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Abstract

Nitrogen (N) is a vital element in growing crops and is essential for improving the yield
and quality of crops. Thus, N fertilizer is the most widely used fertilizer and the primary N
input source in soil-crop systems. Inorganic fertilizers such as urea are known to improve
crop productivity and increase soil fertility. However, application with excessive amounts
can interfere with crop growth and accelerate soil acidification. For these reasons, the
use of organic fertilizers, which mainly contain organic nitrogen, has gradually increased
worldwide. Therefore, this study evaluated the effects of N fertilizer on the growth of Chinese
cabbage including its functional compounds glucosinolates (GSLs). For the cultivation of
Chinse cabbage, inorganic fertilizer was used for urea, and organic fertilizers were divided
into conventional and biochar-based fertilizers. The growth parameters of Chinese cabbage
treated by organic fertilizers was better than those of the inorganic fertilizers. Additionally, it
was found that their co-application was more efficient. However, their GSL contents were
lower with the application of the organic fertilizers. The characteristics of the experimental
soil also changed according to the type, amounts and co-application of fertilizers. Therefore,
this study presents the basis for an eco-friendly method that can increase the functionality
and productivity of Chinese cabbage compared to conventional cultivations.
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Introduction

Z A (nitrogen, N)= 22 AdSoll 41 JFholH, 25 gidol 7]ofst= 71 58
St ¥4 F Shubo]thBenbrook, 2009; Kang et al.,, 2021). 5 HEF & 249 -2 AA4AH| g
£ ARSote A2 220 it B ol E44o]7]of H|5.o] ASRF A
(Liao et al., 2020; Kang et al., 2022). 77| Q1] G H| & JE-S 77| }9HE FJef 2 3hast 1]
ol ZE A S A7) 1, EQ) H] 2 =2 Z7A)ZIck e A A chParris, 2011).
SHAIRE =k Fe] H| 25 Al 739 A& A5S Aoliotal, EYe] AMdekE 7HESA1Z
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4= ATHWu et al., 2020). FHollA= X2 5d5 R0l A8 H o] < 77| dH]| 5] ARgTFo| Zh4stal, EJH]
1T7] Zu] 20| Algo] Z7lstal sut}(Jeon etal, 2014; Kimetal,, 2018). ¥4 0 &2 J7|AH| 8= A 70| 2 A&
Stof 771 48] 5of Hsl| 53 o] AA| ARGE| R, 2HE A5 Hhg-o] 7] v]2oj vl AA15] U= 2o
E7Jo|th(Yang et al., 2020). T3, 77| A H| 5= T}EP AlG Al 714 B| Bot AR AR A, e 53, o
off 52 e 4= THMer et al., 2000; Lee et al., 2009).
H[|5%(Brassica rapa L. ssp. pekinensis)= B4= oF0| e Abs v E5to] R4, nlU|E 50| F561aL, St 2|40
FEAQ1 22} thAMHZE?] glucosinolates (GSLs) S %.]'o Stal Qlth GSLs+ S} 2 Ao ¢t &35 Hehf=
7164 /2o 2 vjEo] utat §F 5 Fu|of] JFS v|RIThPadill et al., 2007). GSLs= 249} o2 1A% sk
=2 25 U GSLs T2 Al 5 EF2 H| 5.9 Oo Fi Sheol| ofslf &S Wh=THRangkadilok et al., 2004; Li et al.,
2007). BiF=2} 2= Al A] A4 A o] 2hesA| WO ™ GSLs ghgro] Zaghttal B A= QITH(Chen et al., 2006;
Li et al., 2007). B}Z= Afju] A] DA 7?” Zo] ALE- El% H g o8 gt S Pik2 SJsire Ade &<
, AT7F =014 2717F XPO}Zlh il

A

Hong et al., 2017).
ufeba] 2 As 7R ESE Al Al AAdb]g0] F5 U ARl mh2 ujSo] Y53} vl W glucosinolates
S RISHE Bt

