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[ Abstract] Objective: To investigate the effect of different nitrogen forms and concentrations on yield

and quality in Fritillaria thunbergii, and provide basis for improving scientific utilization of nitrogenous fertilizer
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and its introduction to Chongqing area. Method: The pot culture experiment was conducted to investigate the
changes in growth, physiological and biochemical characteristics, soil factors, alkaloid content and yield of
Fritillaria thunbergii under the ratio of nitrate nitrogen(NO,-N) to ammonium nitrogen(NH,-N)of 15:0(N1),
12:3(N2),7.5:7.5(N3),3:12(N4) and 0: 15(N5). Result: As compared with no-nitrogen (CK) treatment
group, the growth and quality of F. thunbergii were significantly improved by different nitrogen nutrition
treatments, with differences among them. With the increase of ammonium nitrogen concentration: (Dplant height
and the activity of superoxide dismutase(SOD) reached the maximum when the ratio of NO,-N to NH,"-N was
3:12, increased by 9.27% and 206. 62% respectively compared with the CK group, @ the length and width of
leaf, stem diameter, chlorophyll a, chlorophyll b, total chlorophyll content, the content of available P and organic
matter, total alkaloid content and yield reach the maximum when the ratio of NO,-N to NH,"-N was 0: 15,
increased by 14.02%, 16.44%, 13.68%, 40.75%, 45.31%, 41.72%, 77.70%, 14.70%, 24. 61%/47.39%
respectively compared with the CK group, with the increase of nitrate nitrogen concentration, @ the leaf index,
soluble protein content, peimisine content/yield, yield of peiminine and dry weight of bulbs reached the
maximum when the ratio of NO,™-N to NH,"-N was 7.5: 7.5, increased by 2. 54%, 5. 92%, 21. 76%/54. 55%,
60. 61% and 26. 93%, respectively compared with the CK group, @ the content of carotenoids, pigment and
peiminine, the activity of peroxidase (POD) and catalase (CAT) , the content/yield of peimine, both peimine and
peiminine, both peimine, peiminine and peimisine, dry weight of bulbs reached the maximum when the ratio of
NO,-N to NH,-N was 12: 3, increased by 45.39%, 45.31%, 36.01%,271.38%, 67.45%, 39. 82%/64. 87%,
38.90%/63. 80%, 37. 03%/61. 57%, 20. 29% respectively compared with the CK group. Conclusion: All the
results indicated that a higher proportion of NH, -N is beneficial to the growth of F. thunbergii, while NO, -N is
beneficial to the accumulation of alkaloids and the growth of bulbs. Therefore, the combined application of
ammonium and nitrate (NO,-N to NH,"-N ratio of 12:3) is more effective than pure nitrate or pure ammonium
applications to improve the yield and quality of F. thunbergii.

[Key words] Fritillaria thunbergii; nitrogen form; yield; quality
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Table 1 Effects of different nitrogen forms and concentrations on

growth index of Fritillaria thunbergii(x+s,n=15)

No. M /em M5g/em  HEIEEL FRE/em

ZE Ml /em

N1 10.07+0.77* 0.80+0.08% 12.59+4.78% 49.03+4.59" 4.26+0.36°
N2 9.50+0.54® 0.75+0.05" 12.67+4.53* 48.86+3.34" 4.04:+0.24%
N3 9.90+0.51* 0.77+0.07°¢ 12.91+4.71* 49.16+3.76" 3.95+0.31%
N4 10.08+0.96* 0.82+0.06* 12.29+4.80* 52.48+4.52" 3.85+0.31%
N5 10.49+0.86* 0.85+0.09* 12.29+4.95* 51.46+6.36" 4.32+0.38°
CK  9.20+0.77° 0.73+0.11¢ 12.63+4.43% 48.03+5.26* 3.80+0.28"

T < 5 2L 1R) 810 A ) S BR AR 2 25 BOR B3 (P>0.05) K ) 5 B 4
Fe 2 7 10 ¥ (P<0.05) (£ 2~8d]) .
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Table 2 Effects of different nitrogen forms and concentrations on photosynthetic pigment content of F. thunbergii (x+s,n=5)

No. K% hZFE/mg-g! 4t % a/mg- g 4% % b/mg- g

2 M /mg- ! 4% % alb R S B /mg- ¢!

N1  6.504 3+0.669 1> 22.696 5+ 2.728 2% 6.260 5+0.660 4

N2
N3
N4
N5
CK

7.942 0+0.616 2°
6.415 2+0.301 1%
6.697 6+0.601 4°
7.744 1+0.778 6°
5.462 7+0.802 0°

