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Aim: This study investigated the impacts of system of rice intensification (SRI) and conventional management practice (CP) on rice growth, grain yield, and nitrogen use efficiency by nitrogen application.

Methods: Field experiments were conducted in wet and dry seasons; each season, the experiment was set in a split-plot randomized complete block design in triplicate with crop management practices in main plots and nitrogen levels in subplots.

Results: The average grain yield by SRI was 7.1 and 6.7 t ha−1, while by CP it was 6.1 and 4.4 t ha−1in the wet and dry seasons, respectively. The grain yield of the SRI practice was significantly (p < 0.05) greater than that of the conventional practice (CP) at all levels of nitrogen application. The average yield under the treatment interaction of SRI and nitrogen levels were increased by 13.1% in the wet season and 35.8 % in the dry season. Roots of SRI plants had significantly (p < 0.05) greater fresh weight, length, and volume as indicated by increased root dry weight per hill. SRI improved crop growth, effective tillers, filled grains per panicle, grain filling rate, panicle weight, spikelet per panicle, straw yield, and 1,000-grain weight. Nitrogen application rate had a significant effect (p < 0.05) on agronomic nitrogen use efficiency (ANUE). As the N application rate was increased beyond 90 kg N ha−1, the ANUE and partial factor productivity (PFP) under both SRI and CP were significantly decreased in both seasons.

Conclusion: Overall, the SRI production system with 60 kg N ha−1 improved rice growth, yield, and nitrogen use efficiency compared to the CP.

Keywords: crop improvement, nitrogen, rice intensification, agro ecology, rice, nitrogen fertilization level


INTRODUCTION

Rice (Oryza sativa L.) is one of the most important grain crops in the world, and more than three billion people worldwide consume rice as a staple food (Zhao et al., 2021). Tanzania is the largest (947,303 km2) country in East Africa and accounts for 9% (2.6 million tons) of African rice production (30.8 million tons) (FAOSTAT, 2014; Materu et al., 2018). Rice is the second most popular staple food crop after maize in Tanzania and the second most important crop commercially (Gowele et al., 2020). Although rice ranks as the second most consumed cereal in Tanzania, its productivity is lower than it should be and could be at 0.5–2 t ha−1 for upland ecologies and 4.5–6 t ha−1 for irrigated ecologies. This is well below the potential yields of 5 and 10–11 t ha−1, respectively, for these different agroecosystems (IRRI, 2013). Low productivity, low nitrogen use efficiency, and poor soil fertility as well environmental degradation are factors contributing to low rice production (Thakur et al., 2013).

Among nutrients, nitrogen (N) is universally deficient in rice cropping systems worldwide (Jiang et al., 2004; Thakur et al., 2013). The recovery of applied N, and the proportion taken up by crop plants, is usually <50% in traditionally flooded paddy rice, due to rapid nitrogen losses through various pathways like denitrification, ammonia volatilization, leaching and surface runoff, and has low N use efficiency (Chen et al., 2017; Hameed et al., 2019). Most of the world's rice crop is produced by subsistence farmers who grow rice with conventional methods. Conventional methods consume large amounts of water resources and increase losses of nitrogen because of leaching, runoff, and agricultural drainage (Yang et al., 2017; Gowele et al., 2020; Zhao et al., 2021).

An alternative way of dealing with these problems is adoption of an agroecological crop management approach (Gleissman, 2014) that utilizes biological and genetic potentials that presently exist in crop plants and soil systems. Such agroecological crop management is the system of rice intensification (SRI). The SRI involves six principles as described by Kahimba et al. (2013), and Thakur et al. (2016): (i) transplanting a single seedling, (ii) transplanting younger seedlings in the 2–3 leaf stage (8–12 days old), (iii) wide plant spacing of 25 × 25 cm or wider, planted in lines, (iv) minimum water applications during vegetative growth period keeping soils moist but well-drained and aerated, (v) frequent weeding with a simple mechanical hand weeder, and (vi) application of organic matters with preference to chemical fertilizers. These principles have beneficial effects according to Thakur et al. (2016): (a) transplanting young seedlings is advantageous for early crop establishment, in part because this avoids or minimizes “transplanting shock,” thereby enhancing the growing plants' tillering and rooting; (b) single seedlings per hill have been found to be superior to transplanting three seedlings per hill (as recommended for conventional approaches), improving tillering, root development, RuBisCO contents, and cytokinin levels. (c) wide-spacing reduces interplant competition for nutrients, water, light, and air, which significantly enhances individual hill performance under SRI management, and this permits prolific tillering and associated root development, along with increased grain development that can more compensate for reduced plant populations on an area basis; (d) alternate wetting and drying (AWD) is considered an effective water-saving technology in rice production, with studies showing that moderate AWD not only saves water but also can increase grain yield; (e) organic manure application under AWD has been seen to increase significantly the uptake of N, P, and K, causing significant increase in filled grains per panicle, 1,000-grain weight, and grain yield, and the beneficial effect of an integrated (organic and mineral) fertilizer strategy has also been significant for grain yields under waterlogged conditions; (f) weeding is essential for SRI, because under an AWD moisture regime, weed growth readily becomes problematic. Mechanical weed control has the advantage of aerating the soil while incorporating weeds into the soil, which enhances both root growth and health and soil populations of beneficial soil microbes. Uphoff and Randriamiharisoa (2002) recommended that these respective individual practices, because of the interactions involved, i.e., between soil moisture/irrigation regime and plant spacing/density, are most effective when used in combination with other SRI practices.

It has shown in more than 60 countries that SRI can raise rice yields significantly by up to 20–100% or more with reduced costs of production (SRI-Rice, 2020), thereby contributing to attaining global food security. Also, it can increase water productivity, reduce greenhouse gas emission by 20–30% (Gathorne-Hardy et al., 2016; Thakur and Uphoff, 2017), and achieve water saving of 25–50% and up to 90% reduction in required seed (Gowele et al., 2020). This improved performance of SRI practices has been attributed to many factors, including more nutrient uptake and proper management of water and fertilizers (Gowele et al., 2020).

Along with SRI performance, soil fertility status, nutrient supply capacity of soil, and nitrogen use efficiency need due attention. Depletion of soil fertility and nitrogen deficiency are major problems in rice cropping systems, particularly in Tanzania (Massawe, 2016). This has been reported by Jumanne (2016), who conducted a study on 9 farms in a Mkindo farmer-managed irrigation scheme and found that 100% of soils had low nitrogen. The same was also reported by Amuri et al. (2013) that some selected paddy growing soils of Tanzania including that in Mkindo farmer-managed irrigation scheme have low total nitrogen, low yields, and low nitrogen use efficiency. Nitrogen use efficiency (NUE) is an established metric used to benchmark N management (Congreves et al., 2021). Also, it is used for environmental and economic objectives of minimizing nutrient losses and negative impact on surrounding water, air, and ecosystems, as well as reducing costs associated with excessive fertilizer inputs (Galloway et al., 2014; Congreves et al., 2021). Improvement of nitrogen use efficiency (NUE) is a challenging task because of its several losses by ammonia volatilization, surface runoff, leaching, and nitrification-denitrification (Islam et al., 2018).

