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Introduction

Phosphorus (P) is an essential nutrient for plant growth. In calcareous soils, the presence of calcium carbonate
affects the availability of phosphorus to plants. Due to the special behavior of phosphorus and its low availability
in calcareous soils of Iran, the need to identify crop varieties that are efficient in absorbing and utilizing this
nutrient is vital. On the other hand, following the global fertilizer crisis and the sharp increase in input prices,
focusing on efficient fertilization strategies has become an important priority. Among oilseed plants, sesame
(Sesamum indicum) ranks fifth in the world and second in Iran in terms of oil production. Despite its economic
importance, sesame has received less attention in phosphorus nutrition management studies. Therefore, this
research was designed and implemented with the aim of providing a practical solution to improve yield per unit of
phosphorus consumed, as a necessary step towards increasing farmers' profitability and strengthening the country's
food security.

Materials and Methods

This study was conducted as a factorial experiment in a randomized complete block design at Darab
Agricultural Research Station, Fars Province, for two years during the 2019 and 2020 growing seasons. Soil
available phosphorus was below the optimal range and the irrigation system used was drip irrigation. The soil
texture was relatively heavy, the percentage of soil organic carbon was low, and the equivalent calcium carbonate
was high. The soil was non-saline and the amount of available phosphorus and zinc was insufficient. The irrigation
water was non-saline. The treatments studied included five phosphorus levels (0, 5, 10, 15, and 20 kg ha? of

phosphorus from a triple superphosphate source with 20% phosphorus) and two sesame cultivars, Darab 14 and
Darab 1. The phosphorus levels, along with 50% of nitrogen fertilizer, 50 kg ha'! potassium sulfate and 30 kg ha-
! of zinc sulfate were applied before planting. The remaining required nitrogen fertilizer (50 kg ha* of urea) was
applied before flowering. At the harvest stage, yield and yield components, phosphorus and micronutrients
concentrations in the grain were measured. Nutrient uptake in the grain, seed oil percentage, and phosphorus
efficiency indices of the grain were also determined.

Results and Discussion
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Based on the two-year average results, the grain and oil yield of the Darab 14 cultivar were 20.4% and 30.6%
higher than those of the Darab 1 cultivar, respectively. The number of capsules per plant, the number of seeds per
capsule, grain yield, and oil yield increased significantly up to the application level of 10 kg of phosphorus per
hectare (by 23.5%, 20.4%, 42.7%, and 52.9%, respectively), although they showed no significant difference
compared with the 5 kg P ha™ ! treatment. Therefore, for these cultivars, the application of 5 kg P ha™ 1 is
recommended in terms of grain and oil yield. Measurement of seed phosphorus concentration at different
phosphorus levels indicated that a range of 0.25% to 0.28% can be considered as the seed phosphorus sufficiency
threshold for these cultivars. Over the two-year average, the uptake of phosphorus, nitrogen, iron, manganese, and
zinc was higher in Darab 14 than in Darab 1. The maximum uptake of nitrogen was recorded at 10 kg P ha* (49.3
kg ha't), which was significantly different from the control treatment (36.3 kg ha*). However, with further increase
in phosphorus application, the amount of nitrogen uptake decreased. The maximum uptake of iron occurred at 10
kg P hal, but was not significantly different from the level of 5 kg P ha’. For the elements manganese, zinc, and
copper, the maximum uptake was also recorded at 10 kg phosphorus/ha. Further increase in phosphorus application
rate decreased the uptake of these elements. The uptake of zinc at 20 kg P ha' decreased by about 4.9% compared
to the control treatment. At all phosphorus application levels, Darab 14 outperformed Darab 1 in terms of grain
yield, phosphorus uptake, and phosphorus use efficiency. Darab 14 produced a higher yield per unit of phosphorus
applied compared to Darab 1. Sesame seed yield was positively and significantly correlated with seed phosphorus
uptake (0.82"™). Sesame is known for its strong root system and low nutrient requirements, but the present study
showed that sesame's ability to uptake phosphorus is limited at this level of available phosphorus (8.2 mg kg™).
Seed yield was significantly correlated with nitrogen uptake (0.82™), iron uptake (0.59**), manganese uptake
(0.86™), zinc uptake (0.75™), and copper uptake (0.73™).

