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Abstract: [ Objective | The planting area of oil peonies ( Paeonia suffruticosa Andr.)in China is gradually
increasing. However, unreasonable fertilization significantly restricts the improvement of fruit yield and quality
of oil peonies, and indiscriminate fertilization can decrease soil fertility. This study aims to explore whether a
reasonable fertilization ratio can improve the quality of oil peony fruit and soil properties, thus providing a
theoretical basis for the rational planting of oil peony in abandoned mining areas. [ Method | The “3414”
formula fertilization method was used to fertilize 10—year—old oil peonies according to 14 different nitrogen,
phosphorus, and potassium fertilization ratios. The differences in fruit quality and soil physicochemical
properties of oil peonies under 14 different treatments were analyzed.[ Result | There are significant differences
in the effects of different fertilization treatments on fruit quality and soil properties. Suitable nitrogen,
phosphorus, and potassium fertilization ratios can significantly improve soil physical and chemical properties ,
and increase the yield and quality of oil peony seeds.Under the N,P,K, treatment, most of the indicators, except
for the seed shape index, are optimal , especially the quality of oil peony seeds.The number of pods per plant,
pod diameter, and seed weight per 100 seeds increase by 106%, 31% , and 45%, respectively, compared with
those of CK (N,P,K,).The optimal treatment for soil total nitrogen and alkaline nitrogen was N,P,K,, with total
nitrogen increased by 62% compared with that of CK.Although there are differences in soil physical properties
among different treatments, the difference is relatively small; N,P,K, is also the optimal treatment for soil
urease and phosphatase, which increase by 33% and 20% respectively compared with that of CK, and the
results of the control group treatment are lower than those of other fertilization treatments. [ Conclusion |
Different fertilization treatments can significantly affect the quality of oil peony fruits and soil properties.The
best fertilization result is the N,P,K, treatment, with recommended fertilization amounts of N: 176.8 kg/hm*,
P,0;:63.1 kg/hm® | K,0:96.3 kg/hm’.

Keywords: oil peony ;yield ; quality ; soil properties ; abandoned mines
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1 MREF=E
1.1 RIS

I HL IR T VLI E JC 8 T B % i VL5 7 BHAE Pk (31°07'N, 119°31'E) A FYLH 48 P e B LI
TH =M APG, BT WA RS, AR N 16.5 C; R T, 4E B KEZ M 1229.9 mm,
H R K A 5 137.1 mm, SRS B . H AR + IR, 3G Bm A A PR A . IS0 b R
B3 H L, 201648 5 280 0 H kol ik 48— AT ISR 1 55 )2 fiUH H IEMOR B A — 3, R RS A
10 47 A= 30 4L PE  RPE 524 1, BRI THE 0.6 mx0.8 mo 28K + 4 pH ok 7.98, A ML N 12.15 g/kg, &R
H1.06 glkg, B AN 31.97 mglkg , A7 %W 5.82 mg/kg, M N 116.81 me/kg.
1.2 R

BB LOAE AR I A R o R & ZUIE IR (G5 N 46.4%) , V195 B AR AL T A
PR\ 5 B AL A H e B RS (1% P,0,46% ) , KM FRAL 177 AT FR A Al 5 BRIE M BRI 81 (5 K0 52%) , 1L
AR B R NEAT FRAF]
1.3 RIEit

Fie HE 34147 Rt A5, ik 3 IR (LB ) (47K (0 AT AE 5 1:2 7K P19 0.5 f% 52« X4 iy A i e
33 2KF 0 1545 o Y H IR KSR 5 667 m2iti A I8 15 kg(% N15%, 7 P,0,15%, % K,015%),
144~ Kb B )i AE 2 A2 1R, DA NGPKAE R X BEAR B . AN AbH5 3R, dh 42 /X . /MK T
M 14.4 m*(9 mx1.6 m) , /N X3 30 By AT PHE AR, 35 1 m OR3P 47T HOoRERBEDL I ZHHES] . TR
Wi, Mt 2 UK T 2022 4E AR FE AE 1 UGEIE , AE S 26 2 UGE T , 1 Uit AT 1 AR TR

