DOI:10.11931/guihaia.gxzw202312052

AERSELERRIL. SECFAERL TR RBIFZ M

ﬁ//[\%{ 1,2,3’ ;Mq; 1,2,3’ ﬁ_ﬂ: 1,2,3’ !E[:I]%],z,?’*’ iu% 1,2,3
CL P B R X 2 R P e/ B K e 2 A R Qg oGy, BT 5300235 2. ) iR HG
X 2 F AR el /T 7 25 B IR AR s 0 R S SEER =, BT 5300235 3. IR HIG X
2y PR IRV A 2 YR A TR ARGy, BT 530023)

W OE. NTWHWAGHMEY T 0E (Andrographis paniculata) 3§ A5 55 T 45 1 F) FRFAE
MHEFEENTERATRRICR, DIEESE (W) EE&E (A . BEEEZE (0N A
FERER (GN) NR—%IE, KH N R ZREEMAEE AT, R T RREESNTF
CEARF KK PR AR . M. FED REmlk. 2B OE R
FERR 7> SR . S5 RER M. (1D I 5 AR i 0o R AR I R R B, NN AR
TEEMK. (2 FOERRBCEREEFREKIR S, AEAKHZE TR, 208X
AN, UN F1GN IO R85 (3) LI & i be s, 2R be i, 5
NN AR BEAHEL, I3 AN UN AT GN AR BE A 1 M B ELbe ], gy 7 22 AR 4 e b
Bl (4D PRIEA I NN b BE (156 A1 F S R R A 238 F e K L A5 I I R BLIK, A
TEFRAL R GURIE WIS 2420 5 () 7 FL L BB AR UN A AN Ah B 43 J31) 75 B0 75 3 AN R A 3 1%
KT EERLRGE TS, (5) AN. UN A GN 215 7 %8 o35 A 16 R i 7K 25 00 3 P i
T, BT IS AT 4-RAEOENEE SR, AR RN H 50 A R
WA/, (6) ZFUENBEFEZE OEANRE S RS, 22, REASE. 2o Al
MR AR C B B 35 R e, 1 S 25 A A TE B ) SB35 IR A DG, 14-25 50 5 0 3 PN T DU A G
gE LATR, B FRAERK S O E R R, g0 E AR AR SR IS
BMARREE, FFEd AR S B 28 O 4 N BR R TR R

KW AREE, BARWI B, FO0ENEE, 70%E

HEFES: Q945.1 XHERPRIRAS: A

Effects of nitrogen forms on nitrogen uptake and allocation
and andrographolide components accumulation in

Andrographis paniculata

JIAN Shaofen' 23, LIN Yang! 23, WAN Si!23 ZHONG Chu!>3", LIU Han! 23
(1. National Center for TCM Inheritance and Innovation, Guangxi Botanical Garden of Medicinal
Plants, Nanning 530023, China; 2. Guangxi Key Laboratory of Medicinal Resource Protection
and Genetic Improvement, Guangxi Botanical Garden of Medicinal Plants, Nanning 530023,
China; 3. Guangxi Engineering Research Centre of TCM Intelligent Creation, Guangxi Botanical
Garden of Medicinal Plants, Nanning 530023, China)

BHETH: BEXxERRBFHSE (82260744); T AR A %3 & ( 2020GXNSFBA159025 ;

2022GXNSFBA035542); J" A A B HE AP SH AR R E S LR EH FH S (KL2020ZZ03,

KL2020ZZ05); [ AL Bia X 4 4 (HEZ53E 202003); A HEMAEE A4 /D Eii A
(009699) .

B—EE: WLFa98s), WL, BIEMA R, FENFHLGHAMMEFREWSH R, (Email)d

jsfzc2011@126.com

HEEEE: MR, BLE, BVTARA, TENFLZAEDREREARESHE R L, (E-mail)

