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Abstract: Using L,(3") orthogonal experiment design, effects of combined application of N (15, 30 and
45 mmol + L™'), P (1, 3 and 5 mmol - L") and K (6, 12 and 24 mmol + L") on photosynthetic
characteristics and dry matter allocation of Ophiopogon japonicus ( Linn. f.) Ker-Gawl. seedling were
researched by pot method. The results show that effect of N fertilizer on photosynthetic characteristics of
leaf of O. japonicus seedling is the most, in which its effect on chlorophyll a content, net photosynthetic
rate, stomatal conductance, intercellular CO, concentration, transpiration rate is significant as the most
obvious promotion of 45 mmol - L' N. Effect of P fertilizer on photosynthetic parameter of leaf is not
significant. While that of K fertilizer on carotenoid content is significant with the highest carotenoid
content in 12 mmol + L™ K treatment group. Effect of N fertilizer on water content in above- and under-
ground parts of 0. japonicus seedling is bigger, that of P fertilizer on them is in the second, and that of K
fertilizer on them is smaller. Effect of N fertilizer on dry matter allocation index of above- and under-
ground parts and root/shoot ratio is bigger, while effects of P and K fertilizers are smaller. The
comprehensive analysis result shows that photosynthetic pigment content in leaf and water content in plant
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of 0. japonicus seedling are higher in combined application condition of 45 mmol - L' N, 1 mmol « L™

P and 12 mmol - L' K, photosynthetic parameters in leaf are higher in combined application condition of

45 mmol - L' N, 3 mmol + L' P and 6 mmol -+ L' K, and dry matter allocation ratio of under-ground

part is higher in combined application condition of 30 mmol + L' N, 5 mmol -+ L™' P and 6 mmol - L'
K. Based on them, rational combined application of fertilizer at different planting stages of O. japonicus

can achieve in order to the purpose of increasing production and improving quality.

Key words: Ophiopogon japonicus ( Linn. f.) Ker-Gawl.; L,(3) orthogonal experiment design;
fertilization ; photosynthetic pigment content; photosynthetic parameter; dry matter allocation

2 2¢( Ophiopogon japonicus (Linn. f.) Ker-Gawl.)
A EAFH Liliaceae ) W M #1J& ( Ophiopogon Ker-Gawl.)
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1.2.1 EXFEHRZFALALE $L,(3) IERLKK
NP K3 F%E 3 KA, &4 B4 N P K
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Table 1  Orthogonal experiment design on combined application of
N, P and K to Ophiopogon japonicus (Linn. f.) Ker-Gawl.

NZF JKFED  Factor and level"
Kb 3 Treatment

N P K
TI(N, P, K, ,CK) 15 1 6
T2(N, P,K;) 15 3 12
T3(N,P;K;) 15 5 24
T4(N, P K;) 30 1 12
T5(N,P,K;) 30 3 24
T6 (N, P;K, ) 30 5 6
T7(N;P,K;) 45 1 24
T8(N;P,K,) 45 3 6
TO(N;P;K, ) 45 5 12

DN, B3P N 4 )E Final concentration of N in nutrient solution
(mmol - Lt ) Py BRI P AYZIRE Final concentration of P in
nutrient solution ( mmol - L ); K. EFREW P K B H B Final

concentration of K in nutrient solution (mmol + L™").
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mmol - L_IK)ﬁfﬁéﬂﬂfﬁ%i a S, BT b
(XFHE 15 mmol + L'N .1 mmol - L™'P 16 mmol - L'
K) #2517 19. 87% , 22 5735 i E K Vs AR EE NP
FK B 22 A Dyt 7t 3R b SR R
AN AL TO AR BRZE 5% R ZH 25 55 0 2 ORIRI R BE NP A
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Table 2 Effect of combined application of N, P and K with different
concentrations on photosynthetic pigment content in leaf of
Ophiopogon japonicus (Linn. f.) Ker-Gawl. seedling (X+SD)"

