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RBESRECHEXT )| VL= & 70 A 75 53 IR U RO =2 )

ERA L @ B B, AR, AT, PRkt

(1. EFPEREGER2SFEET, JEat 1007005 2. SHMMAPEEZY RG22k, M SefH 550025; 3. =
MR R b, BB 6505005 4. HIFSRAYIFKARAE, Fig 7T 810003)

T OE: MRIEA. B BRI DUREE R SRR A RN IR s, B DU AL, A )1 D
BEAURS AR R AR LS HR T DL S AR DU Ratgon) 42, 4. W, 8 3 DEFH 4 DREKSE, 3t 14 4~k
R, OMEAREE L B, BRI DURE R B AR AL B A s AT LA
R WL EHES ) DR R R A e S RSSO, S A ARR TR AR 5 AR AR DUREA: 7= Bl it T FH
SEREM, A WE. PR E R | DURE P A AR Y e BERE PR AR, ] DURE R R R R A e
B ETHRE TR S, T6 (N, P05, K0 20510 24, 18, 21 g/m’) AFEAIT3 (N, P05, K,0 23514 12, 18,
21 g/m®) AEBET B 5 5 AR YR A 4 3 899.8 ¢/m’. 0.1794% F1 871.6 g/m’. 0.1745% , 3500 T HiAth b 11
(P < 0.05), Hrf T3 AR 2FRORTE 14 MEFRT RS, 4 30.96% . AFEIET N DAk iz, w . #
WA B LU AR TE 50.44% ~ 54.36% . 5.72% ~ 7.22% . 3894% ~ 42.33% , FoipEMASAL, % T6 (HEUERNT )
PR, T2 CHRA) . T4 () A1 T8 () AbBRAY ™ AL Wml & AN T 44.42% . 32.31% . 47.29%
F121.29% . 14.01% . 21.66% o AS[FIREARXT ] DU RE 7= 5 A1 A e 2 A2 1 5 i 2 30 0 000 ~ B0 > @A . Pl 4
B A0t ) 5 e R A R e L 1 IR RS A AR 14 A DGR 1K AR R 7K F (P < 0.01 ), JE TR RLAE
RUFARR AT, DA AL E IS o BB 48R, S AN IR Sa@ it 5 28 N 15.27 ~ 21.72 g/m’,
P,0511.85 ~ 16.08 ¢/m’, K,0 13.82 ~ 18.65 g/m’,

KB : JIDUEE; BCMENE; 7t ATRESON AL SRS AT

JI| W} ( Fritillaria cirrhosa D. Don) & & FF BT HRZ S E 0 1) 0UREEFAE 9 H W

DB JE Z 4 AR ROARRE Y, & 2020 R € [ 25 0 )
HC S B )1 DL BE 6 R L IR R > — . B M
PN, PO, =M. BlSEE (HRKX), &
RELGSE L 2y 2 —, B W25 N
AT E L I OURE DL R 8 28 A2, ik
T B, BA WA, AR g kT A
DIk, B IR D7 A% Mtz . il
I i e S Y UTAE SR, A I R AE A
BREGTAT, LASATSE )1 DL 2 B4R B TR F
%, MidRkEs HER, BhFEEN A
SREBERE 125, BRAFRK, DEAMEALSE

RSB 2023-05-30; FAHE: 2023-07-21

HETH: ERESAHLHER (2019YFC1710600 ) ; EFEERHZ
IR LI (20192X09201005-006-001 ),

EEEN: FHH (1995-), FEE-EAFsRAE, WA HIEAE
o E-mail: wang20220313@163.com,

BWAEE: 20, E-mail: xwli@icmm. ac. en; E1TAK, E-mail:

slchen@icmm. ac. cn,
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MIEH AR KT

