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Appropriate N, P and K fertilizer rates and combination ratios to increase seed
yield and oil production of oil tree peony
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Abstract: [ Objectives ] Oil tree peony is an emerging woody oil crop in China, but unbalanced fertilization has
limited the seed yield and quality of oil tree peony severely. It is important to investigate the effect of fertilization
on the seed yield and oil production of oil tree peony and to seek the optimum nitrogen (N), phosphorus (P,Os) and
potassium (K,O) application rates for its high seed yield and oil production. [ Methods ] In this study, five-year-
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old Paeonia ostii ‘Fengdan’ was used in a field experiment. The amount and proportion of N, P,O; and K,O
fertilizers were designed by “3414” incomplete orthogonal regression. The conventional fertilizer rates were
urea 750 kg/hm?, triple superphosphate 270 kg/hm* and potassium sulfate 600 kg/hm’, and the four levels of N,
P,O; and K,O in the treatments included 0 (no fertilization), 1(half conventional), 2 (conventional) and 3 (1.5 folds
of conventional). The seed yield and oil content were measured, and empirical models were established to achieve
the optimum rate for fertilizer application. [ Results ] 1) The application of N, P,O, and K,O fertilizers improved
the agronomic traits including the pods per plant, single fruit weight, fruit diameter and 100-seed weight, and the
overall seed yield. Respective application of N, P,O; and K,O fertilizer increased seed yield by 283.7, 276.8 and
150.6 kg/hm’, or 55.5%, 50.3% and 23.5%. The corresponding increase of net income was 7310.4, 7494.3 and
2118.9 yuan/hm’, respectively, and the agronomic efficiencies were 0.96, 2.76 and 0.59 kg/kg, respectively. 2)
The effect of fertilizer on yield was N > P,O, > K,O, while fertilizer agronomic efficiency and its improvement
followed the order: P,O; > N > K,O. Over-application of N, P,O; and K,O fertilizer resulted in lower yield and
significantly reduced economic efficiency and fertilizer utilization efficiency. The recommended amount of
fertilizer treatment was found to be optimal. The maximum agrong efficiency was observed at “1”. 3)
Application of N, P,O; and K,O affected oil yield by affecting the seed number and seed oil content. The highe
seed number was up to 65.0% and the seed oil content was up to 32.9%, which were respectively increased by
13.0% and 12.6% compared to the control group. The oil yield was 193.3 kg/hm® under the balanced fertilization.
The effects of the three fertilizers on oil production was in the order of N > P,O, > K,0. 4) There were obvious
interactions among the N, P,O; and K,O fertilizers. Combined application increased fertilizer efficiency, seed yield
and the oil content of seed. Over application of any of the three fertilizers would reduce seed yield. 5) Among
different models to fit yield versus the amounts of N, P,O; and K,O fertilization, we found the binary secondary
fertilizer efficiency model was the optimal one. According to the model, the optimum fertilizer amounts of N, P,O;
and K,O were 343.2, 109.7, and 248.4 kg/hm’, respectively. The optimal ratio of N, P and K fertilization was 1 : 0.32 : 0.72.

[ Conclusions ] Optimal fertilizer ratio and amount are required to increase the production of ‘Fengdan’
efficiently. Appropriate application of N, P,O, and K,O fertilizers can significantly improve the agronomic traits,
yield, seed number, and seed oil content. The optimal amounts of N, P,O; and K,O application are 343.2, 109.7,
and 248.4 kg/hm’ and the optimal ratio of N, P and K fertilization was 1 : 0.32 : 0.72.

