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In rice production greenhouse gas emission (GHG) reduction is an important

task for many countries, Tanzania included. Of global agricultural GHG emitted

from rice fields, about 30 and 11% are represented by CH4 and N2O,

respectively. For successful climate smart rice cultivation, rice management

practices, including nitrogen fertilization are two key crucial components

that need evaluation. The objective of this study was to evaluate the crop

management practices and N fertilization on yield and greenhouse gases

emission in paddy rice production, Experiments were designed in split-plot

randomized complete block and replicated three times. Two ricemanagement

practices namely conventional practice (CP) and system of rice intensification

(SRI) and six rates of nitrogen fertilizer (absolute control, 0, 60, 90,120 and

150 kg N ha−1) were applied in two consecutive seasons. The Source-selective

and Emission-adjusted GHG CalculaTOR for Cropland (SECTOR) was used

to calculate the GHG emission. Methane emission was in the range of

88.7–220.6 kg ha−1season−1, where higher emission was recorded in CP

treatments (ABC, CP 0 and CP 120N) compared to SRI treatments. SRI

reduced methane and carbon dioxide emission by 59.8% and 20.1% over CP,

respectively. Seasonal nitrous oxide emissions was in the range of no detected

amount to 0.0002 kgN2O ha−1 where SRI treatments recorded up to 0.0002

kgN2Oha−1 emissions while in CP treatment no amount of N2Owas detected.

The interaction of system of rice intensification and 90 kg N ha−1 (SRI90N)

treatment recorded higher grains yield (8.1, 7.7 t ha−1) with low seasonal global

warming potential (GWP) (3,478 and 3,517 kg CO2e ha
−1) and low greenhouse
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gas intensity (0.42, 0.45 kg CO2e per kg paddy) compared to other treatments

in wet and dry season, respectively. Therefore, SRI with 90 kg N was the

treatment with mitigation potential and reduced GWP without compromising

rice yield.

KEYWORDS

greenhouse gas emission, system of rice intensification, management practices,

climate change, global warming potential, conventional practice, rice

Introduction

Global rice production is facing greatest challenge to meet

an expected 34% increase in the world population by 2050

(Tilman et al., 2011; Alexandratos and Bruinsma, 2012; Tesfaye

et al., 2021). Projected increases in the demand for rice will

lead to increased application of fertilizers, particularly nitrogen-

containing fertilizers and this will lead to increased greenhouse

gas (GHG) emissions (van Beek et al., 2010; VanGroenigen et al.,

2013; Arunrat et al., 2018).

Agriculture is the second major sector contributing to

24% of the global emissions next to the energy sector

which contributes to 35% of GHG emission (Adounkpe

et al., 2021; IPCC, 2014a). Agriculture contributes 14% of

anthropogenic GHG emissions in the form of methane and

nitrous oxide globally (IPCC, 2014a). At the same time

agriculture can contribute to reduced net emission through

bio-energy production and carbon sequestration. In Africa,

between 1994 and 2014, the GHG emissions from agriculture

increased at an average annual rate of between 2.9 and 3.1%

(Tongwane and Moeletsi, 2018).

Paddy rice cultivation is one of the most important sources

of anthropogenic emissions of greenhouse gases (GHGs), mainly

nitrous oxide (N2O),methane (CH4), and carbon dioxide (CO2)

(IPCC, 2014a; Arunrat et al., 2018) and is the major driving

force for climate change (Smith et al., 2014). Rice (Oryza sativa

L.) cultivation rank the second after enteric fermentation and

is the leading agricultural sources of CH4, accounting for 22%

of global anthropogenic agricultural emissions (Smartt et al.,

2016). Paddy rice contributes 9–11% of the agricultural GHG

emissions (IPCC, 2014a). Methane accounts for about 30% of

the total global anthropogenic emissions (Gupta et al., 2021;

Saunois et al., 2020). Eleven percent of global agricultural

nitrous oxide (N2O) emissions come from rice fields (IPCC,

2007; Win et al., 2020; Zhang et al., 2021). Rice is the single

crop grown under continuous flooded-soil conditions which

contribute to the formation of the anoxic environment, this leads

to the production and emission of CH4 (Smartt et al., 2016).

CH4 and N2O are two major GHGs with a global warming

potential (GWP) of 28 and 265 times that of CO2 in a 100-

year time horizon, respectively (IPCC, 2014b). Global warming

potential from rice cultivation has been reported to be 2.7

and 5.7 times greater than that of maize (Zea mays L.) and

wheat (Triticum aestivum L.) systems, respectively, with CH4

specifically contributing more than 90% to the GWP of rice

systems (Linquist et al., 2012).

Rice cultivation stimulates greenhouse gas (GHG) emissions

from the soil into the atmosphere due to crop management

practices such as irrigation water management, crop variety

selection and fertilizer management, which in turn influences

the biogeochemical processes of carbon and nitrogen in the soil

(Islam et al., 2020). Methane is an end product of organic matter

decomposition under anaerobic soil conditions (Linquist et al.,

2012).Methane is produced by methanogens during organic

matter decomposition, under an environment where the oxygen

(O2) and sulfate (SO42−) are scarce and nitrous oxide is

produced microbiologically during the an aerobic conditions

of paddy soils (Bajgai et al., 2019). Large proportion of CH4

released from rice fields occurs through different ways such

as aerenchyma tissues of rice plants, this transport mechanism

contribute for about 90% of emissions, compared to 8.2% of

emissions from ebullition and diffusion through the floodwater,

respectively (Smartt et al., 2016).

Conventional practice (CP) coupled with continuous

flooding irrigation and fertilizer application regimes, which is

a common practice in Tanzania produces a huge amount of

CH4 (Katambara et al., 2013; Boateng et al., 2019; Islam et al.,

2020). This practice makes the soil environment anaerobic,

by decreasing the redox potential (<-150mV) there by results

in the anaerobic degradation of complex organic substrates

by methanogens and the production of CH4 (Islam et al.,

2020). Various strategies for mitigating CH4 emission from rice

cultivation include water management practices, particularly

promoting intermittent drainage and alternate wetting and

drying (AWD) (Minamikawa and Yagi, 2009), system of rice

intensification (SRI) (Gathorne et al., 2013); improving organic

management by composting; using rice cultivars with few

unproductive tillers, high root oxidative activity and high

harvest index (Zheng et al., 2014); application of fermented

manure like biogas slurry (Petersen, 2018) and adopting

direct-seeding of rice (DSR) (Susilawati et al., 2019). Methane

emissions differ across agro climate (rice growing seasons), soil

types, locations (due to difference in organic carbon) (Gaihre

et al., 2011; Datta et al., 2013; Sun et al., 2013).
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Previous studies have shown that effective fertilizer and

water management practices under system of rice intensification

coupled with alternate wetting and drying irrigation could

reduce GHG emissions by 40% (Ku et al., 2017; Li et al., 2018;

