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Abstract: This research explored the dynamic effects of different sowing methods, different mulches, different seed
dressing methods, and different fertilizer treatments on the sowing process of Fritillaria cirrhosa and Fritillaria
unibracteata. The number of emerged seedlings of the two Fritillaria species seeds showed a sigmoid curve
relationship with time in days since sowing for most treatments with the increase of days after sowing, and the
consistency between treatments was significant. There were positive correlations between the seedling emergence

rate of F. wunibracteata treated with partial fertilization and the number of days after sowing. At (30=+3) days after
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sowing, the final germination percentage for the seedlings of the two Fritillaria species had been reached, and for a

given treatment the growth and development of F. cirrhosa seeds was better than F. unibracteata. 1t was found that

drilling was better than broadcasting or ridge sowing; Covering with wheat straw was better than covering with pine

needles or plant ash or sheep dung; Sowing without seed dressing was better than dressing with plant ash or sheep

manure. The optimal fertilization rates for F. cirrhosa were nitrogen 2.00 g+-m °, phosphorus 4.90 g+m 7,

potassium 1.25 g-m *. The optimal fertilization rates for F. unibracteata were nitrogen nil, phosphorus 9.80 g-
2

m °, and potassium 2. 50 g-m °.

Key words: Fritillaria cirrhosa; Fritillaria unibracteata; seedling establishment; dynamic effects
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K 1 545) , 23 14 AR BE (R 1), RS AL B 3K 1 NoPoK, 0.00 0.00 0.00
Tod . T I AR 7 28 7E HE 10 d SR BB A ’ T 0o S e
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B 0% H I TR DA A 1 NPK 200 4% L%
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Table 2 Effects of different sowing methods on the seedling emergence and growth of two Fritillaria species

S LY HIES 1 HERE ¢ B LAz
Sowing methods Emergence rate (%) Emergence potential (%) Emergence index Plant height (¢cm) Branch diameter (mm)
CS 70.98+6.78Aa 17.87+2.66Aa 17.87+0.81Aa 2.26+0.18Aa 0.484+0.01Aa
CT 78.94+5.79Aa 21.77+1.41Aa 22.55+0.97Aa 1.8740.10Aa 0.46+0. 15ABa
CL 28.11+3. 18Ba 7.21+1.98Ba 3.824+0.41Ba 1.8240.09Aa 0.41+0.01Ba
AS 36.15+3. 14Ab 12.10+£2.52Aa 12.1840. 78ABa 1.51+£0.09Ab 0.434+0.01Aa
AT 43.31+2.79Ab 13.05+2.97Ab 18.49+0.72Aa 1.81+£0.07Aa 0.3940.01Ab
AL 7.56+2.39Ba 1.84+0. 74Ba 3.134+0.52Ba 1.6540.11Aa 0.3940.01Aa

T CS I UURECRR s CT o1 DURE 54 s CL I LB 2B 48 5 AS < I 48 DU RIS 5 AT 05 58 DU RE R R s AL 5 58 DUREZE AR . [ 910 AS [) RS 7 ) 32 7 ] Al 1L
AR R 7 2 22 5 2 35 (P<C0. 05) , [ 5 AN [l /N5 S B3 T3] A % A 75 20 A T3] DL BE i ) 22 e 3% (P<0..05) . R I

Note: CS: Broadcast (F. cirrhosa); CT: Drilling (F. cirrhosa) ; CL: Ridge-sowing (F. cirrhosa) ; AS: Broadcast (F. unibracteata); AT : Drilling
(F. unibracteata) ; AL: Ridge-sowing (F. unibracteata). Different capital letters within the same column indicate significant differences among the
different sowing methods for the same Fritillaria species (P<C0.05) , and different lowercase letters within the same column indicate significant

differences between different Fritillaria species in the same sowing method (P<<0.05). The same below.

b 75X 0 T OB o L A0 DL 9 Y 1 P ol o T
D)o $E 27 dJ5 11 DURE 255 10 th 15 )11 DU 808 70 |
N1 ULk 5 I 5 LR 5 4 B9 I I AL L £ 7 (304 ol
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30
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N p . " 12 15 18 21 24 27 30 33 36 39 42
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IR AIA 76% LA b 29 58 DURERY 2 6% o )1 DURER$E R A 1 bk i 5 PR A0 38 C W 35 M 22 5 (P=>0. 05) , AR
ANFE R b B4 2 T RE AR AL B (P<T0. 05) 5 5 28 DU RES $ A A 1 B & e, O W3 TR SRR (P<<0. 05)
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Table 3 Effects of different mulches on the seedling growth of two Fritillaria species

