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Effect of nitrogen reduction on growth and quality of Isatis indigotica Fort.

CAO Yi-wen', QU Ren-jun', WANG Lei’>, SHEN Bing-qing', GUAN Jia-li',
GENG Li*, TANG Xiao-qing”, WANG Kang-cai'
( I Institute of Chinese Medicinal Materials, Nanjing Agricultural University, Nanjing 210095, China;
2 Chinese Herbal Medicine Cooperative of Jurong Maoshanxiancao, Jurong, Jiangsu 212404, China )

Abstract: [ Objectives ] Effects of reduced nitrogen application on growth and medicinal quality of Isatis
indigotica Fort., was explored for providing some basis for optimizing the application of nitrogen fertilizer in
cultivation. [ Methods ] A field experiment was carried out using the 1. indigotica cultivars from Shanxi (SX)
and Gansu (GS) as tested materials. Taking the current N application rate of 675 kg/hm’ as base, nitrogen
application levels 0, 169, 338 and 675 kg/hm’ were designed and recorded as CK, 1/4N, 1/2N, N, respectively.
The growth indicators, nutrient contents, active ingredient contents and the effective economic yields (Isatidis
Folium and Isatidis Radix) were investigated. [ Results ] Both the fresh and dry biomass of Shanxi showed an
increasing trend with the increase of nitrogen level, and reached a maximum at the normal nitrogen treatment, in
which the fresh and dry weight of the plants were respectively 68.4 g, 15.3 g; While the fresh and dry biomass of
GS showed a trend of increasing first and then decreasing with the increase of nitrogen levels, the maximum were

obtained at the 1/2N treatment, which were 78.5 g and 19.7 g, respectively. The application level of nitrogen was
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positively correlated with the root length, plant height, and main root diameter of 1. indigotica. There was no
significant difference in the drying rates among the treatments. The CK had the highest leaf soluble sugar contents
and the carbon-nitrogen ratios, and the N treatment had the highest free amino acid contents, and there was no
significant difference between Shanxi and Gansu. The contents of indigo, indirubin and total flavonoids in leaves
and (R, S)-epigoitrin in the roots of both Shanxi and Gansu were the highest under the CK treatment, and had
decreasing trends with the increase of nitrogen application levels. Gansu was more sensitive to nitrogen levels.
The nitrogen application level significantly affected the effective economic yield of /. Folium and Radix. The
effective economic yield of /. Folium under 1/4N and 1/2N treatments were significantly higher than that under
the N treatment. The effective economic yield of /. Radix of Shanxi was positively correlated with nitrogen level,
with the maximum of 3.31 mg/g under N treatment, and that of Gansu was under the 1/4N treatment (2.94
mg/g). [ Conclusions ] Current N application rate of 675 kg/hm’ has a certain adverse effect on the growth and
shape quality of /. indigotica, but beneficial to the accumulation of active ingredients. Reduced nitrogen
application rate is helpful to improve the effective economic yield.AS the response difference of 1. indigotica. to

nitrogen in Shanxi and Gansu fields, the application level of nitrogen should be controlled at 169—338 kg/hm?’,

according to the actual situation of the field.

Key words: nitrogen reduction; Isatis indigotica Fort.; medicinal quality; effective economic yield

RAEAMEYAERK KBTI LTFEFRITRZ —, X
FeSEAEY 0 5 b B B AR .
BRSO B = R 2, WREY RS
FE T ) E AR, TR kTR AR L A b S T
TR 7% AiA7, AHJ2 RN A 7 A A i
B 25%, HABTEARSE ™, FAC R Bt
AMUFEANED - s AT, BRI,
1 ELAf 5 R AR B i A, XA AR
JEEEARS, RIS A . P B AU TR R
AR R R E IR, Wil AR ok kR
e 20, JUHGRAE S R 2R IR 25 A, RS H
FRANBE—BRIESR &)™, ARG T T (IR
o i), ERIE—E I ETHE T, BEIRA
e, DLAE] “Z5 I BIC R 254 7 1 Hix,
HAE 2Rl Rk B A B LM Z B KT 5T,
FEAR RE A 5t DAl H #5050 ) T I RO S 359
AT, T T ek e 00 24 FAEL ) 1) o B 5 el A 8
TR EL,

