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Investigating the effect of different planting patterns on potato growth
indices under different levels of irrigation and potassium sulfate fertilizer
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Table 1. Physical and chemical characteristics of the soil at the experimental site
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Table 2. ANOVA (mean squares) results for growth characteristics and yield of potato as affected

by planting pattern, irrigation levels and potassium sulphate fertilizer in 2016
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**," and, ns represent the significant effect (P<0.01, 0.05, and non significant respectively).
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Table 3. ANOVA (mean squares) results for growth characteristics and yield of potato as affected
by planting pattern, irrigation levels and potassium sulphate fertilizer in 2017
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Fig 1. Variations in leaf area index of potato over 2016 and 2017 cropping seasons under different
planting pattern treatments (a), irrigation (b) and potassium sulfate fertilizer levels (c). Vertical
bars represent the least significant difference (LSD) values at each sampling.
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Fig 2. Variations in crop growth rate of potato over 2016 and 2017 cropping seasons under

different planting pattern treatments (a), irrigation (b) and potassium sulfate fertilizer levels (c).
Vertical bars represent the least significant difference (LSD) values at each sampling.
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Table 4. Mean comparison of the interaction effects of planting pattern, irrigation levels and
potassium sulphate fertilizer on growth characteristics and tuber yield of potatoes
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pattern water Potassium CGR(gm NAR(gm TDW(kgm?) Yield(kg.m?)
requirement of sulfat_el LAI 2 day™) 2 day™)
crop) (kg.ha™)
2017 2016 2016 2016 2016
100% 0 2.08 12.61 5.61 0.465 29
75 2.38 14.48 5.32 0.492 32
Jsane Cu2S” 150 2.51 19.4 6.48 0.597 3.1
80% 0 1.4 7.38 4.56 0.320 23
Common 75 1.5 11.04 6.74 0.364 2.4
planting 150 1.82 13.28 7.8 0.399 2.1
density 60% 0 1.03 4.25 3.58 0.283 1.6
75 1.32 6.52 4.08 0.332 1.8
150 1.45 8.54 5.28 0.337 2.1
100% 0 2.05 12.22 5.00 0.492 3.0
Jgere 28 75 2.65 13.68 5.56 0.494 3.1
) 150 2.82 12.15 4.08 0.581 3.1
Vﬂf‘ 80% 0 1.55 9.47 5.95 0.337 2.1
Common 75 1.9 8.95 4.60 0.391 1.9
dense 150 2.12 19.26 9.04 0.522 2.1
planting 60% 0 1.22 13.77 9.10 0.354 1.8
density 75 1.53 14.25 8.63 0.419 1.9
150 1.64 18.71 10.26 0.499 1.8
100% 0 2.14 19.51 7.78 0.555 3.2
75 2.37 44.08 15.53 0.968 3.7
150 33 39.55 11.59 0.869 3.6
EL 80% 0 1.73 10.23 5.52 0.412 2.5
‘;’_s”’ = 75 224 12.23 3.88 0.503 25
Zigzag 150 2.48 10.18 4.37 0.438 2.8
60% 0 1.36 7.81 4.13 0.377 2.1
75 1.9 11.3 5.44 0.477 2.1
150 1.77 8.29 3.84 0.463 3.0
LSD(0.05) 0.22 6.12 3.1 0.076 0.28
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Fig 3. Variations in relative growth rate of potato crop over 2016 and 2017 cropping seasons under
different planting pattern treatments (a), irrigation (b) and potassium sulfate fertilizer levels (c).
Vertical bars represent the least significant difference (LSD) values at each sampling.
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Fig 6. Variations in net assimilation rate of potato crop over 2016 and 2017 cropping seasons

under different planting pattern treatments (a), irrigation (b) and potassium sulfate fertilizer levels
(v). Vertical bars represent the least significant difference (LSD) values at each sampling.

abasl y Ll O gDl Sy &S i
S Jole o ayls e Ol b esitees
St 3l g g ey Al
S ialS Al e L@l O g Den
by S 2 )53 palle 5 S
Coul ods 35S s s Oliisws
Hejri, 2008; Hossein Pour et al., 2003;)
£33 Jl > .(Hemmati & Soleymani, 2014
Sl 558 53 ST gy S
ST a8 gy o sl Ol iy
Sl g 358 0 5 AS N0 3,8 o pon 4
O Dhal S (A JS5) S )3 ol
3 dsere CiS 4 S Lo 3 VY/Y I Ll
Ay (oo ol il 58T 5 s pte

Jol= 5355 &:qflﬁj;&f}:c\f

S e el 03y ol 5w
b a Ll Ll el W31 ¢SCist asle LI
ciS s LA O pethesl Sy IS
Ol g 383,08 5 JalS LT ( S5
S8 51 g S0 P02l e S el
SSan @, b, 0 7 SE) 34 Ol e o i
ey Sl s 557 53 (LT 5o ST S,
2 (ote (5ET) (6,8 o5l ol £0 555 3
(Y Jsd) 55 )18 51 S nl sl Jl
iS5 el O el s ST
VO 5,558 5 oS bl ol per & S5
S 3 pley Sl 5872 TS VO
Sl 4 Cand Gl VY 5 ¥/¥sgus oS sy
3 5W a0 T Aoy £ s Jseme CiS

