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Abstract: To optimize the growth of Prunus mume ‘ Gulihong’ seedlings through informed fertilization strategies, we
designed a comprehensive three-factor, three-level orthogonal experiment, utilizing one-year-old ‘ Gulihong’ cuttings as
the test material. We specifically investigated the impact of light substrate ratios ( volume ratios) , single fertilization
amount , and fertilization frequencies on the growth and physiological characteristics of ‘ Gulihong’ seedlings. The quality
index (QI) for each treatment was calculated utilizing a seedling quality index formula. Principal component analysis
was subsequently performed on individual index, and weight coefficients were computed to elucidate the relationships
between variables. The fertilization effect D value was ascertained using a membership function model. The results were
as follows: (1) The overall growth of ‘ Gulihong’ seedlings was optimal with a pine needle soil : grass charcoal : perlite
(volume ratio) of 1 : 2 : 2, outperforming the other two substrate ratios in terms of growth outcomes. (2) In fertilization
treatments , the contents of the soluble sugar, soluble protein, chlorophyll, and photosynthetic parameters of ‘ Gulihong’
seedlings increased with higher fertilizer application rates. However, some indices plateaued or marginally decreased
when the application rate was excessive, underscoring the necessity of balanced fertilization. (3) The nutrient contents
in “Gulihong’ leaves consistently increased with higher fertilizer application rates, highlighting the direct relationship
between fertilization and nutrient uptake. (4) A fertilization frequency of 20 d and a single fertilization amount of 200 mL
were conducive to biomass accumulation in ¢ Gulihong’ seedlings, promoting overall growth. Considering plant growth
index, physiological index, nutrient content, QI, membership model, and principal component analysis results, the
recommended light substrate fertilization program for one-year-old  Gulihong’ seedlings comprises a nutrient solution
with N=420mg « L', P=217 mg - L', K=273 mg + L', pine needle soil : grass charcoal : perlite (volume ratios) =
1:2:2, a single fertilization amount of 150 mL, and a fertilization frequency of 15 d. This conclusion provides a vital
technical support for the light substrate cultivation of ‘ Gulihong’, an indispensable theoretical support for further
exploration of general formulas suitable for one-year-old P. mume seedlings, and holds significant implications for the
scientific fertilization and export of P. mume, ultimately contributing to the sustainable development of the industry.

Key words: Prunus mume, light substrate, nutrient solution, formula fertilization, growth and physiological responses
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Table 1  Nutrient solution formulation
e g Y BE
i st W % st I
. Concentration Concentration
Element Molecular formula 0 Element Molecular formula 0
(mg- L) (mg - L)
AN R#E CH,N,0 900 % Mn PU7K & B SR MnSO, - 4H,0 2.13
WP, K 2 — A4 KH, PO, 952 & Zn BB BIRE: ZnSO, + TH,0 0.22
% Fe LR BRI FeSO, - 7TH,0 16.68 i Cu HK BB CusSO, - 5H,0 0.08
i B & H,BO, 2.86 4H Mo IR AR Na,MoO, + 2H,0 0.02
F 2 REmigit
Table 2 Experiment design
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KF e e L
. iy e
Level SRR (KR R R Ml
Substrate ratio (V2 V : V) Single fertilization Fertilization
Pubstrate ratio U amount (mL - pot™) frequency (d)
1 FABE L - Rigk : BERE=1:2:1 (A1) 150 (B1) 10 (C1)
Pine needle soil : grass charcoal : perlite = 1 :2: 1 (Al)
2 g+ Bk BERE =122 (A2) 200 (B2) 15 (C2)
Pine needle soil : grass charcoal : perlite = 1:2:2 (A2)
3 PAEE 4 R BERE=1:3 11 (A3) 250 (B3) 20 (C3)
Pine needle soil : grass charcoal @ perlite = 1 : 3 : 1 (A3)
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]2 HoAth W K- 138.51% 1 129.83% , {H it AR
AR ZE AR B R WL R, XS T



