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W OE RHEHITARHAREKARNAREEN . RERREZXEE. Hal, Ko T
EANFSENF AL EREFNEHARERRE, AARENETHERUNG FTENR
NEBRASWEEER C TV EFRELBREFR (RAB) E 43K E X (Brassica campestris
ssp. chinensis) FIfl L BRX B F RKEWIER . ERKH, #A RAE 5, AEKFRE,
AR EF /1. AREEANAZAARENANHE 2 AR E 171.2%. 57.9%. 46.1%70
86.1%. i/l RAE R ER# T HEKAEK, HHEARREMENE S AES 60.7%H 57.9%.
Elif, HEZEER® 16.7%, AEEEOFEEAER S E5FER 65.4%7H 15.1%, E
TR % LR, BFAB KA R A AR 6 RIBERAKF L, RALGERAFIEMNL,
PERH*T AANARMN. %L, RAE e R EFREAMNAN A X, £y~ 0 FE,
L UK EEY & L. AR A RAE W FRAFIARET REKE, FARSGALAHHE
R — A B AE SR R R B R AL RA .

KR FALER; TEKEE; AR B FlAE

Effects of industrial vitamin C production-residue after evaporation on nitrogen utilization
and quality of non-heading Chinese cabbage. GE Xiaoyi'?, GAO Mingfu®*, XU Hui**"* (!School
of Life Science, Liaoning University, Shenyang110036, Liaoning, China; *Institute of Applied
Ecology, Chinese Academy of Sciences, Shenyang110016, Liaoning, China; 3Scientific Innovation
Center for Contemporary Agriculture of Kuqa City, Xinjiang 842000, China).

Abstract: It is crucial to promote the uptake and assimilation of nitrogen fertilizer for improving
crop yield and quality. Currently, little research has been reported on the effect of low molecular
weight organic matters on soil nitrogen utilization by plants. Here, we investigated the effect of
industrial vitamin C production-residue after evaporation (RAE), which is mainly composed of
small-molecule organic acids, on the utilization of soil nitrogen by non-heading Chinese cabbage
(Brassica campestris ssp. chinensis). The results showed that RAE application increased the
nitrogen fertilizer agronomic efficiency, nitrogen fertilizer bias productivity, nitrogen fertilizer
physiological efficiency, and nitrogen fertilizer apparent efficiency by 171.2%, 57.9%, 46.1% and
86.1%, respectively. The plant growth was significantly promoted, with the total nitrogen
accumulation and biomass of leaves being increased by 60.7% and 57.9%, respectively. Meanwhile,
chlorophyll content was increased by 16.7%, with soluble protein and free amino acid contents
being increased by 65.4% and 15.1%, respectively, and the expression levels of nitrite reductase,
glutamine synthetase and glutamate synthase being up-regulated, indicating that photosynthesis was
enhanced and inorganic nitrogen assimilation was significantly promoted. In conclusion, RAE could

significantly improve nitrogen use efficiency, yield and quality of non-heading Chinese cabbage.
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This study provided a scientific basis for resource utilization of RAE as a potential organic synergist
for improving nitrogen fertilizer utilization.
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BREAEVWEKKEIRPBLFEHIRECRZ —. MWD EICER, A KEE, &
398N . AR AR DMEEIEETER (Mu et al,, 2021), FESAEYI Fr (3L
(ZESERZE, 1997), HREAEMIN S EAGR GREEREE, 2000). EYPUERE R LR NE
PRt P N, ORI P A, PRI &= B TTHRIA 40%~50% (ZHi%E, 2015),
SR, BRI FH 2 A o B A P2 R AE AR I R B, R 200N 30%~35%. 1 ARIX
— &5 R BR PE T AP AR 7 rhod B IR AN A B A B (Liv eral., 20100, %
JE it i 2 A S BRI EER R (PEEE, 2014), [RIRHEX BB P4 S e, S 80K
WEEFA . BB (Liveral,2013). B, REEDHOREFHRE, 3FRED
BRI Ye. WA FARAO A 7= A B HELE