B HIHES i AR B Az
Mulches Emergence rate (%)  Emergence potential ( %) Emergence index Plant height (¢cm) Branch diameter (mm)
CSZ 52.37+0.79Aa 18.6640.25Aa 6.734+0.92ABa 1.2540. 08ABa 0.49+0.02Aa
CYF 3.86+2.08Ba 1.74+1.49Ba 0.454+0.06Ba 0.9540.07Ba 0.474+0.02ABa
CCMH 9.714+0.57Ba 2.494+0.75Ba 1.2240. 14ABa 1.26+0. 10ABa 0.5040.02Aa
CMC 58.96+3.59Aa 15.30£5. 10ABa 8.014+0.77Aa 1.61+0.09Aa 0.4140.01Ba
ASZ 11.70+1.22Bb 5.80+0. 28Bb 2.09+0. 38ABa 0.9640.04Ba 0.424+0.01Ab
AYF 0.0940.05Ca 0.0040. 00Da 0.00=40. 00Ba 0.9040. 06Ba 0.3640.04Aa
ACMH 4.06+1.38Ca 1.57+0. 10Ca 0.65+0. 10ABa 1.34+0.27ABa 0.3940.04Aa
AMC 35.36+4.26Ab 9.7640. 18Aa 6.95+0.66Aa 1.54+0.07Aa 0.454+0.01Aa

TE: CSZ I DUERAR ST B35 s CYF I DUREEZE 8 36 s COMH 1| DU R BRI 3 s CMC o 1] DUR) 22 BT 365 5 ASZ - I 58 LB AA B B2 358 s AYF - I 58 DL BE
FERE s ACMH : 1% 56 DU BR B R CBE 3 s AMC < I 58 DUB) 22 B85 o [ 9 AR [R] R 5 = 43 3 7S [ R DL A () 8 25 4 1] 22 e i 3 (P<<0. 05) , IR S A [ /1y
5 SRk R R AN 55 9 T S [R) DLRERR ) 22 55 2 (P<<0.05)., T,

Note: CSZ: Pine needles (F. cirrhosa) ; CYF: Sheep manure (F. cirrhosa) ; CCMH: Plant ash (F. cirrhosa) ; CMC: Wheatgrass (F. cirrhosa) ;
ASZ: Pine needles (F. unibracteata) ; AYF: Sheep manure (F. wunibracteata) ; ACMH: Plant ash (F. unibracteata) ; AMC: Wheatgrass (F.
unibracteata). Different capital letters within the same column indicate significant differences among the different mulches for the same Frizillaria species
(P<<0.05), and different lowercase letters within the same column indicate significant differences between different Fritillaria species in the same mulch

(P<<0.05). The same below.

e S T FF V3 3 701 —e— —o0—
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ORI A 2 A H ) 6 2 15 B K Fig. 2 Regular effects of different mulches on the seedling
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SEA T .
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b B A AR K AR R AR AE 25 5, H 2 25 5 B3 (P<<0.05) o N PK AR FT |, 0 48 UL RE s R o il 3 0 vl
Fe 8 =, 43 AT K 30. 32940 14.49% A1 21. 93, NP K AR B R HY R 35 R M0 1 18 B0 B AIC, HL R s
RNy AR B R 22 4% o IR AC 77 2R 1 DUBESS 1 B AR K AR AR R 20 T i 58 DBk

B UK ST 8 T i 1L DR A 25 R A 8 S S R S AR A BRI ) 7 A R A G I R e R A
IG5 B8 MmN, R R S ST BN R B AR A, AR S S AR AU B I A AU R A R DL RE R B
P B R v 14 B UK T 1 T S SRR AT S 8 s A LA R S R AR S B 0 P R AR A B KT B T )1
DURJ IS 58 DLRE A H T 38 R T 38 L T A B vk o B 2 S R AIC R n 1 AR s B, R DL R SR AR B A
Ja REAREE o BEST AT A T, 1 DL BE 3 5 34 LR I 0 Bt S R e A S 4 n A A, Lk e B AR

emergence rate of two Fritillaria species
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Table 4 Effects of different seed dressing methods on the seedling growth of two Fritillaria species

