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Effects of combined application of N,P and K on yield,
quality and nutrient absorption of Polygonatum cyrtonema

LIU Yuhang' ,DENG Yuanwei’, LIU Yamin', LIU Yumin'

(1 College of Resources and Environment s Southwest University , Beibei s Chongqing 400715, China;

2 Institute of Walnut Industry Technology .Guangyuan,Sichuan 628012 ,China)

Abstract:[Objective] This study researched the effects of combined application of nitrogen, phospho-
rus and potassium fertilizers on yield,active ingredient content and nutrient absorption of Polygonatu cyr-
tonema and explored the fertilizer requirement of P. cyrtonema to provide basis for cultivation of P. cyr-
tonema. [Method] From 2018 to 2019,the “3414” experimental scheme was used to set up three factors of
nitrogen, phosphorus and potassium and four levels for each factor with a total of 14 treatments. The yield,
polysaccharide and saponin contents in rhizome,and N,P and K contents in aboveground and underground
parts of P. cyrtonema under different treatments were determined. The regression analysis method was

used to fit the fertilizer effect model of the application amounts of nitrogen, phosphorus and potassium fer-
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tilizers with yield and rhizome polysaccharide of P. cyrtonema. The optimal fertilization amounts of P. cyr-
tonema were also determined using frequency analysis. [Result] Combined application of nitrogen, phos-
phorus and potassium fertilizers significantly improved the yield, rhizome polysaccharide and saponin con-
tents of P. cyrtonema. The yield,rhizome polysaccharide and saponin contents of P. cyrtonema increased
first and then decreased with the increase of fertilization amount,and all reached peaks in N, P, K, treatment
with N,P,O; and K, O of 160,160 and 80 kg/hm?’ ,respectively. The effects of nitrogen,phosphorus and po-
tassium fertilizers on yield and rhizome polysaccharide content of P. cyrtonema were in the order of nitro-
gen fertilizer>>phosphorus fertilizer>potassium fertilizer. The effects of nitrogen, phosphorus and potassi-
um fertilizers on rhizome saponin content of P. cyrtonema were in the order of nitrogen fertilizer > potassi-
um fertilizer>>phosphorus fertilizer. Combined application of nitrogen, phosphorus and potassium fertilizer
had significant effects on N,P and K contents in aboveground and underground parts of P. cyrtonema. N
and K contents in both aboveground or underground parts were higher than P contents in each treatment.
The correlation of fitted fertilizer effect model reached the significant level (P<C0. 05),indicating that the
model was successfully fitted. The application amounts of nitrogen, phosphorus and potassium fertilizer
were determined by frequency analysis for the yield of above 14 000 kg/hm?* and the rhizome polysaccharide
content of above 100 mg/g. [Conclusion) Based on the comprehensive consideration of high yield and quali-
ty,the optimal fertilization scheme of 2-year P. cyrtonema was N 145 — 167 kg/hm’, P,O; 129 — 158
kg/hm?* and K,O 59—80 kg/hm?* with m(N) : m(P,0;) : m(K,O) ratio of 1 : 0.92 : 0. 45.

Key words: Polygonatum cyrtonema ;formula fertilization;fertilizer effect model;fertilization scheme
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kg/hm?*,P,0; & 160 kg/hm*,K,O & 80 kg/hm?,0
KA LA FE L B NLP,Os (K, O it JH B3 0
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Table 1 Application amounts of N,P and K fertilizers in different fertilization treatments based on “3414” test scheme
] TR I8 5 i B Jiti 4/ (kg + hm™ *)
b Experimental factor code Fertilizer application
Treatment
N P, 05 K,O N P,0Os K,O
T1(N¢PyK¢) 0 0 0 0 0 0
T2(NyP2K3) 0 2 2 160 80
T3(N; P2K») 1 2 2 80 160 80
T4(N2PoKy) 2 0 2 160 0 80
T5(N:P1K3) 2 1 2 160 80 80
T6(N,P,K») 2 2 2 160 160 80
T7(N;P;Ky) 2 3 2 160 240 80
T8(N, Py Ko) 2 2 0 160 160 0
TI(N; Py K1) 2 2 1 160 160 40
T10(N,P;K3) 2 2 3 160 160 120
TI1(N3;P;K3) 3 2 2 240 160 80
T12(N; P1Ky) 1 1 2 80 80 80
T13(N; P: K1) 1 2 1 80 160 40
T14(N, P, Ky) 2 1 1 160 80 40
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Table 2 Yield of Polygonatum cyrtonema and fertilizer effect under different N, P and K combined treatments

JERE ST / 0

JIse! P4t/ (kg + hm ) KRR (kg + kg ) L = %
. . .. utrient
Treatment Yield Agronomic efficiency I Increase rate
contribution rate
N T2(NoP:K3) 7 447.51%302.47 b — — —