HAr, @i inAyUAE . FEFE SR K0 FA MU 2 RIS R A — 8 e
BEER, I H e THREMRIAN R RIS SR MAES Ko A PR Z 8 15 R OB R 20
i CGHEMGEE, 2005; HEPRSE,2016). A1, FEAFAIBEAE A & K. ASIEE. Bk .
Fefd A, WAA LS5 RN EF R FE, HAFTE S B IR E K&K e
(Lund et al., 1980; Forge et al., 2016). AHELZ T, —L&n] | H 1)/~ 7 + &2 G P4 )i [F
PR o T s, (RMHEM KM IIRE, HHTHEDRERH, &5 da
B HI% (Jones et al., 2003). B, ZBEA R T LA S BBt = A (T FHEE,
2013), PRI, B L E RIS 6 B E R TR 7 Thae 5 R s f i, Hh i B
X R AR AR RO Bt CHRTAE, 2022), {H H A1 i = 0 A 420 W SR R] 4k 2603 10t A o

gk C T =R AR R IR E R 2K 20 thd 70 SEACHMEBI <4k C W54 Wk B,
FTIEB AR G S IR AR = A EA B A EWkE, RO B AT — Tk
F4E C /= T2 (Yang et al., 2016). i BEE L (RAE) J&4E C REFIREEBIE. WK
AERNG S TP Ja R AR BRI . IREVE N ARk — gl R C FERAr=th, B4
295 /iR 7 RAE (JRERSE, 20210, o e BRI F B /N ARG (2-Ti
B-L-H iR . PR, RIRS, AEhAERAKY), BEEE SRS RS SR
#E. HT LREIIRKZ BE 2 MR LRI EE, BAERRNEMEASER, W
Xt T4 R IR A R (Fox er al., 1990; FE 5%, 2009), 2/ H 48 (1) &
(Fischer et al., 2002), 458 358G -4 L g v 1 4 B G B 225200 (Renella et al., 2007; FL¥4
&, 20160, ATEABFFIRIL, RAE BAE LB, (RdEM4EA R C MmTEMERMER,
REEY P EIER (FLIEZE, 2016), {H RAE SHHEIRRORT [F]44 338 th S0 25 i SE e i AN T
. Bk, AUFAEIRE RAE IR m 2RI 2 (R R Rk LA B 1R Tl 2
PIER, FE— PPl RAE AL A= R ), AN S B R R R R AR —F
T AT (A LT B R
1 55
1.1 R kL Bt

ARG H A EER A (Brassica campestris ssp. chinensis) NR/EY), 133K H
LT PR PH AR AR ZS R 90 B 5B AR A 55 (41°31'N, 123°24'E) R H 1458, 1%
pH N 591, HHEEHHETEN 6.7 gkg!, #HER. WER. B ELEEES AN
9.5, 4.6. 37.6. 89.1 mgkg'.

RIGILBE 3 AMAERA: (D JRIELEE. BRKEEL (CK); (2) EALEEE.
ESRAKBEHEAL (CND; (3) JEAEIEZUIE. RAE #ifk 200 f558E4 (RND. &AL 4 HNE



o RN FI# I N D P0s D Ko0=1:0.35:0.6, SR E AP ERIRE. SR
FAFAH . SHIEA AL &R CK ABEAREICS, M E. B HIEHEH
A, MR AR IEE S L3RR RS FRA G T, HEERRAE KR ATHEL. 2
SEIGAE 4 HBDEIRE FRAT AT, BRI W 22~25 °C, MRHREE N 60%£10%,
HEBRAZE AW 120/12h, JEREEREEN 9000 1x. B 7 K CK 4RI CN 4Lt i — Ik EH KK,
RN 2 it il — KM B 200 1519 RAE,  553% J 1104 28 Ko
1.2 FEARFE S A2 B A AL FE AR I

