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Effect of Irrigation and Fertigation Treatments on Growth and Yield in Spring Potato
Cultivation

Jong Hyuk Kim' and Il Rae Rho**'

ABSTRACT This study was conducted to determine the suitable amount of irrigation and fertigation for the growth and yield
of spring potatoes (Solanum tuberosum L.). To investigate the effect of soil moisture content on the growth and yield of potato, five
irrigation treatments were performed based on soil moisture tension: =10 kPa, 20 kPa, —30 kPa, 40 kPa, and non-irrigation. The
growth and yield among the irrigation treatments was the best in the =10 kPa treatment, where the yield increased by 47%
compared to the non-irrigation treatment. To determine the standard of additional fertilizer for fertigation cultivation of spring
potatoes, seven treatments were performed, including a control (basic fertilization without additional fertilizer), compound
fertilizer (NPK) based on 0.5 times the standard amount of fertilizer (NPK 0.5; N-P,05-K,0: 2.5-2.2-3.25 kg/10a), NPK 0.8
(N-P,05-K,0: 4-3.5-5 kg/10a), and NPK 1.2 (N-P,05-K,0: 6-5.3-7.8 kg/10a), and potassium fertilizer of 2 kg (K 2), 5 kg (K 5),
and 7 kg (K 7). The growth and yield among the fertilization treatments was highest in the K 5 treatment, where the yield increased
by approximately 27% compared to the control. Therefore, this study suggests that irrigation with —10 kPa or fertigation with K
5 during the tuber initiation and tuber filling stage could increase the yield of spring potatoes.
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Table 1. Soil chemical properties of the experimental field.

pH EC P,Os T-N Ex. cation (cmol/kg)
(1:5) (dS/m) (mg/kg) (%) (g/kg) K* Ca’ Mg Na®
6.06 0.11 428.3 0.04 0.56 2.20 0.31 0.05

Table 2. Soil physical properties of the experimental field.

Three phases of soil

Soil characteristic

Soil hardness

Solid Liquid Gas clay sand silt Bulk density .
3 Soil texture
(%) (mm) (%) (Mg/m’)
38.58 15.20 46.22 7.2 2.4 67.9 29.7 1.02 Sandy loam
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Fig. 1. Changes in soil moisture content by different soil moisture treatments [-10, —20, =30, 40 kPa, and NT (non-treatment)]

during tuber initiation and filling stage in spring potato cultivation. Treatment of the soil moisture content was conducted
for seven days at the tuber initiation and filling stages, respectively.

Table 3. Growth characteristics of the top fresh part after each irrigation treatment during spring potato cultivation.

Leaflet
Plant Stem .Stalk Leaf length Leaf width - Leaf — Lateral bud
Treatment . length diameter Length Width number number
height (cm) (cm) (cm)
(cm) (cm) (cm) (cm) (ca) (ea)
No irrigation 21.4¢ 9.2¢ 7.5¢ 14.8b 9.5¢ 6.5b 5.2b 9.6b 2.4b
-10 kPa (22.1%)'  44.3a 17.9a 12.2a 28.0a 17.3a 9.5a 7.5a 15.1a 4.1a
-20 kPa (19.3%) 39.6b 14.6b 11.7b 27.8a 16.9a 10.2a 7.8a 14.5a 3.8a
30 kPa (17.7%) 38.2b 14.2b 10.7b 25.8a 15.4a 8.9a 7.5a 15.3a 3.2a
-40 kPa (16.5%) 37.6b 14.0b 11.3b 25.7a 13.9b 8.5a 6.8a 14.8a 2.9ab
'Percentages in brackets indicate volumetric water content.
Different letters denote significant differences within column at p < 0.05.
A =ikt B . -(i‘::l::l
) © 20kpa (B) Leaflength Stem length —-—v— -20kPa
—==¥-=- -30kPa 60 -=O0m== -30kPa
& _40KkPa veerdenens_40KPa

Leaf width _ Plant height Leaf width Plant height

Lf-length Lif-length

&
BIO 20 30 40
/k

Lf-width Stalk diameter Lf-width Stalk diameter

_f/(
Leaf number LB Leaf number LB

Fig. 2. Two comparisons of the relative growth rate compared to the growth degree of the above-ground parts (A, B) after
each irrigation treatment in spring potato cultivation. (A), relative growth rate compared to the control according to

irrigation treatment; (B), relative growth rate compared to before and after irrigation treatment. Lf, leaflet; LB, lateral
bud number.
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Table 4. Characteristics of yield by soil moisture content treatment in spring potato.