34 AR 2B 2 o AN TRV T I LG Rt A Ak B0 R A AR © B HLAL i AR ORI AR B 515

X3 BEABERERERELETEREGRNREITER

Table 3  Statistic result of growth indexes of Prunus mume ¢ Gulihong’ under light substrate fertilization

M I B

—AFAER

KA i

—ARA AL

AR R

i AR I

s e g Lo B

Ab B ﬂ('ﬁ"%ﬁkg Basal diameter Annual branch Annual branch Leaf area

Height increment . . . .
Treatment ncrement increment length diameter increment
(cm) (mm) increment increment (em?
: cm”)
(em) (mm)

AlIBICI 37.06+0.46b 1.27+0.03e 15.91+0.50¢ 1.42+0.05d 9.90+0.56¢cd
A1B2C2 35.56+0.40¢ 0.82+0.02¢g 21.83+0.80b 1.94+0.07a 12.96+0.23b
A1B3C3 39.44+0.17a 1.05+0.02f 12.49+0.23¢ 1.39£0.03de 9.51+0.45de
A2B1C2 21.82+0.40f 1.71+0.04d 10.46+0.13¢g 1.92+0.09a 8.48+0.89f
A2B2C3 23.12+0.12¢ 2.14£0.06b 14.38+0.34d 1.59+0.05¢ 10.27+0.34¢
A2B3C1 12.96+0.461 0.81+0.02¢g 9.78+0.23¢ 1.66+0.04bc 20.72+0.12a
A3BI1C3 34.32+0.50d 1.22+0.01e 26.20+0.87a 1.65+0.03bc 9.94+0.45¢cd
A3B2C1 18.18+0.26¢g 1.92+£0.05¢ 6.70+0.32h 1.71+£0.02b 8.76+0.34e
A3B3C2 14.84+0.63h 2.30+0.08a 11.70+0.45f 1.42+0.01d 9.88+0.25¢cd
CK1 12.10+0.22j 0.38+0.02j 4.83+0.331 0.80+0.02f 3.83+0.40h
CK2 7.50+0.101 0.65+0.02i 1.84+0.12k 1.38+0.02de 4.41+0.20g
CK3 9.88+0.15k 0.72+0.02h 3.32+0.22j 1.32+£0.03¢ 3.16+0.10h

TE: WA R/NG F R R R AR AL BER) 22 57 B3 (P<0.05) o B A T E AR e, T,

Note ; Different lowercase letters in the same column indicate significant differences between different treatments ( P<0.05). The data are

xxs. The same below.
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Table 4 Effects of light substrate fertilization on soluble sugar content, soluble protein

content and chlorophyll content of Prunus mume ‘ Gulihong’ leaves

AL MR AR E A LSS Sy
Soluble sugar content Soluble protein content Chlorophyll content

Qb 38 Treatment (mg-g") (mg-g") (mg-g")
0d 100 d 0d 100 d 0d 100 d
SRR L 1:2:1 15.508a 24.768a 1.135a 3.312b 1.335a 2.728a
Substrate volume ratio . 5 608, 25.298a 0.949a 3.635ab 1.395a 2.591b
1:3:1  15.240a 24.729a 1.068a 3.676a 1.306a 2.622h
Y 150 mL  15.691a 27.545a 1.032a 3.537ab 1.365a 2.552¢
Single fertilization amount 0 5 955, 26.591a 1.073a 3.772a 1.306a 2.758a
250 L 14.740a 20659 1.047a 3.313b 1.336a 2.630b
% 10 d 14.729a 24.079h 1.150a 3.870a 1.369 2.575b
Fertilization frequency 5 15.902a 25.792a 1.075a 3.553a 1.355a 2.694a
20 d 15.726a 24.924ab 0.927a 3.200h 1.282a 2.671a
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Table 5 Effects of light substrate fertilization on
photosynthetic parameters of Prunus

