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Abstract 
Tomato cultivation in deltaic environments faces unique challenges related to nutrient leaching, salinity 

intrusion, and fluctuating water tables. Throughout the history of lowland agriculture in Southeast Asia, 

farmers have adapted planting schedules and fertility practices to cope with seasonal flooding, but formal 

quantification of nutrient cycling under modern tomato production in these settings is scarce. This 

research tracked soil nitrogen, phosphorus, and potassium dynamics over a 12-week tomato cropping 

cycle in raised-bed plots simulating Mekong Delta conditions at the Beijing School of Plant Sciences, 

China, from May to October 2022. Three irrigation regimes full, moderate deficit, and severe deficit were 

imposed using sprinkler systems equipped with volumetric flow meters. Carotenoid and chlorophyll 

content of fruit and foliage were monitored as physiological indicators of plant nutrient status, alongside 

molecular marker-based genotyping of drought tolerance loci in the two cultivars tested. Cumulative 

nitrogen uptake reached 88.1 kg per hectare under full irrigation but dropped to 71.4 kg per hectare under 

severe deficit. Soil available phosphorus declined more sharply in the first six weeks than in the second 

half of the cycle. These results offer baseline nutrient budgets for tomato growers operating in flood-

prone deltaic landscapes. 
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Introduction 

The Mekong Delta has fed millions of people for centuries, its rich alluvial soils supporting 

rice, vegetables, and fruit in rotations shaped by the annual flood pulse [1]. Over the past three 

decades, however, shifting land use particularly the expansion of intensive vegetable cropping 

has raised questions about the sustainability of soil fertility in these systems [2]. Tomato 

(Solanum lycopersicum L.), now one of the most widely grown vegetables in tropical 

lowlands, is a heavy feeder that extracts large amounts of nitrogen, phosphorus, and potassium 

within a short growing window [3]. 

Nutrient dynamics in deltaic soils differ from those in upland environments. Periodic 

waterlogging can trigger denitrification losses, phosphorus fixation shifts between reduced and 

oxidized iron forms as redox conditions fluctuate, and potassium can leach rapidly through the 

sandy surface horizons typical of young alluvial deposits [4]. Raised-bed cultivation, a 

widespread adaptation in the Mekong and similar deltas, partially mitigates waterlogging but 

doesn't eliminate the influence of a shallow water table on root-zone chemistry [5]. 

Irrigation management adds another layer of complexity. Sprinkler systems, increasingly 

adopted by commercial tomato growers, deliver water uniformly but can promote surface 

sealing on fine-textured soils, potentially altering nutrient availability in the topsoil [6]. Deficit 

irrigation strategies, where water supply is deliberately reduced below full crop demand, have 

shown promise for improving tomato fruit quality raising carotenoid concentrations and total 

soluble solids but their effect on soil nutrient balances hasn't been closely examined [7]. 

Chlorophyll content of leaves, measurable non-destructively with SPAD meters, can serve as 

a proxy for nitrogen status and may help guide in-season fertilizer decisions [8]. 

Molecular markers for drought tolerance, identified through QTL mapping in model tomato 

populations, offer a complementary tool for selecting cultivars suited to deficit irrigation [9]. 

Whether these markers also correlate with nutrient use efficiency remains an open question.  
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This research investigated soil nutrient dynamics under three 

irrigation regimes across two tomato cultivars, tracking 

nitrogen, phosphorus, and potassium cycling alongside plant 

physiological indicators over a full cropping cycle [10]. 

 

Research area description 

The experiment was conducted in a climate-controlled 

greenhouse complex at the Beijing School of Plant Sciences 

(39.91°N, 116.39°E). Raised beds (1.2 m wide, 0.3 m high) 

were filled with alluvial loam collected from the Yangtze 

River floodplain (pH 6.8, organic matter 1.7%, available N 

84 mg/kg). A water table was simulated at 0.5 m below bed 

surface using sub-irrigation trays [11]. 

 

Material and Methods 

Material 

Two tomato cultivars Micro-Tom (determinate, drought-

sensitive) and CLN2498E (indeterminate, drought-tolerant 

based on SSR marker screening) were transplanted as 28-

day-old seedlings into raised beds at 0.5 m × 0.4 m spacing. 

Each cultivar-irrigation combination was replicated four 

times in a split-plot design (irrigation as main plot, cultivar as 

subplot). Basal fertilizer (120:60:100 kg N:P₂O₅:K₂O per 

hectare) was incorporated before transplanting. Soil samples 

were collected at 0, 3, 6, 9, and 12 weeks from three depths 

(0-10, 10-20, 20-30 cm) per plot [12]. 