F1 “347HEREERIE AR
Tab.l1 “3414” fertilization method experimental plan

JiEAE i/ (kg - hm™) JiifE i/ (kg -hm™)
i3 S b5 N
Fertilization amount Fertilization amount
Treatment Treatment
N P,0; K,0 N P,0, K,0
1 N,PK, 0 0 0 8 N,P.K, 40.7 42.5 0
2 N,P.K, 0 42.5 40.7 9 N,P.K, 40.7 42.5 20.3
3 N,PK, 20.4 42.5 40.7 10 N,P,K, 40.7 42.5 61
4 NP K, 40.7 0 40.7 11 N,P,K, 61.1 42.5 40.7
5 N,P K, 40.7 21.3 40.7 12 NP K, 20.4 21.3 40.7
6 N,P.K, 40.7 42.5 40.7 13 N.PK, 20.4 42.5 20.3
7 N,P.K, 40.7 63.8 40.7 14 NP K, 40.7 21.3 20.3

1.4 NWEBmESFE
141 ==
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2.1 AREAIEXTH A2/ R0

XA TR AE A BT PP K S 7 B AT T 2600 o IR 2 7R, 7 NP, K A AR B BBk R 52
Hodwerm L BR 5 NPK, NP K, AR BRANE 1 25 22 S 4, 5 HoAl i NE A BRI AT W 25 22 57 o NP K AR BEER T 5
NoP,K, \N,P K, NP K, AZb# 4k L34 b AT oAb 2 BB S T i DA NP K it I AL 38 e 5, A NP K,
A0 T B I H R T BR NLPLK, A FEAM A H A AR R . SR SE AR DL N, PLK,  NLP,K AR BRI 258 T N PK
N,P,K, A0 B, HoAh A 38 8] JC B 25 25 5. R 1= 87 N,P,K, N, PK A BT %5 vy HL I 25 g 1 oAt it AE A
N P K, A BE T 8 7= i e I L S (R T H A AL B Fh 7 BB DL NLPLK, (N, PK A Bl SR A ey HL I 35
TR DR TR, B AR A9 NP K AR BE . Fh T 28 REAR DL NGPLK A B 2505 T NGPK  NLP K
NP.K, \N,PK,. B HE£A] T .25 25 5%

F2 AEFERLE R REBRAZME
Tab.2 Effect of different fertilization treatments on the fruit quality of ‘Fengdan’
Kb ¥R PRI HURIE e RIEEHS/em  FMPFE HAESE/e MAE/mm FEEAS/mm FIEFEEL

Treatment  No. per pod Pod weight Pod diameter Counts 100’ heft Length Diam Index
N,P.K, 5.61d 18.93 f 8.11¢ 5207 f 23.44d 9.23d 7.0d 1.31a
N,P.K, 6.67 cd 25.48 cde 8.60 abe 8325de  27.1cd 9.63 bed 7.5 bed 1.29 a
N,P,K, 8.44 be 29.97 abed 9.79 abe 10044 ¢d  30.7 abe 10.01 abe 8.0 abc 1.25a
NP K, 7.67 bed 24.83 de 8.45 be 8232de  26.1cd 9.38 cd 7.2 cd 131a
N,P K, 8.11 be 29.82 abed 9.99abc 10760 bec  31.2 abe 10.05 abe 8.2 ab 1.24 a
N,P.K, 9.67 ab 30.66 abe 10.44 ab 12500 ab  32.9 ab 10.16 abe 8.3 ab 1.23 a
N,P.K, 8.49 be 22.16 ef 824 ¢ 7053 € 28.4 bed 9.73 bed 7.6 abe 1.28 a
N,P.K, 8.51 be 26.61 cde 8.86 abc 8453 de  28.0 bed 9.71 bed 7.5 bed 1.29a
N,P.K, 9.00 be 30.29 abce 10.29 ab 11368 abc  31.6 abe 10.11 abe 8.2 ab 1.24 a
N,P.K, 9.93 ab 32.40 ab 10.54 a 12901 a 339a 10.41 ab 8.4 ab 1.25a
N,P,K, 11.55a 33.87 a 10.60 a 13017 a 339a 10.58 a 85a 1.26 a
NP K, 7.78 bed 27.52 bed 9.11 abe 8767de  28.5 abed 9.78 abed 7.8 abe 1.26 a
N,PK, 8.11 be 28.72 abed 9.48 ab 8990d 29.2 abe 9.90 abed 8.0 abe 1.25a
N,P K, 8.06 be 28.09 bed 9.29 abe 8829de  28.7 abed 9.89 abed 7.8 abe 1.27a

() B AN ] 5 7R AN ) b BR8] 22 5 . 25 (P<0.05) o

Different letters in the same column indicate significant differences (P<0.05)between different treatments.
22 AREISEXTHAR AR HENZ N

WNFE 3 P, AEAS [t AL AL 38T i A P RF A 55 il 38 K A Ak B 7 1 A A P il 2 A AR 22
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Tab.3 Effect of different fertilization treatments on the oil content of ‘fengdan’ seeds