Studies have indicated increased rice yields due to the interaction of nitrogen and water. In China, Zhao et al. (2009) reported an increase in nitrogen uptake, ANUE, and partial factor productivity of applied nitrogen. Combining SRI and appropriate nitrogen levels holds promise in increasing rice productivity and NUE. Furthermore, it is not well-known how SRI modifies crop-soil- water-nutrient use efficiencies and if it requires different N-fertilizer management compared with CP in rice cultivation systems in Tanzania context. We hypothesized that applying N will better interact with the SRI package and could improve rice growth, grain yield, and N fertilizer use efficiency. Our aim was to identify an optimal interaction that could improve yield and N use efficiencies, and reduce fertilizer cost with positive environmental implications.



MATERIALS AND METHODS


Study Site and Soil

Two consecutive field experiments using the same plots were conducted in 2019 and 2020. The wet season experiment covered the period February 19, 2019 to July 5, 2019, and the dry season began on September 5, 2019 and ended on January 21, 2020.

The field experiments were conducted at the Mkindo farmer-managed irrigation scheme located in Mkindo village in Hembeti Ward, Mvomero District, Morogoro Region, Eastern Tanzania (Figure 1). 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 and 365 m amsl. The experimental site is located at latitude 6°15'13” south and longitude 37°32'19”.


[image: Figure 1]
FIGURE 1. Location map of Mkindo village in Mvomero district, Morogoro, Tanzania.


The 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. Rice is the only crop produced in the scheme, which serves as a food and income generator. Currently the scheme has an arable area of 740 ha with 300 ha under rice cultivation, and an expansion in the near future is expected for about 620 ha downstream of the current cultivated area.

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 and 28.5°C for February and June, while the average monthly minimum temperature ranges between 20.4 and 15.8°C for January, March, and July, as shown in Table 1. The mean relative humidity is 67.5%. The area has a bimodal rainfall regime with short rains extending from October to December (OND) and long rains from March to May (MAM). The long rains (masika) receive more rains which ranges between 112.6 and 250.3 mm with a total rainfall of 571.1 mm compared to the short rains (vuli) which receives fewer rains which varies between 52.6 and 116 mm with a total rainfall of 254.5 mm, respectively. The average annual rainfall ranges between 716.5 and 1,503.5 mm (Kahimba et al., 2013; Reuben et al., 2016; Gowele et al., 2020).


Table 1. Average temperature and rainfall of Mkindo climatic conditions from 1999 to 2020.
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The Mkindo rice irrigation scheme has a well-organized irrigation infrastructure (headwork on Mkindo Perennial River of the Wami River Basin, partly lined main canal and unlined secondary and tertiary canals, and drainage canals (de Bruin et al., 2019).

The soils of Mkindo fall under the World Reference Base (WRB) Soil subunit Ferralic Cambisol with low natural fertility. The soils have diffuse horizon boundaries, a clay assemblage dominated by low activity clays (mainly kaolinite) and high content of sesquioxides (ARI-Mlingano, 2006).

Rice cultivation is the major use of land in the study area, and rice is the only crop produced in the scheme, which serves as a food and income generator. This area is dominated by smallholder farmers who cultivate rice by irrigation. Most of them produce rice with conventional practices. Irrigation water in the rice field is kept at continuous flooding. Some farmers fertilize their rice crop mostly by nitrogen-containing fertilizers. Few apply phosphorus fertilizers (personal communication, April 2018). The Morogoro region is among the largest rice-producing area in the country, producing between 300,000 and 350,000 tons per year (Wilson, 2008) and is one of the key food basket regions.



Soil Sampling and Analysis

Soils were sampled before establishing the experiments and analyzed, where ten spots were sampled at a depth of 0–20 cm. The quartering method was used to get a composite soil sample, which was transferred for analysis to Soil Science Laboratory at Sokoine University of Agriculture, Morogoro, Tanzania. Stones, debris, and other foreign materials were carefully removed from the soil samples. Then, the soil samples were air-dried, ground, and passed through a 2-mm mesh sieve and were analyzed for particle size distribution for textural class with Hydrometer method, soil pH with a pH meter in 1:2.5 soil-water, organic carbon with the Walkley-Black Method, total nitrogen with the micro-Kjedahl digestion method, available phosphorus with the Bray and Kurtz method, exchangeable cations (Ca2+, Mg2+, K+, Na+) with NH4+ acetate filtrates by ammonium acetate saturation, and available micronutrients (Zn, Cu, Mn, and Fe) with the DTPA extraction method. The analysis showed that the soil was acidic with a pH of 5.36 and had other chemical characteristics as shown in Table 2. The soil was also characterized for physical properties as sand clay loamy (22.6% clay, 7.6% silt, and 69.8% sand) with a field capacity of 22.2% volume, wilting point of 14.4% volume; available water 0.08 cm/cm, bulk density of 1.59 g/cm3; saturation 40% volume, hydraulic conductivity at 1.43E-6 mm/h, saturated hydraulic conductivity (Ks) at 13.3 mm/h, and matric potential of 175 kPa.


Table 2. Soil chemical properties of the Mkindo irrigation scheme used in the study at 0–20 cm.
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Experimental Design and Treatment Details

Each season, the experiment was arranged in a split-plot randomized complete block design and in triplicate with two factors (crop management practices in main plots and nitrogen levels in subplots). The main plot was then divided into six subplots with a size of 16 m2 (4 × 4 m). All the plots were surrounded by consolidated bunds, and 2-m buffer strips were left between the main plots and 1 m for the subplots to provide access pathways and, more importantly, to minimize the lateral movement of irrigation water and fertilizers between the plots.

Fertilizer treatments comprised six nitrogen levels; these include absolute control treatment (ABC), which did not receive any kind of fertilizer. The absolute control treatment was 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, and this treatment was required to assess crop response to nitrogen fertilizer application and to calculate fertilizer use efficiency. The other treatments, 60, 90, 120, and 150 kg N ha−1, annotated as 60 N, 90 N, 120 N, and 150 N, contained 50, 75, 100, and 125% of the blanket recommended amount of nitrogen fertilizer. The 120 N treatment represents the current blanket recommendation for rice grown in Mkindo. The source of N fertilizer was urea (CON2H4, total N 46%) and was applied twice, that is 50% 14 days after transplanting and 50% during the panicle initiation stage. Panicle initiation (PI) is the second best time to apply N to a rice crop with pre-permanent water being the most efficient. N applications at PI are relatively efficient because the full crop canopy reduces fertilizer volatilization, and the extensive near surface root system takes up N soon after application.

The sources of full dose of phosphorus and potassium were 60 kg ha−1 triple super phosphate (45% P2O5) and 60 kg ha−1 muriate of potash (60% K2O). Phosphorus and potassium fertilizers were applied at same rate to all the plots and were evenly broadcasted and mixed with soil during transplanting. No amount of compost was applied as a source of nutrients. Compost is recommended in SRI if it is available.



Crop Management and Irrigation
 
Crop Establishment

A TXD 360 semi-aromatic variety, commonly referred to as SARO, was used. This variety is mid-late season rice (120–130 days cycle) that is grown in rain-fed or irrigated production ecologies with a yield potential of 7.0–8.5 t ha−1. It is medium in stature, resistant to lodging, and has a good tillering ability (more than 20 tillers per hill depending on management). Seedling nurseries for each season were prepared by pudding the soil.

