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Abstract  Nitrogen fertilizer has been the long-lasting crucial component in cultivation of Chinese materia medica (CMM)
and crops for its profound effects on enhancing the productivity. In consideration of its role in better production, intensive and
excessive application of N fertilizer is often found in CMM cultivation. Therefore, firstly, this review summarized various
concentrations of N application with regards to different CMM and districts from the literatures published in the last two
decades. Recommended concentration of nitrogen application of forty seven CMM species were covered in this review. We
found that the optimum rates of nitrogen fertilizer for different medicinal plants species were varied in the range between 0~1
035.55 kg him2 . Most of the optimum rates of nitrogen fertilizer for CMM in published researches fell between 100~199
kg hm2The optimum rate of nitrogen fertilizer is not only related to amount of nitrogen required for different medicinal
plants but also to soil fertilities of different fields. In addition, we outlined the different effects of proper and excessive
nitrogen deposition on yield of CMM. Proper nitrogen deposition benefits the yield of CMM, however, excessive nitrogen use
accounts for a decrease in CMM vyield. We elucidated that nutritional content, water use efficiencies, and photosynthesis
capacity were major influencing factors. Researches showed that proper nitrogen fertilizer could promote the water use
efficiencies of plants and boost photosynthesis. Consequently, the yield of CMM can be enhanced after nitrogen deposition.
However, negative effects of nitrogen fertilizer were also found on plant including producing toxic substances to the soil and
causing severe pest damages. Lastly we analyzed the impact of N fertilizer application on secondary metabolites which
accounts for a large part of active pharmaceutical ingredients of CMM. It usually caused an increase in nitrogen-containing
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secondary metabolites content and a decrease in non-nitrogen-containing secondary metabolites content respectively. The
potential underlying mechanisms are the different synthetic pathways of these metabolites and the plant nutritional status.
Synthesis of non-nitrogen-containing secondary metabolites like phenols can be inhibited after nitrogen application because of
the competition of the same precursor substances between metabolites synthesis and plant growth. To sum up, impacts and
mechanisms of nitrogen fertilizer on yield and quality enhancement of CMM were discussed in this review. Negative effects
of excessive nitrogen application on CMM should be paid special attention in CMM cultivation and prescription fertilization
based on the field soil quality is strongly recommended. Overall, this review aims to provides insights on improving the
proper application of N fertilizer in the cultivation of CMM.

Key words nitrogen fertilizer ; Chinese materia medica; prescription fertilization ; nitrogen-containing secondary