Top fresh Root fresh Total tuber Total tuber Marketable Marketable
Treatment T/R ratio weight weight number yield tuber yield tuber ratio
(g/plant) (g/plant) (ea/plant) (kg/10a) (kg/10a) (%)

No irrigation 0.23a’ 136.6d 583.9b 9.2a 3,235.5b 2,584.0d 79.8b
-10 kPa (22.1%)' 0.21a 303.5a 927.5a 8.2a 5,165.5a 4,584.5a 88.9a
-20 kPa (19.3%) 0.24a 204.0b 837.5ab 8.5a 4,682.0ab 4,216.5bc 90.1a
-30 kPa (17.7%) 0.25a 173.5bc 708.1ab 8.2a 3,878.5ab 3,132.5¢d 80.7b
-40 kPa (16.5%) 0.22a 152.4d 705.7ab 7.2a 3,963.5ab 3,366.5cd 85.0ab

'Percentages in brackets indicate volumetric water content.

*Different letters denote significant differences within column at p < 0.05.
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(B) Tuber filling

1.2 0.8
—NPK-0.5 —NPK-0.8 —NPK-1.2 —K-2kg
—K5kg —K7kg —NT 07 —NPK-0.5—NPK-0.8—NPK-1.2—K-2kg
10 —K-5kg —K-7kg —NT
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0.8
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g o6 go4
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03
0.4 N\
0.2 A\S
0.2
0.1
J
0.0 0
1 6 11 16 21 26 31 36 41 46 51 1 6 11 16 21 26 31 36 41 46 51

Number of irrigation(Fertigation treatment)

Number of irrigation(Fertigation treatment)

Fig. 3. Variation in the specific electrical conductance (EC) by fertigation treatment at the (A) tuber initiation and (B) the tuber
filling stages of potato. Compound fertilizer (NPK) and potassium fertilizer (K) were fertigated though a surface drip
system to a 400-fold concentration with a total amount of 4 t/10a (660 ml/plant).

(A) —+— NPK05  (B)
Leaf length Stem length v NPKOS
——=— NPK12
40
Leaf width 30 Plant height Leaf width
v
b
Lf-length g Lf-length
V'Ie?\‘m 20 30 40 50
\
201\
Lf-width 0 Stalk diameter ~ Lf-width
40
Leaf number LB
——+—— Control
D
© Leaflength Stem length =7~ ¥ 2
Pr— - N e K;
Leafwidth Plant height Leaf width
Lf-length Lf-length
5 10 15 20 25 30 3
Lf-width Stalk diameter Lf-width

Leaf number

LB

Leaflength Stem length

Leaf len&tah_Stem length _:_ lg
——=— K7
40
30 Plant height
20
v v
\
\
v o
10
v
20
* Stalk diameter
40
Leaf numi)er LB

Control

essosgse NPKO0.5

---#-- NPKO0.8
—— NPK1.2
Plant height

Leaf numl;er

// Stalk diameter

LB

Fig. 4. Relative growth rate of the top fresh part after fertigation treatments using a surface drip system in spring potato cultivation.
(A), relative growth rate compared to the control according to fertigation treatment with compound fertilizer (NPK); (B),
relative growth rate compared to the control according to fertigation treatment with potassium fertilizer (K); (C), relative
growth rate compared to before and after fertigation treatments with compound fertilizer (NPK); (D), relative growth rate
compared to before and after fertigation treatments with potassium fertilizer (K). Lf, leaflet; LB, lateral bud number.



T Y O G2 AR NS Y 4 127

Table 5. Growth characteristics of the top fresh part after each fertigation treatment in spring potato.

