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Abstract

Introduction: Wheat (Triticum aestivum L.) is one of the world's most important cereal crops and plays a vital
role in global food security. Efficient potassium management is essential for sustaining wheat productivity and
improving potassium use efficiency, particularly in calcareous soils where potassium availability is often
restricted despite adequate total soil K reserves. Potassium sulfate (SOP) and potassium chloride (MOP) are
the two most commonly used potassium fertilizers; however, comparative information on their agronomic
performance under irrigated calcareous soil conditions remains limited. Therefore, this study was conducted to
evaluate the effects of these two potassium sources on wheat productivity, nutrient uptake, potassium use
efficiency, and economic profitability.

Materials and Methods: A field experiment was conducted during the 2023-2024 growing season at the
Aibolu experimental farm (Urmia) using a randomized complete block design with three treatments (NP
control, SOP at 100 kg ha, and MOP at 80 kg ha) and five replications. Application rates were adjusted to
provide equivalent amounts of K,O, and potassium was applied in split applications at tillering and stem
elongation. At physiological maturity, grain yield, yield components, and leaf nutrient concentrations were
determined. Agronomic efficiency of potassium (AEK), partial factor productivity of potassium (PFPk), and
partial budget analysis were calculated. Data were subjected to analysis of variance (ANOVA), and treatment
means were separated using the LSD test at P < 0.05.

Results and Discussion: Potassium fertilization significantly increased grain yield and improved all measured
agronomic traits compared with control. Grain yield increased from 5620 kg ha* in the control treatment to
6500 kg ha with potassium sulfate (SOP) and 6230 kg ha™ with potassium chloride (MOP). Straw yield,
biological yield, thousand-kernel weight, spike density, and grains per spike also increased significantly
following potassium application. Among the two potassium sources, SOP consistently produced superior
agronomic performance, suggesting that the additional sulfur supplied by SOP contributed to improved crop
performance. Leaf nutrient analysis demonstrated that potassium fertilization significantly improved leaf
potassium concentration and enhanced the accumulation of iron and manganese. The greater micronutrient
concentrations recorded in the SOP treatment were likely associated with the additional sulfur supplied by
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potassium sulfate, which improved nutrient availability and uptake under alkaline calcareous soil conditions.
This improved nutritional balance likely contributed to enhanced physiological activity and, consequently,
greater grain production.

Potassium use efficiency indices also favored the SOP treatment. Agronomic efficiency of potassium (AEK)
reached 17.6 kg grain kg?* K,O for SOP, compared with 12.71 kg grain kg K,O for MOP, indicating a
substantially greater yield response per unit of applied potassium. In contrast, partial factor productivity of
potassium (PFPx) was nearly identical for the two fertilizer sources, with values of 130.0 and 129.8 kg grain
kg! K,O for SOP and MOP, respectively. These findings suggest that although both fertilizers produced
comparable grain yield per unit of potassium applied, potassium sulfate produced a greater agronomic response
than MOP, reflecting the synergistic contribution of sulfur to nutrient utilization and crop productivity. The
economic evaluation corroborated the agronomic results. Potassium sulfate produced the highest net benefit
(164,150 x 108 Rials ha'1) and benefit—cost ratio (1.13), compared with potassium chloride, which resulted in
a net benefit of 113,090 x 103 Rials ha'! and a benefit—cost ratio of 1.09. Despite its relatively higher purchase
cost, the superior yield and agronomic efficiency of SOP resulted in greater economic profitability.

Conclusion: potassium fertilization substantially enhanced wheat productivity, nutrient uptake, fertilizer use
efficiency, and economic profitability under irrigated calcareous soil conditions. Although both potassium
sources exhibited similar partial factor productivity, potassium sulfate consistently outperformed potassium
chloride in grain yield, agronomic efficiency, and economic return. The superior performance of potassium
sulfate was likely associated with its combined supply of potassium and sulfur, which improved nutrient
balance and crop productivity. Therefore, potassium sulfate appears to be a suitable potassium fertilizer source
for irrigated wheat cultivated on calcareous soils in northwestern Iran.

