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Abstract 

An optimal use of organic composts derived from animal and food wastes could provide an opportunity to achieve 
both sustainable crop production and soil quality, and a lot of research has provided the evidence. The nitrogen use 
efficiencies (NUEs) is a definition to evaluate the interaction between crop and nitrogen (N), and, due to this reason, 
widely used in agriculture. The current work tried to evaluate NUEs as an indicator of N acquisition capacity and physi‑
ological responses of rice grown under varying N levels. To do this, we employed different types and rates of nitro‑
gen source, chemical fertilizer, livestock manure-based compost and food waste and livestock manure-containing 
compost. Despite of the enhanced rice growth and yield by fertilization, a difference by types and rates of fertilization 
was not observed. Net photosynthetic rate was significantly higher in the treatments of 90–317 N kg ha-1. The NUE (N 
uptake efficiency × N utilization efficiency) was the highest in lower N application groups, and sharply reduced with 
an increase in fertilization rates. In contrast, the nitrogen harvest index (NHI, grain N/total biomass N, kg kg-1) showed 
higher (0.71– 0.76 kg kg-1) in greater N application treatments (≤ 317 N kg ha-1). Accordingly, in terms of NUE, our 
result suggest that rice may be affordable of the application of less than 300 kg N ha-1 (combination with chemical 
fertilizer and organic compost). Nevertheless, it should be investigated how excess N application affects soil quality, 
and how long rice plant and soil can accept excess N without an environmental load.
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Introduction
An increasing global population has pushed the demand 
of more food, and thus enhancing crop production 
including rice is an uprising task, which is globally facing. 

The conventional farming greatly depending on chemical 
fertilizer input has been double-sided; yield increase but 
environmental concerns such as soil degradation, biolog-
ical diversity, and etc. [4, 21]. Scientific literature refers 
to differently definition of food loss and food waste; the 
former is frequently defined as waste materials occur-
ring from post-harvest to pre-consumption by human 
and animals [11], and the latter indicates food loss occur-
ring at the retail and final consumption [24]. Based on 
the FAO report, an approximately 32% of all food pro-
duced in the world occupied as a loss and waste in 2009 
[3, 14]. Organic composts which are derived from ani-
mal and food wastes have widely and consistently used 
in an agricultural sector with extensive purposes such 

*Correspondence:
Taek‑Keun Oh
ok5382@cnu.ac.kr
Yoon‑Sup So
yoonsupso@chungbuk.ac.kr
1 Department of Crop Science, College of Agriculture, Life 
and Environment Sciences, Chungbuk National University, 
Cheongju 28644, Korea
2 Department of Bio‑Environmental Chemistry, College of Agriculture 
and Life Science, Chungnam National University, Daejeon 34134, Korea

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13765-022-00766-y&domain=pdf
http://orcid.org/0000-0002-0758-6644
http://orcid.org/0000-0003-0215-0427


Page 2 of 8Sung et al. Applied Biological Chemistry            (2023) 66:4 

as not only the promising crop production as an alterna-
tive source but also the improvement of soil quality, car-
bon sequestration and environmental issues   [2, 16, 18]. 
With more food demand throughout the world, mineral 
nutrition become the most important factors limiting 
crop productivity. Of those, nitrogen (N) contributes to 
crop growth and development due to its position requir-
ing the large amount for crop production. In context of 
N application, an importance of improved nitrogen use 
efficiency (NUE) has raised up for few decades, and was 
proved by the response in upland and paddy rice [9] with 
minimizing potential losses into the environment [9, 10]. 
As a measure evaluating the maximum yield per unit of 
N applied, absorbed or utilized by crop plants, the NUE 
has been classified with various aspects like agronomic 
efficiency, physiological efficiency, agro-physiological 
efficiency, apparent recovery efficiency and utilization 
efficiency [25, 26]. Rice (Oryza sativa L.), which is one 
of the most consumed food crops, covers 11% of global 
arable land [19] and occupies more than half of total 
agricultural land in South Korea [20]. It means that rice 
paddy might be a great opportunity as a place that the 
fertilization sources including food waste with an appro-
priate process could be used to ensure enhanced rice 
yield and nutrient use efficiency. Ding et al. [7] explained 
advantages of organic resources as an alternative and/or 
additive to chemical fertilizer in rice production system, 
not only yield increase but also improved nitrogen use 
efficiency (NUE). An advanced N management has been 
scientifically and practically demonstrated by an optimal 
rate of chemical fertilizer [5], side-deep application [32], 
slow-release fertilization  [31] and organic compost input 
[16].