FRT, XTFNIDURER ORG24 P e A
R . MBI . BOERMME S S
TEN DU RENERF TS A B, ANTRIAE RIS KT
KN DR = A S TR 2, TR B
BMC TR A A S X DO A Kl B ) M
FUBEEATHGE , B R RERERR T 5838 LA K
o AWFTER A F R 2 34147 FCIT AL 7
E, WIRARR. B, SECE T 25 DU
SRV AR ORI, B A )1 DR
Rres s Ao R e 1

| MRS

1.1 XGRS

RIS T A 1 AR BB EAR)1 £ | DB
FLIEAL S JE AR B b (36° 59' N, 101° 59" E,
3050 m) #EA7. HHKHHERRUO e+, +
e pH 8.21, AU A& 43.75 o/kg. 2% 1.99 gke.
45 0.97 of/kg. 441 20.23 o/kg. AR 0.12 gkg.
W (P,05) 0.04 g/kg . HAER (K,0) 0.18 gkeo
BERIERT B ANIRE (N 46% , = F = KA A
PR ) . BIRAT (K0 52%, S FFFAOIL 4 A1 ik
WA AT FEREBERRES (P05 12%, DT ERAL
THRTALAF] )o N DUEELE 5 4F A i 7= 5 3 7= i
F, S S AR ] DBt 2 A R 2 F e Y B
BHE, i, ASRExTgoh 5 F 41 DR,
1.2 5t

2021 4F 10 H, R/, IBRIEA 3, g
FRICHI 5 4F A | DUBJ: 6 24 Sy Tt i 4 FL RS
Fei R 5 A Tmx I m B/MX, %
/NIX ] 30 em B IBTAT, B /N DXORFP 162 7
2K, B/NXCER R T  E E ly 338 o/m®, BRATHE
H5 emx 8 em, FEACMKHE “34147 55T Rk
T (R, A, #. #340HF, G4HHETFIT
B4 MK, HlEc o, 1, 20 3K, Hif2
KA MR MERG AR £, 1 KN 2 KR 0.5 1%, 3
KR 2 KB 15 4, 3 14 ARG
AREBRE A 3K, 42 NNIX, SR BEAL X 4 HE
1o RERHESE R H 5275 2009 40 )11 45 T &5
KRB R ) IR P AR AR 14 MK
SoabFH, T1 R2S FIO AR T2, T4 A1 T8 skl 4b
BB —FIRy ) HA 10 MBS TEH T A
WA 3 ALK, FROMAEAC AL, Horb T6 3k it

S

HEALFE, T7. T10 F1T11 A iEAbHE ( 3—33:5)
iR o it AT SR ARHRE o R bt A P 2R
I 2 AT, 439 IR 50 % FI55 B AE 50%
HAVEFRIE A = —30 CINBRE . KAy T,
Jiti Do BEE AR ] v BE R B v 25 T 5 i 4
FEGF U ERLY ) DURE =X

x1 SEENNNE “3414” HERAR

JEAEE (g/m®)
P A b3
P,0; K,0
T1 NoPoK, 0 0 0
T2 NyPK, 0 18 21
T3 N,P.K, 12 18 21
T4 N,PK, 24 0 21
T5 N,P,K, 24 9 21
T6 N,P.K, 24 18 21
T7 N,PiK, 24 27 21
T8 N,P.K, 24 18 0
T9 N,PK, 24 18 10.5
T10 N,P,K; 24 18 315
Ti1 N,P,K, 36 18 21
T12 N,P,K, 12 9 21
T13 N,PK, 12 18 10.5
T14 N,PK, 24 9 105

1.3 MEFEIR Sk
131 I DURE™ i)

2022 49 H, R bk Loy oE B S,
RAZEEZE, A/ NX R, PRI TR S
PR f/NX 25t d, RO AIE S ) P~ i, FEL
el b, FIHASIHEA R IER Y . 53
/A\I‘ :

RERFSTRE R (% ) = (HEARAL A = 5 - e
ABR =)/ EREALER A= R X 100

HECREA 2 300R (ke/kg ) = (it R Ak B ) 7= o —
iR AL B G PR ) /(i A A B A it A — B A Ab
PRIt AT 2 )

B (% ) = it AEAL Y P~ — BRI Ab 2]
F =i ) / ANERRAL PR x 100

I BTHRR (% ) =25 AL = & / FEUETE
NER = x 100
1.3.2 2K SR Ym0

FERRA/INXCR WA 25 b, BEAILPK I TOR 4t 5%
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10K, BT S5CHMET LT REE, DHE R
JE ik 0.355 mm i, T EA YIRS B E. B
Yo & g 5 S % 2020 Ji (R EZG L) )i
DURFRGINIT T A il < iy ik -
1.3.3  JIIDUREARRA . B, 4 A