Before sowing in the nurseries, seeds were prepared by separating unfilled grains from filled grains so as to get vigorous plants. Only seeds with good density and formation were used for nursery preparations. To get the best seeds, clean tap water was used and seed priming techniques were adopted. The seeds were submerged in a container of tap clean water and stirred well; any light and inferior seeds that floated in the water were discarded. The best seeds were then soaked in clean water for 48 h (seed priming) and incubated in a warm and dark place for 3 days. The practice of soaking seeds before planting enhances the rate of germination and seedling emergence. Also, incubation keeps the seeds warm and hence increases growth of the embryo and results in uniform germination. Thereafter, the germinated seeds were uniformly broadcasted for nursery establishment.

No manuring and fertilization were applied, but water management practices were followed in order to raise healthy seedlings. Land preparation was started 1 month prior to transplant of the seedlings. The land was thoroughly prepared with a power tiller. Subsequently, the land was sufficiently irrigated and plowed and cross plowed three times followed by laddering to have good tilth. All kinds of stubble and residues of previous crop were removed from the field. After uniform leveling, the experimental plots were laid out according to the requirement of the treatment.

In the SRI plot, for transplanting with regular spacing, a square grid pattern was created on the soil's surface using a wooden marker that demarcated distances of 25–25 cm between perpendicular lines. Ten-day-old seedlings were uprooted from the nurseries along with seed sac, and we transplanted one seedling per hill within 30 min of uprooting in both seasons. Rotary cono-weeder and hand were used in weeding. Based on the results of earlier studies with the same rice variety and same area (Mkindo irrigation scheme conditions) (Kahimba et al., 2013; Reuben et al., 2016), it was decided to adopt the recommended SRI principles.

In the CP, 25-day-old seedlings were transplanted in the puddled field at 20 × 20 cm spacing keeping three seedlings hill−1, and hand weeding was conducted for weed management. Experimental details are shown in Table 3.


Table 3. Experimental treatment details.
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Water Irrigation Management

The 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, the SRI and CP plots were managed differently. Plots under the 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 the panicle initiation stage, and during the rest of the growing cycle, the plots were maintained 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, and this took a 2- to 3-day interval as recommended by (Kahimba et al., 2013).

Soil water depths were measured and monitored in each SRI plot using PVC pipes installed in the plots at a 15 cm depth as described by Lampayan et al. (2015) (Figure 2). Water depth was measured at 8:00 am and 14:00 pm each day using a101 p7 flat tape water level meter (Solinst Canada Ltd., Georgetown, Ontario, Canada).


[image: Figure 2]
FIGURE 2. Water irrigation management using PVC pipes.


PVC pipes were installed in the SRI plots with perforated holes having a diameter of about 0.5 cm each and spaced about 2 cm away from one another. The pipes were installed near the bund for easy water monitoring. After burying the soil inside the tubes was removed so as bottom level is visible. Water level inside the tubes was checked and was the same as the outside. Each of the main plots was irrigated separately. Irrigation water was provided from an irrigation canal and measured with a plastic ruler inserted into the plot.




Assessment of Growth-Contributing Characters
 
Plant Height

Five plants from each plot were selected randomly and measured in different stages of crop growth until maturity. For juvenile plants, height was measured from plant base to the tip of the tallest leaf. For mature plants, plant height was measured from plant base to the tip of the tallest panicle with a tape measure.

Number of tillers per hill was counted from five plants in each experimental plot on the same day that plant height data were collected, and was counted individually per plant.



Chlorophyll Content

For each sub plot, five hills were randomly selected for measurements, and 5 flag leaves were selected. The CC of leaves was measured using a tLEAF CHL PLUS meter (FT Green LLC, 1000N.West St. Suite 1200# 638 Wilmington, DE 19801 United States; www.atleaf.com was accessed on May 2, 2019) in the panicle initiation and milk grain stages of the rice plant. Measurements were taken on a clear sunny day between 10:00 and 11:30 a.m. before the midday.



Assessment of Root Growth

For root study, root length, root fresh and dry weights, and root volume were examined. Five (5) hills from each subplot were randomly selected for root assessment in the panicle initiation stage during the wet season. For each root sampling, a soil cube (20 × 20 × 30 cm; length, width, and depth) around each individual hill was dug up using a sampling core as described by Xu et al. (2019). Such a cube contains ~95% of total root biomass (Yang et al., 2008). Roots were washed using flowing tap water and by carefully spraying with water until the attached soil and sand particles were removed. A 0.5-mm-diameter sieve was used to prevent loss of fine roots during washing. The samples were labeled, placed in plastic bags, and transported immediately to Soil Science Laboratory at Sokoine University of Agriculture for assessment. Root volume was measured with the water displacement method by putting all the roots in a measuring cylinder of 100 ml and getting the displaced water volume as described by Ndiiri et al. (2012) and Pascual and Wang (2017).

Root length was determined by direct manual measurements of top roots using a ruler against a millimeter paper (Pascual and Wang, 2017). The fresh and dry weights of the roots were determined using a digital Endel Precision Weighing scale (EJB-NB-6000, Dubai) and were expressed in grams. Root dry biomass per hill was determined after oven-drying with Memmert 854 (Memmert GmbH + Co., KGSchwabach, Bavaria, 91126, Germany) at 70°C for 24 h to constant weight (in g).




Assessment of Yield and Yield Components

At harvest, grain yield and yield components were determined. Yield components include harvest index, straw yield, effective and non-effective tillers, number of panicles per square meter, panicle length, panicle weight, number of panicles per hill, grain number per panicle, grain weight per panicle, and filled and unfilled grains per panicle.

Grain yield was determined in a net plot of 2 × 2 m (64 hills) (100 hills) excluding border rows for the SRI and CP plots. In each net plot, a sub-sample of 5 hills was selected for assessment of yield components, and plants were cut at soil level.

The grains were threshed from the panicles. The straw (including peduncle and rachis) was oven-dried (Memmert 854 oven; MEMMERT GmbH + Co. KG Schwabach, 91126 Bavaria, Germany) at 60°C for 72 h to reach a constant weight, while grains were sun-dried before determining weight and moisture. Grain moisture was measured with an 8988N grain moisture meter (Xiamen Hyhoo Imp. & Exp. Co., Ltd., Fujian, China) and adjusted to 14% moisture content using Equation (4). The grain and straw yields obtained were dried under the sun and weighed with Endel Precision Weighing Scale (EJB-NB-6000, Dubai) to record yield/plot and finally converted to t/ha using Equation (1). Grain harvest index was calculated based on the ratio of grain yield to total biomass produced as in Equation (2).

The number of productive tillers and non-productive tillers was obtained by counting the number of tillers with panicles bearing at least one filled grain, which are referred to as effective tillers vice versa is true. Panicle weight was determined at a constant weight after oven-drying at 70°C for 72 h. Panicle length was recorded from the basal node of the rachis to the apex of each panicle with a centimeter ruler. The filled spikelets were separated from the unfilled spikelets using an HMC 67 seed blower (Hoffman Manufacturing Inc., Corvallis, OR 97330, United States), and grain filling rate was calculated on a mass basis as the ratio of filled grain weight to t total grain weight per panicle multiplied by 100, as shown in Equation (3).

One thousand (1,000) grains were randomly counted from the harvested grains in each replicate for 1,000-grain weight determination using seed counter Seedburo 801 Count-A-Pak® (801-10/C model, serial Co 655; Chicago, IL, United States):
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where Wf is the final weight at 14% moisture, mcf is the final moisture (14%), mci is the initial moisture, and Wi is the initial grain weight.



