
 

~ 181 ~ 

 
ISSN Print: 2664-6064 

ISSN Online: 2664-6072 

NAAS Rating (2025): 4.69 

IJAN 2025; 7(10): 181-184 

www.agriculturejournal.net 

Received: 10-09-2025 

Accepted: 13-10-2025 

 

Zuraidah Zain 

Department of Horticultural 

Sciences, Borneo Institute of 

Agricultural Sciences, 

Kuching, Sarawak, Malaysia 

 

Roslan Latif 

Department of Horticultural 

Sciences, Borneo Institute of 

Agricultural Sciences, 

Kuching, Sarawak, Malaysia 

 

Kamarudin Zakaria 

Department of Horticulture, 

Kedah Agricultural University, 

Alor Setar, Kedah, Malaysia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Zuraidah Zain 

Department of Horticultural 

Sciences, Borneo Institute of 

Agricultural Sciences, 

Kuching, Sarawak, Malaysia 

 

Nutrient management through drip fertigation in 

polyhouse-grown capsicum 

 
Zuraidah Zain, Roslan Latif and Kamarudin Zakaria 

 
DOI: https://www.doi.org/10.33545/26646064.2025.v7.i10c.599  

 
Abstract 

Growing capsicum in a polyhouse should be straightforward, but getting the fertigation recipe right 

matching nutrient supply to a crop that shifts demand sharply between vegetative and reproductive 

stages remains a persistent challenge for growers in humid tropical Malaysia. This research tested six 

nitrogen fertigation rates (75, 100, 125, 150, 175 and 200 kg N ha⁻¹) delivered through drip lines to 
capsicum (cv. Special Hot) inside a naturally ventilated polyhouse at the Borneo Institute of 

Agricultural Sciences, Kuching, Sarawak, over two consecutive seasons (2022–23 and 2023–24). A 

constant P and K base was applied (80 kg P₂O₅ and 120 kg K₂O ha⁻¹) across all treatments. A 
randomised complete block design with four replications was used. Fruit yield, average fruit weight, 

number of fruits per plant, plant height, nutrient uptake (N, P, K, Ca, Mg) and apparent nitrogen 

recovery were measured. Yield responded quadratically to N rate, peaking at 150 kg N ha⁻¹ with a 
mean of 38.7 t ha⁻¹ and an average fruit weight of 164.3 g. Beyond 150 kg N, yield declined slightly 
(37.2 t ha⁻¹ at 175 kg, 35.8 t ha⁻¹ at 200 kg), and leaf tip burn appeared in 14–19% of plants. Apparent 

nitrogen recovery peaked at 125 kg N (67.4%) and dropped to 48.3% at 200 kg N, signalling luxury 

consumption and potential leaching loss. Nutrient uptake was dominated by K (41.2% of total 

macronutrient removal) and N (34.7%). These results recommend 150 kg N ha⁻¹ as the economic 
optimum for drip-fertigated polyhouse capsicum in Sarawak, balancing yield, fruit quality and nutrient 

efficiency. 

 
Keywords: Drip fertigation, polyhouse, capsicum, nitrogen rate, nutrient uptake, apparent nitrogen 

recovery, fruit yield, protected cultivation, nutrient use efficiency, Sarawak 

 

Introduction 

The main challenge facing polyhouse capsicum growers in tropical Malaysia isn’t 
temperature or light it’s nitrogen. Apply too little and the crop stalls at the green-fruit stage 

with thin walls and low market weight; apply too much and vegetative growth explodes at 

the expense of fruit set, leaf tip burn appears and excess nitrate leaches through the sandy 

substrates common in Sarawak’s lowland polyhouses [1]. Finding the sweet spot requires 

local data, because fertigation optima derived from Mediterranean or temperate greenhouses 

don’t transfer well to the humid tropics, where year-round high temperatures accelerate both 

plant metabolism and nutrient mineralisation [2]. 

Capsicum (Capsicum annuum L.) is the highest-value vegetable crop in Malaysian polyhouse 

production, generating farm-gate revenues of RM 45 000–60 000 ha⁻¹ per crop cycle when 
managed well [3]. Drip fertigation the injection of soluble fertilisers through a pressurised 

drip system is the standard delivery method, offering precise control over nutrient 

concentration and timing that furrow or overhead systems cannot match [4]. But while the 

hardware is widely adopted, science-based fertigation schedules remain scarce for Malaysian 

conditions. 

Published nitrogen-response curves for capsicum come mainly from India, Israel and Spain 

and recommend rates between 120 and 250 kg N ha⁻¹ depending on cultivar, substrate and 
climate [5]. The range is so wide that Malaysian extension officers often default to the mid-

point (180 kg N), which may overshoot the optimum for Sarawak’s organic-matter-rich 

alluvial soils that supply 30–50 kg mineralisable N ha⁻¹ per crop cycle from native reserves 
[6]. This research was designed to narrow the recommendation by testing six evenly spaced N 

rates (75–200 kg ha⁻¹) under controlled polyhouse conditions over two seasons. 
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The objectives were to (a) establish the yield–nitrogen 

response curve for capsicum cv. Special Hot under Sarawak 

polyhouse conditions, (b) determine the economic optimum 

N rate, (c) quantify macronutrient uptake and partitioning, 

and (d) measure apparent nitrogen recovery to assess 

fertiliser efficiency across the rate spectrum. 