Materials and Methods

AE B3

212 Al AR et B Ieter W Al EA(36°2202.1" N 127°21'12.1" E)ell A AAJ5HACE A]
3] 2740 EQF2 sand :silt : clayZF ZH2F 458 : 414 1 12.82] H[ 2 FAJE QoM B2 AIFER BREQILH &
A] E9FO] 5}5lA EA-2 Table 10f] LFERAQITH

Table 1. Chemical properties of the soil used in this experiment.
pH EC T-C TN Av. PO, Exchangeable cations (cmol,-kg")
(1:5,DH,0) (dS'm") (%) (%) (mg-kg") Ca™ K' Mg™ Na'
6.13+0.05 0.74+0.06  0.51=+0.01 0.06+0.00 2590+394 549+0.17 0.16£0.01 1.84+0.04  0.09+0.01
D.H,0, distilled water; EC, electrical conductivity; T-C, total carbon; T-N, total nitrogen; Av.P,O;, available phosphate.

SN M=

Addol ALEEE /7] 8 H B 25 pellet FEIOIH, A2 27T} AFESE Y 89| F7ol| ufgf 2531t OF,
(organic fertilizer A)2t OFy+= Z2H2} /4 2 91| (Hyosung O&B, Dagjeon, Korea)2}t 4Fst 12 Ell(Samhwa green tech Co.,
Ltd., Suwon, Korea)ol|A] a5}l Q1= Al &2 FLufsto] AFESIATH OF,2F OF, A& Al AFE-H GHko] 5= 1]
Apapal, 2 E-5H), o= B)7do| Tk OF 2 OF = OF,2F OF, |0l o] &5 fHl} s fAtE 25 e A"
SekE-S Eoto] Axstlen, 5419 10% (vv)E sUFANE B3 2 tiAllsilch Adol ARgS /714
H| 59| £/dZ& 29 5F A 3h= Table 20 YERHRIT.
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Table 2. Chemical properties of organic fertilizer used in this experiment.

Treatment (IP:I—IIO EC,] € N TR0, poreeconens 0
¢ (dS'm") (%) (%) %) CaO K, 0 MgO Na,O

D.H,0)
OF, 6.70+£0.01 2041+£020 37.14£0.00 535+0.00 220+0.53 121+£007 0.19+001 1.78+025 0.19£0.01
OF, 757+£001 66.56+1.02 375+0.00 599+0.00 2.14+0.56 157+0.14 032+0.01 0.72+0.13 0.32=+0.01
OF. 630+£0.02 22.67+£021 4850+0.00 4.71+0.00 0.85+0.00 187+0.09 1.79+£0.00 0.12+0.06 0.14+0.01
OF, 630+0.01 25.17+£1.56 47.70£0.00 5.17+000 094+0.00 2.03+£001 199+000 0.16+0.02 0.18+0.04
OF, organic fertilizer A - D; D.H,O, distilled water; EC, electrical conductivity; T-C, total carbon content; T-N, total nitrogen content; T-P,Os,
total phosphate content.

£ % H|Z0| 0[31tx £4 £

A#o] o] &5t EFe] 3FekA EA RS 2ol A& 27 W 10709] A ol|A F2te] 2 M7 sto] 235k,
7% 52 mm ©|5FE A| 7 E3to] F4of| 0]-8 3]'91‘:} Ad 2ol B4-2 vlEAH S o]-&ato] 2415131 2™, pH
@} EC (electrical conductivityy= EFF S H54E5 1:52] vl &2 &5t 3027 1&g & 1A]7F =] & Benchtop
Meter with pH and EC (ORIONTM Versa Star Pro™, Thermo Scientific Inc., Waltham, Massachusetts, USA)Z ©]-&5}9]

A1t 2] T-C (total carbon content)2} T-N (total nitrogen content)~- Elemental Analyzer (TruSpec Micro, Leco,
Michigan, USA)E- 0]-&5}t0] 451 th & 14K available P,Os, Av. P,O;)<> UV/Vis-spectrophotometer (GENESYS
50, Thermo Scientific Inc., Waltham, Massachusetts, USA)S ©]-8-5}°] 640 nmOl| 4] Lancaster © 2 245131t} %
2Hd Fol-2(exchangeable cations, Ex. cations)< pH 7.02.2 W3St | M NH,0A. 2 EYS &5+ ICP-OES
(PerkinElmer Avio 500, Thermo Scientific Inc., Waltham, Massachusetts, USA) = &A1 5} Tt