metabolites ; non-nitrogen-containing secondary metabolites
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Table 1 Recommended N application with regards to different CMM and districts from the literatures published from 1998 to 2019
GRESEY) NZBAL /kg + hm? f/kg * hm? #/kg + hm? ' = Ay
I i JRE 90.03 ~ 103.57 (HH & 46.4%~<41.77~48.06) IR 70.12 ~ 156.21 BRERH 96.14 ~ 167.57 Bk G A 2017
Euy 1 R .95.71 ~98.45 FAA T 124.76 ~ 134.07 AL 77.27 ~97.43 i} FEHFHEIT 2016
S R &225.00 A BERRES 150.00 TRERET 79.41 (53] mEAI 2015
WK i JRE 78.90 (E & 5>46.4%~36.61) T BERRAS 99.10 TR 65.00 bt RPN 2017
UK L A 281.10 % 749.90 #1153.50 W BImRISENT 2016
Z#I Ui JRE: 32235 - 630.45 (A& & >46%~148.28~290.01) I B 742.95 ~ 986.25 TREREN 395.10 ~ 644.55 = REM 2015
il 2 R 0.00 ~2.32 (g/#) FAEM W 4.32 (@D A 6.00 (@) SN EAZEIHZDS 2012
FERE (BEAEAD i % 102.44~129.86 FAE AL % 581.96~114.36 AL 126.00~172.32 53] EFIO 2012
ZIGE (—AD s % 93.30 F & Ak =% 0.00 AL 121.50 A& Siggppl7 2010
SRS (D R A 186.60 FEAAM - 546.20 AAL4T 0.00 A& g7l 2010
= 5EEH Ui % 207.00 F A = 72.00 LA 234.00 Wk R AES 1999
LS i JRE 167.00 ~246.00 CRITHIA & E~76.82~113.16) FAEAL % 451.00 ~ 529.00 AL 224.00 ~ 269.00 Bt KFARE 2005
PRAE i % 261.42 AL 1% 96.01 AL 161.82 T FEBEEN 2008
FA AR Ui & 931.96 ~ 1 035.55 FAE AL % 140.80 ~ 172.80 A1LTE 388.80 ~ 432.00 HM BT 2007
BRI AR i JRE 869.00 (Z & 46%~399.74) T BERRES 1 428.60 AR 0.00 Lo ERASERT 2007
247 LI A 155.00 A 250.00 AL 60.00 Hik BEMEED 1999
HEM RZEMKER) R A 517.50 AL 270.00 AL 0.00 = F4 B 2016
HH R & 171.00 1 292.50 #1 49.50 H LB 2014
= Rz % 201.00 ~ 206.00 T BERRES 458.00 ~ 522.00 TR 362.00 ~ 388.00 | X5 2014
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L% R JRF 988.00 (A& 46% ~=454.48) T BERRES 489.30 TRERHT 987.3 WA PR TAERY 2014
= R %.0.00 F A AL % 255.15 FALHT 853.05 =M BT 2013
=t R % 337.5 ~450.00 — — = TEmEER 2008
v R % 103.91~136.18 FAEA % 121.39 ~ 124.27 AL 68.16 ~92.63 (1] FHA 2012
& = & 210 FAEL B 75.00 LA 90.00 ] HEWLBT 2010
F1& L& % 225.00 FHAEAM 120.00 FALHR 150.00 b BREELY 2008
& R= . 150.00 F A 120.00 — b & B IEB2 2008
=p2 ES % 90.00 ~ 180.00 FHAEA % 105.00 ~ 157.50 AL 45.00~135.00 M R 2009
5 E JRE 315.61 ~370.50 (& 46.4%~146.44~171.91) IEERET 169.94 ~ 199.50 fREREH 206.36 ~ 242.25 g FEREIEERY 2017
5 E % 225.00 F A 187.50 SALwE 225.00 fagE sRBKO5EERT 2006
FLAT DUBE E JRE 8.98 ~12.00 (A& 46%~4.13~4.8) L BEERAS 38.79 ~ 43.37 BRERHY 17.44 ~24.49 PNl BEKARSEEST 2019
=t ES . 575.00 — FAALHT 390 BNzl FMGEEBT 2009
Kz E % 160.00 ~ 350.00 FAAAL =B 120.00 — 150.00 AABAH 133.40 7 FRAEELS 1998
P51 EXuy % 247.00 T B 148.90 SFALET 123.50 JUVE ILEEEEERT 2009
i BR Hh 35y JRER 150.00 (K &8 =>46.4%~69.6) EBERRES 250.00 TREREH 480.00 | ZENEEWL 2019
At b5y . 400 fif 448 A 333 Jbat FRAMESEET 2007
I b E A 150.65 i 87.28 A 114.77 L5 FER A 2018
] AR Hh_E3 4y A 424.00 ~ 645.00 i 495.00 ~ 590.00 4 300.00 ~ 410.00 J7IN FEZER 2014
IR M b5 . 120.00 1 80.00 £ 80.00 Il A dE 2013
¥ Hb b3R5y % 195.80 FHA B 92.60 AALET 130.30 R HKSCESEE 2010
WAL Hh b5y JRZ 186.00~242.00 (AL HIE 7 ~85.56~111.32) I BERRES 874.00~1 023.00 AL 135.00~165.00 R RHEEET 2009
HiE by % 300.00 F AL % 150.00 ~ 300.00 LA 210.00 K BKEEET 2009
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20 b5 % 225.00 FHEA =% 540.00 — ZRC AT 2007
1T AL o A 151.40 FEMLZBE 120.70 AL 71.00 Py PRI 2019
YN ArEE . 100.00 F AL B 200.00 AALHT 200.00 S A 28 2018
T o % 225.00 — — WRANVERE TN 2009
AE Hir A B % 100.00 ~ 150.00 — — HORIL BREHEY 2017
JEFR B AR JR#F 60.00 (g, HEE=46%) I EERAT 120.00 (g/AR) RERED 50.00 (/AR Lizye BB 2014
ITE: ¥ 1€ & 26.78~35.42 (g/kk) % 16.46~24.37 (g/kk) 41 32.57 ~46.62 (g/tk) EER TREEEDT 2013
=k} 1€ . 150.00 — — WA BEEES 2010
LR 1€ % 169.68 HEMLZBE 111.16 A 67.13 il RIEAESY 2010
SR 1& JRE 140.00 CEE i 46%~64.40) o R4S 420.00 HRERER 105.00 W EREEST 2009
JRE ES . 183.00 1 565.00 £ 270.00 WA kIR 2016
H 5 S %303.90 ~ 335.1 FEEAL % 432.50~500.60 #l 206.60 ~ 240.20 2 FIGEEST 2011
< ES JRE 450.00 (E A& 46%~207) R4S 500.00 HRERER 270.00 T EEMESS 2009
=Rl P JRE 900.00 (& & 47.5%~427.50) 58 900.00 FRERHH 750.00 AN} HREEFT 2008
EAEIT b . 150.00 — — AL Zrp koo 2018
SES iy JRE 555.50 (& >46.3%~255.53) T BERRES 555.50 FALHH 444.50 Loy HEISCEEY 2013
#2 199820194 2t AR A B, B A E
Table 2 Corresponding N,P,K content in CMM soil before fertilization collected from the literatures published from 1998 to 2019