Assessment of Nitrogen Use Efficiency

Different measures of NUE such as agronomic nitrogen use rate, partial factor productivity of applied N, and nitrogen contribution rate (FCRN) were calculated (Thakur et al., 2013):

[image: image]

[image: image]

[image: image]

where ANUE is for agronomic N use efficiency, PFPN is for partial factor nitrogen productivity, FCRN is for nitrogen contribution rate, Y is for grain yield with nitrogen application, Y0 is for grain yield without nitrogen application, and F is for amount of nitrogen applied,



Statistical Analysis

All data were statistically analyzed using the procedures described by Gomez and Gomez (1984). Analysis of variance (ANOVA) was performed on a split-plot design, with cultivation system as the main factor and N rates as the sub-factor in each season using the Gen start 4th edition for Windows (Rothamsted Research, United States). Significance of the treatment effect was determined by F-test. Mean differences between treatments were compared using the least significant difference (LSD) method at 5% level of probability, and ordering of treatments was conducted after Duncan's range test.




RESULTS


Rice Growth-Contributing Characters
 
Plant Height and Number of Tillers

Plant height increased with increase in the amount of nitrogen application and slightly decreased in the later stage of harvest (Tables 4, 5). A significant effect of CMP on plant height was observed in the booting and dough stages in the wet season and in the dough and harvest in the dry season when SRI recorded taller plants than the CP (Tables 4, 5). Nitrogen levels had a significant effect on all stages of crop growth present in the dry season, and during the wet season there was no significant effect recorded on the panicle initiation stage. Treatment interaction had a significant effect on all the three recorded growth stages in the dry season. During both seasons, the absolute control (ABC) and N control (0 kg N ha−1) treatments had shorter plants than the other treatments. Under all the treatments, the highest value of plant height was mainly concentrated in the dough stage. The highest plant height was 130 and 101.7 cm under the 150 kg N ha−1 and SRI ×90 kg N ha−1 treatments in the wet and dry seasons, respectively (data not shown here).


Table 4. Plant height (in cm) during the wet season was affected by crop management practices and nitrogen levels.

[image: Table 4]


Table 5. Plant height (in cm) during the dry season was affected by crop management practices and nitrogen levels.

[image: Table 5]

With increase in the amount of nitrogen application, the number of tillers increased (Tables 6, 7). The number of tillers indicated a continuous increase in all the stages, but a slight decrease was recorded at harvest. The highest number of tillers (15.2 and 20.3) was recorded under 120 kg N ha−1 and SRI × 90 kg N ha−1 during the wet and dry seasons, respectively. Treatment interaction affected number of tillers during the harvest stage in both seasons. Plants under SRI recorded a high number of tillers than the CP plants.


Table 6. Number of tillers during the wet season was affected by crop management practices and nitrogen levels.
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Table 7. Number of tillers during the dry season was affected by crop management practices and nitrogen levels.
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Chlorophyll Content

Chlorophyll content was significantly affected (p < 0.05) by CMPs during the panicle initiation stage, and SRI recorded high CC by 9% compared to the CP (Table 8). The increase in CC from panicle initiation to milk stage was observed in both CMPs. Nitrogen levels had a significant effect on CC in both growth stages, and CC increased with increase in nitrogen levels. Treatment interaction had a significant effect on the panicle initiation stage; however, higher content (50.4) was recorded upon the application of 150 kg N ha−1 during the milk stage.


Table 8. Effects of crop management practices and nitrogen levels on leaf chlorophyll content (atLEAF values).
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Root Growth Characteristics

The SRI practice affected the root characteristics significantly (p < 0.05) (Table 9). Roots collected from similar soil volumes, growth stage, and season under both practices showed that with SRI practices, hills had significantly fresh weight, length, volume as indicated by increased root dry weight per hill. Root dry weight per hill was 55% higher for SRI than for CP, even though SRI had only one plant hill−1 whereas CP had three plants. Nitrogen levels affected root dry weight significantly, and higher dry weight (13 g) was recorded with 150 kg N. Interaction treatments under SRI × 150 kg N ha reported higher dry weight hill−1 (15.2 g) though the weight was not significant from other treatments.


Table 9. Root characteristics were affected by crop management practices and nitrogen levels.
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Yield and Yield Components

The grain yield of SRI was significantly (p < 0.05) greater than that of the conventional practice (CP) and at all levels of nitrogen application (Table 10). Under crop management practices, the average highest rice grain yield was found in the SRI treatments (6.7 and 6.4 t ha−1), and this is 10.7 and 34% higher than that of the CP (6.4 and 4.2 t ha−1) during the wet and dry seasons, respectively. N fertilizer applications always increased the grain yields compared with the zero-N and absolute control in both seasons. Grain yield increased with increase in nitrogen levels; however, there was no yield increase beyond 120 kg N ha−1 in the wet season and 90 kg N ha−1 in the dry season.


Table 10. Effects of crop management practices and N fertilizer levels on yield components in rice crop.
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In the whole range of N application levels, the average yield under SRI management increased by 16.2% during the wet season and 55.6% during the dry season. Among the N treatments, the maximum yield under SRI was 8.1 t ha−1 with the application of 120 and 150 kg N ha−1 in the wet season, and 7.7 tha−1 with 90 kg N ha−1 in the dry season. The maximum yield under the CP was 7.2 t ha−1 with 120 kg N ha−1 in the wet season and 5.0 tha−1 with 90 kg N ha−1 in the dry season. The grain yield achieved under the CP with application of 90–120 kg N ha−1 mostly in the dry season was equivalent to the yield achieved with half or two-thirds as much N fertilizer under the SRI method, i.e., 60 kg N ha−1.



Yield Components

The CMPs significantly affected straw yield during the dry season, and SRI recorded increased yield by 33.3% over CP (Table 10). Straw yield increased with increase in nitrogen levels in both seasons. Highest yield in the wet season (6.6 and 6.5 t ha−1) was recorded in the 150 Kg N ha−1, SRI × 150 kg N ha−1, and CP × 150 Kg N ha−1 treatments. Harvest index (HI) was significantly affected by N levels during the wet season, whereas the lowest HI of 0.5 was recorded in the application of 150 kg N ha−1. No effect was observed on treatment interaction. Thousand grain weight was significant under the CP in the wet season. No significant effect was observed on nitrogen levels and treatment interaction. The CMPs affected panicle weight and spikelet panicle−1 significantly in both seasons, and SRI had higher panicle weight and spikelet panicle−1 (Table 11).


Table 11. Effects of crop management practices and fertilizer N levels on yield components in rice crop.
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Number of panicle hill−1 was significant during wet season and SRI recorded 37 and 22% higher over CP in wet and dry seasons. Nitrogen levels and treatment interaction also had a significant effect on number of panicles. Nitrogen levels and CMPs had a significant effect on panicle weight in both seasons; however, no significant effect was observed on treatment interaction. SRI reported higher panicle weight percentage (22.2 and 43.6%) in the wet and dry seasons.

Panicle weight increased with increase in nitrogen levels; however, there was no increase observed beyond 120 kg N−1 in the wet season and 90 kg N ha−1 in the wet and dry seasons. Panicle length was significantly (p < 0.05) affected by nitrogen levels, and the length increased with increase in nitrogen levels as in the wet season.

Number of panicle per hill was significantly (p < 0.05) affected by the CMPs in the wet season, and SRI recorded higher (14.5) number of panicle per hill than the CP (9.1). Nitrogen levels and treatment interaction had significant effects on number of panicles per hill.

