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1 #REFZE

TR A
TR A T8 R A A T VLR BBk [
HEE, 25°10° N, 111° 10’ E, J& 7 $is i v 2=
AR, AR 19.6°C, FEWEK R 1645
mm, 4FH A% 1562 h, TCFEM 362 d. 18k
MavEersge, Wi BB SRR 1. AL
i 22.32 ghkg, 4 A 1.23 o/kg, 45038 gkg, 4
B 10.67 o/kg; WA 97.64 mg/kg, FHEME 6.87 mg/
kg, HALHR 58.46 me/kg, pH fH 4.12,
1.2 Ak

M S RO R BRI E RS B, a0
Fihy frhig—5, G 8T, B
JB(N: PO, : KO=15:15:15), #f B W 45 (P,0,
1242% ), JRZE (N4581%), Akt (N0.34%,
P,050.28%, K,00.68% ), BT (K0 54.24% ).
1.3 Rt

MR 2019 4EACEAR, Wil 2 4F. TTHREESH 45
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X, AEREACR I “—RS AR TR, R 2 4EHR A
1% FKEVEITE G (N:P:K=15-15-15) BEjiti, 2021
AP IR A AT, PR A AL i FF 2k T A

1.1

1 kg + P2 AR 02 ke + HIEEICE 0.1 kg, HABE
FSIEATS R 19% K isPEIA GIE

WK E T EAK+EMET (SL), £A
K+ BRI (SH), HFAK+ KL IK + EfpLg s
(SHL), &K+ K E K+ EMLE (SHH) 44
AbER L DL HSEVERE (CK) xR, BRI BN 1
fise BRIR LAV/BX, ANX A 126 m, 3 KE
i, EeEPHRE . EVEX NSRS B,
EEXAPN TR, T 20202022 4FERR4E 3 H
¥, BRIEPHEEISN, B B T A0t A
JK . FEREES B AR AR, 5 /N e RIS T
—KBEHHR . BRSO REFR 2 E R 4%/
H, WBATA TS, W (1) BE 04 m, ikt
JKACH (SHL. SHH) SEFEd Nt K LK, EFp
sk &R N 25 kg/hm®, 3G FR)S Al RS, 4 ~ 5
F B A BB R AR T, A A E I
BRI SRR, MRATEESN 03 mx 0.4 m, [7]
TR, i E NAE A R R L T SRt AR
B, FALEERIE . EFYEMIBOGRIE Rk . 4N
WEE (KR TR, RNEEEM), FERFMH
(3 A1) BarafsFiest A £ (B REFFBORE A
THIBJG A ) ; HHE (CK) S REMEY
FoAR S PR R AL 2 1K

&1 EEXEMEMRIEELE

e P L‘I‘;E7;7< J(i7;f< %ﬁ@ﬁ@'@?ﬁ% %ﬁfﬁﬁézﬂﬂ il'iﬁﬁb?;% ﬁﬁﬁﬁiﬁﬁ:"fﬁi
(t/hm*) (t/hm*) (kg/hm®) (kg/hm®) (kg/hm®) (kg/hm®)
CK — 0.0 0.0 0.0 0.0 0.0 0.0
SL E35) 3.0 0.0 450.0 300.0 75.0 300.0
SH FAL 3 3.0 0.0 450.0 300.0 75.0 300.0
SHL 53 3.0 15.0 450.0 300.0 75.0 300.0
SHH Fa 3.0 15.0 450.0 300.0 75.0 300.0
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TR B H R R A E ML
FE I 5 2 BECCRR AR A KT — W R A e )
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WA E H AR . 2B AR, KEt
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Rl e w e o R BT & IR Y € L e we
WAL, FRAZIRIE I pH A, HHEEMA SR
FHBRPE R - BIRER PE R U EDTA 45 &
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febr, HAE—@ERE Fove T oK. Sk
B YRR, HAEEE WA EIR R A
KB 2020—2022 4EHELE 3 4EXI AN AR b 1 e R
FIERRZ G AT LB Bk T T, 25
WE R, B, it gk )RR +
B e W IR T A T B - IEALBR
JE . $R e R AR K S AT R KR (P<0.05 ).
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AbFRE] - pH (E TG i 25 25 575 2022 4F, JEHEA
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I T A 3 FRALEE 2022 45 A A 0K + K a  mm CK
+JK (SHL., SHH) #b¥ + HEA PG & & 55 5 g np emsL
THAHEHEATR (SL, SH) A (P<005). W & L
U, I A A K + KRB it F A= A RS g wzz SHH
Wy, HRKNER EFHFTHF - 5EA LR §
ik, +
5F 0
5 CK 2020 2021 2022
4 =5 SL Ay
= SH B4 HEXEFRASEMMRYE T ETIESENZMN
%? 010 SHL
% &2 SHH 2.5 THEEREFECESEMT IR IS SR