zhongchu2011@126.com



Abstract: Nitrogen (N) is a mineral nutrient with the highest demand for plants, and it is also a
vital abiotic factor that limits plant yield and quality. Plants use inorganic and organic N sources
from soil, and N form is a key factor affecting the active ingredients and their contents in
medicinal plants. However, the utilization characteristics of different N forms by medicinal plants
and the impact on active ingredients remain to be investigated. With nitrate nitrogen (NN),
ammonium nitrogen (AN), amide nitrogen (urea, UN) and amino acid nitrogen (glycine, GN) as
sole N source and combining "N isotope tracing and physiological and biochemical analysis, this
study aimed to clarify the characteristics of N uptake and utilization and its effect on the
accumulation of andrographolide components at different growth stages (rapid growth stage,
jointing stage, budding stage, flowering stage) of Andrographis paniculata. The results were as
follows: (1) N content in leaves and roots decreased gradually with the growth period, and it was
lower in the NN treatment. (2) The absorption rate of N was higher in the vegetative growth
period, and rapidly decreased in the reproductive growth period. The absorption rate of AN, UN
and GN was higher than that of NN in 4. paniculata. (3) The allocation ratio of N in leaves was
decreased, while the allocation ratio of N in stems was increased at budding stage. In comparison
to the NN treatment, AN, UN, and GN treatments reduced N allocation ratio in leaves, but
increased the ratio in stems and roots at this growth stage. (4) At rapid growth stage, the maximum
carboxylation rate and maximum electron transport rate of photosynthesis were lower in the NN
treatment, as well as the proportion of leaf N allocation in the carboxylation system and
bioenergetics components. However, the allocation of leaf N in the carboxylation system in UN
and AN treatment was reduced at budding stage and flowering stage, respectively. (5) AN, UN
and GN increased andrographolide and dehydroandrographolide contents, and decreased 14-
deoxyandrographolide content at budding and flowering stages, while neoandrographolide was
slightly affected by N forms. (6) The contents of andrographolide and neoandrographolide were
significantly negatively correlated with N contents in leaves, stems and roots, N uptake rate, and N
allocation ratio in leaves and roots, while they were significantly positively correlated with N
allocation ratio in stems. The opposite was true for 14-deoxyandrographolide. Taken together, the
results indicate that the vegetative growth period is the main period for N uptake in A. paniculata,
and that A. paniculata can better utilize AN, UN, and GN, and promote the accumulation of
andrographolide components by optimizing N allocation. The results provide a theoretical
reference for N management of 4. paniculata.
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SEFERE S YN A RIS E IR BCR 256 % (ZMESE, 20100 . (HE2BIHATA L,
ST 245 FHAE AN [R5 R TR 25 B ISOR) FH AR B G I AR AR S 0 AR 3R R R i s 5 0
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Fig. 1 Effects of different N sources on dynamic growth of Andrographis paniculata
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Fig. 2 Effects of nitrogen forms on N contents and accumulation in Andrographis paniculata
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Fig.3 Effects of nitrogen forms on '’N uptake rate and allocation in Andrographis paniculata
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Tablel Effects of N sources on the parameters of photosynthetic CO> response curve in

Andrographis paniculata (n=3)

g Kb Ve max Jimax WaRREE H 4
Growth stage ~ Treatment (umol-m™-s™)  (umol'm™"-s")  Chlorophyll content SLN
(mmol-m2) (g'm?)
S1 NN 26.02+1.29b 20.48+1.89b 0.43+0.02a 0.70+0.06ab
AN 41.90+1.59a 40.624+4.09a 0.42+0.01a 0.75+0.04a
UN 43.88+0.91a 41.44+2.51a 0.42+0.01a 0.75+0.02a
GN 44.53+0.41a 44.10+3.22a 0.38+0.01a 0.59+0.08b
S2 NN 50.52+1.98b 53.21+0.98bc  0.50+0.02b 0.66+0.05a

AN 57.90+1.25a 58.72+1.40a 0.55+0.01ab 0.69+0.01a



UN 49.80+0.56b 50.11+0.91c¢ 0.49+0.03b 0.64+0.05a

GN 55.48+1.34a 55.05+1.17ab  0.60+0.01a 0.75+0.08a
S3 NN 42.64+1.41b 45.98+2.08b 0.61£0.03b 0.86+0.07b
AN 55.50+2.49a 57.50+2.12a 0.78+0.01a 1.07+£0.07a
UN 33.68+1.56¢ 36.19+1.11c¢ 0.56+0.03b 0.78+0.07b
GN 42.72+0.75b 46.10+0.97b 0.56+0.05b 0.76+0.01b
S4 NN 40.93+0.49a 45.39+0.67a 0.59+0.02a 0.83+0.04b
AN 38.83+0.46a 40.00+0.16b 0.67+0.01a 1.05+0.06a
UN 39.36+1.87a 44.55+2.31a 0.60+0.04a 0.90+0.05ab
GN 39.55+0.54a 44.67+1.29a 0.61+0.06a 0.85+0.10ab
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Fig.4 Effects of nitrogen forms on photosynthetic N allocation in Andrographis paniculata
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Fig.5 Effects of nitrogen source on the components of andrographolide compounds
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Table 2 Correlation analysis between the contents of diterpene lactones and nitrogen content and

