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Abstract In order to clarify the effects of nitrogen and sulfur interaction on the total spiciness level of Chinese
chive plants and the activities of key enzymes for nitrogen and sulfur assimilation, one Chinese chive variety

‘Jingjiu No. 1’ was used as the test material and treated with hydroponic mode. Treatments of three different
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nitrogen concentrations (N1, N2, N3=6, 12, 18 mmol/L) and three different sulfur concentrations (S1, S2,
S3=2, 4, 8 mmol/L) combination were set in a randomized block design. The dynamic changes of enzymatic
pyruvate content (EPY) and activities of nitrate reductase (NR) , glutamine synthetase (GS) , ATP-sulfatase
(ATPS) and oxyacetylserine (thiol) lyase (OAS-TL) in leaves of Chinese chives were determined at four different
growth stages of 7 d, 14 d, 21 d and 28 d. The results showed that: The content of EPY at the first three periods
of 7d, 14 d and 21 d was significantly lower than that at the 28 d period. There were significant differences in NR
activity in different growth cycles, and the interaction between nitrogen and sulfur was obvious. The response of
GS activity was intense and its lowest level occurred at 28 d. The activity of ATPS was the lowest at 7 d and the
response was not very significant in the middle and late stages. The activity of OAS-TL showed a steady upward
trend, but its sensitivity to nitrogen and sulfur was lower than other assimilation enzymes. In summary, during the
development of Chinese chive, the single effect of either nitrogen or sulfur is generally much lower, and the
interaction between nitrogen and sulfur is dominant. The improvement of sulfur assimilation ability of Chinese chive
plants is closely related to nitrogen level, and nitrogen and sulfur participate in each other’ s assimilation process.
Considering comprehensively, the nitrogen concentration of the hydroponic Chinese chive nutrient solution is

12 mmol/L, and the sulfur concentration is 2 to 4 mmol/L is recommended. This study provides a theoretical basis

for the rational application of nitrogen and sulfur elements in hydroponic Chinese chives.

Keywords Chinese chives; nitrogen; sulfur; flavor intensity; enzyme activities; interaction effect
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Table 1 Different nitrogen and sulfur block experimental design
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Treatment K’ Mg’ Ca*' PO NO, NH,' SO

NI1S1 6 1 1 2 4 2 2
N1S2 6 1 1 2 4 2 4
N1S3 6 1 1 2 4 2 8
N2S1 6 1 1 2 8 4 2
N2S2 6 1 1 2 8 4 4
N2S3 6 1 1 2 8 4 8
N3S1 6 1 1 2 12 6 2
N3S2 6 1 1 2 12 6 4
N3S3 6 1 1 2 12 6 8
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Fig. 1 Effects of nitrogen and sulfur interaction on

theoretical yield in Chinese chive leaves
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Fig. 2 Effects of nitrogen and sulfur interaction on gross flavor intensity in Chinese chive leaves
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Fig. 3 Effects of nitrogen and sulfur interaction on NR activity in Chinese chive leaves
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Fig. 4 Effects of nitrogen and sulfur interaction on GS activity in Chinese chive leaves
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Fig. 5 Effects of nitrogen and sulfur interaction on ATPS activity in Chinese chive leaves

T VAR A 3 B AN [R] JE 0I5 A0%E 3 IR MOA [A] &L B
FKOF T I 2wk 3 0L 2 2. Wi AR DY R R 7 i R R
PR ZE 7 d B Bl 2R KT 1 S T B A 7E 14
F 21 d I BN S 1 5 80 e 7E 28 d i I 2 B T
A EAEIZE T SN2 5 N3 K LR E LR,

it 122 30 T T8 % 1 7 ol N B R 2R VR 5 K P 1
T4 3Ry S K 5 O B 7E 14 R 21 d B L
Wi 5 R0 2R KT 3 o 2 B 48 i ek B, T BE R R
AKOF- 3G 2 b T 7E 28 d I i R A R TG
M B A B 2 K7 80 5 S 1 S e A Bl R OKF
Bt T o) e Bk R R R A (H A R A ] UG B 22
TEA AR 2 7 14 F1 28 d3X 34 B35 0, 2 Ik i
B 0 I R 4 BE A 2 KT 3N R R R ek B,
TG STKE T S, 3/ B 5 i L7 d
Wi 17 88 JBE B g 2, S2.S3 /K AHE T ST K4
R T 36.97 % F164.00% o

