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ABSTRACT

Phosphorus (P) is an essential mineral nutrient, which is easily precipitated and/or absorbed in the soil, and thus
P use efficiency (PUE) of crops is relatively low. The spilt application of P through fertigation is considered
an alternative method to improve the PUE. To evaluate the possibility, we grew upland green onions under
different levels of P fertigation [no P, P100 (basal):FO0 (fertigation), P50:F50, and PO:F100] and analyzed green
onion growth, soil available P,Os concentration, and PUE. Fertigation rate was adjusted based on soil diagnosis
(N-P,05-K,0 = 182-40-166 kg ha™), and green onions were grown from May to early November 2022. Dry
weight of green onion at harvesting stage responded positively to increasing fertigation rates (e.g., P50:F50
and/or PO:F100). Soil available P,Os was the highest at early growth stage in the P100:F0, and showed a trend
of gradual decrease throughout the experiment. Interestingly, soil available P,Os from the PO:F100 remained
consistent during the whole growing season. P uptake of green onion was significantly greater in the PO:F100
than the basal fertilization, and the PUE of P0:F100 was 61.5%. Taken the results together, the fertigation of P
for green onion production was effective not only in increasing crop yield but also in supplying crop-available
P. In conclusion, this work suggests that the fertigation of P can be a better method to ensure yield of green
onion through improved PUE.
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Dry weight, agronomic efficiency and phosphorus use efficiency of green onion according to
phosphorus application ratio by fertigation.

Ratio of P fertilization Dry weight Agronomic efficiency Phosphorus use efficiency
(%) (kgha') (%) (%)

Control (P 0) 41+0.17¢" - -

P100:FO 57+0.80b 3.9+2.08ns’ 26.6+9.70 b
P50:F50 6.0 +0.96 ab 4.8+2.53 42.0 +19.60 ab
PO:F100 6.8+0.24a 6.8+ 0.66 61.5+1538a

TWithin each variable, means followed by the same letter are not differ significantly at p < 0.05 (DM
RT).

s, no significant.
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Introduction

12 ALE0] AR AR S1RE B YA A o v 2] A7, Tl b 50] A2 fitt (Doydora et al., 2020).
Mk Egoll A S22 ol wi=A] Agtoto] HAER= E/do] o™, 2Ha 0] ¢l o] 85215 -30% = W
2 ol (Mohammad et al., 2004; Syers et al., 2008; Menezes-Blackburn et al., 2018). X A7 BRRE 55
EJR|e} B RS 5= 22 B UlollA] QIARe] 1wt 250 W2 o] §a-g= QI Bl 4t JAH AS E 43l
o}, QUH H B T2 AR ol Blej o] Ak 2AFE 0] S-S S7IA717] ffoll AFCE =1 (Grant et al.,
2001), 7|&S] RAE 3+ o] 24=0] b H & ol gm0l -{ee AEY Barf qick

QA W= 0] FA] Fatof] gt A7 A ks EA] o, Fol2o] 2 A5 B Zwit fA el i
of| & QUkS Uiro] Fgdhe Aol HlE o] 8 a5 =ol7|of avpalolehs dF A7 A= SRl 3o
o, EVtE, S50, 72t 5 4R fa 22l sl 417 3 =] ATt (Papadopoulos, 1992; Carrijo and Hochmuth,
2000; Eissa, 2018; Kang et al., 2021). Q-& UrolA] £ H=f @AF.0 2 & Aof vl EQ} HEsl= AME &
A 4=, TH| 2 FEL 79 13]G Al8she o4H B9 o] A7) wilze] Q19] & Y 4 ATl Hargl
H} QIT} (Colomb et al., 2007; Kang et al., 2021).

] A A-Le Aol o] whet 3t R Saa Alog = Q7] whizoll 2422
TF (Incrocci et al., 2017). =15 Aot of A= =9 AVAN] 2hEof| tiste] A4y, Ze] #at ozt 94k atst
of 15 910l o] Fg7a 27gsto] BEsial )lrt (NAS, 2021). =ifellAd B A+ HiFE 871, 20] 5 Al
el 222 oo 2 438 %] 1O (Lee et al., 2021; Kim et al., 2022), =%] A =i S
&4 5 Aol 2B = 2] 2bEol ke AEAEA] O] THH] QUM AE - S A8 4 A gl
7k Qlek

b= 2] ARPEF A-AYG O] Tl 2t=2 A
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Materials and Methods

CHEG XHEHAIR ZFHO| olatstd & #H| 35 AH AT A2 dWitefof] Y[3F dixt Al &7} 2o
A M-S st Hixks 58] A 4sIal 1195 € o5l 29714 efohe 2FdolH, & Aol A=20221
59 1740 tixbE AASIAAL, 118 20 87| ZARE #3861 Ald 20| BEAJS FRAREC]H, Hie7t
23t Egolgiet ARl A B pH=7.6011L, B -R71E f2 10 gkg oIl om, B -Fa it ol ot
< WES A4 91l Z4SHdrt (Table 1).
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Table 1. Physical and chemical properties of the experimental soils.

