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Change of red soil acidity from legume cultivation in a young citrus orchard

CAI Ze—-jiang'?, XU Ming-gang", ZHANG Lu'?, WANG Bo-ren'?, WEN Shi-lin'?, SHEN Hua-ping'?

(LInstitute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, National Engineering Laboratory for
Improving Quality of Arable Land, Beijing 100081, China; 2.Hengyang Red Soil Experimental Station, Chinese Academy of Agricultural Sci—

ences, Qiyang Agro—ecosystem of National Field Experimental Station, Qiyang 426182, China )

Abstract: The objective of this study was to investigate the effects of two common legumes ( Chamaecrista rotundifolia and Lotononis bainesii )

on the acidification of red soil compared with conventional management. A field experiment (2010—2011) and an incubation experiment

were conducted and changes in soil pH, exchangeable acidity, and exchangeable aluminum, as well as their relationships with soil nutrient

concentrations were determined. After two—year planting, Chamaecrista rotundifolia significantly increased soil pH by 0.19 units at the 0~20
cm depth compared with initial soil pH, but no significant change for Lotononis bainesii treatment. As compared with the control, soil pH in—
creased by 0.26 and 0.39 units for 0~20 cm and 20~40 c¢m depths, respectively, in Chamaecrista rotundifolia treatment; Chamaecrista rotun—
difolia significantly decreased soil exchangeable acidity and exchangeable aluminum at the 0~20 cm depth by 1.25 ecmol(+) +kg™ and 1.35

cmol (+) -kg™, respectively, and at the 20~40 cm depth by 1.07 cmol (+) kg™ for both parameters. Soil exchangeable aluminum was nega—
tively correlated with soil total nitrogen, while soil total nitrogen was positively correlated with soil organic matter and available phosphorus.

Incubation experiment showed that ash alkalinity content and application rates determined the effects of legumes on soil acidity. Results in—
dicated that the cultivation of legumes in orchard did not accelerate acidification of soil at the 0~40 c¢m depth, and some legume species such

as Chamaecrista rotundifolia could ameliorate the acidification of the red soil.

Keywords: red soil acidification; pH; exchangeable acidity; Chamaecrista rotundifolia; Lotononis bainesii
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Figure 1 Change in red soil pH from legume cultivation in

a young citrus orchard

#10.06 cmol(+) -kg (&l 2a), 58 MECH H , EF
[ P 20~40 em )2 HIEASHANERR | FRIIRREAR T
1.07 emol (+) kg™, M etk E TCAS AL s £ 0 B & 4k
B 20~40 em )2 T HEARHPERR . BRI ELE R
ALFREEAR T 0.81 cmol(+) <kg™ F1 0.77 cmol(+) kg™ (&
2b),
23 TERFES

HI R 1 AN, 558 A CAH L, 50 3 - e I A
BN BRI T 0~20 em + AL . BAEA
A& i B4 0~20 em 34 LT A
FEE G AT E e S WS I T W
F, R0 5 RHICE X 20~40 em 2354 B & 154
NTE
24 TEMESTIEFSREXYE

W 3 ANAEIR 12 AS/NX 2 A 3R VR Y SR
5 3R B i O DG B R W (3R 2), LIRS
iz 555 148 pH 35 20 8 TR o6 S R B (r)
¥R -0.57, LSRR A0S AR S R R
FARAS (r 05 -0.42 F1-0.45), F3EE bS5
IR R R R A DG r Ty 0.42 - HEA AL
TS EHEAR . B A U S A R
W N 2 EAEDC(r 23128 0.54.0.63 F10.41)

6" (a)0~20 cm

TR AMER AR A S R /emol - kg™

I i
T_Q'c 6.. a (b)20~40 cm
Bl e

a4
® o
# 7
£ |
@i

| | | | | a a a

ool L EE | ] B s i -

St bR P P

Oopppt Bpven) B
B2 $ikBEEEMENNERN LESHRER B SS8
Figure 2 Changes in soil exchangeable acidity , aluminum and

hydrogen from legume cultivation in a young citrus orchard
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Table 1 Changes in soil nutrient concentrations from legume cultivation in a young citrus orchard
+ A WL Soil organic 424 Total nitrogen/ Wfi# A& Available 3 Available AR Available
Kb Treatments matter/g- kg™ g kg nitrogen/mg - kg™ phosphorus/mg - kg™ potassium/mg - kg™
0~20cm  20~40 cm 0~20 em 20~40 em 0~20 cm - 20~40 em 0~20 cm 20~40 cm 0~20 cm 20~40 c¢m
T,
.'% AL 13.1£09b 12.7#2.5a 1.0+0.1a  0.9+0.2a 57.4x4.2b 55.3+6.7a 1.9x1.5b 4.8+3.3a 159.5+38.1b 122.7+27.1ab
Conventional management
5] I B
, k] .. 157+12a 12.2+1.2a 1.1+0.2a  0.9+0.1a 74.1+6.2a 57.7+2.7a 5.0+l.4a 1.4x1.2a 111.0£32.2b 71.5+26.1b
Chamaecrista rotundifolia
i
» i 15.4+1.2a 12.3£0.6a 1.1x0.1a 1.0+0.2a 65.4+4.7ab 51.8+0.8a 2.2+0.7b 4.2+0.7a 225.5+67.5a 176.0+24.5a

Lotononis bainessii

T [FAAR R INE FRE R A BRI ) 22 S AE P<0.05 /K-35 o FoRbrikiR2E . R Al

Note : Different letters indicate significant (P<0.05) difference between the treatments in the same column ; Values in the table are presented as

meanszstandard deviation. The same below.

