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Abstract

To address the industrial bottlenecks in the purple soil area of Hengyang, such as low grafting sur-
vival rate of Sophora japonica cv. Jinhuai, unstable cultivation yield, and poor soil fertility, a series
of field experiments were conducted at the experimental base in Douling Village, Xidu Town, Heng-
yang County, with elite S. japonica varieties (Gui G9-1 and Gui G9-2) as the research objects. The
study systematically explored the key technologies for grafting and seedling-raising, as well as the
optimized cultivation measures for S. japonica in purple soil. Seedling-raising experiments (includ-
ing different substrate types, rootstock densities, grafting times, and scion ages) and cultivation ex-
periments (including different planting densities, topdressing modes, and winter pruning times)
were designed to analyze the effects of various treatments on the grafting survival rate of S. japonica,
plant growth, and fresh weight of Huaimi (flower buds of S. japonica). The results showed that: 1)
Sandy loam (yellow subsoil:river sand = 1:1) was the optimal substrate for raising rootstocks of S.
japonica (rootstock for Jinhuai), and the suitable rootstock retention density was 40 plants/m2 with
a plant-row spacing of 10 cm x 25 cm; 2) For branch grafting of S. japonica, the highest survival rate
(96.7%) was achieved when using 1-year-old scions in March, while the optimal times for bud graft-
ing were March (spring) and October (autumn), with survival rates both exceeding 97%; 3) In pur-
ple soil cultivation, the suitable planting densities were 2.5 m x3 m,3 m x 3.5m,and 3.5m x 3.5m
when the soil layer thickness was <30 cm, 30~50 cm, and >50 cm, respectively; 4) The optimal top-
dressing scheme was 0.2 kg urea per plant + 0.3 kg compound fertilizer (N:P:K = 15:15:15) per plant,
and the best time for winter pruning of mature S. japonica trees was February. This study clarified
the key technical parameters for S. japonica grafting, seedling-raising, and high-efficiency cultiva-
tion in the purple soil area of Hengyang, providing a scientific basis and technical support for im-
proving the quality and efficiency of the local S. japonica industry and the development of eco-eco-
nomic forestry.

Keywords

Sophora japonica cv. Jinhuai, Grafting and Seedling-Raising, High-Efficiency Cultivation, Purple
Soil, Hengyang City

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

& M(Sophora japonica cv. jinhuai);e W\ G EMEIMN thik & H 0 R A3 mbh, #EKBIEET, W4
NEM[1]. EMEAFEERNFN T, HRESEOTIL 20%~40%, £FE. W&~ 0 Er. 5. 5%
BRA 1~2 £, ki T 2020 EhR (e ANRIEMEZ ) (FiFR (P EZG 80 Bk 15% 1) T 5 2R
FE[2]: AR E/ T kAL R HIX . K Y TR YR A2 888, B IERIT A RIOLAEE,
PR “BEKR” o MOKRIZHREEVR: Bk, FERFRE K. FimpE M, Feif, PRI, @k, B, /~E
#, Bk, &R, mIMIUESRER]. SMRRELOE, WRIRE, RO EEMN, B, 7Ed
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PR (3 KR S MR RAFIETE RS . SRR M2 338 (4] [5].

AT FEEH AT S M X580 - A7 A B TR B IR R A ST 59 55 S A, T 2015 3K
I TGN 5132 T BRI R b, RGERTT 1 IR E) L 4545 U5 3015 FR Ak 0T S MR A R R ) 52
Wi, VLSRR IBACAREE . iR o A B BTN A S A R KR SRR EE SR AE . TS
5 AE N O X M PR e ROR PSR AT S I BOR SZ4

2. 5 H*E
2.1. RIEXER

TRIG MR e A B P T FH B, B RG2S, PRI, WKEH . FIEEZT. HKEZ 2.
LFEWN . EZRPRKAFIE, FFEKE 1452 mm, TSI 179CEA, 1 A PSR 4.6C, 7 AF
PR 30.3°C. RN AL, pHAE 7.