WA (Isatis indigotica Fort) R+ F AR HEY, H
MAZSHREM, BAE K. @5, BIERES)
s WAL BEMR, BAWEAEE . Ui A i A
DR, RS R FE LR M EEE . BE RS (R,
S)- KA SF A MR oY, IX L 32 BN R AR
RS- S B 05 A IS = S Wi b O 7S R v
R REOL AR RILFE . M COo, W, 78
T SRR B, RN TR B 0 AR AR AR
K, A UL AR ™, PR it AR SGE AR )

i B S, O R O W 28 SRR (R R T AR T
PERO RS, andeis . e BLLARAE IS LA,
DAASPREZH S i o B it H & i B9 R i, At
38 3k FH ]/ DR, R 9 i it R0 % A i A R
LG IR IS, B TR AR B AR G A B Y
PEACAR AR IR BRI 2 He 2 M B 4 i 2% |
1 MRS
1.1 #RHEF

TR B AR VL A8 ) 25 T 0 LI B 20 Ll
AEst e, (U E LA IELPER R . pH 4.80,
AL &R 10.0 g/kg, 24 0.802 g/kg, Blf#EA 92.1
mg/kg, AR 8.20 mg/kg, AP 42.4 mg/kg, fi
AR A T H R AL P A = AR, 2
AR K 2 T RA B Y T AR ) s i
(Isatis indigotica Fort.) FFASR (477 LRRFIF).
1.2 Rt

I 4 A E K, AEHE 8 0.
169, 338, 675 kg/hm*(IE# i & &), 435 Lh CK.
1/4N. 1/2N. N £/R, BOMKE 3 MEL/NX,
A 24 /MK, DXHAE R 1.2 m x 4.0 m, At
TP, AAbFERE . BRAEHTIEARIR, 3578 180 kg/hnr,
RACFBEER ALY 3 PR UGE I, B H =R, SR
BEALIX A 331, 7% M RS, T 2017 44 H
16 HEFP, SH—UGBRAETE 6 HHA), 5 UGBAETE
9 H LA, TESATZIEEZRIERA, I s . A



54 WS, e ORI U A K 2 B TR (Y R 767

JEVEHIRE (TR 46%), B . #IEEH KHPO(F P
26.7%, % K 16.4%).

1.3 MEmMB KRG

1.3.1 e AR 8 MHERIK, /X
PLIEHL 10 #RAd bR, PEEEHET, MRS (IR
R B R I JRAL)Y . FARK . ERER . 1
BEEE AREFE, J5E T 105°C #A P RE 15 min,
SRIG 60°C Mt T fHE, Wi T5H., MTE, Kot
FR FAER I 5 205 0.25 mm (60 H) #10.15 mm
(100 H) i, FHFWEMESSE . Pr1% = TIEEHK
T H/BREE E < 100%.

1.3.2 AR Sl AR e RAEE L6
O AT VAR O, SR PR TR B =T L 6k
TR M E R A EY, A3 RESE . AL
(C/N) = n] s & i B A AR o

1.3.3 MBI S E SIS R
PE . FREC0.1000 g A8 AR M, JIA 10 mL
70% (R ) O, BFEAEETES 1 h )
U, BUEMUERE 25 mL, WA, B2 mL R Tk
BN, A 0.5 mL 50 g/L NaNO,, #2)J5#E
6 min, FEAIA 0.5 mL 100 g/L A1(NO,),, #4515 e
6 min, RJGHIA 4 mL 40 g/L NaOH, #¢J5H 70% &
FEARR 10mL, #2515 FE 15 min, T 510 nm )%
KR, DO

1.3.4 Bl . SERas®E S (PR ARILAIE
258 ) 2015 AF MU E M e . fE B AR, WE
e, &R 3% (Ultra performance liquid
chromatography, UPLC) &4 : 43-#ri -~ Aglient
ZORBA x Eclidise Plus C18(2.1 mm x 50 mm, 1.8
um); i BAI A H B/ KN 72/28 (V/IV); % 0.30
mL/min; A7 30°C; Kl K 289 nm; #EFEARFH 2
uLo ArAIRAEERS, & R4 p@igimil (v) S5H
M & (v, mg/L) EPRAEMZL, THREMIERE. Seil
FrfeiZe ly y =21.618x + 8.857, R*=0.9349 (n =3),
LPEJLE 0~2 pg/mL; SEELbrMEMZL ly y =
60.653x —7.4348, R>=0.9980 (n = 3), ZIEJLH
0~10 pg/mL,