mume ‘ Gulihong’ leaves

P, G, c T,
AbFR (' pemol (‘mol ! | ( mmol
Treatment co, - H,O - (Mmf)l H,0 -
24 2 mol ™) 2
m”+s') m7+s) m~ +s")
FEFARFAL 1:2:1 7.385a 0.159a 318.696b 1.519b
S“bf“a‘e 1:2:2 7.864a  0.157a  316.516b 1.825a
volume
ratio 1:3:1 7.863a  0.127a  331.573a 1.688ab
BYGEALE 150 mL 7.103c¢ 0.137a  317.084b 1.888a
Single
Single 00 mL 7.674b  0.161a  32.264a  1.730a
fertilization
amount 250 ml, 8.335a  0.146a  317.438b 1.413b
Jifl HE AT 2R 10d  7.792b 0.148a  321.785a 1.439b
Ffe“'l‘za“"“ 15d  8.633a  0.162a 320.952a 2.015a
Tequency
20d  6.688¢  0.133a  324.048a 1.577b

ERE AR, AP, B PR LR A B
+ Bk BERA (BB =1:2: 2 WHAET
R ML AR RSB ERE, A2 KR E
FITT B BRI B £ F 55 BRI E Y e S
JBT, VS INEE 22 (W B2 BR A e 1 3L 0 1 35 < L /K g

WAL, AR TR AR AP SRR, 4L
VRS —Fi i 52 AT B AR, R A 105 R i K
Re A AT HE i A K 3 & A5 (2016) 193
B gE A TARRIEE R, X BT S RS

(A8 FH B 1 F B AT A A

HE ST SR AR 0 1 AR A A ISR 43 1 W2 SR
FHEA 2 52 ), 5 J5T 76 A ) 1 i JES 41 2% 0 B K
JERE 4578 T 57 43 WU B B AN ], T 4 ik 45 4
PRI tATR #7245 (2018 ) BFFE 1 it IE X
LA HTE (Medicago sativa) Z5FF K JE FZEFF HARHY
SZM AR 3 0 it A 2 RE A8 4R S — AL H AE
R AR ARBFTEIA R, WK, Bk
AL D 150 mL JEACHIR Y 15 d X B AL Hy
() A= R R B i, 3k v 1 it S A5 23 sk 22 14 it ES
X BB A KRR, BRE T (2016 ) 7F
Wit 8 N ( Raphanus sativus) Wi REF 5T & B, it
A3 2 3 AR IS A 0 15 30 1Y) 5% 53 b 25 5 e it A Bt
[ A EE rh BRI B TCIE I, 5% 4 FILH 2%
TR A R AR A B AR 2R T S e R B B A
X3 (2014 ) % BB AL B ik 22 25 S BOK IE A
FRTRE SRR,
3.2 BERMEIE M H b EIBIERAE N

LR PR T R ) A Ak R A 0 ik KAk A P AR
WY R EbR AR b AR vT DL v R R AT T B
F AT PR ) & &, B9 AR ) Bt (R0 I,
2021) , AHFFE T, eI 0T L Lo X i R T 1
0 R ) AR A B it IS e A i
W ATV W A2 E RSO B, AT R A
HPHA YOS T BT R R, XS
XA 45 (2019) X FIHE (Betula platyphylla) 3251
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Table 6  Effects of light substrate fertilization on N, P and K contents and

biomass of Prunus mume ‘ Gulihong’ leaves

A i # o i S s
Ab B Treatment N (%) P (%) K (%) Leaf biomass  Stem biomass  Root biomass

