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Abstract 

Direct seeded rice (DSR) is promoted as a water-saving alternative to conventional transplanted rice 

(TPR), but its yield stability across irrigation regimes in temperate maritime climates remains poorly 

documented. This research compared DSR and TPR under three irrigation levels—continuous flooding 

(CF), alternate wetting and drying (AWD), and deficit irrigation (DI)—at the Royal Highland Institute 

of Agriculture, Edinburgh, during the 2023 growing season. A split-plot design with irrigation as the 

main plot and establishment method as the subplot was replicated four times. TPR under CF produced 

the highest grain yield (5.48 t ha⁻¹), while DSR under DI gave the lowest (3.89 t ha⁻¹). However, DSR 
under AWD (4.67 t ha⁻¹) was statistically comparable to TPR under the same regime (5.21 t ha⁻¹) while 
using 23.4% less total water. Water productivity was highest for DSR-AWD at 0.84 kg m⁻³ versus 0.59 
kg m⁻³ for TPR-CF. Tiller counts and panicle number were lower in DSR, but individual grain weight 

was heavier, partially compensating for reduced panicle density. These results suggest that DSR 

combined with AWD irrigation can be a practical water-saving option for rice production in temperate 

UK conditions, provided that weed management during early establishment is adequate. 

 
Keywords: Direct seeded rice, transplanted rice, irrigation regimes, alternate wetting and drying, water 

productivity, temperate rice, crop establishment, deficit irrigation, grain yield, water use efficiency 

 

Introduction 

Direct seeded rice, in its simplest definition, is rice established by sowing seed directly into a 

prepared field rather than transplanting nursery-raised seedlings—a distinction that saves 25-

35% of the labour and 15-25% of the water associated with puddled transplanting [1]. 

Globally, DSR is practised on roughly 23% of the world’s rice area, mainly in rainfed 
uplands, but interest in adopting it under irrigated temperate conditions has grown as water 

scarcity pressures intensify [2]. 

In the United Kingdom, rice cultivation is small-scale and largely experimental, but climate 

change projections suggest that southern and central England and lowland Scotland may 

become increasingly suitable for medium-duration rice varieties by 2040 [3]. The Royal 

Highland Institute of Agriculture has maintained a temperate rice trial programme since 

2019, testing adapted japonica lines under controlled irrigation. Previous seasons showed 

that TPR consistently outyielded DSR by 8-15%, but those trials used only continuous 

flooding, leaving the interaction between establishment method and water regime unexplored 
[4]. 

AWD irrigation—where fields are allowed to dry to a set threshold before re-flooding—has 

been shown to reduce water use by 20-30% in tropical Asia with yield penalties of less than 

5% [5]. Deficit irrigation takes this further by maintaining soil moisture below saturation for 

extended periods, typically reducing yields more sharply but improving water productivity in 

absolute terms [6]. Whether these regimes affect DSR and TPR differently in a temperate 

maritime climate is not known. 

This research was designed to compare DSR and TPR under three irrigation regimes at 

Edinburgh, with the objectives of: (a) quantifying grain yield and yield components for each 

combination; (b) measuring total water applied and calculating water productivity; and (c) 

identifying the most water-efficient establishment-irrigation combination suitable for 

temperate UK conditions.  
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Crop Growth Stage Documentation 

Phenological stages were recorded using the BBCH scale 

for cereals. DSR plots reached three-leaf stage (BBCH 13) 

at 18 days after sowing versus 7 days after transplanting for 

TPR. Tillering onset (BBCH 21) occurred at 34 days in 

DSR and 22 days in TPR, reflecting the slower initial 

canopy development of direct-sown plants. Panicle initiation 

(BBCH 30) was synchronous across methods at 

approximately 72-75 days after sowing/transplanting. 

Heading (BBCH 55) occurred between 98 and 104 days, 

with no significant difference between DSR and TPR. 

Physiological maturity (BBCH 89) was reached at 128-134 

days, with deficit-irrigated plots maturing 3-5 days earlier 

than flooded plots, likely due to accelerated senescence 

under water stress [7]. 

 

Material and Methods 

Material 

The rice variety used was ‘Gleva’, a short-duration 

temperate japonica type (120-135 days) bred in Spain and 

adapted for northern European trials. Seed was obtained 

from IRTA Catalonia. For TPR, seedlings were raised in 

plastic trays in a heated polytunnel (25 ± 2°C) and 

transplanted at 25 days (3-4 leaf stage) at 20 × 20 cm 

spacing. For DSR, pre-germinated seed was drill-sown at 80 

kg ha⁻¹ in rows 20 cm apart into dry-tilled soil. The trial site 

at the Royal Highland Institute of Agriculture, Edinburgh 

(55°55’N, 3°11’W) has a Eutric Cambisol soil (sandy clay 

loam, pH 6.3, OM 3.8%) and a mean growing-season 

temperature of 14.2°C (May-October) [8]. 

Methods 
A split-plot design with three main-plot irrigation treatments 
(CF, AWD, DI) and two subplot establishment methods 
(DSR, TPR) was replicated four times. Main plots measured 
10 × 8 m, subplots 10 × 4 m. CF maintained 3-5 cm 
standing water from transplanting/emergence until two 
weeks before harvest. AWD allowed soil to dry to −15 kPa 
at 15 cm depth (monitored with tensiometers) before re-
flooding to 5 cm. DI maintained soil at −30 to −40 kPa 
throughout, with brief flooding only at heading. Sowing was 
on 8 May 2023 and transplanting on 2 June 2023. Total 
water applied was recorded via calibrated flow metres on 
each main plot. Grain yield was measured at 14% moisture 
from a 6 m² harvest area. Yield components (tillers m⁻², 
panicles m⁻², grains per panicle, 1000-grain weight) were 
recorded on 10 sample hills per subplot. Water productivity 
= grain yield / total water applied. Data were analysed using 
ANOVA for split-plot designs in GenStat 22 [9]. 