26.395 8+4.177 1°
23.544 2+1.233 5
23.375 3£2.109 7%
27.390 2+3.504 6*
19.460 8+3.559 6°

7.339 6+£1.279 1*
6.370 4+0.379 4
6.368 9+£0.561 0*
7.655 6+£1.075 6°
5.268 4£1.105 7°

28.957 0+£3.381 5®
33.7353+£5.455 1*
29.914 6£1.612 6™
29.744 1£2.668 8
35.045 8+4.569 6°
24.729 2+£4.663 7°

3.625 3+0.087 6°
3.596 4+0.065 8*
3.695 9+0.028 5°
3.670 2+0.030 0*
3.577 8+0.091 2
3.693 9+0.105 0°

434.004 4+44.387 8°
529.508 9+ 40.275 2*
428.003 6+£19.505 6°¢
446.862 6+39.178 2°
516.568 5+ 52.156 3*
364.388 3+54.264 6°

3.3 OR[AVAZ B L X T DU i R L 4 i 3 P
Wil RURE IS 0 24 AR 4 T A [R] UNE b B
W UL RE R R A G O P 2 B S S M Y ) . B
B LR HE I, SOD & it 52 IS T M Y B 4k ; CAT,
POD % ¥ 2 B e FH A B A 28k . 7E NO, -
N/NH,-N 4 12: 3 5} , POD, CAT 7 & ik & & , 4 4
= CK 41 271.38%, 67.45%, SOD & it 7£ NO,-N/
NH,-N 24 3: 12 B & & , & i CK 41 206.62%.
W3,

®3 REGEHE MR E SRR I SN R 6% M 02
(x+s,n=5)

Table 3 Effect of nitrogen forms and concentrations on protective

enzyme activity of F. thunbergii (x+s,n=5) U-g!

No. CAT POD SOD

N1 8.951 5+0.711 6° 12.053 8+1.155 0* 127.449 5+£34.901 4

N2 11.7413£1.180 1*  13.446 9+£0.355 4* 181.263 4+51.316 2°

N3 11.224 5+0.0.760 1*  9.612 3+0.755 4* 245.961 5+£22.353 1*

N4 8.933 7+0.708 0° 7.354 8+0.572 1° 263.118 7+£22.398 1*

N5  10.373 0+0.879 1 9.022 7+0.856 8" 183.185 7+26.604 5°

CK 7.011 9+0.457 1¢ 3.620 8+0.159 19 85.813 9+10.076 9¢

3.4 KR[A AR LL X DU BE MDA, A] i PR 8, AT
WEE A F AW R E A ER B X MDA, AT
(e e e A I N E I (EPOICIR Y ¥ d S kg8 A
e 5 B PG ) A8 4k, 7E NO,-N/NH,'-N 2y 7.5:
7.5 B AL vk AR O R B ik 3,418 7 mg- g,
O3 ) FE 4 i Ak BR TS 4.92% , Fb 4 B b PR T 2.56%, H
CKALBHA 5 5.92%., W 4.
3.5 ANIRVAZE BT L X W7 DUREAR R 58 PR 1Y 52 e
AN ) 3R BE LE 32 5 ) e DL RE AR B - 58 Y 3 4%

F4 AEBEHSMKELEX I NE MDA, 7R, 7/TE 4
EASEMNFI(xts,n=5)
Table 4 Effect of nitrogen forms and concentrations on content of

MDA, soluble sugar and soluble protein in F. thunbergii (x+s,n=5)

No. MDA/pumol-g" Al /umol- g FIIEMEE F/mg- ¢!

N1

N2

N3

N4

N5

CK

0.056 4+0.004 0°
0.057 6+0.007 6°
0.059 6+0.011 2
0.054 9+0.001 6°
0.052 2+0.004 6°

0.047 9+0.005 5°

0.950 2+0.036 0°

0.895 6+0.097 1*

1.0183+0.268 8*

1.055 1+0.092 0°

0.986 3+0.089 2°

0.873 3+0.096 4°

3.258 3+0.028 1°*
3.301 7+0.041 4%
3.418 7+0.105 5°
3.304 3+0.020 2°*
3.333 3+0.010 7

3.227 5+£0.042 1¢

A A RO A LB S B, 7E NOy-N/NH, -
N iy 15:0 19 4 38 v 3l 80T 8080 0 3 i 1 B
e CK 43 5] 75 46.95% A1 117.27% ; 24 NO,-N/NH,"-N
015 By S v RS A LT i e, [ CKA
539 8 77.70% , 14.70% 5 1 NO,-N/NH,-N 2}y 12:3,
3: 12 9 & HE A AL AT E R CK A o SR
17.12%,26.16% , H 34355 i 2 7K ¥ pH bifi 3 i B
FE 0 38 R AT R 8 %A, NO,-N/NH, =N Jy 0: 15 i
pH &K LT CKA , HIEA R EH . WES,