ATP i 2 Ak il 75 4B 32 & & 4 A v, 35 e o
RESMEKFORET 58 BIEMHAET R
B R MR R A ¥ R B TR 14

21 dBF Ry TR s A 28 d B B % E T
i FRER S . 1E 28 d iF, BTG P AE B Z K T A
AW AR B E) B FE KT, H 22 R (B D
S0 Tl E A AN I3 A5 e 10 0B B AR 1 8 R A Ok A
[, 7E 714 5 21 d B, L0 M Bl 4 B 28 K 7 18 n 3
TG 5 35 RN, R R N B H At 5 B . 1T 28 d
A T 9 A i 20 2 R B 2 K OF- 3 BN I A
ET SRR T RAE NN R, S3HEK T
S1.S27K P43 54 = T 13. 96 % F112.95%
2.8 AMEMENERTHAFBREREERA MR

ERET AR

Al S B AR IR R B AR S R (R Ak OC i
TG PEAE HE S R & AN R R 9 A8 R AR (ND |
B R (SO FZUB 28 BAE I (NXS) 1 mi iy 1 B
3. BEAEIER AR & R T A 21 AP R R AR H
B X6 H i 17 Ay 42 3 5 3 KT H Ay 3B T
By 1 A A @ 2 KA (P=0. 000 0D,

il T8 3 T 6 3% P R A TR e B e M A AR
R E WA TR s, AU 2 28 B F 38 6 o



102 OoE kOl K IR 2024 4F 55 29 B
350.00 - 350.00 r
300.00 - 300.00 |
225000} 2250.00
z z
2 20000 a 2 20000 ap g
00f a b .00
= + ab ab 2 e be = 9y Joed e
S 15000f d ded S 15000F d d g
¥z 100.00 ¥ 10000
50.00 F 50.00
0.00 : 0.00 .
N1 N2 N3 N1 N2 N3
Qb3 Treatment KbFf Treatment
(@) 7K Day 7 (b) %314k Day 14
350.00 350.00
a
300.00 300.00 i abcabe
a cd bedy b_([;_d‘tzg
225000} ab = abe Z225000F 9 M
(= be be beabe | be & 1]
<20000F [ £ < 200.00 |
) )
S 15000} S 150.00 F
# &
s 100.00 yz 100.00 F
50.00 F 50.00 f
0.00 0.00
NI N2 N3 NI N2 N3
AbFH Treatment HbFH Treatment
(¢) 421K Day 21 (d) 5528 Day 28
(]S s2 [ s3

Eo EWMEEMIERMHFRZEBLIE(HEE)XEETENZ

Fig. 6 Effects of nitrogen and sulfur interaction on OAS-TL activity in Chinese chive leaves
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Table 2 Mean value analysis of N and S interaction on activities of gross flavor intensity and key enzymes of nitrogen and sulfur

assimilation in Chinese chive leaves

A3 Treatment

F8 bR Al H KRB/
Index types Vegetative day N1 N2 N3 s1 32 33
7 5.86aA  5.41bAB  5.18bB  4.60cB  5.15bB 6.70 aA
it 12 7 7 2 5 2%/ (ol /@) 14 5. 35 aA 5.62 aA 4.41bB 4.56 cB 5.85 aA 4.98 bB
EPY content 21 5.05bB  5.91aA 5.22 bB 5.31aA  5.40 aA 5.46 aA
28 8.28bB  9.93aA  10.14aA  9.26bB  10.04 aA 9.06 bB
7 11.52aA  12.33 aA 9.54bB  9.18bB  15.01 aA 9.20bB
R A L I 44/ (U /) 14 15.07bA  16.38aA  16.21abA  15.65aA  15.75aA 16. 26 aA
NR activity 21 13.83¢B 21.0laA  16.19bB  15.91bB  16.55bAB  18.57 aA
28 22.85aA 21.95aA  20.55aA  20.87bB  28.33aA 16. 16 ¢C
7 60.68aA 64.10aA  50.67bB  88.10aA  55.53bB 31.72 ¢C
N A N=ol
o M B P/ 14 61.31bB  62.04bB  81.16aA  74.26aA  65.94 bB 64.32 bB
(U/g)
. - 21 63.32aA  66.51aA  50.96bB  62.25aA  66.80 aA 51.75bB
GS activity
28 33.48bA  23.70cB  37.89aA  34.20aA 32.30abAB  28.57bB
7 54.13aA  36.28bB  30.89cB  46.15aA  39.34bB 35.81bB
ATP Wi W B /(U /L) 14 98.33bB 105.40aA  106.03aA  99.29bB  99.96 bB 110. 51 aA
ATPS activity 21 82.87bA 85.93abA  92.51bA  80.25bB  83.62bB 97. 44 aA
28 101.34aA 105.40aA  90.78bB  95.45aA 101.35aA  100.71 aA
7 140.88 cB 181.59aA  167.72bA  167.57 aA 158.46 aA  164.16 aA
gl
L 22 SR O e D 2L i 14 138.61bB 166.88aA 176.30aA  160.40aA 156.60 aA 164,79 aA
W/ (U/LD
OAS-TL activity 21 219.12 aA 208.99 aA  227.74 aA  220.37 aA 217.35aA  218.12 aA
28 260.31 bA 272.78 abA 280.40 aA 258.37bB 260.67 bB  294.43 aA

T R A ECR IR A TR N RS S 43 1) 3 b B8 1] 22 5

3K % (P<<0. 05) A 3% (P<<0. 0D AF . Tl

Note: Values followed by different small and capital letters within same column mean significant at the 0. 05 and 0. 01 levels, respectively. The

same below.

