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ABSTRACT in the soil-water-plant system was measured. Approxi-
Residual effects of 15N-labelled fertilizer (ammonium sulfate) ni- mately O^-half to two-thirds of the applied N was

trogen were measured during the second cropping season of rice recovered in the aboveground portion of the crop (grain and
(Oryza sativa L.). During the first cropping season, labelled fertilizer Straw). The grain contained 31-37% of the applied N, the
N was applied at 100 kg N/ha using different methods of N straw contained 18-24% of the applied N, with the amount
application. At the end of harvest the rice straw obtained during the of fertilizer N remaining in the soil ranging from 26-27%
first cropping season was incorporated back into the respective plots. of the applied N.
During the second season half the plots were treated with an The isotopic fertilizer N was enriched enough (8.810
additional 100 kg N/ha of nonlabelled fertilizer N as an early season atom % 15N) to majntain jts identity in the soil during the
top dressing. The uptake of residual labelled N (that present in the following cropping season. The rice Straw was incorporated
native soil organic matter and in the incorporated rice straw) was u i • * »u ^ i * j •. . . . . , . , ' back into the respective plots, and a nee crop was grown onmeasured during the growing season and at harvest time under t, . , , . *;, , „^ . ' ,,n-,,^ ,
fertilized and nonfertilized conditions. the P^ts during the following year (1976) to determine the

The recovery of residual labelled N in grain and straw was 2.7 to Uptake of the residual fertilizer N. In addition, the effect of
3.1 kg N/ha, with a large fraction of N (34.3 to 40.1 kg N/ha) still additional nonlabelled N application on the release and
remaining in the soil. Approximately 3 to S kg of the residual labelled uptake of the residual labelled fertilizer N was also
N/ha present at the beginning of the season was not accounted for in examined.
any fraction and was assumed to be lost from the system. Over a 2-
year period, about 66 to 82% of the applied labelled fertilizer N could MATERIALS AND METHODS
be accounted for by plant uptake or in the soil with the remainder lost
from the plant-soil system. After harvest of the 1975 crop the rice straw was chopped into

5- to 8-cm pieces and incorporated back into the plots to a depth
Additional Index Words: stable isotope, residual fertilizer N, rice °f l°- to 15-cm' Efh PIot was provided with an aluminum

fertilization, rice straw incorporation, waterlogged soil, nitrogen barrier' At the time of '"corporation of the rice straw the moisture
s' Table 1—The amount of rice straw and nitrogen incorporated

_____________________ into the plots at the end of the 1975 growing season.

THE STUDY reported in this paper is a continuation of the Trea, ££$$£%£, ££? Tota. £S£&
± field experiment reported by Patrick and Reddy (1976). ment 1975 season incorporated nitrogen in the rice straw

In that study enriched 15N-labelled ammonium sulfate was metric tons/ha % kg/ha i^/hl
applied by different methods to field plots planted to rice .,
(Oryza sativa L.). At harvest the distribution of labelled N placement early in

the season 8.5 0.44 35.5 18.2
—————— B Half N applied at early

'Contribution from Laboratory of Flooded Soils and Sediments, Dep. of season + half Napplied
Agronomy, Louisiana Agric. Exp. Stn., Louisiana State Univ., Baton atmidseason 7.4 0.46 33.8 24.1
Rouge, LA 70803. This study was conducted cooperatively with Tennes- c All N applied at early
see Valley Authority, Soil and Fertilizer Research Branch, Div. of Agric. season 7.7 0.45 35.0 18.5
Develop. Received 10 May 1977. Approved 15 Dec. 1977. D No N applied (check) 3.\ 0.5416.7zResearch Associate and Professor, respectively. The senior author is —————————————————————————————————————————
presently working as post-doctoral research associate, Dep. of Biological t This does not include labelled N in roots of plants or that present in or-
and Agric. Eng., North Carolina State Univ., Raleigh, NC 27607. ganic matter pool.
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Fig. 1—The distribution of labelled N during the 1975-1976 growing
seasons. The points denote labelled N in the soil.

content of the soil was approximately field capacity. Table 1
shows the amount of rice straw applied to each plot, along with
the total and labelled N contents of the straw. Throughout the
course of the experiment, during both the cropping seasons and
the fallow season, soil samples were periodically obtained from
each plot, air dried, and stored in tightly sealed containers. These
soil samples were analyzed for total and labelled N.

In May 1976 the plots were planted with 'Vista' rice variety at a
rate of 90 kg/ha by drilling into rows 18 cm apart. The plots
received a basal application of 22 kg/ha P and 41 kg/ha K at
planting time. After seedling establishment (10 days after plant-
ing) two of the four plots of each treatment received 100 kg N/ha
of nonlabelled ammonium sulfate fertilizer as a surface ap-
plication. The plots were flooded 12 days after planting and were
kept under continuous flooding (7-10 cm) during the entire
growing period. Plant samples were obtained from each plot at
monthly intervals and analyzed for labelled N content. The
analytical procedures used in the experiment were the same as
those described by Patrick and Reddy (1976).