(g) (g) (g)
FETIRFR LY 1:2:1 2.749a 0.232b 3.112a 13.570a 24.166a 9.807a
Substrate volume ratio 1:2:2 2.728a 0.230b 2.877b 16.194a 23.602a 9.740a
1:3:1 2.641b 0.266a 3.070a 14.280a 18.605b 8.322b
B 150 mL 2.528¢ 0.228¢ 2.775b 11.171b 21.341a 9.814b
Single fertilization amount 2.697b 0.240b 3.166a 16.207a 22.9754 10.410a
250 mL 2.893a 0.260a 3.118a 16.666a 22.057a 8.244¢
e 10 d 2.872a 0.259% 3.117a 12.759b 22.255a 9.562a
Fertilization frequency 154 2.611b 0.237h 3.141a 13.612b 22.629a 9.369a
20d 2.636b 0.232b 2.801b 17.673a 21.489a 8.938a
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Table 7 Seedling quality index ( QI) under
light substrate fertilization

b e (VRS
Treatment QI Rank
AIBICI1 3.055 7
A1B2C2 4.171 3
A1B3C3 3.858 4
A2B1C2 4.212 2
A2B2C3 4.267 1
A2B3Cl 3.770 6
A3BI1C3 2.888 9
A3B2C1 3.823 5
A3B3C2 2.925 8
CK1 2.383 12
CK2 2.851 10
CK3 2.424 11

AIBIFFE L SRR i 28 5 v o | A P Tl P Y
P var, B O3 2 1 BUK A AR B, RNA 1 5% 5
BRI T 52 B, AT PR AR A AR (B
4 ,2020) .

4% 28 1 D' BE 18 W W 4% 188 11 %% A D T 2475
A EAE T, S R A OGS R T 95 558 (S
45,2022) o ABEGE Y, ISR S 5 BE O AT
R 9/ T ARG, AL AR R M S R 5 7K 40 B 22
it 1270 S BOK 50 WSS 2, F ) i 2 R AR R
Wb, B (2019 ) FF 58 2R B, B I 75 il ( Solanum
lycopersicum ) FiRL I F2 H 0 7K 432 BH I8 AR e hi

AR ER R SR AR R S R
S AT AR R I e P K B A B A A L, R OK
FMENEAT R L TR R RN TR, B
wlb bR R A2 AR T BB M P,
1B G B T fE M35, 5 SRS (2010) X 31 #R
(Robinia pseudoacacia) 75 4% 8 Hi W98 19 45 S AHAL
AR5, T PR RSO AL H A 1S 2o
TS B Y 3G 22 B 1 A BRI & B AR )
PR P2 2R R TR A 8, WS AR YOG
RE AR & e 1k, PR e SRRl ) 3% B SR A i T
JEA BE 1 MY B M, JA 4 (2016) FE X A% K
( Erythrophleum fordii ) W58 v 45 3] T 2L 45 5
AW ST, IR 53 3G I i P A0 OB TR R
P AE ETE, SALIE Y RE ) $20 , CO, 78 4N g [A) 71 3R
AL, CAEU N (P ,2017)

ROBEFE A E KRB R Rm =
FICER , Herhod & 35 A K AR T &, 2K P-4
HEAE R AR A B RS I A% HR 1 W | B RR T
G G R 2 5 B A O, X SR A
SO AEZF o3 AT R A AT 52 B O B UL L ROR
Fiie 57 ( EAHAE, 2013 ) o BORE S A B Z R W
PRICER By — T, HE 5 HT R DL A 3G 22 T o
AR EFRMENEE T, A5, &5
W A3 R EE BT RIAAEE ¢ Bk BBk =
13 T(RFRE) A0 BT B B2 Mgt v v &
RN 5 1 1 WSO R A8 R e i, B S (2022)
WEFELs R W, 5 e 1Y 8 57 o0 e L e AL B R
e JEASALBREETE 20% LA | K B RE IS H .
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Table 8 Weight coefficients, membership function values, D values and ranks of each treatment

