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Various researches on the effects of fertilization levels on functional metabolites in crop have been conducted.
This review summarizes the previous studies on the relation between fertilization supply and accumulation of
metabolites (phenolics, carotenoids, ascorbic acid and glucosinolates) which function as antioxidants in crop.
The accumulation of phenolic compounds is related to the activation of phenylalanine ammonia lyase (PAL)
in phenylpropanoid pathway. Most of the previous studies discuss that low nitrogen (N) supply activates PAL,
thereby increasing the synthesis of phenolics. Similady, high N supply leads to a decrease in ascorbic acid
because of the shading effect derived from the accelerated vegetative growth under high N level. Unlike the
phenolics and ascorbic acid, carotenoids are accumulated with increasing N supply. In this regard, the previous
studies explain that N is a main element closely associated with formation of key enzyme for the synthesis of
carotenoids. Glucosinolates are generally increased under decreasing N supply and increasing S supply.
Although the previous studies show similar trends about the accumulation of metabolites by nutrient level,
they also suggest that many other factors including crop types, cultivars, cultural environment (water,
temperature, light, etc.) influence the accumulation of functional metabolites in crop.
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Az e 7158 EES
oA ael, ddZ, Ft, et axt, @9 Ast
74 o] folst Aoz d#A Ut (Chenard et al.,
2005; Dai and Mumper, 2010; Duthie et al,, 2000), tH¥EZ]
EA=E H=4 3= (phenolics), 7HRE| =0 =H| SRRl
(carotenoids) o] Uem, #HisAd = FEAlOR
(anthocyanin) ©] 7-9- A=A WellA] ikl & <ol B
O 2 HE AES W3} (Soubeyrand et al,, 2014), &
AL 5o AN QI7E A glo] QtEAloRd 9]
TR Fgdoln, HETA Ao ey AE 2
I3t A 9t (Akerstrom et al,, 2009; Soubeyrand
et al,, 2014), 7}2Eo| A a2 A (vellow)of| 4]
254 (orange) & L A 484 A2 Q] o]
A BB AR 2geto] BelAAS 2N 1M, o, A
A A3, WA R S W B
pJofut Afjaxof oeF g A o2 g A Ut (Chenard
et al,, 2005; Kopsell et al., 2007b; Reif et al,, 2012).

25 Aoy HAL dpARE 2E] FEA (nutritional
quality)S A= $a3% 2002 QIAE a1 9t (Erba
et al,, 2013), PutH o g A7}t £2 +Ed off B0l

[e]

Z7k5ta EO] ==t} (Tavarini et al,, 2015), R4
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Accumulation of antioxidants

AH] B AE0] A A= A 22 23} thakE
Ae) 2o ER3 AL S}, WA A=A o) 2
S127 o] oe AeAle] ATl AFEE AnEol
W} (Stefanelli et al,, 2010; Tavarini et al,, 2015), ©]<}
A AEol F2H = 2% Y e 554, 7]
T2, AdRsl, ds, o2 A, A% 24 Sl A
Slab HeEm glort Bl o Fo] vAE e
b1 ME T 91X oke Aok (Coria-Cayupén et
al,, 2009), o] A= 7 71E 2 W 71548 =
2 skeF "7} (Boo et al,, 2009; Choi et al., 2011; Kim and
Ahn, 2014; Kim et al,, 2013; 2014, 2015; Lee et al,, 2012;
Shin et al,, 2015), & ¥ FAHS 5ol g 7|54 &2
Sk 2| (Han et al., 2012; Jang et al,, 2015; Lee et al.,
2014a; 2014b; Oh et al., 2015; Qin et al., 2015) 2] A+
o Z2xlo] B0l Qlo] ¢t Tt W A4+ vE
gl Aot
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Hi=4 3= (phenolics) AlE2 #l=7|E 2= ot
et 22k dAEAE skt ol A= Hled 3Rt
T2 ER2EH ZgkE 0|t (flavonoid) A|E Q] SFEAJo}
d, F9 (rutin) Fo] 4 E4= F2 A4, 7, 5=
ol eHrEle] lom G Faol o A=A i gF
slol tiet thefRt W8=0] HarEar gick

A BF o) a0 T} Sois AT vis4 o
shzo] ARHAol et ke ulAT (Treutter, 2010),
Sa), 4 SR AR 94 Ba e Y
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Fig. 1. Conceptual diagram of accumulation of antioxidants in plants.
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ohd EQruUolEs s (PAL, phenylalanine ammonia
lyase)= AEAQ A T a5 9 28 EHo|