Laboratory Incubation
Soil samples collected from the field plots periodically before

planting of rice were incubated under flooded conditions in the
laboratory to measure the mineralization of the residual labelled
fertilizer N. Fifty grams of soil with an equal amount of water was
added to an 8-oz bottle. The bottle was then sealed with a serum
cap. Each of the bottles was purged with argon to create anaerobic
conditions. One set of these bottles was treated with ammonium
sulfate at a rate of 50 fig N/g of soil with the other set receiving no
added N. All of the soil samples were incubated in the dark at 30°

Plots not receiving
additional fertilizer N

Treatment Grain Straw

Plots receiving
additional fertilizer N
Grain Straw

At
Bt
c§
D1

2.74 ± 0.25
2.58 ± 0.09
2.88 ± 0.36
2.10 ± 0.45

3.24 ± 0.18 4.30 ± 0.04
3.35 ± 0.28 4.26 ± 0.31
3.53 ± 0.20 4.40 ± 0.36
2.85 ± 0.32 4.92 ± 0.38

7.34 ± 0.89
7.92 ± 0.45
7.52 ± 0.03
8.42 ± 0.18

t A: All N applied by deep placement.
j B: Half N topdressed at early season + half N at midseason.
§ C: All N topdressed at early season.
1D:NoN.

C for 30 days. At the end of incubation the soil samples were
extracted with 2N KCI. The extracted solution was analyzed for
ammonium N using steam distillation (Bremmer, 1965) and all
samples analyzed for labelled N using a mass spectrometer.

RESULTS AND DISCUSSION

Residual Labelled Nitrogen During Fallow Season
Between the First and Second Cropping Season

The distribution of residual labelled fertilizer N during
the growing season is shown in Fig. 1. After harvest of the
1975 rice crop of the total amount of labelled N present in
the soil (including the incorporation of rice straw) in
different plots ranged from 44-48 kg N/ha. During the
fallow period, changes in the residual labelled N content
were small at any given period. Although there was some
variation in the values of organic N, these were probably
due to sampling error. Only traces of labelled ammonium
or nitrate N (0.2 to 1.5 kg N/ha) were measured during the
fallow season, with a major fraction of residual N still
remaining in the organic form. The residual fertilizer N
present in the soil was derived from two different sources:
(i) labelled fertilizer N applied during first cropping season
(1975 growing season) incorporated into soil organic matter
and roots and (ii) labelled N in the rice straw obtained at the
end of 1975 cropping season that was incorporated into the
plots. With the incorporation of large amounts of rice straw
(7.4 to 8.5 metric ton/ha) containing low amounts of N
(0.44 to 0.46%), most of the inorganic N was rapidly
immobilized by the microorganisms during the decomposi-
tion of the rice straw. The original treatment effects in
these plots (where labelled N was supplied by different
methods of application in 1975) did not contribute any
significant differences in yield during the subsequent
season.

Yield of Dry Matter (Grain + Straw)
The yield of dry matter in 1976 (grain + straw) for the

various treatments is presented in Table 2. The grain and
straw yields were low in the plots receiving no additional
fertilizer N, while in the plots receiving 100 kg N/ha as an
early season top dressing straw yields were approximately
doubled. In the plots where no N was applied the plants
were apparently dependent on the N mineralized from the
organic fraction and the added rice straw. The grain and
straw yields were higher in all the plots receiving larger
amounts of rice straw (7.4 to 8.5 metric ton/ha) as
compared to the check plots where only 3.1 metric ton/ha
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„ 4 ' Treatment A Treatment B Treatment C Table 3—Mineralization of ammonium N during 30-day
| H Plots receiving no addition fertilizer anaerobic incubation of the soil samples obtained from
X ~~ . T the field plots before planting nee.H plots receiving additional fertilizer r . T I _____________________________^____~________________
U 3 " ^^ T rl-HM rl"l«lj» ife II p| IB N fertilizer added 50 ng/g Ammonium N added

I J.L T I | 1 I] Total Labelled Total Labelled
'Jj 2 • ]M I ! 1 Kl il Field plots ammonium N ammonium N ammonium N ammonium N

t j j if B I A 45-9 ± 2'2 3'7 ="= °'15 89'6 ±3'4 6'7 ="= °-22

l*lL 11 » J. I * ft H 9 B 46'3 ± 3'5 4'3 =*=0 '20 94'4 ± 4'5 5'7 * °'21

Ifl H ! ffl I « iHJ H H C 44-9 * 1-7 2-8 ="= °-09 92-2 ± 2-7 4-2 ="= °-18

jf y I jj j g I H H B D_______45.5 ± 4.8_____»_____90.7 ± 5.9_____-

40 70 11040 70 11040 70 TK>
Days after planting At the end of harvest the uptake of residual labelled N was