IR DI HIES H HY R AL B Az
Seed dressing Emergence rate (%) Emergence potential ( %) Emergence index Plant height (¢m) Branch diameter (mm)

CCMHB 44.94+3.43Ba 10.2842.39Aa 5.61%0.50Aa 2.1840.07Aa 0.46+0.02Ba
CCK 76.37+2.36Aa 28.61+2.69Aa 10.08+1.02Aa 2.00£0. 09ABa 0.97£0. 12Aa
CYFB 9.37+1.08Ca 2.49+1.02Aa 1.31+£0. 13Aa 1.7140. 09Ba 0.44+0.02Ba
ACMHB 19.03+2. 29Ab 5.5342.07Aa 3.91£0.39Aa 1.510. 05Ab 0.42+0.01Aa
ACK 33.21+1.57Ab 15.9642.46Aa 6.774+0.94Aa 1.7540.07Aa 0.40£0.01Ab
AYFB 15.47+2.78Aa 6.26+2.60Aa 2.9440. 38Aa 1.28+0. 04Bb 0.44+0.01Aa

T CCMHB I DUREREREAN s CCR I DUREARFE R CYFB I DUERHE2E 36 s ACMHDB « 85 52 DUREHEBAIK s ACK - I 58 DUBEAR$E R s AYFB - 5 58 DA
PEEZE L [ A0 A R K S 5B 2R ) Rl DU B ] 8 Rl 3 ) 22 5 8 35 (P<<0. 05) , [ 81 R [l /N5 5 B e o () o il 0 28R AS () D) o i) 2% 53t 3%
(P<<0.05). T,

Note: CCMHB: Plant ash mixing (F. cirrhosa); CCK: Nothing mixing (F. cirrhosa); CYFB: Sheep manure mixing (F. cirrhosa); ACMHB: Plant
ash mixing (F. wunibracteata) ; CCK: Nothing mixing (F. wunibracteata) ; CYFB: Sheep manure mixing (F. unibracteata). Different capital letters
within the same column indicate significant differences among the different seed dressing methods for the same Fritillaria species (P<<0.05) , and
different lowercase letters within the same column indicate significant differences between different Fritillaria species in the same seed dressing method

(P<<0.05). The same below.

- KL - ——CCMHB —— ACMHB
AFLE 42 I G 9 8 D 0ol g ACM

B HH AR B R 3 AR 1 Bl A KT 1 T R L e R IR B
JF A AR 01 e B4, FL AR 2 ST 0 R AT P ) A
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i e A it JE Ak 3R 43 53 R NLP K K NGPLK, B AR it

i T % Emergence rate (%)