T} (Sin koviC et al., 2015). HlEA SRHES] S22 A=
o] o

242 Fol Ao A U,

Anttonen et al, (2006)2 @7| (Fragaria X ananassa
Duch,) A Al N, P, K 5°] 3h8 dHS A7 Aee=d
(0.6, 1.2, 2.4 dS m )& EFo] AHelgt F gufj f Zejv
= (polyphenol) SF3HE2] ellagic acid 2! flavonols (quercetin,
kaempferol) RS HHSHGAT, ATAT, llagic acid F
2 0.6dSm’ A7k 1.2dS m At thiy] 21% =&
$2220|9) 9.1, kaempferol¥} quercetin 3FEF 0.6 dS m
Hel7t 2.4 dS m #2] T ow] Z2f 19%, 57% 2 AL
2 YePJT} Sinkovil et al. (20152 X|AT] (Cichorium
intybus )9 ZE A 4] BAQ, 9718, BA1487]
T Al Aol 2 sy SR gk Bk
ATAI, F Wy HUES /AN (1286 mg
100g" FW) 9! 71882 A2}t (125.5 mg 100g " FW)7}
AT (254.3 mg 100g FW)2 gk f whe Sz0)g)
t} Nguyen and Niemeyer (2008)= &HO] =0l w}zl
(Ocimum basilicum L,)°| tfsl] A4 =9 (0.1, 0.5, 1.0,
5.0 mM as NH:NO;) Hoagland -89 Ajulj A] 5 #H=/d o}t
= ekt i 9lsAl 39HE (rosmarinic acid, caffeic
acid) TS BINSIC), AFAT, Ao 0.1 mM Azl
A F e 3RE, N e oRE e P S
£=Z0)9ic} ALHE (growth—differentiation balance)o]=
= A 23 hAEEE Abe] 9] vkl BAIE A¢Fs)
=0|| (Fernandez et al,, 2006), Nguyen and Niemeyer (2008)
= 7] A A= BSEE o2 IASke] Hae)

DE I o Tao] AlRME o) S-S sk Hhd, 4
=9 A o712k w= 2&F A=A L] Aol 571
E Ao 711kl sheleh E thE o] {2 AlEo] ARk
of AoIA A W, A 2 AR 2w
719k 3fekE AAkE S7HAA 22 Yol Stk g
OFE W4 (CNB, carbon—nutrient balance) ©]2of A3}
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94171 Aolet st (Neugen and
Niemeyer, 2008). Fernandez—Escobar et al, (2006)% 222
(Olea europaea L.) Al A| A4 w9 (0-1.5 kg N tree |
year ) 2B Hujjo] & Za|uis (total polyphenol) Tk
2 Bt Aa, % Belvs g A4 Ae b
7t =845 745} Fernandez—Escobar et al, (2006)
o whaopi 33 o|2o] Al o] AT 270

A Ak Ago) WA Rt sk wao) ] e

J

L

A

)

