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Paeoniaxlemoinei ‘ Yellow Crown’ based on response surface methodology
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Abstract: Low multiplication coefficient has been one of the obstacles limiting the industrial application of tree peony
(Paeonia sect. Moutan) micropropagation technology, but most of the current studies have been focused on the use and com-
bination of plant growth regulators, and less attention has been paid to the effect of medium formulation on the multiplication
of test-tube seedlings of tree peony. In this study, we used PaeoniaXlemoinei ‘ Yellow Crown’ as the experimental material
and designed an optimization test by using Design-Expert response surface method to investigate the effects of five macro-ele-
ments, such as K,SO,, MgSO, -7H,0, KH,PO,,
WS B 88 . 2023-08-09 NH,NO,, Ca(NO;), -4H,0 in WPM medium on the
ESTE . {5 [ AR5 450 H (32001359) ; Fa 5OMOll e o2 multiplication effect of the test-tube seedlings of Paeonia

AT 2R R H (2022NFUSPITP0436) sect. Moutan, and developed a mathematical model to pre-
VEBRA RIS (1999-) , 4, TR A, B L BF 58 4, BF 5205 1 dict the best optimized medium formulation. Results of sin-
MAEY) ST Y, (E-mail) lynel1104@ 163.com gle factor effect analysis showed that, KH,PO,, NH,NO,

EiIREE . A2k, (E-mail ) shusheng0507@ 126.com and Ca(NO;), - 4H,0 had significant or highly significant
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effects on the multiplication effect of the test-tube seedlings, while MgSO, - 7H,0 and K,SO,had no significant effects. Re-
sults of interaction analysis showed that, the interaction between K, SO, and KH, PO, had significant or highly significant
effects on plant height, and stem length, the interactions between K,S0, and MgSO, - 7H,0, KH,PO, and NH,NO; had sig-
nificant or hightly significant effects on stem length. Based on the experimental data, the model analysis results predicted that
the optimized formulations for five macro-elements were K,SO, 2 257 mg/L, MgSO, - 7H,0 907 mg/L., KH,PO, 481 mg/L,
NH,NO, 200 mg/L and Ca(NO,), + 4H,0 1 963 mg/L. The validation test was conducted, and the multiplication coeffi-
cient, plant height, stem length and leaf number of the test-tube seedlings were 2.43, 4.62 ¢cm, 1.30 cm and 6.75 respective-
ly, which were slightly higher than the predicted values obtained by Design-Expert experiment and were significantly better
than the control group, indicating the special multiplication medium for P.xlemoinei ‘ Yellow Crown’ was constructed suc-
cessfully. The results of this study can not only greatly improve the multiplication efficiency of P.xlemoinei ‘ Yellow Crown’ ,

but can also provide an important technical reference for the construction and improvement of multiplication culture system of

other tree peony species.
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Table 1 Multiples of concentration of large elements in proliferation medium for optimizing test

Fi Rk TR R AL
e aes
K,S0, MgS0, -7H,0 KH, PO, NH,NO, Ca(NO,), -4H,0
1 0.50 2.45 3.00 3.00 0.50
2 0.50 1.73 1.74 1.33 4.00
3 0.50 2.35 2.35 3.00 3.14
4 0.50 3.00 0.50 3.00 4.00
5 0.50 3.00 0.50 1.19 0.50
6 0.50 3.00 3.00 0.50 2.55
7 0.50 0.50 0.50 0.50 2.99
8 0.50 0.50 0.95 3.00 0.50
9 0.50 0.50 3.00 3.00 3.28
10 0.50 0.50 3.00 1.03 0.50
11 0.59 2.46 1.00 3.00 1.05
12 0.63 3.00 2.25 1.49 0.75
13 1.13 3.00 0.84 0.50 2.97
14 1.66 3.00 3.00 1.83 4.00
15 1.69 1.70 1.68 1.80 2.18
16 1.69 1.70 1.68 1.80 2.18
17 1.74 1.74 0.50 1.80 2.23
18 1.75 2.15 1.75 0.50 0.50
19 1.96 0.50 3.00 0.50 4.00
20 2.14 3.00 1.75 3.00 2.25
21 2.33 0.50 0.50 3.00 4.00
22 2.44 0.50 3.00 3.00 0.50
23 3.00 2.30 0.50 3.00 0.50
24 3.00 1.95 3.00 3.00 4.00
25 3.00 0.50 0.50 0.50 0.50
26 3.00 3.00 0.56 0.50 4.00
27 3.00 3.00 3.00 1.56 0.50
28 3.00 1.68 3.00 0.50 2.15
29 3.00 0.50 1.75 1.76 2.78
30 3.00 2.33 0.71 2.50 4.00
31(XFIR) 1.00 1.00 1.00 1.00 1.00