12 15 18 21 24 27 30 33 36 39 42
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. Fig. 3 Regular effects of different seed dressing methods on
3 Wig . S .
the seedling emergence rate of two Fritillaria species
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Fig.4 Regular effects of fertilizer treatments on the seedling emergence rate of F. cirrhosa
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Fig. 5 Regular effects of fertilizer treatments on the seedling emergence rate of F. unibracteata
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Table 5 Effects of different fertilizer treatments on the seedling growth of two Fritillaria species
it JE T 2 R N R TR R R = HAz
Fertilizer treatments Emergence rate (%) Emergence potential (%) Emergence index Plant height (cm)  Branch diameter (mm)
CN,PK, 29.10+4. 75Aa 14.76-+5. 09ABa 12.49-+1. 34ABa 1.83+0. 15Ba 0.5140.02Aa
CN,P,K, 25.04+5. 30Aa 16.91+4. 75ABa 11.33+1.45ABb 2.0640. 12ABa 0.5040.03Aa
CN,P,K, 27.19+3.06Aa 27.19+3.06Aa 10.8141.48ABa 2.194+0.17ABa 0.48+0.03Aa
CN,PK, 25.12+1.42Aa 10.61+3.46Ba 10.24+0. 94ABa 2.06+0. 18ABa 0.47+0.02Aa
CN,P K, 4.89+1.25Ba 4.64+0.95Ba 2.0340.27Ba 1.79+0.17Ba 0.474+0.02Aa
CN,P,K, 5.14+1.08Bb 3.3240.71Ba 2.1840.27Ba 2.1140. 14ABa 0.524+0.02Aa
CN,P,K, 21.56+2. 70Aa 12.9440.66ABa 9.62+1.11ABa 2.21+0.12ABa 0.45+0.03Aa
CN,P,K, 33.66+7.54Aa 30.52+6.62Aa 15.13+1.22Aa 2.30+0.11ABa 0.43+0.02Aa
CN,P,K, 20.98+5. 38ABa 17.66+4.09ABa 9.52+0.86ABa 2.50+0. 13ABa 0.45+0.02Aa
CN,P,K, 21.48+1.68Aa 12.85+0.87ABa 9.67+0.85ABa 2.10+0.11ABa 0.43+0.02Aa
CN,P,K, 5.64+1.12Ba 4.31+0.46Ba 2.56+0.29Ba 1.4740.12Ba 0.48+0.02Aa
CN,P K, 9.2042. 24Ba 7.13+2.47Ba 3.77%+0.30Ba 2.09+0. 15ABa 0.45+0.02Aa
CN,P,K, 30.1042. 29Aa 18.16+4.14ABa 13.72+1.38Aa 2.47+0. 10ABa 0.50+0.01Aa
CN,P K, 33.3442. 14Aa 32.75+1.36Aa 14.80+1. 29Aa 2.79%+0. 14Aa 0.5040.01Aa
AN,P K, 14.79+5.99BCa 9.8244.83ABa 9.084+1.46BCa 1.81+0. 13Aa 0.3840.02Bb
AN,P.K, 30.3243. 84Aa 14.49+0. 86Aa 21.93+2.40Aa 1.34+0.09ABb 0.40+0.02ABa
AN,P,K, 2.7040. 81Da 2.4540.96Db 1.94+0. 20Ca 1.33+0.06Bb 0.374+0.01Ba
AN,P K, 12.15+5.90BCa 9.094+3.51ABa 7.704+1.03BCa 1.61+0. 10ABa 0.42+0.01ABa
AN,P K, 5.10+1.86CDa 3.9940.44Ca 3.2340.49Ca 1.23+0.11Ba 0.48+0.02Aa
AN,P,K, 8.78+1.15Ca 5.65+0.91BCa 5.3740.56BCa 1.32£0. 10Bb 0.45+0. 02ABa
AN,P.K, 17.19-+2. 48Ba 8.114-3.17ABa 12.234+1. 30Ba 1.83+0.18Aa 0.41+0.01ABa
AN,P,K, 6.38+3.05CDa 5.71+2.77BCb 4.25+0.58BCb 1.6640.08ABb 0.41+0.01ABa
AN,P,K, 1.78+0. 68Db 1.23+0.31Eb 1.02+0.09Ca 1.6740.03Ab 0.37+0.05Ba
AN,P,K, 1.41+0. 25Db 0.9840. 16Eb 0.7640.10Cb 1.8640.11Aa 0.39+£0.01Ba
AN,P,K, 9.15+2.77BCa 6.26+1.76BCa 5.7840.65BCa 1.4340.08ABa 0.42+0.02ABa
AN,P K, 8.66+1.28Ca 7.12+1.68Ba 5.5340.81BCa 1.67+0. 16ABa 0.42+0.02ABa
AN,P,K, 6.44+1.01CDa 4.42+0.49Cb 4.02+0.42BCb 1.2740.10Bb 0.38+0.02Bb
AN,P K, 12.89+2.89BCa 8.65+1.97ABb 8.00+0.78BCa 1.4240.13ABb 0.42+0.02ABa

TE = [ SN [6) R 7 B 7 [e] i DL g A ) i A 7 X T) 26 53 ik 25 (P<<0. 05) , IR B1AS [l /NG 7 ks A T i A 7 TR AN [a] DL REF ] 22 5 . 25 (P<<0. 05) .
Note: Different capital letters within the same column indicate significant differences among the different fertilizer treatments for the same Fritillaria
species (P<0.05), and different lowercase letters within the same column indicate significant differences between different Fritillaria species in the same