7714 B]|59] pHe} ECE H| &2 745 1: 102 H[EE 23519 Benchtop Meter with pH and ECE &7 5}
ok 7714 H] 59| T-C, T-N+= CHN Elemental Analyzer= £A5}Th T-P,0,2} ¥F0|-2(Ca0, K,0, MgO, Na,0)=
nitric acid®} perchloric-nitric acid -2} 2 2 A| 55 &35}0] ICP-OESE £A513th

x4

Ag]7e] 27]+=3.0m X 3.5m (0.11 )2 A5t om, o2 X 2|+ H| 5.9] /d7o] EUE A Y& X211t
APOlE 1 m¥ A2l E & JHIE XI5 A2 7t= 4] 2] (control), 7712 B E T %] 2]5L(NPK standard),
#7174 v] & T 2] 2127 (OF,; OF,; OF:; OF,), %712 vl 22} 7] ] &5 &3 42|13 2]2)7(OF, + NPK;
OF; + NPK; OF.. + NPK; OF, + NPK)Z T-235}31ct 7|2 H| 59| 4 AAE 7|FOF 120 kg'N-ha'S 225}
Ko, 27| HIE F 84F 5EXNGAolA WX 72 H]Se] AlH|XH7|E(NIAST, 2012)°1 2] #5ke] 320
ke N-ha' & 2123121} 84 2u(P.05)2k BE7HIK.0)E 212} 78, 198 kg'ha' & A 2J3l Tk Alu] 314> 4 4]
9] 4% 7714 vlmt 841 IL A 718 2 A s oL, 7718 v 524, de7te))e F 48]0l 24 ZAlst
Rt FAl= 2 159 HH 0 2 AA|5H o, 2FE 82 A & 0L Aol AAlsHAT.

r}oll

EA H|F AlH]of] IS B3 4] S4 ZA

o7 28 F 2T T BR0] 249 SIAE WSl 85 2
4 U Y YR YT S, OF 22 NS U
=74
Az 54 & g ez 4 ﬁP@I Zdolg 2+ &4 0}045]' AE4 F=H(chlorophyll content)= MINOLTA
Chlorophyll meter (SPAD-502, Konica Minolta, Tokyo, Japan)E- ©|-85t0] 49| 57] & ti/d o2 =24313ich
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HiZ L 223 A|SHI0|E(GSLs) 25 U 2M

|35 5 27% & BUslsto] 100 mge 5L, 70% methanolS 2291 &, 1.5 mLE A &0] H7}sto] &3¢

=
. =
oh. FE9 A 8= 70°C F252olA 521 I—RE 2,112,000 pmoil Al 1023 A A22fsto] g3le #7skL
e 21t} DEAE Sephadex A-255

A3t Y 23] HHEsto] F33] 533 FEES 40l o] &5t
2442 BT E0I5 S 05 M sodium acetate S 71510 H e 2 A5

ZAT}. 1 mL pipet tip2] -2 ©A|H 0 2 B}, ZAJSHE DEAE Sephadex A-255 92 & 2&E5-2 231tk &
Eo| o ¥R 254 2 mLE 29540 mini-columnol] HOllE EwE= Al 7SI Paraffin film = Z§ of
2l FE2-5 9ka0 aryl sulfatase solution 75 YL 22 ¥, mini-column $1 F-2-2 of2hd HE50 2 kil 16A17F 594
2of| A A5+ t}. 2.0 mL-Eppendorf tubeo]] 2542 1.5 mL €] desulfo (DS)-GSLE 8= A ZTH A7 A&
+ 0.45 um PTFE syringe filter= ] 2}9F & HPLC (high-performance liquid chromatography) £41-2 A A5 T}