Key words: oil tree peony; N, P, K fertilizers; fertilizer effects; oil production; optimum fertilizer rate
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Table 1 Experiment design and fertilizer amounts

5 No.  Ab3H Treatment N P,O, K,0 Ji'5 No.  AbFH Treatment N P,0, K,O
1 NPK, 0.0 0.0 0.0 8 N,P.K, 345.0 124.2 0.0
2 N,P,K, 0.0 124.2 324.0 9 N,P.K, 345.0 124.2 162.0
3 N,P,K, 172.5 124.2 324.0 10 N,P.K; 345.0 124.2 486.0
4 N,PK, 345.0 0.0 324.0 11 N,P.K, 517.5 124.2 324.0
5 N,P K, 345.0 62.1 324.0 12 NP K, 172.5 62.1 324.0
6 N,P.K, 345.0 124.2 324.0 13 N,P.K, 172.5 124.2 162.0
7 N,P.K, 345.0 186.3 324.0 14 N,P. K, 345.0 62.1 162.0
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Table 2 Effects of different treatments on oil tree peony ‘Fengdan’ agronomic traits and yield

b RIHL PYH () RIEEAR (cm) YR FRE (g) IR (kg/hm?) PR A (kg/hm?)
Treatment Pod No. per plant Pod weight Pod diameter Seed No. per pod 100-seed weight Pod yield Seed yield
NPK, 6.1c 472f 85¢c 87¢ 254h 823.11 4422 h
NP.K, 6.4c 49.8 de 85¢ 8.8 be 27.3 gh 951.2h 511.4 gh
N,P.K, 7.4 be 55.1bc 9.9 ab 10.4 be 347 ¢ 1354.3 be 731.4 cde
N,P K, 6.7¢ 50.2 de 85¢c 9.1bc 285¢g 1000.3 gh 550.1¢g
N,P K, 7.8 ab 59.7a 10.1a 109b 37.0b 1444.5 ab 816.5b
N,P.K, 82a 61.7a 10.1a 129a 39.7a 1555.6a 903.7a
N,P.K, 7.8 ab 56.8b 9.4 abc 10.0 be 31.9 def 1305.6 cd 760.7 bed
N,P.K, 6.7 be 51.5¢cd 8.7 bc 8.9 be 285¢g 1083.4 fg 640.5 f
N,P.K, 7.8 ab 57.1b 9.4 abc 10.3 be 33.6cd 1318.4 bed 779.4 be
N,P,K, 7.1 be 52.5¢ 8.1 abc 9.8 be 314 ef 1166.7 ef 690.1 def
N;P,K, 7.7 abc 56.4b 9.1 abc 9.9 be 33.4 cde 1258.5 cde 750.2 bede
NP K, 6.9 be 522¢ 8.8 be 9.2 bc 288 g 1125.1 efg 670.8 ef
N,P.K, 7.2 be 52.7¢ 8.9 abc 9.1bc 3121 1159.4 ef 697.7 def
N,P K, 7.5be 54.9 be 9.0 abc 9.8 bc 31.5ef 1202.9 def 728.7 cde

1 (Note) : [FFVEHE G A FFREF R HLR] 22 573538 5% .3 /KF Values followed by different letters in a column are significantly

different among treatments at the 5% level.
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Table 3 Seed yield and profit of oil tree peony ‘Fengdan’ and the contribution rate and agronomic efficiency of fertilizers

o e IO T By B Bl 2N TR PRAFRE
Fertilizer Treatment Seed yield Increase Increase Gross profit Net profit Contribution Agronomy efficiency
(kg/hm?) (kg/hm?) (%) (yuan/hm?) (yuan/hm?) (%) (kg/kg)
N NP.K, 5114c¢
N,P.K, 731.4b 220.0 b 43.0b 6599.4b 5999.4 b 30.1b 1.28 a
N,P.K, 903.7 a 3923 a 76.7 a 11768.7 a 10568.7 a 434a 1.14a
N,P.K, 750.2b 238.8b 46.7b 7163.1b 5363.1b 31.8b 0.46 b
P-4 Mean 283.7 55.5 8510.4 7310.4 35.1 0.96
P,O; N,PK, 550.1d
N,P K, 816.5b 266.3 b 484 b 7989.6 b 7584.6 b 32.6b 429a
N,P.K, 903.7 a 353.6a 643 a 10606.8 a 9796.8 a 39.1a 2.85b
N,P.K, 760.7 ¢ 210.6 b 383D 6316.5¢ 5101.5¢ 277 ¢ 1.13¢
V45 Mean 276.8 50.3 8304.3 7494.3 33.1 2.76
K.,0 N,P,K, 640.5 ¢
N,P.K, 779.4b 139.0b 21.7b 4169.4 b 2969.4 b 17.8b 0.86 a
N,P,K, 903.7 a 2632 a 41.1a 78972 a 54972 a 29.1a 0.81a
N,P.K, 690.1 ¢ 49.7 ¢ 78¢ 1490.1 ¢ -21099 ¢ 72¢ 0.10b
“F#4J Mean 150.6 23.5 4518.9 21189 18.1 0.59

