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Abstract

Fertigation, which has been introduced in agricultural fields since 1990, has been widely
practiced in upland fields as well as in plastic film houses as part of the crop production
system. In accordance with demands in the agricultural sector, a huge number of scientific
studies on fertigation have been conducted worldwide. Moreover, with a combination of
advanced technologies such as big-data, machine learning, etc., fertigation is positioned as an
indispensable tool to achieve sustainable crop production and to enhance nutrient and water
use efficiency. In this review, we focused on providing valuable information in terms of crop
production and nutrient/water use efficiency. A variety of fertigation studies have described
that enhancement of crop production did not differ relative to conventional method or
slightly increased. In contrast, fertigation significantly improved nutrient/water use efficiency,
with a reduction in use ranging from 20 to 50%. Water-soluble organic resources such as
livestock manure and agricultural byproducts also have been identified as useful resources
like chemical fertilizers. Furthermore, the initial irrigation point was generally recommended
in a range of -10 - -40 kPa, although the point differed according to the crop and crop growth
stage. From this review, we suggest that fertigation, which is closely integrated with advanced
technology, could be a leading technology to attain not only food security but also carbon
neutrality via improvement of nutrient/water use efficiency.
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Introduction

T (fertigation) T 7l (rigation)2h AJH] (fertilization)2] F/g01 2 7l 4879 H| 25
S aoto] <HEol FRSRE WHlolch Bl BAHol tieh AL (spray fertigation).
742 2] (drip fertigation) % Z|5-2] (sub-surface drip fertigation) 0.2 2|, BEAFAl2 AT
Sejsh 2re 2API o) o) QI wi TEel 3T, HAAT AFHE AEe| 2o

=
Saoh= 2] o|thBar-Yosef, 1999; Mali et al., 2017). EGQ] H4-HH| 4 b==2.5 2
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St A S g dS 4 S\’,lEJ'(Hagm and Lowengart, 1996; Bruulsema et al. 2009) JH 2 SpolgagedAA,
Ak gl ZHg0] ZFZF 90 - 95, 40 - 45% 2 70 - 80%=, TZAlH|of| B3] 28l o]/ &AFAIZ 4= R ThSandal and Kapoor,

2015). T3, PH| Al ) o Y o] 8 E &L EY F It P FH A (Jinetal, 2004)3} &) Tk 2514 2.
(Abbasi et al, 2014) 5] F21-8-2 A4 4 Ut} oA G2 Biel Zho], bl Bl )7 s o) g2 F4i
o 84 E8, 2 +ETY SR oht w2kl W d o= qlsl, Al |olA FrieistA 2851
om, ZZolli= kA 2hES tld o = Al 7] & of ZHEw} o] 2EshA| ZYE L e

mp2kA, £ SRl e A2 I F TR S8/de 24k WSS Aulial, 53] Al A
2hg o] wH| 5IkS gristo] Akl el B84 Aol HH|(AA, Ayl A4 g SHE A% At
T&slloFat AFaFS A Al A} B}

Water/nutrient use efficiency

A2 AAtol] 208 B3t o] TR BISHE Y B

e ApAkEo] ofs) B3t R o] §H S-S HrH
SH Hho] AIQHEIRIAI R, B = Roll A 71 a0 = Pl

2 7HA] Wi o 2 2|53l th(Table 1).

Table 1. Definition and equation of some universal water/nutrient use efficiencies.

Resource RUE Calculation formula Reference
Water WUE (water use efficiency) Crop yield (usually marketable)/total applied water Howel, 2001
IWUE (irrigation water use efficiency)  Yield (kg-plant”)/total irrigation water (m’-plant™) Singh etal., 2019
CWUE (crop water use efficiency) Yield (kg-plant™)/crop water use (m’-plant ™) Singh etal., 2019
Nutrients  NUE (nutrient use efficiency) Yield (kg-haYnutrient applied (kg-ha™) Singh et al., 2019;
Contreras et al., 2020a
FUE (fertilizer use efficiency) Nutrient uptake (kg-ha™Ynutrient applied (kg-ha™) Huang et al., 2018
Nitrogen NUE (nitrogen use efficiency) NUpE x NULE = yield/N available Huang etal., 2018
NUPpE (nitrogen uptake efficiency) NUp/nav (soil + fertilizer) = acquired N/N available Huang et al., 2018
NULE (nitrogen utilization efficiency)  Yield/NUp (assimilation of plant N to produce harvest) Huang et al., 2018
ANUE (agronomic NUE) Marketable fruit yield (kg-ha ')nitrogen applied (kg-ha™) Yasuor etal., 2013
BNUE (biomass NUE) Biomass yield (kg-ha')nutrient applied (kg-ha™) Yasuor et al., 2013
PPNUE (plant production NUE) Marketable fruit yield (kg-ha')/nitrogen uptake (kg-ha™) Yasuor et al., 2013