\

Wy CRilgAI PR R % et D VP A 24008 R i A BILaRL AL L 2
@f%?@i@fﬁ%%%&éﬁﬁﬂ@a‘é@ﬁ%ﬁﬁ“z“’“o Randle'”
TR 5 125 R TR 280 SR 06 =5 XU Y S i B K B,
FEMAEUTEM 0. 22 g/L. EFHZE0.78 /L B, BHE N
i 5 e S R PR R C TR R W B E 0. 97 g/L
H#,ﬁ%%%*ﬁ@ﬁ@ﬁﬁi%ﬁﬁ%ﬁo A, 3k

HEACER B B (28 d |, 78 P i A R T RUER TR EE A
12 mmol/L T+ 2 18 mmol/L Bt 15 2] AH [&] 4% BF 5%

ZEIR,

Kim 058 2 W, 7 2806 T R & 2 5 it FH R
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S B, A B K O T DL R A R R A
NS Wtk Je o BRFEBE o Perner 551 L R 7 4
R W, 5 B HE AR L, BRI R T RS
(TN B R & B A B AR R A K B A LB AL .
UL E WG SE R R By 02, A a0 45 R (28 d i) rh
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Table 3 ANOVA analysis of N and S interaction on activities of gross flavor intensity and key enzymes of nitrogen and sulfur

assimilation in Chinese chive leaves

ik A5 R 7d 14d 21d 28 d
Index types Variation FAH PAE FIY PAE FIH PAE FIY PAE
N 0.248 0.7914 1.132 0.4077 5.987 0.0627 2.506 0.1970
fitg A2 VR I 7
EPY S 2.426  0.2042 1.221 0.3856 0.174 0.8463 0.648 0.5706
NXS 23.913 0.0000 23.061 0.0000 2.878 0.0527 13.204 0.0000
N 2.189 0.2280 0.031 0.9697 1.979 0.2527 0.525 0.6271
il 12 340 7. iy
NR S 12.047 0.0203 0.007 0.9934 0.284 0.7671 14.735 0.0143
N XS 6.715 0.0017 93.160 0.0000 19.293 0.0000 4.024 0.0167
N 1.157 0.4014 1.103 0.4154 0.888 0.4794 2.016 0.2480
5 2 ‘ , , -
Gs S 18.734 0.009 3 0.248 0.7916 0.785 0.5158 0.313 0.747 5
N XS 15.650 0.0000 32.423 0.0000 30.638 0.0000 15.453 0.0000
N 61.535 0.0010 1.154 0.4022 1.502 0.3261 7.640 0.0430
ATP i iz fb il
S 11.487 0.0220 2.497 0.1978 5.143 0.0784 1.407 0.3447
ATPS
N XS 1.005 0.4309 6.315 0.0023 2.480 0.0807 1.448 0.2591
N 21.012 0.0076 2.714 0.1800 0.578 0.6020 2.104 0.2374
S LMk 22 2 R (i ) 224 i Ty
1.039 0.4332 0.119 0.8912 0.016 0.9840 8.336 0.0374
OAS-TL
NXS 1.557 0.2285 4.126 0.0152 3.980 0.0174 1.278 0.3151

T NSNS 43 i 3R U2 B 3 AR 3 88 LA 3 P<<0. 05, P<C0. 01 43311 38 /% b 3 1) 22 52 31 5 8 35 A 1 35 /KT
Note: N, S and NXS indicate nitrogen, sulfur, interaction between nitrogen and sulfur, respectively; P<<0.05, P<CZ0. 01 indicated that the

difference between treatments was significant and highly significant.