RREAT V) NZHRAL F/mg * kg A /mg -+ kg TR /mg + kgl hiE = F0y

EN: R 4% 20.00 2.30 85.00 (S RO 2017

Eqy g R 4%.200.00; HRAEA 20.002.30 85.00 (1] TR g0 2016

ER i L 424 900.00; BEAES 20.002.30 85.00 (St} (S 2015
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Fig. 1 Distribution of applied N concentration with regards to different CMM in table 1
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R EEEANS BB R0, FH, SREEAERIRE T, WrShaliErE. Emnm
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FURB2A, a2 pr s IR N 24, St — 2 2504, it 0 51 S AR 50 T4 R 0 A R B =K T R
KB, EE, SEEEASSECRAM P TR TR, WX S ERE BT 150 kg - m? )5, f1&
PITTATERE . JEM SR UL EH S N, ERrsidEmkemt.
2.2.2 HEAMEKS T HER

KT R BRE AN LCIE ) e B 1) o — BRI R R, RERRAE TR AR TR HX, a3 E T
J63, KAOXEYR s BEXREE, Ko FHZRRE SR 25T, 10 E — 2 1 &0 H
W, IR e AT RE S P M K o R R . EE i RS s P A MK R R R, — 0
I, EEEAREEIRRNAEK, WINKREE, KA R T A 2505 R 2 387K 2 1ol A + 358
KAOFHERRE . H—J7H, WEEHEY PR G EEENMm, EsE2 R, FikEsEmEy+
R LB T, W7 R BURE LG A 38 TR R K o R R4 i S R R 000, AR, i A
WP TR — DR B K A R R 2 = U0, B2 SEUEM AR R BRE . MR E T &, &
WP 2 BB, FEH M PR EUS 20, SN ISR ), AR R OK 4, it AR
A 6k /N 2 1o B it 0 £ PG 0~200 cm 2 UGk &, G A K AR89,
223 EYIMEKEXEIEAR

I B AR W s T B O A AE R RE DB, LA ER b s R TS R A E AR, 880 R
TEECRED 75 R U ST M, R R ENEE N A K EEICR, f8H U3 1 4
B SRS, IR R IR AR o BEVA, 45 R T RAM T, MAEREWEMIT AR a. R
b ) FEREEHRMmRY T 244 TR aMrrEaE. B2, &mmEsakE Ikt — SRyt
&[70] .
2.2.4 HHEWR

o E BRI 2= A AR SR S B eI T, Y M IR AR P AR E AR A, A X
BRI 55 I 0 e 7 e AR R S B, R AR R 3 FR A i 2 BEEDS), X HR AT RE 2 B 24 AR 1 7 o
225 fmHRE