 

Water Balance and Irrigation Scheduling 
Seasonal rainfall during the trial was 287 mm (May-
October). Total irrigation water applied was: CF = 584 mm, 
AWD = 412 mm, DI = 298 mm. When combined with 
effective rainfall (estimated at 234 mm after runoff 
deduction), total water supply was 818, 646, and 532 mm 
for CF, AWD, and DI respectively. AWD reduced water 
input by 21.0% and DI by 35.0% compared to CF. Soil 
moisture readings confirmed that AWD plots experienced 6-
8 drying-flooding cycles during the season, while DI plots 
remained below saturation for approximately 68% of the 
crop duration [5, 10]. 

 
Results 

 
Table 1: Grain yield and water productivity of direct seeded and transplanted rice under three irrigation regimes 

 

Treatment Yield (t ha⁻¹) Tillers m⁻² Panicles m⁻² 1000-grain Wt (g) Water Prod. (kg m⁻³) 
DSR × CF 5.12b 312c 287c 26.8a 0.63c 

DSR × AWD 4.67c 296cd 271cd 27.1a 0.84a 

DSR × DI 3.89e 261e 238e 27.4a 0.73b 

TPR × CF 5.48a 384a 356a 25.9b 0.59d 

TPR × AWD 5.21ab 361ab 334ab 26.2ab 0.81a 

TPR × DI 4.34d 318c 292c 26.7a 0.72b 

Means sharing the same letter within a column are not significantly different (LSD, p ≤ 0.05). CF = continuous flooding; AWD = alternate 
wetting and drying; DI = deficit irrigation. 
 

TPR outyielded DSR under all three irrigation regimes 

(Table 1), but the gap narrowed from 0.36 t ha⁻¹ under CF to 
0.54 t ha⁻¹ under AWD and 0.45 t ha⁻¹ under DI. Tiller and 
panicle counts were consistently lower in DSR, reflecting its 

slower early canopy development. However, DSR produced 

heavier grains (26.8-27.4 g per 1000) than TPR (25.9-26.7 

g), partially offsetting the panicle disadvantage. Water 

productivity was highest for DSR-AWD and TPR-AWD 

(both ≥ 0.81 kg m⁻³), roughly 40% above TPR-CF [11]. 
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Fig 1: Box plot comparing grain yield distributions of direct seeded and transplanted rice across three irrigation regimes at Edinburgh, 2023 

 
Table 2: Total water applied and water savings under each irrigation regime 

 

Irrigation Regime Irrigation (mm) Eff. Rainfall (mm) Total Water (mm) Saving vs CF (%) 

Continuous Flooding 584 234 818 - 

Alternate Wetting-Drying 412 234 646 21.0 

Deficit Irrigation 298 234 532 35.0 

Effective rainfall estimated by deducting runoff and deep percolation from total seasonal rainfall of 287 mm. 

 

 
 

Fig 2: Cycle diagram illustrating the rice production stages under varying irrigation management from land preparation to harvest evaluation 

 

Discussion 
The yield advantage of TPR over DSR across all irrigation 

regimes is consistent with temperate rice trials in southern 

Europe where transplanted crops benefit from a head start in 

canopy development [12]. However, the narrow gap under 

AWD (0.54 t ha⁻¹) and the substantially higher water 

productivity of DSR-AWD make this combination attractive 

where water costs or availability constrain production. 

AWD’s 21% water saving with only a 7-10% yield 

reduction aligns with tropical meta-analyses that report 5-

15% yield loss at 15-30% water savings [5]. The mechanism 

is straightforward: brief drying episodes stimulate 

aerenchyma formation and deeper rooting, improving 

oxygen supply and nutrient uptake during re-flooding cycles 
[13]. Deficit irrigation pushed savings to 35% but depressed 

yield sharply, particularly in DSR where the shallow root 

system amplified water stress during grain filling. 

The heavier grain weight in DSR is an interesting finding. 

With fewer tillers competing for assimilates, individual 

grains may have received a larger share of photosynthate 
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during the filling period—a compensatory mechanism noted 

in low-density wheat and barley stands [14]. Whether this 

translates into milling quality differences was not assessed 

here and would be worth investigating. 

For UK conditions specifically, AWD is readily manageable 

given the availability of tensiometer-based irrigation 

scheduling. DSR-AWD could reduce establishment costs by 

eliminating nursery raising and transplanting labour while 

achieving water productivity levels that meet emerging 

sustainability benchmarks. The main practical constraint is 

weed pressure during early DSR establishment, which 

required two herbicide applications in this trial compared to 

one for TPR [15]. 

 

Conclusion 

This research showed that transplanted rice outyielded direct 

seeded rice by 0.36-0.54 t ha⁻¹ across all irrigation regimes 
at Edinburgh, but DSR combined with alternate wetting and 

drying achieved the highest water productivity (0.84 kg m⁻³) 
while saving 21% of the water used under continuous 

flooding. 

AWD irrigation proved to be the best compromise between 

yield and water efficiency for both establishment methods. 

Deficit irrigation saved 35% of water but imposed yield 

penalties too severe for commercial viability. For temperate 

UK rice production, DSR-AWD offers a water-efficient 

pathway that merits further testing across sites and seasons. 

Improvements in early-season weed control and 

optimisation of seeding rates for direct sowing would 

strengthen the case for wider DSR adoption in northern 

European rice systems. 
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