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Effects of different saline-alkali land amendments on soil physicochemical
properties and alfalfa growth and yield
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Abstract Saline land improvement is important in offsetting contradictions between increasing population and declining soil areas.
It enhances the quantity and quality of farm production, improves ecological environment and promotes regional development of
sustainable agriculture. This study determined the effects of localized saline-alkali soil amendments on heavy saline-alkali soil. The
experiment used alfalfa as trial crop to investigate the effects of desulfurized gypsum, Guochan-1 and Guochan-2 amendments on soil
physical and chemical property and the emergence rate and fresh yield of alfalfa in waste saline-alkali soils with heavy soda. The
effects of desulfurized gypsum on heavy metal contents of soils and leaves and stems of alfalfa were also investigated under field
conditions. The experiment was conducted in a complete randomized design with four replicas of each treatment. Four treatments
were control (without amendment), Guochan-1 (application rate of 2 250 kg-hm™), Guochan-2 (application rate of 7 960 kg-hm™)
and desulfurized gypsum (application rate of 22 500 kg-hm™). The results showed that compared with the control, soil pH reduced by
0.11~1.46, soil density declined by 0.01~0.06 g-cm™ and porosity increased by 1.15%~10.15% after application of soil amendments.
Furthermore, amendments improved soil perviousness and soil physical and chemical properties. Alfalfa emergence rate increased by
18.4% to 31.7%, fresh biomass of the three crops increased by 18.9%~43.5% and yield significantly increased under amendments
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over the control. Soil and plant Hg, Pb and Cr contents were significantly influenced by desulfurized gypsum and Guochan-2 appli-
cations. Among the three amendments, Guochan-2 amendment produced the best effects regarding saline-alkali soil improvement.
Whereas heavy metal content did not exceed Grade-II Soil National Standard for Agricultural Environment Quality, alfalfa Hg, Cd,
Pb and Cr contents were within National Standard for Feed Qygienic Quality. This research suggested that among the three sa-
line-alkali soil amendments, Guochan-2 produced the best effects. It was therefore recommended for wide application in similar sa-
line-alkali soil conditions.

Key words Soil amendment, Desulfurized gypsum, Saline-alkali soil, Soil physical and chemical property, Alfalfa, Heavy metal
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Table 1 The basic physical and chemical properties of experimental soil

Soil layer depth pH EC Organic matter NO;-N Available P Available K Total salt Alkalinity
(cm) (mS-cm™") (gke) (mgkg™)  (mgkg™) (mgkg™) (gke) (%)
0~10 9.64 0.21 2.20 1.11 1.30 110.5 0.99 33.2
10~20 9.97 0.33 2.13 0.87 0.72 132.0 1.68 45.7
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Table 2 Salinity ion composition of experimental soil (cmol-kg™")
Soil layer depth (cm) COos> HCO;~ cr S0 Ca® Mg** K* Na*
0~10 0.03 0.49 0.14 140.3 0.14 0.11 1.38 139.5

10~20 0.05 0.68 0.09 256.1 0.11 0.34 2.70 213.6
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Table 3  Effects of different amendents on the rate of emergence and the fresh yield of alfalfa

2008 2009 1 2009 2
Treatment Rate of emergence Fresh yield of grass in 2008 Fresh yield of first-cut Fresh yield of second-cut
(%) (kg'hm™) in 2009 (kg'hm™) in 2009 (kg'hm™)
Control 61.3+£1.53b 5040.2+472¢ 5637.8+256.2d 5562.8+125.0d
1 Guochan-1 79.7+1.04a 7 328.7+586a 7 487.9+85.4b 7262.9+131.5b
2 Guochan-2 81.9+1.46a 7 403.7+1 605a 8 062.9+85.4a 7 837.9+205.6a
Desulfurized gypsum 93.0+1.08a 6 328.1+£542b 6787.8+103.1¢c 6200.3+195.8¢