31 270 ol thaute] iR o] AEITt 519
t} ohH, iz AR w4l (PCM, protein competition
model)-& 12} thARE AT} 22} thAREE Ato] o] B3t A
TAE Attt =2 59 dE a2 2ok=
PALe| 2J3t HdZ2u}-0]E (phenylpropanoid) 2] AYgH/d
o #Hddehd (phenylalanine) © 256 O] Tzl gh4do] &
AI5HA| Et} (Fernandez—Escobar et al., 2006). Fernandez—
Escobar et al, (2006) o]2|gt o250l ZAI] F3l &
gjHof thgt B2 po] A A7) 2 o F &4
HE F=E op7Igttal shelth Stumpf et al. (2015)& &
(Triticum aestivum)®] EE Auf] A] AA £=ZH AT
(0.25, 0.50, 1,00, 2.00 g pot )ol] W= 2eko] free soluble
phenolic (F1), conjugated soluble phenolic (F2), insoluble
bound phenolic (F3) == Hrlsigict A1+dy} F1e 2
2 3 o] Fopplel Wt St Fow A4, F3= 2 &
o|7} gli= Ao g Uehth F39] A FFol uE AolE
el ™, Fl1i} Fo= e 2] 2ol 93 whe=thal 3191
o}, a7kl e Hlesd sRhEY das M
ARGIEE AN ShaI] 93 AR AETHS Ah
7|9ke] 22} thAEA e Aol SAlSHH= Bryant et al,
(1983) 9] EtA—24 W& (carbon—nitrogen balance)©|=o]
SARIRAL S1GleE 53] F29] A sEAYES SOl =2
AEFEES U= 228 d8A 9lo] (Adam et al,,
2002), T=3F A40) AlS-E w2 A9 g e o 24
o7 | of et B W AEREA HeAd sRES
AA|ZItkaL FEE; (Stumpf et al,, 2015). Bénard et al,
(2009)- EUlE (Solanum lycopersicum L.)2] %FoY zjuj
Al Aas w5 (4, 6, 12 mM) AP of| T s SRbE
(rutin, caffeic derivative, naringenin chalcone) SIS H7}
slgck drdal A2 5709 3 rutin, chlorogenic acid,
caffeic acid glucoside, caffeic acid derivate TS Fe
o] da Aol & Aoz el Erba et al,
(2013) %= EU}E (Solanum Iycopersicum 1.)2] FoH zjul
Al A EE A2 (9.50 meq NOy L)%k A A5 A2
(5.31 meq NO; L)of| w2 EukE o) x4 gk ks
715t A1}, kaempferol—-8—O—rutinoside, chlorogenic acid”}
Ao A AejgtoA] dAos w2 $Eo2 ey
o}, 0|9} e Abs BE 0 A Fo] HieAd 2Rt
E& ARPdeIE B =uheo|= 792 (phenylpropancid pathway)
o S maEe] AT W RS AT ahyckes
rnard et al,, 2009; Erba et al,, 2013), Hilbert et al,
(2003)-& L% (Vitis vinifera L)) A8l A] A U AAS
A9 (L4 mM), B4 (3.6 mM), IohpE (7.2
mM) &&= A2j53lS o L= 7] T StEAloRd
T FrPskelnh AtAax), Aa A AetolA] FEA|
opd ko] 7 =8k=d, ole =& Y e 33l

s



Jung-Eun Lim, Min-Ji Cho, Hye-Jin Yun, Sang-Keun Ha, Deog-Bae Lee, and Jwa-Kyung Sung 171

i) SFEAlOPd ] AREA A4 A e AAAIZIAL, i) =
Alopd o] o|a}akg-& B/dslsto] o] by 5 Eol
2 280, i) PALS] 28 Adfohs Tat 422 <l
(P2 oF7Igt Zlof| 7191t Axfetal st} Soubeyrand et
al, (2014)2 3£ (Vitis Vinifera L,) Aul] A] 24 FH] (0
kg ha ), ey (60 kg ha ), i (120 kg ha ) He]of u}
£ 2% gulj f FEAloRd AlE £4 (cyanidin, petunidin,
malvidin, peonidin, delphinidin)®] &4-& H7}3}ct A
TA, Ha AlH| o] 220 A% 5, pH Solle
Qe FA) gokort QHEAORI AY 2o) e 4

O

% 26, 499 5 Fu) HeTFolA 71 wokon], By 2
Wi el 2ol Holvt gl Ao ekttt o)t A

4 o] ZEO| EefHolE HFRE fEdhe HAARIA
(transcription factor)?l MYB -FAAE A6l St
wo|S AR olR|5H= A1l LBD SjEe] FAF 5
2o ZOiA71 Aol 7)913t Axfeka 5199t (Soubeyrand
et al,, 2014),