A
3% 2 frs, 2020—2022 4, T AR A 14
TR SR 4 AN [) A B A1 T HoAth 38k 5] +
EMATE, HI 2020—2021 4F F 134 H K 2021—
2022 4F R AN, AR FIFE S E Y
2 TEMRFIESEMIIERMYE T pH BRI iﬁ%%ﬁﬁ? ( P<0.05). 2020—2022 4F i Eﬁ“
k5 (SL. SHL) AbHi+3EL% . 2. wMas
= CK Y ETEMLZE (SH, SHH) A8, HHFM AR
- EVEZE R (02020 4E 2. 4B, P<0.05);
a1 SHL it FH A A K + Kk + K (SHL. SHH ) Ak 3+ 3 4
@z SHH B THURCER A RO R R T M ] A A R
(SL. SH) &b, H# ik & 255K
2020—2021 4F +HE 44, 2020, 2022 4F 4 HE %
BR, 2020 4F HHEA AOBE, P<0.05). BMCRE, &
Fhag G E TG A T - 2R 26,
A A B i, AR A K + K R RO R A A
B3 ITEMRFARSEMIREDEFEESENTM TRH REPLTF 14 | A A S A

x2 IEMRAEAEMNBRIETETERSSENIZIN

2020 2021
Ay

LIRS 2 (g/ke)

P e A R0 i TR A AR G
(g/kg) (g/ke) (g/kg) (mg/kg ) (mgrkg ) (mg/kg )
2020 CK 1.22 +0.03¢ 0.32 +0.04b 11.23 +£ 0.26¢ 97.78 £ 0.75¢ 6.75 +0.23¢ 59.61 +0.67e
SL 1.38 £ 0.04a 0.46 + 0.03a 13.82+£0.21b 105.96 + 1.48ab 8.70 + 0.24b 64.49 + 1.06d
SH 1.31 £0.02b 0.35 £ 0.02b 14.05 £ 0.24h 104.71 £ 0.65b 8.67 +0.16b 65.89 + 0.52¢
SHL 1.39 £ 0.02a 0.46 + 0.04a 14.89 + 0.38a 108.07 £ 1.91a 9.20 +0.20a 68.37 + 0.58h
SHH 1.29 + 0.05b 0.36 + 0.03b 14.80 + 0.60a 105.10 + 0.86b 9.24 £ 0.23a 70.01 £ 0.41a
2021 CK 1.19 £ 0.06b 0.29 +0.02b 10.65 + 0.30d 95.74 + 1.31¢ 6.50 £ 0.23b 58.26 + 0.89d
SL 1.34 + 0.04a 0.38 £ 0.04a 12.34 £ 0.35¢ 104.63 + 0.94a 8.56 + 0.26a 60.96 + 1.06¢
SH 1.26 £ 0.02ab 0.34 + 0.04ab 13.66 = 0.35b 100.53 + 1.32h 8.57 +0.28a 62.81 = 0.54b
SHL 1.34 £ 0.03a 0.40 + 0.04a 14.42 +0.38a 104.85 £ 0.67a 8.99+0.11a 63.46 + 0.52ab
SHH 1.27 + 0.03ab 0.32 + 0.05ab 1452 +0.31a 103.08 + 0.97a 9.02 + 0.09a 64.62 +0.51a
2022 CK 1.23 £ 0.04¢ 0.35 +£0.03b 11.22 £ 0.63¢ 97.59 + 0.42¢ 7.03 £0.12¢ 62.54 £ 0.51e
SL 1.40 + 0.05ab 0.49 + 0.04a 13.94 + 0.35¢ 108.20 + 1.11ab 8.77 £0.18b 68.14 £ 0.61d
SH 1.38 £ 0.02b 0.45 +£0.03a 15.23 £ 0.58a 107.08 £ 0.78b 9.00 £ 0.21ab 70.69 £ 0.50¢
SHL 1.46 + 0.04a 0.52 £ 0.04a 1533 +0.43a 109.76 + 0.76a 9.03 £0.11ab 72.22 +0.87h
SHH 1.35+£0.03b 0.39 + 0.04b 15.45 + 0.46a 107.14 + 1.49b 9.30 £ 0.05a 74.78 + 0.80a
TE: [FA—FOARVNG FRACK 0.05 KV R 225835,
— 66 —
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3.1 X AR T R