x4 EXRREFGTENER

Table 4 Comprehensive evaluation results of Chinese chives

A OB A
S =1 N NI N > ATP@%M N o Ny
i Mg MHENER  ERE R S B e MR CREE R SRR okl e
Theoretical i W A G P ik T 1% Subordinate )
Treatment . L o ATPS . Ranking
yield EPY content  NR activity  GS activity o OAS-TL function values
activit
Y activity
N1S1 0.028 0. 000 0. 000 0.112 0.039 0.012 0.190 9
N1S2 0.026 0.095 0.127 0.070 0.142 0. 000 0.461 8
N1S3 0.029 0.133 0.104 0.077 0.139 0.086 0. 569 3
N2S1 0. 200 0.070 0.119 0.150 0.074 0.064 0.677 2
N2S2 0.105 0. 200 0. 150 0.101 0.062 0.091 0.709 1
N2S3 0.089 0.113 0.076 0.000 0.150 0.134 0. 562 4
N3S1 0. 000 0.105 0.090 0.133 0.062 0.150 0. 540 5
N3S2 0.161 0.059 0.122 0.094 0.000 0.099 0.534 6

N3S3 0.134 0.092 0. 009 0.039 0.104 0.099 0.478 7
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fitg 2 N R o b S A R 2L MR N3
KR M & 3k #) 10. 14 umol/g. AR A [A]
R 2 AR AL K ST b AR AT T 7R % o A A v e Ak 2
(S2=4 mmol/L)ik B fge & {1 , H AL L 15 5504 [F]
AEKFT, A BEAE S3/KFE T T S2/KF, X
S5V RGR L sr g R — 5. R TR
Shy Al S A ) O S TR R B A B 3R KT 3 B R )
(4 SRR SR B, A7 TR B 3R A B AR B (E . R & B, 7
NIJKFEF, M8 R K ST+ Z S2 i g2 743 i iR
B A K R R AR T N2 K X i A AL
23 B I R X B 2R 1) UK AR, o R T 5 1A O
55 fEXHHESEM B EPY & BT 7 22 0 Mk & B
EREFRY TR 14 DA EL EAEHE ST
HJE 121 1 28 &), {H Hioi B 35 4k F 55 W 3 K OF
B IR A 3 KT R T AR B R R AL
75 3 ELBR ZAE 7 A0 14 d B H 2 A e 0 2 T
RERY T AE 21 F1 28 d i S48 44 HH R , 3% 32 WA
5 0] Al S A R B 0 4 R AR TR E KPR
S AF AR T SR AR T R VR R KO T R
(R G
3.2 AMEMEMERXHRRERLXEHREEN

=AU

ZRR R /R EZLUNO, MNH, X 2 Ff
TEBAFAE W IR AE JEU 28 N O, 15 5 78 AR 36 40 i 5
W05 S AL R A S A, e R R B S A i
1 30 D it 2 2R 2R R Ak 110 S g PR T il 0, R AR TR
14 2 25 5 0 B8 b Wi ) 2 RURD 2B A | R
GG S 5 A U mE A BUEE R R G Ay
fig , It — LA SR (RER , S AREN
S Ath, % 1R RIS e ) AR 0 I 2% 5 2 R AR
A AR AR T LR M & A Ew HR
W45 E K 8 S i I 5 e B, 38 R TR R VR B A
2~20 mmol/L ,NR &£ 5 & & Mk B P EA G
A AT A I e B 3k T R R i I 5 e i
50% M b, JE3E NR G PR KA W A2k

A 25 R R FEHE SRR R & R A
NR 7% P35 LA N2 7K 8 (P<<0. 05) , X 5 R g 4
TE R 40 v 9T LA [ A0 i 55 e 4 AR 7 b 235 2R — 3
I H NR 6 P 76 e N7 A 28 v B b, LS P g 1 A
S2 8 S3/K i 3 (HAE 14 d B 25 R IF R B 3 .
VP A5 R I R B, KR 4 T OE Y R AR KT
FE 25 1S I0 NR 3G M AR AR 0 B 09 3 it e e

PCNR G P32 w8 e L I D R S 2 A T
PR, AR RAEAE S KA I (21 D IRAS B A 7] 25
1M GS % T 0 {25 76 N2 8 N3 K o8 i, 3 i B
GS 5 NR A H % (0 Ve B A7 76 58 58 1) O 4f- e (] s
GS I M AE W I B 2 Wk BB L BR Z B TP 21 DS
HE 7 ST K B, Bz i 75 05 GS 3% 1k
HAE S2KF T fie i, 215 STAH IR A B 35, X i B
NR 5 GSHE X IR KFH Uk, FERET
2 B R A HAE (N X ST NR.GS {1
PR R4 AR (P=0.000 0), H7EER A H 2
14 d s, H Al A2 B CF D 389 76 & R s de
IR A R R N — U . 7E 7 d BT R A5 A
IV NR G R P 3k 21 7 5 3% sp 5 3% K7 78
A AR MR RO ML K, 2 5 8RR T 4
SR JF 4 R R R R RE 1 0 3h A A
3.3 ARMEENEENARERLXEBHEEEN