®2 ITERESTEFRSSENEXRH(r,n=24)

Table 2 The correlation between soil acidity and soil nutrients(r,n=24)

SRR AR SRS AP 2 BRAR A AR AR
Exchangeable ~Exchangeable  Exchangeable Soil organic Total m_'[kr o Available Available Available
acidity/ aluminum/ hydrogen/ matter/ o & jge nitrogen/  phosphorus/  potassium/
cmol(+) kg™ cmol(+) kg™ cmol(+) kg™ g kg™ 8k mg- kg™ mg- kg™ mg-kg™
pH -0.57** —0.57%* 0 0.24 0.22 0.20 -0.14 -0.26
LA 0.99%* 0.10 -0.17 -0.42* -0.35 0 0
Exchangeable acidity
BEAAE AT 0 -0.20 -0.45% -0.37 0 0
Exchangeable aluminum
Bk 0.32 0.22 0.42% 0.30 -0.39
Exchangeable hydrogen
T PR 0.54%% 0.63%* 0.22 0.41*
Soil organic matter
4% Total nitrogen 0.33 0.62%* 0.35
Hif# % Available nitrogen 0.14 0
B3 Available phosphorus 0.10
phosp

T " FOR BERR(P<0.05), " TR B EAZ(P<0.01 ),

Note: “*” Significant at the 0.05 probability level; ***’significant at the 0.01 probability level.
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Table 3 Chemical property of the two legumes

B O Wi e 25 P 24 2w eA
material & pH Ash alkalinity/ Total calcium/ Total magnesium/ Total potassium/ Total sodium/ Total Total nitrogen/
atenals cmol(+)-kg?  emol(+)-kg?  cmol(+)-kg”  cmol(+)-kg?  cmol(+)-kg" phosphorus/% %
B3] -2k H
m. R . 4.90+0.02 44.8+0.2 16.0+£0.5 11.5£0.6 21.5+29 0.5+0.0 0.14+0.00 1.92+0.05
Chamaecrista rotundifolia
AL
TP 5.04+0.01 65.9+1.8 20.8+1.3 14.5£0.7 40.7+2.0 1.0+0.0 0.16+0.00 2.54+0.07
Lotononis bainessii
x4 AMERMEREFEIEERT K
Table 4 Changes in soil chemical properties after legume residues amendment
VR (i) SRR ASHRIERR SRR SCHPERS ScHERE SR SciRiken
Qb A Exchangeable Exchangeable Exchangeable Exchangeable Exchangeable Exchangeable Exchangeable
Application pH 1 . . . . .
Treatments res/0 acidity/ aluminum/ hydrogen/ calcium/ magnesium/  potassium/ sodium/
ratesiyo cmol(+)-kg? cmol(+)-kg”’ cmol(+)-kg? cmol(+)-kg”! cmol(+)-kg” cmol(+)-kg”’ cmol(+)-kg”
CK 0.0 4.52+0.04d  5.71x0.27a  5.32+0.30a  0.39£0.10a  0.83+0.04cd  0.15+0.02d  0.44+0.07d  0.00+0.00c
[ -2 B 0.5 4.69+£0.05ab  5.44+0.16ab  5.13+0.20ab  0.32+0.09a  0.86x0.0lcd  0.15+0.04d  0.70+0.03¢c  0.07+0.03a
Ch“m”j;r?m 1.0 4.71+0.03ab  5.09+0.07bc  4.86+0.14b  0.23x0.10a  1.03x0.08bc  0.24+0.04bc  0.81+0.02¢  0.08+0.00a
rotundifolia
2.0 4.75+0.01a  4.42+0.39de 4.14+0.35cd  0.29+0.10a  1.10+0.11ab  0.30+0.03ab  1.04+0.07b  0.08+0.00a
B, 0.5 4.60+0.02c  5.26+0.14b  4.90+0.23ab  0.36+0.12a  0.80£0.07d  0.20+0.02cd  0.72+0.02¢  0.05+0.00b
’[;‘”f’"""ff 1.0 4.61£0.02¢c  4.71x027cd  4.37+0.25¢  0.3420.05a  0.89+0.07bcd 0.24+0.03bc  0.95+0.02b  0.05:0.00b
ainessti
20 4.66+0.02bc  4.09+0.14e  3.79+0.21d  0.30£0.09a  1.27+0.05a  0.35+0.02a  1.33+0.02a  0.08+0.00a
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