A o) PE Fidol A8 vy B 54
& ZxI3kchs ATFEE B TE]T QI Oloyede et al. (2014)
° F71US8 (Cucurbita pepo L.)2] EA AHf A] NPK
(15:15:15) H]=ZE 0, 90, 180, 270 kg ha ' 4502 AJH|dt
F ol sargel BeRS Wit s 4 15
F 5 F/USH du) R0l F v ShakE, Bepu
O]= cyanidin, proanthocyanidin $F552 NPK 90, 180 kg
ha H2lTOIN SO 180 ke ha ! oAellAIL 7
43R Ao Uehge, ol A4 3 2ol ofa 2t
ojm, AR A F A AEY EefHeolE F
o] Asgitkar skQl), E3F o] Har Fgol 7714
e Gufj FEO] Aat 1AL o] S ARtk 5k
t}. o]@} -FAFSHA| Tavarini et al, (2015)2 2 H|H[o} (Stevia
rebaudiana Bertoni)@] ESF vl A] A4 =¥ (0, 50,
150, 300 kg ha ) A 2o] w2 Ag|u]o} Q1] & w4 &)
e W EefEolt RS BRIk AHER, 150
kg ha ' Aol A F wlisA SR (110,41 mg g )T 5
ZolH-0|E (104,03 mg g ) FHo] 7P} =2 Aow 1}
ERget, 18yt 150 kg ha ' #]2]Tt tjH] Ak $250] &7
U} (300 kg ha '), W& 7% (50 kg ha o]l & wlisA) Bt
B & EohiicolE RRE Adidor dokar skl
Jug A Aol A=Y Hsd skEe &
o] F7kshe, 24 daga 7o R el $71st
At sk s shkEe] S22 agivkar sheick
Mogren et al, (2007)-2 %} (Allium cepa L.,)2] ESF Ajuj
Al A 2229 (3243 72 kg ha |, B/l 152 kg ha )
ZetE0|E AE 9] quercetin (quercetin 3,4'—diglucoside,
quercetin 4'—monoglucoside) TS FrlslHch A4
3}, Ak X SFo] T te] 2w quercetin TS

rl

RIEE I8 2RSS g HA it
Al Eefolut F71dn| 2] Fele Fasshe 771

Aol thgt A4-5% A= Qe o] FollA®E F71=
20| B4 sfakE S v]AE Fa5ol

nE3 glon, F2 4712 Aol ofg A=A §
S 7R 9 Aol ofat Aol et o) 28 oj2,
Verma et al, (2015)-2 EU}E (ILycopersicon esculentum)
Al Al NPK F714H| 2 {8045 (EM) EH], §7]
ANRAEM Aol B2 % S BEE B B
A} 7AT) EniE duje]  vhsd SIS 5714
M= 20 /2 + EM (S-871A8) Hel77h 7))
' Aol o] 2,06 274k A0 ekttt o] EM
o oJg 9712 Aulautets sk olek SARHA Toor
et al, (2006)-& EU}E (Lycopersicon esculentum Mill,) A
o Al $718 (NH,", NOs™ - ) 2 4714 (BE, &
o, EE S AR W =0 AE) = Ao o 84
Hl=4d 31EHE (soluble phenolics) &S H7stAch
A, G718 G A Al BufES] 84 Hiisd Skt
52 T o Aol vl 17.6% & o2 U
Sk ol f718 Aol o A o= wobxl
Ut WA 7Hs7do] EnpE S AEYA HEE-S of7|sto] &
g0t AE sRteS SHAIX Aol 22 sz
Hole} shejek 217 Th2 of Fade] FFL F Aol
2}al 3}t Hallmann (2012)2 §-7]5% (organic farm)
2 734%= (conventional farm)of W= EnlE Aujo] H|
=4 SREES Bkl A, ErlEl] F S5
H1-0|E 3—quercetin—rutinoside, myricetin $FFS 715
o] Fesof vls w2 Aoz Yehdth I8y ol
R o] Aok vEhd 4 9SS Basilet o9 st
6] Coria—Cayupén et al, (2009)-2 A= (Lactuca sativa L)
O] B¢k Al Al f71E A Aol whE HlEmAd ke (caffeic
acid, coumaric acid) ¥ B7FsHIct AAnt, A
AT Na 9] 7 (112 g 100g 0] 718 52 =AY
H7]& FH|3E (USW-C)' A5 A|Qeh & A2+t A
FA T e STk ALR2 YERth ESE coumaric
acid= 52| 78 #HlzA SREE urea + Y 9 A
13 H71E9 EH|st (FVSW-C)' A 2|78} urea A 2] to]]
A FA RS tiE] 242 36, 83.4% R <ol 8lt) olet
W 71EES EHEh AHo] En|glsto] A2k 49
o] HeltoA F wlEA s o] W2 250
e, ol BEY FYS $g 47158 Ehsket A9

o
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o] Bujgt Helr} Az Esheols ARS Fat iy 5
] Aol e S F 2 7|k siick, 2
=& Coria—Cayupan et al, (2009) EoFof Tt 24 I+
o) sy SHEe] Al 9H S Mk sk

