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Abstract: Gleyed paddy soil is a major type of low yield paddy soil in hilly red soil region in south China. It
mainly results from the high groundwater level and poor drainage due to low topographical location. In ad-
dition, inappropriate management is another factor attributed to its formation. There has been much work
on the formation, physical and chemical characteristics,nutrient supply and amelioration of gleyed paddy
soil. However, very little information is available on changes in groundwater level and its effect on avail-
able nutrients in gleyed paddy soil. In this paper.yearly changes of groundwater level in waterlogged gleyed
paddy soil in a hilly red soil region and its effect on availability of soil nitrogen (N) and phosphorus (P)
were determined in field and laboratory studies.

Based on the differences of groundwater characteristic, topographical feature and gleying intensity of
soil formation, gleyed paddy soils in hilly red soil region can be classified into three major types: i.e. pap-
py gleyed paddy soil, cool gleyed paddy soil and grey gleyed paddy soil. From August 1997 to July 1999,
some observatory wells for measuring groundwater level in the three major types of gleyed paddy soils
were set up to study yearly change of groundwater level in a hilly red soil region in northern Hunan
Province, China. It was found that the groundwater level reached the highest during the rain season April
to August, and the lowest during January to March and September to December. between rainfall and irri-
gation.

There was a significant correlation between the height of groundwater level and monthly rainfall. Dou-
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ble early rice,which was grown from May to July.,was damaged more severely by high groundwater level
than double late rice ,which was grown from August to October.in waterlogged gleyed paddy soils. Based
on the characteristics of groundwater level change,gleyed paddy soils can be classified into two categories :
i. e. stable and unstable groundwater level. For the gleyed paddy soil with a stable groundwater level,
groundwater level remained above the plow pan or even reached the soil surface all the year round. Pappy
gleyed paddy soil can be included in this category. For the one with an unstable groundwater level, its
groundwater level changed more frequently with the change of rainfall, which could reach the cultivated
horizon or even the soil surface during the spring and summer season and drop to 70 cm below the soil sur-
face during autumn and winter season. Cool gleyed paddy soil and grey gleyed paddy soil can be included in
this category. It was suggested that different water management techniques should be adopted for each cat-
egory of gleyed paddy soil with different characteristics of groundwater level. A wetting irrigation tech-
nique is suitable for the gleyed paddy soil with a stable groundwater level,i. e. the cultivated horizon will be
kept saturated by minimum irrigation and free water layer in the field will be avoided during the whole pe-
riod of rice growth. On the other hand.for the gleyed paddy soil with unstable groundwater level ,wet-dry
intermittent irrigation technique should be applied.i. e. 20~ 30 cm water layer should remain in the field
before ear sprouting stage and the cultivated horizon will be kept wet thereafter.

Soil samples of cultivated horizon were taken around the observatory wells while the groundwater lev-
els were measured. Soil available N (alkali-hydrolyzable N),soil available P(Olsen-P) and different chemi-
cal forms of inorganic P(Al-P,Fe-P,Ca-P and O-P) were analyzed. Correlation analysis showed that avail-
able N and P in gleyed paddy soil were significantly positively correlated with the depth of groundwater
level G-, =0.79"" ,r,=0.82" " ,repectively) ,which demonstrated that the availability of N and P in gleyed
paddy soil decreased with groundwater level rising. According to the correlation equations,it is predicated
that soil avalilable N and P would decrease 7.6 and 1.1 mg/kg respectively if the groundwater level rises
10 cm. The groundwater levels not only influence the availability of soil N and P.but also affect the chemi-
cal forms of inorganic P. It was found that inorganic P in gleyed paddy soil was dominated by Fe-P and O-
P, which comprised 57 to 86% of the total inorganic P. However,both Fe-P and O-P were significantly pos-
itively correlated to the depth of groundwater level (+;=0.83"", r,=0.71"") in gleyed paddy soils,
which demonstrated that labile soluble Fe- I phosphate (Fe-P) and reduced soluble phosphate (O-P) de-
creased with groundwater level rising. A comparison between gleyed paddy soil and non-gleyed paddy soil
showed that the mean contents of Fe-P and O-P in gleyed paddy soils were 93.2 and 93. 7 mg/kg signifi-
cantly lower than those in non-gleyed paddy soils respectively.and the total content of inorganic P in gleyed
paddy soil was also markedly lower than that in non-gleyed paddy soil. Possibly.long-term reduction pro-
cesses in soil resulted in loses of labile soluble Fe I phosphate (Fe-P) and reduced soluble phosphate (O-
P) in gleyed paddy soil,and accordingly caused the decrease of P availability.