20224E 8 A, MEHE 90 d 5, FAS/NX U
RKICARFEAR —FL IR 10 B, BEBRRAE, BEEFA
TIa, ¥REET 105°C &M F AW 20 min, T
55°CTHET 2 fHE, AP R Rk 2k T8
JBE . R PR MUK AN [) A BT AR RR A B o
0.5 mm i, AR, HTME2A. &
e e, BN IES 3R, R H,80,-H,0,
A, PR AENE 2R & HPVHR 6k
MEREMR RS 5 UGS fE AR B
o FEULEERE [, TFEORRICEL T ] DA AR R Y
A AR EC LB
1.4 Bt

FIH Excel 2017 1 GraphPad Prism 8.0.2 #£47%%

AL HL A FE R, R Excel 2017 £ 7114
SAATBLHEA T P A S AE e S S A B BT
IR RN ARSI, IR IR s
FHITHE A BENE i 1 SPSS 21.0 #E47 LA
RIESHT, Levene Ji 2257 TR, H2555 (P >
0.05) 218 T i H Duncan 460 56 2 &M, W #F Mk
KR 0.05,

2 ER5HMH

2.1 & B AECHEXT ] DLRE R AR

E2N S E NG ATE A @l IEES =
FEERIERL (3R2), AR AL AL #7725 A
Ko AGRE T, T6 ALBLAY = RAE 14 P04 2
e, WAHAHE T BERST 113.17%., S
AbBRH D T2 (R ) AbEE. T4 ( Sil ) ALFEATTS
(G4 ) AbERA048 T6 AL BRIK = 44.42% . 32.31%
1 47.29 % , & HE A R0 250 008 XoF 625 7= 14 5% 1 K
THENE, ZFE R 5 AR DL SR T k% 5 B

F2 AER. B, FPEHEAAE T A= 20 BE R

e P R IR DTk Hape
(g/m®) (kg/kg) (%) (%)
N T2 (NP,K,) 500.1 + 47.1def — — —
T3 (N,PK,) 871.6 +37.8a 30.96 42.63 74.29
T6 (N,P,K,) 899.8 +23.0a 16.66 44.43 79.94
T11 (N;PK;) 428.4 + 48.6fg -1.99 -16.72 -14.32
S — 15.21 23.45 46.64
P,0; T4 (N,PK,) 609.1 + 22.6hc — — —
T5 (N,PK,) 645.6 + 24.6hc 4.05 5.65 5.99
T6 (N,P,K,) 899.8 + 23.0a 16.15 32.31 4773
T7 (N,PK,) 615.0 + 37.9hc 0.22 0.96 0.97
1 — 6.81 12.97 18.23
K,0 T8 (N,P,K,) 4743 + 169efg — — —
T9 (N,PK,) 661.2 +41.0b 17.80 28.26 39.40
T6 (N,P,K,) 899.8 +23.0a 20.26 47.29 89.70
T10 ( N,P,K;) 506.5 + 37.2de 1.02 6.34 6.77
-1 — 13.03 27.30 45.29
HoAthy T1 (NPoK,) 422.1 + 18.6g — — —
T12 (N,PK,) 566.3 + 34.6¢d — — —
T13 (N,PK,) 568.9 +90.5¢d — — —
T14 (N,PK,) 584.9 + 53.8he — — —