Conclusion

By cultivating phosphorus-deficiency tolerant cultivars such as Darab 14, along with minimal phosphorus
fertilizer application (5 kg ha™ * under the present experimental conditions), farmers can not only achieve optimal
yield but also significantly enhance profitability and increase resource use efficiency in calcareous soils with
phosphorus deficiency.

For farmers, grain yield is more important than oil yield because sesame seeds are purchased based on seed
weight rather than oil content. This results in a more favorable profit-to-cost ratio based on the harvested seed
weight.
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Table 3- Composite analysis of variance for the studied treatments on the sesame cultivars yield parameters
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SOV &3 Capsules per plant Seeds in capsule Grain yield Q'I
df yield
JL Year (A) 1 5841** 1.29 34368 275"
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Ju 2 S5k Block 2 240 1.99 7603 135
(year)
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* and " indicates the significance of the treatments at the 1 and 5 percent levels, and ™ indicates no significant difference between
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Table 4- The influence of cultivar and year on the grain and oil yield of sesame
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The means in each column with the same statistical letters are not significantly different at the 5% probability level according to
Duncan's test.
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Tokaw 4 Cans 04 Db LS slagwly ;5 (6l bxe (iul38l ¢ youd
@l 4 g L (B Joua) 3,50 sl LS 53 jaud p)Soks Ve 50
0 Gpas pols ialosl Lulys 15 g pB)) ol (cly cosel Camsay
e Jsiees gy 5 6l 3Slas 55 a3 b p TS
el dpogi BB dingo
Jouwd cdale b oS 0 0,Sles jialS 5 b DS WS)e

Shehu et ) cuwl mls p,55LS" 15 2,5 Jeo V0 5l oS o yiws b8
al.,, 2010 & 2014; Vora et al., 2018; Jat et al., 2020;
Suchita et al., 2021; Priyadarshini et al., 2021; Ibrahim et

.al., 2014; Arslan & Gir, 2018; Younis et al., 2020
Gt plol s (S5 55yt 5 yme by 5 ,Shas ial38) el b
MO g MY Coipa) SB oyiwd b6 jawd S5 clale [oa
pie b (pg2 9 Jol Jlo sl S 2558 3 jiud o5 e
AR slales 13 58y g 4 3 Shes ialS g3 Slas (li jus
b (o GhSeny Jdsa Kl oo jhud S 53 p)Sols Y-
.(Colmer et al., 1995) usb plie jole plo b
Slgze « S5 asle gy slaaih ple b duslio j3 aouS
FB by 29, 3Shes (S5 Jole SIS 3 01 6 5VL o,
Slgi oo hnd b dinge A5 Conl baye (23355 Copto b (295
Gao et) wisy deup 1) (89, M5 4D g oy ol Wy
Jobds yawd DS (Kumari & Saritha, 2017; al., 2025

22uS 3,8l (B Had iy yhwd BB il Jeol 51-0 Joua
Table 5- The main effects of different P rates on yield parameters of sesame

BUIWERARY R Qgr 4> JogmmS dlaxi JgumsS 3> &l dlani &l 3 ,Shos o9y 2 5des
P rate Capsules per plant Seeds in capsule Grain yield Qil yield
kg ha? - - kg ha! kg hat

0 68 b 54 b 871d 376d
5 75 ab 60 a 1115 ab 522 ab
10 84a 65 a 1243 a 575a
15 83a 62 a 1072 be 458 be
20 83a 60 a 979 cd 439 cd

s I3 gxe glis BB o yd O Jleas ] paw p3 4SSl 905l Hai j ditaas lie (gylel By gl gt a0 &S olb ke
The means in each column with the same statistical letters are not significantly different at the 5% probability level according to
Duncan's test.
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Table 6- Composite analysis of variance for the studied treatments on the sesame nutrient uptake

e glie o ped Clda 0o e (5 Dl PR e palda e Dl
SoVv P uptake N uptake Zn uptake Mn uptake Fe uptake Cu uptake
JL Year (A) 1 1.19* 296* 282** 875" 3801" 20.8™
sk Block 2 04m 228* 219** 4902*  289551**  120**
Jl > S5k Block(year) 2 0.22 39 4 316 55578 43
3, Cultivar (B) 1 3.74%* 1115** 576** 10186**  88355* 65"
AxB 1 46** 956** 462** 7567**  79373* 221%**
sawd uioPrate (C) 4 26%* 422%* 295** 3836** 83901**  120**
AxC 4 0.21™ 53" 72" 459 13765 15"
BxC 4 018" 40m 31 313ns 2885ns 28™
AxBxC 4 02@ 52" 17 492" 4289 13
s Error 36 024 52 37.4 433 11221 22
Sy oo CV (%) - 17 17 19 16 19 23