Key words : hilly red soil region; gleyed paddy soil; groundwater level; available nitrogen; available phos-
phorus; inorganic phosphorus
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Table 1 Monthly changes of groundwater levels in three ’ °

types of gleyed paddy soils

(cm) *
Depth of groundwater 70cm ’
Observation level to the surface % s “
time 1 5 3 (mm) ” s
/ ( y ¢ Y« Month .
Year/Month Cool Pappy Grey rainfall
gleyed soil gleyed soil gleyed soil °
1997 ' |
8 23.9 0 22.0 '
9 28.1 0 18.8 ’
10 41.5 12.0 30.8 ’
11 31.8 12.2 33.2 . 20~30cm
12 33.1 11.5 31.3 ’ °
1998 ; ( )
1 41. 8 15.2 41.0 64.9 )
2 40. 6 17.5 52.5 50.1 ,
3 37.0 10. 5 40. 5 207. 3 R
4 12.0 0 0 264. 1 \5~7
5 11.8 0 3.5 245.7 ,
6 14.5 0 8.5 475.8
7 28.4 0 7.5 379.9 ' ’
8 35. 6 1.0 8.7  115.7 '
9 50. 5 5.5 30. 8 38. 8
10 36.5 11.8 77.2 9.0 10 Y ’
11 49. 3 5.0 19.0 0.7 * ’
12 68. 3 17.0 47.5 20.1 °
1999 s s
1 61.2 12.0 54.5 25.8 ,
2 72.0 24.7 72. 4 2.1 R
3 61.2 12.0 54.5 106. 6 30cm .
4 16. 3 0 2.0 204.1 , .
5 24.2 0 2.0 288. 4 2.2
6 27.5 3.0 18.7 454.5
7 26.2 0 18.5 275.2 '
, . 1
* 3 XX \ 4~8 ,
The depth of ground water was the
mean of values which was measured three times monthly; ‘
The data of month rainfall was provided by Taoyuan Eco- ’ ’
logical Experimental Station, CAS ’
o s 1999
s 6 5 s s 6 15

s 58 44. 5cm, 5lcm, s
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’ Soil ¢ Sample Correlation Li lels -
- Soi s _inea s *
’ 6 15 ype numbers  coefficient fnear modets
’ v 19 —0.7608" * H=53.93—0.0939R
¢ 3 . 219 —0.6982" * H=13.26—0.0354R
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Table 3 Dynamic changes of soil nutrients in relation to Eg 3001
=8
L 2501
the depth of groundwater level to the surface &5 200}
(mg/kg) Date( /) (month/date) gﬂ :;g
Available nutrients  5/15 5/25 6/5 6/15 6/25 7/5 7/15 }HS 5ot
Q L
) 24.2 12.0 0 580 25.0 22.528.5 AP FeP O-P CaP BENP
Cool D (em) . Eﬂﬁﬁﬁ -
gleyed N2 28.0 25.0 24.6 79.0 25.3 31.4 22.0 pecies ol inorgame
Paddy soil P 8.0 6.4 7.0 12.5 7.5 10.5 11.0
Kv 121 78. 64.0 69.3 114 68.8 60 4
2.0 3.5 0 44.5 11.5 15.5 20.5 Fig. 4 Comparison of inorganic P contents between
(em) gleyed (1) and non-gleyed paddy soil (2)
N 28.8 20.0 24.1 55.0 41.0 18.8 31.0
. R R C 4, Fe-P(
Grey paddy P 5.6 4.4 87 11.5 7.5 80 8.5
soil K 82.0 81.0 75.0 83.2 83.2 61.6 63.5 )O-P( ) ’
570/ ~_ 0,
(DGroundwater level ;@) Available N ;@) Available P; 5700~ 86
0/, o ,
@ Available K 70% 5 Ca-P ( ) Al-P (
) s Fe-P  O-P
(r 0.8272"" 0.7129" " vn=9), s
, Fe-P  O-P 93.2(n=7) 93.7mg/kg(n=
7 1% (pep=05.28>>10.0=23.213 top=3.82>10.01=3.15);
C D, s s
b o
4 *

Table 4 Effects of groundwater level on contents of different inorganic P in paddy soil

(em) ALP Fe-P O-P Ca-P
) Depth of Total
Sollname - ndwater | (me/ke) () (mg/ke) 6 (mg/ke) () (mg/ke) () (o)
L 42 18.2 7.9 74.6 32.5 79. 8 34. 8 57.0 24. 8 229.6
38 16.7 7.6 66. 6 30. 2 99.1 44.9 38.2 17.3 220. 6
2 15 19.4 8.8 60. 8 27.6 76.0 34.5 63.8 29.0 220.0
12 27.5 11.7 58.3 24. 8 75.4 32.0 74.1 31.5 235.3
3 66 16. 2 4.6 68. 0 19.5 232.5 66. 7 31.7 9.1 348. 4
54 24.2 9.9 74.2 30. 3 106. 5 43.5 39. 8 16. 3 244.7
60 32.6 12. 2 63.8 23.9 108. 5 40.7 61.7 23.1 266. 6
2 90 48. 2 11.2 139. 6 32.4 177.5 41.2 65. 4 15.2 430.7
100 34.9 8.6 180. 1 44.5 152.0 37.6 37.3 9.2 404. 3
* 1998 10 25 . The depth of groundwater level

was measured on 25 Oct. 1998. Parent materials for all soils were Quaternary red clay. 1)Cool gleyed paddy soil,2)Pappy

gleyed paddy soil,3)Grey gleyed paddy soil,4)Non-gleyed paddy
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