Number of panicle per square meter was significantly (p < 0.05) influenced by nitrogen levels, and an increase was observed with increase in nitrogen levels. Spikelet per panicle was significantly influenced by the CMPs, and SRI had higher number of spikelets per panicles (146.1, 153.6) than the CP (113.5, 86.9) in the wet and dry seasons. Nitrogen levels also had a significant influence on number of spikelets per panicles during the dry season, and higher number of spikelet's (143.3) was recorded in 90N. Effective tillers were significantly affected by crop management, nitrogen levels, and their interaction (p < 0.05) in both seasons, and SRI recorded higher effective tillers than the CP (Table 12). Filled grain panicle−1 was significantly affected by the CMPs (p < 0.05) in both seasons.


Table 12. Effects of crop management practices and fertilizer N levels on yield components in rice crop.
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Grains filling rate was significantly affected by the CMPs in the wet season, and SRI increased it by 4.6, 5.9% compared to the CP in the wet and dry seasons. There was also a significant effect on nitrogen levels in the dry season. Belder et al. (2004) and Zheng et al. (2020) found that percentage of filled grains was not significantly affected by the cultivation methods.



Nitrogen Use Efficiency

Nitrogen application rate had a significant effect (p < 0.05) on agronomic N use efficiency (ANUE) (Table 13). As N rate increased beyond 90 kg N ha−1, the ANUE and PFP under both SRI and CP significantly decreased in both seasons. Zhao et al. (2009) and Djaman et al. (2018) reported a similar trend. Agronomic N use efficiency (ANUE) ranged from 19.7 to 33.7 kg grain kg−1 N in the wet season and from 7.08 to 25.83 kg grain kg−1 N in the dry season under SRI. Under the CP, the ANUE ranged from 10 to 21.7 kg grain kg−1 N in the wet season and from 12 to 21.85 kg grain kg−1 N in the dry season. Highest ANUE was found with the application rate of 90 kg N ha−1 under both SRI and CP in both seasons. The ANUE of the SRI plants increased by 51.2–121.7% in the wet season and 20.7–18.2% in the dry season compared to the CP plants (Table 13).


Table 13. Effect of crop management practices and nitrogen fertilization on nitrogen use efficiency.
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The results of this study are in agreement with other studies. Zhao et al. (2009), Thakur et al. (2013), and Zhang et al. (2020) reported decrease in PFP and AUNE with increase in nitrogen dose. Djaman et al. (2018) reported a range of ANUE of 20.6–159.1 kg grain kg−1 N, and Zhao et al. (2009) found that rice NUE was affected by SRI integrated with AWD, and that NUE varied from 2 to 17.9 kg grain kg−1 N and 7.1 to 13.1 kg grain kg−1 N in SRI and traditional flooding, respectively. Thakur et al. (2013) reported that the value of ANUE ranged from 31.3 to 44.3 kg grain kg−1N under SRI, and from 23.3 to 31.6 kg grain kg−1N under transplanted flooded rice, and that ANUE with SRI was 34–40% higher than in transplanted flooded rice plants. Cassman and Pingali (1996) reported a farmer field NUE range of 15–20 in the Philippines. Low NUE (9.1 and 6.4 kg grain kg−1 N) has been reported in farmers' fields in China by Peng et al. (2002) as compared to global average of 20 kg grain·kg−1N.

Partial factor productivity (PFP) was significant (p < 0.05) affected by CMPs, nitrogen levels, and their interaction. SRI had PFP ranges of 53.8–116.7 and 48.6–105.8 kg grain kg−1N and CP 42.2–102.2 and 32.17–71.94 kg grain kg−1N during the wet and dry seasons.

Highest PFP was found with the application rate of 60 kg N ha−1 under both SRI and CP as well as N levels in both seasons. However, there was decrease in PFP with increase in N levels beyond 60 kg N ha−1 in both nitrogen treatments and the interaction. From applied nitrogen PFP was 17.7% in wet and 48.2% in dry season and was higher with SRI management when compared to CP. Under SRI, 80.5, 73.6 kg grain was produced with the application of 1 kg N, whereas under CP, only 68.3, 49.7 kg grain resulted per kg N applied in the wet and dry seasons.

As for nitrogen contribution rate, it was in the range of 28–37.7 and 16–28.6% under SRI in the wet and dry seasons, respectively. Under the CP, the range was 18.3–30.4 and 29.4–38.1% in the wet and dry seasons, respectively. Nitrogen levels affected FCRN significantly during both seasons. The maximum was 38.1%, and the lowest, 16%, was recorded under CP150N and SRI 60N. Alternate wetting and drying under SRI is believed to improve oxygen supply to rice roots, thereby decreasing aerenchyma formation, thus causing a stronger, healthier root system with potential advantages for higher nutrient uptake (Hazra and Chandra, 2016). Also, the drying and re-watering cycle in AWD affects biochemical and physical processes, namely, nitrification, denitrification, mineralization, percolation, and leaching, in soil by changing soil water and air equilibrium, which in turn affects the availability of nitrogen nutrition.




DISCUSSION

Nitrogen is involved in cell division and elongation of various internodes, especially basal internodes of rice stems, which lead to increase in plat height (Mazumder et al., 2019; Zhang et al., 2020; Mboyerwa et al., 2021). Transplanting young seedlings under SRI reduces transplant shock because of lesser leaf area during the initial growth stages, which stimulate increased cell division causing more stem elongation resulting in increased plant height as reported by Vijayakumar et al. (2006). Also, the wider spacing in SRI plants enables the plants to get a sufficient space to grow, and increase in light transmission in the canopy leads to increased plant height. This was reported by Shrirame et al. (2000) who found the number of functional leaves, leaf area, and total number of tillers hill−1 to be higher at wider spacing, which increased the photosynthetic rate leading to taller plants. Uphoff (2001) found that water-saving irrigation combined with mechanical weeding enhanced plant height by better aeration, and that incorporation of weeds as a green manure increased the organic carbon content of the soil. Incorporation of weeds with a mechanical weeder increased root activity, which stimulated new cell division in roots by pruning of some upper roots that encouraged deeper root growth, thereby increasing shoot:root ratio.

Increase in number of tillers could be associated with wide spacing (less competition), aeration due to wetting and drying cycles, and root volume that has repercussion in nutrient use and yield increase. An increase in the number of tillers and plant height of SRI plants has been reported in studies conducted in Kahimba et al. (2013); Katambara et al. (2013); Reuben et al. (2016), and Mkindo by Kangile et al. (2018). The lower number of tillers in CP plants could be the case of narrow environment and high plant density per hill with high competition for nutrients and energy among plants.

The high CC in SRI plants was attributed to the higher root-oxidizing activity of more widely spaced rice plants that improves nitrogen uptake and forms part of chlorophyll. CC has been recorded higher in plants grown under wider spacing (30 × 30 cm) than those grown under narrow spacing (20 × 20 cm) (Mishra and Salokhe, 2010). Thakur et al. (2010) reported that canopies in SRI plants had highest leaf area index (LAI) and light interception; these contributed to the maintenance of higher chlorophyll levels, enhanced fluorescence and photosynthesis rates of leaves, and supported more favorable yield attributes and grain yield in individual hills. The study conducted by Hidayati and Anas (2016) reported an improvement in vegetative and generative growth of rice plants under the SRI method due to increase in photosynthesis rate, high chlorophyll content, and increase in nutrient uptake and grain yield.