3.6 AN [A] U T L Xk i DU R 8 25 rh A By i A
2 Bt S, R AR T DL RE R SE SR O3 B

W, DT 1) T 7 DURE AR P s S i LR o SRV
JEE T L UNE A BT B A MR R A B O, i
DU ff 25 5 A R e 2 RS T v S R AR T v 1
A5k, #E NO,-N/NH, -N 4 0: 15 i 2] 5 =5 5 % 18
H24.61%; M NHRF IHFEL NHEX =264
Yoo 1Y) F B T R R AR Y B B FE NO,T-NY
NH, -N A 12: 30 DR IR 2 AR (H+
), WHEER (H+2)+ DU & b i K, 43 il i CK
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x5 ARARRESMREKETHNFRIELERSGEHTL G£s,0=5)

Table 5 Changes of nutrient contents in rhizosphere soil of F. thunbergii with different nitrogen forms and concentrations(x+s,n=5)

No. WAL A /mg kg HHE /mg - k!

N1 29.489 3+£3.879 4* 42.2153+0.911 8
N2 22.047 5+£2.478 5° 35.306 4+5.010 3¢
N3 20.303 4+0.002 1° 39.891 1+4.075 2b¢
N4 21.465 34+5.049 2° 32.833 8+3.285 6%
N5 26.076 3+£3.631 7% 47.848 8+6.197 8*
CK 20.067 5+£2.252 1° 26.926 2+2.436 84

R /mg - kg! HHLE /g kg pH
457.307 4+15.242 4* 22.504 44+3.065 6* 6.64+0.02°
310.316 0+7.907 1° 17.811 9+2.762 6 6.63+0.04°
275.065 4+11.610 2¢ 22.296 1+0.012 6* 6.60+0.02
214.276 6+0.151 6¢ 15.868 9+1.317 4¢ 6.76+0.02°
244.380 5+£18.202 &¢ 24.648 3+1.452 9* 6.52+0.02¢
210.474 7+£8.757 3¢ 21.489 94+2.763 6% 6.57+0.02¢¢

21 39.82%, 36.01%, 38.90%, 37.03%. Ul £ 3 NO, -N/

NH,-N 2y 7.5:7.5 I} & & ¢

K, CK 4 55 21.76%

e, S A b — R LB il 28 ORI B 2 RS A R T
W DL BRI =R AW G R R . W 6.

®6 AEARHESMREKETHNSHZMENHEE (F+s,n=5)

Table 6 Alkaloids in bulbs of F. thunbergii under different nitrogen forms and concentrations(x+s,n=5)

%

VURER I+ DR 2

DUREZR W+ DB £+ DRk

ISRt/

No. DURER IS5 v RS2

N1 0.373 1+0.036 9° 0.127 0+£0.011 3®*  0.050 9+0.005 2*
N2 0.517 6+0.046 1° 0.159 4+0.024 2° 0.056 3+0.006 2°
N3 0.411 9+0.049 4° 0.148 3£0.015 3% 0.058 2+0.001 &*
N4 0.418 0+0.008 7° 0.121 4+0.008 9° 0.055 0+0.005 4°
N5 0.398 3+0.007 7° 0.141 240.005 5®  0.054 1£0.007 6°
CK 0.370 240.045 6*  0.117 2 +£0.005 5° 0.047 8+0.000 5°

0.500 1+£0.047 9°
0.677 0+£0.321 7*
0.560 2+0.113 3%
0.539 4+0.078 9°
0.539 4+0.088 0°

0.487 4+0.051 1°

0.551 0+0.249 3°
0.733 4+0.356 5°
0.618 4+0.270 2
0.594 4+0.284 9
0.593 6+0.306 8

0.535 2+0.272 0°

6.876 1+0.699 5°

7.091 7+0.220 7*

6.572 6+0.722 1*

6.557 2+0.395 0°

7.341 3+1.464 5°

5.891 5+0.135 6°

3.7 ONTRVECE B H X DURE 5% 25 A e Y
Wl 3t RUAE AT AR B i DL R - 8 R A Wl
M 1] i DU R % 25 K AR i 28 7= it . A
JIES AT i S v T DL R 2K R AR ) e e, R
5 T A T DT R AR B R G DL
B e 25 7 i 0 52 ) LG AR D BE R L A S
fig 25 35§ A 5 4 W /E NO, -N/NH,-N 12:3,7.5:
7.5 B 3k B 5 KAE L 4351k 58.798 1,15.956 3 mg/fk
Eb 4 il Ab RN 4 g b B, 43 0 i CKOAk B Y
20.29% F1126.93%. WF 7.