A

ATP B R AL (ATPS) S 5 i g £ 10 15 1k, i
b SO A Bl 5'- B B R 6 R (APPSO J2 i 3 [
s — 20 o A Ok 22 2 TR (i ) 28 ik 1t A1 1k 41
L 22 F R (OAS) 5 i fb & (HLS) 25 & A il e 4
M2, A B e e R A A 2 b R A
WA RS — A S A VLY, i LR R e A
BUBR 19 4% 0 20 3R, A U AE i & R Ak i R Ak T b
7 L 3 AR T Y TR g R
FL R AR W 9 B R K A U (] A G B il O
[ 5% e B & 30, ATPS T PEAE K2 & & AN [ i 491755
S DA AR A 2 M A B (S=0. 01 mmol/L) e ,
HLAE R 28 22 v B 0 55 (B 25 5 S D ), Y e R Uk
M 2.01 mmol/L F+ % 6. 01 mmol/L, ATPS I ¥ Jt
W2 M OAS-TL I M - M\ A 1 5 =5
7o S 0 34 AE v e Rk B A 3 (S=4. 01 mmol/L)
e e, (FLE 22 R O (R R v BT L M TE
BEESR X SARMRAEEELFH W7, 14 A
21 OMEERMFE . MAEEREEF BRI 28D
B, AN T) 6028V B i 1) 3 i 2 R I OAS-TL I
PER o, X 5 LR R I gE A5 R — B
VF 2 55 SE KGR I 5E 6 B, ATPS T 1 76 1 2 B
FKF- B 5 A F KT8 U0 AH G 78 85 25 1 K b 1
%) 184 Tit B8 0% 00 UK I R AR R . ARBER A SRR,
ATPS {EMAEAESR & F i (7 D5 &6 R K-
BRI B FEAM T D AW, X Uk E A
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ATPS 775 P 0 A0 A 3 A1, AR A3 7 1o 45 7
() ATPS I P A F| F $2& = Ak T a2 0 [ 4k g
Wt B A E 2P 14 d 21 DB A BT R
ZFALRE 7 B E R, H ATPS i 5 &5 £ K
VB RIEAE . FEAPER,ATPS 5 OAS-TL
RE W7 A2 B0 AR RN 3 & T iR RO K&
JUE A 32 HAE T, HAE 4 R 0I5 8 9 3 32 31 19 3007
B8 s Sk i CF DD, 33 156 B A & 3 A0 01 3% )
UAIEE TP ¥ v S I =R 1 S TR
1 R AR B U A8 BAE

4 & it

A 5% 30 o B R WA TR AR AR R U
A FRZH G, DA B2 A R A AU R ) Ak AR Y e
AL, I 38 3 B0 R 5 22 40 B, T 2 Al S R
JIE Ko O B il 155 X R 2R KT 09 A R A8
£ AREV,AMRXLEAENERAPNEES
fi'% . EPY & &AL FIHZH TmEAKY . PiE
W32 1 T B R K 5 AR (A4 OC 8 il b NR X R
ARV R B B B U AR B, GS XA R KA
St ) A 2Pk 5 A R TRl AR RE T B ER S R R K AT
53 AR Z 5 0 R Ak i B O A7 AR % D) A HAE
o L8650 Hal A, 00 B4R 2 5 i S = i R
MR I R OGRS 1 R BOK G RSB R AR
He %l 12 mmol/ L, #i 2 JE A 2~4 mmol/L,

S #3 Wk References

[1] R&, BE. EYMNEEREAANHARER]. PERFER, 2010,
26(13): 75-78
Wu W, Zhao J. Advances on plants’ nitrogen assimilation and utilization[J].
Chinese Agricultural Science Bulletin , 2010, 26(13) : 75-78 (in Chinese)

[2] ik, iRk, EGL . HYHSEREMEEHAEARERI]. £9
FAEIR, 2021, 37(6): 192-201
Liu H G, Luo Z, Dong H Z. Research progress on the regulation of NO,
uptake and transport in plant[J]. Biotechnology Bulletin, 2021, 37(6) :
192-201 (in Chinese)

[3] Perchlik M, Tegeder M. Leaf amino acid supply affects photosynthetic
and plant nitrogen use efficiency under nitrogen stress [J]. Plant
Physiology. 2018, 178(1); 174-188

[4] H&, FKXReh, DEW, KEE, UE, S0F, 5. &t BWOEMFR
FEREEDEMSHFMII]. RERLRFZE, 2023, 54(3): 17-25
QinL, YinQZ,MaHL, ZhangZH, LiuD, Gai ST, Wang Y. Effects
of sulfur and selenium treatments on yield and main functional components
accumulation of onion (Allium cepa) [J]. Journal of Northeast Agricultural