RN FE R T RGRTEY A S, S5 RENEEREREEME . AN AP R
FHWEEH . fERIEY RT3 B AR AR 2 (2 KRR, (H b T REHmE 7 R, F380E
RE G 77 B 5 A il AR R T S 04, 3ok e 25 6 O F S R B, AR R £ 2 R R, {EIEH R
A K G WA RS 2 23 RRE B0 K AR R R AT, AR R I, i A R A A A U
H-BE SR BT, PR — LR AU AR 97 R0 oL 1 R4 e A 174

Rk, EREEREXNEETAHM R CEE, oAb, EX R R REE T M 2R T
K, ERAMAEFA, EEXNEREFRE AT . I BUER, A8 L2t h 26 T
R WX I E PRI, B R GE 2 5e w1 2 e & 08, SR 8 25 0 1 P e i S A B 1
P H B

3 MRt 254 BrE B3 A AL AL

UCEAR R 250 ) £ 2GR0y, R R 256 R M SR AT, 20 42 50 R4, W
FCR R o 18 TR A AR 0 2 HR A S R 1 B SR BT R T, TR S R A R
FACH T ERRAEER], PRI AR R AR Y. IRAEARIZE 10 000 F, ZHEYISTIER) EEH
Sy . M PR AR EE L, AT 85 WD R IR A
BB ZMA RN, AFED AP EAC KN ANF, A REPUE e s JLF e 4
RIS I R RE, WCEN T IR E TR R IIEY), B R %SRRI 20 A RS
B A R AT, RS T A R IR A R M AE UL S T AT MR BRI, WF AR, B R G
FRAN [R5 26 At TR R IR A 0 O 8 22 ol ) 2 IR, Gt P 2% e ) e ) S SR P 52 it R T R ¢
R B SR REREY CEYB. FEAREAERS) , LEFHIESRREREY (nk
SNV NS TN 30 5 DL S
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3.1 MERITE 'K A KE4 BY 2 & AL

KTt 0 R 2 R B B AR AR Y R R R B, SRR R k. W E T
o BE B4 22 e 24 44 A AR e ) S 8% B S I 40 (31.8 kg c hm?) 5, H S AW S BB AL
PEm 49.5%[0%; Xf &M A S (Hoagland WRZEKE) , FEH/NEERL & & A A ATIR T H 1.2% -
A 456%, 1@ T 2 2B ARRERESEREGEE . 2. RPSSHEENSN, A
WEN 150 kg « hm? B & B 7 SR BRERmE R, . 22, REABEE SRS 77.9%,
42.6%, 59.5%083; 25 B} B K G0 R A E PIBR S AL L AE RS R m Y. v R T IR (GABA) 2 3F
FEAREER, WP PANA KRRy, RAERESEER. BEA H [T 70k il 2060 o 2544
B 5 AR Z SR R (4R, EXERAEDRCK T TSR, MEE R L -2 TR & =R, 2
Bt LAIE it 20 RE 0% 38 I A 0 0 38 R Z5d b S BRI & &, ATRE S A A AR R — AR
IR, I YR RS G 0 A i A AT PR T TR M RE, TR T AR . JEHAES SR ET
BRHEED N AN EBE R, WER-BERPEBIA N, EASBREEY RS ERY R Ga
WO ML, AT AR A R AR AR KT T R L
3.2 MR IES R ER G PRI R ALH

XPFAES BRI, 5 8 5 208 o 26 T R A R S PR . . A
FEAFIS, MK 8 NMHE, AMEMASHREFRRES LN 4%, & Tt AIRKE (0.423
geLD . FKE (0845 g+ LD . EIKIE (1.263 g« LYEIERISFZ L) 2.4%, 2%, 1.7%H)Ki%EE
o, JFHMAMER B B THFM&ESR, WEEREME, MR B SR8, s 8 MH
&, WEEIRERIFT SRR B RES S NY 2.2%, MAKES ST MR B HEsHLN
3.2%, LA mEIREE R 1.5 505, BRI (2.94 9/#) 5, HAP Rl R h 2182 mg - gtk
Fe% 1.843 mg -+ gt BhAh, FARFLEN . ZRRAE R A SR SR St BT RO, X ST
N KT it 0 A SR 8T, g S 070 e gy 28 U A AR A 1A 2 i —