1.3.5 (R, S)-HikESE  MESK (AR
FEZG ) 2015 AERGIER H (R, ) K & &=,
WEAEIE PR, =R A 65 (High performance liquid
chromatography, HPLC) %4 : /#1H:K Agilent
ZORBA x SB-Aq C; (4.6 mm x 250 mm, 5 pm); i ]
FH R R BE-0.02% BRI W (TR 20 < 80); it
0. 60 mL/min; #E 30°C; KK 245 nm; #F

FEARFL 20 Lo LA (R, S)-HIKRER Ak (o) 5
JCAHRL & it (o, pg/mL) VEARUEMZ, TR T7
2. (R, S)- T KREFRMEMZ R y = 183729x-64369,
R*=0.9994 (n=3), M 0~40 pg/mL,

1.3.6 F 5T it HIA LT =
o< (FEE e ELL A ) MRS A T =
T x (R, §)-HRE S &

1.4 HIELIE

B i 5 5 45 7Y 25 $HR A Microsoft Excel(Office
2010) ¥, Bsgeitsr#rRH SPSS A (20.0)
B 27 2543 T (P < 0.05) 1T, AbFH[A] i 354k
H#K H Duncan’s B2 R 27k
2 SRS
2.1 BEMRIRIEE KBRS

Jiti 28t X 24 AR AR e i i B R Y
SO (R 1). BERF KT, L7 ™ H 4 i AR i o
e R R, NGO TR, HAR
AR AL HE CK, N AbEA Rt T H AR e
FOBE N, WAL E] 2% 5 B3 (P <0.01); HR ™ s
R G o by i A R KT Y B R e
UG AR, 78 12N LB R AR, TFE
A e A R, AR R TR R R,
MRS BT L AR S HARR T EAE 12N AR i
Ko LEAHT, 763 B 20 8 B A R TS
Ay B4, A M T it S 1 e B B L
VG 7= A B S oA AR, R B — s AR AT A2
AR R AL BRSPS AR YT TR E RN B
(P>0.05),

W 2 frs, BEE AR, WLvE s HR
FEHAR AR K Y R I B, 7E N AT i
K, HEZF®RT CK. 14N, 12N 4b3, HREryaet
EHGREAE, Hd, (L7 A A N AT
Mmook, HW &S THAWARE, 14N, 1/2N 43
2 A, (A RERT CK A, Hil ™
PSRRI E N ACEE Rk, 1/2N AbBE R ks i is
FER KT, AR ER AR E, HEEST
CK Ab¥f, TR ERARMEAEGHRE | bR
o, AR AN BLS , 7S H R = A A Rk
T B AR 22 T R B0 W KOF WA A A
N AL FER () AR B AR CK ARFE 20 51 HH 2 131%
114% ., 16 it 260 15t 55 P8 3 R ke 10 2 4 48 s 422 TE AR
K, AEMIREMN A K LIS EENE.



768 W E 37 5K A2 ) 25 %
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Table 1 Biomass of I indigotica under different nitrogen application rates
P b3 & 7 Fresh weight (g) +1E Dry weight (g) PFT (%)
Origin Treatment I Leaf AR Root ¥k Plant " Leaf R Root ¥k Plant Drying rate
L) CK 458+1.06d 4.44+1.01c¢ 9.12+0.81d 1.32+£0.38¢ 0.82+0.22¢ 2.14+£029¢ 0.24+0.02a
Shanxi /AN 1396+367c 22.80+509b 3676+322c 4.68+032b 445+161b  9.13+£193b 025+00la
12N 19.15+240b 25.62+3.43b 44.77+2.55b 6.37+023a 489+085b 11.26+1.07b 025+0.01a
N 2686+ 196a 41.53+456a 6839+3.16a 738+130a 7.89+052a 1527+149a 0.22+0.02a
Hif CK 11.89+349¢ 12.78+1.19¢c 24.67+2.87c¢c 416+ 1.46¢ 2.77+£0.16 ¢ 6.93+1.42d 0.28+0.03 ab
G
ansu 1/4N 28.12+3.71a 3247+588b 57.59+3.68b 1025+1.16a 7.09+£1.00b 1734+082b 029+0.02a
1/2N 33.01+£240a 4548+096a 7849+182a 1037+064a 930+0.79a 19.67+1.37a 0.25+0.02 ab
N 19.80+1.50b 39.03+591ab 58.83+430b 6.35£0.76 b 743+£096b 13.77+0.72¢  0.24+0.01b

# (Note) : [RFNVEILE AT FHRF R F 25 5.3 (P < 0.05) Data followed by different letters indicate significant differences among
the treatments (P < 0.05).