i) MPARA I It /mg - ¢! K
Chlorophyll content AL -
Treatment?) ‘a;/r'ng &
Chla Chlb Carotenoid content
TI(N,P|K;,CK)  1.56+0.04ef 0.68+0.03bc  0.25=0.01cd
T2(N,P,K,) 1.6420.01d  0.68+0.03bc  0.29:0.01b
T3(N,P;K;) 1.53£0.01f  0.62x0.0lc  0.26x0.01bec
T4(N,PK,) 1.61£0.01de 0.67x0.01be  0.32%0.0la
TS(N,P,K;) 1.71£0.0l¢  0.7120.01b  0.29x0.01h
T6(N,P,K,) 1.73£0.01be 0.73x0.04ab  0.28x0.01h
T7(N;P,K;) 1.70£0.0lc  0.72+0.03ab  0.260.00bc
T8(N;P,K;) 1.77£0.02b  0.73:0.0lab  0.24=0.02d
T9(N;P;K,) 1.87+0.05a 0.78+0.0la  0.25:0.0lcd
Ky, 1.58 0.66 0.27
Ky, 1.68 0.70 0.30
Ky, 1.78 0.74 0.25
R 0.20 0.08 0.05
Kp, 1.62 0.69 0.28
Ky, 1.71 0.70 0.27
Ky, 1.71 0.71 0.26
0.09 0.02 0.02
Ky, 1.69 0.71 0.26
Ky, 1.71 0.71 0.29
Kk, 1.65 0.68 0.27
R 0.06 0.03 0.02

DREFIR AR B /NEG FHR R 2R B F (P<0.05) Different small
letters in the same column indicate the significant difference ( P<
0.05).

NN, Ny BEFRIRT N IR 535 15,30 #1145 mmol - L™
Final concentration of N in nutrient solution is 15, 30 and 45

respectively; Py, P, ,Py: B IR P IYAIREE 435

1.3 F15 mmol - L™! Final concentration of P in nutrient solution is 1,

3 and 5 mmol + L™, respectively; K, ,K, ,K;: BEIREH K LA

A9k 6 .12 F1 24 mmol + L' Final concentration of K in nutrient

solution is 6, 12 and 24 mmol - L™, respectively.

mmol + L',

K FCiixd 22 4 ik e v 2850 8 b 28 5 1 R ) A
JN, HoH T4 (30 mmol + LT'N,1 mmol - L'P £ 12
mmol « LK) AbFRAL (AR R & i s, 5 HA
AbPRH R AT 2 25 57

HER 2 B AT UL N IEXT I 4R 3R o AR b
FEEAEE N2 BRI O S g5 3 0 52 ) [
Z,HHP 45 mmol - L'N X G OESERS
FPEEVE ] e B s KRR it R 2 8 P R &
A BEZW, HF 12 mmol - LK AR K,
2.2 XWEZHEMRAXESHOZIE

ANEIREE N P MK BCMEXT 2 & 4 it a S
B W3, B3 nl%l. T8(45 mmol - LN,
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3 mmol + L™'P F16 mmol + L™'K) F1 T9 &b ¥ £H ()15
B (Pn) MZEBEE (Tr) &, BE&T
Hfl b B 4L 0 T B8) ATT3(15 mmol - LN,
5 mmol - L'P #1 24 mmol - L_lK)ﬂLl‘iﬂéﬂE/‘J Pn £ Tr
ENHAR, T8 AbBRA MR AL FE (Gs) e, 3
BT HABAL R ; 1 T3 AL BRALE) Gs WA, WM

®3 ATERE NP KEENELSHEMFRESBNIME(XSD)Y

FHABAL L T2(15 mmol + L7'N .3 mmol - L™'P FlI
12 mmol + L"'K) . T5(30 mmol + L™'N .3 mmol - L”'P
#0124 mmol - L™'K)F1 T6(30 mmol - L™'N .5 mmol - L'
P#16 mmol - L7 K) &b AL HY L[] CO, ¥R AL (Ci) %2
i, B T AR B

Table 3 Effect of combined application of N, P and K with different concentrations on photosynthetic parameter in leaf of Ophiopogon japonicus

(Linn. f.) Ker-Gawl. seedling (X+SD)")

LbF2) LA R/ pmol - m™? - 7! KFLFE/wmol -+ m

Treatment?) Net photosynthetic rate

2.6t Jifg i8] CO,#e %/ wmol + mol ™

Stomatal conductance

ZEREH R/ wmol - m72 + 7!