Tffliin[ u(l) u(2) u(3) U/(4) U/(s) DDVEJC gf’?ﬂl\(
Al1BIC1 0.745 0.769 0.619 0.504 0.857 0.708 6
A1B2C2 0.969 0.925 0.540 0.715 1.000 0.845 3
A1B3C3 1.000 0.704 0.793 1.000 0.953 0.883 1
A2B1C2 0.825 0.935 1.000 0.605 0.877 0.860 2
A2B2C3 0.925 0.838 0.840 0.544 0.919 0.832 4
A2B3C1 0.964 0.736 0.440 0.693 0.508 0.705 7
A3B1C3 0.538 0.674 0.644 0.546 0.993 0.657 9
A3B2C1 0.973 1.000 0.729 0.476 0.560 0.802 5
A3B3C2 0.732 0.738 0.734 0.581 0.575 0.689 8
CK1 0.000 0.000 0.013 0.126 0.111 0.037 11
CK2 0.027 0.080 0.000 0.000 0.000 0.027 12
CK3 0.002 0.102 0.035 0.040 0.071 0.048 10
LE Weight 0.281 0.242 0.188 0.145 0.143 — —

PR T (2016) UBFFEIA R, Bt 2 D 1Y 28 K i
SIEAEHARA FUI LR, B B et R R ok
TR e I B it S S P 58 o e it A A3 3 8 - v
T T, 42 o i JIE A0 23R 4 J 1 A ) b 78 R ) It
], @Bt v N R i, ARRESEINN, BE
G Bt S e R A AR Y v, RELRR P I R
s B EMRBERRESER AT S22
FHIE) AR B, e il T 3% o IR RAE R AR N 2 2
Z I A 5T vl E 1 5% 43 38 b HARER I AR
BT i, JF H R R 7E i B 45 o 5 1) — IRk
TN VAR R A DA ) 3% 20 TR AR RT3 | AR R AR
J 40 10 4% e B IS A R 22 5, R [ 2 R TAD Y
Fe o3 PR (WKBABE A, 2021 ), PR 4% AR K dig A
R RT3 0 B RS [A) a6 4 B 1 45
WA, HFAEAS A% B 18] 5% 70 7Y i 18 KL 0A 7 2L
BT
33 BREREIRNEREYEN TG

LR 4 A= ) i B L B R A 1 AR R L
3 3 Uit AT T 9 AR ) 0 R IS AR A O BG n
XF 3R 53 TCER B TH AR WA, i e B % ) 5 384 o
Y YRR R (BRJ7,2019) . EHEN (2013)
BB S 3¢ BH | it AR T 38 0 4k A 2§ ( Chrysanthemum
morifolium ) A=Y IR . ABFFE | &5 05 o it
i 410 B N N 1 B3 A R 7/ @ < =TI O O L
it NPT A G A ) S AR R R BUA R L

Jr2 2 BAEYERR LSRR RKE, BT
IR NFLBR A e, 7R R A B o b (] L A v
TN 38 T 3 25 4, B T R M )
T2 BRE HA B 0 R 2% oh ik /N T B IR G
AR A ER R T A R AP A (2
WIESE,2016) , ARBFFEH, B B MR Ry &
76 i 7B FR W (200 mL) 451 R A e W B iy 3
T, LYK it A it 22 S SO Bk A 4 ek 2 it A
RISl B MR E KRR, EE
(2014) BRIEFEH [ A 2R B oo it S AT 38 7 — S
BE LR T AE Y R ZE AR R K 4y SR 4
PURARS R, 78 S B AR 7 e R e, o v AT
S R AT AT, AT 3kt Bt B S A0 TR 2R I 1 0L

4 i

AT ST AE Mg AL 1 58 38 T DR s i T
LRI R I RN S+ BT, &5 A QI 1 RS R
SR PREL  F B o B 5 AR W R T R B B
21 Mg SR A K 0 5 5 TR it IR O O AR £
T BERA (AL ) =11 2 0 2 B AR &
150 mL JEAEAR 15 d, 8 ¢ B B2 MR AR R o
AR A AL R HE T Rp 22k . (R AR5 AL
W T Mg AT R i AR BEEE A5, O B8 47 b P 4 B R
LA RSO, IS 8] 45425 AR IR S04 HoAb
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A BEIEAA L D B — i il H T AN () Al A [ R
IR B[R] — B BR O T SR A TR AR, A 5
AT ST 7 1) 45 B X6 AN ] F) i Aol B bk % 4 A AL R A7
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