2.2. kAR

(1) B1H: RIS BRI | 4D 2 A AR R &R, D—EEERM FEEN
LR A

(2) #eBEfmAr: SMEE GO-1, SMEE G9-2, FIFWAN 2 FEAGRAARE[6].

(3) NERRERZE: JRERRESE >46%). AN ANPK =15:15:15).

2.3. iR HE

2.3.1. R

(1) B PRAFE I S50} LGS

LA BRSO ER R, WE 3 MEEH: O OO EERR ) @ WHELGTO . WY =
1:1, AR @ Rt BRFEEN 2m, Gi—FEEE R, W€ 7R R AR A KRR . B
BUX A ¥t 3 REH

(2) Tt LRAF T X LT

BENLIX 2H¥ih, 3 IRER . XA AAFRERE, 258 HATHERN 8cmx25cm, 10ecmx25¢cm, 12cm
x25cm, Scmx35cm, 8cm x35cm, 10 cm X 35 cmo

(3) BEHEI )X b S

BENLIXALBETE, 3 REE XA, IRy FF2 Ahh), HF3H, H#F4H, EF5H,
Gi— KA | LR T R, N X S50 Bk, W I R SR R AR AR bR

(4) BCRARAEAE X ik %

BENLIXH BT, DABARAE R AR 1, WE 2 DB 1 ARk, 2 ANk G THE3 A
BEATEEE, BR/NX 50 Bk, R HGAS R AR A I B R R 5

(5) ZFERIN [0 b it

BENLIX AT, 3 REE, XANGIERE, 2008 KZFE10 A, FF3H, £F4H, BF
5H. BERM 1A, /XN 50 #R[7] [8]

(6) =7 BRI T L U [F) i 5

KA S wert, DAL 2 R RS % B AL B R 7. L2 JE R E 3 MR <30 em. 30~50
cm. >50 cm; FREHERE S MAE: HRITHE25m*x3m. 3m*x3m. 3mx35m. 3.5mx3.5m. 3.5
mx 4m. AFELZEEENNRE 3 AN EEELE: © 12 <30em: 25mx3m. 3m*x3m. 3m
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x35m; @ 1JZ30~50cm: 3mx3m. 3mx3.5m, 3.5mx35m; ® 1Z >50cm: 3mx3.5m. 3.5
mx3.5m. 3.5mx4m, MEBERRER, EKELPKE T E.

(7) 1B AL e

BENLIX HB i, 3 IRER, LLEALGI AR T, WE 4 MEFRA: © JRE 0.5kg/tk; @ ZEMN:P:K
=15:15:15) 0.5 kg/tk; ® JRZE 0.2kg/tk + EAHE 03kg/tk; @ CK(MERL). iliGHhikg— B N T2
JEFE 30~50 cm ARAEHZE 3m > 3.5m, TEEEEER 8 DXTH 1 E, BhXE3 MR, BER
MAETH, WE 10 FASHAEKE. KEFRELS T &8,

(8) JAFA A2 BY ] [H] %of b 16

BEFLX A, 3 IREE, DASBIIRAAHER 7, %E 3 AREEE: 12 H. 1 A. 2 A8,
ANXFEHLRIAR |/, G564 ZERIETIEE], G R SFEARFE 20~30 cm UL, KN ERRA
W S, ABRAGSERERR, MR BB R AR A TEFHRIR RPOKEE 5T &