Ak 74/ (kg-hm™ ) P &%/ % P/ (kg hm™ )
Treatment Production Seed oil content Oil production
N,P.K, 837.23+75.25" 21.97+1.56° 183.44+13.18'
N,P.K, 1 568.00+382.81° 22.57+1.26™ 352.04+£73.93°
N,PK, 3 082.39+283.70* 24.00+1.00™ 510.89+75.35*
NP K, 2 126.85+194.15° 22.04+1.30™ 337.81+45.11°
NP K, 2297.47+288.32° 24.27+1.32" 554.19+51.52°
N,P.K, 2 830.53+79.28" 25.05+0.27" 708.95+21.43"
N,P.K, 1 386.93+232.70° 23.36+1.42" 326.18+72.41°
N,P.K, 1637.70+215.45° 22.93+1.70" 374.86+50.44°
N,P.K, 2 466.16+129.35" 24.62+0.63" 607.43+43.69"
NP, K, 3001.75+£353.09° 25.16+1.49" 758.85+132.39"
N,P.K, 3036.52+215.72" 25.27+1.24 766.78+56.52"
NP K, 1723.54+190.23" 23.42+1.30" 404.77+62.00™
N,PK, 1 813.42+253.68" 23.60+1.51"™ 430.58+89.28"
NP K, 1745.73+145.62" 23.53+1.14"™ 409.83+21.44"
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) 1) A ) = ek 345 AR [ Ak B ] 2 5 48 85 (P<0.05)

Different letters in the same column indicate significant differences (P<0.05)between different treatments.
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SRR AR B AT A B A it A e e ARG TP N, K K o TR AR Y 7 TR A B R 7 f e e
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+ 35 pH 5 [ o4 7.89~8.06 , HI7EE B A AT A K pH X 8], 5l AP /N . 3 B b
Jita I 5 ) 16 D0 A 2 A, A T KR LR X RE A A 5 T 4t R I T A A
2.5 ARESEITIENP. KM

X 14 AAS [R] it BE Ak 33 M B 1) 0~20 em +3EFEAT 3R B B2 . 3R S TTAT, IR AIN,PK,
Ab R, A& N,PK, N,P,K b B g 25 5 F HoAb b ¥, N P K, N P,K, NP, K, kb B g A% T HoAh AL 3.+
HERI AR A LA N,PK, (N, PK A RS A sy, H 2 v T A A 38, At 52 it A 52 i) 658 v, A [ Ak 3 1) 2 St
R, i DIN, P K A FREE S f5 i, N P K A BREE SRR Al . AR AN R b B2 [ A5 AR i 25 5% o NLPK,
b3 2 A A 3 NP K A B IR T A AR B, A DL NLPLK it A A B AE A S
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Tab.4 Effects of different fertilization treatments on soil physical properties

Qb3 T IKEI% T E fLEEE pH{H

Treatment Soil moisture content Soil bulk density Porosity pH value
N,P,K, 22.32+0.43¢ 1.308+0.005" 0.506 4+0.001 7° 7.98+0.05"
N,P.K, 22.86+0.25™ 1.302+0.003"° 0.508 6+0.001 0" 8.03+0.03"
N,P,K, 23.81+0.92" 1.292+0.010™ 0.512 3+0.003 6" 8.02+0.08"
N,P K 22.66+0.27" 1.304+0.003" 0.507 8+0.001 1" 8.06+0.08"
N,P K, 23.75+0.84" 1.293+0.009" 0.512 1+0.003 3* 7.92+0.05"
N,P.K 23.96+0.39" 1.291+0.004" 0.512 9+0.001 5* 7.92+0.05"
N,P.K, 23.65+0.72" 1.294+0.008" 0.511 7+0.002 9* 7.98+0.04""
N,P.K 22.97+0.52" 1.301+0.005"° 0.509 0+0.002 1" 7.99+0.08"
N,P,K, 23.95+0.65" 1.291+0.007" 0.512 9+0.002 6" 7.97+0.04"
N,P.K, 24.09+0.74" 1.290+0.008 0.513 4+0.003 0° 7.89+0.06°
N,P.K, 24.18+1.28" 1.289+0.013° 0.513 7+0.005 0° 7.91+0.06"
NP K 23.32+0.43" 1.297+0.005"° 0.510 4+0.001 7** 8.02+0.06"
N,P,K, 23.46+0.65™ 1.296+0.007"" 0.510 9+0.002 6" 7.95+0.10™
N,P K, 23.03+0.74™ 1.301+0.008"° 0.509 2+0.003 0" 7.89+0.09°