(F Jga) sls Olis il 53l 58 5,8 pols



e g S8 Calidee gla gy Sl qwy

T Ol 4en  sls S0l anslis
sls plas Jol L s v.,.u\.q S g 3}5).3
(ajfjl;\()~ Jﬁjtfaijmydﬁgé)\ﬁ'liaf
FV/?‘)gﬁo}Jck,uﬁwtiwaJ;
SB s ST de)s £ Hlas 5l i Aoy
;1;&@1‘.,#@@&5}”;;@%(.\;)
5 sla 5 mlaw 2alS L olE LA JSC)
oS i 53 OT 15 4 5 oS G %5 gl il
(Gardner e al., 1988) das oo [ialS )5
‘_;ugyg\.wt}g;«{;msa&udfﬁ
d>=lg 4> Cﬂw)&ijjlf clle ¢l LsngﬁJ"
S sd oS 5 S 55 )5 iy e
Hossein) sl 5 cwle 5 Lol 3 55 i
Sl ok iyl cwioman .(Pour et al., 2003
cdfxoj\&‘c@)rf‘ﬂcmw\%@w&
)de?_}_:o}l}chd»}d?ﬁcbaubu
Sobhani) ol e3ls il 33l s e oS
.(& Hamidi, 2013
A Jgas) 43 55l
J s ook

dsn pazs ool oS JS S ol
33 IS S osle O i AL e (6 R g
JK8) ol adienls olis el Sl s
Mubda(ag\~J§§)J§.i4{4>,-jlg.(\~
s ole mead ( S1S5 S Sl o
o 53 58 53 K5 ST gy 93 3l 6 i
Jf.ﬁjfa)u‘ngj.bow}}ﬁbbgbj

U Sl 1y (G o Jguamas Loy Cop H b

\o

Gl ) o e e iy O
Ramezani & Rezaei Sokht-) oli o
4 556 olS 4,5 5 (Abandanil, 2013
Al-Mahmud et al.,) Sl 655 i jiow 4
IS 5 ol G 3 Cpiseen L2014
ey 355 G pae (Hatami et al., 2010)

Gl D o e D ok Ly 3 e Sl

b L olS 5o
< poky o
gﬂ@woﬂbdwgﬁoijchu

ol s s WSe s 0T L s Bl
clmoujg;,;;\fpu)u.;@mﬁww
95 s (VY L}Q)ag ui.alfdfﬁoji}
iS558 ek Tl e o0 dl
Olpe J1.@ Y JK2) as sdalie S1S5
PO D slajsy 53 s s Jsl dle s LT
Y Jsdr) 3 ol gme SIS I ey gl 4
Ol doys 70 Hles o sl Ol SR,
A s Sis ol G e 5L s
Sloles w530V JK8) i o)) Jlegs
o 4 500 sl Sy s dsl e s a8
A 3 B Sl gae Shy ol Bl
2 eSS N0 58 4 by e OT Ol
Jlo 53 eV JK8) 35 mly S g LS
Tl o) 2 gty 355 J1 S L a o
Jlm 53 Js 435 ols e 55 05
S 51 Sy ens e o i A8y SLL
ey Ol g SESa 3 p 5 ST 100s 18
5o 03 dsl ey eV JSK8) e s
,;L;JL:{TQ\},AU;.&@J{L;;GJW\wa
LY Jgd) >,{,\>G:~r:w\:,’;,wy>;



A QL VW aly =+ ¥ o)l =YY 000« (£155 B0 9317 S gy 4 pid»

«+de++ Common planting density = Control
= @~ Common dense planting density =®= 80 % of the crop water requirement «c-de-- Control —®= 75 (kg.ha-1) —@—150(kg
oo Ziezag «++e s 60 % of the crop water requirement 0.03
0.03 -
0.025 o 0.025
s 0025 i =
i S )5~ o002
q4 = - 5
. o~ 002 X = 0o1s
I | 32 oons v EE
I T8 Wy g oo
N 5= 001 &
“5] 2 0.005
0.005 a & 0005 0
0 0 0 20 40 60 50
0 “-.;u 4‘1— 60 ‘ soh 0 \\:0 i:_ 60 ‘ 80 ) WS A5 dhe o &) ) e a2l
& i 23 ) e la) & 2 23 & 3l e N
< ) < ) Days after planting in 2016
Days after planting in 2016 Days after planting in 2016
---@-- Common planting density —e— Control
- i i «@sContro]l =M= 75 (kgha-1) =——tb=150(kgh
- ;};nn;nou dense planting density — 8= 380 % of the crop water requirement £ ) the
003 | EE +aeeee 60 % of the crop water requirement 003
s 0.025 - 0.03 - 0025
=2 ro = o 5 g
,i) & o % ‘J 5 0'02', 4 & oo S,
= B 0015 r I 1 ) g 0 JE%
N e 2 2 booos B o 0.015 1 I .
v EE oo I TEE om v EE
W B ¥ EE 27 om 1 *
Y 2 0005 a Y 8 7 0005 Y g C
@ o & o o008
0 20 40 60 80 0 0
0 20 40 60 50

