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Effects of chemical fertilizer reduction and application of
microbial fertilizers on the photosynthetic physiological

characteristics of Lilium davidii var. willmottiae

CHEN Xiaoli"?, YANG Hongyu's HAN Jia', MAN Huali', LI Yuanpeng', SHI Guiying'"
(1 College of Horticulture, Gansu Agricultural University, Lanzhou 730070, China; 2 Xigu Agricultural Technology Promotion

Station of Lanzhou, Lanzhou 730060, China)

Abstract [ Objective] The study aims to explore the effects of chemical fertilizer reduction and application
of microbial fertilizers on growth and photosynthetic physiological characteristics of Lanzhou lily (Lilium
davidii var. willmottiae), and to provide scientific fertilization management for continuous cropping of
Lanzhou lily. [ Methods] From 2019 to 2021, fertilization was applied in the experimental field of Lanzhou
lily located in alpine humid area in Gansu Province. The studies set up three different treatments: 100%

chemical fertilizers (control), chemical fertilizer reduction by 30% with microbial fertilizers, and chemical
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fertilizer reduction by 50% with microbial fertilizers. After three years of continuous fertilization, the
changes of physiological indexes such as growth, photosynthetic characteristics, and antioxidant enzyme
activity of Lanzhou lily were investigated. [ Results] Compared with control, chemical fertilizer reduction
by 30% and 50% with microbial fertilizers improved seedling index, photosynthetic characteristics, and
antioxidant enzyme activities of Lanzhou lily to different degrees, with the treatment of fertilizer reduction
by 30% with microbial fertilizers had the best effect. Under the treatment of fertilizer reduction by 30%
with microbial fertilizers, plant height, stem thickness, leaf area, underground biomass, and seedling in-
dex were increased. The photosynthetic pigment content was increased. Maximum photochemical efficien-
cy of PSII , actual photochemical quantum efficiency, electron transfer rate increased, none photochemical
quenching coefficient were decreased. The enzyme activity of the antioxidant (SOD, POD, CAT, APX)
was increased. The content of osmoregulatory substances (proline, soluble protein) was increased. The
content of malondialdehyde was decreased, and the root vitality was enhanced. [ Conclusion] The treat-
ment of fertilizer reduction by 30% with microbial fertilizers promotes the growth of Lanzhou lily, en-
hances leaf photosynthesis, improves protection enzyme activities and osmoregulatory substances, allevi-

ates the degree of membrane lipid peroxide, and improves root vitality. This treatment effectively im-

proves the cultivation environment of continuous cropping Lanzhou lily.

Key words

Lanzhou lily (Lilium davidii var. willmottiae); chemical fertilizer reduction; microbial fer-

tilizers; photosynthetic characteristic; antioxidant enzyme activity

2 MBS (Lilium davidii var. willmottiae)
JE T IR AR A R R A YR D B SR
O EAS H A AR N v R
SLE A XA B SRR Mk, 22 A A Xk
7 H 24 M, BEAE 7 oK & iR g R, R P
FERIRL & P S H OB 0, i ™ I 1R R AR,
PRIETE 22N 7 & LB 7= v R 4% AR T, IR, B
SR F A A W IE RE A 2 A A R R
JRE . SR A U A AR A R A LR S R T
Wit o % 00 R V8] o 9 R Rl AR W R RIS, L SR 5 4 D
PRALYE I 25 Ak . 5 BOHE 9 7 B R BB AR T
I s AN AT TR R A0 I AR 24 XU 47 3l L 45 il AR IE
A& 2 ffi AL L DR AR T R TS e R AR AR S B A S
ATRREE R B N A SRR B A
T 3 AE S DA b, ROy B P A AR K U N A4
B 1 IR AR FNE R WA HUIE, B 2 1k
JE b 78 A AR K R 75 A 3R B BEE A A
L) 399 1) S A 3 25 it P A I 3 ol S AT 7 B Ak IE
BHFIHI AT B G 7 i 5T 4 32 B o] 76 £
UE 22 M A5 7 i SR AR T B v SRR A T 3R
AR A N i JH 5 975 2 e A M TR L o L RE 2% i A
BEfG , Wy H AT 22 ET G R TR I B G B IR R,
FHACA: W0 T T 2 5 A A il e B ik 2 1 ) 32 A Pt %
A s RZ ",