K

7[et Az, {7154 QJoll= B oo Ao wE
JEo] 153l Ik Moor et al, (2009)2 EQFo| A E7|
(Fragaria X ananassa Duch,) A8l A] i) AAHIE (N:P:K=
3:12:15)7} 331 o}QlAFY (phosphite, HsPOs)T} ii) =8
Au|E (N:P:K=7:4:27)7} §-5-5F 214 (phosphate, HsPO,)
o] Hjz] o] W @] Aule] eHEAlol Fere B}
Sigict, A7), M4 A IR 0.9% Golol 1087}
WAlsk Aeie] AE 7% HEACld TS 32 mg
100g "2 EF A el (26-29 mg 100g " FW) ofu] 2 2l
= UEITE ol A4 A ity BR8] JA7F AE
o woj7]aks B3} Al7|HA FEAJoRd Aol T4
IS YRl Zoleiar siglek. ey o] B2 Ak F
T, BlR EE Zol5 ekl 4= Slthal skGit (Moor et
al,, 2009). $HH, Singh et al, (2012)2 %"—E— (Daucus carota)
57 #52) FA Auj Al 2 (Ca), B4 (B) AFoll W&
Fo] Wiz SRR RS Wrieh Anh, BAaEd

(B W2, a5 2 (o) He Al el g

T ETIA F s S Gl Fhskglon, of
L e g Zo] ¥4 AW ABA vy s
of Z715H Rt ANH= Avekn serh B, 44
(urple) S 5 (ulack) 2] Ef% SR A0 &
221 QHEAobY] A% ALl FFoIAH AEH 9
ow, ol B, v’ ARFM IO T

i

(-Co Aele] A E71ehg wsisic) 4% Helis
Alat s S 2710l Yelo i ABAEY 84
membrane 7%, AFEAT} AE B4} R0 AF o
2 Q18 e BelH A W] Sola) AwA B

22 of|A ZEfA] A B Al A EE Hlsd ket

27} Soll 71218k Zoletar st
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6H A& W PAL 840 S7edA wlsd shehe At

40| ok ol m. 2Lt 4F 2o 904

ﬁ%
_g
3:
)
> ¢
ﬂ
_u;
1,9
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’%‘%% Eia, XHHHQ%

FI2E|0|EH| 3tgt= (carotenoids) 7}ZE|-0]=
(carotenoid)= gt o] HEMA A3kS 3= M @
AAA, FH2M O] H=2H1=0] = (terpenoid) SR o
A Qlt}, AlEo| $he%l 712 E]| 0] == lutein, zeaxanthin,
violaxanthin®} Z-& oxygenated xanthophyll 753} hydro—
carbon carotene “155-2] a—carotene, [3—carotene, lycopene
o7 HE3F 4~ 9t} (Chenard et al., 2005; Kopsell &
2007D).

A ZF A A5l st AEA W 7HRE
oA QEJ 2 AE SR, B ool Gk oy Ak
o2 we 43ol Wb Faadel o8 o sow
A 9t} Chenard et al. (2005)2 u}&E] (Petroseli—
num crispum Nym,) 2] ok Zul] A] A4 FF =5 (6, 13,
26, 52, 105 mg N L)o] @2 7}ZE|leo] =] shglE2l
lutein—zeaxanthinﬂ}- B—caroteneﬂ ol Y sl=ke Bl
o} A4y} 8F T 4-38519S 4 lutein—zeaxanthind}
B—carotene?] TR Wi T 50| FHOXHA F715)

21 105 mg N L 2|7 A 7H 40} 6 mg N1 A
25t o8] ZH2F 99%, 98% 7HA] Z71eFITh Simonne et al,
(2007)& S-S EULE (Lycopersicon esculentum Mill,)
o] EoF Al A] WA 323 AJB|EFQ] 234 kg ha 9] 0, 33
(78 kg ha "), 66 (157 kg ha "), 100 (234 kg ha "), 133 (314
kg ha '), 166% (392 kg ha )o]l sigshs A #J2jo] whE
g W 7R o] =AE S
kS Frkekolet, A2 luteindt B—carotene T
A A2l Z71o) mel 2k2F 0,.8304 0,90 ug g2 0,12
olA 0,37 ug g '2& F7I5H= HFF|lrt. Kopsell et al,
(2007b)2 =Y ©| (Nasturtium officinale R, Br,)2] ¥l 2|
u A] 2+ (8, 16, 32 mg L)} A4 (6, 56, 106 mg L) 4=
= Ao wg 7tRE kol S B daf, A
=% 27} A] lutein, B—carotene, 5,6—epoxy lutein, neoxanthin,
zeaxanthin T2 F7FIoU & = SVl T 7t=
B =o|=A| 3R ohdE FRe WA Skl shleh
JeER oFE el o3t 7tRE oA SlekE o 5
oE 31 Zuolel Garsi 1) Aol Fhsele i)
) Kopsell et al., (20072)2 A|Y (B oleracea L, var,
acephala DC)2] oFol Auj] A] 24 =54 (6, 13, 26, 52,
105 mg L) @ 24 Feff (NH-N, NO;—N)of] w2 A 3§}
fr 7tREolEA e TS Briskelth Aty
i FErF ST ek ALY B 7% 7HRE |
1:7;” §1.’5‘]—‘:’ 6]—3]:_8_ 7]—/\?‘5].}_-_ 7516]:0]04 01,]— _%’_9,]'5‘]— /\ZQ,]
Apol= UehbA] i), ey S 7Iee® Bk
2 f luteine 55—63%, [3—caroteneS 68—100%7}A] =7}
Sh= A0 UERgon] W 105 mg LT A2 Foll A 2
215 Uepith S5 da FHEjo] o2 7R E 0| EA