Keywords: Economic profitability, Grain yield, Nutrients, Potassium fertilizers.
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Figure (1) Geographic Location of the Experimental Site in Aibolu, Urmia, Iran



YoV

VP00 oyl FA -\.1:-(‘_;))}&“5‘5«(9@) o) el

Sl aw Joli lesT (glaslas s plonit ol 53 55 ST el I 5 (Blis (g555laST oy (o) e Gl sl
Jordly s 5 &Sl 0 505T by (omnlty (oo 87 ) olS 5L 3550 (slan 87 (ST 5z ) 30 4 (NP) Ul Sles i g
S s el s by 3 om0 Mo Il e Julie (SOP) 55 slas (1¥4Y OLSes 5 (6 ptin) OT 5 Sl Sl duas g0
osMea Jol slad Joli (MOP) pgus jlas 5 (5 el 5o 93 55 5 O 55 Jsloms sy Sl ) (o 5 4l S50 4 ol
DA g Sl 4 5 bk ol ()LT5 887 s 50 5l e Jold i ot 53 8873 lty IS e Sl iy 5 s
388 ol 5 pelty Sl g a5 3 KL SOP e 53 aukodalive DS oo 0l 353878 (ol oDl ol
45030 33l 5 i (5 030l 3 g0 (5 i 35 ¢ 5t B OSN (2ST 0 535 55 5l el 51 Jiws $SSE 5003
S Jasll s Sloaliiw |l 5 ST 8505 ol il s slasd s 2 53 (§,0d 3557 O3 pan e 35y 5 Slleed 5 g
o3l | 055 75 e Ol 051 3557 5l (pled 53 s Pl SB 187 0o 53 5 Sl ,L&M;p@;m Joles
,;D?,L;m (SOP) p53 Jlag 55 ki o3lizul alo= o 4w )3 48 ,u&»ﬁ(ﬁ,gsw b ylas 53 okl (2 ume 05l Jlulite s S
J;"-Ts\b-f):ﬁu.b:*i:c;)yQHJTJ:J)MW&.;Q&S}M )&Pr;}gagw\ioub;w\:i;,wy S
Qﬁ)tia):r;}l;ﬁ (MOP) £ 3= Dled 33 Cpimman A a:\é&bl:ia:):(:;}k;Yb;.{}Sﬁuméb Lyl 5 iy
QA{}SJA@:ébb\;\;@;@@vﬁ"fbfjsﬁwQJWQMQQJK)&)AC;}L;?'}g;ﬁi:lfgbjpv.:wti
24 y300) 355 2 533 50 K0 o ys a5 oS Ll S5 p5Y il oslinal (LT 38 0 4 S8 3 p S ASTY
;K0 p?,l;mja. doles i 5 4 MOP 5SOP (glalas 53 (e Lalls ool Jltis (MOP 55 4o ,5 7+ 5 SOP
Ao y3 V0o s piae Ol a Jled 53 8 5039 (o partor B Slae 0 Dl aals 53 (o 8 ASTY) OT b oDt o875 56
L1 8 53 oS el S

Caudy b VY a4 i 5 5o 50 3 0SS A Olin 4 o8ty oS 5 ¢ T 05 035 (1l Jon 2530
,a;\‘@;ﬁuﬂéuofch_w;ﬁﬁafﬂmﬁrliaﬁ.urw VEF 5 Y Gl e Sl dh oS M S
03,5 &S 1gn e T i ) oy 5 488 &5 (Sl s oS 5 ) g 5 Sl B3 gty o1 500 S
oKialosT 4 ghie ol Clale (6,8 0510l (ol 5o 3 (ol VY Soko o 31 5 il dm p3 Ve (glos 55 0T s 0K
5 BT L ojole i olyja Dlldl e o sl SEap5Y s Jlo syl g8 Olml)3T Ol Dlados S0 OT 5 ST 2o
23 A&l Gl (6 mnopslia b5 615 o 5 Sl Glaano 5 L Gl LA 05 5 0S5 )l 0 slacle 5 bl
B (’v\f;ﬂ bossbe sl 5 4s aslin | VE-F/ VN o s i 5o (’va' O 4 5kl 851 5,0 laile b o)k (sl
i oz (ST 2300 55 20V op el (g yole o dl e