PTAF AT 2 W AR AT ok 2t P it A7 PILAE L G2 0 T
JE JEFHIRAL | A= Wy o e 55 RE 412 vei AL RE A1) FH 8, 5 A
PR m TR AL RE ST AR TR A3 WS 4R R AR

B RO A S I R R R AR AT
TR E KR ARTHARAED T =

Tl AR W N S 18 22 A Tt 2 A 22 b R B A 955 Tk
W) S SR o3 o ELG PR T TG Gk BT B R AN REfiE
HE AT A5 TR W 0 BB R A LT B SR
et R R R S ORTY L R
PR S E S T A BRI A
A ERN R MR BRTTAER L A
A A AR 0 Ak T BB AR i 86 42 (Avwena sativa) , 4=
P THE % A B, B AR AR IE Tt & 42 v A S A H
SEE B Ay T I Tt Lt A e B 4% 3 B 1 A A
(Zanthoxylum bungeanum)W F¥6& &5 (PSS [DAY
JEREA 26, M 25 42 B o & A 7= . R B
A= ) TR R TRt 35 214 B 491 ) A I 2 — b BRI Al iy
S R E R I . D4Rk HON RO K7 A & PR
TR I AR 220 B A By MR i
e Rt K BT R GE A TE N TR AR A
RARAIFFE A A A il e P Tt 7 A 25 JHC A AT R B fie
VARAEVEY A KR E SR IE YA 45 A BRR
B 6t DL AR 22 4F A i sk B R AH SCATSE 41l .

2N B R IR 2 A A R B3R TEE
W A 5T 25 3 4F i HIAS [ Fo 491 1 I TE e 2 2 )
BIE o 23 A SOIR 45 22 JH T G BE I AR R AR R i
AL A ROR OB (6 R & B DU RE ) A5 AR LR
ik s T fif 22 M E B TS (6] L 4k 2 5 A= ) o IE e
it 5 A4 T R A0 SR 58 4 W) 1 AT T BE ) B R
2N B IR R BB B 22 N A AR X AR



9 R IDE AT, 45 b T Uk G 1580 A 00 o N X 22 00 6 D1 B 2 AR A 1 5 T 1367

Az FAE 5 R T o 1 00 Rk 0 4 45 B e
1 MR IT
1.1 RIEigit

TS B T H A 4 7 T Ik B R B K
LA s b 22 ML BELYAT X Al B R VT I ok B AE
ST I 2 300 m, 2 SR TR X, % O X
+HEh KA B, LR RR K EE R, £
BE Jyadh, B 140 RAEE AR DT S, K5
2MEEAERKBEY 3 E KR F 2019 4 HE
2021 4F 10 HaEA7, i 50 H A 26 4 HEE 3 4R 19 25 M
HA. R E 3 MO R DL 2518 100% 468
(CK) Ak AE W 30 6 B it A= 40 B AR (T, ) e A 9
50 Y MR HUE W B R (T, . AN AP 4 A EE
I 12 AN, Hop 100 Y%A 0 F B AR 220 J A
Fi b X 25 6 5 03 1 00 S E 4 T RS AR 482 1 1 E 7 it

HE B A S B e P L A B AT MR A 224 it
JIEL > A6t FH T B A A A B A AN [ A R Ak R
HHRBENL X A T /AN T A 15 m* (7.5 m
X2 m), HEHREOA7E2) g, MAEITHE 0.40 m,
FRIE 0. 15 m, BE/N X FhAE 250 &k, H 8] 55 B 5 4
W ROTE 2

e HE 22 0N A A e A > 48 R R R AR 4 2 IROR
T A it RS S . AR 1 RO IR R 100%
A HLAE 450 %0 S A= P 1 71+ 50 Yo AR AR L 28 2 YK it AT
BN S50 UMM ER 50 W ARIE, EE SR 1
AESEFEAT (2019 4F 4 H 10 HOFEREEE 1 Wit B &
A7 HERS AR K W] (2019 4 7 A 10 H)O %R 2
YRt AL HE AT 5 26 2.3 4R, M 1 (2020 4E 5 1 6
H.2021 4 5 H 10 H)OHBEES 1 Wit I8 & JE 4738
it W AR 1 (2020 4E 7 12 H .2021 4E 6 J] 25
HO ¥ RSS2 it I Bt 2R 1738 it