RUE, resource use efficiency.

mlm

A2 Ee] AIE sk W2 L4 (EART/ES] AN HEolda st
9 B4 2 TR 4 Jirl, SHo|BEE HIe] ST FAE vlEko 2 BTk AVAR A9, o
9 BARFE WO R Al el B4R HATTF + BAES A8+ Hol7} ArkSinghetal,
2019). Yol 8882 FFH FEof thet 43k 0 2 3 7}5H=6(Singh et al., 2019; Contreras et al., 2020a) YHF S
2 2129 B4 77)904 Foll A4 0| §HEE WSS 2ol /1 B BEH T 9ck Aae) o] G
& (nitrogen use efficiency, NUE)+= 2 4848 & (nitrogen uptake efficiency, NUpE)2} 2 £2H-8- & & (nitrogen utilization
efficiency, NUtE)2] 2 2 = A7 E ChHuang et al., 2018). 24 0] 8 88-2 AA0| 3Tt S5 9ol 2H=2] A
e Bofgich 3, Aol 8EEE W ARA0R BrAe] A B 7] i Sol AN S Yasuor
etal, 2013), 2-23}H2] 2 4~0]-8-8 & (agronomic NUE, ANUE), &% 2 40]-8- &8 (Biomass NUE, BNUE) ¥ 2=
2Y4tg A 20]-8- & (plant production NUE, PPNUE)C|t}. ANUEE= AA-g-37ol thet 4E/do] = +2ES,
BNUBE 243 33 th e 1) B3-S, PPNUES 4 84-30] o) A5 90] 9 22182 Brlshe 2o
2 Qlx0e] Ao| 85 S Bh ol det Hetsto] AL 4 9lck
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Effects of fertigation

AR A o] Seiol] we SHpeloll A 4]
o210 9lon], FUjel M= B A7} o) 2ojH 20184 71 S EEH AR 5
of o] o] £}, & e} Rel M ol 32 A= A4

Elsto] BAJ51A tHTable 2).

—'H]

= 20004 o] =2 2F 16,9007 (Google scholar, 2022)°]]

S5 | A= 80

At 5, AFB ) Rehs i ARUE A

Table 2. Effect of fertigation on yield and water/nutrient use efficiency in some greenhouse vegetable crops.