®7 FERERSFRE XM N6 B MBI (s, n=5)

Table 7 Effect of different nitrogen forms and concentrations on

bulb yield of F. thunbergii(x+s,n=5) mg/Fk

No. TH& &

NI 14.173 2+0.564 1* 55.486 9+ 5.298 6°¢

N2 14.824 4+0.561 0° 58.798 1+5.530 6*

N3 15.956 3+1.446 2* 58.471 8+9.723 5%

N4 13.921 24+0.7007* 49.300 2+2.774 9b¢

N5 14.869 9+2.439 3° 55.203 8+4.485 6

CK 12.571 2+2.548 4* 48.8791+1.414 &°

Hor R Bri o B 7E NO,-N/NH, -N 4 0: 15 i
ik B B KA L O 109.165 1 mg/kk , Fb X AR B e
<172 -

47.39%, fE NO, -N/NH,-N Jy 12: 3 It i A& 9y 5 ™
4 105.130 7 mg- Bk, 75 HE B  41.95%; D BE &
HLOEER(H+2), WEER (W +2)+ DBk 31
KAH L4394 7.673 1,10.036 1,10.870 7 mg/tk , 73 5
L X BR B4 7= 64.87%, 63.80%, 61.57% ; f£ NO,-N/
NH,-N N 7.5:7.5 b DU BEZR & DL BEE 3K 3 B K AH
I3 9N 2.366 3,0.928 7 mg/Fk , 4 4 2 60.61%,
54.55%. WL 8.
4 iFig

RETE A A= a6 2 rh o5 A B 2 M
JEH s ) B BRI K R IR 2 b B
R, I, A BT T A A 2R B % W
DUREAE R AR AE AL ARPR 3 7 R
S SE A Ry T DL RE U B 27 i FH R T DR M X Y
i b 5| AL B 2%
4.1 AFEAZELXTH ARG ER ARE
25 FARE P i B A KR T e D I E BT R A /AL
N7 R A BT, R R R B S L A3 R T SR T R
Ko A= B, 4 f A4 Ao 2452 219, = P
B LR AR B R R S g A R AR KRR A AR
Z P MR AR K G218 MR RN

KAt i 5 2 W, A (] A 24 A 4 % i 2 2R
A AR A R 0% 08 5 D g i L 6008 A i B8 R T
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K8 ARREWESIREKTEI M NG ZE LM~ BH R (I+s,n=5)

Table 8 Effects of different nitrogen forms and concentrations on yield of alkaloids in bulbs of F. thunbergii(x+s,n=5) mg/tk

Ak B2 ISREEEY/E T DREZR IREE 2, DR P+ IR 2 DUAE ')’lﬂ%%’%‘;?

LAV

N1 97.456 3£10.410 0* 5.288 0+ 0.506 6° 1.800 0+0.142 9*° 7.088 0+0.702 2° 0.721 4+0.052 1° 7.809 4+0.920 &°
N2 105.130 7+3.886 9* 7.673 1£0.736 6° 2.363 0+0.328 2° 10.036 1£1.035 4* 0.834 6+0.093 8 10.870 7+ 0.998 7°
N3 104.874 4+17.318 2* 6.527 4+0.695 6° 2.366 3+0.332 6* 8.938 7+1.270 9* 0.928 7+0.081 0* 9.867 4+1.321 0
N4 91.284 1£3.733 2* 5.819 1+£0.212 1° 1.690 0+0.125 9° 7.509 1+£0.271 3° 0.765 7+0.089 2° 8.274 8+0.209 1
N5 109.165 1+10.335 4° 5.922 7+0.653 9° 2.099 6+0.130 6* 8.022 3+0.269 6° 0.804 5+0.120 5° 8.826 8+ 0.342 5%
CK 74.063 2+15.583 0* 4.653 9+0.595 7° 1.473 3+0.169 9* 6.127 2+0.692 4° 0.600 9+0.011 0° 6.728 1£1.221 3°