AR P A AR R AR R, i
AR RS | EAME . BORIEE . Y
FREEEEZ YL AL F A YRR R, T
HHE . AL RS AR R R RS B
PEFGRK M EZ AR bR . iT AR, TRt A
I A K + SRIE + YA RS TG SR =
A LA & 39.3%, $2 LR 3.02%,
P LKA 24.2%, FRAR LA TE 4.10%
Tt FH K  REA RU PRI 3, B R LR
L AR, BN B, i ek
R + EFP AR ] 0 2 PR - e e . W R
FUBRRE . 2 H i ARk R Rk R, B
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RS BN LR . ST R AR K
AT AR K R, X S5 ET AR S REA 3L,

ARIFFTIR LI, BN e Rk 2 X &
(K AR o I, X T BRSP4 S
HEATIE H AR e, HIELRES IR B
U, LUERERR ., JEUTFIAR BR AU 0t 4 HE A SR A
TR B A ) R, B KA D RS R R,
ANFIERVEYX 458 R R I8 BURTRL AR S A A
ARG, HAR LG I OK IR RE 7y, HE R
IR R A R i — 220
3.2 NI pH (E G PERR S w52

— Iy, KITLAE it T2 2 okl -
Yy AR U2 B AR A SR R T AR R T R HE SR T AR
RA R B T 8L, IR A AU R R
PR IR RN, HAFTREXEY ™4
F Ul R EE X L R AR A BT S
By, 443 pH LT 4.3, S8 HHOGES K
R ABRTE, HHEEBEALEEE pH (EAE
401 ~ 409, THEIEVEER S RAIE 3.48 ~ 3.90 gk,
T it FH - 4 el KR + R AL B 44 pH (B 5 R
2 414 ~ 449, HHEEMER S EFCE 2.31 ~ 2.69
gkeg (2. K 3), HILATWL, 7EdHTERERIA
TR R I o R T B . TR %
LEBFSE 1M RR . 2B e Fn A A IRVE W R Ak 1 48
JEEL A R RS SRR, R
B, = 2 PR R B T R G T B 11.81%
59.63% F1 87.82%, VA A KX iEPEER iR b 2

A BRI RAE

AW g, i A A K+ k& K (SHL,
SHH ) 433 pH {8 1 & & T Bt 4B A K (SL.
SHL ) HELUGPERR & ot WAL, Ui IR AR s
PEYIRE, AALRE B PR3 BT, HAENA A K
FIRNFE,  BEFERCE H I [a] 25 B A R - S r PR R
LI e S e R M E [ R e 3 A EV ]
RIGIA I REAR 38 pH (B RIS AR RICR B, Bl
HAFAGER, FEWEAE M - EZ o EH T, kit
A RO I pH (EACR AR, (R RS e
TERRAA SR 25, AL LA pH (R IPAN R P 30k
RAECRIFA 2T, AR5 ER G 734 158 pH (H
T BEE PR S RO R R
3.3 X EHEAHLTRIFRE & E A5m

T AL R RS AR A T Y
BLRbR . MRMELIEA N RS A S 5 E
Y. KBS INGEB DI, B S5L0EA B ibEd
B, RIERR R T AE RRAE S M SR T S A
FWUIM, 2 Y B R, s
— FRLT IS — A DL R o3 i 3R KB 56% F
74%, HANFAE ) AT UL RL o i % 2 55 R 8L
TRBLAETTIAE . IAE A O T PG AR AT AL R 53
MK, AR — 4 s R AR T 8% ifi . A
WFgEHh, i ek ) + R PR B B
HAEgAIR SRR ERS (B4), BUEME
YIFs AT id B A DL BA W R ACR, Hig
o i DRt P A0 R KA 5 B A BT i sk &%
Feo M H A AT AN R A BRAE AR TR AR BR ] 4 65 Bl
ARk (Bl 4), KRINE# +3 ek R 7] + £ Rk
BRIZER, B A AR + kK, PARAEYER KR
AL RS AT T 6 SR . ) Tk
W R, IR PR 2 45 8 iR A7 A
H10.0% ~ 16.03%, LR — B i,
KFIMKFEFE . AHUIEEA DR AR J7 75 7T L
ARGE S HIEAPUE S . X SRR R 2