GSLs2] 492 HPLC (Agilent Technologies 1260 series, Santa Clara, CA, USA)S AFE-5F A1, B4 ZHE-2 Inertsil
ODS-3 column (150 X 3.0 mm L.d., particle size 3 pm, GL Science, Tokyo, Japan)= AR5} T 4]
(wavelength) 227 nm, -3 (flow rate) 0.4 mL-min”, Z 3 -2 = (column temperature) 40°C 2 A2 4 5to] EA5131ct 4
< QI3 A B 10.0 YL U5 o] 54 |2 Z<4(solvent A)2} acetonitrile (solvent B)S AFE-5F21 1L, &
T solvent BE 7|5 0.2 A| & G 27822] B4 AJlZto] A Q F|Q]Th Solvent B #]-3 28 7HA] = 0%2 R4 A7
1 7820 0014 10%E S7HAIZ] AL, 16520l 10014 31%= Z7HAZTE 198200l 31%E F-AIA17] 2L 21874 31
oA 0% & Zrd, 27820l= 0%5 F-AIAZTH GSLs 32 ZF Al 55 35Hg 0 2 BA6k0 QR BE 522 sinigrin
O] HPLC 1] 3. 4 (area)< H| 1L5}0 Z}H 422 response factorS- HHY & o] AL9] dataS- ZFarsto] /4 L =
SHATHISO, 1992; Chun et al., 2018).

E]ﬂ H A

(=2 | Brmey |

e 418 24} 23t 9 GSLs BE W02 ANSISLOB], 7 M2l 7he] BAH R9IRHE ANOVA 3
A] o]F Duncan®] Th5HAGAIH S AA|5to] B|wskTh SA 2418 I3l IBM SPSS Statistics version 26 (IBM,
New York, USA)S AF25F1 0, 415 F17H2- 9592 A4 513ITh.

Results and Discussion

QI|Z H|R2| 35t EM

OF,2} OF;2] pHE ZH2} pH 6,703 pH 7.572 54742 ©8hE2 Ikl Q1= OF 2 OF 0l Hl3l &2 pHE
LRI 3], OF, = OF. (pH 6.30)2t OF,, (pH 6.30)2t B 1 5HS 1 20% o4 &2 pHE UEFHICH ECY]
4% OFy= 66.56 dS'm" 2 T2 7] 2H| (OF,, OF, OFy)ll H|3l 2 gte WERiRItt. #7138 8| 2.9] TN 3
OF:°llA 5.99% 2 71 #3koH, OF OlIA oF 471%2 7 W2 gh& Uehigict 2 #717du] 29| T-p,0; H 2L
A A1Eo M Q] 17712 H| 2(OF,, OFy)oll H]3l & U Fita eohas 235}l 9l= /718 H] 5(0OF, OF,)°l
A S| e T-C= T-P,0,2} KT 2 OF 2} OF, 0l M =7 YERtOH, ol = s FAtZ =7 e A d et
=0] =2 T oS 7 g e o)zt Aol A 71 2.2 I Th(Park et al,, 2020). 771 H] & W Fol2
3 Ca0%2} K,0= OF 2t OF,0llA] 7] UEHt 2™, MgO2} Na,0+= OF,2F OF 0l A =7 Uebstth Z42te] §714
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H| 5 U] o] g=f HlaL A] Ca02t K,0+= OF,0llA 7HY #=3F2 ™, MgO2} Na,0+= 7+t OF, 2} OF 0Nl 4] 1.78%2t
0.32%2 78 =34t}

4% F £9o] 3kt B2 HAS ATk Table 30] LIERSITE A F £ pH OF, T Held A
€ OF)E Alle B 212704 F:3 2l Feonol)ol BIsh Z7etgom, 271 WuI 22 s Hefet Hel 7
(NPK standard) 14 713 57 Z7F315ck EC] 9 671 4R 25 B X 2)d X230, el Hl8)] F7)8H)
25 5 9 25 2123 22| FNPK sandard; OF,o + NPK)OIIA] 327 S71512L0.09, OF, + NPKOJA 429 ds
27V Btth B Ul O BE Hel 7ol A9 H =] 051%e] vls) Z715telon] TNE 7] 2|2 o
= 22007900 B3} 2712012 T 9 B He) Al 24 014%elA 2oh 0.15%2 2871 S7Hsteck =
9| Av. POSE TNZF RARE 23S Ltebiglon], 43 7 %2590 mekg 1ol B3 A8 F £ OF,, & Al9]
g BE M) 7olH Av. P07 E7H515ITE EF U ol 2 FHC' K Mg, Na)2] B9 AHg 3 ] 29) F50]
Aeglo] BE el TolA A Foll S/l om, K 57182 5 Helo] uls) §71Qu] 2ok 771202
2 Egsto] Heistae o) w4 Z7Hsteick

Table 3. Soil characteristics after the experiment based on the use and application method of nitrogen fertilizer.