Islam et al., 2020; Ramesh and Rathika, 2020; Sander et al.,

2020; Win et al., 2020). Alternate wetting and drying irrigation

greatly enhances the diffusion of atmospheric oxygen (O2) into

the soil, thus reducing the emission of CH4 (Yang et al., 2012;

Xu et al., 2015; Islam et al., 2020). Slight increase N2O emission

in AWD irrigation has been reported by Islam et al. (2020), Ku

et al. (2017), Li et al. (2018) due to the increased nitrification of

NH4+ during the dry episode and the subsequent denitrification

of NO3- during re-wetting of dry soils, but it still reduces total

GHG emissions from rice fields mainly due to reduced CH4

emissions. Reducing the emission of CH4 from the soil is the

most effective way to mitigate the global warming potential in

rice cultivation (Sander et al., 2014; Janz et al., 2019).

Mineral nitrogen fertilizer is very important and highest

input in croplands, making almost half of global nitrogen input

(Liu et al., 2010). Mineral nitrogen use is more widespread in

West Africa compared with East and Southern Africa, which are

the two major rice-producing regions in SSA (Tsujimoto et al.,

2019). Surveys conducted on large-scale irrigation schemes,

reported significantly low N application rates in Uganda (∼2 kg

ha−1), Mozambique (13–23 kg ha−1), and Tanzania (15–22 kg

ha−1) compared to the rates in Burkina Faso, Mali, Niger,

and Senegal (>100 kg ha−1) (Nakano et al., 2011; Nakano and

Kajisa, 2013). Nhamo et al. (2014) also reported that fertilizer

application rates were commonly 5–20 kg ha−1 for lowland rice

production in East and Southern Africa. In 11 countries of west

Africa a cross-sectional survey of 1,368 rice fields reported that

mineral N fertilizer was used in 81% of irrigated lowland fields

(with average application: 100 kg ha−1), 56% of rainfed lowland

fields (65 kg ha−1), and 38% of rainfed upland fields (37 kg

ha−1) (Niang et al., 2017). The average N application rate for

the irrigated lowland fields in this survey is comparable with the

average value for countries in Southeast Asia (FAO, 2002). Other

studies have also reported relatively high N application rates in

irrigated lowland fields inWest Africa, for example, in a range of

72–112 kg ha−1 in Benin (Tanaka et al., 2013), 134–139 kg ha−1

in the Senegal River Valley (Tanaka et al., 2015), 37–251 kg N

ha−1 in Mauritania (Haefele et al., 2001), and 73–147 kg ha−1

in Burkina Faso, Mali, and Senegal (Wopereis et al., 1999). The

yield gap analysis verified equal or slightly greater yield potential

and greater yield gaps of irrigated rice production, that is, large

opportunities of yield increases with fertilizer inputs still remain

in bothMadagascar and Tanzania thanmost areas inWest Africa

(van Oort et al., 2015; Tanaka et al., 2017).

Though, only a portion of applied reactive nitrogen (N)

is converted into food, the remaining is lost through various

pathways like, denitrification, nitrate leaching and ammonia

volatilization (Cassman et al., 2002; Tilman et al., 2002; Tesfaye

et al., 2021).Various studies have reported that nitrous oxide

(N2O) emissions are associated with nitrogen (N) fertilizer

application and dry land conditions (Arunrat et al., 2018) while

flooded fields are a significant source of methane (CH4) and

contribute little to N2O emissions (Shang et al., 2011; Wang

et al., 2011; Yao et al., 2012).

During the Paris Climate Agreement of 2015, countries

agreed to limit global temperature increase to below 1.5◦C

by reducing GHG emissions and are responsible to report

their nationally determined contributions (NDCs) (UNFCCC,

2015; Gyanchandani, 2016; Elkahwagy et al., 2017). Like

other countries in the world, Tanzania is looking for the

best GHG mitigation options across all sectors, including

paddy rice cultivation in agriculture sector. Although the

Tanzanian Government is committed to (UNFCCC) and

desires to minimize GHG emissions while promoting irrigated

rice production, data on GHG emissions continue to be

a challenge although this information is required in the

Nationally Determined Contributions (NDCs) and climate

change mitigation options. Indeed, the measurement lapse is

a challenge to many developing countries especially in Africa

(Nyamadzawo et al., 2013; Rosenstock et al., 2016; Boateng

et al., 2017; Pelster et al., 2017; Zheng et al., 2019; Bigaignon

et al., 2020). Current understanding of GHG emissions in sub

Saharan Africa (SSA) is particularly limited when compared to

the potential of the continent (Nyamadzawo et al., 2013; Kim

et al., 2015; Boateng et al., 2017, 2020; Tongwane and Moeletsi,

2018; Bigaignon et al., 2020; Owino et al., 2020). This indicates

that more research is thus needed in this regard to investigate the

effects of crop management practices and nitrogen fertilization

levels on greenhouse gas emissions from rice field. In line with

this, it is hypothesized that the combination of system of rice

intensification and optimum nitrogen would reduce greenhouse

gas emissions and improve rice yield in irrigated lowland rice.

To test this hypothesis, a study was conducted to evaluate the

crop management practices and N fertilization on yield and

greenhouse gases emission in paddy rice production.

Materials and methods

Experimental site and weather conditions

The field experiments were conducted at Mkindo farmer

managed irrigation scheme located in Mkindo village in

Hembeti Ward, Mvomero District, Morogoro Region, Eastern

Tanzania. The district is located between latitude 6◦16’ and

6◦18’South, and longitude 37◦32’ and 37◦36’ East and its

altitude ranges between 345 to 365m amsl. The experimental

site located at latitude 6◦15’13” south and longitude 37◦32’19”.

Mkindo farmer managed irrigation scheme is about 85 km from

Morogoro municipality (Gowele et al., 2020). The scheme was

constructed in the period between 1980 and 1983. The scheme

started producing rice in 1985 with only 17 ha under cultivation.
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TABLE 1 Average temperature and rainfall of Mkindo Climatic

conditions 1999-2020.