T3(N; P;K») 11 394.814150. 16 ¢
T6(N; P, K3) 19 321.88+312.92 i
TI11(N;P;K2) 18 929.464488.58 i
1) Average —

P, 05 T4(N;PoK3) 12 201.984317.37 d
T5(N.P1K3) 17 526.184+606. 81 h
T6(N;,P,K3) 19 321.884312.92 i
T7(N:P3Ky) 17 387.144286.84 h
S Average —

K, O T8(N: Py Ko) 14 109.914413. 29 ef
TI(NP,Ky) 15 853.70+567.22 g
T6(N,P,K») 19 321.884+312.92 i
TI10(N;P;K3) 17 421.15+304. 17 h
S Average —

Foft T1(NoPoKo) 5279.32468.13 a

Else T12(N; P K>) 14 192. 384380. 33 ef
T13(N;P: K1) 13 793.224+114.87 e
T14(N:P1 K1) 14 861.914345.50

49. 34 34. 64 53.00
74.21 61.46 159. 44
47. 84 60. 66 154. 17
57.13 52.25 122. 20
66. 55 30. 38 43.63
44. 50 36. 85 58.35
21. 60 29.82 42.49
44,22 32.35 48.16
43.59 11. 00 12. 36
65.15 26.97 36. 94
27.59 19.01 23.47
45,45 18.99 24.25

TE 3R P BOE P A b 227 TR 81 B R b R TRl /N G R 3RR 22 52 W 2 (P<<0. 05)

Note: The yield value is “means= standard deviation”. Different lowercase letters indicate significant differences (P<C0. 05).
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Effects of N,P and K combined application on contents of effective components in rhizome of Polygonatum cyrtonema
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Table 3 Effects of N,P and K combined application on contents of N,P and K in aboveground and
underground parts of Polygonatum cyrtonema mg/g
e N % # N concent P & & P concent K & & K concent
Treatment H Hb T H b bR Hh b T B
Aboveground Underground Aboveground Underground Aboveground Underground
T1 18.69+0.55 a 6.50+0.56 a 4.48+0. 46 abc 1.9240. 18 abc 14.814+0.19 b 6.19+0.72 a
T2 19.39+0. 26 ab 6.95+0.53 a 5.44+0. 32 cde 1.8940. 44 abc 16.10£0. 09 def 16.28+1.37 cd
T3 21.0140.09 cde 8.79+0.74 ab 5.11+0. 15 bed 1.8340.46 ab 13.84+0.31 a 13.80+1.44 ¢
T4 20.5740. 41 bed 17.35+1.92 d 5.254+0.37 cd 1.3840.20 a 16.6940. 45 Ig 18.41+1.88d
TS5 21.9540.57 ef 10.1041. 32 abc 5.3240.29 cd 2.80+0. 33 bed 17.474+0.35 h 15.57+1.43 cd
T6 22.0140.51 ef 13.81+1.95 bed 4.1441.33 ab 2.61+0.17 bed 16.20+0. 24 def 10.45+0.81 b
T7 21.600. 60 def 13.257+0. 81 bed 4,01£0.69 a 2.357+0. 11 abed 16.63+0. 39 fg 9.46+0.67 b
T8 21.83740.68 ef 15.97+3.15 cd 4,12-+0.30 ab 1.6940. 18 ab 14.0740.25 a 6.30+0.61 a
T9 24.16+0.99 g 17.51+3.14d 5.5940.47 de 1.7640. 29 ab 15.23+0. 26 be 8.29+0.48 ab
T10 22.38+1.12 f 15.57+3.21 od 5.29740. 30 cd 1.8340. 16 ab 17.54+0.28 h 9.97+0.59 b
T11 26.0340.93 h 10.41+0. 83 abce 4.9640. 70 abed 2.2940. 29 abc 16.4740. 23 ef 9.56+0.58 b
T12 20.2940. 68 be 7.95+0.98 a 4.53740. 40 abc 2.98+0.46 cd 15.7340. 45 cd 11.00+£0.70 ¢
T13 20.02740.71 be 8.11+1.46 ab 6.31+0.29 ¢ 3.41+0.26d 17.07+0.43 gh 7.924+0.83 ab
T14 26.7040.67 h 9.18+1.07 ab 5.71+0. 32 de 2.424+0. 30 abed 16.05+0.19 de 9.06=+0.42 ab

T R EE N P bR 227 TR 5 B J5 AR AN TR) /NG 52 B 30K 28 5 i 35 (P<C0..05)

Note:; The values are “means= standard deviation”. Different lowercase letters indicate significant differences (P<C0.05).
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1 047. 422,25 —715. 98y 2, BT R* =0. 95, F =
8.92,P=0.02<C0. 05, FH 5% ik 2 & 2 K. 0T %0
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A i BE Rh 248, B2 8y, = 74, 92 4 18. 242" +
10.88x,"+ 8.54x,"— 5. 674" — 5. 13z, —
3.82x," %+ 2.81x, x, + 2. 492,z  + 2. 44z, x,

