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Absorption and apparent budget of nitrogen by direct-seeding rice cultivated in

aerobic soil with or without mulching
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Abstract: Rice production in aerobic soil with mulching is one of the most important cropping systems for water-saving
agriculture. In this system, the rice plant (not upland variety but traditional paddy rice variety with high yield potential) is
grown during whole growth stage in soil with water content being 70% ~90% of water holding capacity (WHC). The total
shift of the growth environment from traditional waterlogged to aerobic conditions greatly changes rice growth, i. e. the
characteristics of rice growth and development, the yield formation and the nitrogen forms that the rice takes up. The objective
of the present study is to determine the effects of direct-seeding rice cultivated in aerobic soil with mulching on characteristics
of nitrogen uptake and apparent budget to provide the basis for nitrogen management practices for rice cultivation in aerobic soil
condition.

A field experiment was carried out in sandy loam soil in Yancheng, Jiangsu province (33°27'N, 120°11'E) in 2001. There
were three treatments in rice cultivation in aerobic soil, including the soil being covered with plastic film (PF), with rice straw
(RS) and the soil without any mulching (B). The control for the experiment was the rice grown in waterlogged soil (W). The
main field experiment, which was subdivided into one waterlogged area and one large aerobic area, was constructed in a one-
factorial block design with three replications each treatment. The experimental block of waterlogged rice production was

separated from the aerobic block by a strong plastic foil vertically inserted into depth of 60 cm for hydrological isolation. After

(30070446)
:2003-10-17; :2004-12-10
(1980~), , . s o
* Author for correspondence, E-mail: qrshen@njau. edu. cn

Foundation item: National Natural Science Foundation of China (No. 30070446)
Received date:2003-10-17; Accepted date:2004-12-10

Biography: YIN Xiao-Yan, Master candidate ,mainly engaged in plant nutrition.



1576 24

sowing, plastic film was used to cover all surface of aerobic treatments to ensure seedling emergence. At the 3-leaf stage, the
plastic film was removed in RS and B treatments. The soil surface in RS treatment was then covered with semi-decomposed rice
straw (about 6000 kg dry straw/hm?). Two water tensionmeters with tips at 18 cm depth were installed in each plot to indicate
that soil water content was maintained round 75%~90% of water holding capacity (WHC), that is to say, as soon as soil
water content was lower than 75% ~90% of WHC, irrigation would be made immediately and then stopped when the water at
the soil surface reached the expected values. The "N sub-plots were laid out within each treatment and thus the application of
225 kg N/hm* (*’N-labeled urea with 2% "N abundance) was homogeneously added into soil by hand. Plant samples were
taken in "N sub-plots at four growth stages:maximum tillering, panicle initiation, heading and harvest of the rice plant. All
the samples were dried at 70 C for 72h after kept at 105 C for 20 min to stop the biological activity. Delta C continuous flow
mass spectrometer was coupled to Carlo Erba elemental analyzer 1108 by Conflo II interface to measure total plant N content
and "N abundance. Soil sampling at the depths of 0~20cm and 20~40cm from fields was done every two weeks during the
experimental duration. The soil mineral N (including NO; -N and NH, -N) was determined as follows: 0. 01mol/L CaCl, were
used as extraction on a horizontal shaker for 1h, and Nmin in the filtrate was analyzed by using a flow-analyzer (CFAAA3).
At the same time the soil water content of each sample was determined by oven drying.

Estimating of apparent budget of soil N (ABSN) was followed by Zhou Shun-Li’s method that was based on the balance of
available N to plant (including Nmin and fertilizer-N). ABSN= (Total amount of original Nmin + Rate of applied N)-(Total
amount of residual Nmin + Rate of uptake N by crop).

The main results of this study are as follow. Large nitrogen uptake and accumulation of rice plant cultivated in an aerobic
condition happened mostly during the later growing stage, while they occurred soon after transplanting stage in waterlogged
conditions. About 69.5% of nitrogen uptake by rice plants was from aerobic soil after the panicle-initiation (PI) process,
whereas the rate was only 51. 7% in waterlogged soil. A large amount of mineral N was accumulated in the surface layer in
aerobic conditions during the early growing stage of rice. As a result of irrigation and precipitation, the nitrate could be leached
into sub-layers and the mineral N concentration, for example, could be as high as 104 kg N/hm? in the layer of 20~40 cm in B
treatment. Thus there could be a possibility that soil mineral N would leach out of the root zones since rice roots were usually
distributed in the top 20 cm soil layer. On the other hand. a decrease of 57.7 kg N/hm? was found in surface layer in RS
treatment because of the immobilization by the semi-decomposed straw compared to B treatment at the time of one week after
tillering fertilizer application. This immobilized N could facilitate the uptake of N by the rice in the latter growing stage. The
estimated results of apparent budget of soil nitrogen (ABSN) indicated that surplus soil mineral nitrogen was found in the soil
of aerobic cultivation system from the seeding to the maximum tillering stage but after then the available nitrogen in soil
(inorganic-N - fertilizer-N) could not meet the requirements of the rice plants. During the whole vegetation period, the
average apparent surplus of soil nitrogen in aerobic treatments was 127 kg N/hm?*, which was due to the large nitrogen
fertilizer input during the early growing stage.