Accordingly, in order to pursue simultaneously both 
promising yield and enhanced NUE, the development 
of a practical recipe with an optimal combination of 
chemical fertilizer and organic composts is required due 
to wider application of both nutrient sources for rice 
production. However, based on the law of diminishing 
return, it is unclear how much both fertilizer sources are 
the optimal level for suitable rice production. Therefore, 
an objective of the current work was to determine the 
effects of additional food waste-livestock manure com-
post (FW-LMC) fertilization on NUE and yield of rice. 
To take our goals, we examined growth, photosynthesis, 
yield and NUE from the Saechucheong cultivar (nation-
wide cultivated).

Materials and methods
Experimental site and weather information
The experiment was performed at the experimen-
tal station of Chungbuk National University (CBNU), 
Cheongju, South Korea (36°37′25″ N, 127°27′14″ E, 61 m) 

during growth season (May to October) in 2019. Soil 
physicochemical properties were overall lower than RDA 
recommendation except soil texture and pH (Table  1). 
During an experimental period, the ranges of mean max-
imum and minimum temperature were 20.0 – 31.7 °C and 
9.5 – 24.7 °C, respectively. The rain fall was 1190 mm and 
the average of relative humidity was 61 – 79% (Table 2).

Experimental setup
The size of each plot located in the experimental sta-
tion in CBNU was 16.0  m (width)  × 3.6  m (length) 
and the plots were arranged in a randomized block 
design with 3 replications. The experimental field was 
flattened prior to the application of fertilizer sources. 
The study consisted of nine treatments and the type 
and rate of fertilization sources was as follows: NF - 
No N fertilizer; SF − 100% Chemical fertilizer (CF) of 
standard fertilization; SDF − 100% CF of soil diagno-
sis fertilization; SDF + LMC1 − 3 – SDF + 100 (1 ton/
ha), 150 and 300% livestock manure compost (LMC); 

Table 1  Physicochemical properties of soil used in this study

+ Sum of nitrate-N and ammonium-N

Property Unit Data Recommendation

Sand (%) 68.3 –

Silt (%) 11.0 –

Clay (%) 20.7 –

Soil texture USDA Sandy loam Loam–Silt loam

Bulk density Mg m−3 1.35 –

pH 1:5 5.6 5.5–6.5

EC ds m−1, 1:5 0.3 –

Inorganic-N+ mg kg−1 5.6 –

Available P2O5 mg kg−1 22 80–120

Organic matter g kg−1 8.3 20–30

K+ cmol( +) kg−1 0.2 0.2–0.3

Ca2+ cmol( +) kg−1 3.8 5.0–6.0

Mg2+ cmol( +) kg−1 1.2 1.5–2.0

CEC cmol( +) kg−1 10–15

Available SiO2 mg kg−1 83  > 157

Table 2  Weather information during an experimental period

Month Temperature (°C) Rainfall (mm) Relative 
humidity 
(%)Maximum Minimum

May 26.9 13.8 20.3 48

June 28.3 18.5 82.5 64

July 30.3 22.8 204.8 72

August 32.2 23.9 80.5 70

September 27.1 19.1 155.1 72

October 21.6 12.2 84.3 67
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and SDF + FW-LMC1 − 3 − 100, 150 and 300% compost 
including food waste and livestock manure (FW-LMC). 
The detailed recipe was described in Table 2. The seeds 
of rice (Oryza sativa L. cv. Saechucheong) after an 
imbibition for 48  h were grown in a plastic container, 
and the uniformly growing 20-days-old seedlings were 
transplanted with a planting density of 12 cm (between 
hills, 4 plant hill− 1) × 20 cm (row). The recommended 
rates of standard and soil-testing of NPK (urea for N; 
superphosphate for P; potassium chloride for K) was 
90:45:57 and 87:78:28  kg ha− 1, respectively, at 3 days 
before transplanting. Two types of organic fertilizer, 
livestock manure compost (LMC) and the mixture of 
processed-food waste and livestock manure compost 
(FW-LMC) were applied with 10 (100%), 15 (150%) and 
30 (300%) Mg ha− 1 as a basal dose at 15 days before 
transplanting, and an additional dose of N and K was 
equivalent to soil-testing recommendation. Nutri-
ent contents and total applied amount were shown in 
Table 3. Nitrogen was applied with three splits (58% as 
basal, 22% at tillering, and 22% at panicle initiation), 
potassium with two splits (70% as basal and 30% at 
panicle initiation). The rice cultivation practices such as 
irrigation, insecticides and herbicides followed a rural 
development administration (RDA, Korea) guide.