%2 TRBE THEEKE KRR (0= 10)

Table 2 Growth of L indigotica under different nitrogen application rates

b R4 Root length (cm) ¥Ri5 Plant height (cm) FH E 12 Diameter of taproots (cm)
Treatment 1174 Shanxi Hii Gansu 11174 Shanxi H7R Gansu 111¥5 Shanxi Hii Gansu
CK 5.10+£0.14d 8.70£0.71 ¢ 1297+ 1.17¢ 24.15+0.35¢ 0.72+0.01d 0.79+0.01d
1/4N 8.75+0.21 ¢ 9.43+0.04 ¢ 20.50+1.84b 25.77 £ 0.06 be 1.23+£0.04 ¢ 1.18£0.05¢c
1/2N 10.50+0.14 b 11.00+0.85b 20.90+0.28 b 27.85+0.49 ab 1.48+£0.03b 1.39+£0.03b
N 14.40+0.71 a 13.05+0.07 a 26.69+0.17a 30.85+247a 1.66 £0.06 a 1.69+0.04 a

1 (Note) : [RIFIE G AR FHE LR b HL R 22 573 5.3 (P < 0.05) Data followed by different letters indicate significant differences among

the treatments (P < 0.05).
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*3 FERATRENHFEFRIRSE n=3)
Table 3 Nutrient contents of Isatis indigotica leaves under different nitrogen application rates

LbT T PERE Soluble sugar (mg/g) 72 QMR Free amino acids (mg/g) C/N

Treatment 1L1VG Shanxi Hill Gansu 11175 Shanxi ‘Hfl Gansu 11175 Shanxi Hill Gansu
CK 10.06 £ 0.55 a 731+0.24b 23.31+997b 27.87+0.51¢c 0.51+£029a 0.26£0.01 ¢
1/4N 7.25+0.79 ¢ 9.74+£0.70 a 36.89+2.01a 25.58+047¢ 0.20+0.02 b 0.38+0.03a
12N 8.39+0.16 b 9.71 £0.06 a 37.66 £ 0.65 a 31.96+0.82b 0.22+0.01b 0.30+0.01 b
N 7.95+0.57 be 474+026¢ 44,60 £3.85a 4896 £2.44 a 0.18+0.03b 0.10+0.00d

H (Note) : [RIFIEE G AR 71 £ /R AbHl R 22 53 52 (P < 0.05) Data followed by different letters indicate significant differences among

the treatments (P < 0.05).

%4 TEGE FABR RERE,

BREARDHRIEEE (n=3)

Table 4 Indigo, indirubin and total flavonoid contents of 1. indigotica leaves under different nitrogen application rates

fba HE Indigo (mg/g) #E E 4T Indirubin (mg/g) JAFETR Total flavonoid (mg/g)
Treatment 11174 Shanxi i Gansu 11174 Shanxi 7# Gansu 1174 Shanxi i Gansu
CK 1.37+£0.09a 0.72+£0.19b 0.23+0.01 a 0.09+£0.01b 6.45+0.38a 6.12+0.12a
1/4N 0.60+£0.12b 0.50+0.03a 0.18+0.01b 0.07+£0.02b 594+£020b 592+0.14a
12N 0.36 £ 0.06 bc 0.50+0.03a 0.08+0.00 ¢ 0.07+£0.00b 6.40+£0.12 ab 443+0.15¢
N 0.15+0.19¢ 0.56+0.15a 0.03+£0.00d 0.06+0.01 a 530+0.11¢ 499+0.19b

# (Note) : [RFVEIEE AT FEF R FR 25 5.2 (P < 0.05) Data followed by different letters indicate significant differences among

the treatments (P < 0.05).
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Fig. 1 Contents of (R, S)-epigoitrin in roots of L. indigotica
under different nitrogen application rates
[{E (Note) : Jitk BT RE7m 4 BRI 22 5+ .2 (P < 0.05)
Values followed by different letters indicate significant differences

among the treatments (P < 0.05).]
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S)-H KA Er B AEA AL B[R] Y 22 53 3 (P < 0.05),
HAH# CK 43, 12N FIN b5 (R, S)-H KA &
BEOMTHET 87.1%. 71.5%, Uil H 7= Ho#5 i v]
FE X it 2R A 8 b B R AR
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A
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LW W AR 172 BT R AR5