Intercellular CO, concentration Transpiration rate

TI(N,P,K;,CK) 5.970.34de 0.056x0.005d
T2(N,P,K,) 5.24=0.09f 0.058+0.002d
T3(N, P3K;) 5.810.24e 0.050=0. 004¢
T4(N,P,K,) 6.34x0.21d 0. 060x0. 002d
TS(N,P,K;) 6.830. l4¢ 0.071+0.003b
T6(N,P;K, ) 6.940. 19¢ 0.073£0.001h
T7(N;PK;) 7.520.24b 0.065+0. 001 c
T8(N;P,K;) 8.45:0.28a 0.0790.001a
T9(N;P;K,) 8.710.13a 0.074+0.001h
Ky, 5.67 0.055
Ky, 6.70 0.068
Ky, 8.23 0.073
R 2.55 0.010
Ky, 6.61 0.060
Ky, 6.84 0.069
Ky, 7.15 0.066
R 0.54 0.009
Ky, 7.12 0.069
Ky, 6.76 0. 064
Ky, 6.72 0.062
R 0.40 0. 007

237.20+6.20b 0.730+0.027e
259.30+7.70a 0.824+0.019d
217.00=+2.00d 0.697+0.011e
238.70+1.30b 0.801+0.008d
254.50+5.50a 0.924+0.008¢
253.40+4.60a 0.995+0.024b
214.75+2.25d 0.883+0.037¢
226.33+5.35¢ 1.110+0.011a
211.00=+1.00d 1.075+0.007a
237.83 0.750
248.87 0.907
217.36 1.023

31.51 0.273
230.22 0.805
246.71 0.953
227.13 0.922

19.58 0.148
238.98 0.945
236.33 0.900
228.75 0.835

10.23 0.110

O[5 Hp AR R B/ bk R 25 5 i 2 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).

DN, LN, Ny BRI N R EE S50 15 .30 145 mmol + L' Final concentration of N in nutrient solution is 15, 30 and 45 mmol - L™",
respectively; P, ,P, ,P;: BRI P AR 1.3 F15 mmol « L™ Final concentration of P in nutrient solution is 1, 3 and 5 mmol - L! s
respectively; K, K, ,K;: EBIEW T K2k B 5 R 6.12 1 24 mmol - L~ Final concentration of K in nutrient solution is 6 , 12 and 24

mmol - L1 respectively.

W22 BT a5 R R W 2 A R P Gs | Ci
F1Tr S0 fe KA 2 NV BE 52 M de /N R KOVR
J7 TS SRR B N il FH /K F X 22 & 4 it | P,
Gs . Ci F1 Tr ¥4 . & 52w ; Horb ) 7E 45 mmol + L7'N
KR H P (Gs Bl Tr ¥ i K, i AR BE P AT K
SRR P Gs i Fil Tr B0 8 55200, LR N
NEAT R FAR 22 4 L e SRR
2.3 WELZHERKEMTYRS BN

ANTE e E N P AT K BC i %) 22 4 4 ok B &
Y 543 BE 5 DL 2 4

2.3.1 @@ akENHn HFERLIWERTUE
H. 9 AMbFEA T7(45 mmol + L'N .1 mmol - L™'P Al
24 mmol -+ L7'K) AbFHAH il 350 &5 /K B s, ik
76.12% ;T1 AL (X I B H_E 358 4 1% 7K 2 Je I
HT3.09% , —HEHFIERF 2R, T4 A T8 AL IR )
MR 3 S K BB, T1 A B 9 R #8405 K &
BAR, A MAREER, WESTER TR N
Xif 22 Ay v b LR A RN bR 43 KR RS IR A
K AEXT —F MRz, P BRI/