Soil texture (%) pH EC NO;-N OM  Avail. P,Os Exch. cations (cmol, kg'l)
Sand Silt Clay (1:5 (dSm") (mgkg") (gkg) (mgkg") K Ca Mg
Experimental o &35 70 76 0.8 28 10 511 0.42 5.5 22
soils
Optimum - - - 60-70 <20 - 20-30 300-500 0.50-0.80 5.0-6.0 1.5-2.0
range

TOptimum range of chemical properties in the upland soils (NAS, 2022).

T sdee] EokAA HlRFA7]E (NAS, 2022)2 285191 0™, H|ZARESES N-P,05-K,0 = 182-40-166
kgha' 02 WAEL2 5 30l Hfetlal, Y 2] A4S e = -FFot ik thute] it ] 35 a3 27|
18] Q14T FLH]TE (PO), HEF TAES L (P100:F0), WS} TH|S A6k Lpro] 236k T (P50:F50), ek T
(P0:F100) 2 =25te] Ae]otqict. it BAE2 84 IH= -Fgohlal, Q4 )= Monopotassium phosphate
(0-52-34) 2 -FEoI3lh. AaetZdel= Al A5 Bl oA ko] vha] 27 vl-&2 A7 Hlso] whet H A2
Tl 5010}711 WSO A 40%, L] 60% ST T, P2 A 60%, 2] 40% SlFE FHsl9 o,

H| 2= Q40 SRS o] 8513t (Lee et al., 2022). AREA|Go| A= Aol thuts S=&kotr] $lal] 4] 5374
a7t %7%%23 RS FFoHL 89 T O1FHE XAFS 771 ARsE| tliZell 57 HImARS: i Alof wht

74 90 E| 58171714 FUGH GO R Lol 179 11202 FaHrh (Table 2)

Table 2. Fertilization rates of experimental plots for the green onion cultivation.

Ratio of P fertilization Basal fertilization rates ' Fertilization rates by drip fe:rtigation’r
(%) (N-P,05-K,0, kg ha™) (N-P,05-K,0, kg ha™)
Control (P 0) 72.8-0-99.6 109.2-0-66.4

P100:FO 72.8-40.0-99.6 109.2-0-66.4

P50:F50 72.8-20.0-99.6 109.2-20.0-66.4

PO:F100 72.8-0-99.6 109.2-40.0-66.4

" The basal fertilizer was applied prior to transplanting on May 3, 2022.
TThe fertilizer was applied once a week through fertigation from August 19 to November 11, 2022.

2} el AET WS 140 mio]ol, AR w5t Q1O 3770 o] ARAF} SREAS A5}
ek, T A -ﬁr—ﬂra TR0 33 kP /|02 okt st IR 3712 78219 15 K0
z 2} 7)) '8 P45 ol Bt E3tele] Btk HREF Aol 497 RAE 2

EY 2 AMEXN 24 EG AR Aot A7)t S 2 A 15 em Zo)7EA] wt LdsHA| AF ST A
%2 mm A2 AE F EAof o] 8513t EYT A EA BAS s dete] EG E AlEA

B Wkt (NAS, 2000). EA-S BIEAY (Gee and Bouder, 1986) 0.2 B35l EF pHO} ECE= EF
RIS eter (Thermo scientific, USA)Z =75} 0™, EC= 4%kl 34ul&
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Q155 FRt gho g wo|skeh At dA HEQ 2 MKCIS 1:59] Hlg & Aeslyl A4 A5-5A47] (BRAN+
LUEBBE, Germany) & E451t}. 6712-2 Tyuringell 2151 0.4 N K,Cr,0; - HoSO, £F-8 918 W 17 5871 71
oF % AAslo] f7E S oo, a8 4R Lancaster .0 2 BRSNS &3S 720 nm o)A UV Spec-
trometer (Hitachi, Japan)Z B]AAJ=F 5FIct. w2hd oFol2-2 1 M NH,0AC (pH 7.0) 2.2 &5} ICP (Thermo
scientific, USA)Z 24515 tt.
ot B2 A|ejsha 2P AAIS 80°Col A 48417 B9 AXSH & AESS 24F on, A1BA B A
Z3FAEAIE w4lote] 0.5 g& FARe & FA] FEolfobaltt. AEA| ol SR/-r= 3]4s5te] oft £ N, P, K
TS EAUT (Lee et al., 2017). thhe] QRS2 AV AEFol RS woto] FoisleH, 2] 2+
H| WS 2J5]] SAS 7.13 (SAS Institute Inc., USA)< ©]-8-5}4 Duncan’s multiple range test (DMRT)S 5~3J5}31Th.