FERIGEE 28 K (BUID XEPrA MR E . ORGSR S A E 4TI €
PO U 5 A AR 250 B 2R TR < (R BE RS, B K I e R R AR B, K
g R S KR LT 1 B E AL, AR EESR I RINE, T 105 CCAR AT R
# 30min, T 80 CIHIRZ M T EFRE . FREVREARI B B 6EFE i 0.1~0.5 ¢ F T FikHs
FROUGE : T RE & B R ORI R VA DI E - (Nielsen, 20100 AIEMEE AR & &K E S
Wi EEDE (Bradford, 1976). MERER & BRH] ABFHR % (Lichtenthaler, 1987) %€,
i B R IR B R MR T (L-8900) WIE (ZH§4E, 2016).
1.3 HERRI P AR 5C 2 R 2k B I

SR H SEI 2t € B PCR (RT-qPCR) J7¥EMI5E H IR AR I8 & . & RNA [FHEEX
%18 SteadyPure Universal RNA Extraction Kit (Accurate Biotechnology (Hunan) Co., Ltd.) i
B ESAT, AR RNA LRI T R 5. RT-gPCR R MNAKR ZHAT SYBR® Green
Premix Pro Tag HSqPCR Kit (Accurate Biotechnology (Hunan) Co., Ltd.) ¥, #&llF& N
Rotor-Gene 3000, F£/F &% EWIER 1 Fizx, M4 NCBI (http://www.ncbi.nlm.nih.gov/) A
(RS2 BRI A G R R PP 41, B Primer 5.0 B AR 38 HIT RO SAE#EAT 5101 t, Horh &g
ANFER B [ FE N 5 2 98 DU R 7 Tt 5. 3% Actin NNZFER . SR FIINER 2
Fis (IRBEEE, 20160, FERIAHXT A E R 224 kIR .
# 1 RT-qPCR HIEBTEF
Table 1 Operation procedure of RT-qPCR

3598 Procedure {ELJ¥ Temperature (°C) I} &) Time (s) TE¥F %L Cycle number
#UH 3] Hot start 95 300 1
A5 Degeneration 95 15
Bk Annealing 60 35 45
FE{H# Elongation 72 45
R 2 EMERBARRXHER Y
Table 2 Primers of genes related to nitrogen metabolism in plants
5¥4 %% Primer name 51957 %1(5'-3") Primer sequences (5'-3")
NiR-F GATCTGGCTTACATGCCTGCTAA
NiR-R GACCTTCTTGTTTCTGAGGGTGG
Fd-GOGAT-F CTTAGGGAAGGCTTGGTTATGTC
Fd-GOGAT-R GCTATCGGTTCGGTCTGAAAGTA
NADH-GOGAT-F TCCGAACTCTAACCGAAAT
NADH-GOGAT-R TTGGACAACGCAATCAGC
Cytoplasm-GS-F TATGGGTTGGAGGTTCAG
Cytoplasm-GS-R AACATCAGGGTGGCTAAA

Chloroplast-GS-F ATCCTTTCCGTGGAGGCAATAAC



Chloroplast-GS-R CAATCGGTTTGGGATCAAGTGTT

GDH-F AAACAGCAGTGGCTAACA
GDH-R ACTCACCGCAACTATCTT
Actin-F TGTGCCAATCTACGAGGGTTT
Actin-R TTTCCCGCTCTGCTGTTGT

TE: NIR, WAHER L JRHE; Fd-GOGAT, DAL (Fd NH TR AR G H: NADH-
GOGAT, Ll NADH JNH AR R &8, Cytoplasm-GS, Mm% Bk mlE; Chloroplast-GS,
JRATAAS AL & e GDH, HRMRMANE: Actine WSER. TH.

Note: NIR, nitrite reductase; Fd-GOGAT, glutamate synthase with ferredoxin (Fd) as electron donor; NADH-
GOGAT, glutamate synthase with NADH as electron donor; Cytoplasm-GS, Cytoplasmic glutamine synthase;

Chloroplast-GS, glutamine synthetase; GDH, glutamate dehydrogenase; Actin: reference gene. The same below.