RS, 1/4 PR R e m K, wikh
P ZESARE, HEEST CK A, FHE CK 4
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ok b it R0 A AR P i R e, P e
i 2 B B it KT B3, AR AR A S T
ELAIMA RS, AE N AR B RO, H A5 HAD
GEPER A 25 5 B, ME CK AP 2y 7.7 4% H
R T i U] 3 B A A 1 i ek N TR g R g, AE
VAN PR BUASRRAE, A N AR FE R 29 2.0 £,
DA Kb B ) 2 5 3

%5 FREHAFABHRRERGHEF =8 (1=3)

Table 5 Effective economic yields of Isatidis Folium and Isatidis Radix under different nitrogen application rates

fh g FH M- Isatidis Folium (mg/g) MR Isatidis Radix (mg/g)
Treatment 11174 Shanxi H7f Gansu 11174 Shanxi H7R Gansu
CK 2.10£0.10 ab 3.37+0.75b 0.38+0.01 ¢ 1.30+0.04 b
1/4N 3.64£0.60 a 5.82+0.51a 2.08+0.07b 2.94+0.00 a
1/2N 2.77+0.41 ab 5.87+0.27a 2.08+0.03b 0.56+0.00d
N 1.34£141b 3.92£1.04 ab 331+0.07a 0.99+0.12¢

# (Note) : [RFVEILE AR FHRZF R F 25 5.3 (P < 0.05) Data followed by different letters indicate significant differences among

the treatments (P < 0.05).
3 e
3.1 BERRIRIEE KNS
RERMYAEKMTEHNEERLATRZ —, Xt
TP E 27 B TTRR A 40%~50%, AR
AP AR S A AE K B UIAOC . 3 B A A KT
AR THED YRR, Ramyrbtsit, AR
A3 i WA F A A K, ARG, PR
BBk A Yy B WA i R AR R G, i OIS B
Pem THAEMRMEE . TE. ke FIRERSRE
LT v N 420 N 7 = W N D N ) ST R NS 0
iR, XUNAZRELSANRHSE THRIES
(A, R KA T A ARG W R
R, IR AT B s R RS R T AR AR R A AR
FH, NTHE I S m A vk A= e AR R . HOR RS I R
PR A Wyt DO i o5 it 2 ) o 2 LA S B n s vs b
ks, H5EKRMRBABEIFATE S,
AT B2 H R FA X UK B R, N ARERAL
EmARA, —JrE, EKEASZ, [HY
JEAER, AT MG eI AP R T
FE BT A AT PR, I T RS 0 A e A AR
{RAEAE Y R W T HAEY R ER, X 5%

SRR R AE I S S 3G S — T, AT RE
PR - O PR M -4, RME 193 s A AR X
BRI A S A R

Pr R A 2GR R R AR AR, X
SPrA A EERE L, rTRK/NZ [ SifE
KR LA RSN R, g Ho w4 i
AR A ZUKE T TR ERARE, BIA
BRI TR AN
32 REHANBREEFRREKHIFMN

AR VEREVE R R L B ) R = 22—, 7F
T A B R b R R E HEAEA, S EN
T E SRR E A O, IR, A
FIEEUKE T, CK ARFER b 5 Hon] 5 P bl A 4%
w, BRSNS, TTIA RS R R
B, G IN LR GRS AT S A KR
PR R —3, X R SIRAESSME T, tE Y
FIVESHERE A, R TR R E T AR
71, MIMIEZE M Fr a2, s P A K St 5o 2 1 ik
AR K. W RN E LG A AW S5t A &
FUIRSE, WA= HOAS W 7E N AL FE T 1430 5 2 S 1R
SEMWEET CK. 14N, 12N 48, XUt T4
XL I A A —E IR E R, T B A LR 1Y



54 WS, e ORI U A K 2 B TR (Y R 771

TRESMA RS EMA, F—lEKET, AFE™
MRS AR S B2 R AL

AWt Ae i, W R AE M AW LY
BT, S R A A A S DL A R A, ATV R
ke A v R4, 2 e R e A R 55 A
RORAR, ATV PENE 5 U 2 2 B W2 1Y LU AE KRBT DL
W C/N e, HEYIBRE T (C/N) X 1 A 7E
Be T A N RE S0, B AR i AN R R A
RARAEXT /NG W 3 2 5 i AT s B, B
il R R, N BB A L B TR, R
PERGSR, (HIRIEFIHa = SR feAl, R, At
FEH, AN 7 MR Al R L B A R KO B AT
em, XS5EFEEMRER -8 b ENER KT
T, HR T RS W A L T I e L, 3X T R
QLS B 7 W LA T D (A2 O e o R 8
3.3 BERAIRIERE XTI ZNE

