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Effects of Different Ratios of Exogenous Glycine, Nitrate and Ammonium on Growth and Quality of Pakchoi
(Brassica chinensis 1.)

CAO Xiao—chuang', LI Xiao—yan?, ZHU Lian—feng', ZHANG Jun-hua', YU Sheng-miao', JIN Qian-yu', WU Liang—huan*

(1.State Key Laboratory of Rice Biology, China National Rice Research Institute, Hangzhou 310006, China; 2.Ministry of Education Key Labo—
ratory of Environmental Remediation and Ecosystem Health, College of Environmental and Resource Sciences, Zhejiang University, Hangzhou
310058, China)

Abstract: Plants not only absorb nitrate(NO;—=N) and ammonium(NH; =N ), but also have the ability to take up intact amino acids, such as
glycine(Gly—N). It has been known that exogenous nitrogen(N) form in fertilizers is a major factor determining the nitrate accumulation and
nutritional quality of plant edible parts. However, the effects of applying different N form mixture on plant growth and nutritional quality are
still poorly understood. In this study, the effects of different concentrations and forms of exogenous Gly—N, NO;-N, and NHi—N on biomass,
root morphology and nutritional quality of pakchoi (Brassica chinensis L.) were explored under partial sterile hydroponic cultivation con—
dition. Results showed that the biomass and nutritional quality of pakchoi was significantly affected by the ratios of three N forms(P<0.05).
The highest pakchoi biomass(94.5 mg+plant™) was achieved in the treatment supplied with high Gly—=N (2500 wmol - L"), high NHi-N
(2500 pmol+ L"), and low NO;=N(250 wmol - L™"). The total root length, total root surface area, total root volume, and root activity followed
a similar variation trend to the pakchoi biomass. Simultaneous applications of high Gly—N and low inorganic N resulted in the highest con—
tent of total soluble proteins, total free amino acids, and total soluble sugars in pakchoi plants(about 26.2 mg-¢™', 126 mg-kg™', and 24.0
mg -kg™', respectively ). Accumulation of nitrate was significantly decreased by high Gly=N and low inorganic N treatments, compared with
the high inorganic N treatments( P<0.05 ). It suggests that appropriate formula of N sources, particularly higher Gly-N while in lower NO;-N,
can partly improve the nutritional quality of pakchoi under sterile hydroponic conditions. Our results shed light on nutritional quality im—
provement of vegetables by optimizing the composition of different N forms in protected vegetable cultivation.

Keywords: nitrogen concentration and form ratio; amino acid; biomass and quality; root morphology; partial sterile cultivation
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AR SN AR BETC O VR AR AR R A5 LU
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HEMR (Gly) & b & AR i —Fh 2 LR
Rt dR /)y B R B AT B 2 R R 5 At 2
FERRAR L, 2R 5 B A= W o, AR ALK
— EURAR ) Z SR S R AR AR . DRI, AR S
BeE H 2R (Gly-N)ME A U @B RRAS A, AT
FEY) /N 3% (Brassica chinensis L.) ULk R, B 76
P ICTR 26 T /N A Segl i A R /R O it o 55
XA A A MR UM B L (Gly—N \NOs =N Al NH;i-N) ¥
WELRE L KB 2% o 45 e RO TR (R A

1 #REFE

L1 iR #F 4t

U T 2014 4 3—5 J 7RI R 5 S AL X
YA HLE TR IR N T, s EY S/ a sk
(Brassica chinensis L.) , ihFi-RHIE 6 50 B/ NEHSERp
TT 25 CHFEM 12 h 5, 75 5 R EF P45 KH
T T KA SRR R R TG T 10 mL B 373
NEREFR LM RR SR M (AR 2R 60 mm ), B MAE R ¥
15~20 L, i B REFRILAY 55 5 JF 3 R, T
FIHRJE 25 C R 22 C 2 R 60% 0t
HRSRJE N 15 000 Ix YA ES & BRZF, IR 17T
Ko Fh ¥R ZF )G EBOCH R 3 R #k T 8 Kl
LB (0.1% ) 50 mL SURF 25045 (Al A
B 0.5 em /NMLEYHESE ), IR 2 KR I 3% 5
4R E T IRw G E 08 R T, DR
UEAEYI RAERIE A5 T ARG, SCHRIRLE 25 5