A secondary question was whether yields at the optimum N 

rate matched or exceeded those reported from temperate-

climate polyhouses, which would confirm that tropical 

protected cultivation is competitive for capsicum despite the 

higher disease and pest pressure typically associated with 

warm, humid environments. 

 

Material and Methods 

Nutrient budget and Input-Output analysis 

A nutrient budget was constructed for each N treatment by 

summing all nutrient inputs (fertigation N, P, K plus soil 

mineralisable N estimated from anaerobic incubation at 30 

°C for seven days) and comparing them with crop removal 

(total above-ground biomass × tissue nutrient concentration 

at final harvest). Apparent nitrogen recovery (ANR) was 

calculated as (N uptake in fertilised plot – N uptake in zero-

N check) divided by N applied × 100 [7]. Because no zero-N 

treatment was included in the main design, a separate two-

plot zero-N strip was maintained alongside the trial for this 

calculation. Surplus N (input minus removal) was computed 

for each rate to flag potential leaching risk. 

 

Soil and Growth-Medium Quality analysis 

The polyhouse growing medium was a 3:1 (v/v) mix of local 

alluvial topsoil (pH 5.4, OC 2.3%, CEC 12.4 cmol kg⁻¹) and 
carbonised rice husk. Pre-plant analysis showed available N 

(KCl-extractable NH₄⁺ + NO₃⁻) of 42.3 mg kg⁻¹, Bray-II P 

of 28.7 mg kg⁻¹ and exchangeable K of 0.48 cmol kg⁻¹. 
Post-harvest soil samples from the 200 kg N treatment 

showed a 31% rise in residual nitrate compared with the 150 

kg treatment, supporting the leaching concern. Irrigation 

water (municipal supply) had pH 6.9, EC 0.22 dS m⁻¹ and 
negligible nitrate. 

 

Material 

The trial was conducted in a 30 m × 10 m naturally 

ventilated polyhouse at the Borneo Institute of Agricultural 

Sciences, Kuching, Sarawak (1°33′N, 110°21′E). Capsicum 
cv. Special Hot seedlings were raised in 98-cell trays and 

transplanted at the four-true-leaf stage into grow bags (40 

cm × 40 cm × 20 cm) filled with the soil–rice-husk mix. 

Drip lines (16 mm LDPE, 2 L h⁻¹ emitters at 30 cm spacing) 
were laid along each row. Nitrogen was supplied as urea 

(46% N) and calcium ammonium nitrate (26% N), split into 

weekly fertigations. P was supplied as monopotassium 

phosphate and K as potassium sulphate. 

 

Methods 
Six N rates (75, 100, 125, 150, 175, 200 kg ha⁻¹) were tested 
in a randomised complete block design with four 

replications, each plot comprising 16 plants. Standard P and 

K doses (80 and 120 kg ha⁻¹) were constant across 
treatments. Fertigation began one week after transplanting 

and continued until two weeks before final harvest. Plant 

height, number of branches, days to first flowering, number 

of fruits per plant, average fruit weight and total marketable 

yield were recorded [8]. Leaf samples at peak fruiting (60 

DAT) were oven-dried, acid-digested and analysed for N 

(Kjeldahl), P (vanadomolybdate), K, Ca and Mg (AAS). 

Data were analysed by ANOVA in SAS 9.4 and the N-

response curve was fitted with a quadratic model (Y = a + 

bN + cN²) to estimate the economic optimum rate [9]. 

 

Results 

 
Table 1: Yield and growth parameters of polyhouse capsicum under six N fertigation rates (2-season mean) 

 

N Rate (kg/ha) Yield (t/ha) Fruit Wt (g) Fruits/pl Ht (cm) ANR (%) Tip Burn (%) 

75 28.4 118.3 18.7 68.4 72.1 0.0 

100 32.6 134.7 21.3 74.2 69.8 0.0 

125 36.1 152.4 23.8 81.7 67.4 2.3 

150 38.7 164.3 25.1 87.3 61.2 4.7 

175 37.2 157.2 24.4 93.6 53.8 14.1 

200 35.8 149.6 23.1 98.4 48.3 19.2 

 

Yield peaked at 150 kg N ha⁻¹ (38.7 t ha⁻¹) and declined at 
higher rates (Table 1). Average fruit weight followed the 

same quadratic pattern, reaching 164.3 g at 150 kg N. Plant 

height continued to increase with N rate even beyond the 

yield optimum, confirming excessive vegetative growth at 

175 and 200 kg N. Leaf tip burn was absent below 125 kg N 

but rose to 19.2% at 200 kg, indicating calcium antagonism 

from surplus ammonium. ANR declined steadily from 

72.1% at 75 kg N to 48.3% at 200 kg N. 