2.3.2. WA

BRI : ME 1 A FEESRIEE, GG 5 HAE K AR

BRI WACH 2 FARMS, R, FEERCN 1w, BE 6 T 6 FASMAKE.
PR S P T B e
2.3.3. /G573

FIFH Excel 2007 %445 DPS 9.1 #HAT1R 58 $diE (I A0 HE 5 4347

3. REEHERS D
3.1. FREIERMERFFEEKBA LD

FIF DPSO.1 20 #T, #IEMILFT EAK R, AAKE. WIREE.. RFEREREmREE; Eot
S X EARE K KA R, O+ 50 R SRR R R B, 1 bl A B R 2R A
FER R, N 1 aTLUE H: fEARE BT, VWi A A EAR T S A K& K,
MAREE .. TR R YA, 23k 131.6cm, 1.5cm, 131, 92.0%, #F.O-kZ, 258 101.2
cm, 12cm, 1142, 90.2%, HtH&MEAsKE. ARl KE, MREE. MTRFEERRIK, 259
9 98.1cm, 1.1em, 9HE, 80.5%, Kk, ¥b Bt EMRMFEGEA)RIE TN E WM. FEE R
FE - rpEL, o bR, myb gL ER .

Table 1. Seed germination, growth performance and germination retention rate in different sowing substrates

® 1. TEBMERMTRAFEKBARELFRER

JP5 BRI EESSHE! Hi 47 K it (em) MAREE () RIFARAFR(%)
1 O+ 101.2 £3.39b 1.2+0.16b 11 £2.54b 90.2 +2.50a
2 WREL 131.6 £2.18a 1.5+0.11a 13+1.22a 92.0+2.47a
3 I 1= 98.1 +5.00b 1.1 £0.30b 9+2.42b 80.5 +3.36b

: FAEEARFRREREE, HEAFHREFIRRERFAEE, P <0.01 RoRREZVEREZEFREE,
0.01 <Pl <0.05 FRFFBIEEREE, P>0.05 B RFAFHEEZRALE, TEH.

3.2. MAGREEEXNERMFEE KO
M2 ATELE Y, A DPS9.1 04T, BiARORBE & X A K iR E K IRECR AR mi A 2
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Z; PRATEE 10 cm x 25 cm (40 M/mA) &M ET S AE K E &K, 4 135.6 cm, FLUCARATEE 8 x 35 (36 #i/m?),
N 124.7 cm, FRATEE 8 x 25 (50 #k/m?), 3%~ 124.7 ecm, 1184 cm, EAKE. MREE SEEH K
S, AR A BECE, DIMRATEE 10 cm x 25 cm (40 FR/m2) Nl B3R, B0E B ONMRAT
20 8 cm x 35 cm (36 #&/m?).

Table 2. Growth performance of Sophora japonica seedlings under different retention densities

2. ERATEREREMFEEKER

PRATBE (cm) K & (cm) 454 K B (cm) MR HE (1)
8 x 25 (50 £/ m?) 118.4+7.11c 1.1£0.24c 9+2.45¢
10 x 25 (40 #f/m2) 135.6 £ 4.57a 1.2+0.27bc 11 £ 2.50abc
12 % 25 (33 #f/m?) 105.2 + 6.57de 1.5+0.28ab 12 +2.57ab
5% 35 (57 HR/m?) 108.6 + 7.28d 1.0 £ 0.25¢ 9 +2.00c
8 x 35 (36 Fk/m?) 124.7 = 7.50b 1.3 +0.28abc 10 £ 2.24bc
10 x 35 (29 #/m?) 102.0 £ 6.00¢ 1.6 +0.30a 13 +£2.74a

3.3. TR AR A AR R E KRR

M 3 WTRLUE H, FIH DPS9.1 7 b2 SR B, AN [ I (DX A3 422 1) i 28 B A KA 00 5 il 22 S Al
F: Hb 3 AREMBUE RS, N 96.7%, EIEEHRAEKE 3 ANERK, BifEAR S 5N 55.6
em. 0.6cm, HN2 H, UG 95.6%, HAHKAR 579 51.2emy 0.5cm; 4 HF 5 AR BUE %
AR A KRR E. ik, SMEEL 2 . 3 H mAER .