F1 KBEHTERELEEMERE

Table 1 Experimental design and the amount of fertilization under different treatments
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_ PR TR o3 2 it o e BOE BB ATBUR

Nutrient content of fertilizers/(kg/hm?) Fertilizer dosage/(kg/hm?) Microbial Organic

At 2 . 1k o L bacteria fertilizer

Treatment itk £ I T TR S T R # dosage/ dosage/
N P,0; K,O Ammonium Calcium Potassium a 2h 2y (k }h 2y

carbonate superphosphate sulfate -/ hm g/hm

CK 150 150 225 882 1 250 938 0 11 250

T, 105 105 158 617 875 657 67.5 11 250

T, 75 75 113 441 625 469 67.5 11 250
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A —70 CARIRIKAE IR A, FRHCO.1 g AAM A
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PN 45 I 2 3R 5 S8 TIPS R Kok ik
HOR(F,/F,) PS IDGF i R k3R (F,/F,D .
PSS FrefbF i R (Do ) G 22K R B
(qP) AE YAk 22 7 K R B (NPQ) Il L F 1% i3 1 %
(ETR)™/,
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Table 2 Growth index of Lanzhou lily under different fertilization treatments

PR EX -7 AR

b 3 Above ground part

bR Underground part

- R
b Plant Stem Leaf 'fé- Eﬂdfln_jéﬂl
Treatment height/ diameter/ area/ fif T T H #f T T - ?el ng
cm mm mm? Fresh weight/g  Dry weight/g  Fresh weight/g  Dry weight/g mndex
CK 26.82+0.00b 9.7640.01c 282.46+4.12b  59.2140.78a  12.6240.47b  69.38£1.19c  20.47+0.45¢ 65.80+1.56¢
T, 31.58+0.0la 11.2940.00a 349.25+18.05a 63.4541.43a 16.20+0.93a 84.55+2. 30a 27.16+0.51la 88.9143.51a
T, 27.584+0.01b  10.46+0.01b 303.45+10.30b 60.41+3. 24a 13.65+0. 88b 74.9840.59b 23.724+0.58b 79.354+1.92b

T R [ B[R] /N5 5 B e R Ak BRE]AE 0. 05 7K P22 57 12 3% (P <C0. 05).,

Note: Different lowercase letters within the same column indicate significant differences between treatments at 0. 05 level (P<Z0.05).
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Different lowercase letters indicate significant differences between treatments (P<Z0.05). The same as below.
Fig. 1 Photosynthetic pigment content in the leaves of Lanzhou lily under different fertilization treatments
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Fig. 2 Chlorophyll fluorescence parameters in leaves of Lanzhou lily under different fertilization treatments
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Fig. 3 Antioxidant enzyme activities in leaves of Lanzhou lily under different fertilization treatments
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Fig. 4

of Lanzhou lily under different fertilization treatments

Osmoregulatory substances content in leaves
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Fig. 5