(lutein ¥ B—carotene)
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Table 1. Effects of nutrient supply types on accumulation of phenolics in selected plants.
Crops Nutrient treatments Results References

Basil

(Ocimum basilicum L.)

Different N levels (0.1, 0.5, 1.0 Higher total phenolic contents, rosmarinic and

or 5.0 mM N as NHsNOs) of
Hoagland solutions

Nguyen and

caffeic acid concentration at the lowest N level Niemeyer, 2008

Carrot Deficiency of calcium (Ca) Higher total phenolic acids contents in B deficiency Singh et al.,
(Daucus carota) and/or boron (B) treatments 2012

Chicory Organic fertilizer, mineral Higher total phenolic contents in control (no Sinkovi¢ et al.,
(Cichorium intybus L.) fertilizer and mixture fertilization) compared to organic and mineral 2015

fertilization

Grapevine
(Vitis vinifera L.)

Limited (1.4 mM N), mean
(3.6 mM N) and excessive
(72 mM N) N levels

Hilbert et al.,
2003

Lower anthocyanin content at the high N level

Grapevine
(Vitis vinifera L.)

0, 60 and 120 kg N ha’
(as NH4NO3)

Higher anthocyanins (cyanidin, petunidin, malvidin, Soubeyrand et

peonidin and delphinidin) contents at the lower N al., 2014

levels

Lettuce
(Lactuca sativa L.)

Organic and mineral
fertilizations

Lower total phenolic contents in organic and mineral Coria-Cayupan et

fertilizations compared to the control al., 2009

Olive

0or 1.5 kg N tree” yr'I

Decrease in total polyphenol contents with increasing Fernandez-Escobar

(Olea europaea L.) (as urea) N level et al., 2006
Onion Low (72 kg N ha) and N levels not affected quercetins (quercetin Mogren et al.,
(Allium cepa L.) conventional (152 kg N ha']) 3,4'-diglucoside and quercetin 4'-monoglucoside) 2007

N levels

contents

Pumpkin

(Cucurbita pepo L.)

0, 90, 180 and 270 kg ha’
as NPK (15:15:15) fertilizer

The highest phenolics (total phenol, flavonoid, Oloyede et al.,

cyanidin and proanthocyanidin) contents between 90 2014

and 180 kg ha' of NPK

Stevia
(Stevia rebaudiana
Bertoni)

0, 50, 150 and 300 kg N ha’
(as NH4NOs)

The highest total phenols and flavonoids contents at Tavarini et al.,
150 kg N ha’ 2015

Tomato
(Lycopersicon
esculentum Mill.)

Inorganic fertilization (nutrient

solution) and organic fertilization
(chicken manure, blood powder,

etc. and cut grass)

Higher soluble phenolics contents in organic Toor et al., 2006

fertilization

Tomato

(Solanum lycopersicum)

4, 6 and 12 mM NOs

Bénard et al.,
2009

Higher rutin, caffeic acid glycoside and caffeic acid
derivate contents at the lowest N level

Tomato
(not available)