Month Maximum

temperature

(oC)

Minimum

temperature

(oC)

Rainfall

(mm)

January 33.7 20.2 106.9

February 35.0 20.0 83.2

March 32.8 20.3 208.2

April 30.6 19.9 250.3

May 29.2 18.6 112.6

June 28.5 16.6 25.4

July 28.7 15.6 9.9

August 29.3 16.3 18.0

September 30.8 16.8 19.9

October 32.2 18.9 52.6

November 32.2 19.4 85.9

December 33.7 19.8 116

TABLE 2 Selected soil physical chemical properties.

Parameter Method of analysis References

pH Soil: water suspension (1:2.5) using

glass electrode pH meter

(Mclean, 1982)

Organic carbon Wet oxidation by Black and

Walkley method

(Nelson, 1982)

Total nitrogen Micro-Kjeldahl wet

digestion-distillation method

(Bremner and

Mulvaney, 1982)

Available P Bray 1 method following color

development using molybdenum

blue method

(Bray and Kurtz,

1945)

Cation exchange

capacity (CEC)

Neutral ammonium acetate

saturation method (NH4-Ac, pH

7.0) followed by Kjeldahl

distillation.

(Chapman, 1982)

Exchangeable bases

(K+ , Mg2+ , Ca2+ and

Na+)

1N NH4-Ac (pH 7.0) method Mg

and Ca was read by UV-VIS

Spectrophotometer and K and Na

Flame Photometer

(Chapman, 1982)

Extractable

micronutrients (Fe,

Cu, Zn and Mn)

DTPA extraction and determined

by atomic absorption spectroscopy

(AAS)

(Lindsay and

Norvell, 1982)

Rice is the only crop produced in the scheme which serves

as food and income generation. The scheme has arable area

of 740 ha, with only 300 ha under rice cultivation and a near

future expansion of about 620 ha is expected. The climate is

tropical with two distinct seasons, dry and wet seasons. The

average monthly maximum temperature at the experimental site

ranges between 35.1 to 28.5◦C for February and June while the

TABLE 3 Selected soil chemical properties of Mkindo Irrigation

scheme at 0–20cm of soil used in the study.

Soil property Unit Mean value

Soil pH (1:2.5) 5.36

EC dS/m 0.03

Cu mg/kg 3.47

Zn mg/kg 2.6

Mn mg/kg 7.13

Fe mg/kg 1.65

TN (%) 0.11

OC (%) 0.59

OM (%) 1.02

Av P mg/kg 7.71

SO2+
4 -S mg/kg 1.04

Exchangeable bases Cmolkg−1

Ca2+ 6.37

Mg2+ 1.51

Na+ 0.06

K+ 0.07

CEC 11

OC, organic carbon; TN, total nitrogen; TP, total phosphorus; Av P, available phosphorus;

CEC, Cation Exchange Capacity; EC, Electric conductivity, OM, organic matter.

average monthly minimum temperature ranges between 20.4 to

15.8◦C for January, March and July, respectively. The average

temperature and rainfall of Mkindo Climatic conditions for 21

years (1999–2020) has been reported in Table 1.

Soil sample processing and laboratory
analytical procedures

Portions of the soil samples were dried, ground and sieved

through a 2mm sieve for physico-chemical characterization.

Parameters measured were soil pH, particle size distribution,

organic carbon and extractable phosphorus (AvP). Other

parameters included total nitrogen, basic cations such

as calcium(Ca), magnesium, potassium and sodium and

micronutrients namely zinc (Zn), copper (Cu), manganese

(Mn) and iron (Fe). Cation exchange capacity (CEC) and

electrical conductivity (EC) were also determined for all the

samples and the analysis followed the standard procedures as

shown in Table 2 and results are shown in Table 3.

Experimental design and treatment
details

Each season, the experiment was arranged in a split-

plot randomized complete block design in triplicate with two

factors (crop management practices in main plots and nitrogen
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TABLE 4 Treatments applied in the study.

Main plot Subplot Treatments

combination(Crop management

practices)

(Nitrogen rates

kg N ha−1)

System of rice intensification

(SRI-AWD)

ABC SRI-ABC

0 SRI-0N

60 SRI-60N

90 SRI-90N

120 SRI-120N

150 SRI-150N

Conventional (CP-CF) ABC CP-ABC

0 CP-0N

60 CP-60N

90 CP-90N

120 CP-120N

150 CP-150N

Whereas ABC, Absolute control; SRI, System of rice intensification; AWD, Alternate

wetting and drying; CP, Conventional practices; CF, Continuous flooding.

rates in sub-plots). The main plot was then divided into six

subplots of size 16 m2 plots were surrounded by consolidated

bunds, and a 2m buffer strips were left between main plots

and 1m for sub plots to provide access pathways and more

importantly to minimize lateral movement of irrigation water

and fertilizers between plots. The treatment details are shown

in Table 4. Fertilizer treatments comprised six nitrogen rates;

these include absolute control treatment (ABC) which did not

receive any kind of fertilizer. The absolute control treatment

intended to evaluate rice response under natural soil fertility.

The N fertilizer treatments included a control treatment (N0)

without any nitrogen fertilizer application but received P and

K fertilizers, this treatment is required to assess crop response

to nitrogen fertilizer application and to calculate fertilizer

use efficiency. The amount of 120 kg N ha−1, represents the

current blanket recommendation for rice grown inMkindo. The

nitrogen fertilizer source was Urea (CON2H4, total nitrogen

46% N) and was applied in two splits, that is half 2 weeks after

transplanting and the rest half at 55 days. Sources of full dose of

phosphorus 60 kg ha−1 was triple super phosphate (45% P2O5)

and potassium 60 kg ha−1 from muriate of potash (60% K2O).

Phosphorus and potassium fertilizers were applied at same rate

to all plots during transplanting.

Crop management practices

A common variety TXD 305 was used. The trial rice variety

takes 120–130 days to maturity under rainfed or irrigated

ecologies. In establishing system of rice intensification SRI crop

management practice plots, during transplanting a square grid

TABLE 5 Crop management practices.

Management

practices

System of rice

intensification

(SRI)

Conventional

practice (CP)

Age of seedling at

transplanting

15 day 26 days

No. of seedlings/hill 1 3

Spacing (cm) 25× 25 20× 20

Plant population (m−2) 256 (16) 400 (25)

Water management Alternate wetting and drying

followed by drainage 10 days

before harvesting

Continuous flooding

followed by drainage 10

days before harvesting

Fertilization (kg ha−1) Phosphorus and potassium

60 kg ha−1 and nitrogen had

five levels 0, 60, 90,120,150

Phosphorus and

potassium 60 kg ha−1

and nitrogen had five

levels 0, 60, 90, 120, 150

Weeding (3 times) Mechanical weeding by using

cono weeders

Hand weeding

pattern was created on the soil’s surface using a wooden marker

that demarcated distances of 25× 25 cm between perpendicular

lines. A 10-days-old seedlings were uprooted from nursery and

transplanted one seedling per hill within 30min of uprooting

in both seasons. During weeding rotary (cono-weeder) and

hand were used. Based on results in an earlier studies with the

same rice variety under same area (Mkindo Irrigation scheme

condition) conducted by Kahimba et al. (2013), Reuben et al.