Table 3. Survival rate and growth performance of branch grafting at different times

% 3. TRINERIERNBERREKIER

W ] FriH 1 (cm) Hr AR (cm) B #(%)
2 H 51.2+0.16b 0.5+ 0.02b 95.6 + 0.35b
3H 55.6+0.22a 0.6 +0.03a 96.7+0.19a
4 H 442 +0.13¢ 0.4 £0.03c 90.2 + 0.24¢
5H 40.3 +0.26d 0.3 £0.03d 89.5 +0.34d

3.4. TRIFERFRNBIRAERRE KK

M 4 LA, R DPS9.1 708, AS[EAE RS HAENT R 8 s R A A K s A 2 35, 1 4R AR Al
B2 0 G .(96.7%) B T 2 EAEBE(91.3%), H. 1 SEAE SR a3 K 5HUE, 7R E KT
2 FEAMMN NN AEKE;, SGABEREIERSIHAEKERN, SMRENAR Gk 1 FE4 R,

Table 4. Effects of scions of different ages on the survival rate and growth performance of branch grafting

4. TEIFRIEESIRNBIEREREKIFR

BeRAE RS B (cm) HIH A2 (cm) B (%)
lak 55.6 + 0.26a 0.6 +0.03a 96.7 + 0.28a
2att 50.5+0.41b 0.4+ 0.03b 91.3+0.47b
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3.5. ERIERTEIXS SRR R R E KRR

M 5 ATLLE H, I DPSO.1 20 A4k B0, A [R I [8) 5 2 B2 0 it 6 BB e A 5 i 22 5 % 45
Z, AFE X AR A K 22 e B BT 3 H 5 10 A Bas 25450, Hell
ZkREES, HAERKET L, a4 A5 HFBENBIEREEL, HBKT 90%, HFRAKA
WEZE3 H 510 HHFER. B, SMFEEEZE3 HS5KE 10 HRidH.

Table 5. Survival rate and growth performance of bud grafting at different times

5. FRIEEZFEIBIERREKER

PR 7] HA K (cm) WAL (cm) JRIE (%)
3H 582+ 1.9a 0.7+0.1a 97.6+1.1a
4 A 52.6 +2.4b 0.5+0.1b 92.7+1.1b
5H 492+ 1.1c 0.4 +0.1b 90.2+1.2¢
10 A 60.3 + 1.0a 0.7+0.1a 97.5+0.8a

3.6. TRILEERE. BEESRBIEAEIH

Table 6. Effects of different soil layer thicknesses and planting densities on the growth and fresh weight of Sophora japonica

“Jinhuai”

* 6. TRILEEERBERENERE KEL B RENFNT

+EEE(em) HREZE TRA7Z(%) 142 (cm) B =i (m) S E (m) i 57 2 (kg/ B
25mx3m  86.5+5.18¢ 7.3 +0.85¢ 20+025f  2.4+047de 182.56 + 6.26f

<30 3mx3m 83.3+3.88f  7.1+0.60e 1.9+033fg  22+023ef  145.60£9.14g
3mx35m  81.1+386f  6.9+0.6le 1.8 +0.33g 2.1+0.19f 127.26 + 5.78h

3mx3m 94.6+041b  108+032d  25+0.17de 27+024c  213.50+15.81d

30~50 3mx35m  92.1+0.63c  11.2+0.55d  2.4+0.20e 25+0.17cd  241.60 £ 17.13¢
35mx35m  889+103d  123+046c  2.7+0.14cd  2.6+0.19c  198.62+10.71e

3mx35m  96.8+036ab  12.8+0.37b  2.8+0.12bc 3.4+0.14b 308.7 + 10.28b

>50 35mx35m 98.1+042a  129+030b  3.0+0.11ab 33+0.15b  409.32+13.51a
35mx4m  97.8+048a  182+030a  32+0.16a 39+0.13a  312.45+10.22b

Table 7. Two-way analysis of variance (ANOVA) results (F-values) for the effects of different soil layer thicknesses and
planting densities on the growth and fresh weight of Sophora japonica “Jinhuai”

#7. FNELEEERHSEZENEMREKEREREVNEAZHFENNLERE E)

Ti ZE KRR TRAFH (%) 1% (cm) W 15 (m) st I (m) 112 /5 R (kg/ i)