e FFIRRENG PR 37 225 5.3 (Duncan #5565, P<0.05) ; n=3. T,
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(45— B R SE M IE T 4b BEA12s (1 T1 Ak
PEVTSAS3) - Hex) 7= i ) sk, RIUHE ) STkoR
46.91 % . X FIIZIR L - SRR BT Sy g, At
NEfE S, (R I D REE ™, B R IEEACE
FENAN, HANR TR LA SR AN T B . BRAE AL
P T2 (B ) . T4 CHLBE) RN TS (BRER ) BY™=
RS T A 3 4 & T 18.48 % . 44.30 % il
1237%, FWE. W, FPICXT I DURE = G4 s iy
SEHSEMT AR > Ak > B YA, B B
JE it FH S AN s, 1] DR A R B S T
J5 TR R, Horp I, T7 1 T10 3% 3 & AL
e A R e AL BB 7 i A A SR U AT T6 Ak Bk
5239% . 31.65% F143.71% , Tt AEALFE 3G P %
JIEASE B3 ik 3 AR 2 A R A S M I Ah B ) R 3 R
TR, IERMRA S 2B = A RIE ., X5
AP 2Ly REERIE BE Y BRI
BOCRAE 1 AR E] T iR, BRI RIS AL i AR 225K
FRA . W FIEAYIEISTER S . BY R AE 2 K
FIRENT e, R A R
22 . W, BPRCEXT I DRSS R AR S R
S AR DR B 2GR4T, R 2020
R CH 2 ) e R R 1] DL R 1 B
UL R, ARE. B, B LG AR Ak
HR g S AR S AR, YA B A
Hrp R R RR A E R 2 (2 K7 ) B, JITDLBE
F4) JE A i e Y B A e ) 386 R R B S T
Ja PR RS, A REAEE L T6 AbBEE F i K. T6
Ab B ) A B B A S AR EE T R T
36.42% . BB T2, T4 Fl TS AbFRAS 54 3 kit
HE T6 AEFRFEAR T 21.29% . 14.01%H1 21.66% , FW
FUE AR REXT S PR 52 m TR . 5 T1 XT R
AEFRECAE, T2, T4 F1 T8 AL B A B A Byl & 143 3
PET 739% . 17.32% M1 6.88% , FBAXTT)I| D1+
% 25 A= W ) A8 2 B 55 R SRR > B > U -

TOT1 T2 T3 T4 T5 T6 T7 T8 T9 T10TI1 TI12TI3 Ti4
A

B1 AER. B, HEELETINGREYRESE
e ARVNEFRRIRH BB 25 B3 ( Duncan K24%, P<0.05 ),

2.3 N[EECHEALEEX I DURE 2R A B B R
W ISP 5

W 3 FroR, w0 R AC it A O AN AR
(T2, T3. T6 FIT11 AbHE ) B, JI| D1BE4 kA ) &
T bEE A R 2B LA TR, Ul
W3 L P ZRUIE R B R 8 A1 R AR AR R P IR S 5
iz, Y0 R B i Iy, ARk AR AT e
BB N, T O R R4 W R e
it 2 RN it FH 38 o, )1 DU RAR AR A B R A
HAAMRN, (MR SAGEEh -8, HELL
FHE TRk, 4588, EEMAICKE AT
FEAR XA W, PR, B, B =T R AF
TEDMAIVERT . 4RI R A it PR AN (T4,
TS, T6 F1T7 Zb3 ) B, i FH B I o FE AR (A 9 1
PRI BT, (B BT R AR
B BECER S, AEEdE, HEERR
AR TR, FR AR AT DAOR AR BR T T U i,
EREER AT AR, HLBE R R R BGOR, IRL
B, X 5HERE P B AL YR
FERAE B i FH i R AR A4S (T8, T9. T6 Fl T10 &b
B B, BEE SR A, )1 DR R A
TR AR AL R T RS TR, S
IR A, WE 2 R, RREA. B 8
BCRtXT TN DRk b . . S0 L AR A5 i
BN, UEHIE. B, B = onE AN DI Y bR
TIR, AL — AR AT Y 43 RS

x3 AEEBSPEE T/ NFEKN, P, KEE (gkg)

Qb3 N P K

Tl 14.00 = 0.85f 1.59 +0.05h 11.00 = 0.43f

T2 14.18 = 0.26ef 2.03+0.02bc  11.90 + 0.24ab

T3 15.85 = 0.16ab 2.08 +0.00a 12.08 +0.10a

T4 14.82 + 0.16¢de 1.55 +0.00h 11.79 + 0.18abed

TS 14.29 + 0.72ef 1.80 £0.07¢f  11.64 +0.35abcde

T6 15.32 £ 0.14be 1.75£0.02fg  11.59 + 0.09hcde

T7 15.38 + 0.32ahc 1.99 +0.02¢ 11.55 + 0.42hcde

TS 15.22 £ 0.12hed 1.73 +0.01g 11.19 £ 0.03¢f

T9 15.72 +0.18ab 1.84 +0.01e 11.36 = 0.11def
T10 14.46 = 0.16def 1.77 £0.00fg ~ 11.46 + 0.09bcde
T11 14.81 = 0.11cde 1.59 +0.02h 11.41 = 0.30cdef
T12 16.17 = 0.74a 2.07+0.04ab  11.63 + 0.23abcde
T13 15.66 = 0.21ab 1.92 +0.03d 11.60 = 0.09bcde
T4 14.83 = 0.63cde 1.73 £ 0.03g 11.86 + 0.23ahc
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2.4 N DUREAEBERN AL A By g T