YR R RPN AR S R AR W DR
[7) A A 33 X6 EUNE W A BT AN TR] 7 4 B 4 L B S A
L) 8 v A M) T R AR R s R e SRR AR E 4 e R
A S 2R AN WS I, AR RS B L 3120,
e Ik B e K FE A B B B L R 02 15 I i G i
Vi ZEORLE R B R R o B KR A, A A A L ] 5%
ol 23 R 8 i DL RER 26 IR O R R AL W 2R RS 2
Bie W 12:3,7.5: 7.5 i % 250 F0 R0 5K B 05 R ME
Ll 4 il Ak BRI 4 e Ak PR L G U W A B 4 i Ak B
BPARF T DR 25 A K 0 X 5 2 S A RE I 1Y
Bl A e Wi, T i A AR — AP SR AE R, AT LA TR
JNEJG K RN A5G o BRI, 7 7 DLBE 9 3% 35 i
P e 7 AR A &Iy 00 3 Y 1 o e 25 AU LA T e 3
A 35 W DURE 4l B9 AR 4G, 7R AR A 4, 3 2 5 hn 4
A LA AT 35 B s W DL RE B 2K A W £ 0k AR
K o X5 H R T (Schisandra chinensis)™", 7K ih #
( Fraxinus mandshurica ) " B iF 77 25 B — 3%,
4.2 N[AVAE B bxr i 0L AR AR BRAE A RS e AT
BWYEE R AR g b A R e EER PR
it 2o v i 3 o 0O AR By R RS AL S Ot
GEMRE L ZE R, WA Y ERK LT
SE LA o AN U X @ DUBE M R 4x R i, SOD/
POD/CAT {4 §/1 il 7% ¥ , MDA Fll ] i P 8 11 vl i 1
WESEHEAT 1 BFSE

A I R, 7 AN [) B bE Z0IE X 47 DL &g i
M ER R E A RE R, R a, SR b,
Mo R S TR B DA S Lo 0015 B 3R 31 B R (H
X5 B i vE  ZEHLAE A ECIR S T IR B R R
—H, B B R IE A 1S K, SOD ¥ P 7R il B 1L
312 W IR B R, AR AR A B L 7.5 7.5 ) 3k
F i K, POD, CAT, KW N3, (05K & B 2 10 A B
Pb e 1203 B 35 3 5 K, MDA, ATV PR A6 il ¢ L
Ty 1500 I3k B e k. 1 W0 1] 22 RO ALY 25
R, B0 B A A, T A ) W DU RE 2% A B S AR LA &

AR 2 AR A 52 e, DA A R T i R 4 il 7 4 AN
P2 R W DURE A i R
4.3 AR ECZE BT LT T DUREAR B A 48 B 1Y) 52
A it AUNE 2 S W DL RO R R R A R
fiti o AT A5 H R B il AU Y R — e R L 4
T OURE R B 1 3R 4y, R [A) EUIE 22 T 5 e AT T 2%
Fo MK LCEFE CIEME L 1500 /9 3 b AL
AR CH 0 i R TR B LG R 0015 Y 1
b AL A PILT A o A A RIS X AR B A 4
Ao M EMEFEENRTEEANE, %S
RN AR PR 4 HE W & i A LB i AR SRR R
THERNL. HRWMIESARIREE - pH A
ANTEFE R it B S A 25 pH B, T T
1, Wik S A 25l pH BT, Rk
4.4 ANFEAZE LA #DESFAEmE ARE
I 30 2 52 e AE AR AR 0 AR A, 3R e ORI & TRk
EBUN b AR (/NI Nan G o 17\ W e | s
IR B A A LR A e S RO A LR
A ST A S PR, T DL B 6l 2K 0 AR ) e R 8
TEA B LU A 015 B 3K B Fe AR, % 1 Lo 0 B4R 2
24.61%, 775 HL X AR 3 7= 47.39% , FERS & LN 1213
B IUEERE RS I R(F+2), TEEE
(H+20)+ DBk 5 i 3k B fe K, 43 31 L ) IR 4
39.82%,36.01%,38.90%,37.03%; DL EFZ H , D1 £} 2%
(W+2) , WUBER (W +20)+ DR 77 a5 5k 31 J R fE
A3 5 HE X BE A 77 64.87% ,63.80% , 61.57% ; 1F I il 4%
FE R, R i i CK 20.37%, 36 7= 41.95%
FERES B LU 7.5: 7.5 B, DLBEE 5 i 5K B e K, Lot
MR 21.76%, A E 4 D B2 = im ik Bl K, 4
W3 7= 60.61% ,54.55%

25 b AR R R A& vk B C bE v 7 DR AR K
A BRRRAE | A 3R SR A K AT SO A3 R B A O
[F) P2 B A 52 e . 5 R Lb B Y 4 25 R R T DL RE
AR B B B e A A R i DL R 2K
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