Plant Fertigation Application Effect Reference
Pepper OL: 280 kg ha' 30,000 L-ha" every 2 weeks after 16 DAT Yield: 2.3 Mg-ha' Yietal, 2020
80(N)-2.6 (P,0:)3.7 (K,0)% NUE: 57.1 N)-30.1 (P)-182.0 (K)%
880 kgN-ha' Every day Yield: 81.8 Mg-ha' Yasuoretal, 2013
ET-based irrigation amount ENUE: 96.3%
Strawberry ~ 100% fertigation: N (urea) + K (K,SO,) SMP: -10kPa Yield: 24.0-33.1 Mg-ha Kimetal, 2009
12 times every 2 weeks after 30 DAT
N-P-K=20.5-36-29.6 kg-ha' SMP: -33 kPa Yield: 51.1 Mg-ha' Leeetal, 2021
Every week during whole season NUE: 75 (N)-64 (P)-81 (K)%
Melon 1/2 - 1/4 of fertigation concentration by SD SMP: -15 kPa at vegetative stage Yield: 614 -64.9 Mg-ha' Rheeetal., 2009
Urea (156 - 312 g) + KC1 (123 - 246 g) ton” SMP: 45 kPa at fiuit stage.
12 (N)+ 1/4 (K) strength of SD
Watermelon ~ 34% fertigation: N (urea, 144 kg-ha™) SMP: -33 kPa Yield Sungetal., 2016
8 - 10 times depending on the season - Spring: 26.8-294 Mg-ha!
- Summer: 42.7 - 51.7 Mg-ha'
- Autumn: 32.9 - 37.6 Mg-ha'
Oriental melon  100% fertigation: N (urea) + K (KCl) 8 times every 10 days Yield: 44.6 Mg-ha' Jungetal,, 2010
Zucchini 50% fertigation: N (urea, 113 kg-ha™) 9 times every 2 weeks Yield: 84.8 Mg-ha' Haetal, 2015
EC09-12dS'm’" PBG solution SMP: -35kPa Yield: 101 Mg-ha' Kim etal., 2008
EC-based
Cucumber ~ N-P-K=240-112-248 kg-ha" (NIHHS) SMP: -11--9kPa Yield: 70.4 Mg-ha' Leeetal,, 2006a
EC:12-0.80.5dS'm” by growth stage. Soil EC: 85% reduced
2 L-plant’
61% fertigation: N (urea, 180 kg-ha™) Trrigation point: 80% ETO Yield: 51.6 Mg-ha' Wangetal., 2019
7 times every week
Fish meal liquid fertilizer (N-P-K = 10-1.01-2.71 kg'ton™) 2 times every week (total 21 times) Yield: 380 Mg-ha' Anetal, 2017
SCBLF (N-P-K = 1.3-2.35-0.14 kg-ton™) SMP: 20—-15kPa Yield: 11.1 Mg-ha' Park etal, 2011
Tomato N-P-K =200-170-110 kg-ha" (NIHHS) EC 1.0t 1.5mS-cm” (N-PK) Yield: 28.5 Mg-ha™ Leeetal,, 2006b
3-5Stimesaday
02 L-plant’
100% fertigation: N (240) : P(80) : K (180) kg-ha™ 12 times, every week Yield: 749 Mg-ha' Badretal, 2010
Recovery =72 (N)-34 (P65 (K)%
FUE (kg-yieldkg" NPK): 150
70% fertigation: N (urea, 0.2 g'kg soil) 7% during seedling stage Yield: 497.1 g-plant’ FW LuoandLi, 2018
63% during flowering - fiuit maturity WUE: 253 kg'm®
SOF+CF Fertigation: ET0-based Yield: 752 Mg-ha' Wauetal,, 2020
Vegetative: N (1.6) : P,O; (0.65) : K,O (0.56) 2 times during vegetative stage NRE: 392%
Reproductive: N (1.0) : P,Os (0.35) : K,O (0.8) 6 times during reproductive stage NAE: 1768 kg'kg'
PSCB liquid manure SMP: -20 kPa at vegetative Yield Parketal,, 2010
SMP: -30 k Pa at Fruit setting and harvest -117.7Mgha” in semi forcing
52 gton’ PSCB -59.6 Mg-ha” in conventional
Spinach 75kg-ha' (NH,),SO, + NH,NO,) Trrigation: 20% of soil water content Yield: 131 g-plant' DW Machado etal., 2020
5 times, every week
Bittergourd N (150): P(120) : K (120) kg-ha' Tirigation: ET90% Yield: 31.3 Mg-ha' Mali etal,, 2017
SDI: 10 cm depth IWP: 633 Mg-ha-mm

OL, organic liquid fertilizer; SD, soil diagnosis; NIHHS, National Institute of Horticultural and Herbal Sciences; SCBLF, slurry composting biofiltration

liquefied fertilizer; SOF, soluble organic fertilizer (18% N, 18% P,Os, 18%

K,0, 4% humus acid, 0.2% B, 0.1% Zn); CF, chemical fertilizer (urea, potassium

dihydrogen phosphate, potassium sulfate); PSCB, pig slurry composting bio filtration; DAT, day after transplanting; ET, evapotranspiration; SMP, soil metric

potential; ET,, crop evapotranspiration; SDI, subsurface drip irrigation; IWP, irrigation water productivity.
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Fig. 1. Initial irrigation range employed in major greenhouse vegetable crops based on soil tension. The
irrigation point is differed from crops by growth stage (vegetative - reproductive). SMP, soil moisture

potential.
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