(2016) we decided to adopt the SRI recommended principles

of spacing, seedling age, weeding and irrigation interval. In

conventional practice (CP) crop management a 25-days-old

seedlings were transplanted in puddled field at 20 × 20 cm

spacing keeping three seedlings hill−1, hand weeding was used

in weed management as shown in Table 5.

Irrigation management

Application of continuous flooding irrigation was based

mainly on local farmers’ practice in CP plots. For the first 14 days

after transplanting, a 3–5 cm water depth was maintained under

both irrigation regimes to facilitate seedling recovery. Thereafter,

SRI and CP plots were managed differently. Plots under CP

were continuously flooded with a 3–10 cm water level until 10

days before harvest. After the first 14 days of transplanting the

SRI plots were kept with a layer of 2 cm of water until 14 days

after panicle initiation stage, and during the rest of the growing

cycle, plots weremaintained without standing water for 3–5 days

before re-irrigation. Thereafter, the SRI plots were re-irrigated to

2 cm when water depth dropped to 15 cm below the soil; this

took 2–3 days interval (Kahimba et al., 2013).The soil water
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TABLE 6 Overview of specific Tier 2 requirements for GHG

calculations in cropland within mitigation projects and approach in

SECTOR.

Specific

requirement

Description Approach

implemented in sector

Emission

factors (EFs)

Free choice of EFs from IPCC

and other sources

Emission library that can

easily be expanded by

location-specific EFs

Activity data Rapid transfer of activity data

from statistics or rapid

transfer of activity data from

statistics or survey data for

large number of patches.

Entry of activity data with

frequencies (percentages) of

water management practices

Entry format allows

“copy-paste” of area, yield and

fertilizer data for up to 100

patches

Aggregation Aggregation for multiple

seasons and scenarios

Aggregation framework with

triangulation of GHG data

(patch/season/scenario)

Scenario setting Accounting for efficiencies in

adoption of mitigation

options

New coefficients for

fertilizer-use efficiency as well

as biophysical and economic

barriers to adopting

mitigation options

Source; Wassmann et al. (2019).

depths were measured and monitored in each SRI plot using

PVC pipe installed in the plots at a 15 cm depths as described

by Lampayan et al. (2015).The water depth was measured at

8:00 am and 14:00 pm each day using a 101 p7 flat tape water

level meter (Solinst Canada Ltd., Geogetown, Ontario Canada).

PVC pipes installed in SRI plots, with perforated holes with a

diameter of about 0.5 cm each and spaced about 2 cm away from

one another. The tube was buried vertically 15 cm into the soil

and half of its length protruding above the soil surface. Pipes

were installed near to the bund for easy water monitoring. After

burying the PVC pipes the soil inside the tubes was removed so

as bottom level is visible. After tube installation the water level

inside the tube was checked and was the same the outside. Each

of the main plots was irrigated separately. Irrigation water was

provided from an irrigation canal andmeasured by a plastic ruler

inserted into the plot.

Assessment of grain yield and yield
components

At physiological maturity, grain yields were determined

from a (2 × 2m) = 4 m2 crop cut at the center of each field

leaving a border rows. The rice plants in each plot were manually

harvested and threshed separately. The harvested samples were

threshed, cleaned, and sun dried for 2–3 days to a constant

weight to obtain their dry weight. The moisture content of the

dried grains was measured using a grain moisture meter (8988N

Xiamen Hyhoo Imp. & Exp. Co., Ltd., Fujian, China). Finally

rice grain yields were calculated based on standard moisture

(14%) for rice storage.

Calculation of greenhouse gas emission

Intergovernmental Panel on Climate Change (IPCC)

guidelines are applied through GHG calculators during

assessment of GHG at national and subnational levels. Such

calculators include SECTOR tool (Wassmann et al., 2019; Lai

et al., 2021), EXACT tool (Grewer et al., 2013, 2016, 2018), the

Cool Farm Tool (Hillier et al., 2011, 2013; Vetter et al., 2018).

In this study Source-selective and Emission-adjusted

greenhouse gas CalculaTOR for Cropland (SECTOR) was used

to calculate the emission of greenhouse gases. SECTOR is a

greenhouse gas (GHG) calculator for cropland based on the

values calculated from Intergovernmental Panel on Climate

Change (IPCC) Tier 2 approach approved methodology (I. P.

O., 2006) and (IPCC, 2019) refinement (Wassmann et al., 2019).

SECTOR is guided by Tier 2 requirements and approach as

shown in Table 6. This tool was developed by the International

Rice Research Institute’s (IRRI) GHG Mitigation in Rice

Platform. Presently this tool is available in excel and requires

inputs from the user on cropping area, yield, and management

practices. SECTOR has been developed in response to increasing

interest in mitigation studies in cropland, in particular rice

production. These include the farm-diary data (Tables 7, 8)

recorded such as:

a) Pre-season water management (number of days of flooding

prior to crop establishment).

b) Number of days of crop growth (starting at

transplanting stage).

c) Number and duration of drying events (the number of times

when the water depth falls at least 10 cm below the soil

surface; or the number of times in which the soil dries to the

point of light cracking).

d) Total nitrogen input.

e) Water management before and during the growing season.

f) Residuals management.

The tool offers a high range of flexibility in terms of

sourcing emission and activity data as well as selecting a

range of scales for aggregation. Moreover, SECTOR provides

a streamlined framework for accelerated data input that will

facilitate rapid assessments of multiple scenarios for domains

with many spatial units. Also SECTOR can easily be adjusted

to incorporate new emission factors and calculation procedures

expected in forthcoming revisions of the IPCC Guidelines.

This tool is available as an XLS file and can be downloaded
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TABLE 7 IPCC input parameters and value fed in SECTOR tool.