Organic farm vs conventional
farm

Higher total flavonoid, 3-quercetin rutinoside and Hallmann, 2012

myricetin contents in organic tomatoes

Tomato

(Solanum lycopersicum

Low (5.31 meq NOs L) and
standard N dose (9.50 meq

Higher kaempferol-3-O-rutinoside and chlorogenic Erba et al., 2013

acid contents at the low N level

L) NO; L
Tomato Control, recommended chemical Phenol content were slightly increased by 2.06% in Verma et al.,
(Lycopersicon fertilizer, EM compost and combination treatment (EM compost and half 2015
esculentum) combination recommended dose of chemical fertilizers)

(half of fertilizer + EM)
Strawberry Control, soaking in fertilizer Higher anthocyanin content in the plant soaked prior Moor et al.,
(Fragaria > ananassa  solution, soaking + fertigation to planting in 0.3% liquid NPK fertilizer solution 2009
Duch.) and fertigation for 10 min
Strawberry Fertigation using 0.6, 1.2, or Higher ellagic acid (polyphenol) and flavonols Anttonen et al.,
(Fragaria x ananassa 2.4 mS cm” of solution (quercetin and kaempferon) at the lowest fertilization 2006
Duch.) including fertilizer level
Wheat 0.25, 0.5, 1.0 and 2.0 g N 1) Increase in free soluble phenolic and decrease in Stumpf et al.,

(Triticum aestiyum)

pot' (as NH4NO3)

conjugated soluble phenolics with increasing N level 2015

2) Insoluble bound phenolic : not affected
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Table 2. Effects of nutrient supply types on accumulation of carotenoids in selected plants.

Crops

Nutrient treatments

Results

References

Parsley
(Petroselinum crispum
Nym.)

Different N levels (6, 13, 26,
52 and 105 mg L") of nutrient
solutions

The highest levels of lutein-zeaxanthin and
[3-carotene at the highest N level (105 mg LY

Chenard et al.,
2005

Tomato (yellow grape)
(Lycoperisicon
esculentum Mill.)

0, 78, 157, 234, 314 and 392

kg N ha' [0, 33, 66, 100, 133
and 166% of the recommended
N rate (234 kg ha™)]

Increase in lutein and [3-carotene contents with
increasing N level. But N rate did not significantly
affect those contents.

Simonne et al.,
2007

Watercress
(Nasturtium officinale
R. Br.)

Different S levels (8, 16 and
32 mg L") and N levels

(6, 56 and 106 mg L) of
nutrient solution

Increase in carotenoids (lutein, [3-carotene,
5,6-epoxylutein, neoxanthin and zeaxanthin) contents
with increasing N level. But S rate did not affect
those contents

Kopsell et al.,
2007b

Kale
(B. oleracea L. var.
acephala DC)

1) Different N levels (6, 13, 26,
52 and 105 mg L) of
nutrient solutions at a
constant 1NH4-N:3NOs-N ratio

2) Different ratios of N forms
(NH4-N and NOs-N) at a
constant 105 mg N L

1) Increase in lutein (55-63%) and [3-carotenoid
(68-100%) contents based on dry weight with
increasing N level

2) Increasing in lutein (30-155%) and (3-carotenoid
(100-111%) contents based on dry weight with
increasing NO3-N ratio

Kopsell et al.,
2007a

Carrot
(Daucus carota L.)

0, 55, 110, 165 and 220 kg N
ha

Carotenoid level was maximized at 160 kg N ha

Hochmuth et al.,
1999

Spinach
(Spinacia oleracea)

Different S levels (0, 10, 20,
40, 60 and 80 kg ha) and N
levels (150, 180 and 210 kg ha™)

Higher lutein and (3-carotene contents at 150 kg N
ha regardless of S levels in winter season

Reif et al., 2012

Lettuce
(Lactuca sativa L.)

Organic and mineral
fertilizations

Higher carotenoids (b-carotene, lutein, violaxanthin,
lactucaxanthin, neoxanthin) contents in organic
(exception of fruit and vegetable solid waste
vermicompost) and mineral fertilizations compared to
the control

Coria-Cayupan et
al., 2009

Tomato Organic farm vs conventional — Higher carotenoids (lycopene and [3-carotene) Hallmann, 2012
(not available) farm contents in conventional tomatoes
Tomato Control, recommended chemical Lycopene content was increased by 35.52% in Verma et al.,
(Lycopersicon fertilizer, EM compost and combination 2015
esculentum) combination (half of fertilizer +

EM)
Carrot Deficiency of calcium (Ca) Higher carotenoids (a- and [3-carotene) contents in  Singh et al., 2012

(Daucus carota)

and/or boron (B)

B or Ca deficiency treatments

Tomato
(Lycopersicon
esculentum Mill.)