R ZFITARTR] , HAE A S R e — B, B SR i 0
AL — BBl
1.2 K581zt

IR KRR, &S Gly-N NO;-N |
NHi-N —FiR A&, AR &5 2502500 pmol - L™
PAASIKAF-, 3 8 AN PR (SR 1), S EHR 43712 750
3000,3000,5250,3000,5250,5250,7500 pmol L 7',
FRASN , HADFR ST AC )y 278 MS 35 FR L n JCHLER 2 i
ek Ay, F2 4R 2.0 mmol - L' K,S0,, 2.0 mmol *
L™ KH,PO,,4.0 mmol - L' CaCl,, 1.4 mmol - L.™! MgSO, -
7H,0,0.000 1 mmol-L*NaMoO,,0.000 4 mmol L™ CuSO,*
5H,0,0.001 mmol L™ ZnSO, -7H,0,0.008 mmol L'
H;B0;,0.01 mmol L™ MnCl,,0.005 mmol L™ Na,EDTA,
0.01 mmol - L' FeSO,, FRILAEEFK K 121 CH
H K7 30 min,NO;-N NH;-N Gly-N % 0.22 wm
AL IR, SRS N3 121 “Crsy K I 1 U ACE
FRW .

FERE IR 1) JO TR 2 B DA B0 A8 TR gk
TEAR, BB DR — bR A L AR5 R K 704 £
BRI 3 d I B TCE B SR 3 s — K H
BA FIR 172 SBEEEFRMAY 50 mL 208 PSSR
3d 5 BEFRCE S S B SR, pH O 6.0 7244 .
BAMERIRE 8 ANEAE, BEPLHES . B 3 d B —UCE
WL, BRI YL, R e AR 21 d JF IOk,

1.3 MEmMBEA*

NSRRI R M ERFIAR ZR 20T, FF 20 SRR

xR 1 ARG FINERIREHR
Table 1 Concentrations of exogenous Gly-N,NO;-N,and NH;-N
in different treatments

AbEE = Gly-N/wmol L™ NO;-N/pmol-L™  NH;-N/pmol - L™

gna 250 250 250

gnA 250 250 2500

gNa 250 2500 250

eNA 250 2500 2500

Gna 2500 250 250

GnA 2500 250 2500

GNa 2500 2500 250
GNA 2500 2500 2500

T A A 2 A AURS “g” L “n” R a” 43 1) 3 AR U e B2 (250
pmol - L™)[#) Gly=N \NO;=N FI NH;=N; “G” | “N"Fl“A” Bl FR i m ik
J& (2500 pwmol - L)) Gly-N \NO;=N Il NH;-N, A,

Note: *Combined treatment codes "g","n",and "a" represent low con—
centrations (250 pmol « L") of Gly—=N,NO;-N and NH;—N, respectively;
while "G","N",and "A" represent the high concentrations (2500 pwmol -L.™")
of Gly-N,NO;-N and NH:-N, respectively. The same below.
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1.4 BHESHT

B% F STATISTICA 5.5(StaSoft Inc, USA )% {4
HEAT ANOVA J5 225347, R v & A8 A A [ ik 3 1) 1
FERT ISR Duncan i & M 2515 (P<0.05)

2 EREHH

21 AESMERIREGRLEI T NAREVERRSE
Eap=Al

WA 1 FR A [l b 2R A A A I 0 BE T B /)
IS R AR 2 AR () 5 i 22 53 1. 2% (P<0.05) .
GnA ZbHIH/NESEAR R RS RR AR Y e de
4353k 13.5.81.0.94.5 mg- kK, H @25 THAb 7 4
IR R AP REBRS), P<0.05) . Ik Gly-N e 451
T (250 wmol L), /NI 32 A b B3 B MR AR W R A
gna . gnA Fll gNa ZEBRIA] 22 5 AR B 3% o 5 Gly-N ¥R A%
F (2500 wmol - L), GnA A FR#L kA= My 4% Gna .
GNa F1 GNA AP 534N T 19.6% . 110%F1 85.7%
AR GNA AP 0k B2 gna A0FRAY 10 4% (HAT

1201 1 gna

100} et
- [ gNa
# 80 HAegNA
%‘3 Gna
= 60 L
i [[1 GnA
ﬁ 40+ A GNa
B GNA

207 bic dq cg@ab? Cd(:d
0 .
IR NG FREFRIR A B AS R 3 )22 57 1 25 (P<0.05) , R[]

Different lowercase letters indicate significant differences(P<0.05)

between different treatments of root, shoot and whole plant of pakchoi.

