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Effects of different fertilization treatments on forage yield and
soil properties in sudangrass-ryegrass rotation
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Abstract Sudangrass and ryegrass rotation was adopted and developed as a new cultivation technique in many piscicul-
ture regions in south China. Because cultivated soil had low pH poor soil fertility and extensive cultivation with poor soil
management forage yield was insufficient and hindered the development of the productive forces in forage-fish system. A
pot experiment was carried out in Hubei Province central area of China and the objective was to determine the effects of
soil amendments including fertilizers NPK  lime and organic matter OM application on forage yield and soil proper-
ties in sudangrass-ryegrass rotation. The results showed that the application of soil amendments increased forage yield sig-
nificantly. In the whole rotation forage yield in NPK NPK + Lime and NPK + OM were 6.1 6.8 and 7.3 times high-
er than that in the control CK  respectively. Based on NPK treatment the application of lime and OM increased yield
by 9.5% and 17.2% . Nutrients uptake results demonstrated that different fertilization treatments significantly increased
N P K content of forages and promoted nutrient uptakes. N P and K uptake amounts of sudangrass and ryegrass in
NPK treatment increased by 6.3 times 7.7 times and 7.0 times respectively when compared with that in CK and
NPK + Lime treatment increased by 6.5 times 8.6 times and 7.4 times and NPK + OM treatment increased by 6.2
times 9.2 times and 7.4 times respectively. The soil analysis results showed that the application of lime and OM in-
creased pH value in the acidic soil compared with that of CK and NPK treatments after the experiment. Based on NPK
treatment lime application increased soil available Ca by 20.7% and decreased soil available Fe and Mn by 26.5%
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respectively. Based on NPK treatment OM application improved soil available N P and K content signifi-
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= X
LSD NPK NPK + Lime NPK + OM
P <0.05 CK 14.7 15.8 15.5
NPK CK 7.1
2 NPK + Lime NPK 9.5% NPK + OM
2.1 NPK 17.2%
3
1 NPK NPK + Lime NPK + OM
CK 4.7 5.2 6.0
1 g/pot
Table 1 Effect of different fertilization treatments on fresh forage yield of sudangrass and ryegrass
Sudangrass Ryegrass
Treatment Ist 2nd 3rd Sum Ist 2nd 3rd Sum Total yield
CK 61.3 107.5 34.0 202.8+8.7 ¢ 11.5 22.5 29.9 63.9+6.9b 266.6+13.5 ¢

NPK 492.5 257.5 204.0 954.0+£134.8b 212.5 386.3  338.8 937.5+36.6 a 1891.5+145.4 b
NPK + Lime 483.8 282.5 295.5 1061.8+120.9ab 201.3  452.5 356.3 1010.0+48.0 a 2071.8+102.2 a
NPK + OM  562.5 383.8 279.7 1225.9+120.2a 226.3 478.8  285.0 990.0+93.9 a 2215.9+100.9 a

Note 1st 2nd 3rd 1 2 3 Ist 2nd and 3rd indicated 1st scythe 2nd scythe and 3rd scythe respec-
tively . P <0.05 Value followed by different letters in the same column indicated significant dif-
ference at P <0.05 level and the same symbol was used for other tables.

2 3.12:1~8.79:1

6.07:1~19.03:1

NPK NPK + Lime NPK + OM
CK 4.68 4.98 4.52

2
2
Table 2 Effect of different fertilization treatments on dry matter yield of sudangrass and ryegrass
Sudangrass g/pot Ryegrass g/pot

Treatment Dry matter yield Relative
Shoot Root Shoot Root g/pot value
CK 43.2+2.6b 13.9+2.6 ¢ 10.3+1.0¢ 1.7+1.1¢ 53.6+4.2b 100
NPK 161.3+34.1 a 18.4+7.5 be 129.0+6.0 a 14.8+0.7 a 290.3+35.6 a 468
NPK + Lime 182.9+27.7 a 28.9+8.1a 122.6+9.6 a 10.0£5.0b 305.6+37.8 a 498
NPK+OM  187.7+26.8 a 24.9+7.5 ab 94.7+8.8b 50x1.4c 282.4+24.8 a 452