Growth, yield and yield components
Similarly grown rice plants were taken from each treat-
ment at tillering for the measurement of tiller and 
biomass production (dry weight). These samples were 
oven-dried at 80  °C for further analysis. After har-
vest, the yield components such as number of panicle 

(hill− 1) and spikelet (panicle− 1), ripening rate (%) and 
1000-grain weight were measured to estimate yield 
(unhulled and hulled).

Photosynthetic performance
Fully expanded leaves were selected for photosynthesis 
parameters, net photosynthetic rate (Pn), transpiration 
rate (E), stomatal conductance (gs) and intercellular CO2 
content (Ci) at tillering and heading stages (n = 4). The 
measurements were performed between 10:00 and 14:00 
of a sunny day to minimize an interference of environ-
mental variables such as light intensity (800–1200 µmol 
m− 2 s− 1) and temperature (25–30 °C).

Concentration of mineral nutrients
The powdered straws and grains (500  mg, DW) were 
mixed with 5 mL of 368 mmol− 1 L salicylic acid in 84.7% 
sulfuric acid (H2SO4, v/v) for 24  h and wet-digested at 
300 °C for 6 h, followed by the addition of several drops 
of hydrogen peroxide (H2O2). The extract was transferred 
to a 100 mL volumetric flask and diluted to 100 mL with 
deionized water for the mineral assays. N was determined 
using an automatic flow injection analyzer (Bran + Lube, 
Germany). P was measured using the molybdate-blue 
colorimetry method (UV-2450, Shimadzu, Japan). The 
cations, K, Ca, Mg, Fe, Cu, Mn and Zn, were measured 
using an ICP-OES equipment (INTEGRA XMP, GBC, 
Australia) according to the manufacturer’s manual.

Nitrogen use efficiencies (NUEs)
The NUE was calculated by using the following formu-
las [15]. NUE, NUpE × NUtE (grain yield/fertilized N); 
N uptake efficiency (NUpE), acquired N/fertilized N; N 

Table 3  Fertilization recipe for each treatment

+ LMC (DW-based N, 1.32%; P, 0.63%, K, 1.86%), FW-LMC (DW-based N, 2.30%; P, 0.65%, K, 0.80%)
++ 100% of LMC (N-P-K = 132-63-186 kg/ha), 100% of FW-LMC (N-P-K = 230-65-80 kg/ha)

Treatment Chemical fertilizer (kg ha− 1) Organic compost (Mg ha− 1) Input (kg ha− 1)

Urea Super phosphate KCl Livestock 
manure

Food waste-
livestock 
manure

N-P-K

Basal Tillering Heading Basal Basal Heading Basal Basal

NF 0-0-0

SF 50 20 20 45 40 17 90-45-57

SDF 49 19 19 78 20 8 87-78-28

SDF + LMC1 49 19 19 78 20 8 10 219-141-214

SDF + LMC2 49 19 19 78 20 8 15 285-173-307

SDF + LMC3 49 19 19 78 20 8 30 483-267-586

SDF + FW-LMC1 49 19 19 78 20 8 10 317-143-108

SDF + FW-LMC2 49 19 19 78 20 8 15 432-176-148

SDF + FW-LMC3 49 19 19 78 20 8 30 777-273-268
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utilization efficiency (NUtE), yield/acquired N (assimila-
tion of plant N to produce grain); Nitrogen harvest index 
(NHI), grain N accumulation/total N accumulation in 
aboveground biomass (e.g., grain + straw).

Statistical analysis
Analysis of variance was conducted to test the differ-
ences in physiological and agronomic traits of rice using 
a statistical program (SAS ver. 9.4). Data were analyzed 
in a randomized block design using one-way ANOVA, 
and, if p < 0.05, were subjected to Duncan multiple range 
test (DMRT) to detect significant differences among the 
means.

