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BRI AL T R IR B AR R X 2 A A
)RR 16.6 °C, fEIFE/K R 584.6 mm, [Hl A T
BERAUNEE L . WG IR (0~30 cm) FEAH
T N AR 16.75 mg/kg THASE 19.25 mg/kg.
A 2% 12.46 mg/kg HEAE 266.00 mg/kg. A LI
9.46 g/kgo
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Table 1  Application amount of chemical fertilizer and
earthworm manure in different fertilization treatments

MCBSEREHE R )y SCHRRE
43 Application amount of Fertilizer Fertilizer application
Treatment  earthworm manure . f rate (kg/hm?)
Ke/hm? ratio (%)
(kg/hm?) N P.0s K0
CK 0 100 240 90 150
Tl 9600 90 216 81 135
T2 10 800 80 192 72 120
T3 12 000 70 168 63 105
T4 13200 60 144 54 90
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FORREIL 0%, W0 R R S R A Sy S . bR
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TR,
1.4 HIELIE
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2 HERE5SR
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Table 2 Effects of different fertilization treatments
on plant height of Lilium davidii var. willmottiae

¥k %1 Plant height (cm)

4 ST —_— TFAEM HHE
T . I . :
reatment  Seedling . Flowering End flowering
. Bud period . -
period period period

CK 14.24+0.95b 20.46+0.84b 22.28+1.15b 23.10+1.03b
Tl 17.84+0.83a 24.58+1.16a 26.32+0.88a 27.08+1.29a
T2 19.08+0.64a 27.38+0.99a 29.20+1.20a 30.08+1.24a
T3 17.2040.72a 24.54+1.07a 26.64t1.21a 27.26+0.77a
T4 17.08+1.24a 24.14+1.18a 26.124+0.40a 26.68+0.92a
RNENG FRER R ZE IR RE KT (P<0.05 , T,
Different lowercase letters indicate significant differences at P < 0.05
level, the same below.
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B, T2 B RIMR YRR, (H5 T1. T3 # T4 &
HACR#E 2T LT CK ALHE, ] FEAE 5
BACL AR A AR SNV . BUEE 3. AR 1E 1
AR =1 20 I 19.94%~33.99% 17.99%~33.82%
17.24%~31.06%- 15.50%~30.22%, 1] LLF H %k
] 288 U 350 0 5 A A S Ak 3 7E 47 30T ) R v O
K, MG B AEE R T I PR

He 3 T, AERR SR EY 22 B0 g It s 4] 2 A 5
AR i FH = (3G 0 S 56 I G b o &4 B
5] 248 A0 20 5 AR AL I A B O A AR 2SR AT CK Ak
P, BAFEZFH RN T2>T3>T1>T4>CK, H
W T2 AbERSA R, B T CK ARER. AHELT CK
AR, ] SRR S ARAG AR ERAE S . IR
WL T AR A AU A B 00 2O 2 0l 3 1.02%~
3.67%- 1.07%~4.46%. 1.24%~3.25% 1.03%~2.20%.
TE WA A 5 A B R AR ZE RIS B e R MH, T1. T3,
T4 hb¥ 5 CK A LR EER .

=3 TREIMEEAEN ZME AN

Table 3 Effects of different fertilization treatments on
the stem diameter of Lilium davidii var. willmottiae

ZEH Stem diameter (cm)

W g B FEAER R
Treatment  Seedling L Flowering  End flowering
. Bud period . .
period period period

CK  0.491+0.002b 0.561+0.002d 0.647+0.003c 0.681+0.002b
T1  0.499+0.005ab 0.576+0.003bc 0.661+0.004ab 0.691+0.002ab
T2 0.509+0.003a 0.586+0.003a 0.668+0.004a 0.696+0.003a
T3 0.502+0.004ab 0.581+0.003ab 0.662+0.003ab 0.693+0.007ab
T4  0.496+0.005ab 0.567+0.003cd 0.655+0.002bc 0.688+0.002ab

AN (7] Tt A Ak PR AR 1) E b AR B IR AR AL
st StkmE 8 (R 4) o Mg FEAE I B AR
Ab PR B RE R B S A B I T CK b, H
T2 AEBEH M B . FEYI IR B, T1. T2,
T3 F1 T4 ALPEEAH LT CK AR 2 A3 0 10.94% .