Sl s Sblsy p Sy (olad Do b e K 4 ged gy (aledT oy a3 eSS g8 (S oo
kS L5 Gy Gl (sl sl 1 G 5 liten (23 8 15 esliz ol 3550 3 Shes Sl 5 3 Shes
..\i;fw,uvj\@\)L;,JL;;\(PFPL)Wng,mék&\)KJ(AEK) oy (255 S il (2l (sl el

)

6;;)ug);4;1;;J§L¢()\:§A,;(.Jf,L;)—.uu,ut:);41;;&(,1&:,;¢J§9§)
(S 53 S AS) (3o ol e

AEK=

1 Agronomic Efficiency of Potassium
2 Partial Factor Productivity of Potassium



YZA

)aﬁngJijlfjﬁngwadewuﬁub&w}‘_;a\f

()
(e 55 0,515 ) 13 5 S

PFPk= —
(OBS 53 p S hS) (B e plry lotie

#r Gl KCl fds o Jlesl L &S cn | )1 53 K0 Df,gw>n;,,mmﬁtu\mcu@bat,>
dly a5 pae (531 4 oS A3 o OLES oty U3 e 033k 3 8 alons K5O s 53 00 6113 K204 5 K0 oy
{(Syers et al., 2008; Dobermann, 2007) Cul ol A 55 &ils lda ao caalsy

Il 5t o8zl 4 (5l 03LT 51 g by o (slati g5 o &5 1 55 oo o Lo il (6,8 05101 (51 oot
Oode 5 31 Ksiler a3 0O Sles 53 1l o gos s S oslize | $SCast i b Sl b (6,8 051l g s S
0,5 /0 Uhss ol 53 (Chapman and Pratt, 1961) Liys 8 oaa Jla s 53 HOL 55 e 5 old 28T ol 5
o S 318 Sl 4z 53000 (slos 3 (S S 0,8 55 5wy g 4 b 0338 53 olS el j3 g 5 i 4 gl
<Ll (Chapman and Pratt, 1961) s & 4Ll Jle 5 93 HCL ;2 s Vo O st 31y o 03 415 sl
oslas 55059, 6,8 ol s § (6,8 ol ekd ol SBtsas )3 5 80 polie 5 paly hnd dilen (5 o Lie
55 oy 4 s ke (Bremner and Breitenbeck, 1983) 43 S s JllenS” b3 4 0L 5 pda Sl fo I
AT o sbats o8 s Lo 5 (K) oo by (Shimadzu UVB100) e b s Sl o b 51 e sl P 2 m dsb 55 i
oslae 3 (Shimadzu 6300 AA) (s e s 2l o3l oo sis Lo 5 (MN) 580 5 (CU) s o(ZN) (35, (FE)
{(Planquart et al., 1999) w5 § (o ;5o ¢S s 5l Jols

W3S B s dasm S St ) 4 45 4 o B e aabe G b 1 2 b o3l (sl 5
KMJ@QU“J'}.'\;;@M{.LEAL%@}Agslaéjj)‘l{‘)(LA.\.ATJJ)C%[QAéﬂéjj)\gQM‘sJ\:&aﬁi}&Qa-\iu%}
w8 0 (F) ol 51 4y 32 0 0yl o o bws  liteny 355 (o Sl el 3 b lin O om0 oty & bl )