TR R 202.57" 1463.288™ 174.292* 226.987* 2731.802"*

B S 11.621* 150.101" 327 4.479* 205.192"
TR R B R A 5.097* 98.396* 4.757" 8.585™ 115.027"

7 6 Al%l, SPRE s Mo, fELEMGEIAME T, ERFNERaREK, REER, &M
FIHtE. ifE. SRR E 2 RN igEiE K HEREE/NT 30 em 1IE B % S ONMRATER
25mx3m, TZEEE 30 cm~50 cm [FEHEZEAKRITEE 3m > 3.5m, LEEEKT 50 cm 1EEZE
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RRATER 3.5 m x 3.5 mo MRYE T EAMTE R 7 v R, HEEERRAAR, MR, WE. e AT
BHE R ER(P<0.01); FRAEEEXRAER MG R EHG HRE (P <0.01), HRAE% X
W IR R E (P < 0.05); L2 R RIS AL RAF 3R MR W el A B
W2 52 (P < 0.01) 6

3.7. BABEAMALIALE 534

M8 FTLAE . (EFMFEE AT, HAEIEJRE 0.2 kg/tk + HENEN:PK = 15:15:15) 0.3 kg/
PR AL B (1) AR A K B AN o B 2 i TR A IE(N:PIK = 15:15:15) 0.5 kg/Fk. JRE 0.5 kg/FRAl CK (RIBAE)
Wi, AEDEARALEE S, XTERAR. Rm. iR, SEREREIREE, SEELE. HAER0RE
0.2 kg/tk + EHNE 0.3 kg/th). FKER (0.5 kg/th) 5 EAIEN:PK = 15:15:15) 0.5 kg/PRALBE 51 0) S BRHIAE |
Wi Tl SRR R, ROl B AR EE ) O IR R 0.2 kg/bk + HAIENPK = 15:15:15) 0.3
kg/tk, HEERERE, 732634 kg/H; AL AT &R R,

Table 8. Statistical table of growth, fresh fruit yield and rutin content of Sophora japonica “Jinhuai” under different topdress-
ing treatments

8. TEERLESMREKE, BREE5FT IEHITE

B AEZEAY H14%(cm) B4 55 (m) eI (m) i I B (kg/ ) BT E(%)
CK (AIEJE) 9.6+0.19c  2.1+0.13d 23+0.12¢ 121.3 +10.53d 37.3+£0.17b
HAHAE 0.5 ke/k 152+037b  2.6+0.13b 2.8+0.17b  212.14+1047c  37.4=0.18ab
JRE 0.5 kg/tk 17.6+£048a 24+022c 3.8+0.16a  308.7+13.16b 37.3+0.12b

RE02kg/tk + EHM 03 kg/kk 17.8+046a  2.8=02la 3.7+0.13a  326.34+1143a 37.5+0.2la

3.8. MEMEFIEHRL SR

A DPSO.1 A5 KL W], ZZEANFE BN A B 2%« Fe 2R B S o B i R A 2 25 (P <
0.01), W& 9WHEH, 2 HBITIKEMII &, FAEKEIFT 12 M1 A, HEpmEdtis, 1 AR
2, 12 Az, Bk, BEHREM X BB R R R 2 .

Table 9. Growth and fresh weight of Sophora japonica “Jinhuai” under different winter pruning times

*9. EETEEHREEMREKERERERR

& BT ] S 2 (cm) SEXH 4K (m) SEAE)T K (cm) i 7 e (kg/ HY)
12 H 2.1+0.021¢c 1.2+0.17¢c 40.5 + 1.64¢ 310.65 £ 12.62¢
1 H 2.5+0.17b 1.5+0.11b 453+ 1.24b 335.41 £14.43b
2 A 3.2+0.16a 1.8+ 0.12a 55.6+t1.37a 386.50 + 13.80a

4. &Lt 57vhHe
4.1. BLHREM

IR ESTHEPH R O X S R BRI SsIEs, @ R H PRI, Wl 7 NEEEE IS
WHEEE I — RV R EBREASH

KB R fE T FIELE O30V = L) AR R T ER, #RATEE 10 cm x 25 cm
(40 FR/m>) NE B AR, SR EREA 3 AR | FAEM, FEEN3 A5 10 A, B
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HRIAIE 97% LA L

RS . T RO LREE S SR E R FEIER T R 1B <30 com.30~50 cm.>50
cm B, BIEEESHAN25m*x3ms 3mx3.5m. 3.5mx3.5m.

