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Effects of long-term application of chlorine-containing chemical fertilizers on

chloride accumulation and nutrient balance in paddy fields
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Abstract: The effect of applying chlorine-containing chemical fertilizers on paddy field ecosystems is becoming a matter of
concern in China with the extensive application of fertilizers such as KCl and NH,Cl. Thus, a long-term field experiment was
established in 1975 at Qiyang Red Soil Experimental Station, Hunan Province to investigate this problem. The application rates
of Cl in 3 treatments (CK, Low Cl and High Cl) were 0, 352, 1032 kg/ha * yr, respectively. Soil Samples in 1975 to 1997 and
rice plant samples in 1998 were collected and analysed to investigate the effects of long-term successive applications of KCl and
NH,CI on the accumulation of Cl™ in the soil-rice system, soil nutrient balance, and nutrient absorption of rice plants. Results
obtained were listed as follows. Accumulation percentage of Cl™ in the soil was very low because Cl~ could be leached easily.
The total accumulated percentage of Cl~ was 0. 16 to 0. 21 % of the total input of Cl~ before 1998, but the content of Cl in the
soil increased significantly. In the High Cl treatment, the content of Cl™ in the surface soil (0 to 20 cm) in 1998 was 52. 2%

more than that in 1975. Cl™ in the soil profile (0 to 100 cm) and in the rice straw increased significantly after high rate
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applications of chlorine-containing chemical fertilizers for 24 years. The long-term application of high rate of chlorine-
containing chemical fertilizers decreased significantly available K, Cu, B, Mn and total Ca in the surface soil. However, the
application of chlorine-containing chemical fertilizers significantly increased available B in the 60 to 80 c¢m soil profile. There
was no effect of chlorine-containing fertilizer on organic matter, total N, P, Mg and available Mo, Zn in the surface soil in the
period 1975 to 1998. The application of chlorine-containing chemical fertilizers decreased significantly P, Ca, Mn. Cu content
of early season rice and Ca, Mn, Cu, Si content of late rice plants. The fertilizer application also increased Cl and Zn luxury
accumulation of rice. However, the application of chlorine-containing chemical fertilizers inhibited the transport of P and Cu
within early season rice plants and Cu, Zn, Si within late rice. As a result, the percentage of the elements in the grain of rice
decreased significantly. Accumulation of Cl ™ in the soil profile (0 to 80 cm) was also significant in the Low Cl treatment. The
application of chlorine-containing chemical fertilizers affected some micronutrient balance in the soil and uptake of some
nutrients by rice. Therefore, long-term application of chlorine-containing chemical fertilizers. especially at a high rate, could
decrease the nutrient supply of some soils because Cl~ can make other nutrients leach from the soil, making them unavailable
for uptake by the rice crop.
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Table 1 Content of Cl™ in the soils varying with time and depth (mg/kg)
Years ( 0~20 cm) Depth (1998)
Treatments 1975 1984 1991 1998 0~20 cm 20~40 cm  40~60cm  60~80 cm 80~100 cm
CK 31.8 30.1b 27.2 ¢ 24.8 ¢ 24.8 ¢ 28.1c¢ 30.0c¢ 30.8 ¢ 31.9b
Low Cl 31.8 36.0 a 39.4 b 39.7b 39.7b 35.8b 35.1b 36.9b 34.3 b
High Cl 31.8 37.7 a 43.6 a 48.4 a 48.4 a 44.3 a 43.2 a 45.6 a 43.1a
* (as by ©) »<<0.05 (Duncan’s ) Letters (a, b or ¢) following the