System of rice intensification management practices significantly affected the root fresh and dry weights, root volume, and root length. Naher et al. (2009) and Thakur et al. (2013) reported that root enhancement also facilitates other physiological processes. Some of these are increases in concentrations of cytokinin in roots and shoots and root oxidation activities, leaf photosynthetic rates, and in the activities of key enzymes involved in sucrose-to-starch conversion in grains. SRI plants tend to form a profuse root system with little or late senescence that enhances the opportunity for beneficial interaction of soil microbes. Also, this enables plant roots to reach the lower horizons and continue taking up nutrients until the end of the cycle; Chen et al. (2021) reported increased K+ concentration in shoots and grains of SRI plants compared to plants grown under continuous flooding practice. It has been reported that at flowering, 78% of roots growing under anaerobic soil conditions had degenerated, and that some rice roots growing under aerobic soil conditions were affected (Hazra and Chandra, 2016). A significant effect of SRI-N root characteristics has been reported by other researchers. Thakur et al. (2013) found an increase of up to 66% of dry weight per hill compared to transplanted flooded rice in the flowering stage. Zhang et al. (2009), and Thakur et al. (2011), reported enhanced root development in alternate wetting and moderate drying soil water regimes, as followed in SRI practice. Ndiiri et al. (2012) reported doubling of root dry weight under SRI compared to continuous flooding.

The grain yield in this study was affected by both the crop establishment methods and the nitrogen fertilization levels applied. The average grain yield in SRI was within the expected yield potential range for the TXD 306 variety (7–8 t ha−1), while the average yield with the CP was below. 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. The yield of SRI plants could also be linked with root characteristics, i.e., higher volume and root weight. The SRI plants recorded higher root volume and higher length and weight; this increased nitrogen use by plants. Our results are in agreement with previous studies of other researchers, i.e., Sandhu et al. (2017) reported a strong association of root traits such as nodal root number and root dry weight with grain yield. Ashraf et al. (1999) reported that old seedling results in lower rice yields because they suffer from stem and root injury during pulling. Previous studies in the study area with the same variety reported various rice yields. Kahimba et al. (2013) reported a 2.96–4.76 t ha−1 yield, increased by 24.3%, in SRI compared to conventional practices, and Reuben et al. (2016) reported that grain yield ranged from 8.1 to 8.5 t ha−1 under SRI with the same variety. Kangile et al. (2018) recorded the yield of four varieties, namely, TXD 88, TXD 307, TXD 306, and SUPA, as 9.1,8.7,8.5, and 6.2 t ha−1, respectively, and found that the yield of all the varieties were doubled. Thakur et al. (2021) reported increased rice yield by SRI of up to 25–50% or more, and Mati et al. (2021) reported increased rice yields of between 20 and 100% in Kenya. Yang et al. (2007) and Zhang et al. (2009) reported an increase in rice yield of SRI plants by ~10% relative to continuous flooding. Thakur et al. (2014) found that overall, grain yield by SRI was 49% higher than with CP, with the yield enhanced by every N application dose. Qin et al. (2010), Ye et al. (2013), and Islam et al. (2020) observed an increase in rice yields under SRI practices. Sato and Uphoff (2007) summarized the results of 12,133 comparison trials covering 9,429 ha and found that average yield increase was 78% (3.3 t/ha) in SRI compared to conventional practice.

In case of NUE, the results of this study are in agreement with Thakur et al. (2013) who found that NUE and partial factor productivity from applied N were significantly higher in SRI plants than in transplanted flooded rice plants.

Espiritu and Javier (2013) reported a PFP range of 65.7–414.0 kg grain kgN−1 N reported a variation in PFPN between sites and the average PFPN was 52.5 kg grain kg−1N in Changsha, 39.4 kg grain kg−1N in Huaiji, Binyang, and Haikou, and 66.4 kg grain kg−1N in Xingyi. Zhu et al. (2016) reported a rice PFPN that ranged from 26.9 to 69.1 kg grain kg−1N in Hubei province (China), and Yang (1999) reported a range of 29.0–83.1 kg grain kg−1N, with the highest PFPN achieved under moderate AWD treatment.



CONCLUSION

Rice grown under the system of rice intensification (SRI) management practice used nitrogen fertilizer more efficiently because of profuse root development and improved physiological performance resulting in enhanced grain yield compared to the conventional practice.

This indicates that there is a systematic interaction with lower plant density (single seedling per hill) in combination with alternate wetting and drying (water saving irrigation) and/or N fertilization.

The SRI improved rice root development characteristics, effective tillers, filled grains per panicle, grains filling rate, panicle weight, spikelet per panicle, straw and grain yields, and 1,000-grain weight.

The SRI affected grain yield significantly, because grain yield was increased by 10.7 and 34% compared to that of the CP during the wet and dry seasons, respectively.

Grain yield was increased with increase in nitrogen levels; however, there was no yield increase beyond 120 kg N ha−1 in the wet season and 90 kg N ha−1 in the dry season with both practices.

Higher PFPN and FCRN was achieved at a relatively low N fertilizer rate (60 kg N ha−1), and higher ANUE was achieved at 90 kg N ha−1 with the SRI.

The results of this study indicated that under SRI management, grain yield and NUE could be increased significantly by applying 60 kg N ha−1 while at the same time greatly economizing on the use of N fertilizer in conventional practice.
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Parameter

Season ws

Panicle weight (g)

Ds

Crop management practices (CMP)

SRI 4.5
cp 35
LSD (0.05) 055
FPr 0001
Nitrogen levels (N)
ABC 33a
oN 36a
60N 37a
90N 4.3ab
120N 4.8b
150N 4.2ab
LSD (0.05) 096
FPr 0044
Interaction (CMP x N)
ABC 39
ON 41
60N 40
SRION 50
120N 55
150N 43
ABC 27
oN 3.1
60N 34
CP 90N 35
120N 44
150N 40
LSD (0.05) NS
FPr 0765

Mean values followed by different letters denote significant (P < 0.05) difference between treatments by DMRT.
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0.66
0.041

32
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2
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19
241
NS
0.115

Panicle length (cm)

ws
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220
NS
0.069
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22.3ab
22.7bc
24.4c
23.0bc
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222
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235
25.1
228
20.6
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237
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NS
0.724

Ds

231
20.3
NS
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NS
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224
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22.4
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NS
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1.005
<0.001
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8.8a
12.7b
13.2b
13.6b
13.8b
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10.3bc
16.0d
17.7d
16.5d
16.9d
7.3a
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8.7abc
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Number of panicle m2
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232.2

228.1
NS
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174.3a
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250.2b
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269.9b
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<0.001
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165.3
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283.7
264.5
269.9
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183.3
236.7
216.7
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NS
0.059
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274.2
NS
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294.1b
288.2b
60.18
0.001
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206.9
267.7
281.6
2315
234.7
2283
171.7
2683
288.3
366.7
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Spikelet panicle!

ws

146.1
1135
18.7

0.002

1185
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123.0
136.4
146.3
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NS
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136.1
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142.0
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166.3
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100.9
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NS
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0.004
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Treatment Straw yield Harvest index Grain yield 1,000 grains weight (g)
(tha') (tha'!)