Tyeatment pH EC : TC TN Av. PZO_15 _ Exchange'ilble cations (cni(:lc-kg'l) i
(1:5,DH,0) (dS'm") %) (%) (mg'kg") Ca K Mg Na

Control 596+044 028+0.02 054+0.02 007000 2632+7.69 653+039 021+0.03 254+025 0.12+0.01
NPK standard 835+0.18 398+1.06 0.77+0.02 0.14+£0.01 3797+935 649+048 4.13+1.02 191+£022 0.19+0.04
OF, 587+£0.67 043+£0.10 0.59+0.05 0.07+000 3522+7.81 585+092 020+0.03 226+030 0.12+0.02
OF, +NPK 760+£066 3.74+1.11 082+0.02 0.14+001 3828+6.67 605+138 286+1.64 193+044 0.17+0.04
OF, 6.07+£037 045+0.06 0.55+006 0.07+000 1992+557 633+099 0.18+0.03 245+029 0.13+0.02
OF; +NPK 828+031 429+051 0.79+£0.04 0.14+001 4390+1024 632+027 348+1.18 192+026 020+0.03
OF. 6.12+£036 041+£0.08 0.58+0.02 007000 23.06+£342 6.66+0.56 025+£0.09 251+£022 0.12+£0.02
OF.+NPK 823+036 3.83+049 0.77+£007 0.14+0.01 4504+601 6.06+099 335+0.84 1.77+£0.19 0.16+0.01
OF, 6.12+£036 036+0.03 0.57+005 0.07+001 2587+1255 6.07+£0.66 0.19+0.01 234+021 0.12+0.02
OF, +NPK 799+040 386+0.65 0.72+0.02 0.15+£001 4252+1497 593+146 3.05+1.03 1.82+032 0.17+0.04

OF, organic fertilizer A - D; D.H,O, distilled water; EC, electrical conductivity; T-C, total carbon content; T-N, total nitrogen content; Av. P,Os, available
phosphate.

607t ZulEH HjF0] A8 EAS ZAVS ATf= Table 401 LFEFUQITE 2HE-0] AjZake B Au]| 5 o] gk

Z Hlal f7140| 5 9 27145 &3 A2 Al o =4 Sl /714

H| 25 th= 2] 2] 3k 2] 2] 7t Woll A= OF.9] AE3Fo] 2F799.6 g0 2 714 =9ko ™, OF,0llA] 2k 671.3 g0 2 71
shorth B e 8 o 2] 2 q7| A8 5t £3F 28] A] OF,0ll A 937.6 g0 = 7H &%k ™, NPK standard]|
X 687.6 gQ = 7P Wkt vljFeo] ool &2 {7 Au| 5 T 2]2] A] OF ol A 2+t 8.6 cm@t 9.4 emZ 71
= et on, 571 2u] 59k £71 48] 8 E3t %] 2] A] OF, + NPKOIA] 8.8 em®} 10.1 em& 71 =3t} 59
o] &2 BETd FAR &S UERS 2™, OF, + NPKOlA] 30.8 cm®} 22.8 em® 71 2 55 UERY]
e}, HijZo] 4232 NPK standardol|A] 88.9%2 7H =9k 1, controlol|A] 63.2%E 714 Wkch o] - A3y
Ate] Axtol| W2, 10 - 1€l &3 vl Z0] SETIRF2 2F90% o] /4dS 2HA| 5 ATHLee et al., 1994; Kim et al,,
2010). O]= A A7 7|/ 3e] o stz A4 A1717} ol K A2 @G0 = Qlal HiFe] A7k x| AH Akt
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AL 7 43LE }J%i Z3h2 v 5152 ) NPK standard (687.6 )2 771 90 & T M2} F(OF, )