Parameters Description value

Equivalent value of GHG

Carbon dioxide equivalent of

methane (CH4)

Carbon dioxide equivalent of

CH4−IPCC 2014

28

Carbon dioxide equivalent of

nitrous oxide (N2O)

Carbon dioxide equivalent of

N2O−IPCC 2014

265

Emission factor (EF) for CH4 Lower range of global default EF

for rice

0.8

Emission factor for fuel Not considered 0

Singular N2O emission factor No adjustment 0

Pre-season water management 2.41,1

For continuous flooding

treatments; flooded > 30 days

before season

For alternate wetting and drying

treatments, non-flooded <180

days before season

Organic amendment Residual incorporated long

(>30 days) before

0.19

Residual incorporation (from

previous season)

Not considered (0%) 0

Within season management

Direct emission factors of N2O Flooded soils: 0.47% of N as

N2O and non-flooded soil:

0.157% of N as N2O

0.0047,

0.00157

In direct emission factor for

N2O

Not considered 0

Emission factor of fertilizer

product

Not considered 0

Water management Irrigated-multiple aeration,

irrigated -continuously flooded

0.55, 1

Nitrogen fertilizer use Total amount of nitrogen

fertilizer (kg ha-1)

60, 90,

120,150

End season management

Residue management Not considered 0

jointly with its manual from http://climatechange.irri.org/

SECTOR.

Estimation of global warming potentials and
greenhouse gas intensity

In this study IPCC factors were used to calculate the

combined GWP for 100 years [GWP= (CH4 x 25+N2O x 298),

kg CO−1
2 ] equivalents ha−1 from methane and nitrous oxide.

The Greenhouse gas intensity (GHGI) was calculated by

dividing global warming potential (GWP) by grain yield (Ali

et al., 2019).

Statistical analysis

Analysis of variance was performed on yield for all

treatments over the total growth period of both seasons using

the Genstart software 14th version. Global warming potential

(GWP) of CH4 and N2O was calculated in mass of CO2

equivalent (kg CO2 eq ha−1) over 100-yr time horizon. A

radiative forcing potential relative to CO2 of 25 for CH4

and 298 for N2O (Myhre et al., 2013; Ali et al., 2019) was

used. Anova tables are presented in Supplementary materials.

Greenhouse gas intensity/yield-scaled global warming potential

(GHGI/GWPY) was calculated by taking the ratio of GWP and

corresponding grain yield for each treatment. These results were

generated direct from the SECTOR calculator.

Results and discussion

E�ect of crop management practices and
nitrogen rates in methane emission

Methane emission in this study was in the range of 88.7–

220.6 kg ha−1 season−1, where higher emission recorded in

conventional treatments (CP -ABC, CP- 0N and CP- 120N)

(Table 9). SRI reduced methane emission by 59.8% over CP.

Relatively low amount of CH4 emission from SRI treatments

was due to partially aerobic soil conditions because of alternate

wetting and drying water management cycles employed during

experiment. Alternate wetting and drying irrigation water

management under SRI greatly enhances the diffusion of

atmospheric oxygen (O2) into the soil, thus reducing the activity

of CH4 producing bacteria (Yang et al., 2012; Xu et al., 2015;

Islam et al., 2020). Aeration makes the soil environment oxic,

which results in the oxidation of CH4 by the methanotrophs,

causing a decrease in CH4 emission. It is reported that up to 80%

of the CH4 produced during the rice-growing season is oxidized

by the methanotrophs (Islam et al., 2020).

These results are in agreement with those of Corton et al.

(2000), who conducted 9 experiments for 5years and found the

CH4 emission at a given treatments was higher during the wet

season by 2 to 3 times the emission during the dry season.

The methane emission was in the range of 67–120 kg CH4-C

ha−1 in dry season and 200–389 kg CH4-C ha−1 in wet season.

According to studies conducted by Hidayah et al. (2009) in

Indonesia and Jain et al. (2014) in India the SRImethods reduced

the methane emission up to 60 and 64%, respectively compared

to conventional puddled transplanted rice.

Increased methane emission in CP treatments was

due to formation of anoxic condition due to flooding

moisture condition. Anoxic condition results in decreasing

redox potential (−150mV), which leads to the anaerobic

decomposition of complex organic substrates by methanogens

that finallydrive CH4 production (Islam et al., 2020). Higher
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TABLE 8 Yield, season length, nitrogen rate and water management used as input values in SECTOR tool.

Treatments N rates

(t/ha)

Water management Season length

(days)

Yield

(t/ha)

WS DS WS DS

Combination

SRI-ABC 0 AWD (alternate wetting and drying

Irrigated -Multiple aeration

127 129 4.5 4.8

SRI-0N 0 127 129 5.0 5.5

SRI-60N 60 127 129 7.0 6.4

SRI-90N 90 127 129 8.1 7.7

SRI-120N 120 127 129 7.4 6.6

SRI-150N 150 127 129 8.1 7.3

CP-ABC 0 CF (Irrigated-continuously flooded) 112 114 3.7 3.3

CP-0N 0 112 114 4.8 3

CP-60N 60 112 114 6.1 4.3

CP-90N 90 112 114 6.2 5

CP-120N 120 112 114 7.2 4.7

CP-150N 150 112 114 6.3 4.8

WS, wet season; DS, dry season.

TABLE 9 Seasonal methane and carbon dioxide emission as influenced by crop management practices and nitrogen fertilization rates.

Treatments CH4 Emission (kg ha−1season−1) CO2 Emission (kg ha−1season−1) kg CO2e

year−1
WS DS WS DS

SRIABC 89.7ab 89.7a 827.7a 829a 6754a

SRI 0N 89.3ab 88.7a 827.3a 829a 6780a

SRI 60 89.7ab 89.3a 826.1a 829a 6729a

SRI 90 88.9a 89.0a 827.0a 829a 7009b

SRI 120 89.2ab 90.0a 828.3a 829a 7079b

SRI 150 89.7ab 89.8a 827.7a 829a 7159b

CP ABC 220.6c 183.3d 1033.3b 930.8a 14551d

CPN0 220.5c 183.3d 1034.7b 931.8b 14426d

CP 60N 90.7b 164.7c 0.0 0.0 8312c

CP90N 165.2b 165.2c 1032b 931.5b 12492c

CP120N 220.6c 183.3d 1034.7b 929.5b 14551d

CP150N 183.8b 100.7b 827.3a 930.1b 10341c

LSD 0.05 1.285 1.977 4.022 2.143 170.1

F Pr <0.001 <0.001 <0.001 <0.001 <0.001

WS, wet season; DS, dry season.

Mean values followed by different letters denote significant (P < 0.05) difference between treatments by DMRT.

methane emission in CP may also be due to availability

of organic substrate from root exudates and the reducing

condition in the rice rhizosphere (Jain et al., 2014). The available

organic carbon from root exudates increases the population of

methanogen in flooding condition (Kumaraswamy et al., 2000).