BElE . SEEAYBETOAMAGY, HERMH
RERAFZKEHEYIMC, 1o Hk ™ Hurs i i
MfERE . fE B4 LI CK AT e, HBEH
HEAUKF R 2 IR, X ATRRE i TRl A2
FeMan (R ) B, LA R A A 0 10 6
HRMEBHMA K, (R, S)-ERENUZAER ) 2
TR AT, RS R B A A B AR AR i T LA X
AN RLERES . 7E CK, 1/4N ZAbHE R (o FnH 8
) (R, S)-H R F & i IR E R S K, &S
T 12N, N, X 5HEW . i B4 A
—3, MXF CK, HIlW (R, S)-HKHFLE 12N, N
AERR BN EH B TR, — AT AR H R A
FEAR MG NP SR ek kA 06, 5 — i Al
A5 Mt O S A FAREEAR T (R, §)-HIRE S
A A B EIE A G

BRSO ARz —, BA
HAA R AT RAE - . WA M FS HEFE CK A FER
SHETR F R R T AR, H B AR Y T
PR B i R R, X5 X AT I 4 SR A — B
XA SARA A AT T, Y e 5 — &
SR A I R LA X BB AR AL AT 6 o
34 BERANNRERAYEFTEMEM

H 1 OCT 2 B IR pA s e i i o7 R 24 v
FEICTEPE A o L, A A U 7 R B ) T 25
B W2 I AL B, O A BRI S
PRI . ABFFE T, AR AT X KT R AR AR
BT = aA B E R, W EiERLH T

(1/4N 172N), (g, HoR =R A sz e &
P R Y O G o NP WG 2 = R A
BRI E A, Rt AR i v A A
PRI I, AR AR BV AR W ) 25550
53 o LIV 7= Hiu AR AR A A A5 20 B 7 i B e 07K S 1
PERRIRA N, AREE N ACHE, Rl AL BT (1/4N
1/2N) AR 37.2%, I PROR 78 A ) b 3 0t
(R, S)-HKF o MmN B3, R e AR K
HATEG N R AR 1A S B s DL 1/4N
SFRR WS B A, 1E 1/2 AR T N SEAR T I, e
5 R, - RE G RNFR TR, BARIEHEARE
LR . LRRFIE, &SI EE SR (14N,
12N), ARF PG HR 7 Hps i S A 82 5F 7 &
HIEE = o
4 4hE

RFE KT 5 ] s i Y fef . T
SR, PRSI — S A R B R
Flo WA, FABER TR . BRALL . R
T, BRI, BEERLL. (R, - RESF A
) R ERE . PR T R B X R R K
ANT] By e SO AR, R 7 AR W X K B Ry A
&, ATREEA —E B IHIR A 1. SRE B IERE M
T SR S €280 Wi =t N 4% 7 N f 7 e
FEH, T YR i AL B, AR ORE AU i
P HIE 169~338 kg/hm?,

& £ X #:

[1] BEBEsE, S0t RER M EICHE IR . REAEH0). s
FE S AERIEER, 2014, 20(4): 783-795.

Ju X T, Gu B J. Status-quo, problem and trend of nitrogen
fertilization in China[J]. Plant Nutrition and Fertilizer Science, 2014,
20(4): 783-795.

[2] RM2, BSOS, fIbe Bk, 45, ARSI AL TR I K A R 3
DA RARFARRIIIL[I]. A IR, 2012, (9): 1561-1566.
Wul, FanJ B, He Y Q, et al. Dynamics of nitrogen and runoff lose in
ponding water of paddy field under different fertilization practices[J].
Ecology and Environmental Sciences, 2012, (9): 1561-1566.

[3] TiC,LuoY, Yan X. Characteristics of nitrogen balance in open air
and greenhouse vegetable cropping systems of China environment[J].
Science and Pollution Research, 2015, 22: 18508-18518.

[4] HanlJ, ShiJ, Zeng L, et al. Effects of nitrogen fertilization on the
acidity and salinity of greenhouse soils[J]. Environmental Science
and Pollution Research, 2015, 22: 2976-2986.