IR =0. 95, F=9. 21, P=0. 02<0. 05, # X %
IKF) B FOKP R IIRIARLLE .
2.5 SHERAEMEXENHE

28 nb B2 A0 5 B L A5 22 48 BORE 09 7 AR B
JENE 7 2 W 4 FEk 5, MR 4 Al 0, Yt e O &
A N 145 ~175 kg/hm?* . P,0; 129 ~ 164 kg/hm?*,
K,0O 56~80 kg/hm® B}, 246 # A 212 7] 15 14 000
kg/hm® A . B3 5 AT, Yt 7 & N 137~
167 kg/hm?® . P,0; 116 ~158 kg/hm* . K, O 59~80
kg/hm® B}, 2 18 B K A 25 09 2 0 & & 97 35 100
mg/gll I,

Y IR AR A B R R A BT Y 2 AR
KOk A2 45 16 15 R B W R R & R F 14 000
kg/hm® FIAR ZE 20 & & KT 100 mg/g ML 1Lt AE
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HE K. N 145 ~ 167 kg/hm?, P,O, 129 ~ 158
kg/hm?*,K,0O 59~80 kg/hm*,m(N) : m(P,0;) :
K4 SHERFESAE 14000 kg/hm® L LR EBEEEASWIERES

Table 4 Frequency distribution of application amounts of N,P and K fertilizers with

m(K,O) K 1:0.92:0.45,

Polygonatum cyrtonema yield of above 14 000 kg/hm?

P NG P,0- () K>OCrs)
Code WH Count  #ii%/ % Freq WH Count iR/ % Freq WL Count Wi/ % Freq
0 0 0. 00 0 0. 00 2 7.69
1 3 11.54 8 27.59 7 26.92
2 20 76.92 18 62.07 14 53. 85
3 3 11.54 3 10. 34 3 11. 54

INACE %5/ (kg « hm ™ 2) Weighted avg 160. 00 146. 21 67.69
triEZ/ (kg « hm—?) Standard deviation 39.19 48. 14 31.54
Jiti JH 4/ (kg « hm~—?) Application rate 145~175 129~164 56~80

RS SREBRESWESERE 100 mg/g U ERERFIEHEASENIERESH

Table 5 Frequency distribution of application amounts of N,P and K fertilizer with rhizome polysaccharide
content of above 100 mg/g of Polygonatum cyrtonema
p— N P,0; (22 K, OCxs )
Code KB Count  $iF/ Y% Freq WEL Count  #i%/ % Freq W Count %/ % Freq
0 0 0. 00 2 6.45 2 6. 45
1 6 19. 35 8 25. 81 7 22.58
2 22 70.97 18 58. 06 19 61.29
3 3 9.68 3 9.68 3 9.68
INACE2 %/ (kg « hm™2) Weighted avg. 152. 20 136.77 69. 68
PrifEZ / (kg « hm?) Standard deviation 43.11 59.13 29.15
Jiti &/ (kg » hm~?) Application rate 137~167 116~158 59~80
3 Wi 8 1 X BORS 1Y I 5T 26 WY Wi I 2 BOR 7 Y R
o WAL TR A5 B TR T Ao
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k% 5 A 2 0 I PR T 5 244 B 2 R A
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M 5 A4 T 0 X I 9 4 S T 28K S A R 2 M
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56 e W] RN SR AR 25 7 0 e e R U B I
IR HE » X AR 25 220 A9 52 ey ¢ B A 6008 = e 2 = 0
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A7 IR 25 22 Bl 5 o Tk 2 3R B I > W IR >
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5 1 52 ) 26 B — 0 ) e Bk E L BRAEAE 1 4R
A 22 A8 SR e i P d 5 L AT IEAE 2 AR AR 2R
R 7 5 R e 55 . AR IR R 2R G SR Y Y
BORTEA A L IX 5 22 48 BOR A [A] A2 AR BR 0 HE A
A 75 SR AN R A5 5 [ AT LA SR 1 0 2 4R AR
ZACHOR L 7 T AR . BN W

B 1 T SRR R A 56
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FRODR 25 2 22 46 980 K5 1) 32 22 25 3B A7 . A1 b 3
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AR Z AR ORI R 7 L B I 7 %8 R N 145~ 167
kg/hm?*, P,O; 129 ~ 158 kg/hm*. K,O 59 ~ 80
kg/hm” ,m(N) : m(P,0;) : m(K,O) 1 :0.92
0. 45, 7E M AE 75 58 T 2 4K BOKE 7 & Al 3k 14 000
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