1.4 588 A ER] 210 e vk

Y A 3R AR S ER A TR 0T (VARIO) Wl (EI53R%%, 2013). &JE
FIHZRITF R AR (ZHIKE, 2011):

BIELEHFE (ABN, gg™) = EEIEY=E-AEED =) /hsE

BHEmA =11 (PFPy, g-g V) =BG EY = &/t

FAEAEHFIHZE (PEN, ggh) = GEEEIED T B-ANEEW=&) / GEEE1EY
W e B — AN it S E P e D

FEEERMAHZE (REN,%) = GEEEEYRE S E-NEEEYRA SR TR
x100%
1.5 £d kb3

IS 25 FK H SPSS 19.0 Gith 2 M 3 A 1047 75 22 /0 B AR DG 23 B, AN [A] A 38 ) >R FH e /s
WEERGE (LSD ) #fr =R BEMRL (P<0.05), KA Microsoft Excel 2016 i AF#E4T
H Pz 2 A GraphPad Prism 8 41| & .
2 R 557
2.1 fHMREKAAY)E
% 3 AFMEEAER R E R E KAV B W

Table 3 Effects of different fertilization treatments on plant growth and biomass at mature stage

3w 731 IZFNURS IZINL R M AR
Treatment Plant height Maximum leaf length ~ Maximum leaf width Number of leaves Above-ground

(cm) (cm) (cm) biomass (g)

CK 4.5440.77a 4.5140.56b 2.9140.36b 7.14490.69b 0.7040.08¢c

CN 4.7140.48a 5.2340.62b 3.7620.88ab 8.4340.98a 1.0640.04b

RN 4.4449.85a 6.31+1.05a 4.5140.92a 8.7140.95a 1.6740.17a

TE: CK: X4, RIELEEIE, BRKAE: CN: RILHEIL, HRAKLEE; RN: RIEHEZIL, RAE
Mk 200 fEALER . RrP BRI E R AE R RSN F BRI 22 5k B2 K (P<0.05). R

Note: CK: Control group, no nitrogen fertilizer in the bottom fertilizer, tap water treatment; CN: Nitrogen fertilizer
in the bottom fertilizer, tap water treatment; RN: Nitrogen fertilizer in the bottom fertilizer, RAE diluted 200 times
treatment. Data in the table are mean+standard error; Different letters in the same column indicated significant

difference between groups (P<0.05). The same below.

M 3 Fias, SXIRAE, HEEESHER RS BRI, R g, A EOR
AR EARRE NSRS, FIRTEARIEINIEE 33N 3.8% 15.8% 28.9%. 18.0%
1 51.1%, FErF R EAI BiAEYE FHEEER . 20N RAE AM LT s ied, &K



MK, M AR R ER, B 20.8% 1 57.9%. HMEAIL, 3 AR R
M RAE, #] AR EARAGIE R R SR AR AR ARG 5007 &7 T R AR

2.2 RERBRAKAG SRS B WL

R 4 D FIRAEAC BN BB ER KL S M ERA NI (mg g

Table 4 Effects of different fertilization treatments on plant carbohydrates and nitrogenous organic matter

at mature stage

b ALVE A AT HERER W AR
Treatment Soluble sugar Soluble protein Chlorophyll Free amino acids
CK 1.6640.16b 1.1340.15¢ 0.5340.01c 0.6840.08b
CN 3.6140.28a 3.2340.50b 1.1340.02b 0.9740.11a
RN 3.5540.39% 5.3440.42a 1.3240.01a 1.1240.03a

H#& 4 TUEH, SHBAME, REICHM AR . TEiEEa. e M
RIS EAERMN, SHERE T 116.8%. 186.8%. 113.3%A1 42.9%. St AL L,
ZAEI RAE A AR H & B S 65.4%, MR T EIRE 16.7%, B2 EEMRIE S 15.1%.
R EEG I RAE, XM ATATER A 2R A S R 1 & o (e
IEMAR S RE AL RE

Bl 1 ARREAEA B R EAR T R & E SRR BRI

Fig. 1 Effects of different fertilization treatments on leaf nitrogen content and nitrogen accumulation in
mature plants

T REMRE=EMEERGE. REL L ARNG FREFRORA R ZRIEEZE KT (P<0.05), T
Note: Total nitrogen accumulation=biomassxnitrogen content. Different lowercase letters above the error line
indicated significant difference between groups (P<0.05). The same below.