University, 2023, 54(3): 17-25 (in Chinese)

[5]

L6]

[10]

[11]

[12]

[13]

[15]

WKL, EWT, AL EYRIEFHRHER]]. PERFER,
2002, 18(2): 65-69

Xie RZ, Dong S T, Hu C H. Research progress of plant sulfur nutrition [ J].
Chinese Agricultural Science Bulletin , 2002, 18(2) : 65-69 (in Chinese)
Khar A, Banerjee K, Jadhav M R, Lawande K E. Evaluation of garlic
ecotypes for allicin and other allyl thiosulphinates [J]. Food Chemistry,
2011, 128(4): 988-996

AR, X, BEE, #0K, FRF¥, THRX. BaFFTREEENE
NEGHERRR TBREAABHEMI]. EWEFSERZER, 2012,
18(1): 42-51

Zhou J, Wang D, Man J G, Gu S B, Chen M X, Yu Z W. Effects of
interaction of nitrogen and sulfur on seedling growth, uptake and
utilization of nitrogen and sulfur of winter wheat under high nitrogen
conditions[J]. Plant Nutrition and Fertilizer Science, 2012, 18(1) : 42-
51 (in Chinese)

WE, By, KEF, e, IH, 8. ENEEREARE HEER
HX@BRMUBEET]. EWEFSRBEER, 2017, 23(2): 434-443

Xu J, Jia K, Zhu J F, Hu M, Wang N, Gao J. Nitrogen and sulfur
interaction increase their assimilation and activities of key enzymes in
garlic[J]. Journal of Plant Nutrition and Fertilizer, 2017, 23(2) : 434-
443 (in Chinese)

ARE, thih, MF, THF. EMEENAEA B H MRKS RSN
L)) EMWEFSEER, 2014, 20(1): 172-178

Kong L J, Xu K, He P, Wang L. Influence of interaction between
nitrogen and sulfur on N, P, K and S absorption and distribution of Chinese
spring onion [J]. Journal of Plant Nutrition and Fertilizer, 2014, 20(1) :
172-178 (in Chinese)

Tilahun M, Tena W, Desta B. Effects of different nitrogen and sulfur
fertilizer rates on growth, yield, quality and nutrient uptake of onion
(Allium cepa 1) at shewa robit, north shewa, ethiopia[J]. The Open
Biotechnology Journal, 2021, 15(1): 59-67

ARE, i, WKAE, AF. MAABERREAWEAUXBEBEENR
MalJ]. EEZR, 2013, 40(12): 2505-2512

Kong L J, Xu K, Zhang Y Z, He P. Effects of sulfur on growth and key
enzyme activities involved in nitrogen and sulfur assimilation in Chinese
spring onion [J]. Acta Horticulturae Sinica, 2013, 40 (12) : 2505-2512
(in Chinese)

Liu N, TongJ, HuM M, Ji Y H, Wang BJ, Liang H, Liu M C, Wu Z
H. Transcriptome landscapes of multiple tissues highlight the genes
involved in the flavor metabolic pathway in Chinese chive (Allium
tuberosum) [J]. Genomics, 2021, 113(4): 2145-2157

Liu N, Hu M M, Liang H, TongJ, Xie L, Wang BJ, JiY H, Han B B,
He HJ, Liu M C, Wu Z H. Physiological, transcriptomic, and metabolic
analyses reveal that mild salinity improves the growth, nutrition, and
flavor properties of hydroponic Chinese chive (Allium tuberosum Rottler
ex Spr) [J]. Frontiers in Nutrition, 2022, 9: 1000271

TongJ, HuM M, Han BB, JiY H, Wang BJ, Liang H, Liu M C, Wu
Z H, Liu N. Determination of reliable reference genes for gene expression
studies in Chinese chive (Allium tuberosum) based on the transcriptome
profiling[J]. Scientific Reports, 2021, 11: 16558

Yoshimoto N, Saito K. S-Alk (en) ylcysteine sulfoxides in the genus

Allium : proposed biosynthesis, chemical conversion, and bioactivities [J].



