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Effect of fertilizer application methods and irrigation on growth indices and tuber
yield of potato (Solanum tuberosum L.) in Dehgolan plain in Kurdistan province,
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Effect of fertilizer application methods and irrigation on growth indices and tuber
yield of potato (Solanum tuberosum L..) in Dehgolan plain in Kurdistan province, Iran

Rezaie, B.!, Hosseinpanahi, F.? and Siosemardeh, A.}

ABSTRACT

Rezaie, B., Hosseinpanahi, F. and Siosemardeh, A. 2025. Effect of fertilizer application methods and irrigation on growth
indices and tuber yield of potato (Solanum tuberosum L.) in Dehgolan plain in Kurdistan rovince, Iran. lIranian Journal of
Crop Sciences. 27(1): 110-128. (In Persian).

Introduction: Potato (Solanum tuberosum L.) is one of the most important food crops worldwide, and grown in
diverse ecological conditions. The crop plays a vital role in food security and significantly contributes to farmers'
economic well-being. Optimal management of nutrient resources and water is a key factor in enhancing potato
tuber yield. While several studies have investigated the effects of individual nutrients and irrigation regimes on
potato growth and tuber yield, comprehensive management strategies of integrating both factors have received less
attention. This study aimed to evaluate the effects of different nutrient and water management packages on growth
indices, tuber yield, and yield components of potatoes in the Dehgolan plain in Kurdistan province in Iran.
Materials and Methods: The experiment was carried out over two growing seasons (2021 and 2022) in
Dehgolan plain in Kurdistan province in Iran, using a randomized complete block design with nine treatments
and four replications. The treatments consisted of: T1- Conventional management, T2- NPK fertilization based
on soil test, T3- NPK fertilization based on soil test + chicken manure, t4- Conventional management+500 kg.ha
L sulfur, T5- Conventional management+1000 kg.ha™* sulfur, T6- NPK Fertilization based on soil test + irrigation
at 80% FC, T7- conventional management + irrigation at 80% FC, T8- NPK Fertilizing based on soil test +
chicken manure + irrigation at 80% FC, T9- NPK Fertilizing based on soil test + chicken manure + irrigation at
80% FC+ 1000 kg.ha* sulfur. Each experimental plot area was 25 m? and included six planting rows. The
distance between plots was one meter, and the distance between replications was two meters. During the
growing season, key growth parameters, including leaf area index (LAI), crop growth rate (CGR), dry matter
accumulation, tuber yield, and yield components, were measured and recorded.

Results: The results indicated that management packages significantly affected potato growth and tuber yield.
The highest dry matter accumulation was recorded in treatment T9 in both growing seasons (1435.69 g.m in
2021 and 1810 g.m2 in 2022). Treatments T7 and T8 ranked second and third in both years. Leaf area index
(LAI) was also influenced by management packages. In 2021, the highest LAI (4.45) was observed in treatment
T7, whereas in 2022, the maximum LAI (7.27) was recorded in treatment T9. Similarly, the highest crop growth
rate (CGR) in 2021 was observed in treatment T9 (29.59 g.m-?day™). In 2022, due to earlier planting, the growth
rate increased, with treatment T3 showing the highest CGR (29.99 g.m2.day). The highest tuber yield in 2021
was obtained in treatment T7 (36.7 t.ha), while in 2022, treatment T9 had the maximum tuber yield (49.87 t.ha"
1). The lowest tuber yield in both growing season were observed in treatment T1 (conventional management
package in the region), with 23.67 t.ha! in 2021 and 37.11 t.ha! in 2022. The lower yield in 2021 compared to
2022 was primarily due to a sudden temperature drop in early October 2021.

Conclusion: The findings of this experiment demonstrated that appropriate nutrient and water management
packages significantly affected potato growth, tuber yield. Treatments with a combination of adequate nutrient
and water application exhibited the highest LAI, CGR, and tuber yield. Therefore, application of such packages
can be recommended as an effective management approach to improve potato production in the Dehgolan plain
in Kurdistan province in Iran.
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Table 1. Physical and chemical properties of the soil at the experiment site (2021 and 2022)

VFoo VF

Soil properties S oo S5y 2021 2022
Clay (%) oy 461 54.1
Silt (%) k. 358 36.1
Sand (%) o 180 9.6
Soil texture ey, Clay oy,  Clay o,
pH PR 7.8 7.9
EC (dS.m) S S s 0.769 0.637
TNV (%) olgh sl 302 29
Organic carbon (%) TS 0.26 0.8
N (%) RETEEH 0.03 0.08
P (mg.kg?) i 6.1 7.0
K (mg.kg?) el 290 680
Bulk density (g.cm™) AL osaie 0l 13 1.3