The same below
| B EKEFZFM T ARIMNRE R EE L/ B3
EYEHFN
Figure 1 Effects of different exogenous nitrogen forms on biomass

of pakchoi under localized sterile hydroponic cultivation

AR ARG FERINT 6.60% ., FERELAMEHT
(3000 wmol - L™"), Gna 4b 3 A48 pR AL W & 18 35 = T
enA F gNa AbFR(P<0.05) ; 7 5250 pmol - L' 544 T,
filk NOs-N 1y GnA kb3 rp e bk ALY 025 W T
NO;-N 1 gNA FI GNa ¥ (P<0.05).,

W 2 fizn, GnA ZhFEAR/INFISAR 2R L b A
FEMRA S R T HA A A3 (P<0.05), GNA 4b
PRAVE IR R e e, (AR B AU i3 Gna
1 GnA LbFRAY BIREAR T 22.8%F1 44.3% ., 7525 A i 5
147 (3000 pmol - L) , MK I A /INIUT A Gna>
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Figure 2 Effects of different exogenous nitrogen forms on nitrogen
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content of pakchoi under localized sterile hydroponic cultivation

SRE N ESHTER, Gly-N NO;-N Hl NH;-N =
TR GRS /N PSR A 0 s 38 A A S 3 1 20 (P<
0.05), B = Fp U IEAN ) i i 15 (2 2 g i /N 1R i A=
1, H Gly-N F1 NO;-N (58 B30 8 2 52 /N
SR (3 2), 8K, Gly-N NO;-N il NH;-N =
CERIDE S NS SR AR O E St S haiie AT
S NTE N
22 ARSMNERIRERIEIT/NEXREELSHIRER
EwaLiopAl|

H1 2% 3 AT, GnA ZbBE /N 1SR R EAR K AR
FEF AR AR R T S5, 40 51156 359 em 129
em?.2.50 cm® 0.680 mg-h'- g™, HIEEH KT Hhi
ALFR(BR Gna 4b, P<0.05) 76 Gly-N ¥ 2604, 184
Jm NO5=N ¥ 5 (11 GNa F1 GNA) 3241/ 136 AR
FISFHERE R HEARK MRRmE A AT AR
ZIE 1B LT Gna Al GnA 2P, ik Gly-N #e s 4%
T, gNA LB/ 1R 4 T BEAR R IE S FE AR EIR = o
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Table 2 Main and interaction effects of Gly—-N,NO;-N, and
NH:-N on biomass and nitrogen content of pakchoi using

three—factor analysis of variance(ANOVA )

-~ A Rt
F p F P

Gly 10 0.002 3 0.54 0.47
NO; 48 <0.001 0.11 0.74
NHZ 14 <0.001 0.00 0.99
GlyxNO; 79 <0.001 0.00 0.95
GlyxNH; 0.37 0.54 0.010 0.93
NO;xNHi 0.33 0.57 0.019 0.88
GlyxNO;xNHz 2.0 0.17 0.00 0.97

INFISE T EAR R B AR AR 296 AR et 5 4k
Y AR A S AL, B AR R R AR AR
A1 1B GnA>Gna>gNA>gnA>gNa>gna>(GNa,
GNA)FAEfE A . ANTRI MR UM BE T FL /N 1 32 AR
ZEBREMETEARK  gna LI AR H R FAL, B
0.901 mm , HoAt A Ab P[] 22 SR 8 3
2.3 FAESMNESRRER L3N B KRR RA T
M 3 AT, AREAL BN S Al i
1S SRR | ] VA TR R BR R B e AR AR Mk
BETD HE A AS [T 2% 5 0 35 (P<0.05 ) o Gna ZbFRH AT 7
PEFE . U A SRR T IR TR S R, Ak
26.2.126, 24.0 mg-kg™, SFRE IS T (3000 wmol -
L), Gna ZbFERT VR ER 11 U0 25 A SR AN T i M
T gnA Fll gNa Zb BRI 43 B3 T 17.3.11.5
FEFN 1.10 £% . 7E 5250 pmol - L™ 2544, GnA 1 GNa
QbR T R R RN T R A gNA Ab R
WA (P<0.05) , {Hf 2 G SL 1R & S I oA B2,

GNa AbBEH: 47 oNA A FRFEAR T 47.0% . & Gly-N
WAL R, NOs-N R NHi-N ¥RBE (4 GNA b
) KRR AT R 2 1 i e A LR A R v A
i, M Gly-N VA PR B SN i