nitrogen allocation ratio

—
iimf‘ LNC SNC RNC LNR SNR RNR NUR AD NAD DOAD TL
LNC 1 0.395%*%  0.692%*  0.682%* -0.740%* 0.480%*  0.764**  -0.446**  -0.695**  0.623**  -0.282
SNC 1 0.566**  -0.040  -0.074 0.526%*  0.087 -0.373%%  -0.244 0.167 -0.450%*
RNC 1 0.505%*%  -0.651%*  (.842%%  (.523%%  _0.508%%  -0.629%%  (.591%*  -0.4]15%*
LNR 1 -0.978**  0.200 0.772%%  -0.654%%  -0.861%*  (.898%*%  -(.394%*
SNR 1 -0.399%%  -0.785%%  (.668**  0.873%%  -0.911**  0.411%*
RNR 1 0.298% -0.265 -0.319* 0.333* -0.198
NUR 1 -0.339* -0.746%*  0.670%*  -0.146
AD 1 0.761%%  -0.799%%  (0.934%*
NAD 1 -0.894%*%  (.610%*
DOAD 1 -0.561%*
TL 1

E: LNC. MR E; SNC. 2R G E; RNC. IREAGE; LNR MRS SNR. 2R BLLLfl;
RNR. AR NUR. ZURICEZE; AD. 2503 NG NAD. B 5 0FE N EE; DOAD. 14- %4 % 0
FENEE: TL. B AR, BEOEAPBK T DIENBER L, ZERAET . *RREREE (P<
0.05) ; *FIREFWEE (P<0.0D) .

Note: LNC. Leaf N content; SNC. Stem N content; RNC. Root N content; LNR. Leaf N allocation ratio; SNR.
Stem N allocation ratio; RNR. Root N allocation ratio; NUR. Nitrogen uptake rate; AD. Andrographolide; NAD.
Neoandrographolide; DOAD. 14-deoxyandrographolide; TL. Total lectones. Dehydroandrographolide is not
analyzed due to its undetectable in some samples. * indicates significant differences ( P<<0.05) ; ** indicates

extremely significant differences (P<<0.01) .
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3.1 FF 0 YEN AN [F) BIR IR ORI R F AR AE

A LB R NS EMA SR, (B AR FERE LSRRI R K ER,
KBt AR AR SO A BN B, REDERE UK. i B84 E GRS, 20200
LR HBESENTE. KPR FED SNREERIL, O ERAR Ble SR E LR
A GRS iE 2R B R TR A AR OE R, O S R RO R, BRI
SHESEA —EM WM. AR BEI, SERLMESRE . FIERSF A 5.0 F
FEEMIA AR ARG E. R RU, 50 E A X 3 MERE.
BERMZ, AR BRI EN, EIR BB R, mkEKZ
], LA A M ) Bk (Jian et al., 2018; Hachiya et al., 2021) . &4 5 00 3%
A= AR B R R AT e — B A A

FIF N [ 287 i3 L AN ) A KB A S 3 R SO 2R AR A T, 10T (S2) 2
RO TERE W SN, BTN (S3) Z R R EWUGE RIS KR TR, 458
R, BRI R0 E SRR KR O R TR R O, N AR AR K R R R R
TR BRI o N R R R GE RE R, A R R AR K R R A I S A
W FERBOEA, m R RSB N, MRS R R AR, LS. B
A G R A A PR A AR I S R b B SR AR R ZE T RS TN . b, IX 3
FIRAEE AR PR S B RSB S, 5 ONWESR—%. &b, Fo%
A7 FRE R B SR AE K, A AR K R ESGE R BE,  AEARAA DL E T
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A FRE, AR B ESR 20 N ER A BRI . B TR AN 25 A A
TSRS IS 22 7 O T2 ARIE, H T HLBIR B Z IR AT T . AR HE B/ 77 03~ e,
BHENASERE SEAGHEYE S EREY IR R N (D EIMA LG,
20200 o AWHFHFFELENE. FFEOEANBRANSNESESH. 22 RPRESE KA
WS A DG . SRTHT, B R BERGES BN 2 RS A B R AR i A 207 i AN U i
TBORE A B A A AR = B O YE NS AR B R . A OCPE AT 4 SR L T A5 AR K
WEEEBNEFOEANTRR A I, A R BRI B (8] %08 2= A U
TR 2 A S N R B R E R