2.3.2 SNFHhEoameYa hE4 I, 9 Mt
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B T6 ARFRZE A 53T 5T A3 Bl 4 Rl oK L Hh
RS A AR ElcR s AR L AR R/ T1 Ak
PRZH (0 ) it B 53T B A e B/ s (T
3T Be A R R, HH et L W e K, T6 il T1
A FRZE A b3S 43 A MR S 4 5 4 R LA AR S

P 2 5 3 W22 B g A s NI XT 22 4 4))
T 43 R 5 4 0 5 BC R L BRI B
FIRZ M A, POIE AN KR A 52 ma 45 /0N, {H 35 A 1R 3] i
FKF,

F4 AERENPMKEENELYHESKERTYRSEAIFI (X2SD) "

Table 4 Effect of combined application of N, P and K with different concentrations on water content and dry matter allocation of Ophiopogon

japonicus (Linn. f.) Ker-Gawl. seedling (X+SD)!

KB/ % Water content FYIR LTS 4L  Dry matter allocation index

4k 32 HOE L
Treatment?) Hi_EIY Y Mo b R AR Root/shoot ratio

Above-ground part Under-ground part Above-ground part Under-ground part
TI(N,P,K,,CK) 73.09+0.55d 80.66+0.32d 0.563+0.015¢ 0.437x0.015a 0.776+0.038a
T2(N,P,K,) 74.15+0.57bed 81.50+0.41cd 0.580+0.034bc 0.420+0. 034ab 0.729+0. 085ab
T3 (N, P;K;) 74.26+0. 53bed 81.29+0.57d 0.566+0.035bc 0.434+0.035ab 0.770+0. 086a
T4(N,P,K,) 73.86%1. 14bed 83.54+0.39a 0.577+0.019bc 0.423+0.019ab 0.735+0.047ab
T5(N,P,K;) 74.27+1. 14bed 81.33+0.59d 0.621+0.018abc 0.379+0.018abc 0.610+0.037cd
T6 (N, P;K, ) 73.30+0. 16¢d 81.76+1.60bcd 0.644+0.047a 0.356+0.047¢ 0.560+0.096d
T7(N;P,K5) 76.12x1.13a 82.93+0.38ab 0.626+0.020ab 0.374+0. 020bc 0.597+0.041cd
T8(N;P,K,) 75.10+0. 89ab 83.69+0.83a 0.598+0. 040abc 0.402+0. 040abc 0.676+0.093abc
T9(N;P;K, ) 74.77+0.49abc 82.64+0. 04abc 0.609+0. 023abc 0.391+0.023abc 0.645+0.051bed
KNl 73.83 81.15 0.570 0.430 0.758
KN2 73.83 82.21 0.614 0.386 0.635
KN3 75.33 83.09 0.611 0.389 0.639
R 1.50 1.94 0.044 0.044 0.123
KP] 74.36 82.38 0.598 0.411 0.703
Ky, 74.51 82.17 0. 600 0.400 0.672
KI’3 74.13 81.90 0. 606 0.393 0.658
R 0.38 0.48 0.008 0.018 0.045
Kkl 73.85 82.04 0.602 0.398 0.671
KK2 74.26 82.56 0.589 0.411 0.703
KK3 74.88 81.85 0.604 0.396 0.659
R 1.03 0.71 0.015 0.015 0.044

D )5 H AR R 1N bk R 25 5 B 3 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).

2)Nl ,N, N5 BT N BB R 15 30 F1 45 mmol - L7 Final concentration of N in nutrient solution is 15, 30 and 45 mmol - Lt N
respectively; Py, P, Py BEIRHH P AR50 1.3 F1'5 mmol - L' Final concentration of P in nutrient solution is 1, 3 and 5 mmol « 1!,
respectively; K, ,K, ,K;: BRI KR B4 B 6,12 F1 24 mmol - L' Final concentration of K in nutrient solution is 6, 12 and 24

mmol - L7' | respectively.