RERE SRS $2HH T RLYIRE 0.2kg/bk + HAIEMN:P:K=15:15:15) 0.3 kg/tk " N RIEAETT &
B T R BT DL 2 H RS AE , RT R R S A KR m K &

4.2. BETFEXBERRESYRER S

(—) EFSHAREERL

RIGEE RERW, WIRIE GO Tm = 1) ERATAR S M SRR, %R S M E R &
KEZE 131.6+2.18 cm  HifFAKE 1.5+ 0.1 1em. fUREE 13+ 1.22 . FPF K FIRIEER 92.0% +2.47%,
BEMRTELLESET(P<0.01) (% 1), X4 5170 B[ 71 H I “ SRR 1 RIEFmRmnES.
TRAKIRACRE I8 B0 7 250 — 80, HoL R RTE T i LA A 73O RS . @Al ES
W AR G2, [FI R 7 e e R R 7R 0 R B R AR A7 R AK(80.5 + 3.36%) 6k
B2, AR e A K B e J A

FERG AR BE 25 B2 5 1H, BRATEE 10 cm x 25 cm (40 BR/m2) Nt % 5, 035 B R Rk AR A K R i K (135.6
+£4.57 cm), HHE(1.2+0.27 cm). MIARECE(11 +£2.50 #R)ZEFa b, SHemim AL 5 B BIEEGE 2).
P R T R (W 8 em x 25 em, 50 AR/m?) FAERIADEHE . 3RS S A S E AN (1.1 £
0.24 cm)~ MR/ (9+2.45 H) AR, ToAR TEE5 (I 10 cm x 35 cm, 29 #i/m?) R = HF I AR R IR,
B9 FAR H I Rl B TP MK SR ER RN A .

(=) A ) 5 B R 9 1) IX el S 1

SRR 3 AR | AR B, BUEZHIE 96.7% + 0.19%, #HiHK 55.6 + 0.22 em. 241
0.6+0.03cm, BEMT2H. 4 AKS AP <0.01); FERERTIAEFES 3 AS5KE 10 A, G
R 97% (3 H 97.6% + 1.1%- 10 H 97.5% + 0.8%), #itAEKEREET 4 H. 5 HFHAHEGE 3,
% 5)e AR, 1 EAEBERRIG R TE 2R (96.7% + 0.28%) L F A K EY B ENT 2 FAEBRURIT R 91.3%
+0.47%) (% 4), REEHISEFELPRBN “SPGIERAREESR 1 FA AR LR @ H LU B
7SR, B EAE R 2SR R RET, RebuE SRR E IR LB IE

EAE RS, AT 2 G AR a4 M P2 X B 10 KA A ——FR o[ 6] 38 ) vukE b
X SR, FHEEAE 2 H FAE3 A 10 By 9 A NAZE 10 A NaJFRE, M6 BH B i E
N3 AL FHEN3IAE 10 A X — X307 R R B T4 B RAL(Z) 26°N), HZH PR ERE 10C
DA _F PRI [ PE AL (20 25" N)HEIR , S ECSMAAR BT 2) 5 @A HSUE BN A8 J5,  BIHIE 7 X IR ER AR (8]
P« SARIGHERT ] TARYELE B SR DIS R Mghit, MR T EARSHIX E0E f i) =
WFFA R RGO 1 “ARANR G BT 8] 755 RARI B AR A A 25 it .
43. EB T SHHIEXBEARAR BN E

(—) Pl ES LR EE ARG R
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