(P<0.05), Different small letters in the column mean significant difference at 0.05

level. The same below.
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Table 4 Effects of different amendments on soil pH at 0~20 cm depth
( - - ) Date (year-month-day)
Treatment 2008-06-15  2008-07-15  2008-08-14  2008-09-13  2008-10-14  2009-05-14  2009-07-13  2009-09-14
Control 9.68¢ 9.47¢ 9.43¢ 9.61c 9.73¢ 9.78¢c 9.39¢ 9.68¢c
1 Guochan-1 9.53¢ 9.25¢ 9.22¢ 9.45¢ 9.62¢ 9.65¢ 9.18¢ 9.43¢
2 Guochan-2 8.94b 8.54b 8.56b 8.69b 8.86b 8.90b 8.50b 8.62b
Desulfurized gypsum 8.62a 8.23a 8.15a 8.23a 8.49a 8.55a 8.12a 8.22a
x5 AEBMRERFI 0~20cm XELTIEMETERFE. HPEEEIENEZM
Table 5 Effects of different amendments on heavy metal contents in 0~20 ¢m soil layer and alfalfa stem and leaves ~ mgkg™
Sample Treatment Hg Cd As Pb Cr
Control 0.13+0.00c 0.02+0.00 0.43+0.00c 2.19+0.02¢ 1.584+0.01¢c
Soil 2 Guochan-2 0.14+0.00b 0.02+0.00 0.44+0.00b 2.34+0.02b 1.77+0.02b
Desulfurized gypsum 0.16+0.00a 0.02+0.00 0.45+0.00a 2.50+0.03a 1.99+0.02a
Control 0.02+0.00c 0.03+0.00 0 1.31+£0.01¢ 1.02+£0.01c
Stem of alfalfa 2 Guochan-2 0.03£0.00b 0.03£0.00 0 1.630.01b 1.2320.01b
Desulfurized gypsum 0.04+0.00a 0.03+0.00 0 1.91+0.02a 1.44+0.01a
Control 0.03+0.00c 0.02+0.00 0 1.45+0.01c 1.16+0.01c
Leaves of alfalfa 2 Guochan-2 0.040.00b 0.020.00 0 1.7520.01b 1.450.01b
Desulfurized gypsum 0.06+0.00a 0.02+0.00 0 2.02+0.02a 1.7340.02a
2008 9 Soil sample was collected at the alfalfa’s harvest in September 2008.
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Table 6 Effects of different amendments on soil pH and EC value after alfalfa harvest
0~10 cm 0~10 cm soil layer 10~20 cm 10~20 cm soil layer
Treatment pH EC pH EC
RS BS RS BS RS BS RS BS
Control 9.28 9.30 0.16 0.24 9.68 9.83 0.14 0.22
1 Guochan-1 9.23 9.25 0.24 0.23 9.65 9.71 0.27 0.21
2 Guochan-2 8.76 8.94 0.28 0.37 8.90 9.15 0.26 0.26
Desulfurized gypsum 8.23 8.43 1.05 1.16 8.48 8.63 0.39 0.35
2 mm s 2 mm Rhizosphere soil (RS) means the
soil within 2 mm from taproots in vertical direction. Bulk soil (BS) means soil 2 mm away from taproots in vertical direction.
x7T TRMRFIMELEEBEWIREHE LRMEBHERBZ 0
Table 7 Effects of different amendments on the soil physical properties after alfalfa harvest
Treatment Soil layers (cm)  Bulk density (g~cm’3) Liquid fraction (%) Gas fraction (%) Solid fraction (%) Porosity (%)
0~10 1.46 33.19 17.35 49.46 50.54
Control 10~20 1.55 22.88 15.93 61.19 38.81
1 0~10 1.45 34.16 18.03 47.81 52.19
Guochan-1 10~20 1.54 23.19 16.26 60.55 39.45
2 0~10 1.43 35.73 18.42 45.85 54.15
Guochan-2 10~20 1.49 32.77 17.43 49.80 50.20
0~10 1.42 38.93 18.62 42.45 57.55

Desulfurized gypsum 10~20 1.47 34.14 17.95 4791 52.09
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