25 s

_ Rn+Co

BCR= ——
Cn+RO

Sl @ by e 2R il sl 1 ol T s (ol G9) 458 4 0 o BBCR 0T 5 &8
Ol 2 4 255 g gue o plnil 4 5 Olgie 4y @5 55 5 ek 0,53 4y 58 OT i Hladd Sl L oS el
ahy Cows 51T ys 5 (CN) Wi lajles gl > 51 (a6 sls 458 (CO) LT o Clum & T ys o5l
Sl (RO) 595 g0 Cows 3l e sl slad (6l ol 4z 53 457 dali jlad 4 by e

il 5 O Al olal o seie
Ll g3\l b 1<BCR o i .
s 3Ll ~ b .1>BCR 4Ol .o

ot 1=BCR

)



Y#4

VP00 oyl FA -\.1:-(‘_;))}&“5‘5«(9@) o) el

3 (SOP) ety Al g ((NP) sl 5o Jals los 4w L (RCBD) sk JolS™ sl oy = b I 55 T
DSS g 51 o e Ses il 53, Shas ok 551 lp s 12l (ST5) 5SS = 55 (MOP) oy oy IS
IS 55 58 5 (655 AT ol i 055 25 Jols 5y Sl o le Chle (6,8 051 S il (515 14 a3
030zl b Lo e 80l dmglin b o n il sy (a5 nosls 03 a3 ¢ milhsls 4 323 plonil 31 g o plonl
A5 it SPSS 26 13l 5 5 eslizal b 5 o ;3 0 Jlazt el 55 LSD 03557 I
o 9 b

;ﬁimsmom@u.;_ﬁuum)uJ,.\?ﬁwummﬁJu&w,dﬁi}gdujbqﬁ@u
D3g oo e S US o iasOLE VYD ol &Sl PH lie 53,8 o 15 555 1 o3 gudomn 3 STl SS ST
Ol jee (Alloway, 2008) b oo 2l 58K 5 53, T dile (5 rngS olie ganl b o3 gdos pl 53 503y S
8 A e o S L sl )3 ST s seSTs aib 534S 5y Ao 53 V4 /Y il (TNV) &S ST
4l 53 S o (BB o by 31 S s 2S5 Ll el VL e o Lo 5 OT ()l b b slls L
Ly ol VU O e v 5 L s o b (Malakouti and Homaee, 2004) 5,1 Sp e weSKny b B8
Pl ko st o by L SoeSTS )5 i oy 3557 B Cte e b e G IS 5 S g ¢
(Romheld and Kirkby, 2010) el jzdyasr 5 el Sl cl 53 bty Cakiin sulie & oy (s 1 511 Gl

Table (1) Physical and Chemical Properties of the Soil at the Irrigated Wheat Experimental Field

Location EC Nttt TNV OC Sand Silt Clay Poisen  Kavailable
- 0,
ds ml pH % Texure mg kgt
Urmia 094 7.75 0.22 10.2 1.10 18 39 43 Clay 16.9 359
(Aibolu)

.sﬁl.u—m?\:JﬂwﬁLSZTC.X;?JJQJLE.a;JyL;LA)L:J:ﬁJKS.sl.s()\_{:..;YJ}.&q-).swl.i)\):a.lﬁ@tj
O}}ﬂ}}ﬁ)‘b@#u\—.ﬁ))\ Jw‘ch_w)bu)})Jd‘JJ‘MJCJAJIA)Au}SJ‘Mcéj;}}:ﬂéjgl“ﬁcﬂ{
(Y J)u\>) D};' )‘JL;'.M M)Ja dw‘ck.u)é FHE) )‘}A

Table (2) Analysis of Variance (ANOVA) for the Effects of the Experimental Treatments on Grain
Yield and Selected Measured Traits
Mean square

Source of df Grain Straw Biological Thousand- Spikes Grains
Variation Yield Yield Yield Kernel m=2 Spike™
Weight

Replication 4 1806™ 3282"™ 9942 0.039m 21.77* 0.056"

Treatment 2 890846™ 1551382 4792405™ 0.29" 535" 18.74™
Error 8 19811 33768 10358 0.031 54.86 0.11

