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Some effects of inorganic fertilizer and recycled crop nutrients on
soil nitrogen supply and paddy rice production in the red earth

region of China
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Abstract: A field study was conducted at the Taoyuan Experimental Station of Agro-ecosystem
Observation, to investigate the long-term (9 years) effects of different fertilization systems on rice

productivity, nitrogen absorption by the crops at different growth stages and the nitrogen supplying
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capacity of soils in the red earth region of China.

The experiment had a total of ten treatments. (1) A control treatment ‘CK’, in which no fertiliser or
recycled crop nutrients were applied; (2) treatment ‘C’, in which crop nutrients were recycled but no
fertiliser was applied; (3) treatment ‘N’, in which nitrogen fertiliser (urea) alone was applied at N
262. 5kg/(hm?* * a) (pre-1997) and at N 182.3kg/(hm?* « a) (post-1997) with no recycling of crop
nutrients; (4) treatment ‘N-+C’, which was simply treatments N and C combined; (5) treatment ‘NP7,
which was treatment N plus P39. 3 kg(hm?® + a) as single-superphosphate; (6) treatment ‘NP+C’, which
was treatments NP and C combined; (7) treatment ‘NK’, which was treatment N plus K 197. 0 kg/(hm?

+a) (post-1997) as potassium chloride (K 137.0 kg/(hm?® « a) (pre-1997); (8) treatment ‘NP’, which
was treatment NK plus P 39. 3 kg/(hm? * a) as single-superphosphate; (9) treatment ‘NPK-+C’, which
was treatment NPK plus treatment C; (10) treatment ‘F-1/2C’, which was nitrogen. phosphorus and
potassium applied at rates N 121. 5 kg/(hm?* « a) (N 175.5 kg/(hm?* « a) (pre 1997), P 26. 2 kg/(hm?* « a)
and K 65.7 kg/(hm* « a) (K 45.7 kg/(hm” * a) (pre-1997), respectively, and only 1/2 the rice straw
recycled to the plots.

Each treatment had three replicates, which were arranged in fully randomized blocks. For the
treatments in which there was no recycling of crop nutrients, Chinese milk vetch was cultivated in winter
from 1990 to 1994 (but not after 1994) and the upper parts of the green manure harvested and removed
from the field before spring plowing. For the treatments in which there was recycling of crop nutrients
(C), Chinese milk vetch was cultivated in winter and ploughed into the field. Rice straw was also fully
returned to the field after harvesting and 80% of the full grains (50% after 1995) and all of the empty or
blighted grains were fed to pigs. and the pig muck subsequently spread on the field.

Soil samples were collected from all plots at seven growth stages: (1) prior to early rice
transplanting, (2) at transplanting-tillering, (3) at tillering-heading (4) at heading-maturity (5) at late
rice transplanting (6) at tillering-heading, (7) at heading-maturity. Multiple soil cores were taken from
each plot with an auger to a depth of 200mm and mixed to form composite samples. Fresh soil samples
were extracted with 2mol/L. KCl and analysed for mineral nitrogen (NOj3-N and NH;-N) by steam
distillation and titration. Soil moisture contents were determined to convert the nitrogen results to units of
nitrogen per kilogram of dry soil. Samples of rice plants were collected from each plot on the same dates
that the soil samples were collected. The samples were oven-dried at 80 C, milled, and analysed for total
nitrogen by the Kjeldahl digestion method.

Based on the soil mineral nitrogen results, the treatments can be divided into four different groups.
The lowest level of soil mineral nitrogen (14mg N/kg on average over all 7 samplings) was found in the
control treatment CK. The next lowest level (21mg N/kg on average over all 7 samplings), however,
encompassed the four full rate fertiliser treatments (N, NP, NK, and NPK), and also treatment C, in
which crop nutrients alone had been recycled and no fertiliser had been applied. This is interesting because
it implies that recycling of crop nutrients alone had supplied as much nitrogen as the full N application
rate. The second highest level of mineral nitrogen (N26mg/kg on average over all 7 samplings) was found
in treatment F+1/2C, in which only 2/3 of the N application rate had been applied and only half the straw
had been recycled. The highest level (N31mg/kg on average over all 7 samplings) was found in the three
treatments (N +C, NP+ C and NPK 4 C) in which the full N application rate had been applied in
combination with recycled crop nutrients (C).

