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Effect of alkali reducing and salt inhibiting amendments on saline-alkali soil
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Abstract: Saline and alkaline soils are usually observed in arid and semi-arid regions as well as in areas with
poor drainage. Severe saline-alkali soil in the north of Yinchuan in Ningxia selected as the study object. Changes in
soil pH, total salinity, physiochemical properties of severe saline-alkali soil, effect of growth parameters of rice
after the application of flue gas desulfurization, furfural residue, vinegar residue, and bacterial manure were
studied for four consecutive years. The results showed that: (1) Soil pH value of T2 (single application of flue gas
desulphurization gypsum) and T3-T6 ( combined application of amendments) in 0~20 cm layer significantly de-
creased than that of T1 (check), and the decreasing amplitude of T5 (flue gas desulfurization + furfural residue +
vinegar residue + bacterial manure) was the biggest; T6 (flue gas desulfurization + bacterial manure) decreased
the pH least; the pH difference of T3 (flue gas desulfurization + furfural residue + bacterial manure) and T4 (flue
gas desulfurization + vinegar residue + bacterial manure) were small. The variation tendency of ESP ( exchangeable

sodium percentage) and EC (electric conductivity) were in the same trend as the pH, and their decrease was grea-
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ter than pH. (2) The organic matter in treatments of T2 ~T6 increased by 1.30, 3.97, 4.03, 5.16 g - kg™' and
2.15 g + kg”'over that with T1’s. The variation tendencies of alkali-hydrolyzable, available P, and available K
were similar to the organic matter in four years, but the increasing amplitudes were bigger than organic matter.
(3) Seedling preservation rate of T2 was higher than that with T1, but lower than the treatments of combined a-
mendments. Seedling preservation rate of TS reached the highest, and seedling preservation rate of T4 was slightly
higher than that with T3’ s. Lifting effect on plant heights were less than seedling preservation rates with combined
amendments. Every amendment increased the spike length, number of grain per spike, setting percentage and de-
creased the empty chaff number of rice. The average yields of T2 ~T6 increased by 77.92% , 118.48%, 128.93%,
158.10%, and 102.13% than that with T1’ s in four years. The net income of T4 was the highest among treatments
followed by T5. On the whole, flue gas desulfurization + furfural residue + vinegar residue + bacterial manure de-
creased pH, ESP, EC of soil, increased the organic matter and nutrients, and achieved a significant increase in
crop yield and income.

Keywords: saline alkali soil; soil amendment; reducing alkali and inhibiting salt; physiochemical

proprieties ; yield
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Table 1~ Soil properties of the experiment field

H {8 o . AL A HA TR
Soil li:y J:z? Jem pI}')I value 2ﬁ2€% /(S F:(‘(.m—l ) Organic matter Alkali-hydrolyzable N Available P Available K
(1:5) S /(g ke") /(mg - kg™") /(mg - ke") /(mg - kg™")
0~20 9.17 38.76 1972 7.15 27.06 6.70 172.90
20~40 9.35 40.77 1059 3.48 28.19 5.50 146.28

40~60 9.42 43.14 860 6.47 21.38 5.29 135.61
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Table 2 The content of salt ions of experiment field

TR em | CO% HCO; ar S0z Ca® Vg K" Na*

Soil layer /(mg-kg™') /(mg-kg') /(mg-kg') /(mg-kg') /(mg-kg') /(mg-kg') /(mg-kg') /(mg-kg')
0~20 0 2226 14921 136 1676 1090 265 16711
20~40 0 1521 9534 577 1492 2098 971 16582
40~ 60 0 175 10300 490 1077 791 275 15688

£3 BRFEMERER

Table 3  Basic properties of raw materials of soil amendments

J5Uk} pH {H BT/ (g - ke™) A/(g-keh) B/ (g ke) B/(g-kg")
Material pH value Organic matter Nitrogen Phosphorus Potassium
IR A E Flue gas desulfurization 5.12 8.58 0.15 0.08 0.73
BEREH Furfural residue 2.25 523.55 4.92 6.94 7.83
it fely Vinegar residue 2.68 704.88 22.00 26.57 9.75
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Fig.1 Variation of soil pH values and ESP in different treatments
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Fig.2  Variation of soil EC under different treatments
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Table 4 Variation of seedling preservation rates and plant heights of rice in different treatments