£ Uehuix) ghoteh £ U] A4 o) 33 AEe) 4% 5 4ol 4
o2 Jae ojain], 551 § 71 Q12| 9 4718 Aa0| £7]8h 4ol ufe} A2 Y 5o] Db 4 YTkCho
and Chang, 2007). 53t Kim 5(2020)2] H310jl 4= 7712 Bl & 2]2] A] 7] v] 5.9} thu|slo] Aio]-gagol
Z7bsteltk Hustolct 2120] Aol §EES A2 4T HHH O AR, ofo] wre} & AT
27)90 85 B X122 M2} FNPK sandard)ell B3] 671 Q4] 2 T 2] 7(OF, ) L 71 Qe S0 £ 4
2J5k 22 FOF, ., + NPK)IA 2] 4 go] Z71atgir

Table 4. Chinese cabbage growth based on the use and application method of nitrogen fertilizer.

Head Leaf

Treatment Fresh weight  Water content Height Width Length Width C}(‘é‘;le;’;y”
() %) (em) (em) (cm) (cm)
Control 1567+319%  632+80c 25+05d 40+0.0d 19242.6¢ 117+17c  494+87c
NPK standard 687.6+350d  889+1.6a 64+08¢ 77+13¢ 27.1+23b 189419  555+5.1b
OF, 6713+31.0d  802+14b 72+ 14be 86+ 12ab 281+22ab  200+£35ab  59.6+57ab
OF, +NPK 7993+289bcd  76.1+2.7b 7.7+09abe 8.8+ 0.8abe 289+24ab  210+22ab  59.0+6.1ab
OF, 73814357cd  71.6+3.8b 66+0.6¢ 8.1+ 1.1bc 286+18ab  212+30ab 567+ 5.4ab
OF, + NPK 937644960  772+2.1b 88+ 14a 101+12a 308+2.3a 28429  586+60ab
OF, 799.6+464abc  89.4+3.1a 86+ 1.6ab 9.4+ 1.1ab 300+53ab  229+32a  589+57ab
OF, + NPK 907.6+652ab  884+28a 68+ 1.6¢ 80+ 19bc 277+30ab  198+48ab  587+66ab
OF, 6982+1158d  759+2.7b 73+0.8bc 85+ 1.0ab 291+25b  226+25  582+7.1ab
OF, + NPK 8589+904abc  72.0+5.1b 74+ 1.1abe 85 1.4ab 278+28ab  212+42ab  598+98a

OF, organic fertilizer A - D.
a - e: Within each column, values followed by the same letters are not significantly different at p < 0.05, using Duncan’s multiple-range test (n=3).

HiZ= L GSLs &zf

Fig. 1= HPLCE ©]-8-5}0] B3 U] GSLs 32 4 Al E&5]= 20E Yehw, Z-2k2] v] 8 2o wh2 b
Z U] GSLs 3RS H| 3t Z M= Table 57} Fig. 201 YA v S0l A 2 97}11 GSLs A} Ealiphatic GSLs 571;
indolic GSLs 37H; aromatic GSLs 17)°] 22| =131, o] %1 9] B 119} H| w5t ZF AJ 22 545 ThPark et al., 2017;
Oh et al, 2018). 714 H| & ©5 2] A| f71AH]| 5t F7|AH| 55 &3 X 2| gt % 2]74OF, ., + NPK)°l| H]5H
GSLs &o] =] UeRom, 11 FollA = OF,0llA] GSLse] g7ko] 7Hg =9kt Axba| o 2 gt ot a1t} 9l
ok 437 indolic GSLs= 97| 1] 2o} 27| Au] 2.5 235} A 2jslgle u] ZAasilEt), o= Aa FYeo] &
7}5HH A indolic GSLs9] o] ZAdt A0 2 AL ), 7] H1E A5t Aol A= vl Al A] 248 FF Al
H]%(320 keg'N-ha), BF(160 kg'N-ha™), BIZH(640 kg Nha') 0.2 Z}7] Th2 oFS 2] 2]5lo] Aulieh vi3=2] GSLs $HF
< EEYS A0S Wl 7H =2 Yeb AL, BHE il 02 2 =4 UERR T B TSI TR Chun et al., 2022).
£ Odﬁbl ZAxte} 7] e =7o] Autg n|fof ol vl 2l A] AAZH]| 50] £9l-2 25 A5 9 GSLs A
Zdoll o] P42 ol A9t A7 o]/ 42| 2= A YsloF & A= wekE Tt gk vl S Ajul A] E<F pH 2to]o]]
o3 HjF=2] 7] 548E & F¥/dwo] FEitkE A8 Aol ks Bl & Aol B2 5 & 2]of oJs)
Hj 3= 28l EFQ] pH7 | 57} oo, 5 A5 2! 754 0ll &S v thal WE thJo et al., 2010; Lee et al., 2010).
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Table 5. Glucosinolate contents in Chinese cabbage effected by nitrogen fertilizer.
Aliphatic GSLs Indolic GSLs Aromatic GSLs