 

Methods 

Irrigation treatments comprised full (100% ETc), moderate 

deficit (70% ETc), and severe deficit (45% ETc), delivered 

by overhead sprinklers three times weekly. Soil available 

nitrogen was measured by KCl extraction and steam 

distillation, Olsen phosphorus by bicarbonate extraction, and 

exchangeable potassium by ammonium acetate. Plant 

nutrient uptake was calculated from dry matter and tissue 

concentration data at each sampling. Leaf chlorophyll was 

estimated using a SPAD-502 meter on the third fully 

expanded leaf. Fruit carotenoids were extracted in acetone-

hexane and read at 450 nm. Molecular markers for drought 

tolerance (TG233 and CT151 on chromosome 9) were 

assayed by PCR on DNA from leaf tissue. Data analysis used 

SAS PROC MIXED with repeated measures, treating 

sampling date as the repeated factor [13]. 

 

Results 

 
Table 1: Soil available nutrient concentrations (mg/kg) at 0-10 cm depth across irrigation regimes at weeks 0, 6, and 12 

 

Nutrient Full-W0 Full-W6 Full-W12 Mod-W0 Mod-W6 Mod-W12 Sev-W12 

Avail. N 84.0 51.3 32.7 84.0 56.8 38.4 44.1 

Olsen P 18.4 11.2 7.8 18.4 12.7 9.1 10.3 

Exch. K 142.0 98.6 71.3 142.0 104.2 79.8 86.4 

 

All three nutrients declined over the 12-week cycle. Nitrogen 

showed the steepest drop under full irrigation, falling from 

84.0 to 32.7 mg/kg, while deficit treatments retained slightly 

more soil N by week 12. Phosphorus decline was front-

loaded, with most depletion occurring in the first six weeks 

regardless of irrigation level. 

 

 
 

Fig 1: Cumulative nutrient uptake (kg/ha) by tomato under full irrigation over 12 weeks 
 

Nitrogen uptake showed a sigmoid pattern, accelerating 

between weeks 4 and 8 before plateauing. Potassium uptake 

tracked nitrogen closely, while phosphorus accumulation was 

more gradual throughout. 
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Fig 2: Soil moisture content (%) over the growing season under three irrigation regimes 
 

Full irrigation maintained soil moisture near 42 percent on 

average, while severe deficit plots fluctuated around 33 

percent with greater day-to-day variability. The cyclical 

pattern reflects the three-times-weekly irrigation schedule 

overlaid on evapotranspiration-driven depletion. 

 

Discussion 

The nutrient depletion patterns observed here echo findings 

from intensive vegetable systems in Vietnam and Thailand, 

where short-duration, high-demand crops exhaust topsoil 

nitrogen rapidly [3]. The 61 percent decline in available N 

under full irrigation across 12 weeks is striking but not 

unusual for tomato at the planting densities and fertilizer rates 

used. What stands out is that deficit irrigation slowed N 

depletion, likely because reduced water flow limited both 

mass flow delivery to roots and leaching losses below the root 

zone [14]. 

Phosphorus behavior was less responsive to irrigation 

regime, consistent with its lower mobility in soil solution. 

The front-loaded depletion pattern suggests that early-season 

root proliferation into fertilizer bands accounts for most P 

removal, with later uptake limited by diffusion distances as 

the fertilizer zone becomes depleted [15]. Potassium losses 

through leaching, expected to be substantial in sandy alluvial 

soils, were somewhat buffered by the raised-bed design, 

which kept the root zone above the simulated water table [5]. 

Cultivar differences were modest for total nutrient uptake but 

more pronounced for chlorophyll index and fruit carotenoid 

content. CLN2498E, carrying favorable alleles at the TG233 

drought locus, maintained higher SPAD readings under 

severe deficit (39.2 vs. 34.8 for Micro-Tom), indicating better 

nitrogen assimilation under stress [16]. Its fruit also 

accumulated 18 percent more lycopene under moderate 

deficit than under full irrigation, a pattern consistent with the 

concentration effect of reduced fruit water content combined 

with upregulated carotenoid biosynthesis [7]. 

The simulated Mekong Delta conditions alluvial soil, shallow 

water table, tropical temperature regime provide reasonable 

replication of field reality, though actual deltaic salinity 

intrusion and tidal fluctuations weren't captured here. Field 

validation in the Mekong itself would strengthen these 

conclusions [17]. 

Conclusion 

Soil nitrogen, phosphorus, and potassium all declined 

substantially over a single 12-week tomato cycle in alluvial 

raised-bed plots, with nitrogen showing the most dramatic 

loss. Deficit irrigation modestly slowed nutrient depletion but 

at the cost of reduced total uptake and lower biomass. The 

drought-tolerant cultivar CLN2498E maintained better 

nitrogen status and produced more carotenoid-rich fruit under 

water stress than the sensitive Micro-Tom. These nutrient 

budget data can inform fertilizer scheduling in deltaic tomato 

systems, where split applications timed to the rapid-uptake 

phase (weeks 4-8) would likely improve efficiency. 

Molecular markers for drought tolerance may serve double 

duty by identifying genotypes with superior nutrient use 

efficiency under limited water. 
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