F4 FEMERAENZME &M B KM

Table 4 Effects of different fertilization treatments
on leaf number of Lilium davidii var. willmottiae

IF F %0 Number of leaves
SeE S o FFAEH WHE I
T ; WA : .
reatment  Seedling . Flowering End flowering
. Bud period . -
period period period

CK  106.00+4.17c  146.80+2.69¢c 153.60+2.09¢c 156.80+6.95¢
T1 117.60+1.91ab 163.40+3.33b 171.40+4.33b 175.60+1.94b
T2  125.20+4.03a 181.60+3.61a 191.20+2.31a 196.40+3.12a
T3  114.80+3.35bc 163.00+3.39b 172.60+3.36b 176.60+4.09b
T4  112.40+2.77bc 158.60+2.77b 168.20+3.71b 172.00+3.27b

18.11%. 8.30%F1 6.04%, T3 1 T4 4b¥ 5 CK 4b
HAG R EZ R I JFEHAEIEI, i
5] 38 A 40 B AR AR AL B g i i B8 B3 v T CK
GEFE, 3R TN 8.04%~23.71% 9.51%~24.48%.
9.69%~25.26% . 7E 1€ 11 & Jiti AT AL P (R AR AR - v 2
IKF B KA, T1. T3 A T4 kb3 E) KRB EZ R,
22 AEIMERIESTZMNE A& E BRI

Po ELE R TGS ERBE S . BT W]
LA, AR T 2200 H &k P Bk
A — B, RN S ERIKES. 7 H
A AGERS NS ERAEKEEE TR, %
i AR AL B AR e P ¥R BB, T1. T2,
T3 F1 T4 A BEFER T B Po 23 50N 3.44. 4.17,
3.74 F1 3.39 umol/(m?-s), AT CK AbHL 4 A &
10.97%. 34.52%- 20.65%#19.35%, H T2 kbH[]
Po B m T HABRIEA T . 8-9 HIEE IR
JERE R IR . SR AR, R R I A K R
59, SMEALALIRE) P AW R R A T Py B
BN T2>T4>T3>T1>CK &, T2 45 T3
HI T4 KEFR A G B2 2 R .

BCK OTl BT2 ET3 mT4

P, [umol/(m?*:s)]

4 Month
AFNG PRI Z R W (P<0.05) - .
Different lowercase letters indicate significant differences among
treatments (P < 0.05). The same below.

1 REMELEN=ZMEE P AR

Fig.1 Effects of different fertilization treatments
on the Py of Lilium davidii var. willmottiae

Ty 72 S WEAE P 7K 4 1) 2885 AL G g 1) 32
BS54 WE 2 7L, SRR R vk
A TS P, —8. W& 7 AR E T
SRR ER AR T 3IA B, T1.
T2. T3 #1 T4 &P AR B T 53008 3.69+ 4.50,
4.22 1 3.96 mmol/(m?-s), FH#: T CK AbHE 5 il 3
12.50%+ 37.20%- 28.66%F1 20.73%, T2 4bFHE %
E T HAL AR AL R . 8-9 HBEE IR A R %, b
UL 5 B K 55 A0 2 AR GV R B o, % e S Ak B
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TI>CK 43, T35 T2 b a LR EER,

B CK OTlI

ET2 mT3 ®mT4
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43 Month
2 AEHEARALIEN =MNEE T 1520
Fig.2 Effects of different fertilization treatments
on T; of Lilium davidii var. willmottiae
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8-9 H, &t ALAbH IAER M 1K Gy 351U B
&AM R Gs W N T2>T3>T1>T4>CK 4t
P, T2 A5 T1. T3 AbFHE L EZHZE R

BCK OTlI BT2 mT3 mT4
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E 15t
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Fig.3 Effects of different fertilization treatments
on G; of Lilium davidii var. willmottiae

Ci SAEPI I B X6t CO IR ISR FI 155 O« A
E3 1 = VN i L S NP e W i)
BRI —5, ¥ B PRCE 1 S & .
7 AR EE I OR, MO EE R E MR, CO.
HAER L, HE LB AR R C R,
T1.T2.T3 F1 T4 &R F Cio3 o8 262.90.
330.66. 310.62 £ 326.49 umol/mol, AH# T CK 4t
PR RIFE T 3.71%- 30.43%. 22.53%. 28.79%, T2
5 T3, T4 WP TCRZE 2 7. 8-9 HEEHE LR
FEFII K PEAG, AR AR ER (1) C AW _ETF, fpgnt
J G E )y T3>T2>T4>T1>CK kb3, T3 &b
5 T2 fl T4 AbHR A T B3 £ 57

ECK OTI ET2 ®T3 HmT4
500 - a
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a .ab ab
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2200}
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Fig.4 Effects of different fertilization treatments
on C; of Lilium davidii var. willmottiae