Fig. 2—The uptake of residual labelled N during 1976 growing season, approximately 2.2 to 3.1 kg N/ha in both grain and straw,
respectively. The accumulation of residual labelled N in

of rice straw was incorporated. This trend was reversed in d from M to 2 Q k N/ha> whereas in the straw
where both straw and fertilizer N were applied. This jt was Q 8 to 1 1 kg N/ha
indicates that more of the applied fertilizer N was im- A large fraction of the residual Jabelled N (34 3 to ̂
mobilized in the plots receiving high rates of nee straw as kg N/ha) stin remained in the soil at harvest time. This N

compared to check plots. was incorpOrated into soil organic matter and roots and was
present in a form unavailable to the plant. A balance sheet

Uptake of Residual Labelled Fertilizer Nitrogen for residual labelled N showed that about 25 to 5 l kg N/

Data on the uptake of residual fertilizer N by the rice ha was not accounted for in any fraction and was assumed
plant during the growing season under fertilized and to be lost from the system. As reported by Patrick and
nonfertilized conditions are shown in Fig. 2. Less than 10% Reddy (1976) for the first cropping season, the amount of
of the residual labelled N in the soil was utilized by the applied labelled N unaccounted for at harvest ranged from
following crop. Adding nonlabelled nitrogen fertilizer 15 to 25 kg N/ha. This amounts to a total loss of approxi-
slightly stimulated the uptake of the residual labelled N at mately 18 to 30 kg N/ha for the two cropping seasons,
most of the times of measurement, although the results are
not conclusive. A stimulation in release of organic N was CONCLUSIONS
observed in the laboratory incubation study where soil The results of this stud showed that me rdease of
samples obtained from the field plots prior to planting were residual labelled N to the aboveground portion of the crop
incubated anerobically for 30 days. The results of this was < 1Q% of the residual N t at lanti time Om
experiment reported m Table 3, indicate an almost twofold a small fraction of residual labelled N (2 2 tQ 3 4 R N/ha)
increase m the release of residua labelled N for the samples was accumulated in ain and straw at harvest time.
treated with additional nonlabelled fertilizer N, although Additional application of nonlabelled fertilizer N may have
the net release of residual labelled N was small, ranging slightly increased the uptake of residual labelled N Over a
trom 2.8 to 6.7 /Ag N/g of soil. 2-year period approximately 18 to 30% of the applied N

„ „ _ . , . , , . . , - , . was lost from the soil-plant system, with a major portion ofRecovery of Residual LabeUed Nitrogen the N logt durf the first cr • season The amount of
in the Soil-Plant System at Harvest Tune labe,led fertihzer N remaining in the soil after two cropping

The distribution of labelled fertilizer N added to the field seasons was 34 to 40 kg N/ha.
plots during the previous season (1975) in the soil-plant
system at planting time and at harvest time is presented in
Table 4. The total amount of residual labelled N present at
planting time in the plots ranged from 44 to 48 kg N/ha.
Approximately one-half of this N was derived from the rice
straw incorporated at the end of the 1975 growing season.

Table 4—Distribution of residual fertilizer nitrogen in soil-plant system at end of 1976 harvest as influenced by fertilizer N application.

Plots receiving no additional fertilizer Plots receiving additional nonlabelled fertilizer

Treatments Treatments ____

Labelled N fraction____________________A__________B__________C__________A__________B__________C_____

——————————————————————————————— kg/ha ———————————————————————————————
N present at planting 44.2 ± 3.0 43.1 ± 2.1 42.9 ± 2.4 44.1 ± 3.0 43.2 ± 3.6 48.3 ± 6.1
N in rice plant at harvest 2.2 ± 0.16 2.9 ± 0.2 2.9 ± 0.35 2.7 ± 0.3 2.9 ± 0.24 3.1 ± 0.24

grain 1.4 ± 0.1 1.9 ± 0.1 2.0 ± 0.3 1.6 ± 0.1 1.8 ± 0.2 2.0 ± 0.2
straw 0.8 ± 0.06 1.0 ± 0.2 0.9 ± 0.05 1.1 ± 0.2 1.1 ± 0.04 1.1 ± 0.04

N remaining in soil (roots + soil) 38.5 ± 0.5 36.2 ± 1.2 36.5 ± 0.48 34.3 ± 1.52 37.7 ± 0.78 40.1 ± 0.76
Total N measured 40.7 ± 3.6 39.1 ± 4.7 39.4 ± 6.7 37.0 ± 4.8 40.6 ± 4.3 43.2 ± 6.9
N unaccounted for at end of season 3.5 4.0 3.4 7.0 2.5 5.1
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