.3 4.6 3.8 10.9
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ns, * and ** indicate non-significanfand significant at 5% and 1% probability levels, respectively. Foliar treatments included
.urea + zinc sulfate, potassium phosphite, amino acid, humic acid, seaweed extract, and control (foliar application with water)
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Table 5- Mean comparison of the effect of foliar spraying time on agronomic traits of rainfed chickpea in the first

growing season

Stage Biomass (kg ha')  Grain Yield (kg ha') Plant height (cm) RUE (kg ha! mm™)
Vegetative 1805a 731a 33ab 2.1a
Flowering 1557b 6190 32b 1.8b
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Vegetative + Flowering 1559b 608b 34a 1.8b
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Means within each column followed by the same letter are not significantly different at the 5% probability level (LSD test).
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Table 6- Combined analysis o‘riance (m i chickpea traits as affected by foliar spraying type at
\ the wing seasons
‘. . 100Grain
S.OW. df\ iomass lant height weight WUE
Year 1 T72641%F 1.36ns 200.69** 210.3** 0.83**
Year(Block) 9647 4.56 1.19 5.2 0.8
Treat 4240** 11.52ns 10.83* 3.2ns 0.16**
YearxTreat 1079ns 3.56ns 1.63ns 0.9ns 0.02ns
Error 3115 4.28 3.43 2.0 0.02
CV (%) 7.0 51 5.2 3.9 6.5

30V 50 Jlaiml glaus jo o s g )0 S yuf o Sy s g % NS

ns, * and ** indicate non-significant and significant at 5% and 1% probability levels, respectively.
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Table 7- Mean comparison of th@leffect of growing season on rainfed chickpea traits (vegetative stage, combined analysis of

two years)
Year Biomass (kg Grain Yield Harvest index  Plant height 100Grain RUE (kg ha'!
ha!) (kg ha'h) (%) (cm) weight (g) mm!)
2024-2025 1805b 731b 40 33b 34b 2.1a
2025-2026 2098a 855a 41 38a 39a 1.8b

el (LSD Q}aﬂ) 22,0 0 Jlosol mhaws ;o lo dxe BB pae saimolid e ;o j0 S piie By >
Means within each column followed by the same letter are not significantly different at the 5% probability level (LSD test).
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Table 8- Combined mean comparison of the effect of foliar spraying type on rainfed chickpea traits over two growing

seasons (vegetative stage)

Treat Grain Yield (kg ha™) Plant height (cm) RUE (kg ha' mm™)
Control 744b 36b 1.9b
UreaZn 873a 38a 2.2a

I;ﬁf:;;l‘ﬁg 770 36be 1.9b
Amino acid 873a 36ab 2.2a
Humic acid 734b 35bc 1.8b
Seaweed extract 762b 34c 1.9b

el (LSD (y5051) o y0 0 Jlotisl elas (o lo sine S EXR %
Means within each column followed by the same letter are not signific%
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Table 9- Economic indices of foliar spraying treatments at different growth stages of rainfed chickpea over two growing

seasons
Year Stage Treatment  AGY (kgha') AGR (Rialha') IVC (Rial ha') INB (Rial ha') MBCR
Control 0 0 0 0 -
UreaZn 132 243891667 25650000 218241667 8.5
2024- . Potassium
2025 Vegetative phosphite 41 76158333 11529000 64629333 5.6
Amino acid 146 269175000 20000000 249175000 12.5
Humic acid -29 -53804167 3000000 -56804167 -

k!



Seaweed

exiract 11 19733333 30000000 -10266667 -
Control 0 0 0 0 -
Ureazn -14 -25283333 25650000 -50933333 -
Potassium -43 -79550000 11529000 -91079000 -
. phosphite
Flowering . .
Amino acid -19 -35766667 20000000 -55766667 -
Humic acid -68 -126416667 3000000 -129416667 -
Seaweed 30 54883333 30000000 24883333 08
extract
Control 0 0 0 0 -
UreaZn -19 -34225000 51300000 -85525000 -
Potassium
Vegetative + phosphite -45 ) 8333 -106616333 )
Flowering Amino acid -43 -798? -119858333 -
Humic acid 73 -134741867 -140741667 -
Seaweed 67 -124258333 -184288333 -
extract \
Control 0 0 _
UreaZn 264740000 @zzo& 7.1
Potassium
— y _ Shosphite 24150000 8512500 0.5
egetative
2026 213350000 8.5

15290000 41

40000 ~0.0
AGR — IVC = 03538l Lalls 59 5 Mo ain ¢ ~ b a0 o 4l 0,Shae o5 AGY
Vol S polie s M - Doay Col 00938l e g 4 03938l LalS S5 Ces :MBCR
INB) % o a5l Lol allBl sl s a8 ol T easas lis
Ll 2 : SLoI paie ay A5+ (dag) Hlesd 5o () wid 3,155 MBCR (<0
pso =hy Jbo L3 YN F el sladle o il (18ls lacard ulul y loogS 5 2950 S

AGY: Change in grain y1 trol, AGR: Added Gross Revenue, IVC: Incremental Variable Cost, INB: Incremental
Net Benefit = AGR —]VC, io of incremental net benefit to incremental variable cost relative to the control = INB +
es greater than 1 indicate that the additional gross revenue exceeds the additional variable
rofitable. For treatments with negative net benefit (INB < 0), MBCR was not reported (-). In the
t, the incremental variable cost (I\VVC) is the sum of the costs of both the vegetative and flowering
s were based on actual market prices during the 20242025 and 2025-2026 growing seasons.
026), foliar spraying was applied only at the vegetative stage; therefore, no data are presented
ering stages.

cost, meaning the treatm
Vegetative + Flowering treat
stages. Chickpea and fertilizer p!
In the second growing season (202
for the flowering and vegetative +
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