A58

SRR AR« S A 3 53R BT JEE B HL ) A 5 Al 1) 2 o)

107

[16

[17

[18

[20

[21

[22

[23

[24

[25

]

]

]

]

]

]

]

]

]

Journal of Experimental Botany, 2019, 70(16) : 4123-4137

HOAM, TEW, £5%, WP, RS, FHER, T . SEBRLERK
BAERFE RRERKE M. PEEE, 2022(5): 74-80

Han B B, Wang B J, Tong J, Liu M C, Wu Z H, Meng Y L, Liu N.
Effects of amino acid treatments on growth, quality, and yield of hydroponic
Chinese chive[J]. China Vegetables, 2022(5) : 74-80 (in Chinese)

Chen C, CaiJ, Ren YH, XuY, LiuHL, Zhao Y Y, Chen X F, Liu Z
B. Antimicrobial activity, chemical composition and mechanism of action
of Chinese chive (Allium tuberosum Rottler) extracts [J]. Frontiers in
Microbiology, 2022, 13: 1028627

Mk, B8, R4, ITWE. TEW. MTFT. EREEMNKEESRE
K EFRERKRREZM@I]. HEMKK, 2023, 36(5): 96-103

Zhang Y D, TongJ, Wu Z H, Wang L P, Wang B J, Liu N. Effects of
nitrogen and sulfur interaction on growth, nutrition and flavor quality of
hydroponic Chinese chives [J]. China Cucurbits and Vegetables, 2023,
36(5): 96-103 (in Chinese)

FNF, BRI\, ERT, =EF, EHE. EVERERARRBAER
RitR[J]. EWEEER, 2011, 47(1): 37-48

Wang X F, Yang L J, Dong X N, Li Z X, Jiao C J. Advancement in
research on synthesis and regulation of cysteine in plants [J]. Plant
Physiology Journal, 2011, 47(1) ; 37-48 (in Chinese)

ARE, M, T5F, AF, Kkl EMEENBEXBERERGRY
] EWEFSEMZEER, 2013, 19(5): 1272-1278

Kong L J, Xu K, Wang L, He P, Zhang Y Z. Influence of nitrogen and
sulfur interaction on growth and quality of Chinese spring onion [J].
Journal of Plant Nutrition and Fertilizer, 2013, 19(5) : 1272-1278 (in
Chinese)
Randle W. Increasing nitrogen concentration in hydroponic solutions
affects onion flavor and bulb quality[J]. Journal of the American Society
for Horticultural Science, 2000, 125(2): 254-259

Kim H Y, Jackson D, Adhikari K, Riner C, Sanchez-Brambila G.
Relationship between consumer acceptability and pungency-related flavor
compounds of Vidalia Onions [J]. Journal of Food Science, 2017,
82(10): 2396-2402

Liu S Z, He H J, Feng G, Chen Q. Effect of nitrogen and sulfur
interaction on growth and pungency of different pseudostem types of
Chinese spring onion (Allium fistulosum L) [J]. Scientia Horticulturae,
2009, 121(1): 12-18

Perner H, Schwarz D, Krumbein A, George E. Influence of sulfur
supply, ammonium nitrate ratio, and arbuscular mycorrhizal colonization
on growth and composition of Chinese chive[J]. Scientia Horticulturae,
2011, 130(3): 485-490

W, B, RBF, B, IH, 8. EENEREERSERBEX
B EREI]. R TRRZME, 2017, 33(4): 203-208

XuJ, Jia K, ZhuJ F, Hu M, Wang N, Gao J. Combined application of
nitrogen and sulfur improving quality of substrate culture garlic bulbs[J].
Transactions of the Chinese Society of Agricultural Engineering, 2017,
33(4): 203-208 (in Chinese)

ERM,ILHER, E642. EYRUREHIAREESHAERR
BRI, BRER, 2020, 34(5): 982-993

Li C Y, Kong X Q, Dong H Z. Nitrate uptake, transport and signaling

regulation pathways[J]. Journal of Nuclear Agricultural Sciences, 2020,

[27

[28

[29

[30

[31

[32

[33

[34

[35

[36

[37

[38

]

]

]

]

]

]

]

]

34(5): 982-993 (in Chinese)

RIXE, BHE, 88, FiB, AR EVERERKSAAHAR
BRI LFEZ, 2018(7): 151-156

Ou L J, Kang L Y, Zhao J, Chen J, Liu Z B. Research progress in
nitrogen uptake and utilization of crops [J]. Northern Horticulture,
2018(7): 151-156 (in Chinese)

AR, BFREKk, BER, ERE. FEMEKENER~ENRRY
W), EZ |, 2005, 32(1): 131-133

Lu F G, Chen G L, Lv G Y, Ren L Y. Effects of different nitrogen
concentrations on yield and quality of Chinese chive [J]. Acta
Horticulturae Sinica, 2005, 32(1): 131-133 (in Chinese)

X, AEZ. S2H, EEF. AFE. Fi6E. TEERLEXH
MEEXFER 2REFSFABZMUI] EKIE, 2020, 33(7:
64-70

Niu T H, He Z X, Xie J M, Mao Z Y, He D X, Qin H J. Effects of
different fertilization treatments on yield, quality and nutrient utilization
of wintering Chinese chives in greenhouse [J]. China Cucurbits and
Vegetables, 2020, 33(7): 64-70 (in Chinese)