BUFA>1.5 B 0 R I 45 I ) 1 22 1
VeSS oy il v (& 2) , FeE F RN S «,
%, X003 X0, P 20,20, 3 4 TTONT S AE FR B SE M FR BE N
2,00, >, 005>, 20, >, 56, (2 3) , BIMgSO, + 7H,0-5NH,NO,
22 B A F > K, S0, 5 KH, PO, 1) 58 H.AE A >K,80, 5
NH,NO, 1932 HAF H>K,S0, 5MgS0, - 7TH,0 93 HAF

FH. SHEANTT : (1) K,S0, 5MgS0, - TH,0 4 JF A5
1 s 1B A P R AR R EICR DL A AR Ak (R
K,S0, 5 MgS0, - 7TH,OMI HAF & S 28Ul &
BORRE(E 24) . (2)K,S0,5 KH, PO, ik FE RIS T
HagE 2RO ETHE T, HIWE 2507 KH, PO, He R
M A (1 2B) o (3)K,S0,5 NH,NO, 92y [l s T
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o, BT R BRI HLAZ NH,NO, #e R M 4 K K
WBE NH,NO, 1] DA 5 R O = KT (1B 20)
(4) 4MgS0, - 7TH,05 NH,NO, ¥ & [a] it 7t m st a4
HHATE 2R BOZ AL, 107 755 MR MgSO, - TH,0 5Kk
J& NH,NO, A EAE I 50 28T A e mifE (181 2D)

#2 FREREEAMEERY PGS, FHEKSEHTHE

S COEAT
Table 2 Effects of different medium compositions on multiplication

coefficient, average plant height, average stem length and

individual leaf number

1 1.27+0.06 3.23+0.60 0.82+0.19 1.20+0.22
2 2.00+0.06 4.44+0.20 1.20+0.19 4.92+1.14
3 1.68+0.09 3.71+0.13 1.21+0.14 3.91+0.13
4 1.37+0.12 3.60+1.54 1.02+0.33 2.94£1.53
5 1.40+0.10 3.21+0.11 1.03+0.06 2.59+0.17
6 1.96+0.09 4.58+0.33 1.33+0.05 4.22+0.53
7 1.95+0.16 4.32+0.25 1.35+£0.07 4.61+0.22
8 1.67+0.02 3.17+0.11 1.45+0.12 2.86+0.43
9 1.88+0.07 3.08+0.44 1.22+0.08 3.38+0.45
10 1.69+£0.09 3.29+0.24 1.26+0.06 2.88+0.23
11 1.40+0.16 2.59+0.14 0.96+0.12 2.11+0.54
12 1.93+0.24 3.78+0.18 1.27+0.06 3.72£1.03
13 2.21+0.28 3.90+0.31 1.28+0.04 5.70+0.79
14 2.06+0.27 3.86+0.31 1.46+0.03 4.15+0.24
15 2.19+0.27 4.36+0.11 1.50+0.10 5.88+1.02
16 1.94+0.16 3.47+0.11 1.34+0.04 4.71+0.53
17 1.62+0.14 3.44x0.51 1.25+0.13 3.55+0.55
18 1.88+0.15 3.81+0.32 1.21+0.17 4.27+0.06
19 2.10+0.15 4.81+0.50 1.45+0.07 5.71+0.72
20 1.73+0.07 3.06+0.20 1.24+0.16 3.66+0.35
21 1.68+0.06 3.45+0.46 1.04+0.12 3.65+0.34
22 1.61+0.09 2.84+0.51 1.12+0.14 3.84+0.54
23 1.54+0.01 2.76+0.14 0.98+0.08 2.96+0.25
24 1.89+0.19 3.62+0.32 1.33+0.12 5.01+0.61
25 1.46+0.23 2.54+0.36 0.87+0.09 2.42+0.37
26 1.59+0.08 3.29+0.36 1.03+0.12 3.30+0.20
27 1.79+0.24 3.77+0.42 1.33+0.24 3.42+0.63
28 2.19+0.06 4.66+0.41 1.62+0.28 5.30+0.37
29 1.93+0.09 3.50+0.06 1.25+0.16 4.37+0.26
30 1.62+0.03 3.08+0.17 1.17+0.16 3.47+0.34
31(CK)1.80+0.24 3.84+0.32 1.32+0.18 4.32+0.36