Results
Growth, photosynthesis and mineral nutrients of rice 
plants
Biomass (dry matter) production, photosynthesis and 
mineral uptake are major factors to determine rice 
growth and economic yield. The tillers measured at the 
tillering stage remarkably increased with mineral sup-
ply, whereas the type and rate of fertilization didn’t show 
a significant difference (Fig.  1a). All treatments except 
SDF + LMC2 showed significantly better growth (dry 
weight, g hill− 1) than the control (NF) (Fig.  1b). The 
highest biomass was observed in SDF + FW-LMC2 treat-
ment, which resulted in 41.5 ± 0.7 g hill− 1, compared to 
the control (27.1 ± 1.2  g hill− 1). Photosynthetic param-
eters including intercellular CO2 concentration (Ci), 
net photosynthetic rate (Pn), transpiration rate (E) and 
stomatal conductance (gs) were measured at the tiller-
ing and heading stages (Fig.  2a–d). The Ci was not dif-
fered from the treatments at both growth stages. The Pn 
was not significant between treatments at the tillering, 

while at the heading stage, Pn was significantly greater in 
SF (90 N kg ha− 1), SDF + LMC2 (285 N) and SDF + FW-
LMC1 (317  N), which ranged from 10.6 to 12.3 µmol 
(CO2) m− 2 s− 1. The differences in E and gs, which are an 
indicator of stomata activity were variable with growth 
stage and treatments, while SDF + FW-LMC1 (317  N) 
showed the significantly higher levels compared to the 
control and other treatments (Fig. 2c, d). Macro nutrients 
including nitrogen (N), phosphorus (P), potassium (K), 
calcium (Ca) and magnesium (Mg) measured from rice 
straw were significantly differed among the treatments 
at the harvesting stage (Table  4). In a straw, compost 
application (T7-9, SDF + FW-LMCs) containing food 
waste resulted in a higher concentration of TN, P2O5, 
K2O and MgO compared to the control, while CFs and 
LMCs treatments rarely contributed nutrient accumula-
tion. On the contrary, an abundance of mineral nutrients 
except P2O5 in a rice grain was not affected by the type 
and rate of fertilization. The highest P2O5 concentration 
in a grain was observed in SDF + FW-LMC2, followed by 
SDF + FW-LMC1 and SDF + LMC3.

Yield, yield attributes and NUEs
Chemical fertilizer and/or organic compost application 
had a significant effect on yield and yield components 
of rice (Table 5). The highest grain yield (4982 – 6549 kg 
ha− 1, hulled) was observed in all fertilization treatments, 
which indicated 35% higher compared to the control. 
The fertilization, regardless of the type and rate of fer-
tilization, greatly contributed an increase in panicles, 
spikelets and filled grain, while 1000 grain weight was 
not obvious. Compared to the control, panicle, spike-
lets and filled grain from all treatments were enhanced 
by 12, 11 and 6%, respectively. The NUE as an indicator 

Fig. 1  Comparison of tillers (per hill) and shoot growth and at the tillering stage affected by varying types and rates of fertilization. Rice plants were 
taken with three replications (3 plants/repeat). Different letters mean a statistical significance at 0.05 (n=4)
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Fig. 2  Photosynthetic performance at tillering and heading stages affected by varying types and rates of fertilization. Rice plants were taken with 
three replications (2 plants/repeat). Different letters mean a statistical significance at 0.05 (n=4)

Table 4  Mineral nutrients (g kg− 1) in straw and grain of rice grown under different types and rates of fertilization at harvesting stage

+ NF (No N fertilizer), SF (100% CF – Standard fertilization), SDF (100% CF – Soil diagnosis fertilization), SDF + LMC1 − 3 (SDF + 100, 150 and 300% LMC), 
SDF + FW-LMC1 − 3 (SDF + 100, 150 and 300% FW + LMC).

Treatment Straw Grain

T-N P2O5 K2O CaO MgO T-N P2O5 K2O CaO MgO

NF 5.5c 1.8c 23.4c 4.6ns 1.5c 10.6ns 4.9 cd 3.5ns 0.4ns 1.7ns

SF 4.9c 2.1c 28.7b 4.6 1.5c 12.5 5.6bcd 4.8 0.4 2.3

SDF 4.8c 1.8c 28.4b 4.0 1.7c 11.1 4.6d 3.8 0.4 1.8

SDF + LMC1 5.0c 1.9c 27.5bc 4.5 1.7c 12.6 5.7bc 5.6 0.5 2.7

SDF + LMC2 4.8c 2.0c 27.2bc 5.1 1.5c 11.5 5.8bcd 4.4 0.4 2.0

SDF + LMC3 5.5c 1.9c 26.2bc 4.4 1.8c 13.0 6.8ab 4.6 0.4 2.3

SDF + FW-LMC1 6.2c 1.7c 29.6b 5.0 2.5b 14.2 6.0b 6.1 0.5 2.7

SDF + FW-LMC2 8.2b 2.1b 29.0b 4.6 2.3b 11.8 7.7a 5.1 0.4 2.3

SDF + FW-LMC3 10.9a 2.8a 40.5a 4.7 3.7a 13.9 4.6d 3.9 0.4 1.7

 F-value 14.78 9.25 9.3 0.32 30.91 2.8 6.08 1.1 0.77 1.23

Table 5  Yield and yield components of rice affected by different types and rates of fertilization

+ NF (No N fertilizer), SF (100% CF – Standard fertilization), SDF (100% CF – Soil diagnosis fertilization), SDF + LMC1 − 3 (SDF + 100, 150 and 300% LMC), 
SDF + FW-LMC1 − 3 (SDF + 100, 150 and 300% FW + LMC).