3 it Aesb

3.1 N.P# K EHEXEZLZHEMFEEFERNT

TG W 2 A8 900 B AR A0 A Y i
A, AR F Y5 55 ELHE 52 W AR RR 7 0 R T, 3 E
1) NP A1 K Bt A A T 25 At & R 6 L,
R H A VEFIRE Ty, T4t s 25 FH BB AL 1Y 7= 1 5
JES L ARBESEAE R N P R K i A A4
MG E R IR o N IE R S oA

EEBEACA SN FEHNE, ME N i =3
T, 2 AWl Rt RS K H 25 7k B KO,
FIRER O RE N T BE 3 vt v a2 3 f
AR AR 0 G RE 3k . ELBEAE N it FH 2 1Y) 3
T, 22 &G 7 A R AL RN 2R I
BB I KT M) CO, 9 BE B 3 WA, 16 A L
A R AZ ARSI G R ZE
TEPHHEHN 1 ~5 mmol - LIS, P RN
YT R LS AR FEADCE S B TR E
SO, R HRAE) B AT A R — L, HED R N A
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TR S AL AT IR N R K AR R R
X PR R B A T R AT RE T AR S
EE IR P AR, XA &Y RO
PE) AR 5

BRI AR AN BB o 45 SR R L 5E 2
Jiti K NEREHR AR R I Fr B AL B, DA T 42 vy P AT 448
H 6 A PE R ALMAE S LR E XA E R B
PRI e mdot Gl LA he ). A5,
W EREE Y K IERR e = 2 &G i e B RS
i 0 Kl — SRR Rt RS
SRR T K it X 22 A4l i R B Ak
B AALTEE M CO, Wk EFZE S H R E NS S
W TG 2552 e, Kl FH 52 X6 22 & 4 i e v i 28
B NRSRA D ERW IFE K 29K 12 mmol - L7
SKUETM RIS P RS RAERA, KW D
BRI A IG5 22 AR AL i it
FCReREHCA & RIULE R K IERE i &
ARG IR RE T 3G 5 , Sy 22 A B IR A KA I T 5%
.
3.2 N.P 7K BLiExt £ LT R A =20

Gleeson 25 A Ay BRAE 1) MR 3 2 51405 36 A9 195 1
A, H 5 LU 3G 0w 3R WA ) R AR R T A, AR
e L I AT DU 52 40 % 3 L ) 0 S A K B3 1) i o
AT FE AT AN BE | PR B3 R A S
EREHSE IMVEESEDT R R 1 B K R R A S
FE AR P B 7K 3 AR, 5 7K 2 1) v AR E — o R B L]
SRR K RE ST IR 55 . ABFSE D 25 it N b 20
2 S B T AR G L 38 /INT X R T 5 A3 A R
S3 R K O B BT 4R R, 3 AT B TR D it A
JEFRATHER T, AR RN Z R4 B i (B 32 3
Tl BR ) PR 2R (CAnBRe) Byl 24, 7l 3 s A = Py n)
Hiy 150 9 43 B3 58 X Y R WAL, W e 27 44 A2 5500 1
SN LA SE G4 F 5 Rt AT w3 hin i A6 B 7K
FRBENS) B SR A0 00 PR K BE T, BT 22 A A K

THy A BIE I R ) SRR T TS
A 1A BT i R S HE s T BT 4 B AR R
W AEAE Y% FREE 38 Dy e e 1 1) B U R AR 2 —,
HR Sy A B A Oy T R RN — i E R B
S TR AR G - 3R 4 SO IR 7 R R SE 4 fiE
RNy et ¥ S N e N O L SR

TR R ) BEAAE ) 1Y ZE I FNIF WAL N T 22 (17K 43 RS
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