V¥


http://agrobreedjournal.ir/article-1-1411-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-09 ]

VB Ol o o5lad cpnin 5 Sy dler 011 (215 p ke o 5"

(WFN VP ) LT 585 halesT slasles =Y s
Table 2. Fertilizer and irrigation treatments (2021 and 2022)

T lols
Treatments

VEe
2021

VFey
2022

M@‘)"Ew“‘;ﬁ@”;
Common management (CM); T

JSa 53 0 S A iy 358 Ve iy S g Ve 5 Dl e D o)
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure; 8000 kg.ha*

a3 0SS A e 2By 358 Ve sy O g Ve 7 lid e D o)
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure; 8000 kg.ha*

S 0551 gld ool 2238
NPK fertilizer application based on soil test result (ST); T2

SSCa 53 0 8 ST Wty S O 2 oy 5 iy e ol
Urea; 400, Triple superphosphate; 330, Potassium sulfate; 170 kg.ha*

JSa 53 0 S8 ho oty O YD 2 oy 5 iy e XA o)
Urea; 400, Triple superphosphate; 330, Potassium sulfate; 0 kg.ha™

oSS g,.,‘T@mJu,_@n;
NPK fertilizer application based on soil test result + chicken manure (ST+M); T3

JoSa 53 0SS A e i e 35S AV alsy Sl g Y 5 Dl g P
Urea; 400, Triple superphosphate; 330, Potassium sulfate; 170, chicken
manure: 8000 kg.ha*

S 53 0 S AS A 1 e s S Gho ol S YD 2 oy 5 iy 0 4D S0
Urea; 395, Triple superphosphate; 325, Potassium sulfate; 0, chicken
manure: 8000 kg.ha*

358 8 S 53 p FAS 00 r adlaia gl o ol 5 23358
Common management + 500 kg.ha'* sulfur (CM+Ssoo); T4

A PN 0 R A 0 ) D PO G U D W JCIT SN SO - DY

S s ()4!\5
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure; 8000, sulfur; 500 kg.ha'*

LT N R A 0 g D PO G U T W U TSN JPO £ DY

S s (’f?}'w
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure; 8000, sulfur; 500 kg.ha*

:;;J;)&)AC;M\“' adlate gl 00 bl 23358
Common management + 1000 kg.ha* sulfur (CM+Sao00); Ts

Verr 8 A 1 e S N el Oy Ve 2 Db e KO o

S s ()4!\5
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure: 8000, sulfur: 1000 kg.ha*

3 E S @SS A b3S Ol S g Ve Olid g X0 e

SESNY FESTN
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure: 8000, sulfur: 1000 kg.ha™*

o B ds 3 A 53 LTS 0505T s el y 2238
NPK Fertilizer application based on soil test result + irrigation at 80% FC (ST+W); Te

JoSa 3 p 8 STV s ley S O 2 5 lid g (P o)
Urea; 400, Triple superphosphate; 330, Potassium sulfate; 170 kg.ha*

SSa 53 0SS ity S YD 2 oy 5 i1 50 A 205
Urea; 395, Triple superphosphate; 325, Potassium sulfate; 0 kg.ha*

as 50 Cud b Ao s AY ):$)H7+db@1)=x$wu\ﬁ@::,§
Common management + irrigation at 80% FC (CM+W); T

S 3 p ST Arer 38 Ve by O g V2 5 Dl g O o5
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure: 8000 kg.ha*

S 3 p ST Aver e 3sS Ve by O g V2 5 Dl g KO o5
Urea; 350, Triple superphosphate; 70, Potassium sulfate; 100, chicken
manure: 8000 kg.ha*

oS bAoA 3 SLTE (B s SHSTE 05T s el 02058
NPK Fertilizer application based on soil test result + chicken manure + irrigation at 80%
FC (ST+M+W); Tg

S g3 p S S At e 358 OV dley S T L 5 s s g (P o)
Urea; 400, Triple superphosphate; 330, Potassium sulfate; 170, chicken
manure: 8000 kg.ha*

S 3 p ST A e et g 358 ¢ hos tmnlty O g VYD 5 o 5 i s P40 051
Urea; 395, Triple superphosphate; 325, Potassium sulfate; 0, chicken
manure: 8000 kg.ha*

355 a3 0,8 P S Ve v ey 5e b b o sa A s (ol B e 358 +ES s paST @l el a5

SEE
NPK Fertilizer application based on soil test result + chicken manure + irrigation at 80%
FC + 1000 kg.ha* sulfur (ST+M+W+S1000); To

Verr i S e A e 5 S AV el Sy PP 5 Dl g v

S s (f?}b/
Urea; 400, Triple superphosphate; 330, Potassium sulfate; 170, chicken
manure; 8000, sulfur; 1000 kg.ha*