numbers indicate significant differences between fertilization treatments at p<0. 05 level (Duncan’s SSR-test) ,the same below
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Table 2 The nutrient (C, N, P and K) balance in the 0~ 20 cm soils from 1975 to 1998
1) (1975 ) (1)1998
Essential soil in 1975 Retained in soil in 1998 Nutrient balance
Elements Treatments
(g/kg) (t/hm?) (g/kg) (t/hm?) W =1—1(t/hm?) 1L/1 (%)
C CK 22.3 50. 2 24.4 a 54.9 4.72 9.4
Low Cl 22.3 50. 2 24.7 a 55.6 5.40 10. 8
Organic matter High Cl 22.3 50. 2 24.9 a 56.0 5. 85 11.7
N CK 1.29 2.90 1.44 a 3. 24 0.338 11.6
N Low Cl 1.29 2.90 1.42 a 3. 20 0.293 10.1
Total N High Cl 1.29 2.90 1.45 a 3. 26 0. 360 12. 4
P CK 0. 281 0.632 0.414 a 0.932 0. 299 47.3
P Low Cl 0. 281 0.632 0.407 a 0.916 0. 284 44. 8
Total P High Cl 0. 281 0.632 0.418 a 0.941 0. 308 48. 8
K CK 0. 342 0. 770 0.423 a 0.952 0.182 23.7
K + K Low Cl 0. 342 0.770 0.394 a 0. 887 0.117 15.2
Avail. K + inexch. K High Cl 0. 342 0.770 0.334 b 0.752 —0.018 —2.34
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Table 3 Micronutrients varying with time in the 0~20 cm soils (mg/kg)
1984 1998
Nutrient CK Low Cl High Cl CK Low Cl High Cl
Available Cu 2.58 a 2.68 a 2.65a 4.51 a 4.28 ab 4.09 b
Available Zn 2.85 a 2.87 a 3. 14 a 5.09 a 5.10 a 5.21 a
Available B 2.56 a 2.53a 2.47 a 2.35a 2.23a 1.73 b
Available Mo 1.22 a 1.07 a 1.14 a 1.18 a 1.01 a 1.00 a
Exchangeable Mn 19.7 a 19. 0 ab 17.0 b 10. 80 a 8.02b 7.21b
Total Ca 899 a 849 b 782 ¢ 820 a 746 b 714 b
Total Mg 427 a 429 a 421 a 428 a 423 a 424 a
4 1998
Table 4 Content of some micronutrient in the soil profiles in 1998 (mg/kg)
Available B Exchangeable Mn Available Mo
Treatments 0~20cm 60~80cm 0~20cm 60~80cm 0~20cm 60~80cm
CK 2.35a 0.37 b 10. 80 a 0.49 a 1.18 a 0.92 a
Low Cl 2.23 a 0.56 a 8.02b 0.53 a 1.01 a 0.95 a
High Cl 1.73 b 0.62 a 7.21b 0.58 a 1.00 a 0.97 a
3 s 24a (1998 ), Cu.B.Mn Ca s Mo .Zn Mg
: Mn Ca o ’ °
e HY Mn?"  Ca®", Mn Ca
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Table 5 Effect of long-term application of chlorine-containing chemical fertilizers on nutrients absorption of rice in 1997
Early season rice Late rice
M Concentration @ (D Concentration @
Elements Treatments Total Percentage in Total Percentage in
In grain  In straw uptake grain (%) In grain  In straw uptake grain (%)
P CK 2.77 a 1.11 a 19.3 a 76.0 2.01 a 0.93 a 12.0 a 62. 4
Low Cl 2.44 b 1.15 a 17.8 ab 71.2 1. 96 a 0.98 a 11.5 a 64.9
High Cl 2.33b 1.16 a 17.3 b 70.6 2.03 a 0.89 a 12.5a 63.8
Ca CK 0.363 a 4.59 a 21.1a 9.1 0.520 a 5.84 a 30.2 a 6.4
Low Cl 0.350 a 4.19b 20.5 ab 8.9 0.452 b 5.71 a 25.2 ¢ 6.8
High Cl 0.332 a 4.01b 19.4 b 9.0 0.411 b 5.15b 27.9b 5.8
Mn CK 156 a 1020 a 5.09 a 16.2 158 a 1180 a 6.29 a 9.3
Low Cl 145 a 980 ab 5.13 a 14. 7 127 b 950 b 4.39 b 11.0
High Cl 128 b 922 b 4.73 b 14. 2 126 b 775 ¢ 4.45 b 11.2
Cu CK 16.0 a 3.32b 98.7X10 %a 85.9 16.3 a 2.28 ¢ 71.6X10 %a 84. 6
Low Cl 13.7b 4.04 a 89.4X103b 79.8 12.8 b 2.57b 59.2X10%b 82.2
High Cl 12.6 b 3.86 a 82.9X10 3b 79.5 12.4 b 2.94 a 64.0X10 *b 76.6
Zn CK 36.2 a 45.8 b 0.383 b 50.0 35.3 a 36.4 ¢ 0.307 b 42.6
Low Cl 33.4 a 60.5 a 0.444 a 39.2 31.8 b 40.7 b 0.288 b 41.9
High Cl 34.8 a 59.5 a 0.444 a 41.1 30.8b 45.2 a 0.352 a 34.5
Si CK 15.6 a 50.6 a 294 a 28.1 16.6 a 68.1a 391 a 15.7
Low Cl 15.0 a 50.3 a 303 a 25.8 9.9b 62.6 b 294 b 12.7
High Cl 14.7 a 50.1 a 298 a 25.9 9.1b 55.7¢ 319 b 11.2
Cl CK 0.98 a 5.74 b 29.2b 17.8 1.08 a 6.22 ¢ 34.1b 11.8
Low Cl 1.04 a 6.80 a 35.8 a 15.1 1.14 a 7.40 b 34.7b 12.5
High Cl 1.02 a 7.40 a 37.9 a 14.1 1.12 a 8. 44 a 47. 4 a 9.3
(1) ,P.Ca,Si,Cl g/kg,Mn,Cu.Zn mg/kg Concentration unit of P, Ca, Si and Cl is g/kg, That of Mn, Cu and Zn is mg/kg;

(2 = + N kg/hm? Total uptake equal to uptake of grain plus uptake of straw, Uptake unit is kg/hm?
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