The results of nitrogen uptake by the rice crops at the 6 different stages were somewhat different to

the soil mineral nitrogen results. At the tillering and heading stages., for both early and late crops,
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nitrogen offtakes in the three full N treatments with recycling (N + C, NP + C and NPK + C) were
significantly (P<C0.05) higher than those in any other treatments., whereas at the heading and maturity
stage nitrogen offtake in treatment NPK+C (N9. 72 kg/hm® for the early crop and N12. 98 kg/hm” for the
late crop) was the highest over all (P<C0.05). Total rice grain yield over both crops (9719kg grain/hm?*)
was likewise significantly greater in treatment NPK+C than in any other treatment. In keeping with the
soil mineral nitrogen results, however, treatments N, NP, NK and NPK had plant nitrogen offtakes and
rice grain yields for each crop which did not differ significantly from those in treatment C. Equally, in
treatment F+4-1/2C, nitrogen offtakes at maturity, (N5.61 kg/hm® for the early crop and N8. 30 kg/hm’
for the late crop), and rice grain yield for both crops (5259 kg grain/hm? for the early crop and 8644 kg
grain/hm’ for the late crop) were as great as those in treatments N, NP, NK and NPK.

In conclusion, full or partial recycling of crop nutrients provides a substantial level of nitrogen to
crops and significantly reduces the requirement for fertiliser nitrogen to achieve very reasonable total levels
of rice grain production over early and late crops (>=>8000kg grain/hm?). Alternatively, very high levels of
production (>>9500kg grain/hm?), and maximum profits, may be achieved by applying the highest rates of
fertiliser nitrogen, phosphorus and potassium in combination with nutrient recycling (C). However, such
high levels of nitrogen and phosphorus usage could be of detriment to the environment and to drinking
water quality.

Key words :recycling of crop nutrients; rice; soil mineral nitrogen; profits of rice production
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Fig.1 Content of soil available N on different growth stage of rice
1
Table 1 The amount of absorption N in different growth stage of rice (kg/hm?)
Early rice Late rice
Treatments Transplanting- Tillering- Heading- Transplanting- Tillering- Heading-
tillering heading maturity tillering heading maturity
CK 8. 54g 20. 95e 3. 35e 12.83g 40. 96f 6. 00fg
C 22. 80cd 42.52b 4. 00de 25. 60e 54. 08d 9. 36cd
N 11. 78 24. 65d 3. 56e 20. 481 48. 55e 4.61g
N+C 23.73cd 45.97a 5. 23cde 33. 37c 84.93a 11. 77ab
NP 22.30d 37. 38¢ 5. 16cde 29. 66d 55.02d 7. 36ef
NP+C 27.74b 46. 68a 6. 86bc 40.11b 79.53b 10. 45bc
NK 18. 54e 35. 08¢ 4. 39de 33. 00c 55.43d 6.01fg
NPK 23. 94cd 41.79b 7.37b 38.76b 64. 31c 7. 52def
NPK+C 31.07a 47.58a 9.72a 47. 40a 87.25a 12.98a
F+1/2C 25. 45bc 41.18b 5. 61bcd 33. 26¢ 65. 96¢ 8. 30de

(P =0.05) Different English letter of the same line indicate significant

difference among treatments (P=0.05)
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Table 2 The accumulation amount of biomass in different growth stage of rice (kg/hm?)
Early rice Late rice
Treatments Transplanting- Tillering- Heading- Transplanting- Tillering- Heading-
tillering heading maturity tillering heading maturity
CK 478e 2088e 1127¢ 1194f 31061 2512e
C 884c 4689abc 1448b 1760e 4520cd 2600de
N 561de 2341e 1383b 1533e 3867e 2601de
N+C 894c 4811ab 1440b 2646bc 5097b 3260a
NP 1090bc 3677d 1414b 2166d 4368d 2501e
NP-+C 1256ab 4569bc 1369b 2788ab 4908bc 2927bc
NK 817cd 3717d 1407b 2298d 4543cd 2348e
NPK 1212ab 4376¢ 1491ab 2839ab 4974b 2453e
NPK+C 1359a 4983a 1680a 3083a 5831a 3223a
F+1/2C 1049bc 4555bc 1688a 2430cd 5271b 2856¢d

(P=0.05) Different English letter of the same line indicate significant

difference among treatments (P=0.05)
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Table 3 Rice grain yield (1999) of different fertilization systems (kg/hm?)

CK C N N+C NP NP+C NK NPK NPK+C F+1/2C
2180¢ 3383ab 2075¢ 3400ab 3260ab 3225ab 2970ab 3605a 3435ab 3385ab
@ 3719 5027bc 3717e 5335b 4107de 5455b 4584cd 5428b 6284a 5259b
® 5899e 8410¢ 5792e 8735bc 7367d 8680bc 7554d 9033b 9719a 8644bc
(D Early rice,® Late rice,@) Annual; (P=0.05) Different English letter of

the same row indicate significant difference among treatments (P=0. 05)
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