Voo F T A o30S G ey DU e Y02y 5 Dlid e OFR0 a0

S s (,f:‘_s
Urea; 400, Triple superphosphate; 330, Potassium sulfate; 170, chicken
manure; 8000, sulfur; 1000 kg.ha*
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Fig. 1. The average of monthly minimum and maximum temperature and solar radiation at the experiment site;

Dehgolan, 2021 (a) and 2022 (b)
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.(Wang et al., 2019, Qin et al., 2014)
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Fig. 2. Total dry matter accumulation of potato in fertilizer and irrigation treatments, 2021 (a) and 2022 (b)
sl o (2338 ICM+S500 ¢ & o 5 S+ESTs 35057 &b ol 2555 STHM &S & 5037 &b ol #3555 ST cailate @b esd ol 8 CM
A s soT+eSs Q}JJT@LZ}wL.w'ﬁ@JJ;:ST*’WA.};;J;)&)J()?}L:{\"‘ +aakie @l)a}:..‘:. LJ.,.l.«lﬁ‘_sm»‘,fZC'\/""SlOOOc(>~' +42.1=;.p@\)a‘,._.i
ST+ E o :;+¢fl>'-[)yﬂ@lﬁu..b\ﬁ@::ﬁ:ST"’M"’Wgw)}a b b de s Al )>5)QT+M@\) o3t ool 2338 CMAW s 550 b bty
:f;:;)&):(f}k:f\-~~++4:—)J'A¢,,_.§jb.xp):/\~ T+ E :;4-5[;()}»)7@& ool 2338 STHMAWHS1000 cas ) 30 S b Ao j3 A 55
CM; Common management, ST; NPK fertilizer application based on soil test result, ST+M; NPK fertilizer application based on soil
test result + chicken manure, CM+Sso0; Common management + 500 kg.ha? sulfur, CM+Szo00; Common management + 1000
kg.hat sulfur, ST+W; NPK Fertilizer application based on soil test result + irrigation at 80% FC, CM+W; Common management +

irrigation at 80% FC, ST+M+W; NPK Fertilizer application based on soil test result + chicken manure + irrigation at 80% FC,
ST+M+W+S1000; NPK Fertilizer application based on soil test result + chicken manure + irrigation at 80% FC+1000 kg.ha'* sulfur
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Table 3. Coefficients of dry matter accumulation curve equation of potato in fertilizer and irrigation treatments

(2021 and 2022)

St osle ST
a b c R? TDMmax £ SE (g.m2)

salesT slajles (LR Y TE T AL A T T A T A VEe VE

Treatments 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
CM;T: 1025 1543 | 874 206 | 0.08 0.06 | 0.99 0.99 989+£23 1336x50
ST; T» 924 1455 | 701 343 | 0.08 0.07 | 099 0.99 782+30 1419+23
ST+M; T3 1111 1700 | 317 248 | 0.07 0.07 | 099 0.99 | 1002+10 1565+ 26
CM+Ss00; Ta 872 1490 | 557 387 | 0.07 0.07 | 099 0.99 914 +58 1503 £ 31
CM+S1000; Ts 1009 1754 | 371 151 | 0.07 0.06 | 0.99 0.99 969 + 37 1647 £ 39
ST+W; Ts 1178 1567 | 158 298 | 0.06 0.06 | 099 0.99 | 1016£55 149017
CM+W; Tz 1632 1571 | 511 192 | 0.07 0.07 | 097 0.99 | 1318+40 1588+ 23
ST+M+W; Ts 1461 1574 | 411 305 | 0.07 0.07 [ 099 099 | 1228+18 1612+33
ST+M+W+S1000; To | 1609 2127 | 347 98 | 0.07 0.05 | 099 099 | 1436+6 1810+ 50

OFN 5 0F) LT 5555 slajbes 55 njomw &5 1 o ast s comte dhsles ol o —F s
Table 4. Coefficients of leaf area index (LAI) curve equation of potato in fertilizer and irrigation treatments

(2021 and 2022)