BRI AR =157 50 d JEISOHRAPRIE 2Bl HERIRA Mk s = 1V TR
R R TR AT 25 K = 1A A AR ST ) 28 T 70 SR

RI3 HERYRAURZEEREER

Table 3 Significance test of multiplication coefficient model

W& FHM AmE By F P BEM

Bkl 1.710 0 20 0.0857 3.5600 0.0218 *

X 0.003 9 1 0.0039 0.1623 0.6955

Xy 0.016 4 1 0.016 4 0.6789 0.4292

X3 0.305 1 1 0.3051 12.660 0 0.005 2 ok
Xy 0.300 4 1 0.300 4 12.470 0 0.005 4 ok
X5 0.216 6 1 0.216 6 8.9900 0.013 4 ®

XXy 0.040 9 1 0.0409 1.7000 0.2221

X% 0.045 1 1 0.0451 1.8700 0.2011

X1%y 0.041 2 1 0.0412 1.7100 0.2202

Xy X5 0.023 3 1 0.0233 0.9670 0.348 6

Xp%3 0.008 7 1 0.008 7 0.3598 0.5620

XXy 0.074 4 1 0.074 4 3.0900 0.109 4

XX 0.000 3 1 0.0003 0.0122 0.914 1

X3y 0.020 9 1 0.0209 0.8670 0.3737

X3Xs5 0.035 1 1 0.0351 14600 0.2553

K45 0.000 5 1 0.0005 0.0196 0.8915

x, 0.016 8 1 0.016 8 0.6965 0.4235

xy° 0.000 0 1 0.0000 0.0006 0.9815

2y 0.110 2 1 0.1102 4.5700 0.058 2

x4’ 0.000 2 1 0.0002 0.0074 0.9330

xs? 0.048 7 1 0.0487 2.0200 0.1854

k2 02410 10 0.024 1 - -

I 0.210 5 9 0.0234 0.7667 0.717 1
A% 0.030 5 1 0.030 5 - -
Bit 1.9500 30 - - _

# e REEMET 5 A B E S (P <0.05) 5 %% KR LRI
ST R B AT B (P <0.01) , x) ~x;5 25 1% FIRK,90, .
MgSO, - 7H,0 KH,PO, .NH,NO, .Ca(NO, ), - 4H, O %L,

22 FHH®REEBEIESSH

LISE R E N Y, AR Design-Expert 12.0 Ly gln
PSR AL BE A5 2R = A9 R e 07

Y, =2.998 730-0.263 603x,+0.588 062x,+0.264 487x,—
0.161 580x,+ 0462 537x,— 0.007 257x,x,+ 0.135 470x,x,+
0.037 222x,x,—0.031 871x,x5+0.097 298x,x,~0.021 955x,x,~
0.046 501x,x5—0.119 603x,x,—0.031 871x,x5—0.042 60Lx x5~
0.027 184x;— 0.178 4356;—  0.053 0123+  0.028 309+
0.000 039x? ,
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Fig.1 Five models of macro-elements concentration multiples-multiplication coefficient
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Fig.2 Interaction response surface-multiplication coefficient response surface model
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Table 4 Significance test result of plant height model

HzE  FHFM HHE B F P BEME

B 9.5300 20 0.4767 4.1900 0.0121 *
X, 0.559 8 1 0.5598 4.9200 0.0508

%, 0.013 2 1 0.0132 0.1162 0.740 3

%3 1.300 0 1 1.300 0 11.3800 0.007 1 =
I 3.310 0 1 3.3100 29.090 0 0.0003
x5 2.060 0 1 2.060 0 18.0700 0.0017 =