() B AN ] 5B s AN [R] b B ] 2 57 2. 2% (P<0.05)

Different letters in the same column indicate significant differences (P<0.05)between different treatments.

x5 AEEELEXTENP. KM
Tab.5 Effects of different fertilization treatments on soil N,P,and K

AbH ERNg k") WA/ (mg-ke') W/ (g-ke')  ARWE/ (mg-kg')  2H/(g-kg)  HAH/(mg-kg™)
Treatment Total N Alkeline—=N Total P Available P Total K Available K
N,PK, 1.06+0.08° 31.97+7.38° 0.80+0.06" 5.82+1.48¢ 18.70+0.52° 116.81+0.97°
N,P.K, 1.09+0.09° 35.93+9.21" 1.25+0.13 13.11+0.68" 22.56+0.96° 132.83+5.23"
N,P,K, 1.22+0.07" 45.03+8.65" 1.49+0.04 14.50+1.09* 24.09+0.64" 143.62+5.38"™
N,PK, 1.26+0.05 49.00+7.20" 1.09+0.05¢ 8.24+1.68' 22.47+0.61° 136.81x10.98"
N,P K, 1.36+0.07" 56.70+6.40™ 1.21+0.06* 11.02+0.86° 24.25+0.59" 148.48+7.52"
N,P,K, 1.45+0.06" 65.80+13.80" 1.51+0.06" 14.84+0.66" 24.44+1.12" 146.74+9.80"
N,P.K, 1.38+0.07" 57.40+7.89" 1.91+0.07 21.09+2.06" 22.67+1.01° 140.53+5.74"
N,P,K, 1.32+0.07" 50.30+8.40" 1.25+0.09° 13.11+0.82* 18.88+0.69° 118.28+5.32°
N,P,K, 1.38+0.06™ 56.70+7.67" 1.47+0.07 14.32+1.04 20.70+0.07" 125.34+2.93"
N,P.K, 1.71+0.01° 101.03+9.24° 1.58+0.08° 16.06+0.71" 26.41+0.59" 160.65+6.19"
N,P,K, 1.72+0.01" 107.43+4.37° 1.72+0.04" 17.10+0.82" 24.50+0.70" 146.05+6.57"
NP K, 1.10+0.03° 36.63+7.02" 1.11+0.08" 9.64+0.54 22.09+0.66° 137.59+5.11"
N,P,K, 1.22+0.05" 43.40+3.61" 1.42+0.10" 13.28+1.05" 20.37+0.55" 124.27+3.64"
N,P K, 1.32+0.12 56.00+10.14" 1.14+0.08" 10.16+1.41 20.41+0.53" 124.04+4.63"

) FAS ) 7B 3 A ) b B ) 25 53 183 (P<0.05) .

Different letters in the same column indicate significant differences (P<0.05)between different treatments.
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Tab.6 Effects of different fertilization treatments on soil enzyme activity

Ab 3 iR it REWE PR R
Treatment Urease Sucrase Phosphatase Catalase
N,P,K, 2.07+0.13" 10.15+0.55" 10.35+0.35° 15.39+0.19™
N,P.K, 2.10+0.05" 11.62+0.85 10.40+0.28" 15.78+0.69"
N.P.K, 2.35+0.03" 25.28+2.37° 11.02+£0.56" 15.06+0.63"
N,P K, 2.45+0.06™" 12.38+1.25 11.18+0.82" 15.36+0.47"
NP K, 2.49+0.08"" 24.29+1.87° 11.31+0.29" 14.45+0.19*
N,P.K, 2.61+0.10" 25.86+2.17" 11.63+0.60" 16.10+0.59"
N,P.K, 2.61+0.11" 28.76+2.19" 12.09+0.19" 15.84+0.55"
N,P.K, 2.76+0.08" 11.84+0.59 12.05+0.64" 15.77+0.67"
N,PK, 2.75+0.10" 25.42+0.61" 11.66+0.71" 15.99+0.93"
N,P.K, 2.48+0.08"" 27.92+1.60" 11.26+0.82" 14.31+0.41°
N,PK, 2.76+0.05" 28.47+0.79* 12.37+0.56" 16.03+0.56"
NP K, 2.31+0.06° 12.89+0.87° 10.48+0.56° 14.47+0.11
N,P.K, 2.36+0.11" 20.53+1.09" 10.85+0.52 14.96+0.70"
N,P K, 2.52+0.07" 19.11+1.19* 11.13+0.21" 15.76+0.71"

[RIFAN ] 5B s AN [ A B A] 22 57 2. 25 (P<0.05)

Different letters in the same column indicate significant differences (P<0.05)between different treatments.
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