L jla )b xe MBS pae SLo NS 9 0o > B 5 ) daw ) aylas (g)ld gime Sy # g s Codle
= and " indicates the significance of the treatments at the 1 and 5 percent levels, and ™ indicates no significant difference between
the treatments.

WS 08y 95 p3 lié polic Cia p Jlw g o8, WU -V Jgua
Table 7- The influence of cultivar and year on N, P, and Mn uptake of two sesame cultivars

039 wda N uptake swd Oda P uptake 5% ©da Mn uptake
kg hat kg ha g hat
3, Cultivar  Yearl Year2 Mean Year 1 Year2 Mean Year1l Year2 Mean
Darab 1 38b 41b 39.4b 250b 277b 264b 108 ¢ 123bc  116b
Darab 14 54 a 42b 48 a 355a 272b 3.13a 157 a 127b 142 a
ol Ll Fe uptake e wds Cu uptake &9, ol Zn uptake
ghat ghat ghat
Cultivar Yearl Year2 Mean Yearl Year2 Mean Yearl Year2 Mean
Darab 1 482 b 538b 510b 18b 21ab  19.8a 28b 29b 28.8b
Darab 14 631la 542 b 587 a 24a 19b 219a 40a 30b 35a

s I3 gxe glis BB o yd O Jleas ] paw p3 4SSl 905l Hai  ditaan i (gylol g gl gt a0 S olb Sibe
The means in each column with the same statistical letters are not significantly different at the 5% probability level according to
Duncan's test.

Sound p,SLS D Bpno b aS w Jols )l 13 4aud p)SeliS Y
Sy Al yawd colas Jde laisds ) doyd /YA L /Y0 clale
(A dgiz) <85

polis Qo g by jaud cals  jiud Lol Bl (5:S0ke dulie

Al > yans clale ol ond o3ygl A Jgas ) asdllas dy90 olie
Ssime il 1 LS )3 £ SokS O paw b jiud By 381 L
L5 odmliie ()l dne Cglis yaud slaw oy dbasly pl )3 Lol ecdly
gaw 3 ofg) 5 b 3o (i &Sl & colie b (A Jgie)

)‘i‘“ 9 ™S9y ‘O"’i 039 ‘)M d)"‘-é )"u" ERES 9 )M wdile x )M d“”)L%’“ uJ*" )-" -A JS-‘?’
Table 8- The effect of the P treatments on P concentration and nutrients uptake of P, N, Fe, Zn, Cu, and Mn

JENCIREN S clale S P Oiorw N pKeMn  »iFe owe CU &9; 2N
P concentration wda Uptake
P rate i kg ha? g hat
0 0.247b 2.16¢ 36.3¢ 107d 433b 16¢c 27.6cd
5 0.252 a 281b 49.3a 144 ab 611 a 22 ab 349ab
10 0.280 a 348a 49.7a 149a 624 a 24a 38.2a
15 0.283a 3.03b 43.8ab 129 be 586 a 22 ab 32.2bc
20 0.298 a 2.92b 39.4 be 115cd 488 b 19 be 26.32d