%%,  0.0015 1 0.001 5 0.0135 0.909 8

%3 0.6659 1 0.6659 5.8500 0.036 1 *
%, 0.043 8 1 0.0438 0.3847 0.5490

x5 0.064 2 1 0.0642 0.5640 0.4700

%% 0.3183 1 0.3183 2.8000 0.1254

%%, 0.014 6 1 0.0146 0.1282 0.7278

%5 0.1275 1 0.1275 1.1200 0.3148

x3%,  0.509 1 1 0.509 1 4.4700 0.060 5

x3%s  0.067 8 1 0.067 8 0.5955 0.458 1

x%s 0.103 6 1 0.1036 09102 0.3625

x?  0.0082 1 0.0082 0.0717 0.794 3

0?2 0.3473 1 0.3473 3.0500 0.1112

x32 0.0239 1 0.0239 02103 0.656 4

xy° 0.009 0 1 0.0090 0.0788 0.784 6

xs2 0 1 0 0 0.999 4

% 1.1400 10 0.113 8 - -

RPN 0.738 8 9 0.0821 02057 0.945 1

42z 0.399 0 1 0.399 0 - -
Bt 10.670 0 30 - - _

# RN METIUN E AE R ARG W SE M (P <0.05) ; #+ FRn 2k M
X R R B A W R E R (P<0.01), x, ~xs W3 TE,

HUCF {B>1.0 B = J0 RIS 238 AR -5 1z
i, HEE FAER/INAT T 2 2, 0, 0,005 FT 20,20, 3K 4 THX
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Ca(NO;), - 4H,0MZZHAEH], S2MATT : (1) 24K,S0,5
KH, PO R [Tt ki JCH B AR 1k, 24K, S0, e
i HL KH, PO, VR BE AT, R e 2 N RRta s (&1 4A)
(2) MgS0, - TH,0 Mk FE A5 H 0.5~ 1. 8 A5 I, ki Bl
KH, PO WEEFH I 5 U BE AR A8 ~ 3. O A5 Bk
bl KH, PO, ¥k FE & i T B (B 4B), (3)
MgSO, + 7H,0 ¥ J& % % #£ 05~ 2.0 i i}, ¥k = Bl
Ca(NO;), + 4H, 0% T s M b T 24 vk BE A5 B 2.0~
3.0 15, Bk =B Ca(NO, ), + 4H, 01 B i~ [ (&
4C) ., (4)4 KH,PO, ¥ F+im NH,NO, e B T R B
Fre ETHESIEAE KH, PO, W EERECA 3.0 7% NH, NO,
WREERECH 0.5 ffirhAE s (e ( & 4D)
2.3 EHEKERETISHHT

PISEIZ5K R Y, R4 Design-Expert 12.0 31/
PUA RGP A5 B ZE KA R A 7

Y,=1301 670+0.148 644x,~0.196 973x,+0.071 288~
0.193 460x,+ 0.116 001x,+ 0.060 904, x,+ 0.062 311x,x,+
0.005 765x,x,+0.009 485x,x,+0.020 522x,x,—0.023 159x,x,+
0.021 980x,2:,—0.050 4561, +0.023 133,05 +0.002 436w 05—
0.027 867x,%+ 0.008 299x,%~ 0.028 877x,>~ 0.035 352>~
0.042 483,

OIPTEER (3 5) R LM vy IRI v, Al v,
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BGEREMEMAE (B 5D) ML R BN -0.193 460,
K,S0, MgS0, « 7TH,OMBEf4i S 25K T b 2 AH G (]
5A K15B) . (2)K,S0,5MgS0, - TH,0M FEAF RN S 1.
VEFH S ZE K B IFAEADE (8] 5F)  FHOCRECH0.060 904
K,S0,5 KH,PO Mk EER 2 AR 52 K 2 1EL
HHZE(K 5G) , FH2E R $CH0.062 311;NH,NO, 5 KH, PO,
WA BAE S 2K BR8] SH) A
FHN-0050 456, (3)Ca(NO;), - 4H, 0 BEAFHON =25
Ko Em (8 SE) B HAF A 2K B 5
i FHOC R BRI -0.042 483, 25K fifiCa(NO, ), - 4H,0¥%
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Fig.3 Five models of macro-elements concentration multiples and their interaction-plant height
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Fig.4 Interaction response surface-plant height model
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Table 5 Significance test result of stem length model

WE Pk AmE  Hir F P BEH
R 0.959 5 20 0.0480 4.9900 0.0062 =
x 0.000 0 0.0000 0.0022 0.963 1
x) 0.007 5 0.0075 0.7774 0.398 6
x3 0.191 5 0.1915 19.890 0 0.001 2 ==
x4 0.054 0 0.0540 56100 0.0394 =
x5 0.0327 0.0327 3.4000 0.0949

X% 0.108 3 0.108 3 11.250 0 0.007 3 ok

xXy%3 0.140 9 0.140 9 14.640 0 0.003 3 ok
ETEN 0.001 0 0.001 0 0.1091 0.7480
0.0057 0.5906 0.460 0
0.0142 1.4700 0.2530
0.0162 1.6900 0.2233

