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Remediation effects of various fertilizations and acid soil conditioners
on acid red soil for vegetable cultivation

TAN Shan-shan, ZHANG Yang-zhu®, LI Jie, LEI Pan, HUANG Yun-xiang, LIAO Chao-lin, SHENG Hao

(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: Through field experiment, the effects of several fertilizations and acid soil conditioners on the soil acidity,
available nutrient status of the acid red soil developed from Quaternary red earth and on crop yields were investigated.
The results showed that there was statistically significant difference in alkali-hydrolyzable N content among soils
treated with different fertilizations. Treatments (40d) with chemical fertilizer (NPK) in pepper season and Chinese
cabbage season both showed the highest alkali-hydrolyzable N content, which was (156.80+23.38) mg/kg and
(349.35+7.29) mg/kg, respectively. In pepper season, available P content in treatment (60d) with NPK was the highest,
which was (160.35£31.21) mg/kg; in Chinese cabbage season, available P content in treatment with NPK and
magnesium oxide (NPK+ MgO) was the highest, which was (211.13+7.34) mg/kg. Treatment with NPK and acid soil
conditioner one (NPK+SR1) showed the highest available K content, which was (155.6+16.65) mg/kg and (278.93+3.5)
mg/kg on average, respectively for pepper season and Chinese cabbage season. The effects of different fertilization
treatments on soil pH, exchangeable acid (EA) and acid-base buffering capacity (pHBC) varied significantly, of which
treatment with NPK and calcium oxide (NPK+CaO) and treatment (NPK+MgO) both significantly decreased soil pH,
EA and pHBC. The average pH was increased by 1.23and 1.7 respectively, and the pHBC reached 45.9 mmol/kg and
49.0 mmol/kg respectively in treatment (NPK+CaO) and treatment (NPK+MgO), and pHBC in other treatment was
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about 30 mmol/kg. There was statistically significant difference in crop yield among different treatments, NPK
treatment got the highest yield at pepper season, the yield increased by 226.9%, and treatment (NPK+MgO) got the
highest yield at Chinese cabbage season, the yield increased by 58.7%. The above results indicate CaO and MgO could
effectively decrease acidity in acid soil for vegetable cultivation and improve the yields of crops.
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Table 1 Physical and chemical properties in soil tested
/ oH N/ P/ K/ / N/ P/ K/
cm (gkg?) (gkg?) (gkg?) (9kg™) (mg-kg™) (mg-kg™) (mg-kg™)
0 20 4.48 1.6 1.8 11.9 16.7 83.8 51.3 83.8
20 40 4.56 1.4 1.2 37 10.6 66.4 331 66.4
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(156.80+23.38) (349.35+7.29) mg/kg
31.43% 143.65% T,
1.4 HiEE
Excel 2003 DPS 7.5
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Table 2 Alkali-hydrolyzable N content in soils treated with different fertilizations mg/kg
20d 40d 60d 80d 100d
CK  (63.52+15)cB (119.30£23.22)bA  (118.08+24.56)aA  (109.30+3.79)cdCD  (111.02+3.77)bcBCD
T,  (71.08+9.94)abcAB  (156.80+23.38)aA  (125.61+25.75)aA  (126.69+2.74)aA (123.02+3.25)aA
T,  (66.57+13.23)bcAB  (145.46+15.82)abA (123.87+5.23)aA  (114.44+3.11)bcBCD  (118.92+3.36)abABC
T;  (71.36+10.45)abcAB (119.69+31.17)bA  (127.92+1151)aA  (119.9625.62)abABC  (121.90+4.12)aAB
T4 (77.37+2.89)abAB (132.90+34.85)abA  (128.50+21.97)aA (119.93+4.54)abABC  (118.95+4.59)abABC
Ts  (80.78+13.1)aA (151.01+23.93)aA  (114.03+29.51)aA  (105.55+5.3)dD (107.91+6.17)cCD
Te  (73.96+7.13)abcAB  (136.63+21.6)abA  (129.66+9.24)aA  (122.57+7.55)abAB  (105.56+6.34)cD
CK  (130.93+7.22)fF (143.38+3.29)gG  (126.83+3.03)fE (143.46+12.84)dD (106.11+5.01)fF
T, (195.35+2.88)dD (349.35+7.29)aA  (169.77+4.33)dC  (189.52+8.11)bB (200.90+1.51)bBC
T, (176.67+3.16)eE (237.69+3.64)eE (182.19+7.5)bcB (152.88+9.08)dCD (153.59+3.39)dD
T (174.57+4.21)eE (167.22+4.01)fF (138.04+1.89)eD (115.1849.18)eE (133.58+3.8)eE
T, (324.87+6.31)aA (274.54+3.93)cC (175.47+3.46)cdBC  (171.16+13.23)cBC (192.08+3.77)cC
Ts  (243.09+9.63)bB (257.45+2.05)dD  (259.22+2.84)aA  (263.16+9.13)aA (247.33+4.65)aA
Ts (215.55+3.82)cC (295.82+7.77)bB  (185.44+3.26)bB  (255.12+0.87)aA (202.41+3.04)bB
2.1.2 A EBABHELSTHHA
T3(80 d)
3 20~80 d
T (211.13+7.34) mg/kg
3