2.2 N P
3 K
3 N P K NPK
NPK NPK + Lime NPK + OM CK NPK + OM P K N

N PK P K
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Table 3 Effect of different fertilization treatments on nutrient contents of sudangrass and ryegrass
Sudangrass Ryegrass
Nutrient Treatment Shoot Root Shoot Root
N CK 1.09+0.06 b 0.64+0.11 a 1.45+£0.17 b 1.51+£0.22 ab
NPK 1.15+0.15b 0.70+0.24 a 2.46+0.17 a 1.28+0.24 be
NPK + Lime 1.24+0.14 ab 0.50+£0.22 a 2.41+£0.09 a 1.12+0.16 ¢
NPK + OM 1.38+0.16 a 0.66+0.20 a 2.58+0.34 a 1.74+0.18 a
P CK 0.15+£0.01 ¢ 0.11+0.02 b 0.33£0.04 ¢ 0.25+0.03 b
NPK 0.19+0.03 b 0.14+0.03 ab 0.51+0.09 b 0.19+£0.04 b
NPK + Lime 0.20+0.01 b 0.13+0.01 b 0.57+0.07 b 0.27+0.05 b
NPK + OM 0.26+0.03 a 0.20+0.08 a 0.68+0.07 a 0.45+0.12 a
K CK 1.02+0.05 b 0.04+0.01 ¢ 2.21+0.07d 0.56+0.24 a
NPK 1.43+0.16 a 0.62+0.26 a 2.34+£0.05 ¢ 0.37+0.33 ab
NPK + Lime 1.35+0.13 a 0.40+0.19 ab 2.54+0.06 b 0.25+0.11 b
NPK + OM 1.47+0.19 a 0.30+0.13 be 3.18£0.11 a 0.50+0.16 a
2.3 NPK
4
N P K NPK P,05s K,O NPK
N P,05 K,O CK 7.3
8.7 8.0
4 g/pot
Table 4 Effect of different fertilization treatments on nutrient uptakes of sudangrass and ryegrass
Sudangrass Ryegrass
Nutrient Treatment The total amount
Shoot Root Shoot Root of nutrient uptake
N CK 0.47+£0.02 ¢ 0.09+0.02 b 0.15+0.02 ¢ 0.03+£0.02 ¢ 0.73+£0.02 b
NPK 1.84+0.40 b 0.12+0.03 ab 3.18+0.27 a 0.19+0.03 a 5.33+0.36 a
NPK + Lime 2.27+0.43 ab 0.14+0.04 ab 2.95+0.26 ab 0.11+0.03 b 5.46+0.17 a
NPK + OM 2.56+0.12 a 0.16£0.04 a 2.46+0.54 b 0.09+0.03 b 5.26+0.44 a
P,0s CK 0.15£0.01 ¢ 0.04£0.01 ¢ 0.08+0.01 b 0.01+0.01 ¢ 0.27+0.01 ¢
NPK 0.70+£0.12 b 0.06+0.02 be 1.50+£0.18 a 0.09+£0.01 a 2.34+0.31 b
NPK + Lime 0.85+0.16 b 0.09+0.02 ab 1.60+£0.12 a 0.06+0.02 b 2.59+0.29 ab
NPK + OM 1.11+£0.16 a 0.11+£0.05 a 1.46+0.14 a 0.05+0.01 b 2.74+0.23 a
K,O CK 0.53+£0.04 ¢ 0.01+£0.01 b 0.28+0.03 b 0.01+£0.01 b 0.82+0.05 ¢
NPK 2.74+0.34 b 0.12£0.04 a 3.63+£0.17 a 0.06+0.06 a 6.55+0.15b
NPK + Lime 2.96+0.26 ab 0.13+£0.03 a 3.75+0.21 a 0.03+0.02 ab 6.86+0.28 ab
NPK + OM 3.29+0.26 a 0.08+0.04 a 3.62+0.24 a 0.03+0.02 ab 7.03+£0.37 a
2.4 NPK + Lime
3 NH; -N
5 1 NPK pH NPK + Lime
pH CK NPK CK CK P
NPK + Lime NPK + OM pH P
2 NPK NPK + Lime
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CK + OM

Table 5 Effect of different fertilization treatments on soil nutrients

NPK  NPK

0 OM NH; -N Available P
Treatment p g/kg mg/L mg/L
CK 6.09+0.16 ¢ 6.00+0.82 a 15.89+4.43 a 5.69+0.61 ¢
NPK 5.94+0.10 ¢ 7.50+2.00 a 15.95+3.35 a 68.63+9.81 b
NPK + Lime 6.95+0.13 a 8.13+£2.39 a 10.36 +2.68 b 90.44+14.68 b
NPK + OM 6.48+0.08 b 6.63+x1.25a 13.70 £3.65 ab 154.85+31.06 a
Available K Available Ca Available Fe Available Mn
Treatment mg/L mg/L mg/L mg/L
CK 14.68+3.73 ¢ 917.34 £ 141.66 b 113.95+22.03 ¢ 17.70 +5.83 be
NPK 39.11+£8.45 ab 1094.18 £ 114.70 ab 215.69 £ 34.81 a 26.46+5.37 a
NPK + Lime 31.28+5.54 b 1320.63 + 306.47 a 158.49+12.51 b 15.56 +2.43 ¢
NPK + OM 4498 +11.73 a 1160.81 + 84.88 ab 191.38 + 28.59 ab 22.48+3.14 ab
NPK
3
CK 1.32 8.71
H+
10-11
9 pH
CK
NPK 6.1 12
NPK + Lime 6.8
NPK + OM 7.3 13
NP
K N P K
NPK 2.5% 10.9%
NPK CK 4.7%
14
NPK CK
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