Wag el Jlw ja o) 1 e e
Days after planting in 2017

Days after planting in 2017

WP ) e s ) sl
Days after planting in 2017

(..:.\»L"._v‘dl:&mC}Jﬁﬂ}(b)‘SJLﬁTG(a)Cﬁ::u:jjGHJWJA&)J&J}LJJ@:AJE,?»;‘?).A}:)CE‘»CJ‘,::;’G—VJ&?
Obe) 2 y3 deoysd JL.,.:;»lda.~J: SobT Hla gme Ol Sl okins OLES (65 ga8 b s AYAF 51140 o, Jle 5 (C)

oSS o3l

Fig 7. Variations in specific leaf area of potato crop over 2016 and 2017 cropping seasons under
different planting pattern treatments (a), irrigation (b) and potassium sulfate fertilizer levels (c).
Bar lines Bar lines represent the least significant difference (LSD) values at each sampling.
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Introduction

Potato is amongst the most important crops in the world. It is the third most
consumed crop worldwide after rice and wheat and is followed by corn in this
regard (Kazemi et al., 2016). Abiotic stresses like drought may cause adverse
effects on growth and tuber yield of potato plants as they are very sensitive to
soil moisture reduction (Deblond et al., 1999). Potassium is used as a cofactor of
enzymes, osmotic activities and plant electrolyte regulation, and is an essential
element for osmotic control, which can reduce osmotic potential and improve
plant acclimatization under drought conditions (Taiz & Zeiger, 1991). Given the
importance of potato production and its high demand for water and because of
scant research being conducted on the planting patterns of this crop, the present
study aimed to investigate the effects of various planting patterns and different
potassium fertilizer levels on potato growth indices under water-limited conditions
in Khorasan Razavi province.
Materials and Methods

This experiment was conducted at Jolge Rokh- agricultural research station
over spring and summer of 2016 and 2017 cropping seasons. The experiment
was laid out as a split split plot arrangement based on a randomized complete
block design with three replications. The trial factors consisted of three planting
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patterns including common planting, common dense planting and zigzag planting
designated as the main plots, and irrigation with three levels [control (without
stress), irrigation based on 80% of the crop water requirement (as deficit irrigation
treatment), and irrigation based on 60% of the crop water requirement (as stress
treatment)] designated as the sub -plots, and three levels of potassium fertilizer (0
(control), 75 and 150 kg potassium sulfate per hectare) designated as sub-subplots
The water needed for the plant was determined based on water requirement of the
potato, which was determined using the software (OPTIWAT) and FAO Penman-
Monteith method. The leaf area and leaf dry weight were measured during the
growing period at two-week intervals.
Results and Discussion

The results showed that the greatest leaf area index (LAI), crop growth rate
(CGR) and total dry matter (TDM) were observed with zigzag planting pattern
at either year of the study. The maximum TDM under common, common dense
and zigzag planting in the first year were 634.3, 671.9 and 870 g.m?, respectively,
while the corresponding values for the second year were 808.5, 919.2 and 1065
g.m?, respectively. Irrigation treatments based on 80 % and 60% of the crop water
requirement reduced the growth indices and yield of the tubers. The greatest
tuber yield was observed with full irrigation treatment (100% of the crop water
requirement (32 and 35.2 ton. ha! in the first and second year, respectively), while
the lowest tuber yield was obtained with 60% of the crop water requirement (20.2
and 20.4 ton. ha! in the first and second year, respectively). The results showed that
potassium sulfate increased TDM, LAI, CGR, NAR and tuber yield. The application
of 150 kg of potassium sulfate produced the greatest TDM (850.2 and 1118.9 g.m-
2 in the first and second year, respectively), whereas no fertilizer usage gave the
lowest TDM (584.2 and 743 g.m™ in the first and second year, respectively). In
potato plants, sufficient quantities of potassium increase the number of tubers and
dry matter production through strengthening potato stems, and at the same time,
the plant can acclimatize to environmental stresses.
Conclusion

The results showed that the greatest LAI, TDM, CGR, NAR and tuber yield
were observed with the zigzag planting. On the other hand, irrigation based on
60% the crop water requirement reduced the growth indices and tuber yield. It is
worth noting that applying 80% of the crop water requirement also decreased the
investigated growth traits of the potato plants. Therefore, it is recommended that
the exposure of potato plants to deficit irrigation conditions be avoided and the
efforts should be made to provide them with adequate water. But the remarkable
point was that the usage of potassium sulfate fertilizer could enhance and improve
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growth rates under low irrigation and water stress conditions.

Keywords: Crop growth rate, leaf area index, water requirement, tuber yield
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