-

i

SEE, UM 0|28 MHE A= AMPRES it HRlggol mhE 2= A

= 2
Slsto] ATl VS (relative growth rate, RGR)S AVHSHALE. 2t A8 Q4717k0] 4, 0] A2A| 159 A2F

Z}o] 2 7]7Fo 2 vhro] JL519T) (Hoffmann and Poorter, 2002) (Eq. 1).
RGR= M (Eq_ 1)

(W dry weight, ¢ : day)

QI HA H]|m Al-gof e A §-8-2 YR = 9588 (agronomic efficiency, AE)+= Eq. 29} 2o AP aT,
Q14t 0]-8-&-& (phosphorus use efficiency, PUE)-= Eq. 39 m=2F 4F45HITt (Aquino et al., 2021).

(DM p— DM,)
AE= T#Cx 100 (Eq.2)

(DM : dry weight of P applied treatment, DM . : dry weight of control, £': applied fertilizer amount)

PUE=—"—""%x100 (Eq. 3)

(A ,: amount of P absorbed by crop in the treatment, A4 : amount of P absorbed by crop in the control, #': applied

fertilizer amount)

Results and Discussion

2Lt 2| SF0| WE =2 Wn dRE  diutAMZIREEE it wulEgol thE AR Aol7E 3

ﬂ% =
S1517] J5ted A7 A S (RGR)S HIFCH (Fig. 1), TR 509174 A0 74%0] 271514 gt}

_III
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1
© 2 ¥4 (P100:F0) F= 7}7“RGR°1 73, QAT RIS FE0 A P?MOOW 01-?4‘?—‘514 77K At
1 o

s

A=k PH1EE (PO:F100)0ll4 RGRo] 7Fd Zit}. 121 - 170971A] QWAF A=k #Ha-E3 (PO:F100) 2] 2] 9] RGR-S

Q1AL WAE FH (P100:F0) 2T} 5.5% Z711.0 M, RGR-S Q14T 50% SRS T2 33 (P50:F50)t #2727}

4.1 gg' day’, QAT = PHIFH (PO:F100)0] 4.2 g g day ™' &= frAISHATE Hinhet 22 o] sl Jute] 7

A BAISIGTH S SE S8leFo] 57132 ™ (Aquino et al., 2021), EAFES] QA EH|FF A QU EAE ALE

2] 50% 5 -ZF6 = F|d RS 8kt Ate|7} It} (Carrijo and Hochmuth, 2000). 2 Ao A& QAT 1|3
o] tjut AE Foll -go] Hi= e SRl 4 Uik
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Fig. 1. Relative growth rates of green onion during the growing season according to phosphorus application ratio by
fertigation.

i} Qo] Qb tea= 5040l Qi BAE e g-golld 7H =043, 11 o %elle At Th|ggol i zlo)=
AT (Table 3). T} 91 9] Ae) 5= 509ol= QA AF ek AlE- (P100:F0)olA 71 BeXar, 4217191 170
Uofli= it A=k THE-F (PO:F100)0l14] 71 wot QUikggell whet S7loh= 73S Bolct. thut 9l o] AAglhg
2 A9 0 2 3|2 45 AT OH, Qlit AlE- of B gl ] FgH|Eol mhE F-2fgt 2loli= fIglt

b

ro "33‘1

o

Table 3. The nutrient content of green onion leaf according to phosphorus application ratio by fertigation.

Ratio of N (%) P,0s5 (%) K20 (%)
P fertilization Days after transplanting Days after transplanting Days after transplanting
(%0) 50 90 120 170 50 90 120 170 50 90 120 170

Control (P 0) 2.18 ns’ 2.10ns 1.80ns 2.05ns 0.91bT 1.15ns 1.18ns 0.90ns 3.12b 3.18ns 3.44ns 2.82¢
P100:FO 2.62 2.17  2.10  2.08 1.0la 1.15 1.08  0.90 396a 322 359 343D
P50:F50 2.51 2.12 1.76  2.09 094b 125 1.18  0.89 337b 274 3.18 3.76ab

P0O:F100 2.46 216 1.89  2.09 093b 127 129 092 3.03b 299 352 393a
T

ns, no significant.
T Within each variable, means followed by the same letter are not differ significantly at p < 0.05 (DMRT).
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oo QIAF S=ake | Z2] 221 90 YA} 7HA] A& 7F &fo]7t gl ont, TH] A2 o]FQl 120 UAFR-E Qi
] FgH[E0] S5 50| S71017] AIZFRIT (Table 4). 285 FHF o] 321 120 o]l thu} 2V 4=Fo] 57
Stof| what Q1 = ¥HEF (PO:F100)0ll4] 7HE S=r=do] W0, P100:F02] 1.6l 4==0] 3/t

-

Table 4. The phosphate uptake of green onion according to phosphorus application ratio by fertigation.