Treatment Yield (kg ha−1) Tiller per hill Grains per panicle 1000 grains weight
(g)

Ripening rate
(%)

Unhulled Hulled

NF 5860 ± 351b 4336 ± 259b 15.1 ± 0.4d 80.9 ± 3.4d 24.4 ± 0.1 ns 89 ± 3d

SF 7819 ± 802a 5786 ± 593a 16.0 ± 0.6bcd 90.3 ± 2.3abc 25.4 ± 0.6 97 ± 2a

SDF 7917 ± 503a 5858 ± 372a 17.1 ± 0.8abc 88.9 ± 1.1abcd 24.7 ± 0.2 96 ± 1abc

SDF + LMC1 7392 ± 270a 5470 ± 200a 17.0 ± 0.1abc 84.1 ± 2.5 cd 24.2 ± 1.4 97 ± 2a

SDF + LMC2 7621 ± 789a 5640 ± 584a 15.8 ± 1.6 cd 90.4 ± 2.6abc 25.1 ± 0.1 97 ± 2ab

SDF + LMC3 7729 ± 797a 5720 ± 589a 17.4 ± 0.5ab 85.4 ± 9.7bcd 25.5 ± 0.9 93 ± 2bcd

SDF + FW-LMC1 8387 ± 412a 6207 ± 305a 17.2 ± 0.4abc 95.6 ± 0.7a 24.8 ± 0.9 93 ± 2abc

SDF + FW-LMC2 8266 ± 531a 6117 ± 393a 16.6 ± 0.8abc 93.7 ± 4.7ab 25.3 ± 0.9 96 ± 3abc

SDF + FW-LMC3 7947 ± 1,117a 5881 ± 827a 17.9 ± 0.8a 92.8 ± 5.6ab 23.6 ± 0.6 92 ± 3 cd

F-value 3.66 3.66 4.03 3.14 2.16 4.95
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evaluating an efficacy of fertilization were employed. The 
NUEs were significantly dependent on the rates of ferti-
lized N (Table 6). The highest NUpE was observed in the 
SDF (1.58  kg kg− 1, the lowest N application), and, this 
indicated 365% higher compared to fertilization contain-
ing organic compost (LMCs, FW-LMCs). The NUtE, as 
an indicator of yield contribution of absorbed N, was the 
greatest in the SF (66  kg Nkg− 1), followed by SDF and 
SDF + LMC1 − 3, and an application of SDF + FW-LMCs 
showed 60 – 76% of NUtE compared to the SF. By con-
trast, the NHI was the highest in the SDF-LMC2 (0.76 kg 
kg− 1), followed by SDF + LMC1 (0.73). The NUE was 
clustered with three groups, higher NUE (SF and SDF, 
less than 100 kg N ha− 1), moderate NUE (SDF + LMC1 − 2 
and SDF + FW-LMC1, 200 ~ 400  kg  N ha− 1), and lower 
NUE (SDF + LMC3 and SDF + FW-LMC2 − 3, more than 
400 kg N ha− 1).

Discussion
Today’s agricultural system heavily depends on fertiliza-
tion to meet with market demand, although excessive 
fertilization negatively affects soil environment and crop 
productivity [6, 30]. It is well documented that organic 
fertilizers derived from agricultural byproduct, livestock 
manure, food waste and etc. have positive effects on 
improving both crop production and soil quality for sus-
tainable agriculture [1]. Thus, the objective of this study 
was to determine the optimal range of a combined appli-
cation of chemical fertilizer and organic compost on rice 
growth, physiology (photosynthesis and nutrient uptake), 
yield and NUEs. Photosynthesis is a main driver depend-
ing on crop production, and positively responds to water 