23 AEIFEAEACIES =M B & 8= M RIEfRAI R0

i 5] 28 AL 3 43 5 AR A I Ak 3 0 % TS 7R 4B b
P A T e — i A AR AR R . (3R S Rl %, A)
WS BT, T2 AP, 5 T3, T4 Ab#A]
TREESR, T1. T2, T3 il T4 kbFEL CK AP
A 10.71% 29.82%-. 29.11%A120.71%. A ¥
RS R, T3 AFEE T CK M T1 A,
T1. T2. T3 F1 T4 4bFEHE CK AR 451l 5 13.32%.
34.85%- 45.80%1 40.88%. ot T i 2w AE A5 A HE
T EE %R, T2 MBS ERE, Tl T2, T3
A1 T4 ZhF B CK AR 7370 51 3.27%+31.31%+8.88%

x5 TRLEMNZMNESHEEFMRAIFNT

Table 5 Effects of different treatments on the nutritional quality of Lilium davidii var. willmottiae bulbs

e EIRGYE s EEEER A E PNyl i s RN s Ve &
Trea trﬁént Soluble sugar Soluble protein Total flavonoid Total phenolic V. content
content (%) content (mg/g) content (mg/g) content (mg/100g) (mg/100g)
CK 5.60+0.18¢c 5.48+0.38c 2.14+0.32a 10.38+0.96b 4.74+0.66b
T1 6.20+0.21b 6.21+0.57bc 2.21+0.27a 11.98+1.52ab 5.39+0.49ab
T2 7.27+0.13a 7.39+0.60ab 2.81+0.38a 12.64+1.08ab 5.96+0.57ab
T3 7.23+£0.13a 7.99+0.30a 2.33+0.31a 15.28+0.98a 7.28+0.98a
T4 6.76+0.17a 7.7240.14a 2.30+0.11a 14.87+0.46a 5.79+0.53ab
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17.48%. MEy SR, T3 A, Tl T2,
T3. T4 4P CK ANFR 5 Al 15.41%- 21.77%-
47.21%F1 43.26%. 1E V. 5 EJ7H, T3 APEFRFER
AR, T1. T2, T3 Al T4 ALBEEL CK AL FE ) Fi) 4
B 13.71%. 25.74%. 53.59%A1 22.15%.
24 AEMELEXNZNEEHMESEMEFY
YRR
AN [F] it A Ak B =2 M A B 2K R AT R A
TR ANZR 6 B, Wris 2R 4 B AL AR AL B
N E A EE I T R AL B AL, CK
Ab P A % 25 FLAR AR, N 34.64 mm,  JNORALAE Y
A ] 3 A S B X H AR RIS E T

B, T3 Ab3E R % =5 B ARk B i RME, A 36.25 mm,
T1. T2 Al T4 fbPEA G2 % 2 7 BERGEH A
12.68~15.25 g, 7E T3 WEARHRAME, BE&T
HAhGEAC AL, T1. T2 A1 T4 AbPEAIC 3% % 5,
A R3S T CK 48E; FPPERIAN T3>T2>T4
>T1>CK, T3 Ab#E =&, 9 1906.25 kg/hm?,
B CK. T1. T2 fl T4 AFE 5 53 & T 20.27%
13.72%- 9.01%F1 10.67%; F=#EHERIA T3>T2
>T4>CK>TI1, T3 e#=#ti e, N 2.86, &
EHrm T HAGRE; AR T3>T2>T4>TI1
>CK, T3 &bPRalilasfiem, B CK. T1. T2 #1 T4
AEF 5y LT T 8000.41. 7040.61. 4795.31 Al

*6 AEMAELENZMNEE~EMEFUEHIZ N

Table 6 Effects of different fertilization treatments on yield and economic benefit of Lilium davidii var. willmottiae

b3 [TESEKE figh 25 fip 7 e P Go/hm?)  JEREAE (Go/hm?) FEEl aifas (Jo/hm?)
Treatment Bulb diameter Fresh weight Yield Output value Fertilizer cost Output-input Net income
(mm) of bulb (g) (kg/hm?) (yuan/hm?) (yuan/hm?) ratio (yuan/hm?)
CK 34.64£0.26b  12.68+0.19c 1585.00+24.27¢c 47 550.00+728.21¢ 3343.02 2.59b 29206.98¢
Tl 35.05+0.50ab  13.41+0.19b 1676.25+23.77b 50 287.50+713.15b 5120.72 2.50b 30 166.78bc
T2 35.54+0.34ab  13.99+£0.25b 1748.75+30.96b 52 462.50+928.87b 5050.42 2.62b 32412.08b
T3 36.25£0.25a  15.25+0.28a 1906.25+35.34a 57 187.50+1060.24a 4980.11 2.86a 37207.39a
T4 35.21+0.39ab  13.78+0.18b 1722.50+22.36b 51 675.00+670.76b 4909.81 2.60b 31765.19bc

i 25 AN F2 30.0 JU/kg T, ERLEAS AR ds] SRAE 220 Je/t, FRE 2200 Ji/t, i BEERES 1800 Ji/t, BREREN 4100 Ji/t. HAMELA 15 000 JG/hm?