A W BRI HE X X, Xo3 4 A AR i
PR, R E Y ME A, T E R
o PR AL R A W e B /DS, ek
A B WA EAKTHEX X X N E AR
L, SRS RO AR R Y, MR
S B AR B RERE SN PRBCEL TR (36 4), 7= R
1) R’=0.55, F=4.35, P=9.1x 10" < 0.01, #H 3% ¥
R FIR KO BRI A AR A R Y R=0.62,
F=5.81, P=89x 10" < 0.01, #H ¥k )4 W &

= N om P == K

S (%)

TI T2 T3 T4 T5 T6 T8 T9 T10 T11 T12 T13 T14
iSaH

B2 AERABSREE T NEEMk N, Po K SBELEH]

Ko
F 4 NINBFEEMR2EYEE S 2R IERT &£
Gt AR PRI R F P
@® Y ,=396.404+28.199X,-2.708 X,+13.855 X;—0.797 X,*-0.313 X,*-0.772X,~0.067X X,— 055 435 9.1x10™
0.003X,X,+0.825X,X,
@ Y,=0.131+0.072X," =0.004 X, —0.02 X;' —0.019 X,' *~0.004 X, *~0.004X;’ *~0.013X," X, — 0.62 5.81 8.9x%10°

0.003X," X" +0.019X," Xy

2.5 I DI REA it AL DX 18] A9

LIRS, WOLAERAR )1 DB T B
eSO AR 7% (25 M 6), WMFES PR, M4
JEAE I % N 1527 ~ 2176 g/m”, P,05 11.85 ~ 16.58
gm’, K,0 13.82 ~ 1934 g/m” iif, Fy AL PR Y,
FHE) I DUEE P2 RT3k 736.93 o/m” D) . H126 6 AT,

M AL N 1525 ~ 21.72 g/m’, P,05 1092 ~ 16.08
gm’, K,0 12.85 ~ 18.65 g/m’ If, FH ALK &L Y,
THAARI DU AP0 % 10T 35 0.1486% . 0 T RERS
AAFPLL = )N DURE, SR HACHE A5 ™ B L
A= e R AT 7 2650 N 15.27 ~ 21.72 g/,
P,0511.85 ~ 1608 g/m’, K,0 13.82 ~ 18.65 g/m’,

x5 JINBFEEMESH

—— ) N (X,) i P05 (X,) i K0 (X;)
WL B (%) YHL B (% ) REL Wi (% )
0 5 14.29 5 13.16 5 13.16
1 8 22.86 9 23.68 9 23.68
2 20 57.14 21 55.26 21 55.26
3 2 5.71 3 7.90 3 7.90
JBCT%L (ghm®) 18.51 1421 16.58
PR (gm®) 9.80 7.44 8.68
YRR 1.66 1.21 1.41
MR (g/m®) 1527 ~ 21.76 11.85 ~ 16.58 13.82 ~ 19.34
o JINBREYESEIMESN
o _ N (X;) A ‘ P,0, (xQ _ K,0 (X, )A
UCEL W (% ) UEL W (% ) AL Wi (% )
0 6 16.22 6 16.67 6 16.67
1 18.92 25 8 2222
2 22 59.45 18 50 20 55.56
3 2 5.41 3 8.33 2 5.55
JIBCT35%1 (gim®) 18.49 13.5 15.75
b2z (g/m’) 10.04 7.90 8.87
PR 22 1.65 1.32 1.48
Jti R (g/m®) 1525 ~ 21.72 10.92 ~ 16.08 12.85 ~ 18.65
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30 . B BRG] DL T