Season (s) ws DS ws DS ws DS ws DS

Crop management practices (CMP)

SRI 5.4 39 06 06 67 6.4 328 298
cpP 45 26 06 06 57 42 381 312
LSD (0.05) NS 059 NS NS 099 096 002 NS
FPr. 0.062 <0.001 0.79 0.474 <0.001 <0.001 <0.001 0.174
SE 0.19 02 001 002 0.19 019 082 0598
Nitrogen levels

ABC 29a 22a 0.6b 0.7 4.1a 41a 339 28.8
0 3.0a 2.9ab 06b 06 4.9a 43a 33.9 305
60 490 3.0ab 060 07 660 53b 3.7 309
% 5.6bc 3800 06b 06 7.1b 63b 37.8 325
120 60 44 060 06 7.30 5.7b 377 309
150 6.6 35bc 05a 06 7.2 6.1b 338 295
LSD (0.05) 096 1.03 0.04 NS 057 055 NS NS
FPr <0001 001 0.001 0992 0003 <0001 0.156 0252
SE 033 035 001 008 034 033 1.41 1.035
Interaction (CMP x N)

ABC 32 28 0.6b 06 45 48 329 26.9
oN 36 35 06b 06 5.0 55 3238 305
60N 52 35 06b 06 70 6.4 326 304
SRISON 62 48 06b 06 8.1 77 32.9 330
120N 5.8 48 0.6b 06 7.4 6.6 327 31.2
150N 65 39 06b 07 8.1 73 328 269
ABC 26 16 060 07 37 33 34.9 308
oN 24 23 0.7bc 06 48 30 34.9 30.4
60N 46 25 060 06 6.1 43 388 315
CP9ON 49 28 06b 06 62 50 426 319
120N 62 34 05a 06 72 47 426 306
150N 66 31 05a 06 63 48 34.9 320
LSD (0.05) NS NS 006 NS NS NS NS NS
FPr 0.407 0843 0,045 0.836 0356 0774 0.144 02
SE 047 05 002 004 048 046 200 1.464

WS, wet season; DS, dry season; NS, non-significant.
Mean values followed by different letters denote significant (P < 0.05) difference between treatments by DMRT.
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Parameter ANUE
(kg grain kg “'N)

Season ws

Crop establishment method (CEM)

SRI 213
cp 183
LSD (0.05) NS
SE 39
Nitrogen levels (N)

oN -
60N 27.2b
90N 24.4b
120N 19.7b
150N 15.1a
LSD (0.05) 18.33b
SE 6.17

Treatment Interaction (CEM x N)
oN =

60N 328
SRION 337
120N 19.7
150N 202
oN =

60N 217
CP9ON 15.2
120N 19.7
150N 100
LSD (0.05) NS
SE 872

12.03
13.8
NS
2688

19.3b
23.8b
10.6a
11.1a
12.63
4.25

17.08
25.83
7.08
10.17
2153
21.85
14.03
120
NS
6.012

PFPy

(kg grain kg~'N)

ws

64.3
54.7
4.55
153

109.4
793
60.8
48.0
720
242

116.7f
89.6d
61.7bc
53.8b
102.2¢
68.9¢
60.0bc
42.2a
10.18
3.43

DS

58.89
39.76
7.181
2.417

88.89c
70.23b
47.15a
40.36a
11.3564
3.82

105.8d
85.0c
55.1b
48.6
71.94c
56.46b
39.24ab
32.17a
16.057
5.404

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

ws

27

18

NS
522

233
298
31.0
283
NS
8.26

283
37.2
315
37.7

183
225
30.4
188
NS
11.67

FCRy (%)

DS

17.7
275
NS
338

22.7
33.4
265
315
16.87
534

16
28.6
17.8
26.2

29.4
38.1
333
36.7

NS
7.56
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Parameter Effective tillers hill"! Non effective tillers hill~* Filled grains panicle™

Season ws Ds ws Ds ws Ds

Crop management practices (CMP)

SRI 128 135 1.7 06 127.1 1142
cp 8.1 96 1.0 13 945 609
LSD 0.05 1.096 2.46 0.609 NS 16.19 51.74
FPr. <0.001 0021 0044 0.118 <0.001 0047
Nitrogen levels

ABC 7.3a 87a 12 003 962 821

oN 85a 9.2a 04 07 105.1 762
60N 11.00 1220 17 13 105.2 9.1

90N 11.6b 13.7 16 08 1176 102.6
120N 11.8b 13.3b 18 1.1 1256 mnr
150N 12.4b 12.1b 14 20 115.4 916
LSD(005) 1897 2577 NS NS NS NS

FPr <0001 0.002 0.108 0.419 0327 021

Interaction (CMP x N)

ABC 83ab 83 1.3abe 00 1147 98.1

ON 10.1b 1.8 0.3a 1.1 122.1 95.4
SRIBON 14.7¢ 16.3 1.3abc 14 121.0 116.2
90N 15.1¢c 171 27c 05 1425 146.7
120N 13.8¢ 139 280 11 1436 101.7
150N 15.1¢c 143 1.7abc 20 1189 127

ABC 7.0a 91 1.1abe 0.1 777 66.1

oN 69 67 05ab 02 83.0 57.1

60N 7.3ab o1 2.2bc 12 89.4 571

CP 90N 8.1ab 103 0.6ab 12 926 58.4
120N 93ab 127 0.8ab 16 107.7 536
150N 9.7ab 99 1.1abe 37 1.9 563
LSD(005) 2683 3515 1.492 NS NS NS

FPr 0021 0.041 0,043 0205 0743 0.184

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

Unfilled grains panicle™!

ws

18.8
189
NS

0.937

218
14.7
17.8
188
205
19.6
NS

0.402

20.4
16.2
210
203
215
13.3
23.1
13.1
14.6
173
195
259
NS
0117

DS

39.3

259
NS

0.228

20.7a
24.42b
43.1¢
40.7¢
29.9abc
37.1bc
13.24
0.01

20.4
30.7
523
524
33.7
46.6
210
18.1
339
289
26
277
NS
0.468

Grains filling rate (%)

ws

87.1
83.3
254
0.006

806
87.9
8.5
8.8
8.9
8.4

NS

0052

84.2
88.7
86.1
87.5
87.4
89.4
77.0
87.1
85.9
84.1
84.5
81.3
NS

0.305

DS

745
70.1
NS
0.579

792
75.0
69.0
69.9
70.0
706
NS
0.219

833
745
69.4
731
741
72.7
751
755
68.6
66.7
65.9
68.5
NS
0.865
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Treatment Fresh weight Length Volume Dry weight
hill ! (g) hill" (em) hill! (mi) hill! (g)

Crop management practices (CMP)

SRI 362 126 3338 104
cF 292 1.1 275 67
LSD (0.05) 674 0.726 531 19
FPr. 0043 <0001 0022 <0001
SE 23 0.248 1.81 0,648
Nitrogen levels (N)

ABC 227 115 216 7.2a
ON 34.7 123 31.7 6.1a
60N 330 1.2 33.0 7.9a
90N 355 12.4 312 95a
120N 334 13 312 7.8a
150N 369 12.4 352 18.0b
LSD (0.05) NS NS NS 3291
FPr 0.193 0.174 0,086 0004
SE 3.98 0.429 3.14 1.122
Interaction (CMP x N)

ABC 27.8 11.8 22.8 10.4
oN 472 132 373 73
60N 3838 119 387 88
SRISON 316 139 35.0 1.9
120N 322 114 323 9.0
150N 396 132 367 152
ABC 17.7 1.4 203 40
oN 222 13 26.0 48
60N 272 105 273 7.4
CP N 395 109 273 74
120N 344 1.2 30.1 65
150N 342 116 387 108
LSD (0.05) NS NS NS NS
FPr 0102 0.285 0785 0679
SE 5.63 0.606 4.43 1.587