A, AN S MR R 2 2H B A 8 255 M /N 1 S
FREh &, JORIEESR 21 d 5, /NFISR RiRE  at
T gna AbFEHPEAR, A 34.2 mg kg™ ; 7E GNa FIIGNA 4b
Ry, BB R T H A A b (P<0.05 ) o TEF AR
AR (3000 pwmol - L), /NS - fiF R R 55 45 1) K
I A gNa>Gna>gnA 5 78 5250 wmol - L7 2548, /1
ISR IR ER & 5 (1 K/ IMIUT hy GNa>gNA>GnA

3 it

RERZWEMYER KB XRERER, RRIES
RUEXTHY) A R RSO AR IS, AR
SEIRRH NS A Y R S A2 SN AR B
H i 22 57 835 76 Gly—N Hl NHi-N ¥R I
NO;-N ¥ B AR P (GnA ) iE E i = o AIK Gly-N ¥ i
FMEF SRR RZ R /N 11 SR AR ) AR A5 A B
H2ZEFARBE . & Gly-N WREEZ&MA T BEMNO: -N ik
JE (40 GNa F1 GNA)fii/IN 13 AR W FAL S it d
R, FRATHEN /N 5XF Gly-N A1 NO;-N [y a]
REAFAE BB 5 4 s NH =N ) 22 B0 M AR B B e 3, MK
NO; =N ¥ B 454 T $2 55 NHI-N ¥R B B 2 1/
AR A SR (U GnA ), R BE M3 TR A 2R
o Gly—N Fl NHi-N ¥R B FEAIR NO;-N ¥R B2 A F1 T/)N
ISR 3. Wu SR TR A T /N A
Yy i SR Gly-N:NHi-N Fb 3] f 38 fin i K, 5
Gunes S5 20 FOAIF 7% 225 S0 LA S FRAT T 09 A3 2%
B Bk EEAMIE Gly-N F1 NH:-N #4410 7/

* 3 BREEKEZFGTARIMNRRRELR L X/NEFIRAEERIRFRE N0

Table 3 Effects of different exogenous nitrogen forms on root morphology and root activity of pakchoi under localized sterile

hydroponic cultivation

yusi AR em R R om? AR A% /mm AT e’ HRIE A WER TS /mg-h g
gna 187+11de 58.6+4.6de 0.897+0.034b 1.40+0.11cd 311+24d 0.413+0.026de
gnA 213+12d 86.9+7.1c 0.991+0.035ab 1.77+0.15be 410+29¢d 0.487+0.039cd
gNa 237+15¢d 74.8+6.8cd 1.01+0.031ab 1.64+0.13bc 462+41c 0.473+0.035¢d
gNA 282+19bc 95.7+8.4bc 1.08+0.040a 1.87+0.20bc 514+45abc 0.543+0.038bc
Gna 325+25ab 116+10ab 1.01+0.031ab 2.13+0.21ab 628+38a 0.624+0.046ab
GnA 359+26a 129+10a 1.02+0.031ab 2.50+0.26a 593+46ab 0.677+0.046a
GNa 146+10e 48.6+3.1e 1.19+0.052a 1.42+0.12¢d 485+36bc 0.410+0.026de
GNA 156+10e 52.4+3.9de 1.20+0.064a 1.22+0.10d 421+33cd 0.343+0.018e

T R R NG RN A R R AN [ AR T ] 22 57 (.25 (P<0.05).

Note: Different lowercase letters indicate significant differences( P<0.05) between different treatments of root morphology and root activity of pakchoi.



1850 YRAEIN RSy £ 345 108
351 160
30+ a . 140

T I s ab T

% 25r ‘I‘ i ‘} s 120

=T8] L =19}

=t £ sof

LI c e

=15 !

: I & 60

£ 1o} d i

= &40

S5t e I

20

N

gna  gnA  gNa ¢gNA Gna GnA GNa GNA 0
301 20001
I N I
By b :& 1600}
£ 20t 5 Yo
R 5, 12000

sl 3 e 'H L

& 100 g %

= 1 = 0

5F 4001
0 L=
gNa GnA  GNa

B 3 BEMLEKEFETARIMNERREL LY/ B 3R EE R #Im

Figure 3 Effects of different exogenous nitrogen forms on quality indicators of pakchoi under localized sterile hydroponic cultivation
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