fertilizer treatment (P<0.05).
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FEBE S i e (21£3) dkE AR B m e l], Hos e IR 22 10 d 2247 76 (30£3) d G th i A E 2. X 5 A
Jite A £ b BRS¢0l 8 (Astragalus membranaceus var. mongholicus) W f #a 3 78 15 N 5% #b & B A0 DUEE R 7
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0 S ELUH: 5 R e B WA IS RGBS ) B L R e R R AR R B B 4 K B A
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3.2.1  AN[E] b Ak B Aol D1 B T AR ) AR R I R AT X G Fh HR RER R KT T
FRRB YA o NI DUBE— R SRR 5 248 3 A Oy 500 ZE AR IR 9 b, £ 4 sl 1 DL BE B 7 1R R il
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3.2.2  AN[AIE w0 A G PR DLRE JE AR M) R 1A KR E By R TEAE) S 2561 Rkl o Bt b, B8 5 Wy ik
BT A O ) P ) 2% R A T e R BRAOS HUE R R RS T R AR R 2L SR I DR
RAFE e By A A S 30 22 5, DA ISR o 9 AR O XA il A i AR IESE Ty , 22 RO B 5 6 DL B R 1 10 S V4R
PR FFE BRI AR K AR . ANl B S W e 5 T, 22 B AN BT BE W AN AT DLSEE A PR O'G B S b T S B 3K Ay 2R R
RELH 3 R B 7K 2 AR 0L, A AR & R 8K 4y BB B 2 28 MR 28, TR VR 3, ol st 1 1 3R 23 IR 45 18, i mT
DA )R] 2 B, Oy DURE B AR 0 A 09 A KR B R AE 78 2 25 0] S SR kL s A AR 2 R AR R A LR,
Ho A BILJBT T 43 it ook 2 b B T AR g b A AR i ST IR A T B SRR S DT e DL B e AR ) A K A2 R
DU Ja8 AR ) 5 O L T %) B P - 8 T R IR A i FIE R, 3¢ v 19 pHL 5 S U 9 RE IR AR FH A R R 3
ARKEE, BREARKT MR AEE RV S i, KMk 5 I8 55 o ARG /50 A8 1Y i, 4E S i DL Bk
(Fritillaria thunbergii) 7 359 , A ALIE () LB I A Rk ity , AR T AR EE. HiL, —MAHEH
A HLEEAE Ry VB A6 ) 3 520 o
3.2.3  [E] A Ak BEO0E 7 b D) AR 4 Fh 2R KR E RS e B FAE 250 F i R R R 24 R 4
e A L R AN A — B R AR BT R Al A B Oy 2 ASBIE S R, AN R A Ak B A S ZE R A B BE RPN TR T
DRERp A K . X5 B ARIKHESE S (Codonopsis pilosula)™ % 2 (Solanum tuberosum) ™ /NFZ™ B
EREHE m HAR Y B2 A s n 45 RO R . 3X n] BE 5 VR B 26 19 A PR B AN (W] R BRI S A OG
3.2.4  AS[a] i AT Ak B ol DB T AR ) B AR K B IS NEHE by v 2 8 S A/ A 7 vh i ) Jo kil
—E R B H R R S B B S o A i ISR AN AN AT AT A 38 5, 3 R D R 2 it i e A B0 B B
e o ABIFSE BN DURE RN 58 DURE T IE R Y 55 SKAR XT8N i IS 2o 20 5k 2 A F T H ARG, R ARt AT 1o )1
DIBEGfE (2. 00 gm * B 4.90 gem * B 1.25 g-m *, B DIREJEA( 0. 00 g-m * B 9.80 g*m * #1 2.50 g-m . Uik
F 9 ot DL BEF - 09 A2 KR B et 1 3 TANHEAC , HR B 3 R A bk AR SR AR . AR 5
MR AE RALAE T R A R — B

4 &R

AR 5T AE DL BE R R AR K R R R R R bt S Ak LS T (v B it 9F 9 A SRR L AHE AR O =X
BRI RS PR 3414 ARG " AT AR X 1] DURE R 0 DURE B R A IR R R AR
HEAT T AT ZR Ge M A3 BT, 4 A T T A G S PR AR 7 Y 45 T E (), O LA T )1 DLRE T 58 DURE ) Rl a2
o GERET, Wi DL EE R A R AR K R EA B B B B, 1] DL R R IR R D1 B R R B R S R R
IR S R, B IS 15 d P IR RESE B (R B R, (21£3) d i UE A, HRp2e 29 10d, 2
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Ji R ARG AE(3043) dFEARSE R . BB AR B R SRS RECE R R BUE A C O R Ui 55 DBk
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2.50 g-m *,fEMEAC RN AR DLRERD TR AR K R B R Lo I WE IR A T8 )1 DL R RS 28 DL R b i i AR
TR R ROHE AR 6 DB T R Y ol Al AR B A SR B R o D 1A AR DL BEJE AR ) A
BRI R, AT 30 NEFEAT UL A GRS - 1) AN [R] A5 i) DL B A 4 7 55 LR B 2 BRI 9T 5 2) K 4 DR IRAE T R
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