Leaflet
; Plant height Stem length .Stalk Leaf length Leaf width - Leaf Lateral
Treatment diameter Length width Number bud number
(cm) (cm) (cm) (cm)

(mm) (cm) (cm) (ca) (ca)

Control 36.6b 16.1a 12.5a 25.6b 12.2¢ 8.3b 6.8¢c 13.9b 2.4b
NPK 0.5 38.6b 17.5a 11.8ab 29.1a 13.0bc 8.9b 7.0bc 14.3ab 3.1ab
NPK 0.8 41.2a 18.2a 11.9ab 29.0a 14.8ab 9.5ab 7.7ab 15.4a 2.8ab

NPK 1.2 42.3a 18.6a 12.0a 28.0ab 14.0ac 8.9b 7.5b 15.0ab 4.8a
K2 41.9a 18.7a 11.7ab 27.5ab 15.4a 10.1a 8.2a 14.9ab 3.1ab
K5 42.1a 16.9a 11.1b 28.7a 15.0a 9.9a 8.1a 14.0b 3.8ab
K7 42.9a 17.7a 11.5b 27.4ab 14.9a 9.4ab 8.0a 14.7ab 3.8ab

'Control (non-fertigation); NPKO.5, (N-P,05-K,0: 2.5-2.2-3.25 kg/10a); NPKO.8, (N-P,05-K,0: 4-3.5-5 kg/10a); NPK1.2, (N-P,0s-K>0:
6-5.3-7.8 kg/10a); K2, (0-0-2 kg/10a); K5, (0-0-5 kg/10a); K7, (0-0-7 kg/10a).
Different letters denote significant differences within column at p < 0.05.

Table 6. Characteristics of yield by fertigation treatment using a surface drip system in spring potato.

Top fresh Root Fresh Total tuber Total tuber Marketable Marketable

Treatment' T/R ratio weight weight number weight tuber weight tuber ratio
(g/plant) (g/plant) (ea/plant) (kg/10a) (kg/10a) (%)
Control 0.23¢? 136.6d 583.9¢ 9.2a 3,235b 2,584b 79.8a
NPK 0.5 0.29bc 195.1¢ 676.3bc 8.5a 3,793bc 3,162b 83.2a
NPK 0.8 0.33ab 193.4¢c 582.5¢ 8.0a 3,228b 2,572b 79.5a
NPK 1.2 0.34ab 219.7b 660.3bc 8.8a 3,668bc 3,149b 85.7a
K2 0.35a 234.8b 664.5bc 8.3a 3,712bc 3,100b 83.5a
K5 0.33ab 264.9a 797.5a 8.0a 4,414a 3,870a 87.8a
K7 0.31ab 215.8bc 705.7ab 9.4a 3,904ab 3,224ab 82.1a

'Control (non-fertigation); NPKO.5, (N-P,05-K,0: 2.5-2.2-3.25 kg/10a); NPKO.8, (N-P,05-K,0: 4-3.5-5 kg/10a); NPK1.2, (N-P,05-K50:
6-5.3-7.8 kg/10a); K2, (0-0-2 kg/10a); K5, (0-0-5 kg/10a); K7, (0-0-7 kg/10a).
Different letters denote significant differences within column at p < 0.05.

= Agslns o7t YL, ARE mE A2l A o E9ki, ] Ae) 7o NPK 0542 A 2lsas
o7} GACKTable 5). 127 AAS FHTA A B Ael 2 Aol FeATKTable 6). L2l AR AAEE
TNPK A2ish K shgAelolA] osle e AFgolgle K 5 o Aelod 7P Saetgly, 1 theoR K 2, K
U} 2 o)== gtk o]AL A = AAZF H|ER 7, NPK 1.2, NPK 0.5, NPK 0.8, Control (§H]7) <] %
Qla) 27]9] Hldjmrks 714088 2AAZ o