OAEFT . NTARZGNA .

The unit price of bulbs is 30.0 yuan/kg. Fertilizer cost include earthworm manure (220 yuan/t), urea (2200 yuan/t), calcium superphosphate (1800
yuan/t) and potassium sulfate (4100 yuan/t). Other costs are calculated at 15 000 yuan/hm? (including seed, labor, and pesticide costs).

5442.20 yG/hm?,
3 itig

AR BT & 72 0 v, BRI, (ER AR Ty Hesk
AR B e, A e P O 2 o - 3 Ak M A
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4.65%%F1 20.27%, BRIT =M EGH N AR,
H T3 kb= 8100 20.27%, 2355 CK Ab# Y
15 8000.41 Jo/hm?. 1t B A4 JE Rk | 28 JEE 5 342 P it
e BRI ZINE A B EKEE, 1t
I =R AR AN B, Gk BB R 2 e A AR 1)
Hi.

e E R A A K A B ) A B T A,
RREFEMEKMIRAR R —, 52K,
JeEHBEES . W BRIBER CO K E 25 IR
BER 2 M 2 ASHHE ST A, J e i ] 2 A A B
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Trv G Ciy, 5HTARTAE VLR B IERT 5
B2 FOKPIRNA - ROEAE YO G R I A 7T A5
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BRI TR M R BRI, (EE TR RIAEK
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B 25 A0 S D S AT LA, AT RE 5 SR I A
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R0 45 Vo 7 R LA IR R FL A S T R (R
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it FH 80% 4L AEEC it 10 800 kg/hm? M 5] 3% A 4b ¥
BAA AT ZMNE A EE ALK, 70% IR i
12 000 kg/hm? Bz 45 3t JIES 4cb B £y b T 6 =25 7 B8R
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Effects of Earthworm Manure Partially Replacing Chemical
Fertilizer on Photosynthetic Characteristics, Quality
and Yield of Lilium davidii var. willmottiae

Zhang Zhuo, Nie Jiangli, Qiu Xiaokun, Su Jiajia, Ren Junhan, Liu Guanghui, Liu Yanjun, Pei Yi
(College of Horticulture and Landscape Architecture, Tianjin Agricultural University, Tianjin 300392, China)

Abstract  Taking Lilium davidii var. willmottiae as the experimental material, using the field experiment
method and applying 100% chemical fertilizer as the control (CK), we studied 90% chemical fertilizer combined
with 9600 kg/ha earthworm manure (T1), 80% chemical fertilizer combined with 10 800 kg/ha earthworm
manure (T2), 70% chemical fertilizer combined with 12 000 kg/ha earthworm manure (T3), 60% chemical
fertilizer combined with 13 200 kg/ha earthworm manure (T4). The effects of different fertilization treatments on
the growth, photosynthetic characteristics, bulb quality and yield of L. davidii var. willmottiae were studied. The
results showed that the partial replacement of chemical fertilizer with earthworm manure could accelerate the
growth of aboveground parts and underground bulbs of L. davidii var. willmottiae to some extent. T2 treatment
significantly improved the plant height, stem diameter and leaf number at each growth stage, and T3 treatment
was the most beneficial to the growth of bulbs, with the bulb diameter and fresh weight increased by 4.65% and
20.27% respectively compared with CK treatment. When earthworm manure partially replaced chemical
fertilizer, the photosynthetic characteristics of leaves were improved to varying degrees. The net photosynthetic
rate, transpiration rate and stomatal conductance of plant leaves reached the peak under T2 treatment, which were
increased by 34.52%, 37.20% and 56.78% respectively compared with CK treatment. The intercellular CO;
concentration reached the peak under T3 treatment, which was 30.43% higher than CK treatment, but there was
no significant difference between T3 and T2 treatments. The nutritional quality of bulbs treated with earthworm
manure partially replacing chemical fertilizer was better than CK treatment, and the soluble sugar content was the
highest under T2 treatment, which was 29.82% higher than that of the CK treatment. The contents of soluble
protein, total phenol and vitamin C were the highest under T3 treatment, which were increased by 45.80%,
47.21% and 53.59% respectively compared with CK treatment. But there was no significant difference in the
content of total flavonoids among the treatments. On the whole, 70% chemical fertilizer combined with 12 000
kg/ha earthworm manure treatment can significantly improve the quality and yield of bulbs, with the best
economic benefits.

Key words  Lilium davidii var. willmottiae; Chemical fertilizer; Earthworm castings; Photosynthetic

characteristics; Bulb quality; Yield
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