BB BRI S S R E LR, R
25 AR R K i B R, R
RN A R TR 2 T2, &R
AL I RE AR 25 R B AR K RNTT &, 4
258 o U R, R A 2 Bk
W, EERAEE BERES T = bk, o
KA VA8 NR, X =L i 0T B 25 808 4y
R B AR . SR, b i UL
TR SEGRY T B8, T 25 A R B
RS, RPHE Y BRI, o B AR
e v T 2 R RS A T A RGOS B A
Kb B A )RR A . i S R R R AR A
54 90 R LE R A . R R AL T LA
PEAR B AR K B A AL RNZG RS A L
) 7 25 R 10 25 30 0 B rh, WX 245 6 7
RISV . B0 2 0 9 R 408 55 T A
12 6 395 M 00 O B . O 1 IR T LA e
Sk 25 LR 9O & 1R TR . Su e I 25
g 2,

RIRIZG FIREI R G B B A B, W T34
WA TE 11 B, SRR B BT AR T
25 AR B 7 N 24380 40T BT A TR T AR
o BT ATERSFEAIIE P B, RUIEXT 7 2hak
FRA S SR T BT AT ) s R AT AN
A, AT FARAE Sk b I H SR & R R
T X T B e A S R
WS RIS LA, B IR R Y R
BFFRSE 5 %, X T i i RN I A e P 5
W TR, 52 T B B RS A AU 1|
LB B 5 250 i A K, 7 R B A AR AR A
RERORRE BRI A ) D REAR 2 4
K, HEem iRk e e O Al BEL 8
X P A H SR F BN R > AR > TR Y
TR T U AR =, 21 DR 328 5 TS
AT B R X 1] DL A8 25 o 4 R AR B
ERZIRITUT A AU > 408 > BEAE, IEAHI A8 B /R
XF A R RS LI S R > BT > Ak AR
RS AE X 1] UL AE A M e e, TRl T
IR T B AR, T A B
BRSPS BT, 3 B BTV B R R i A W

O 4 B 0 R R S T T B R, M T 7
IR Y G T A Xk DL A e S
BIFZE T, Sui 258 120 75 X 7 UL RE G 4RI B b K
B, EECROEIAC TR R, W U0 RER A AR A AR
SRR b T R s AR A A DL BERY
A, B HIECHEBFIT R R IE, AL, X S W6
MR, X SGABIFE G R IEA—8, I IAEE
FE AR AR F i, 7EA TR & W BER A
AR TS LK B A L ORI A 1
b, SeBRRMEE IR A, EAEEENE,
EE S A A — E R . TR T
FFL S EAEE o, IFE i TR A%
TlE, TR E ARG, X805 Sl B
25 AR 1) A R

2 R P E e — N R, R
(5] 7 i1 T 25 T BB AE 2530 E AP e S, X b 2L
AL TP B R . R R R AR AR
SR 28 2 BRI 2 S O IR o 77 Hl F) FR B
SRS 2 2RO 5 A, WIS R, K
TE T TR DX 114 PP 24 0 725 L I T8 R 7 R B
W S 2 IRy, B ER A A
RAEFH, AT LU PR T 5 e 0 X A e AR IR . 3
SEONR ARSI I 1A

T BIFR Y B R T 2 2R S — A
SERZE, FERMAL. BRI U 2
AR RVE SRR R R, AT B3 v 25 252
— TN RRRHEA T IOTFIE R IR, 38 B BBt FH T
DA S0 0 KRR R A OB A i B —
WARFFE & B, 7572 R e P U RE R 0 I i
AR A AR R I R, R RGO
2550 T, R, 6T 25 I 22807 1 6 R I IE ST
AAEXTA IR, 45— R AT 5 R R
o v 2 2855 9 5 L K TR A A 0 T
Sro M, TGRS ZOE W, R
BE AR LR R R A R 2, ISR, B
G T T DA ke 3 b 25 B 2R B W T T B
J&, it — TS P MR,
P I £ BRI R A PR RS
32 L. B SPECRIN | RER SR S