P,0s uptake (kg ha™)

Ratio of P fertilization

%) Days after transplanting

50 90 120 170
Control (P 0) 6.9+035ns" 21.6+2.67 ns 18.5+2.59¢" 37.4+798b
P100:FO 724035 26.9 +2.67 22.7+2.03 be 48.1+4.44 ab
P50:F50 7.6+1.07 24.6+535 262+459b 54.2+12.59 ab
PO:F100 6.5+0.12 23.5+2.05 368+4.81a 62.1+7.69a

Tns, no significant.

TWithin each variable, means followed by the same letter are not differ significantly at p < 0.05 (DMRT).

b Hlg Fgol| mhE LS ook s aa-a QU B Eo v | FaHlEol mhE et Alol=

O, #8719 A5 QA U e T R S5 PO:F100) 7P @okeH, it ol g

F61.5%% 7P 30T (Table 5). thute] Q14 o8 G-gof thet =i} A2k glou, 5%91011*1 ARt 2E4l

ufof QIH |25 EAE o 8IS HH QUM H|=E A BARS I 954 B8 44%2 @a UrE

H] oF4 . 8Hf| =k o o, 91Xt o]-8-§-8-2 ©F 31l =3It (Aquino et al., 2021). S<=9] 74-Or QliHd v = ol

AEHE o QJMAF o] FEE-2 13%, TH] FFA 24.7%= 89.5% E-&°] F7IIctal HarE v QI (Igbal et al.,
o

2013). et QAT P B 2B 0] QU §4g-2 ot HEER] A & 4 lairk

;9,
i
i
%

rol

=

=

Table 5. Dry weight, agronomic efficiency and phosphorus use efficiency of green onion according to phosphorus
application ratio by fertigation.

Ratio of P fertilization Dry weight Agronomic efficiency Phosphorus use efficiency
(%) (kg ha) (%) (%0)

Control (P 0) 41+0.17¢" - -

P100:FO 57+0.80b 3.9+2.08ns’ 26.6+9.70 b
P50:F50 6.0 £0.96 ab 4.8+2.53 42.0 £ 19.60 ab
P0O:F100 6.8+0.24a 6.8 +0.66 61.5+1538a

TWithin each variable, means followed by the same letter are not differ significantly at p < 0.05 (DMRT).
Tns, no significant.
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= AR Bk A2lard AA] A1719] Bt 5G9k SRS P100:FOIA] 680 mg kg™, PSO:F509114] 622 mg
kg, PO:F100114] 589 mg kg'' 2 ¥HH] FgFH|80] 255 WA A |=h= A2 2RIk

1200
~ 1000
o
X
> 800
£
& 600
o
— 400
e
< 200

0

50 90 120 170
Days after transplanting
""" PO =—P100:FO = = =P50:F50 ********* P0O:F100

Fig. 2. Changes in soil available phosphate during green onion cultivation according to phosphorus application ratio
by fertigation.
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Q142 Ca, Mg, Fe, Al 5 ol w2 7| Agtoto] OFE a7 8o 4= 19 ™ (Zhu et al., 2018), A31H E
A H 5 AS-F ARt g EFO] 718 Q1 oFdS Wl Gk-E ) 34K Rt QU R RS g4 S] A
Fltk= A-237F Ut} (Jalali and Ranjbar, 2010). T3FpH7F &4, 7@ @] %O, CaCO7H 2 B2 <
O] A EE Eol7] 9ol Q1S RAISHAY, TH &2 Fgohe HRo] 87} Qlrtar B e v Qlrh (Mohammad et al.,
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M58 FA] Bl 1A
A =

Conclusions
pH7} =0 APARI EQFoflA] ijsh Aul A] QU4 AAE EQF AL et yh] Fgof| 2 ZHE QIARS et =5F EQF
OJ*J HOLS H|w ek Ayl =317 0f 9l 9] QA S4=7ko Zjo]7} §IQ) O L thu} =5k Q1AL 1| FFH|&
O SN S o Pt Tago o
1 B8 T a9 R s 2 gt el pH7} -2 EQPoll A Qb vlmE ]2 Teks
22 EQFO] 9l A3 Fol 1, thup ALMS =ol=t| fed Ao 2 woteth 37140 2 EQFpHol| e Ql4t
H] G875 Bt 2 art glor, tiut oo vEE -5 ] Aul 2FEo] 2-8517] oAM= ZEERE QiE
HlaTkE A55Rs @YAS A77HEaT sl
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