[5] B8, 85, B, . ALl —h 2ol m i Z #[1).
ThE 2Rk, 2017, 42(2): 231-238.

Guo L P, Wang T L, Yang W Z, et al. Ecological agriculture: future


http://dx.doi.org/10.3969/j.issn.1674-5906.2012.09.009
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.09.009
http://dx.doi.org/10.1007/s11356-015-5277-x
http://dx.doi.org/10.1007/s11356-014-3542-z
http://dx.doi.org/10.1007/s11356-014-3542-z
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.09.009
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.09.009
http://dx.doi.org/10.1007/s11356-015-5277-x
http://dx.doi.org/10.1007/s11356-014-3542-z
http://dx.doi.org/10.1007/s11356-014-3542-z

772

W) E SR 50 R

25 4

[10]

[11]

[12]

[13]

[14]

of agriculture for Chinese medicine[J]. China Journal of Chinese

Material Medica, 2017, 42(2): 231-238.

EZ 4 Z R 2. A NRIEFE G M]. Jbat: HEEE AR

th AL, 2015. 205-206.

Chinese Pharmacopoeia Commission. Pharmacopoeia of People’s

Republic of China[M]. Beijing: China Medical Science Press, 2015.

205-206.

H e, Blsts, JEE, 55 B AL XA ERAME ML, T

PR R RS PR AR R [T]. AR E SR S LR, 2014,

20(2): 437-444.

Xiao Y H, Lv T T, Tang X Q, et al. Effects of topdressing nitrogen

on apparent quality, dry matteraccumulation and contents of active

components in the root of Isatisindigotica Fort[J]. Plant Nutrition and

Fertilizer Science, 2014, 20(2): 437-444.

F, FEBENG, M, 55, ARG RAKCE X ERPE T IR % A 2

FEPE AR PR, S)-HARE & MR [T]. A4, 31(2): 394-

401.

Wang Y, Tang X Q, Shi S L, et al. Effects of different nitrogen levels

on physiological characteristics and epigoitrin content in root of

Isatisindigotica Fort. at seedling stage under salt stress[J]. Journal of

Nuclear Agriculture Science, 31(2): 394-401.

WHEEFE, EF5IAR, SKIERE, 55, D AR PRy s B e B it Y

[T, WAL, 2011, (4): 746-748.

Chao Y Z, Wang X J, Zhang H L, et al. Effects of reduced nitrogen

fertilizer on yield and quality of capsicum in protected field[J].

Zhejiang Agriculture Science, 2011, (4): 746-748.

ZAER. R FIE AT R U I LU A 0 A= I B v L (5%

MA[D]. FE 5 B mE AR A 237363, 2009.

Yan F X. Effect of NHJ—N/NO{—N ration and N, P, and K nutrition

ratio on the growth and active components of Isatisindigotica

Fort[D]. Nanjing: MS Thesis of Nanjing Agriculture University,

2009.

MY, 6175 0. SRRV X B i B R e (S eI
24, 2008, 33(4): 356-359.

Sun S Q, Yan XF. Effect of nitrogen on camptothecin content of

Camptotheca acuminata seedlings[J]. China Journal of Chinese

Materia Medica, 2008, 33(4): 356-359.

AR YA B AL SR AN HR (M. a5 S H0E R

1, 2006.

Li H S. Physiological and biochemical experimental principles and

techniques[M]. Beijing: Higher Education Press, 2006.

FE0, WA RN R R WOR RSk R (1], b E R A AR,

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.

VA, pe B, FERREK, 5. REIRE R A AR AN KRG AR

IR RS A E R R (AL, PR ey, S — R e 2 5

FRF I 2 B L 1 0ok T = SR 2 R SE TR 25 18 SO B
( k) [C]. 2008.

Tang L, Lu G L, Chu Z O, et al. Effect of high nitrogen input on rice

yield, nitrogen utilization and rice blast occurrence in rice

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

intercropping system[A]. Chinese Soil Society. Proceedings of The
11th National congress of the Chinese Soil Society and the 7th Cross-

Strait Symposium on Soil and Fertilizer Academic Exchange

Symposium (I)[C]. 2008.

TR, ST, B, AR MU R A/ N T e HE

A BN T]. PUALRMBHERAEEE, 2009, 37(6): 73-T78.