Inorganic fertilization (nutrient
solution) and organic fertilization
(chicken manure, blood powder,
etc. and cut grass)

Lower lycopene content in the treatments of organic
fertilization and nutrient solutions dominant NH4

Toor et al., 2006

=z
o
22 ZAAZCRA vitamin CF B A7 BaF Aow wekEn,

A3 AFAT} (Table 3) Sl B

W A Zo] Ak FFY FMe vy 2R
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i=}

A
b =y
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(%5t 300.1 mg kg )ofl HI3] =9k e, TR g% A5, 55, A 2R e
= 7o A4 g U EvpE A5 S 9 vitamin C FF SHE AT HH Y da ¥

AR Az
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e GelEn oli= Z}z A= (aliphatic), W= (aro—
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Table 3. Effects of nutrient supply types on accumulation of ascorbic acid (vitamin C) in selected plants.

Crops Nutrient treatments

Results References

Spinach

(Spinacia oleracea) nutrient solutions.

Different N levels (0.5 and 15 mM) of Higher vitamin C contents in the treatment Mozafar, 1996

of exclusion of N supply compared to

After 16 days of growth, N-free nutrient control

solution was supplied

Tomato (yellow grape) 0, 78, 157, 234, 314 and 392 kg N ha' Decrease in ascorbic acid contents with
[0, 33, 66, 100, 133 and 166% of the

(Lycoperisicon

esculentum Mill.) recommended N rate (234 kg ha")]

Simonne et al.,
increasing N level 2007

Broccoli
(Brassica oleracea var. (as urea)

0, 100, 200, 300 and 400 kg N ha’

1) Ascorbic acid contents were not Xu et al., 2010

significantly affected at proper N levels

italica) (100 and 200 kg ha™)
2) Decrease in ascorbic acid contents at
higher N levels (300 and 400 kg ha™)
Tomato Organic farm vs conventional farm Higher vitamin C contents in organic Hallmann, 2012
(not available) tomatoes
Tomato Inorganic fertilization (nutrient solution) Higher ascorbic acid content in organic Toor et al.,
(Lycopersicon and organic fertilization (chicken manure, fertilization 2006

esculentum Mill.) blood powder, etc. and cut grass)

Tomato 4, 6 and 12 mM NOj

(Solanum lycopersicum)

Higher ascorbic acid contents at low N Bénard et al.,
levels 2009

Tomato
(Solanum Ilycopersicum N dose (9.50 meq NO; L'])
L.

Low (5.31 meq NOs L) and standard Higher vitamin C content at the low N

Erba et al., 2013
level

Carrot Deficiency of calcium (Ca) and/or

(Daucus carota) boron (B)

Increase in vitamin C levels (63-70%) in  Singh et al.,
deficiencies of Ca and/or B compared to 2012

control

matic), 21= (indole) SF-FAEHO|ER ERFEC} Kopsell et
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Table 4. Effects of nutrient supply types on accumulation of glucosinolates selected plants.

Crops Nutrient treatments Results References
Cabbage Different N levels (125 and Higher total glucosinolates contents at the low N Rosen et al.,
(Brassica oleracea L.) 250 kg ha'l) and S levels and high S levels 2005

(0, 110 kg ha') and
combination

Watercress Different S levels (8, 16
(Nasturtium officinale and 32 mg L") and N

1) Decrease in indole glucosinolate contents with

Kopsell et al.,

increasing N level 2007b

R. Br.) levels (6, 56 and 106 2) Aliphatic and aromatic glucosinolate contents
mg L") of nutrient solution were maximized at 56 mg N L'
3) Increase in total glucosinolate contents with
increasing S level
Broccoli Different N levels (50, 250 1) Glucosinolates contents were increased until the Omirou et al.,

(Brassica oleracea and 600 kg ha') and S

250 kg N ha' treatment 2009

var. italica) levels (10, 30, 70, 150 2) Glucosinolates contents were sharply decreased
kg ha™) with increasing S levels
Broccoli 0, 100, 200, 300 and 400  Decrease in glucoraphanin contents with increasing Xu et al., 2010

(Brassica oleracea kg N ha' (as urea)

var. italica)

N levels

W FFIAAE0|EY IS SAA o SF3A]
seolE FrEt gAEoR Pasth stk

3HH, Xu et al, (2010)2 B 2ZT] (Brassica oleracea
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