AGRErf, DU B BRAMIC L e
ARRIHEAEAL B R 22 SR B3 YR f i
JNUUEHARPR . B, PRS2 2 TR, Hix
S Arb T 7Bk 5 A R Ak ) A R T AR )
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e, TEFTAG ML BE R, 1] DL R 2k P i R
HRZAL Tiem K, HCRE S, RITR, X
EHA ] DL 6 T R0 4 R 5l P R A
5P UURE S S DURE O R Bl SRR
PERABL, 78 SEBRA P, R P o AR AR R
BT PG AR AN AT B, A B AL
B, B EE, BROR DL REIS I FR AT A A K
Ko MeAh, ROZTEE KGR, )1 DAEAT L) 3RA5
SRS ST, M 7 e R 2 A 5
3.3 I DLRERR B AT 7 260 <2

e 7 T O SR A . AT ) A
ARCR, Bl E 25 A A K AL . 49
£ RO T LG FITT i, 7R K30 F bR A
BARTRAM B, REEATINA . B . ML=
25 PRI B REEE AR 9 ek, Pt 2 1 L RS AR A A
BHIHRFSE T R B0, SEEA. B, I AR
R R AR i WA Y R, AR
R B BRECHEXT 1 007 R 2GRN A T
Y IERLN . s ) R, AR, B, MR
R, WS AB00 S A B2 S, it
AT 7 T AT 7 28 R A% S B 77t 25850 2 F P ) i
Tho B SHT I B BN A e SR A5 A, R
i/ ¥ S G/ SR R A O, % s
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Effects of combined application of nitrogen, phosphorus and potassium on yield, quality and nutrient absorption
of Fritillaria cirrhosa D. Don

WANG Xin-yue'" >, GAO Dan', YANG Ze-min" *, FU Shao-bing®, LI Xi-wen'’, CHEN Shi-lin"* * (1. Institute of
Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700; 2. School of Pharmacy, Guizhou
University of Tradition Chinese Medicine, Guiyang Guizhou 550025; 3. School of Chinese Materia Medica, Yunnan
University of Chinese Medicine, Kunming Yunnan 650500; 4. Qinghai Lvkang Biological Development Co., Lid, Xining
Qinghai 810003 )

Abstract: This study was aimed to investigate the effects of combined application of nitrogen (N ), phosphorus ( P) and
potassium (K ) on the yield, total alkaloid content and nutrient absorption of Fritillaria cirrhosa D. Don, to reveal the
fertilization demand pattern of F. cirrhosa, and provide theoretical guidance for commercial cultivation of F. cirrhosa. The
classical “3414” design scheme that include 14 treatments with three factors and four levels of N, P and K was employed

to determine the yield, total alkaloid content and N, P and K content of five-year-old F. cirrhosa under different N, P and
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K applications, and the fertilizer effect model of N, P and K dosage with yield and total alkaloid content of F. cirrhosa was
fitted by using regression analysis method, combined with frequency analysis to obtain the high-quality fertilizer application
dosage of F. cirrhosa . Combined application of N, P and K significantly affected the yield and total alkaloid content of F.
cirrhosa. In a certain range of fertilization, the yield and total alkaloid content of F. cirrhosa exhibited a trend of ascending
and then descending with the increase of fertilizer application, which was preferred under the dosage of T3 (N, P,05 and
K,O were 12, 18 and 21 g/m’, respectively ) and T6 (N, P,05 and K,0 were 24, 18 and 21 g/m’, respectively ) . The
agronomic efficiency of the T3 treatment was the highest among the 14 treatments, which was 30.96%. The N, P and K
absorption and distribution ratios in the whole plant of F. cirrhosa under different treatments were 50.44%-54.36%, 5.72%-
7.22% and 38.94%-42.33%, respectively, with no statistically considerable variation. Compared with T6 ( baseline
fertilization ) treatment, the yield and total alkaloid content of T2 (N deficiency ), T4 (P deficiency ) and T8 (K
deficiency ) treatments decreased by 44.42%, 32.31%, 47.29% and 21.29%, 14.01%, 21.66%, respectively. The effects
of different fertilizers on yield and total alkaloid content of F. cirrhosa were as follows: N = K > P. The correlation between
the application amount of N, P and K and the yield and total alkaloid content all achieved highly significant level ( P <
0.01 ) . According to the fertilizer efficiency model and frequency analysis method, the most suitable fertilization regimen for
five-year-old F. cirrhosa was N 15.27-21.72 g/m’, P,05 11.85-16.08 g/m” and K,0 13.82-18.65 g/m’, taking yield and total
alkaloid content as the main indexes for investigation.

Key words: Fritillaria cirrhosa D. Don; formula fertilization; yield; fertilizer effect model; frequency analysis