GaoM S, Wu Q L, Liao Y C, et al. Aging of winter wheat flag leaves

and oxygen metabolism under nitrogen provision[J]. Journal of

Northwest A&F University, 2009, 37(6): 73-78.

TRPE, SRR, AR RR. TR LS A IR A R 3R AR e 5 A

FEBBEFEL]. T E IR, 2000, (04): 46-49.

Xu Q, Zhou Z Q, Wu C B. Study on reducing nitrogen content and

improving yield and quality of flue-cured tobacco by liming to acid

soils[J]. Chinese Tobacco Science, 2000, (04): 46—49.

FNE. B EIC O SR AR B B RAT A D).

PR: VU R R L2488 3, 2007.

Wang X F. The effect of different ration of NPK fertilizers on

agricultural character and the yield of Polygonum multiflorum[D].

Chonggqing: PhD Dissertation of Southwest University, 2007.

BRTL e, ZEIElee, 2R, 25, T MR o AR A R PP A A B

VERI[. AR AL, 2006, 34(24): 6423-6425.

Zhao J T, Li X F, Li H, et al. Research on the role of the soluble

sugar in the regulation of physiological metabolism in higher

plants[J]. Journal of Anhui Agricultural Sciences, 2006, 34(24):

6423-6425.

INHE, A, B, 55 NIRRT 3 3 A= A A S5 4 5

[3]. R 2244, 2005, 28(3): 126-128.

Sun X X, Wang J, Zhou Y, et al. Effects of different nitrogen levels

on growth and quality of spinach[J]. Journal of Nanjing Agricultural

University, 2005, 28(3): 126-128.

AR, BUCT-, k¥, 25 FHLLAE A 5 01 5] T3 PR Al v e 2
RO i B BISE[T]. T EH 2%, 1994, 19(6): 334-336.

LiLY, Liao Y P, Zhang Y. Dynamics of soluble sugar and soluble

amino acids during the growth of medicinal saffron[J]. China Journal

of Chinese Materia Medica, 1994, 19(6): 334-336.

B ARSI 26 0 /N i e S e A ) S

[D]. BEPUAI: PUALRAMBHE I #2283, 2017,

Cao B B. Effects of different cultivars and cultivations on leaf

senescence and C/N of wheat[D]. Yangling, Shaanxi: MS Thesis of

Northwest A&F University, 2017.

XU N[ A 5 S R0 3 X 44 A6 SR 2 AL S W A AU BT

F¥[D]. B Aol K2 83, 2010.

Liu W. Effect of nitrogen, phosphorus and potassium deficiency

indifferent growth stages on the second synthesis pathway

offlavonoid in Chrysanthemum morifolium Ramat[J]. Wuhan: PhD

Dissertation of Huazhong Agricultural University, 2010.

Db R 7 B AR I R SR AL AT D). B MR, 2017,

(11): 28-29.

Yi P. Factors in fluencing the yield and quality of leaves for Ginkgo

biloba[J]. Protection Forest Science and Technology, 2017, (11):

28-29.


http://dx.doi.org/10.3969/j.issn.0528-9017.2011.04.004
http://dx.doi.org/10.3969/j.issn.0528-9017.2011.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1007-5119.2000.04.013
http://dx.doi.org/10.3969/j.issn.1007-5119.2000.04.013
http://dx.doi.org/10.3969/j.issn.0517-6611.2006.24.008
http://dx.doi.org/10.3969/j.issn.0517-6611.2006.24.008
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3969/j.issn.0528-9017.2011.04.004
http://dx.doi.org/10.3969/j.issn.0528-9017.2011.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3969/j.issn.0528-9017.2011.04.004
http://dx.doi.org/10.3969/j.issn.0528-9017.2011.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3321/j.issn:1001-5302.2008.04.003
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1007-5119.2000.04.013
http://dx.doi.org/10.3969/j.issn.1007-5119.2000.04.013
http://dx.doi.org/10.3969/j.issn.0517-6611.2006.24.008
http://dx.doi.org/10.3969/j.issn.0517-6611.2006.24.008
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1009-9107.2009.06.014
http://dx.doi.org/10.3969/j.issn.1007-5119.2000.04.013
http://dx.doi.org/10.3969/j.issn.1007-5119.2000.04.013
http://dx.doi.org/10.3969/j.issn.0517-6611.2006.24.008
http://dx.doi.org/10.3969/j.issn.0517-6611.2006.24.008
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023
http://dx.doi.org/10.3321/j.issn:1001-5302.1994.06.023