and N supply [22]. In terms of the relation between N 
and photosynthesis, leaf Pn was found higher in both 
sole chemical N (SF, 90 kg ha− 1) and combined applica-
tion N (SDF + LMC2, 285 kg ha− 1 and SDF + FW-LMC1, 
317 kg ha− 1) at the heading stage, and showed a similar 
pattern with an observation by Iqbal et al. [16, 17]. Iqbal 
et al. [17] reported that higher N from organic compost 
of total applied N limited photosynthesis, and our result 
also revealed significant reduction in photosynthe-
sis due to excess application of organic N form. In this 
investigation, the application of chemical fertilizer and/
or organic compost significantly increased tillering, dry 
weight, yield and yield components and of rice. The cur-
rent result was in line with previous observations [16, 
23, 28), which pointed out that the mixed application of 
compost and chemical fertilizer promoted crop growth 
and yield. However, it was also found from this work 
that an increasing amount of fertilization did not allow 
rice plants better growth, and therefore it is suggested 
that an excess application of compost and chemical fer-
tilizer could heavily accumulate nutrients in the soil. The 
N requirement during rice production differs due to a 
variability in the actual acquisition and utilization at the 
whole plant level including grain, which is affecting phys-
iology and yield. Many evidences that an increasing N 
application leads to a decrease in NUE due to compara-
tive lower utilization (low grain/total biomass) have been 
reported [12, 13, 29]. In this work, NUE was greatly fluc-
tuated by the rates of fertilization rather than the type. 
Indeed, NUE, an integration of NUpE and NUtE, was 
significantly greater in sole chemical fertilizer groups (SF 
and SDF) compared to the groups combined with chemi-
cal fertilizer and organic compost. The moderate level 
of N application showed the largest positive influence of 
total NUE and grain yield compared to lower or higher N 
supplies [33], and excess N application resulted in mark-
edly reduced NUE despite of yield increase [27]. Despite 
of lower NUE, our finding indicates that the moderate 
increase in fertilization (N) leads to higher translocation 
of N from shoot and root to grain. This result suggests 
that rice plants may be affordable of more N through effi-
cient N partitioning. Nevertheless, it still needs to answer 
the fate of the rest of applied N, which is not acquired by 
rice plant, either soil storage or environmental release 
(gas emission and/or leaching). In conclusion, the food 
waste as well as livestock manure is a valuable nutrient 
source to ensure sustainable productivity of important 
food crops. The recommended fertilization is mainly 
focused on an availability of plants with a marginal con-
sideration of soil-holding capacity (buffering). Con-
sidering both an over-production of livestock manure 
and food waste and their final destination, agricultural 
lands are an almost unique place to accept both wasteful 

Table 6  Nitrogen use efficiencies (NUEs) of rice grown under 
different types and rates of fertilization at harvesting stage

+  NUE (nitrogen use efficiency), NUpE (nitrogen uptake efficiency), NUtE 
(nitrogen utilization efficiency), NHI (nitrogen harvest index)

Treatment N input
(kg ha−1)

NUE
(kg kg−1)

NUpE
(kg kg−1)

NUtE
(kg kg−1)

NHI
(kg kg−1)

NF – – – – –

SF 90 86.9a 1.31b 66a 0.71ab

SDF 87 91.0a 1.58a 58ab 0.71ab

SDF + LMC1 219 33.8b 0.61c 56ab 0.73ab

SDF + LMC2 285 26.7b 0.47d 57ab 0.76a

SDF + LMC3 483 16.0c 0.28e 57ab 0.69b

SDF + FW-
LMC1

317 26.5b 0.59c 45bc 0.72b

SDF + FW-
LMC2

432 19.1c 0.38d 50bc 0.55c

SDF + FW-
LMC3

777 10.2d 0.26e 40c 0.57c

F-value 127.6 104.89 3.78 11.96
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sources. In this work, we tried to find a possibility of live-
stock manure- and/or food waste-containing composts 
as an alternative comparable to chemical fertilizers. From 
this work, the result showed that less than 300 kg N ha− 1, 
which is combined with chemical fertilizer and organic 
compost, could ensure suitable growth, yield and NUE 
in rice production system. However, we strongly suggest 
to further investigate how excess fertilization, a combina-
tion of chemical and organic compost, affects soil physi-
cal/chemical/biological properties, and how long rice 
plant and soil can accept excess N without environmental 
issues.

Acknowledgements
This work was supported by the “Research Program for Agriculture Science & 
Technology Development (Project No. PJ015160)”, Rural Development Admin‑
istration, Republic of Korea.