of Lanzhou lily under different fertilization treatments

Leaf malondialdehyde content and root vitality
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M,
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Table 3 Correlation coefficients among various indicators of Lanzhou lily under different fertilization treatments
&5 Index SOD POD CAT APX MDA Pro Sp RV
LA 1.000" 0.972 0.994 0.991 —0. 641 0.815 1.000" 0. 899
SI 0. 905 0. 984 0. 954 0. 960 —0.896 0.512 0. 920 0. 999"
Chl t 0. 959 1.000" 0. 988 0. 991 —0.819 0. 635 0. 968 0. 982
Car 0. 996 0.985 0.999" 0. 998" —0.687 0.777 0.999" 0.924
F,/F, 0.753 0. 559 0.658 0.641 0.047 0.992 0.729 0.366
F,)JF,’ —0.906 —0.767 —0.841 —0.829 0.232 —0.988 —0.890 —0.610
o 0. 947 0.998" 0. 981 0.985 —0. 842 0.603 0.957 0. 989
NPQ —0.927 —0.799 —0.868 —0.857 0.283 —0.978 —0.913 —0.650
qp 0. 864 0. 705 0. 789 0.775 —0.143 0.998" 0. 845 0.535
ETR 0.999" 0. 956 0. 985 0. 981 —0.591 0. 850 0.997" 0. 869
I :SOD. SOD i #£ ; POD. POD {ifi ¥ ; CAT. CAT it ; APX. APX 1 ¥ ; MDA, 9 .8 & & ; Pro. ili & A2 & &t ; SP. Al 1 &% & RA.

MRARNGJ7 LA M E AL SSLOH i #545; Chl t. M4 & B Car. KBS N E SR EF/F . PSITEIOUSECEF ) /F L PS5 KA 3%

BB gy . PS I SE PR 2 1 T30 5 g SBHE R R BGNPQ. AR K R HGETR. L T AR,

0.01,

* Frn P <L0.05, xx KR P <

Note: SOD, SOD activity. POD, POD activity. CAT, CAT activity. APX, APX activity. MDA, malondialdehyde content. Pro, proline

content. SP, soluble protein content. RV, root vitality. LA, leaf area. SI, seedling index. Chl t. total chlorophyll. Car, carotenoid content.

F,/F .+ maximum photochemical efficiency of PSII. F,'/F ", photochemical maximum capture efficiency of PSIl. ®pg » actual photochemi-

cal efficiency of PSIl. ¢p. photochemical quenching coefficient. NPQ, none photochemical quenching coefficient. ETR. electron transport

rate. * indicates P <C0.05, %% indicates P <0, 01.
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43R 15, 381.2. 619, J5 25 BT Hk 3 430 24 84. 451 %%,
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AL B8 5 30 0 BiL it A= 0 o BB A BE R 2% 0 A 45 T
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Table 4 Eigenvalue and cumulative contribution of

principal component analysis on various indicators

of different fertilization treatments

E il
L Cumulative contribution
LI B 1
Principal A N
component Eigenvalue Iy 2% ;%ﬁ“ﬁ%
Variance/ % Cumulative
variance/ %%
1 15. 381 85.451 85.451
2 2.619 14. 549 100. 00
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Table 5 Comprehensive evaluation of different

fertilization treatments

FE o

bz A FEL S o2 ACHE

b 7 Principal component C TR {?ﬁ C Zh ﬁkg

Treatment ~omprenensive ~ompre. ‘enswe
PC1 (F1) PC2 (F2) score ranking

CK —0.785  —0.847 —0.794 3

T, 1.126  —0.256 0.925 1

T, —0.341 1.1032  —0.131 2

N N

3 W ®

P 2R T AR A SR AR KR AR BE W
AR R A ORI . s AR B g R BN A
Phosr ML R AR ) AR 2V IR AR AR B R i
VEAFE B B 38 m i A, A K90 H R # & e A |
B 3 AR, HA I A A e 7 I8 . 3% VR 3 315 M A Wit
FHARNE 38 Bl - 5 HAE VIR 5 1k K 1 3B 45 40 2 9 L A
YscAT 5 A WO SR o3 38 R R W B o L AL i B
FIEL 3 75 R 4 A T AR B AR L AR g A R
78 ¥ 25 S it AR IR 8 it 30 96 .50 Y6 T i 1R AR W BRI 3
R A SR 2 R SR A RIS
PO RO 29 B8 = F O AT D Ak B D T e A
YR NE ] G2 i A A AR RO L i ELAR IS W& 30 Y6 fid
it A= ) R T A B Y 2 M e T R AR AR
s R A, WS TR R A 38 R AR I e i 30 06 i
e A B B IR T B T O A 2R R A
Jot s DA - S W e i 4 K AN A2 Ok - SR AT £ A0 TS
FETHZ A . ST AR AT B 30 V6 T I sk 2E )
BEAE Ak U5 7 8 2R ) T S T AR AR R K R
SACRE B AR R, — 7t T AU o A AL | b e A R
AW HERMELE: )~ T HHEEZMA @
WA SR YE A B A A A A B
TS PR IR B L 2 i A 9 R iR M o) i
LA R BT B T L B ORI % 1 A Bk
AR B T E T 3 1 BB v T i A
B X 2% 40 - (Lycopersicon esculentum ) 5% Wi ) WF
FEAE IR — B, ARBEIT AR IE IR 50 %6 i it iR
YA NEAL R A A 88 TR I sl i 30 26 4b B Y
A WAy ] 68 72 A0 NE s i i 22 3 AR ) 5% 53
WOR R, SFECEM E &K AE,