s I3 xe iglas BB o )3 O Jlean ] gaw p3 4SSl 905l Jlas 3 ditan i (gylel g gl gt o 0 S ola Sibe
The means in each column with the same statistical letters are not significantly different at the 5% probability level according to
Duncan's test.
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2D o asls g s Cls b 5,Slas Al 93 1Sl
(D ypan youd Folaw olod yd .Cawl 0did 03> LS A Jgd 53 youd
9 yd Clo il 0)Slos a5 51 VE Gy 08, (550 Sk ool
Ul asly casly v Ol 18y 4 i (g iy 5,Slos s VY
doly o lil 4 sndudy 0)Sles lade g yowd Cla jd (g yde
» @by orz (A o) C8b ialS w2y B gk jaud
(Nourgholipour et al., 2019) cul sus saalie o 1315 oLS
Gy dlasel BB padls lyicds jaud Gpas 1) 5 ool
33 yhud B pas o) LialS (et al., 2010; Chen et al., 2015
o oyl s dald b duglie j0 0505 bl yd jawd 05 S placs,S
el & eSS Sid dgicum 0, Sles dajlog ol &Sl
b alaly y5 (Akhtar et al., 2009) B350 Jo5 ¢ 8 o yaud Aol
ol 4 sl (6908 S5l (BS S ) jud Bras SIS
1ol a8 olie polie cbalé o3gime , btes Cunl o yasli
Santa-Maria et al., ) 3,5 |3 (,.S0jlul 350 olS j dipo

(2015

S )3 jhud p)SokS Ve o p3 &l )3 Hhud Ol Ay
iy 2N sgis ool cnls oy b duslie 3 a5 a5 <l
Cunl (See ddyy bbb g ady) Hidle o Ol (A Jois)
ol Co5 yiad il ISl g je Jlasl g2y plgisa
Hunter et al., ) w4 48,5 a5 )5,k 10 yaud p)SelS Ve b«
adol S > oytod BB jaud oS clale ba ¢ pimen (2014
b )8 4 olS Gl g oS oS 3 )5 e V0 ) yieS oS
gm0 oy |y mlie pa YL Folaw b (20348 clil arily agy
inl38l by o o] Canjlame 5 S codl g CutS 4 o
oiliel el S j3 yaud p 5ol Y 9 VO 4 Ve 5l jand s
(Colmer et al., 1995) aib bls,l »» olie

5 9y 550 ol oy ol cdlllasdygo siud (gla o
(A Jods) mls )3 131 cov gyld ine yobods 55 1y Ails 3 e
VAIV) U 53 jiud oS5k Ve a3 (s ol dnde
(LS 15 p,5 LS YE/Y) sl jlas b &S 0 o ([l o p)S'lS
Souud p,5 LS oo b (6,0 Gixe gles  Jg cuily (gl xe glis
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Vo mdaw )0 we g gy e ol Qla diuiy Lcdl el
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drog BB 238 pole dig Qi (ol )lSe )3 jaud p)SelS 0
Fom

b jand Cla b b pxe 5 Cute (Siued JouS dild 3 Sloe
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3055 08,1 g hd Zgbans 31 o (PE) yhund 21,5 9 (PACE) yhund i (1) {PUTE) yiund b0 (2] )5 allus 93 (5nS5ko - Jgi2
Table 9- Two-year mean of Phosphorus Acquisition Efficiency (PACE), Phosphorus Utilization Efficiency (PUTE), and
Phosphorus Efficiency (PE) as influenced by phosphorus levels and sesame cultivars

o) ke dhaSles Aol byt pace  pE
Cultivar P rate Grainyield P uptake
0 819 2.07 396 - -
iy 5 1067 271 393 076 077
; 10 1122 3.15 35 066 073
Darab 1 15 958 261 368 079 086
20 875 2.63 332 079 094
0 923 2.24 412 - -
' s 5 1243 3.06 406 073 074
= 10 1363 3.75 363 060 068
Darab 14 15 1186 3.42 347 066 078
20 1097 3.20 343 070 084
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(Nourgholipour et al., 2019)
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Table 10- The BCR of the grain and oil yields in different P rates

Sl

o - i i wsflee il T e o T G
Cultivar - Expense of P Increased grain o Net income of  Net income b o9
P rate from TSP yield Increased oil grain of oil BCRof  BeR ofoil
yield grain
(kgl.)ha (Toman. ha) (kg.ha't) (Toman. ha) - -
Darab 1 - - - - - -
5 1750 248 75 62000 35625 35.43 20.36
10 3500 303 149 75750 70775 21.643 20.22
15 5250 139 261 34750 123975 6.62 23.61
20 7000 41 165 10250 78375 -1.46 11.12
Darab -
14
5 25 320 51 80000 24225 45.71 13.84
10 50 440 143 110000 67925 31.43 19.41
15 75 263 136 65750 64600 12.52 12.30
20 100 174 -1 43500 -475 -6.21 -0.07

The ratio of benefit-to-cost (BCR)
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