Jiti 5 2 BT A2 3 O R R S R BRI, BB S A R A P B M A RTR A A . Bk,
i B4 5 B0 By 55 Bl A TR R R AR (PAL) RIS S R AR B UG ME PR A, BT S EURL MR M By &
EFFAREL, BFRURILZ . FEE R PAL 5 5 AR B s LR, LR, 2R R R R T R
HTEMEY, S5EARMNE RS F—aiiEm—R R . KRR AT EY (nEkk
RN, REM, B, KRES SHARNERREILIFRERA RIEE G, 108 A2 s
RNARE . MHEMINEEKN, BTHREARKEEONR, SEBCRHERKEREMK. I Hi
RG, HYEESBEELZHRERTAEKERS, Wk, S5EA A S F— a0 i&Y% 5 w2y m &
AT 2 5% ) P ] (81,

i 2 R AT K AR B BT B T RS AR A, R i 28 A AT K A B B T B RS S I SR 5 T R
FIEAS TR, A 5 & B 2 — G (s 8 R B I S B RS R 23- RS I B IS ERE B
M), 2 B DU B RE BB AT g ol T 250 1 R R IR AR A A, AT UK AR I BT A T AR
T TR, R0 Bl K MR 0 B B A S B R B R TR e B SE 4 ok R8O, AR, A
AR RSWEIMARRED R FRAKE, mAEERBX PR RI, BEE (150~300
kg hm?) FEFHEERTEZH U B ERAHR SR 121 g« kgt, HEHMFE
EA AR LK. IR G B E R T EMNRE TR SHEDE FRIREE X, R R EFREZM
i S RS, 8 SR T R AR IR L0, Rk, il RO AR A IR B T 3
B RGBS IS, W] AE S AN R X b AT I A LA IR A R .

gi b, M EGE S8 I 256 R AR S S BRI S R, R A T By 2R A RS A
UAER & B TP AM R R 2 RN A IR A AR R S S, DRI S & AN [ PR 24544 TR i B BR IR
AR AN SR e EUIE, AREE B BRIAL gefoll B = rh DU MR PUE K w8 B bR AR 7
3, AN A B 5 0] B8 2 e 2 M i B IR B .
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i LRTIR, XM R IR AEY R A R E B, B A E 2 R A
R A RKZER, MEKREZERFHSERANPAM =&, RENAFREZWE. EEX 2 =&
e 5B B AR AE F LT 500 B 26 R S AR B B R R FE 3 A SRR X, HAET, R Tt AR X A
ZM P A B ) AR AR A SR R 2 AT AR LR AR By, ST IR AL Bt i 2 . R
— 2 LT 5 TH R NI F Jit A XS A 245 44 7= 5 K% b TR I A ML . QO M2 7 2K F 58 IR v 250 72
AL, BAEX A FE A28 = BRI S AR, XS5 HIERAL. BEr, T EXED L
NG TF, CEITRE T T HAR R o0 S0 A e B (1) 22 DR R 1 428 %0R) FH 2R B I, VA 0 BR % I 25 1
50, ST T eh b th 2 S EIE R . AU F BT SR R . @ WA T A BT 50 R
WM B AR LT, — 2k AU AE 2 A TR A OB B T B, I S U X e o A AR i
WA I B 5 TR ) TR AR R R R 2R R A m R AT IS R . @nsE e TREAR. HRAE. fEIL RS
O ERERS A 24 04 7= B R0 SR T A E FF RS, XS IR TR X A M I A K2 s A R A
HHERE(EMH, WY 5EIRE M, B 701X L 0280 2458 7= /A 5 5 0 42 4 B0 T IE i AE 22 5%
iRV ¥ ST R R BN IP SRS 9 5 NG S s 2T e VE Y &t AN 951 e a5 2 M A ET E S35 =
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