Researchers around the global have reported different

amount of methane emission from rice cultivation; this could

be due to different in climate, soils, water management,

verities, cultivars, fertilizer management and others. A study

by Kim et al. (2012) reported the low seasonal methane

emission of 126.8 from SRI plots compared to 458.4 kg

C ha−1 from conventional flooding. According to Jain

et al. (2014), the cumulative emission of CH4 during the

cropping period was lowest (8.16 kg ha−1) in the SRI and

the highest (22.59 kg ha−1) in conventional method of

transplanting method.
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TABLE 10 Seasonal nitrous oxide emission (kg N ha−1 season−1) as

a�ected by management practices and nitrogen rates.

Treatments Wet season Dry season

SRIABC <0.0000 <0.0000

SRI0 <0.0000 <0.0000

SRI60 0.0001 0.0001

SRI90 0.0001 0.0001

SRI120 0.0002 0.0002

SRI150 0.0002 0.0002

CPABC 0.0000 0.0000

CP0 0.0000 0.0000

CP60 0.0000 0.0000

CP90 0.0000 0.0000

CP120 0.0000 0.0000

CP150 0.0000 0.0000

F Pr NS NS.

NS, not significant.

E�ects of crop management practices
and nitrogen rates on carbon oxide
emission

Seasonal carbon dioxide emissions ranged from 0.0 to

1,034 kg ha−1season−1 in both season and was significantly

affected by treatment interaction (Table 9).CPN0 and CP120N

had the highest seasonal cumulative flux and was significantly

different from all other treatments. Except the treatment, CP60N

recorded no seasonal flux for CO2. System of rice intensification

reduced CO2 emission by 25%. Yearly CO2 emission was higher

in conventional treatments compared to SRI treatments. Carbon

dioxide emissions are influenced by the crop residue and litter

content, root activities, and microbial processes because the

soil carbon pool is converted into CO2 by the action of soil

microorganisms. In the availability of water and urease enzymes,

urea fertilizer applied in the fields converted to NH+

4 , OH–, and

HCO3, and this bicarbonate finally evolves into CO2 and water

(Hussain et al., 2015; Gupta et al., 2021).

E�ect of crop management practices and
nitrogen rates on seasonal emission of
nitrous oxide

Seasonal nitrous oxide emission was in the range of no

detected amount to 0.0002 kgN2O ha−1 (Table 10). There were

similar trends in emissions in both seasons where the emission

of up to 0.0002 kgN2O ha−1 was recorded in SRI treatments.

Whereas SRI ABC and SRI0 treatments no amount of nitrous

oxide captured by the tool. The tool captured the zero amounts

(0.0000 kg ha−1) in the CP treatment. Results are in agreement

with that of Karki et al. (2021) in their study reported that N2O

emissions are generally low in flooded rice fields as most of the

nitrogen is lost as N2 rather than N2O.

Zero N2O emissions in conventional practice could be

contributed by immobilization and retention of N fertilizer in

soil (Fuhrmanna et al., 2018). The zero N2O fluxes could also

be due to some of the nitrogen being lost through leaching

thus reducing amount of nitrogen substrate available for N2O

emissions. Owino et al. (2020) in their study in Kenya also

observed insignificant N2O emissions during rice growing

season when the soil was flooded. This could be due to formation

of anoxic conditions in the flooded paddies which create suitable

conditions for denitrification with major product of this process

being nitrogen gas (N2).

In this study the relative amount of N2O (0.0002 kgN2O

ha−1) was recorded in SRI treatments, this could be due to the

effect of alternate wetting water management regime that allow

the introduction of oxygen when the field is free from flooded

water, aerobic soil conditions significantly reduce CH4 emission

(Linquist et al., 2015; Lagomarsino et al., 2016; Jiang et al., 2019;

Karki et al., 2021).

Studies have reported increased nitrous oxide emission

from SRI treatments due to the general relationship between

N2O and CH4, that when fields are saturated CH4 increases,

CO2 and N2O decreases. However, when fields become drier,

CH4 emissions decrease and CO2 and N2O emissions increase.

Slight increase N2O emission in field managed under alternate

wetting and drying irrigation has been documented (Ku et al.,

2017; Li et al., 2018; Islam et al., 2020). This is due to the

increased nitrification of ammonium during the dry period and

the subsequent denitrification of NO3- during re-wetting of

dry soils, but the GHG emission still reduced due to reduction

in methane emission. Jain et al. (2014) reported increase of

emission of N2O–N by an average of 22.5% in SRI methods over

conventional transplanted method.

Variable range of nitrous oxide emission in rice ecosystems

has been reported by scholars this could be due to different in

climate, management practices, different in soils, fertilization

programs, varieties and other factors.

Seasonal nitrous oxide emission of 0.000028 kg N2O ha−1

from conventional plots and 0.074 kgN2O ha−1 from SRI

plots was reported by Kim et al. (2012) in Korea under nine

season experiments. According to Jain et al. (2014) the seasonal

integrated fluxes of N2O– N were 0.69 and 0.90 kg ha−1

from conventional transplanted rice and SRI planting methods,

respectively. Boateng et al. (2020) conducted a study in Ghana

and reported the seasonal N2O emissions ranged from 1.61 to

58.08 kg N2O ha−1, and Gitonga (2020) conducted a study in

Kenya and found the seasonal N2O emissions ranged from 0.18

to 1.29 kgN2O ha−1. Hadi et al. (2010) in Indonesia reported

the average N2O emissions of 1.97 from intermittently drained

plots and −19.7 kgN2O ha−1 from continuously flooded

plots respectively.
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TABLE 11 Global warming potential, grain yield and greenhouse gas intensity as a�ected by management practices and nitrogen.

Treatments GWP

(kg CO2e ha
−1 season−1)

Yield

(kg ha−1)

GHGI

(kg CO2e kg
−1 paddy)

WS DS WS DS WS DS

SRIABC 3367a 3407a 4500 4800 0.73b 0.7ab

SRI 0N 3370a 3408a 5000 5500 0.65b 0.62ab

SRI 60 3453b 3487a 7000 6400 0.45a 0.54ab

SRI 90 3478b 3517a 8100 7700 0.42a 0.45a

SRI 120 3520b 3560a 7400 6600 0.46ab 0.8abc

SRI 150 3560b 3600a 8100 7300 0.42a 1.01abc

CP ABC 7843c 6709b 3700 3300 2.04c 1.5c

CPN0 7780c 6645a 4800 3000 1.62b 1.89d

CP 60N 3114 a 5199a 6100 4300 0.52b 0.99abc

CP90N 6298c 6193a 6200 5000 1.03c 1.29bc

CP120N 7843c 6709b 7200 4700 1.06b 1.19abc

CP150N 6606c 3737a 6300 4800 1.03c 0.76abc

LSD 0.05 4.22 6.6 0.356 0.774 0.06037 0.7612

F Pr <0.001 <0.001 NS NS <0.001 0.021

GWP, Global warming potential; WS, wet season; DS, dry season; GHGI, greenhouse gas intensity. Mean values followed by different letters denote significant (P< 0.05) difference between

treatments by DMRT.