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

Crop management practices (CMP)

SRI 438 46.9
e 402 463
LSD (0.05) 1.832 NS
FPr. <0.001 0377
SE 0625 0.437
Nitrogen levels (N)

ABC 40.2ab 435a
0 39.5a 45.1ab
60 41.3ab 46.9bc
90 435bc 4770
120 44.7¢ 47.2bc
150 43.5abc 49.0c
LSD (0.05) 31473 2.302
FPr. 0.018 <.001
SE 1.082 0.757
Interaction (CMP x N)

SRIABC 37.4a 432
SRIO 40.4abed 457
SRIBO 44.7cdef 462
SRI9 45.2def 415
SRI120 48.9f 484
SRI150 46.1ef 50.4
CPABC 43.0bcde 437
CPO 38.6ab 445
CP60 37.9a 416
CP90 41.8abcde 480
CP120 40.5abcd 46.4
CP150 39.7abc 416
LSD (0.05) 5014 NS
FPr. 0.002 0372
SE 4.487 1.071

Mean values followed by diferent letters denote significant (P < 0.05) difference between
treatments by DMRT.
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Crop establishment method

SRI
SRI
SRI
SRI
SRI
SRI
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional

Nitrogen levels kg Nha™*

ABC
ON
60N
90N
120N
150N
ABC
ON
60N
90N
120N
150N

SR, system of rice intensification; ABC, absolute control.
Values in parenthesis under the plant density column are number of hill per unit area (m?) in respective plots.

Age of seedling (d)

10
10
10
10
10
10
25
25
25
25
25
25

Spacing (em)

25 x 26cm
25 x 25cm
25 x 265cm
25 x 25¢cm
25 x 25cm
25 x 25cm
20 x 20cm
20 x 20cm
20 x 20cm
20 x 20cm
20 x 20cm
20 x 20cm

Number of seedling hill~'

G0 w0 - a s m oa

Plant density (m'?)

256 (16)
256 (16)
256 (16)
256 (16)
256 (16)
256 (16)
400 (25)
400 (25)
400 (25)
400 (25)
400 (25)
400 (25)
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Treatment Maximum tillering

Crop management practices (CMP)

SRI 320
cp 359
LSD (0.05) NS
FPr 0,075
Nitrogen levels (N)

ABC 31.4ab
oN 30.7a
60N 34.3bc
90N 3650
120N 353c
150N 35.40
LSD (0.05) 292
FPr 0,002
Interaction (CMP x N)

LSD 0.05 NS
FPr 0.451

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

panicle initiation

57.0
58.0
NS
0.368

53.3a
53.2a
56.9bc
59.3bc
58.5abc
63.7c
NS
0.006

NS
0.159

Booting

772

86.6

1.18
<0.001

70.8a
72.3a
84.5b
86.9b
87.2b
90.8b
6.75
<0.001

NS
0.344

Dough

97.8

88.5

5.33
0.017

82.2a
84.5a
93.90
96.7bc
98.5bc
103.0c
7.06
<0.001

NS
0.93

At harvest

96.3
89.8
NS
0.205

85.1a
90.2a
95.80
96.2b
96.0b
96.2b

<0.001

NS
027





OPS/images/fsufs-06-802267-t001.jpg
Month Maximum Minimum Rainfall (mm)
temperature (\C)  temperature (°C)

January 387 202 1069
February 350 200 832
March 328 203 208.2
Apri 306 19.9 250.3
May 292 18.6 1126
June 285 16.6 254
July 287 15.6 99
August 203 16.3 18.0
September 308 16.8 109
October 322 189 526
November 322 19.4 859
December 33.7 19.8 116

Source: Mtibwa weather station, Morogoro, Tanzania.
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Soil property Unit Mean value

Soil pH (1:2.5) 536
EC ds/m 0.03
Cu mg/kg 3.47
Zn mg/kg 2,60
Mn mg/kg 7.13
Fe mglkg 165
™ (%) 0.1
oc (%) 059
oM (%) 102
AP mgrkg 7.71
S03+-s mg/kg 1.04
Exchangeable bases Cmolkg~"

Ca?* 6.37
Mg?* 151
Na* 0.06
Kt 0.07
CEC 11

OC, organic carbon; TN, total nitrogen; TR, total phosphorus; Av P, available phosphorus;
CEC, cation exchange capacity; EC, electric conductivity.
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Treatment Panicle initiation Milk Harvest

Crop management practices (CMP)

SRI 92 159 144
cP 15 104 10.4
LSD (0.05) 0.798 3019 3.172
FPr. <0.001 0016 0087
SE 0272 0541 0572
Nitrogen levels (N)

ABC 86a 86a 87a
ON 86a 10.3a 9.92b
60N 11.1bc 13.4b 12.5bc
90N 103b 15.4b 14.1¢
120N 11500 15.5b 14.40
150N 12.0¢ 16.0b 13.8¢
LSD (0.05) 1.243 2785 2.947
FPr. <0.001 <0.001 0.002
SE 0.471 0937 0991
Interaction (CMP x N)

ABC 70 89 8.3a
ON 85 125 12.9bcd
60N 26 166 16.7de
SRI 9N 9.13 203 17.6
120N 107 18.7 14.5cde
150N 105 18.6 14.7cde
ABC 103 83 9.1ab
ON 87 80 69a
GCPBON 125 101 83a
90N 15 1.7 10.7abe
120N 123 123 14.3cde
150N 136 123 13.0bcde
LSD (0.05) NS NS 4,087
FPr. 0.114 0.119 0015
SE 0.666 1324 1.401

Mean values followed by different letters denote significant (P < 0.06) difference between
treatments by DMRT.
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Treatment Panicle initiation

Crop management practices (CMP)

SRI

cP

LSD (0.05)

FPr.

SE

Nitrogen levels (N)
ABC

150N
LSD (0.05)

FPr

SE

Interaction (CMP x N)
SRI-ABC

SRI0

SRI-60

SRI-90

SRI1-20

SRI1-50

CP-ABC

cP-0

CP-60

CP-90

CP-120

CP-150

LSD (0.05)

FPr

SE

67.3
55.2
NS
0247
0.782

50.7a
50.6a
56.7bc
55.7b
60.6cd
63.1d
3.896
<0.001
1.354

46.5a
55.0b
59.90c
55.5b
63.3c
63.9c
54.90
46.2a
53.6b
55.9b
58.0bc
62.4¢c
5.819
0.003
1915

Dough

90

781
4.919
0.009
1.36

71.9a
75.6a
84.2b
89.2bc
89.8bc
92.9¢
7.168
<0.001
2.355

69.1a
76.1ab
90.4c
101.7d
100.8d
101.6d
74.8ab
75.1ab
79.2ab
76.6ab
78.8ab
84.2bc
9.506
0.001

333

At harvest

871.7
774
3.933
0.036
1.341

79.8
80.7
86.1
81.3
83.9
84.7
NS
0455
1.035

77.2a
88.3bc
88.9¢c
89.9¢
89.7¢
9.1c
82.3abc
73.0a
81.3abc
72.6a
78.1ab
77.4a
9741
0.028
9.633

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

treatments by DMRT.
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