Ts(40 d) T4(60 d)
40 d

100 d
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Table 3 Available P content in soils treated with different fertilizations mg/kg
20d 40d 60d 80d 100d
CK (135.10+65.67)aA (128.45+18.53)aA (158.32+40.01)aA (159.63+21.21)aA (115.58+8.84)bC
T:  (136.30£55.79)aA (129.85+48.58)aA (187.72+£37.93)aA (171.62+44.8)aA (134.12+4.13)aAB
T, (124.82+38.15)aA (128.10+14.32)aA (155.52+28.19)aA (162.76+19.74)aA (133.70+2.97)aAB
T;  (139.67+46.69)aA (140.22+19.77)aA (183.59+39.05)aA (177.73+41.35)aA (137.62+6.1)aA
T, (127.28+49.62)aA (134.63+£29.59)aA (175.12+£22.93)aA (154.64+43.4)aA (123.77+4.33)bBC
Ts  (137.20£39.12)aA (140.99+43.22)aA (166.52+46.49)aA (149.89+51.72)aA (122.35+3.93)bBC
Te (134.53+33.49)aA (141.82+26.04)aA (176.66+27.08)aA (166.52+20.2)aA (136.97+1.68)aA
CK (160.25+5.47)bA (174.18+7.24)bcB (166.13+9.97)bA (170.87+£15.47)cdBC  164.85+6.00
T:  (159.42+8.81)bA (183.81+12.47)abAB  (165.99+12.94)bA (190.80+13.85)bAB 177.45+24.92
T, (157.77+10.84)bA (197.21+9.88)aA (193.50+8.29)aA (162.12+8.14)dC 166.02+4.93
T;  (177.47£10.95)aA (183.12+4.44)abAB  (194.41+10.27)aA (211.13+7.34)aA 179.37+15.93
T, (171.80%12.1)abA (177.65%13.68)bcAB  (180.85+25.69)abA  (181.06+9.03)bcBC 176.82+14.20
Ts  (158.94+0.88)bA (164.61+6.15)cB (168.03+£1.52)bA (182.58+3.96)bcBC 164.69+7.27
Te (164.30+3.19)abA (178.28+6.83)bcAB  (174.70+5.83)abA (169.28+7.86)cdBC 161.54+1.92
2.1.3 s EHERIEFEENHR 40d T
4 (215.16+60.92) mg/kg T,
CK 80d (376.51+4.75) mg/kg 60d
Ti T, T3 Ts Tp T4 T,
67.19% 57.43% 66.77% 69.44% 32.05% (69.59+12.01) (98.93+6.04) mg/kg
T, T, T3 T;5 Ty
x4 TELBHENRYES =
Table 4 Available K content in soils treated with different fertilizations mg/kg
20d 40d 60d 80d 100d
CK (84.29+15.29)cB (97.63+35.2)cB (71.28+6.94)dD (81.45+7.39)cB (92.83+5.27)fE
T,  (138.76+37.99)aA (215.16+60.92)aA (138.92+23.73)bBC  (171.75+17.74)aA (174.81+1.99)aA
T, (107.5246.08)bcAB  (151.22+39.87)bAB  (116.09+19.89)cC (161.73+24.12)aA (130.07+1.98)eD
Ts  (103.58+17.55)bcAB (151.38+42.38)bAB  (143.14+25.42)bBC  (171.33%£32.67)aA (168.12+1.99)bAB
T, (126.44+36.04)abA  (131.16+56.16)bcB (69.59+12.01)dD (102.74+22.67)bcB (87.23+3.45)fE
Ts  (126.77+36.13)abA  (161.7+56.3)abAB (172.74+7.64)aA (174.07+35.01)aA (160.62+3.55)cB
Te  (119.18+4.34)abAB  (142.55+43.18)bcB (143.99+15.28)bB (135.66+18.56)abAB  (148.41+3.43)dC
CK (97.08+3.06)dD (115.05+1.84)fF (77.93+3.03)fF (77.14+7.64)dD (72.23+3.56)dD
T, (249.28+10.75)aA (359.03+4.84)bB (225.1+9.73)dD (258.08+13.68)bB (251.45+13.25)bB
T, (223.4849.34)bB (376.51+4.75)aA (328.81+3.03)aA (269.03+16.88)bB (275.02+21.85)bB
T;  (225.09+3.06)bB (338.43+4.82)cC (296.61+7.61)bB (318.77+20.65)aA (268.96+20.25)bB
T, (187.7+£7.69)cC (193.28+7.27)eE (98.93+6.04)eE (131.08+7.6)cC (123.99+8.05)cC
Ts  (222.4+1.78)bB (275.01+3.61)dD (254.92+4.62)cC (321.19+10.64)aA (321.07+£14.39)aA
Te  (247.95+1.77)aA (338.79+4.69)cC (221.71+6.98)dD (274.45+8)bB (272.38+16.06)bB
2.2 FEIHEABALIB N + HEERHRI AG B Ts PH
N , 123 17
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Table5 EAn soils treated with different fertilizations cmol/kg