HE 1 AW, AT IRAT S, MELAEET R EE FAS ERE RS
107.1%, JEEALS RAE A& HA TR LA Z R AR (B, Ek A PR E R
B TRENCAHE IR 60.7%. KU ZULRE &35 18 sk bk s R e, 1
29 RAE BClti IS, B S5 225 e b AR AR ) 2B OO R It 7 R B AR R
2.4 FEAREALRIH 2
R 5 A FIEAE AL BN BRI R AR B F 2 K f2ma

Table 5 Effects of different fertilization treatments on nitrogen efficiency of mature plants

posE] V&2 & L] il e FMFI 2
Treatment AEy (g-gh PFPy(g-g™h) PEy (g-g™h REn (%)
CN 1.59+0.20b 4.71+0.20b 7.90+0.74b 20.11+0.62b

RN 4.3240.74a 7.43+0.74a 11.54+2.02a 37.42+0.31a




e BIERZERE (AEN) BT B E FEMAT BRI intE it ZEHAE /1 (PFP) T
PAEAEX RN TR AN AR (PEN KT EERIT F S 52 A RN R A5 81
OB BRRMAIHE (REN) LR S22/ EP EAE M RS

Note: Agronomic efficiency of nitrogen fertilizer (AEN) reflects the increase in economic crop yield per unit of
applied nitrogen; Bias productivity of nitrogen fertilizer (PFPn) reflects the contribution to yield per unit of applied
nitrogen; Physiological efficiency of nitrogen fertilizer (PEn) reflects the effect of economic yield obtained by the
crop when the same amount of nitrogen is absorbed; Apparent efficiency of nitrogen fertilizer (REn) reflects the

recovery of nitrogen fertilizer by the crop in the current season.

H& S A, MTiE%Ed, SIEEE RAE 416805 5 i bk ZUIE R 2 1A 56 T
bR, BIERZERCER. ZAEMWA 77 ZARAFFI R AR WA HE SR ERS T 171.2%.
57.9%- 46.1%H1 86.1%. T ANEFHZAH IR RIISE R, RWAMEI RAE Rmib i & it FH %
REXS 39 R IR BRI s g, B T IRRHR PR, $Em T AU
2.5 TEAR BT ) JE N R A

2 7 FRTHB JIE A 20 B SRR 1 AR A SRl 2 R R IR M
Fig. 2 Effects of different fertilization treatments on the expression of enzymes related to nitrogen metabolism
in leaves of mature plants
Xt 3 AU P AR I DR A R 634 I il (NTRO) R ot B4 45 U B 5 g
(Cytoplasm-GS). Ji&ARI S Z Bk & kil (Chloroplast-GS). LA NADH N HL T A&
MR H (NADH-GOGAT). LA Fd N THHERI A IR B (Fd-GOGAT) A4y 2 IR i S iy
(GDH) WA/ PHATHIX E BIE . Hoe, ML, BRI NIR. Chlo-GS.
Fd-GOGAT [NFKIE EEAAFREE R Ll SHEENCAAMAL, BEALIN RAE ABEAE NIR.
Chlo-GS NADH-GOGAT- Cyto-GS M GDH 3K iE F¥H Fr L, 7 NIR. Chlo-GS.
NADH-GOGAT FikF [ LR35 T HAMA, =350 00 LOUASIR LR . BRI A&
BRH)E R RN RAE SRR L R R BRA et (&l 2D,
39