0.0285 29600 0.1161

X1Xs5 0.005 7

XoXy 0.016 2

1

1

1

1

1

1

1

1

1

X3 0.014 2 1
1

X5 0.028 5 1
1

1

1

1

1

1

1

1

%35, 0.090 6 0.0906 9.4100 0.0119 =
x3xs  0.0357 0.0357 3.7100 0.083 0
x4xs  0.000 3 0.0003 0.0352 0.8549
2 0.0086 0.0086 0.8907 0.3675
2 0.000 8 0.0008 0.078 1 0.7856
2 0.007 1 0.0071 0.7376 0.4105
x?  0.0140 0.0140 1.4500 0.25538
xs2 0.070 8 0.0708 7.3600 0.0218 =
2 0.096 2 10 0.009 6 - -
K 0.0829 9  0.0092 0.6908 0.740 4
4fiiR2:  0.0133 1 0.013 3 - -

Bt 1.060 0 30 - . _
# R RGMETUN 5 R B (P<0.05) 5 %% KRR

X5 R AR AW R E R (P<0.01) , x; ~x5 W3R 3 T,

HF {E>3.0 1Y 50 R4 B 38 BAF F S5
M, e FAER/NATHL, %, 2%y 2020, B vy 3X 4
WA HAR T X 25K 09 52 e B2 BT 2R 2 oy >, 20, >
x50, >x,%5 , BTK, SO, 5 KH, PO, i 32 H.AE F >K,S0, 5
MgSO, - 7H, 038 HAEI>KH, PO, 5NH,NO, 58 H.
YERISKH,PO, 5Ca(NO,), - 4H,0M3Z HAE, HAK
MEANR . (1) K,S0, 5MgS0, « TH,OMJE M1 : 1 H.
[ A, 22 N R T (T 6A) o (2) K, S0,
5 KH, PO, V& EE Rl it 254 1 T, 7EWI & [R] i ik
) 3.0 fEZERK IR B R (K 6B) o (3) KH,PO, 5
NH,NO, ¥ Ji [F] i T &5 5, 25 K e TH i 5 T R 24
KH, PO, 4b T 25 e HNH,NO, b TR e B i 348 iy
R (E 6C) . (4)KH,PO,5Ca(NO,), + 4H,0
e B )T i i, 2R R T s 24 KH, PO, MR B )
HCa(NOy), « 4H,0MBEAFELL N 3.0 fifhE, 224Kk

FEE (K 6D)
2.4 WPM H{y 5 i RETLERF RN RIEIE
SiiBul Design-Expert 12.0 @TL@%@,’{% BEH T
WE WM RABHR RN max, EEFEFE NS
(+++++) 22K HFREEN max, BN 4(++++) ;
PR HARE R max, ERRREN 3(+++) ;i R H bR
BN max, FEFLRE ]y 2(++) , MRAEHAL T4 2R
AIAS R S e A P B 3G R I WPM TR Y 5 R R
IR W AR B R 8000 0l hyxe, = 2,28 0, =245,
x,= 2.83, x,= 0.50, x,= 3.53, HI K,SO,.
MgSO, - 7H,0 KH, PO, NH,NO, 5 Ca(NO,), - 4H,0
() S 43731 M2 257 mg/L 907 mg/L 481 mg/L .
200 mg/1L51 963 mg/L, M5 773 o B8 1 75 43 1)
SANO; 19. 13 mmol/L, NH; 2.50 mmol/L, Ca® 8.31
mmol/L, K" 29. 44 mmol/L, Mg** 3.68 mmol/L, PO}
3.53 mmol/L,S02" 16. 63 mmol/L, 3118 j R AU T30 Hy
FEZSRAE T St PG TE R A bR AR S bk
K 2. 24 4.32 em 1. 64 cm 5. 31 K, fdi ]
I TT A TR RS (18] 7) 75 2 S oa P R A AR
B bk AR S AR R B B 2.43 4.62 em,
1.30 em 6. 75 5K, BREERFH RS, AR AR AR T 1
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IR MR B W] LU T S e P B S 57

3 e

3.1 BEZEZHXNERHAEEMNERKNZI
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IOy EEORIE T IR, BB SR B0 o S5 vk
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£ WPM MS 5 DKW ZEAH 4 15 3% 5 h 39 47 I
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AR LI, b KH,PO, WL - F i/ i A 15 5
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KH, PO, Ay S ek P AS v 49 A8 i VR B T s R
KH, PO, B AR 2 i PR B ik i S5 25 K1, (B
[T 2 REARIG A R A S M gk, 2845 R 3%k
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Fig.5 Five models of macro-elements concentration multiples and their interaction-stem length
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