Treatment Total
PRO GAL GNP GNA GBN GBS 4-MGBS NGBS GNST
Control 101£020c  0.17+£003c  028+006c 120+0.13bc 3.05+£0.09bc 0.69+020c  1.01+£0.18d 058+0.08abc  029+0.14bc  828+0.76f
NPK standard ~ 2.06+0.16ab  032+0.07abc 046+0.02abc 199+0.78ab 4.35+1.15ab 199+033ab 259+0.1la  056+00lbc ~ 042+0.14b 14.77+142b
OF, 252+030a  046+£003a 059+0.la 247+£030a 5.15+023a  226+027a 261+005a 0.77+0.05a 0.77+0.05a 17.59+£0.79a
OF,+NPK 195+006ab 043+£003ab 053+0.03ab 106+£0.10bc 299+0.18bc  1.80+0.11abc 234+0.03ab 053+0.04bc  045+0.19 12.08+0.13cde
OF, 210+£036ab 041+0.10ab 055+0.14a 137+£070bc 358+1.09c 221+04la 254+0.152 070+020ab  032+0.12bc  13.79+1.69%bc
OF; +NPK 1.63+048>  037+0.14ab 041+0.14abc 143+£031bc  3.12+048c 1.16+£030de 1.73+047c  050+0.04bc  020+0.07c 10.55+ 1.81def
OF. 222+020a  026+00lbc 057+£007a 1.66+£025abc 399+0.78ab  145+0.15bcd 2.10+0.06abc 045+0.01c 032+£00lbc  13.03+1.20bed
OF.+NPK 1.58+005b  032+00labc 036+0.02abc 1.57+043abc 344+0.19c  1.14£0.16bcd 1.99+0.10bc  046+0.04c 0.17+0.00¢ 11.30+£042cde
OF, 1.61£020b  026+008bc 043+£002abc 1.14+£029c 299+06lbc  143+027bcd 1.89+037bc  0.50+0.11bc ~ 022+007bc 1047+ 1.14def

OF,+NPK 1.60+£0.17b  035+£009ab 041+004abc 095+030c 245+032c 131402lcd 1.84+034bc 053+0.13bc  021+0.05¢ 9.63+0.7lef
OF,, organic fertilizer A - D; GSLs, glucosinolates; PRO, progoitrin; SIN, sinigrin; GAL, glucoalyssin; GNP, gluconapoleiferin; GNA, gluconapin; GBN, glucobrassicanapin;
GBS, glucobrassicin; 4-MGBS, 4-methoxyglucobrassicin, NGBS, neoglucobrassicin; GNST, gluconast.

a - f Within each column, values followed by the same letters are not significantly different at p < 0.05, using Duncan’s multiple-range test (n = 3).
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Fig. 1. High-performance liquid chromatography (HPLC) chromatogram of glucosinolates in Chinese
cabbage. Peak numbers refer to the glucosinolates shown in Table 5.
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Fig. 2. Glucosinolate portions divided into three groups in Chinese cabbage. a - f: Within each column, values
followed by the same letters are not significantly different at p < 0.05, using Duncan’s multiple-range test (n = 3).
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Conclusion
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