a AR
CK 2.441 0.468 1.973

Ty 1.281 0.376 0.905 —

T 1.424 0.437 0.986 2

T, 2.166 0.336 1.831 Tg 0

T, 3.204 0.315 2.888 =

Ts 3.254 0.336 2.919

Te 2.593 0.336 2.258

CK 2.624 0.366 2.258

Ty 2.573 0.468 2.105

T, 0.061 0.010 0.051 A B

Ts 0.061 0.010 0.051
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Ts 2.259 0.386 1.872 Fig 2 Acid-base titration curves for soils treated with different

Ts 2.197 0.366 1.831 fertilizations after harvest
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Table 6 The acid-base buffer capacity of the soils treated with different fertilizations mmol/kg
R? pHBC/(mmol-kg™)
y =-29.6x + 158.5 0.95 29.6
CK y =-31.6x + 167.0 0.96 31.6
T y=-32.6x+177.9 0.97 326
T, y=-31.0x + 167.4 0.96 31.0
Ts y=-30.2x + 163.8 0.95 30.2
Ty y=-31.5x + 164.8 0.96 315
Ts y =-30.7x + 158.2 0.96 30.7
Te y =-30.4x + 159.6 0.96 30.4
CK y=-29.8x +159.4 0.96 29.8
T: y =-31.8x + 168.7 0.96 31.8
T, y =-45.9x + 306.1 0.98 45.9
Ts y =-49.0x + 336.3 0.98 49.0
Ty y =-32.0x + 163.9 0.96 32.0
Ts y =-31.0x + 160.5 0.95 31.0
Te y =-32.1x + 168.2 0.96 321
y X pH
2.3 A EERIEXEY = E RN CK
7 44.31%~281.79%
T, T, T, 46.1%~58.7% T T, Ts
T, CK 6 291.67~8 006.94 kg/hm?
5% 46.13%~58.71% T
T, 281.79% T3
58.71% Ca0O MgO
T4
#z7 TEMEELEEM TR (BE)
Table 7 The yields of crops with different fertilization treatments (fresh weight )
I(kg-hm?) CK I(kg-hm™) 1%
CK (396.32+181.49)cC
T, (1513.10£703.42)aA 1116.78 281.79
T, (1 310.08+194.5)aAB 913.76 230.56
Ts (1 355.98+435.65)aAB 959.66 242.14
T4 (571.93+119.29)bcBC 175.61 44.31
Ts (1 099.13+24.78)abABC 702.81 177.33
Te (1 166.20+437.25)abABC 769.88 194.26
CK (13 638.89+2 380.6)bA
T, (19 930.56+2 655.68)aA 6291.67 46.13
T, (20 111.11+3 221.72)aA 6472.22 47.45
Ts (21 645.83+3 108.08)aA 8 006.94 58.71
T4 (16 631.94+4 074.52)abA 2993.05 21.94
Ts (19 069.44+1 561.85)abA 5430.55 39.82
Te (18 187.50+5 469.18)abA 4 548.61 33.35
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