Hatzfeld Y, Lee S M, Lee M S, Leustek T, Saito K. Functional
characterization of a gene encoding a fourth ATP sulfurylase isoform from
Arabidopsis thalianalJ]. Gene, 2000, 248(1/2): 51-58

ERA, AR . EYMREFRKE ARSEWFEIE]. &
IR, 2007, 42(6): 735-761

RF,
Wu Y, Gao L, Cao M J, Xiang C B. Plant sulfur metabolism,
regulation, and biological functions [J]. Chinese Bulletin of Botany,
2007, 42(6): 735-761 (in Chinese)

Purification and characterization of

[J].

Tkegami F, Itagaki S, Murakoshi I.

two forms of cysteine synthase from Allium tuberosum
Phytochemistry, 1992, 32(1): 31-34

Hell R, Bork C, Bogdanova N, Frolov I, Hauschild R. Isolation and
characterization of two cDNAs encoding for compartment specific
isoforms of O-acetylserine (thiol) lyase from Arabidopsis thaliana [J].
FEBS Letters, 1994, 351(2): 257-262

Kopriva S. Regulation of sulfate assimilation in Arabidopsis and
beyond[J]. Annals of Botany, 2006, 97(4) : 479-495

IR, EBETE, MWL, EXFE, 3%, REAN. AFEREREMEBE
HREEERRESF[I]. SFEMEM, 2023, 21(9): 2832-2841
Zhang H H, Wang X Q, Hao Y S, Wang Y X, Sun Y, Wu S J.
Identification and gene expression pattern of cysteine synthases gene
family in garlic[J]. Molecular Plant Breeding, 2023, 21(9) : 2832-2841
(in Chinese)

Tian W F, Wilson T, Chen G J, Guttieri M J, Nelson N O, Fritz A,
Smith G, Li Y H. Effects of environment, nitrogen, and sulfur on total
phenolic content and phenolic acid composition of winter wheat grain[J].
Cereal Chemistry, 2021, 98(4): 903-911

Shivendra K, Ramdeo S, Small Ian M, Sheeja G, Kelly O G, Marois
James J, Wright David L. Interactive effects of nitrogen and sulfur
nutrition on growth, development, and physiology of Brassica carinata A
Braun and Brassica napus L[J]. Sustainability, 2021, 13(13): 7355

Liu S R, Cui S, Ying F Y, Nasar J, Wang Y, Gao Q. Simultaneous

improvement of protein concentration and amino acid balance in maize

grains by coordination application of nitrogen and sulfur [J]. Journal of



108 IS [ N SR S 2024 4F 55 29 %

Cereal Science, 2021, 99: 103189 var Italica L[ J]. Baghdad Science Journal, 2021, 18(3) : 501-508
[39] Karomi KM F, Jwad K N, Anwar A Z, Saheb A N. Effects of nitrogen ﬁ—/ri gﬁ' iﬁ—_ %({»\/}i

and sulfur sprays on the growth and production of broccoli Brassica oleracea

E—IEFE . ML B LR s A v R AR 5 5, B T TR AR S AR TR AR, B
527 1) D B el 2 55 T e B o W YA 22 A B TR R R 1 B B R S5 e AR R SR 55 L
L2 SR RO Bl ARAR TS A = I b A, IR SN 2 IUE A Ah e R 2 o SR D AL 7S
BEH” O L = PN R 47 LU AR E AR R D W R R 3R 2B 3.

BASAEE B A7« A&, 1, J T AR 22 e i S T Bl BRLBIE 5 5%, 13 52 R €00 0 3™ M B AR 1R 3%
e N B B A AT BAI B o RIS 5 1) Sy i S K N i 50OF T 55 B o AR Ok R B R AESE T
R PE 28 A5 R (B SR A R 28 1 KRR S K A 3 A KO i R 5 i PO PR . B 2+ =
HERE GO =T P B A B AR R R ARl 2> 45 50 H DL AR e ka4 )R b st
AR ZE A AT H 10 RT0, ERFBEHTH 230, KRIFFIL 20 R5 , Hi SCIE 37/ %
H 3000, Z g A7l b i 10

BEEEFEEN: G2, 9, Wb Ut AR BEBF 58 51, 6 500 (B 37 b 1 AR A 2 b Bk
Z P ERE 2o o A o EAROL TR 2 BRI L TR e b LRt o 5 M
N B S A K T AR B SR S AR AT . B R IO AR M AR AT b s R
ZH . RAE WP 5T & RRIFIS 110 B4 ; E 40 1E 330, & B & R 4300, & A b 5 17
bR 2 T