TE (Note) : ‘KU #7. N. P,O,. K,O #5510 30, 3.48. 6.52. 7.41 yuan/kg; [RIFEHESG AR 7 FR b B 25 50k 5% @.357K
F- The prices of ‘Fengdan’ seed, N, P,O; and K,O are 30, 3.48, 6.52, 7.41 yuan/kg, respectively. Values followed by different letters in a

column are significantly different among treatments at the 5% level.
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Table 4 Qil contents in kernel and oil outputs in different treatments

AbFE FFSEr= it (kg/hm?) A (%) P~ A (%) 7l (kg/hm?)
Treatment Seed yield Kernel rate Oil content Oil output
NoPK, 4422 h 575f 292 ¢ 743 h
NoP.K, 511.4 gh 59.7¢ 29.9 be 913¢g
N,P,K, 731.4 cde 62.8 be 32.2ab 147.7 cd
N,P,K, 550.1g 60.3 de 30.2 be 100.1 f
N,P K, 816.5b 64.1 ab 327a 1713 b
N,P.K, 903.7 a 65.0a 329a 1933 a
N,P.K, 760.7 bed 63.6 abc 327a 158.2 be
N,P.K, 640.5 f 60.9d 30.6 abc 119.3 fg
N,P,K, 779.4 be 63.9 ab 329a 163.7 be
N,P.K, 690.1 def 623 ¢ 31.1 abc 133.6 def
N;P.K, 750.2 bede 63.5 abc 32.2 ab 1537 ¢
NP K, 670.8 ef 61.6 cd 30.9 abc 127.7 ef
N,P.K, 697.7 def 62.6 be 31.8 ab 138.7 cde
NP K, 728.7 cde 63.2 be 31.9ab 146.7 cd

¥ (Note) : [FIFNEHE G AR FREFR R BLE 22 7K 5% #E7KF Values followed by different letters in a column are significantly
different among treatments at the 5% level.
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Fig.1 Interaction among the nitrogen, phosphorous and potassium fertilization
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Table 5 Fertilizer response equations and recommended fertilizer application rates for ‘Fengdan’

LT B REASK A Ty WY (P) , B (kg/hm?) B (kg/hm?)
Model Nutrients Fertilizer response equation Significance Maximum rate Optimum rate
=Jt N y=-—372.936 +4.188N + 10.366P + 3.631K — 0.018 0.9649 3354 3329
Ternary P.O. 0.005N2 — 0.033P2 — 0.004K?2 - 1248 124.5
0.002NP — 0.002NK — 0.005PK
K,0 292.0 272.8
—Jt N y=-391.708 + 6.872N + 14.114P — 0.008 0.9999 346.5 343.2
Binary P.0, 0.008N2 — 0.045P% — 0.012NP 110.6 109.7
N y=-56.83 +5.011N + 4.993K — 0.005N? — 0.045 0.9314 370.2 370.5
2_
K,O 0-006K —0.005NK 261.8 248.4
P,O; y =73.87+ 10.653P + 5.572K — 0.022P2 — 0.047 0.9366 131.6 148.9
2_
K.0 0.006K? - 0.019PK 256.1 2153
—JG N y =—0.0059N? + 3.6951N + 936.36 0.026 0.9768 313.1 307.7
Unitary PO,  y=-0.045P>+ 10.042P + 998.62 0.012 0.9998 111.6 110.2
K,O y =—0.0059K? + 3.1893K + 1051.9 0.045 0.8469 270.3 256.7
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