Author contributions
JS, T-K O and Y-S S contributed to the study conception and design. Material 
preparation, data collection and analysis were performed by JS and WK. The 
first draft of the manuscript was written by JS, and T-KO and Y-SS commented 
on previous versions of the manuscript. All authors read and approved the 
final manuscript.

Funding
Funding information is PJ015160 by RDA (Rural Development Administration) 
and an obligation for funding is up to Jwakyung Sung (First author).

Availability of data and materials
The data that support the findings of this study are available from the cor‑
responding author, [J. Sung], upon reasonable request.

Declarations

Ethics approval and consent to participate
The manuscript does not have potential conflicts of interest. The research 
does not involve human participants or animals

Consent for publication
Not applicable.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

Received: 22 November 2022   Accepted: 27 December 2022

References
	1.	 Ahmad R, Arshad M, Khalid A, Zahir ZA (2008) Effectiveness of organic-/

bio-fertilizer supplemented with chemical fertilizers for improving soil 
water retention, aggregate stability, growth and nutrient uptake of maize 
(Zea mays L.). J Sustainable Agric 31:57–77

	2.	 Akhtar K, Wang W, Khan A, Ren G, Zaheer S, Sial TA, Feng Y, Yang G (2019) 
Straw mulching with fertilizer nitrogen: an approach for improving crop 
yield, soil nutrients and enzyme activities. Soil Use Manag 35:526–535

	3.	 Buzby JC, Hyman J (2012) Total and per capita value of food loss in the 
United States. Food Policy 37:561–570

	4.	 Cai A, Zhang W, Xu M, Wang B, Wen S, Ali-Shah SA (2018) Soil fertility and 
crop yield after manure addition to acidic soils in South China. Nutrient 
Cycl Agroecosystem 111:61–72

	5.	 Chen Y, Peng J, Wang J, Fu P, Hou Y, Zhang C, Fahad S, Peng S, Cui K, 
Nie L et al (2015) Crop management based on multi-split topdressing 

enhances grain yield and nitrogen use efficiency in irrigated rice in China. 
Field Crops Research 184:50–57

	6.	 Diacono M, Montemurro F (2011) Long-term effects of organic amend‑
ments on soil fertility. Sustainable Agric 2:761–786

	7.	 Ding W, Xu X, He P, Ullah S, Zhang J, Cui Z, Zhou W (2018) Improving yield 
and nitrogen use efficiency through alternative fertilization options for 
rice in China: a meta-analysis. Field Crops Research 227:11–18

	8.	 Fageria NK (2001) Nutrient management for improving upland rice 
productivity and sustainability. Commun Soil Sci Plant Anal 32:2603–2629

	9.	 Fageria NK, Baligar VC (2001) Lowland rice response to nitrogen fertiliza‑
tion. Commun Soil Sci Plant Anal 32:1405–1429

	10.	 Fageria NK (2003) Plant tissue test for determination of optimum concen‑
tration and uptake of nitrogen at different growth stages in lowland rice. 
Commun Soil Sci Plant Anal 34:259–270

	11.	 FAO (2007) Food loss prevention in perishable crops, vol 43. FAO Agricul‑
tural Services Bulletin, Rome, p 72

	12.	 Foulkes MJ, Hawkesford MJ, Barraclough PB (2009) Identifying traits to 
improve the nitrogen economy of wheat: recent advances and future 
prospects. Field Crops Res 114:329–342

	13.	 Good AG, Shrawat AK, Muench DG (2004) Can less yield more? Is reduc‑
ing nutrient input into the environment compatible with maintaining 
crop production? Trends Plant Sci 9:597–605

	14.	 Gustavsson J, Cederberg C, Sonesson U, van Otterdijk R, Meybeck 
A (2011) Global food losses and food waste. Save Food Congress, 
Düsseldorf

	15.	 Huang S, Zhao C, Zhang Y, Wang C (2017) Nitrogen use efficiency in rice. 
In: Amanullah K, Fahad S (eds) Nitrogen in Agriculture-Updates. IntechO‑
pen, London, pp 187–208

	16.	 Iqbal A, He L, Khan A, Wei S, Akhtar K, Ali I, Ullah S, Munsif F, Zhao Q, Jiang 
L (2019) Organic manure coupled with inorganic fertilizer: an approach 
for the sustainable production of rice by improving soil properties and 
nitrogen use efficiency. Agronomy 9:651

	17.	 Iqbal A, He L, Ali I, Ullah S, Khan A, Khan A, Akhtar K, Wei S, Zhao Q, Zhang 
J, Jiang L (2020) Manure combined with chemical fertilizer increases rice 
productivity by improving soil health, post-anthesis biomass yield, and 
nitrogen metabolism. PLoS ONE 15:e0238934