FIEFR I S B FIR AR A L R
T . AR R FRRILFEENNEE R, K
WFFEr, LR 3 4RI HRAL B 4 8 4 iR 43
AN TR A EE M AT T LA 3k R R + EF AL B, H
R 2020—2021 4F - HEA A S 2021—2022 4F + 14>
W mAh, AR TSR 5w s B 22 RKF
(P<0.05 ), X545 R, AMEICEH A ST
TS T R A E B MR AR A AR 1
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BeR. SMSHEIERCE E 2R, TS
TEYINT R BRI 2E A 06, AP R, 4k
34EERILE T (SL. SHL ) Ab B 4 38 4 50 Rl i
SRS TEML S (SH, SHH) 43, T
BHEYHIE W B A DIRE & T EEA/EH., MAFEE
s (BIERR, FISEIE TR, LR RS
JEH AR B R W TR AR . ISR E
Y. A, MEHAAK + K 2K (SHL. SHH)
AL -S4 AT I RO v TR
K (SL, SH) AbBE, —Jy HHE4E) KK R0
WAITEA. W, B35 34 kg N, 28 kg P,0;. 6.8 kg
K0, H—RES KK + A KRR st
THEy sty (1), $EE RN A,
WDFRTTRA G, BRI REE— 5T

4 Z5ig

WA ek R MR I LIEAG R TT R . 15
LT Y HT PR o T8 a0 b PR BN SR O
B30T, BEer DA AL S A R A T - 5 A
A, ATRITESR R B A O TR, o8 R AR el P P41
e, Wbk BB, SRTHERLT. APFTEAT R AR
W, S 3 ARt e BT + SR REA AU £
HEPBRRRE, P LI pH AP S &, S
TR AR, D R R YRR S N
o R AR E RS T AL TR A, A
WK+ K AR + EPNLLEE  5G R XAk 3 11
B, HAMRR IR EY ERE TR 58
P BRI SR DUR S BEHE

S 3k -
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Effects of soil amendments combined with intercropping on physical and chemical properties of acid soil in young
citrus orchards

CHEN Xiao-ming', WU Yue-ting’, JIANG Yi’*, ZHU Wang-chong’, OUYANG Guo-chun®, TANG Li-zhong”
(1. Department of Chemical and Biological Engineering, Hunan University of Science and Engineering, Yongzhou Hunan
425100; 2. Yongzhou Institute of Agricultural Sciences, Yongzhou Hunan 425100 )

Abstract: In order to clarify the effects of acid soil amendments combined with intercropping on soil physical and chemical
properties and nutrient content in young citrus orchards, quicklime and quicklime + fire soil ash were selected as acid soil
amendments, mung bean and sweet potato were used as intercropping crops, and soil clean tillage was used as control. The
effects of different acid soil amendments and intercropping crop combinations on soil physical and chemical properties, total
and available nutrient contents and active aluminum content were systematically studied. The results showed that compared
with the soil clean tillage treatment, the application of soil amendments combined with intercropping significantly reduced soil
bulk density, increased soil porosity, soil saturated water holding capacity and field water holding capacity, significantly
increased soil pH value and organic matter content and reduced active aluminum content ( P<0.05), and increased soil total
and available nutrients to varying degrees. Compared with the application of quicklime, the cumulative effect of long-term
application of quicklime + fire soil ash was obvious, which was better in improving soil physical properties, increasing soil
pH and organic matter content, reducing active aluminum content, and increasing soil total potassium, available potassium
and available phosphorus content. There was no significant difference in most soil physical and chemical properties between
intercropping mung bean and intercropping sweet potato, but intercropping sweet potato had better effect on improving
soil field capacity and organic matter content, while intercropping mung bean was more conducive to improving soil total
nitrogen, total phosphorus and alkali-hydrolyzable nitrogen content. In general, the application of quicklime + fire soil ash
combined with interplanting sweet potato / mung bean could effectively improve the physical and chemical properties of citrus
orchard soil.

Key words: acid soil; soil improvement; citrus; interplanting; physical and chemical properties