E�ect of crop management practices and
nitrogen rates on global warming
potential and greenhouse gas intensity

Global warming potential (GWP) was significantly p< 0.001

affected by combined treatments of crop management practices

and nitrogen fertilization rates and was high in CP treatments

in both seasons (Table 11). The GWPs in this study are in

range of 3,114.0–7,843 kg CO2-e ha
−1season−1, these range are

within the range reported in other areas. Higher amount of

7,843, followed by 7,780 kg CO2e ha−1 season−1 was recorded

in CP120N and CP NO respectively. Low GWP of 3,114.0

and 3,367 kg CO2e ha−1 season−1 was recorded in CP 60N

and SRIABC treatments. SRI lowered the GWP significantly

due to low methane emission compared to the CP method.

The reduction of GWP of up to 57.1% was recorded in SRI

treatments over CP treatments. These results confirm that the

total GWP in rice fields is solely determined by CH4 emission.

However the radiative forcing of N2O is much higher than CH4,

but the magnitude of N2O emissions is very small. Thus, CH4 is

the major contributor of GWP in rice cultivation, representing

over 90% of the total GWP (Sander et al., 2014; Janz et al., 2019;

Islam et al., 2020). The reduction of GWP has been reported in

SRI methods by Jain et al. (2014) reported the reduction of 29%

in SRI methods over the transplanted puddled rice method.

Pramono et al. (2020) reported the highest GWP of 8,270 kg

of CO2-e ha−1season−1 and lowest GWP of 4,240 kg ha−1

season−1. Hadi et al. (2010) reported Seasonal Global warming

potential ranged from 10,162–38,381 GWP (kg C-CO2 eq

ha−1 season−1).

Greenhouse gas intensity (GHGI) was in the range of 0.42–

2.04 kg CO2e kg
−1 paddy, these are within the range reported

by Ali et al. (2019). SRI 90 and SRI 150 treatments recorded

low amount (0.42 kg CO2e kg
−1 paddy) and CP ABC recorded

higher GHGI of 2.04 kg CO2e kg−1 paddy. SRI lowered the

GHGI significantly due to low methane emission compared to

the CP method.

These results are in agreement with Win et al. (2020) who

reported significant the range of GHGI values (1.4–7.4 kg CO2e

kg−1 paddy) under continuous flooding than under alternate to

wetting and drying irrigation. Zhang et al. (2016) reported the

GHGIs (kg CO2 eq. t−1 grain) ranged from 712 to 1,245 kg CO2.

t−1 grain.

E�ect of crop management practices and
nitrogen rates on grain yield and yield
components

Grain yield

The interaction of crop management practices and the

nitrogen fertilization rate did not affect yield significantly (p >

0.05), however there was percentage increase in grain yield of

44 and 61 in SRI plants during wet and dry season respectively

(Table 11). The average grain yield in treatment interaction was

in the range of 4.5–8.1 t ha−1 and 3.0–7.7 t ha−1 during wet and
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TABLE 12 E�ects of crop management practices and fertilizer N levels on panicle components of rice.

Parameter Panicle weight

(g)

panicle length

(cm)

Number of panicle

hill−1
Number of panicle

m−2
Spikelet panicle−1

Season WS DS WS DS WS DS WS DS WS DS

Crop management practices (CMP)

SRI 4.5 3.9 22.8 23.1 14.5 14.1 232.2 226.0 146.1 153.6

CP 3.5 2.2 22.0 20.3 9.1 11.0 228.1 274.2 113.5 86.9

Nitrogen levels (N)

ABC 3.3a 2.7a 20.7a 20.4 8.7a 8.7a 175.1a 180.8a 118.5 103.0a

0N 3.6a 2.7a 21.3ab 20.8 8.8a 9.9a 174.3a 189.3a 119.7 100.0a

60N 3.7a 3.3ab 22.3ab 22.7 12.7b 13.5b 246.3b 263.0b 123.0 138.1b

90N 4.3ab 3.6b 22.7bc 22.8 13.2b 14.6b 250.2b 285.0b 136.4 143.3b

120N 4.8b 2.8a 24.4c 21.1 13.6b 14.4b 264.8b 294.1b 146.3 107.5a

150N 4.2ab 3.1ab 23.0bc 22.4 13.8b 14.2b 269.9b 288.2b 135.0 128.7ab

Interaction (CMP x N)

ABC 3.9 3.2 20.9 21.2 9.6abc 8.3 153.6 133.3 136.1 118.9

0N 4.1 3.5 22.2 22.4 10.3bc 12.9 165.3 206.9 138.3 126.1

60N 4.0 4.0 22.7 23.7 16.0d 14.7 256 267.7 142.0 168.2

SRI 90N 5.0 5.1 23.5 24.9 17.7d 17.6 283.7 281.6 162.8 199.1

120N 5.5 3.6 25.1 22.4 16.5d 14.5 264.5 231.5 165.3 135.5

150N 4.3 4.1 22.8 24.1 16.9d 14.7 269.9 234.7 132.2 173.6

ABC 2.7 2.1 20.6 19.6 7.3a 9.1 196.7 228.3 100.8 87.1

0N 3.1 2.0 20.4 19.2 7.9ab 6.9 183.3 171.7 101.1 75.1

60N 3.4 2.6 21.9 21.6 8.7abc 10.3 236.7 258.3 104.0 108.0

CP 90N 3.5 2.2 21.8 20.7 9.5abc 11.5 216.7 288.3 109.9 87.5

120N 4.1 1.9 23.7 19.7 10.6bc 12.3 265 356.7 127.2 79.6

150N 4.0 2.1 23.3 20.7 10.8c 13.7 270 341.7 137.7 83.7

Mean values followed by different letters denote significant (P < 0.05) difference between treatments by DMRT. WS, wet season; DS, dry season.

dry season respectively. Average grain yield in SRI treatments

(SRI-60N, SRI-90N, SRI-120N, SRI-150N) recorded the yield

potential range for TXD 306 variety which (7–8 t ha−1) during

wet season, while in CP only CP120N treatment reached the

yield potential.