& b ot ls Sl
a b c d R? LAl + SE

ialesT slaylos VFo VO AFee AF IFe Y AF (L I T SR L Vo VFo

Treatments 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
CM;T; -0.19 0.70 | 280 577 | 83 90 151 12.02 | 0.97 099 | 3.28+0.12 6.50 +0.08
ST; T, 0.33 054 | 393 541 | 84 92 13.2 1081 | 0.99 099 | 2.95+0.06 5.95+0.08
ST+M; T, -0.27 053 | 291 6.13 | 83 90 15.3 10.67 | 0.94 099 | 410+0.15 6.77 £0.18
CM+Ssq0; Ts 0.20 051 | 3.00 577 | 86 91 114 1170 | 0.99 099 | 3.28+0.15 6.29 £ 0.08
CM+Si000; Ts -0.28 059 | 377 567 | 84 90 143 1270 | 0.99 0.98 | 3.85+0.09 6.29+0.11
ST+W; Tg -0.24 0.62 | 403 586 | 87 92 16.3  9.60 099 099 | 3.81+0.02 6.54£0.14
CM+W:; T, -0.063 038 | 451 6.77 | 83 91 134 1242 | 099 099 | 445+0.05 7.17£0.31
ST+M+W; Tg -0.14 0.08 | 439 6.88 | 81 92 13.0 1428 | 0.98 099 | 429+0.004 6.97+0.08
ST+M+W+Syg00; T | -0.093 041 | 429 6.82 | 81 91 12,7 1283 | 0.98 0.99 | 4.20+0.06 7.27+0.16
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CM; Common management, ST; NPK fertilizer application based on soil test result, ST+M; NPK fertilizer application based
on soil test result + chicken manure, CM+Sso0; Common management + 500 kg.ha sulfur, CM+S1000; Common management
+ 1000 kg.ha't sulfur, ST+W; NPK Fertilizer application based on soil test result + irrigation at 80% FC, CM+W; Common
management + irrigation at 80% FC, ST+M+W; NPK Fertilizer application based on soil test result + chicken manure +
irrigation at 80% FC, ST+M+W+S1000; NPK Fertilizer application based on soil test result + chicken manure + irrigation at
80% FC+1000 kg.ha'* sulfur
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Fig. 3. Leaf area index (LAI) of potato in fertilizer and irrigation treatments, 2021 (a) and 2022 (b)
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CM; Common management, ST; NPK fertilizer application based on soil test result, ST+M; NPK fertilizer application based
on soil test result + chicken manure, CM+Sso0; Common management + 500 kg.hat sulfur, CM+Si000; Common management
+ 1000 kg.ha't sulfur, ST+W; NPK Fertilizer application based on soil test result + irrigation at 80% FC, CM+W; Common
management + irrigation at 80% FC, ST+M+W; NPK Fertilizer application based on soil test result + chicken manure +
irrigation at 80% FC, ST+M+W+S1000; NPK Fertilizer application based on soil test result + chicken manure + irrigation at
80% FC+1000 kg.ha™* sulfur
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Fig. 4. Crop growth rate (CGR) of potato in fertilizer and irrigation treatments, 2021 (a) and 2022 (b)
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CM; Common management, ST; NPK fertilizer application based on soil test result, ST+M; NPK fertilizer application based on soil test result + chicken manure, CM+Sso; Common
management + 500 kg.ha'* sulfur, CM+S1000; Common management + 1000 kg.ha'* sulfur, ST+W; NPK Fertilizer application based on soil test result + irrigation at 80% FC, CM+W;
Common management + irrigation at 80% FC, ST+M+W; NPK Fertilizer application based on soil test result + chicken manure + irrigation at 80% FC, ST+M+W+S1000; NPK Fertilizer
application based on soil test result + chicken manure + irrigation at 80% FC+1000 kg.ha™* sulfur
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Table 5. Maximum crop growth rate (CGR) of potato in fertilizer and irrigation treatments (2021 and 2022)

Ve VF)
ol T ol les 2021 2022
Treatments CGRmax (g.m2.day?') CGRmax (g.m2.day?)
CM;T1 21.77 £0.45 25.34 £ 0.72
ST; T2 19.66 £ 0.36 25.13 £ 0.96
ST+M; Ts 20.56 + 0.57 29.99 +0.22
CM+Ss00; Ta 16.65 + 0.46 28.19 + 0.46
CM+Sa1000; Ts 18.99 £ 0.93 26.06 £ 0.24
ST+W; Ts 18.84 £ 0.27 2471 £0.24
CM+W; T 29.54 +0.70 27.13+£0.36
ST+M+W; Ts 25.28 £ 0.09 29.49 + 0.31
ST+M+W+Si000; To 29.59 +0.74 28.25 +0.38
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CM; Common management, ST; NPK fertilizer application based on soil test result, ST+M; NPK fertilizer application based
on soil test result + chicken manure, CM+Sso0; Common management + 500 kg.ha* sulfur, CM+S1000; Common management
+ 1000 kg.ha'! sulfur, ST+W; NPK Fertilizer application based on soil test result + irrigation at 80% FC, CM+W; Common
management + irrigation at 80% FC, ST+M+W; NPK Fertilizer application based on soil test result + chicken manure +
irrigation at 80% FC, ST+M+W+S1000; NPK Fertilizer application based on soil test result + chicken manure + irrigation at
80% FC+1000 kg.ha'! sulfur
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