GG P A IR AU I SISk , AR DG E e 0 mT DO IR AE AU R 4t
B2 . A BESEMZERESFO Mk B A BRI A RET), WTRER
SHEOCENREERENREEZ — YRS B TR E RS 58
H1EH (Makino et al., 2003) o Flit, A% E & LA CE PG & L5 i Bt &
TERAEZE R CRAERSE, 2015) o EFRAKEEY TY R R EZR . Zif 5T
W, EASE. BERAS B IERRAS UL B 1) 7 O s A B R m A S &, mH
FEE TR (STAT S2) HAEEMEA B8 LR Vemax M Jmaxs R BHIX 3 PP
TRACER AR T 2 MBS EE RS, e EHZ 2N RN . EAE S
AV R BC T DUE ST B RS UG B IR RO & BAE R L R A Re 4.
I3 TE B R AR AR B A, P RE 2 S B GG RE BUR M B E R A

TP S TR AR A A JE A K A R BR A2 B OGN I, 0 27 00 32 A B 20 AR
REER I (RS, 2014) o AR ILVE R (S3) ZF0 3 N ERFE 27 O N R 5 &
TG RER R B IS TGS UM UL TR A AR B 5500 23 TE B ) i 6 sl
PRAH S R R, AR AN ZE A S 0 e EL B . A IS Tt R B, 50 3 PN R FIET 5 0
P e S R 20 I B A 3 AR R DG S 2R e S A B A9 B TEAE DG, B B
A 2RI F OE N B R AR EH . R A R EESE, RHAEKE
WK 3 R SR nms K AL & i FE T AR T IR AR AR i AL R (Zhong et al., 2021) . 1%
W LG5 AL — @R R IR/ 55 70 P B T o« S8UAE DG B LA & 41 23 1 4 T A 52 i)
T BRI ¥, 2018) o ZKVEMEE BB R AL & (08 ) ol B A B R . 2
WARGH R EEIRAEE N, SKEHEEAK—FLLE (Carmo-Silva et al., 2015) &
BAR G PR S A LA PR LS 2 (Mu etal., 2016) , AR %
MR AMERE . ARG (S3R1S4) HAEMBE KA F L HEEWR L RA AL T
b, TTREA R T H A B .

ZRA UL BT, EAE. BEIEES EME LIRS B o DR R BT, 1R
FOEEFRAEKIOGARE ), (RFATEEKPEEN B8R R 2R, AR g
HE N R B S AR R T Y AR
33 XMAKBLERE N

B IE A R 25 B IR A ARG A A FE % H i 25k R 114 30 3K 1 52 1) % 2 ol 2 AL 2R
(iK%, 2018) o ZECENERJE T HAehe Y ik N lE, & o Bk i R it . 1%
IR R, 14-ZAFODENI S ESZFOENIE S B ZEAHEG, BEE. BIZESE
MEREREFAMMUREFOCENR S &, ER R g s 7K FE CENBR SR, T
BEWBRE MR, 458000, FOLENESENIRGS 14-2 5% 0% N B ALK 5
OIENTREENENAEVICR . 2R SR TAERE (2023) HOlde )7 0EN
PiE & BRI HEDU 6 A%, R EH 14-23 %05 0 4 PN IR R B 7K 2 o0 322 PN T 20 e B 0 S 2 T Bl 2



FEN TR MR E ARG P450 (CYP450) K& AR AL i SA R B, 75 245 TR 10 2
B B 5 TR B EBAE A (Xuetal, 2015) o A DLFED, 4%, BERGAS R MG IR
BAEAREFE T 7 HEA (I CYPaso ZH P FiARE, 2k 7 14-20 55 0% N 5 A1
I 7K 2 00 P T 1 28 0 SE N R I Ak . KIALCR, BARE R Z KT 7 0% CYP450 ZEH
iff 7t (Garg et al., 2015; Liang et al., 20205 FMAPBHSE, 2022) , {HAEA 0% N R G R
KA CYPASO FERIE R WARkIE . %0 508 5 003 N R & BB % Hh CYP450 5 R 1) 42 48 B3 8
T A
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