The increment in grain yield in the SRI treatment was largely

attributed to increases in the number of spikelets per panicle

and filled grain percentage (Table 12), the same was reported by

other scholars. The yield in SRI plants could also be linked with

the root characteristics i.e., higher volume and root weight (data

not shown). Our results are in agreement with previous studies

of other researcher’s, such as Sandhu et al. (2017) reported strong

association of root traits such as nodal root number, root dry

weight with grain yield. Ashraf et al. (1999) reported that old

seedlings results in CP practice lower rice yields because they

suffer from stem and root injury during pulling. Previous studies

in the study area with the same variety have reported different

rice yield. Kahimba et al. (2013) reported 2.96–4.76 t ha−1

and yield increased by 24.3% in SRI compared to conventional

practices and Reuben et al. (2016) reported grain yield ranged in

8.1–8.5 t ha−1 under SRI with the same variety.

Thakur et al. (2014) found overall, grain yield with SRI

was 49% higher than with CP, with yield enhanced at every

N application dose. Thakur et al. (2021) reported increased

rice yield by SRI up to 25–50% or more and Mati et al.

(2021) in Kenya reported the increased rice yields in the range

of 20–100%.

Yield components

The number of panicles per hill was significant with SRI

recording 37 and 22% higher than the CP in wet and dry seasons.

Nitrogen levels and interactions with SRI or CP significantly

affected the number of panicles (Table 12). The higher panicle

weight percentages of 22.2 and 43.6% were recorded under SRI

in wet and dry seasons, respectively. Panicle weight increased

with an increase in N levels but not beyond 120 kg N−1 in

wet season and 90 kg N ha−1 dry season. Panicle length was

significantly (p < 0.05) affected by N levels and the length

increased with increasing N levels in wet season. The number

of panicle per hill was significantly (p < 0.05) affected by crop

management practices in wet season, with SRI recording higher
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TABLE 13 E�ects of crop management practices and N levels on straw yield, harvest index, grain yield and 1,000 grains weight of rice.

Treatment Straw yield (t ha−1) Harvest index 1,000 grains weight (g)

Season(s) WS DS WS DS WS DS

Crop management practices (CMP)

SRI 5.1 3.9 0.6 0.6 32.8 29.8

CP 4.5 2.6 0.6 0.6 38.1 31.2

Nitrogen levels

ABC 2.9a 2.2a 0.6b 0.7 33.9 28.8

0 3.0a 2.9ab 0.6b 0.6 33.9 30.5

60 4.9b 3.0ab 0.6b 0.7 35.7 30.9

90 5.6bc 3.8bc 0.6b 0.6 37.8 32.5

120 6.0c 4.1c 0.6b 0.6 37.7 30.9

150 6.6c 3.5bc 0.5a 0.6 33.8 29.5

Interaction (CMP x N)

ABC 3.2 2.8 0.6b 0.6 32.9 26.9

0N 3.6 3.5 0.6b 0.6 32.8 30.5

60N 5.2 3.5 0.6b 0.6 32.6 30.4

SRI 90N 6.2 4.8 0.6b 0.6 32.9 33

120N 5.8 4.8 0.6b 0.6 32.7 31.2

150N 6.5 3.9 0.6b 0.7 32.8 26.9

ABC 2.6 1.6 0.6b 0.7 34.9 30.8

0N 2.4 2.3 0.7bc 0.6 34.9 30.4

60N 4.6 2.5 0.6b 0.6 38.8 31.5

CP 90N 4.9 2.8 0.6b 0.6 42.6 31.9

120N 6.2 3.4 0.5a 0.6 42.6 30.6

150N 6.6 3.1 0.5a 0.6 34.9 32

Mean values followed by different letters denote significant (P < 0.05) difference between treatments by DMRT; WS, wet season; DS, dry season.

number of panicle per hill (15) compared with CP (9). Nitrogen

levels and their interactions with SRI or CP significantly affected

the number of panicles per hill. Spikelets per panicle were

significantly influenced by crop management practices, with SRI

recording higher number of spikelets per panicles in wet and dry

seasons. Nitrogen levels also significantly affected the number of

spikelets per panicle during dry season.

Effective tillers were significantly affected by CP, N levels

and their interactions (p < 0.05) in wet and dry seasons but

SRI recorded higher effective tillers over CP (Table 12). The

filled grains per panicle were significantly affected by crop

management practices (p < 0.05) in wet and dry seasons.

Grain filling rate was significantly affected by crop management

practices in wet season, with increased grain filling by 4.6 and

5.9% under SRI compared with CP in wet and dry season,

respectively. There was significant effect of N levels in dry

season. Previous studies have reported absence of significant

effect of crop management practices on percentage of filled

grains (Belder et al., 2004; Zheng et al., 2020).

The CMP significantly affected straw yield during dry season

and SRI recorded increased straw yield by 33.3% over CP

(Table 13). Straw yield increased with increase in N levels in

wet and dry seasons. The highest straw yield was recorded in

wet season (6.6 and 6.5 t ha−1) in an application of 150Kg N

ha−1, and with interactions of SRI and CP with 150 kg N ha−1.

Harvest index (HI) was significantly affected by N levels during

wet season, whereas the lowest HI of 0.5 was recorded in an

application of 150 kg N ha−1. There was no interaction effects

observed between treatments on the straw yields. Results also

indicated that the dry weight of 1,000-grains was significantly

affected by CP in wet season. However, there was no significant

effect of N levels or their interactions with CP or SRI observed

on the dry weight of 1,000 grains. Crop management practices

significantly affected panicle weight and spikelets per panicle in

wet and dry seasons, with higher values recorded under SRI.

Conclusions

Our results show that the treatments interaction of system

of rice intensification and nitrogen rates significantly decreased

CH4 and CO2 emissions from paddy rice in either rice seasons.

Conventional practice contributed to higher GWP and

GHGI. System of rice intensification treatment reduced global

warming potential, methane and carbon dioxide by 57.1,

59.2, and 25% over CP treatments, respectively. System
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of rice intensification and nitrogen fertilization at 90 kg N

ha−1 could be practiced to sustain increase rice productivity

while minimizing greenhouse gases intensity in the changing

climatic conditions.

Our results suggest strong potential for system of rice

intensification management practice to reduce the total GHG

emissions from paddy rice, while maintaining rice yield.
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