	18.	 Khan A, Fahad S, Khan A, Saud S, Adnan M, Wahid F, Noor M, Nasim W, 
Hammad HM, Bakhat HF, Ahmad S, Rehman MH, Wang D, Sonmez O 
(2019) Managing tillage operation and manure to restore soil carbon 
stocks in wheat–maize cropping system. Agron J 111:2600–2609

	19.	 Khush GS (2005) What it will take to feed 5.0 billion rice consumers in 
2030. Plant Mol Biol 59:1–6

	20.	 KOSTAT (2020) Annual report of Korean agricultural land. https://​kostat.​
go.​kr. Accessed Sept 2022

	21.	 Mahajan A, Bhagat RM, Guptak RD (2008) Integrated nutrient manage‑
ment in sustainable rice-wheat cropping system for food security in 
India. AARC J Agric 6:29–32

	22.	 Makoto K, Koike TE (2007) Effects of nitrogen supply on photosynthetic 
and anatomical changes in current-year needles of Pinus koraiensis 
seedlings grown under two irradiances. Photosynthetica 45:99–104

	23.	 Mangalassery S, Kalaivanan D, Philip PS (2019) Effect of inorganic fertilis‑
ers and organic amendments on soil aggregation and biochemical 
characteristics in a weathered tropical soil. Soil Tillage Res 187:144–151

	24.	 Parfitt J, Barthel M, Macnaughton S (2010) Food waste within food supply 
chains: quantification and potential for change to 2050. Philosophical 
Trans Royal Soc B 365:3065–3081

	25.	 Santos AB, Fageria NK, Prabhu AS (2003) Rice ratooning management 
practices for higher yields. Commun Soil Sci Plant Anal 34:881–918

	26.	 Shoji S, Delegado J, Mosier AR, Miura Y (2001) Controlled release fertilizers 
and nitrification inhibitors to increase nitrogen use efficiency and to 
conserve air and water quality. Commun Soil Sci Plant Anal 32:1051–1070

	27.	 Thuy PT, Kato M, Hayashi H (2020) Effects of long-term fertilization on 
paddy rice yield and nitrogen use efficiency in andosol. J Int Soc South‑
east Asian Agric Sci 26:1–16

	28.	 Wolka K, Melaku B (2015) Exploring selected plant nutrient in compost 
prepared from food waste and cattle manure and its effect on soil prop‑
erties and maize yield at Wondo Genet, Ethiopia. Environ Syst Res 4:9

	29.	 Xu GH, Fan XR, Beatty PH (2012) Plant nitrogen assimilation and use 
efficiency. Annual Rev Plant Biol 63:153–182

https://kostat.go.kr
https://kostat.go.kr


Page 8 of 8Sung et al. Applied Biological Chemistry            (2023) 66:4 

	30.	 Yadav M, Kumar R, Parihar C, Yadav R, Jat S, Ram H, Meena R, Singh M, 
Verma A, Kumar U et al (2017) Strategies for improving nitrogen use 
efficiency: a review. Agric Rev 38(1):29–40

	31.	 Yang Y, Zhang M, Li Y, Fan X, Geng Y (2012) Controlled release urea 
improved nitrogen use efficiency, activities and leaf enzymes, and rice 
yield. Soil Sci Soc Am J 76:2307–2317

	32.	 Yao Y, Zhang M, Tian Y, Zhao M, Zhang B, Zeng K, Zhao M, Yin B (2018) 
Urea deep placement in combination with Azolla for reducing nitrogen 
loss and improving fertilizer nitrogen recovery in rice field. Field Crops 
Res 218:141–149

	33.	 Zheng Y, Ding Y, Wang Q, Li G, Wu H, Yuan Q, Wang H, Wang S (2007) 
Effect of nitrogen applied before transplanting of NUE in rice. Agric Sci 
China 6:842–848

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Nitrogen (N) use efficiency and yield in rice under varying types and rates of N source: chemical fertilizer, livestock manure compost and food waste-livestock manure compost
	Abstract 
	Introduction
	Materials and methods
	Experimental site and weather information
	Experimental setup
	Growth, yield and yield components
	Photosynthetic performance
	Concentration of mineral nutrients
	Nitrogen use efficiencies (NUEs)
	Statistical analysis

	Results
	Growth, photosynthesis and mineral nutrients of rice plants
	Yield, yield attributes and NUEs

	Discussion
	Acknowledgements
	References