Key words :rice cultivation in aerobic soil with mulching; nitrogen uptake; soil mineral nitrogen; apparent nitrogen budget
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Table 1 Soil characteristics of experimental field before sowing

Bulk capacity pH Total N Organic matter NH/ -N NO3; -N
Soil depth (cm) (g/cm?) (0 (g/kg) (g/kg) (mg/kg) (mg/kg)
0~20 1.46 8. 42 0. 744 11.8 3.51 6. 90
20~40 1. 54 8.73 0. 581 7.8 1.67 7.48
1.2
( W), s 60 cm, 20 cm s
, s 6 m o ( PF). ( RS)
( B)3 s 3 . . 72 m*(12m X 6m) , (3m X
4m), (2m X 4m),"N 1. 8m X 2m X 0. 4m s 25cm 5 13 ,6 13
3 B) 9 s 2~3 s B s
. . 6000 kg hm ?;
o N 25c¢cm X 15¢m, 3 .
1.3
225 N kg/hm*, "N 2% N ( 10.3%
). . 3 4:3:3 .o 90 P kg/hm’ 90 K kg/hm?,
18cm o
( ) 90% s
1.4
s 0~20cm 20~40cm o s (7
18 ). (8 1 . (8 29 9 26 ) 1.8mX2m "N s s
"N ; s » g O3 4 8 s s
1.5
1.5.1 ,  2mm s ,  Smm 25. 00g
s 200ml 0. 0lmol/L.  CaCl,, 60min R (A A3 Continuous
Flow Analytical System ,Bran&.ILuebbe Inc Germany) o s
1.5.2 PN . PN ., Delta C Carlo Erba
BN .
1. 6
N Ndff (kgN/hm?*)= % NdIf X + % Ndff X s
Ndfs (kgN/hm?*) = — Ndfftol, (kg/m*) = X s Nmin
(kgN/hm?*) = X ; =( Nmin + )—(
Nmin + IEER
SPSS ANOVA , SSR .
2
2.1
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Table 2 Nitrogen accumulation rate in rice crop at different stages
Vegetative phase Vegetative-lag phase Reproductive phase Ripening phase Total
Treatment NAR® PNA® NAR PNA NAR PNA NAR PNA NAR
(kg/hm?) % (kg/hm?) % (kg/hm?) % (kg/hm?) %) (kg/hm?)
PF 59. 4b® 42. 9a 8. 0b 5.8b 55.4a 40. Oa 15.7b 11. 4b 138b
RS 20. 9¢ 15.5b 22. 8a 16. 9a 56. 3a 41. 8a 34. 6a 25. 7a 134bc
B 21. 2¢ 17.3b 20. la 16. 4a 61. 7a 50. ba 19. 3b 15. 7ab 122¢
w 86. la 48. 5a 16. 2ab 9. lab 53. 4a 30. 1b 21. 7ab 12.2b 177a
(DNAR . N accumulation rate ; @ PNA ; Percentage of N accumulated at different stages;3)

(SSR test, P<<0.05, n=3)Means followed by different letters on the same column indicate significant difference at 5% level by SSR test
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Fig.1 The changes of N absorbed from ""N-fertilizer(a) and soil(b) by rice plant in different treatments
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Fig. 2 The changes of soil inorganic nitrogen in different treatments in0~20cm(a), 20~40cm(b) soil layer

Error bars indicates += S. E. M, n=3; 1 Urea applied as basal fertilizer in upland rice 1T
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Table 3 Apparent budget of soil N at different stages of rice in different treatments (N kg/hm?)
Treatment Vegetative phase Vegetative-lag phase Reproductive phase Ripening phase Growth duration
PF 132 b* —8.1a —5.8ab —3.7 ab 98.4 b
RS 162 a —31.1 ab 11.4 ab —6. 4ab 135 a
B 156a —20.5 ab —9.7b 3.1a 147 a
W 128 b —56.8b 26.9 a —22.0b 75.6 ¢
* (SSR test, P<C0.05, n=23)Means followed by different letters on the same column indicate significant

difference at 5% level at SSR test
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