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Effects of ridge and box cultivation on rice roots and soil fertility
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OUYANG Ning*?, LONG Pan*?, XU Ying*?, FU Zhigiang**"

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Ministry of Education,
Scientific Observation and Experimental Station of Crop Cultivation in Central China, Changsha, Hunan 410128, China)

Abstract: To investigate the effects of three cultivation methods(ridge cultivation, box ditch cultivation, flat
cultivation(conventional)) on rice root characteristics, soil fertility and rice yield, we performed a field plot experiment in
Liuyang City, Hunan Province by use of Zhongjiazao 17(early rice season) and Taiyou 390(late rice season). The results
showed that compared with flat cultivation, ridge cultivation had more of the total root length and root surface area from
booting stage to full heading stage of late rice season, which were 49.43%, 46.13% and 52.14%, 36.90% respectively.
The total root length and root surface area at the peak tillering stage in the late rice season were fewer by 33.75% and
31.39%, respectively. The ridge cultivation increased root bleeding volume from booting stage to full heading stage in
early and late seasons by 73.31%, 101.14% and 92.81%, 52.22% respectively. Meanwhile, compared with flat cultivation,
the ridge cultivation significantly increased soil urease activity in early and late rice fields as well as the content of
organic carbon in 0-20 cm soil layer in early and late season. The box cultivation significantly decreased the content of
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organic carbon in >5-10 c¢cm soil layer in late season with no significant difference in total nitrogen content in 0-10cm soil
layer of rice fields in early and late rice seasons. In >10-20 c¢cm soil layer of late rice season, flat cultivation owned the
highest total nitrogen content, which was significantly higher than that in other treatments(47.22%-55.88%). In addition,

ridge culture could increase the ratio of carbon and nitrogen in the >5-20 cm soil layer of late rice season and the effective

panicles and total grains per panicle in early and late rice seasons, while the box cultivation increased the total grains per

panicle in early and late rice seasons resulting the increased yield. In conclusion, the ridge cultivation was in favor of

increasing the soil fertility of rice fields and the yield of double cropping rice.

Keywords: rice; ridge cultivation; box cultivation; soil enzyme; root characteristics
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Table 1 Total root length and root surface area of double cropping rice by the studied three cultivation methods

B9l dh B K /em MR AYem?
Sy BERRIY 2P SR SYBERE 2P FERIY)
W FE 187.6731.08 (242.87+26.43)b  (457.06245.38)a 92.37+3.75 133.42+21.30 157.56+17.77
ZEE 206.15+36.07 (362.21+23.55)a  (423.07+47.04)a 107.12+16.13 149.65+2.90 168.18+20.92
FifE  179.26+7.57 (276.17£52.17)b  (245.13+30.77)b 86.39+10.33 136.27+31.47 149.08+27.99
Wifd FYE  (626.22+104.04)a (538.45+£51.84)b  (709.15+125.56)b  (394.99+#56.51)a  (211.12+23.89)b  (239.30£33.71)b
ZEfE  (512.98x64.37)ab (804.61£20.64)a (1036.26+44.16)a (306.02+54.41)ab  (321.19+14.56)a  (327.61%14.17)a
JAE  (414.89243.69)b  (792.69+13.17)a  (774.54£53.11)b (271.02424.73)b  (294.20+17.88)a  (255.44+27.81)b
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Table 2 Average root diameter and root volume of double cropping rice by the studied three cultivation methods

=5 fhsm _ ?ﬂ*ﬁﬁﬁ/mm A _ ?Fﬁﬁiﬁlcﬁ A
43 B 2P FrAE SrEERI 2P FEE

T Fg AR (0.960.03)ab 1.39£0.21 1.10£0.03 7.32£0.70 7.65+2.79 (8.65+1.14)ab
&4k (1.0520.03)a 1.3240.11 1.28+0.01 8.34+1.06 9.96+1.02 (10.72+1.48)a
JRfE (0.930.08)b 1.57+0.19 1.2240.17 6.66+1.37 10.80+3.33 (5.86+2.14)b

W As AR 1.01+0.09 1.25+0.19 1.08+0.07 9.98+1.64 (6.69+1.70)b 6.450.80
2&fF 0.93+0.03 1.29+0.04 1.0020.06 7.37+1.73 (10.380.99)a 8.34+0.78
JRAfE 1.0520.14 1.19+0.05 1.02+0.06 7.13+1.43 (8.720.92)ab 6.79+1.23

I 25 [ 51 KI5 AN [R] - B e Ak B ] ) 22 5 e i 7 L (P<0.05).
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Table 3 Root bleeding intensity of double cropping rice by the studied three cultivation methods mg/h
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Fig.1 Soil enzyme activities in double cropping rice by the studied three cultivation methods
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Table 4 Soil carbon and nitrogen content in different soil layers in early and late seasons by the studied three cultivation methods
5| 4 AR (9kg™) SRERNgkg™ AL
0~5cm >5~10 cm >10~20 cm 0~5cm >5~10cm >10~20cm 0~5cm >5~10 cm >10~20 cm
FAE FAE (16.9140.14)c  (16.69£0.59)c (13.64+0.28)b 1.99+0.10 1.50+0.07 1.48+0.63 (8.51+0.50)b  11.13+0.90 10.47+4.60
ZE4E (18.18+0.21)b (19.10£0.27)b (17.37+0.35)a 1.86+£0.19 1.85+0.20 1.82+0.25 (9.82+£1.03)b  10.40+1.06 9.64£1.33
JfE (20.15+0.14)a (21.17+0.44)a (18.45+0.86)a 1.67+0.17 1.77+0.25 1.70+0.07 (12.18+1.39)a 12.11+1.69 10.86+0.90

WeFE TF (18.48£0.49)b (17.5620.24)b (15.61#0.33)b  1.92+0.64 2.12+0.43 (2.12:0.40)a 10.43+3.74  (8.51+1.59)b (7.54+1.45)b
J2fE (19.72+0.05)a (19.32+0.09)a (19.16+0.28)a  1.96+0.35 1.52+0.30 (1.44+0.20)b 10.29+1.76  (13.11#3.03)a (13.44+1.73)a
JRIfE (20.34+0.61)a (12.59+0.05)c (15.92+0.46)b  1.77#0.25 1.73x0.10 (1.36+0.13)b 11.67+1.83  (7.28+0.46)b (11.82+1.26)a

[7) 2 [ 3 K00 i AN [ = B s Ak B ) ) 22 5 e 12 7 L (P<0.05),
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Table 5 Yield and its components of double cropping rice by the studied three cultivation methods

FH AE AREEU(x10Mhm?) BRI L5 % TRIFRG  EUSFER/(Chm?) SRR R (thm™)

g PE (342.20£32.9)b 107.91+13.37 72.20%5.42 25.410.53 (6.75+0.99)b 5.43+1.07
2EfE (500.10+15.6)a 120.24+5.87 65.05+9.51 24.98+0.67 (9.72+0.98)a 7.07£1.10
JrifE (442.20+38.6)a 113.04+3.56 61.88+4.82 24.67+0.43 (7.61£0.51)b 5.72+0.80

U 421.50+74.9 117.67+13.35 68.99+3.14 26.02+0.56 8.85+1.53 6.51+1.22
2EfE 441.70£22.7 129.68+29.41 64.60+3.47 25.36+1.13 9.32+1.81 7.2142.03
JRifE 385.90+30.4 137.30+10.98 66.36+3.52 25.3620.61 8.92+1.22 7.07+1.23

I7i) 2 [ B KA 5 AN [R) - B e Ak B D ) 22 57 e i 72 L (P<0.05).,
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