JeE BRI EEH RS CHAEN, & &
e IR MR R ) D' 6 VR IS DG AR | BB o e i S e
eSO kg O S U MR Y A 1
FErp PSR GEXT G 2K | i 115 338 O R W I & #E

BLAE 1V . EAMSEDY BRI & B B AR R U
(Agropyron mongolicum) Y& B & & & (L, PSII
ARG Kb ROR (FL/F ) W 8 F [ H bk
3 3o PR AT G B VR FH BELAS 5% 20 B 25 O el 0 20 i
BREERET 2N T A A AR SR IOk
S, ARBETE R Ab I U T A A IR S 4
FRREXT BEAH & 0 3 & A T4 i, SR R
S HAS B AL . HAR IR s 30 96 e it Bk 2 4 i A0
AhFRR I FOGA R S BEE RN i A PSTT R4
HF,/F, @psy «qp ETR A B 5, NPQ & 3 %
K 2% W 336 BT 1 b 1 RS R} it P o ok 45 R bR 0 P R
TG R A TR & G Ak B2 RE T B L I
KT PSR A0 A 2 06 2 L 4l 3R 14 D6 7 75 40
MTFE ARG VER 3 5 10 A8yl it B it L Atk hE
BEXF & NFE (Triticum aestioum ) M4 25 e 46
(6B R R R B Y B e — B, T B
A= Y AE 5 A0 HE B ) A2 32 3 A 39 AT ik 3 T g
HOR AR & A WL K 22 Flg ts iR e,
AR B T AR Ty, HL AR B ) R A R 0
BT BN 25 A W B R L 0D AR AR A 1 A
BT, T REAR A 854 % i 5 W 0 L 4
il 7 1 B A X ik 5 PSR S8 0 B 3R L 325 Ok fig
3R KW S RE T, SRS E .

PR A R G S A S B A A 1 N 3ot 0 1 4R
(ROS) F1H Hy A& 8 52 0 19 B 18 £ 48 . SOD . POD,
CAT APX SZAE YR WL Bt S8 AL i . BE~F- A 4 1Y
YRR A K, 2 5 4R 0T AR s,
Tl SR (Pro) F1RJ 5 1 26 11 (SP) & AH 47 4 N 8 22 11
BIEWTTYR ., TR EBK WEER B TR
R G5 Bl 37 2R, (AR 2N EH A AT
W0 30 PR BT L ROS £ 2 00 58 0 51 A 9 40 i
P — 20 (14 7 A 0 13 A g g A B g R A 4k
JIES D R 15 %6 e i JHL At AE A} B 42 55 1F 4 Bt A 1L i
PERB BT YR A R RS 2 A,
ARG K IR S 3 AR5 . 5 CK A H, A0 AT s
30 %6 .50 %6 P bt i3 21 4 1T A Ak B Al 45 7 A 1 SOD,
POD.CAT . APX i P42 & . H A 1L IR 3k i 30 %0 &b
HR A5 R i 6 [T AR (SP) L
R (Pro) S ¥ W& BN, ikl & B L A9
A i £ T A T v A R 7 MR R AR
M ROS 7= A0 36 s 3% I 15 ) i
CIRCEZSZ8: I S ERORERl NERE Il N 14 A S i
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