1 A ok AR ARFE K S GEALYI A g4stda, &
0% BelthArafa er al, 2011). WHEle] Qe BE Pl A G WA 2k A 7 BAY Kol glddeh. AA e
277} Sl o] ule) gol F& AFoldth. @40 & K5 9K 7oA 217} 4414 ke, 3,904 kgO2 1A &
A5z ] Ak o] wls) tha We ARelR, YA AA 2 ERHK S 9K TH el A b S5
o] A2t Zhols A o)A Aol QAut 2 2po] &gk 2 ¢ K 2, NPK 0.5, NPK 1.2, NPK 0.8, Control

2 e gotth o AL Bule] AV Akl 17 & Aezt BAE Aol flglor ulTel vs) nE B
Hg719 217 M| 2 QJopro] AR Mek Aae]  u] Helolx o] 22 Aol Job er al (2019)2
77 vldfo] AREEG7] el AR HIthKaram er Zhe] SgAEIE Soke] 2t e 104% S5 Halst
al., 2011; Feng et al., 2017). AL, Lee et al. (2002)& Zrg] 9 QAN H|= R} 3

el A o] wE T/RES HE TH|A 2|7} FH]to] H 5~22%7k FAZIThaL SkGlth & dFtolME Ze o
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SHEK 5o A% 8 el 7bg S43to] o] A AT
Astet GARE AT Uehyelch. Qurdow Ze) Ay
g, vehe g 5ol BAass SHA77E o)
Agk o] oFf ARE FAST WA BLE A
£ Agsl] wie] Sl S A0 AREHLIm

et al., 2020; Bhattarai & Swarnima, 2016).
183 NPK B3| & He|7} Kebg ¥ Ze) 2o} 4
o] B2 AL WA Htf7]of] aE AW A9 A
P FANNA oS 258 a7 Aoz B
ol tH(Naumann et al., 2020; Love et al., 2005).
Aty o g Zre] g T H (K 5 kg/l10a)= 7|&

of o

0,

& Aulegact A 50%, QAES0%, 22 1%5 Ae 4
Qi S FulT o] 27% 7V FHAR S e 3
QU 4 ATk wrebA] B A A BAF A1 97

wth7lel] Zhz el A -10 kpai BASAL K 5 ke
(2.5 kg Yo B3 IS S vg Aayn Hob
ofet s Zof A7 % e Aol
ek & A Al 17 718 2 Hd 7)o -

kPa 219 K 5 ke T8RS SIS 1l /1% mare]
2} ddst7| of et 0174 AE B3 (Clinton et al., 2007,
RDA, 2018)0] 4 707 Ask7] ol Aol 215 Bah
Ao piFoll 2A Gk A= AL dHA Stk 1
B 7 A A SR B ARl B 71
A77h Bashel ool olelst A8 FFAAZY AN
shofl 2] 2| & S A7t o] o] A of
g oz Helrh

[‘

M ©

— el
2 A7 B AR A Al 17 F48719F 27 vl el
A RIS sty Al Al AgE F=4] 7=

< vpdAstaal 429 skt

S sk eIt 17 @471¢
17 wdf7lell A Ayp T AE AR
RAEE vlagt ARG ET 2 (e, A

ol&) tjn] At AAE HEFo|A -10 kPa & 20 kPa
Aol A 9423t FeFe K

2. T o] w2 AskE YA 10 kPa¥} 20 kPa A
glgrof| A oh2 ARt Hojron, aeF 9 A
2 -10 kPa A7} o] o] oF 47%715F &
SR bi=s

3. ARl 24 | 3 27 F4d71¢ 174 v
ti7]of I8 E AAISH Axf o] A7) M 24 A

[e)
A=

1o

o)

S5 vt AHLES K 5 9 NPK 0.84f ]|
Al Aol 7 f-4eekelaL, t 2], 78Rk A
&) tie] AF AR A AFES K 5, K 7, NPK 1.2
vl gul-toll A 7p $-4=3tkqlct.

4. a] Ao w2 77} Aok A G W =5, FAFH
= Hlifﬂ E‘r#fﬂ Z*PWEOM K5 ?<1EHL7} 71 £

Al A

=4 &5 ATAFG(FHAH B:PI015754
022022)2] A YL Hkgkom o]of 7rARg T}
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