ATECY o
Hihs P T1(CK) ™ &) T4 TS5 T6
Parameter Year
o 2013 4.65+0.52¢ 56.0+5.20b 72.0+2.54a 78.0+1.68a 82.0+2.81a 75.0+2.66a
Gémff/% 2014 2.00+1.31c 48.25+1.84b 64.50+1.25ab 70.25+1.55a 78.33+1.66a 59.25+1.44b
cecing 2015 39.3%12.97¢ 63.5+11.86b 75.5+6.06a 65.25+3.71b 80.75+3.04a 62.0+10.75b
preservation rate
2016 49.2+8.60c 74.2+7.09ab 83.0+0.71a 85.0+4.06a 92.3+7.33a 69.5+7.32h
2013 40.0+3.9¢ 55.0+4.2b 67.0+3.2a 62.0+5.8a 75.0+4.6a 62.0+2.0a
PR/ em 2014 48.0£5.5¢ 58.0+4.4h 69.0+2.1a 72.0+1.0a 88.0+1.3a 65.0+4.2a
Plant height 2015 53.6+8.5a 56.4+2.1a 62.7+2.0a 65.3+2.6a 67.3+2.2a 63.3+2.4a
2016 60.1+5.9h 62.5+5.3h 70.0+4.5a 72.6+6.2a 84.5+3.2a 67.8+5.1ab

TE ARV AR AR AN [R) 5B s b B ) 22 57 2 (P<0.05) , R Il

Note: Difference letters in same year represent significant difference ( P<0.05), the same below.
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Table 5  Variation of yield traits of rice in different treatments

Qb3 4 Spike length/cm AEFHARIEL Number of grain per spike
Treatment 2013 2014 2015 2016 2013 2014 2015 2016
T1(CK) 7.6£0.7a 12.4£0.4a 13.0+0.6ab 13.0+1.0a 26.9+5.2b 56.6+4.8¢ 58.4+3.7b 61.5+3.5b
T2 8.3t1.4a 11.0+0.4a 12.2+0.4b 13.5£1.0a 30.5+4.2b 45.8+3.0c 59.9+3.4b 58.2+2.6b
T3 9.6+1.5a 12.1+0.5a 10.5+0.8ab 14.1+0.6a 60.2+3.6a 57.3+7.8¢ 61.4+5.5b 64.2+4.9ab
T4 9.8+0.9a 14.1£0.7a 13.6+0.5ab 13.9+£0.9a 59.8+2.6a 52.6+£4.9¢ 65.5+2.4b 70.2+1.5a
TS 10.2+1.0a 13.6+0.6a 13.4+0.3ab 14.6+£0.3a 67.8+5.1a 87.0+6.5a 77.9+0.6a 68.1£2.7a
T6 10+1.0a 14.4+0.8a 14.7£0.4a 14.5£0.3a 62.9+£2.9a 70.1+7.8b 69.0+6.8ab 72.1+4.6a
Ak 3 2L Empty chaff number 25523 Setting percentage/ %
Treatment 2013 2014 2015 2016 2013 2014 2015 2016
T1(CK) 16.5+1.6b 21.4+£2.7a 16.8+5.4a 12.3+£2.6a 38.7+3.6¢ 62.2+10.3b 71.2+£2.8¢ 80.0+2.6b
T2 13.4£3.5b 7.0+1.2¢ 4.5+0.4c 10.6+1.8ab 56.1+4.2b 88.3x1.8a 92.5+4.9a 81.8+1.6b
T3 20.3+2.6a 13.4+2.6b 9.4+2.6b 8.0+1.6b 67.7+1.6ab 84.1+3.3a 86.1+2.6ab 88.3+4.2a
T4 16.2+4.6b 7.0£0.5¢ 9.8+2.3b 7.0+0.7b 73.1+£5.3a 68.5+3.7b 84.0+3.1b 89.1+2.8a
T5 18.9+2.8a 2.4£0.5d 7.3+£2.2be 6.2+1.5b 72.2+4.2a 88.7+7.6a 88.9+5.6ab 91.5+3.6a
T6 23.6+1.6ab 6.5+£0.9¢ 16.2+9.7a 15.2+2.8a 60.5+3.5b 68.1+8.8b 79.5+7.6b 78.9+5.1b
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Fig.4 Variation of yield of rice in different treatments
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Table 6 Variation of total input and output of rice in different treatments

55 Index T1(CK) T2 T3 T4 T5 T6
=
BA/(GT - hm 72 Oe 1183d 7337b 6911b 11881a 4307c
Input/( Yuan + hm™)
Fe4E Yield/ (kg + hm™2) 5924¢ 10540b 12943a 13562a 15290a 11974ab
S S )
.} Eqﬁz/\/( oL+ hm )72 14768c 26318b 32282b 33844h 38152a 29868h
Yield income/ ( Yuan + hm™)
=
WA/ (58 - hm™) 14768b 25135a 24993a 26933a 26271a 25608a

Income/( Yuan + hm™2)
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