G W A PR O 3 Bl AR M AR K BV E TR, W R A R SN i o A S RGP A
FEAIIREE R E R R (Liveral., 2018). fERTRpEELO A=, CRAUEAEI A= 1 R, F%
IRFR I XS A 2 ) T Bz — it 4 e i R SO Rl R 0% (Zhang et al., 2015),
KRB AR, W —SK AV, WAV, [ERS, nrocE Ry rEm, 4
s IEAYIE ST, AR R TROR B R o CE AR, 2018). A FL R I, TN
RAE, AL RARLIERI A RS EK . Iem =B A HMIERSE, 5% kR 02
LG, MR BRI 5E . 8, Mo BT E ISR BT, HER, —4m
ATREZ T RAE HESZH/ N TENE R, i\ 356 R TR BB X
Ua, R RS AR, AT K, MmEdiEkAK, miEwr-E (4
K, 2004; 2553, 2013; Li et al., 2014; JifE, 2016). 55—, RAE H&H 2R
EHEEREM (BRI, BE, %), 5FEAIERaSRAEE A, SRAE. A
DA = =2 B Y FNATIRIA D R N < S VY VA5 NV 2951 03 1 52 D L/ B S A S (S I
DT AR S LR E AR AT AR, TR A R A Bm A R R I, JREY
AKATIEREDUL, BIREIEIE AL, R RSB HIRE MR Ay, 18
e E AR A R AL R, MM s am R IERRCR, &5 T2 AR CRREAESE,
1999; X3 4%, 2009; K%, 2018). A1k, RAE HAFITENEE G R 7EHE = &R F FH %
SRR I BARTTIR A FRE— 20Vt . AT S, RAE 7R3 M ZUIRRI A 8% 5 T R 3% T UK
YEF, i/l RAE J&, AEn. PFPy. PEn Al REx 20 W ZFIRE T 171.2% 57.9%. 46.1%F1
86.1%. LIAWFFLLERAFSE, RAE f8 R (EdH iy tgeh SR R &k, dhim e s
Y/

245 Rk, KREMFRY A RS ESEEEMK LR (Broadley ef al., 2001;
Ghannoum et al., 2005) . %z L 5 i Fr IR RN SR - F5 i 25 UIAH O, XA A R
XAJRE R TR M SR — N EEHRE S, AR EFRAERKAE TR aE G
(Chandler et al., 1995). AR AR AZE, (ZHEMWIL, BRESE B it
GERLR, HMmREEER (Makino ef al., 1997), TGEVERIREE RE ) FH THE . &
R (Huppe et al., 1994). AWFFRIL, WM RAE &, MEERGERERS, XA
WHBEIER, MEARWRME Z RN E, SmEdaER. EaRSaIELEDH
B AW, AW, IR EEE A SRR THESE TIX— 5.

IR 3 A h R AEY) & B LB B R E R IR . AR A2 W RIS m R,
K5 E RIS (Tian et al., 2000). fi§FEEE BAR R L HIN FFR5y, HX AARTCR,
AN N FIEBR AL T i B I EIVEF N AR 58 I SO AR #h o T X 6 P AN IR
ER AT 55 A N PR AR R TR) P B Ak B AN R HE — 20 A A TR SR B0 1) A 240 S 4
(IR AEFREE 1995), AWK, TEMI] RAE J5, fEERH A NIR £k /KPR B, %
AU IR ()4 150 T DA A B A ) R W ORI e AL AR R 26, R I AH R #h 1k NO BY
NH;, MGy Frrp RS R b 2. [Fll), NADH-GOGAT Fl Chlo-GS Fisw R L
W, ZEAARR R RIEH SRR CEEN . M%WIEA 95%LL E 1) NH, @it
GS/GOGAT E¥R Ak (Lea et al., 1992;8% #8555, 2003), tAh, NADH-GOGAT &R TCHL
FALFIANLE L s, TEAEEAREI R R G B, FIRZS R, 75 jt i 20 i [R] B o
A RAE, RESSAEHER MR i BRI B B A RE 70, FEUT R =5 (052 = R E 42 b o 1) 24
o HAE, AT RIS KA FRLEEA T, AP T A2 8 RAE (1 250R
TEEZE S DR, ARSRAFFE v 456 H A R EY S it — P IE AU S RAE B it 80UR «
4 4 #

it I R B R B A8 RAE °T DAARAL IR R 2R, $E R i a S A R &
(BFESEANYD, FIELZFRAZE FIRAE 77 EAEAER] FH 2 F0 3 U R] H 26 5. 2%
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