Total 14

CV (%) 2.29 3.27 5.28 2.49 9.47 7.75

ns, *, and ** indicate non-significant and significant differences at the 5% and 1% probability levels, respectively.
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Figure (2) Effects of the experimental treatments on grain yield, straw yield, and biological yield.
Means followed by at least one common letter are not significantly different according to the LSD test at
the 5% probability level.
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Table (3) Mean Comparison of the Effects of the Experimental Treatments on Thousand-Kernel
Weight, Spike Density, and Number of Grains per Spike in Wheat

Treatment Thousand-Kernel Weight Spikes m™ Grains Spike™
)
NP 40.10° 411° 42°
SOP 40.382 4312 455¢
MOP 40.432 4254 43.7°
Means within each column sharing at least one common letter are not significantly different according to the
LSD test (P <0.05).

Table (4) Analysis of Variance (ANOVA) for the Effects of the Experimental Treatments on Nutrient
Concentrations in Wheat Flag Leaves

Source of df Mean square
Variation N P K Fe Zn Mn
Replication 2 0.0094" 0.0001" 0.032™ 2.19™ 0.56™ 0.93™
Treatment 2 0.048" 0.00007" 0.211" 2263™ 13.417 72.29™
Error 4 0.0038 0.00004 0.018 0.44 1.027 0.75
Total 8
CV (%) 2.73 3.35 5.83 3.2 5.14 4.86

ns, *, and ** indicate non-significant and significant differences at the 5% and 1% probability levels,
respectively.
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Table (5) Mean Comparison of the Effects of the Experimental Treatments on Nutrient Concentrations
in Wheat Flag Leaves

Treatment N p K Fe Zn Mn
(%) (mg kg
NP 2540 0.19% 2.0 85.2°¢ 17.81° 13.9¢
SOP 3.012 0.23% 2.56¢% 12652 21.10¢@ 2338
MOP 2.892 0.21° 2.45¢ 94.83b 20.52¢ 16.5°

Means within each column sharing at least one common letter are not significantly different according
to the LSD test (P < 0.05).
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Table (6) Effects of the Experimental Treatments on Potassium Use Efficiency Indices in Wheat

Treatment Applied Fertilizer ~ Applied K,O  Grain Yield AEK PEPk
Rate (kg ha™) Rate (kg ha™) (kg ha™)
NP 0 0 5620 - -
SOP 100 50 6500 17.6 130
MOP 80 48 6230 12.71 129.8

Solaidf glg'j)'
¢ o Dlad s s o5 Lo ST Jold Glad a3 0 pme gliand (Slas ST a5 il la (salasdl L5 sl
(s 3laosleT Jals o5 Slles il iy 3o A5 alons VFoF Lo Saad ol s cmley IS 5 bty g
Ll (glacuslie o 53 cbajled aled 55 055 OLWSS s 4 el 5 5 SBT3 5,8 sacale J 257 ()T cosls”
b bs 01 0 E S 8 g3l Do o0 e b 5 e a5 S b |y 5 il A 51 oo b e s
o5 3 oz o LS e 0SS o by (Sl s les aT )3 5 s 2 Ol i ¢ J o (it 90 By Sl olin | b e
VP e 1y 355 O pa s 05 sl sled 53 (pload 355 O na gy jo oty 5o momr i s bows 40y 50 4y Zmite
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54 4 i S bl @ Cod (63557 e o 55T 5 O350 (adtis 35 5 0 Jleel 6358 slajles 0355

AV o) b oslinal S gy gy
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Table (7) Comparison of the Experimental Treatments Using Partial Budget Analysis

Cost/Benefit Net Benefit Benefit—Cost
Treatment (x10%Rialsha™)  (x103 Rials Ratio
ha™)
SOP Benefit  Rn+CO 1359400 164150 1.13
Cost Cn+RO0 1195250
MOP Benefit  Rn+CO 1304050 113090 1.09

Cost Cn+R0 1190960
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