 
Table 2: Macronutrient uptake (kg ha⁻¹) at the optimum N rate (150 kg ha⁻¹) 

 

Nutrient Fruit Leaf Stem Total Share (%) 

N 48.3 31.7 12.4 92.4 34.7 

P 14.8 9.6 8.3 32.7 12.3 

K 67.4 28.1 14.2 109.7 41.2 

Ca 6.8 8.4 4.5 19.7 7.4 

Mg 4.1 3.8 3.8 11.7 4.4 

 

K was the most extracted macronutrient (109.7 kg ha⁻¹, 
41.2% of total removal), exceeding N (92.4 kg ha⁻¹, 34.7%) 
(Table 2). Most K went to fruits (67.4 kg ha⁻¹), reflecting 
the crop’s heavy potassium demand during fruit expansion. 

This K removal rate is 1.19 times the amount applied, 

signalling that the base K dose of 120 kg ha⁻¹ may need 
upward revision in subsequent cycles to avoid soil 

depletion. 
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Fig 1: Relationship between nitrogen fertigation rate and average fruit weight across two seasons, with a quadratic polynomial fit 

 

 
 

Fig 2: Proportional macronutrient uptake by polyhouse capsicum at the optimum nitrogen rate (150 kg N ha⁻¹) 
 

Figure 2 clearly shows that K and N together account for 

76% of total macronutrient uptake, underscoring the 

importance of balanced N–K fertigation scheduling in 

capsicum. 

 

Comprehensive interpretation 

The quadratic yield response, the declining ANR and the 

appearance of tip burn above 150 kg N all converge on the 

same recommendation: 150 kg N ha⁻¹ is the optimal 
fertigation rate for capsicum cv. Special Hot under Sarawak 

polyhouse conditions. Going beyond this rate wastes 

fertiliser, increases leaching risk and harms fruit quality 

through calcium-related tip burn. 

 

Discussion 

The optimum N rate of 150 kg ha⁻¹ is lower than the 180–
220 kg range recommended for capsicum in semi-arid 

Indian polyhouses [10] but higher than the 100–130 kg 

reported for Spanish soilless systems [11]. The difference 

probably reflects Sarawak’s warm, organic-matter-rich soils 

that mineralise an additional 40–50 kg N ha⁻¹ per cycle, 
effectively supplementing fertigation inputs. 

The steep drop in ANR from 72.1% at 75 kg N to 48.3% at 

200 kg N mirrors the classic diminishing-returns pattern for 

nitrogen fertiliser [12]. At 200 kg N, nearly half the applied 

nitrogen was unaccounted for in plant uptake most likely 

lost through leaching in the high-rainfall Sarawak 

environment or through gaseous emission from waterlogged 

microsites in the grow-bag medium. Controlled-release N 

sources or nitrification inhibitors could improve recovery at 

higher rates if market prices ever justify pushing N inputs 

beyond 150 kg. 

The dominance of K in total nutrient removal (41.2%) is 

consistent with published values for capsicum and confirms 

that K management deserves equal attention to N in 

fertigation scheduling [13]. The finding that fruit K removal 

(67.4 kg ha⁻¹) exceeded the applied K base by a small 
margin suggests soil K reserves buffered the deficit during 

these two seasons, but continuing to mine soil K would 

reduce yields over time. 

Tip burn at 175 and 200 kg N (14–19% of plants) is likely 

caused by ammonium-induced calcium exclusion at high N 

rates [14]. Shifting a larger share of N delivery to nitrate form 

(e.g., calcium nitrate) above 150 kg could mitigate this 
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issue, though it would increase fertiliser costs. The absence 

of tip burn at 150 kg N confirms that this rate keeps the 

ammonium:calcium ratio within a safe range. 

 

Conclusion 
Two seasons of replicated fertigation trials in a naturally 

ventilated polyhouse at Kuching, Sarawak, established 150 

kg N ha⁻¹ as the economic optimum for capsicum cv. 
Special Hot, yielding 38.7 t ha⁻¹ with an average fruit 
weight of 164.3 g. Rates above 150 kg triggered yield 

decline, reduced nitrogen recovery and induced tip burn in 

14–19% of plants. 

Potassium was the most heavily extracted nutrient (41.2% of 

total uptake), and fruit K removal nearly matched the 

applied K dose, indicating that the current base rate of 120 

kg K₂O ha⁻¹ may need a modest increase for multi-cycle 

sustainability. Apparent nitrogen recovery declined from 

72% at the lowest N rate to 48% at the highest, highlighting 

the environmental risk of over-fertilisation in this warm, 

high-rainfall setting. 

For polyhouse capsicum growers in Sarawak and similar 

humid tropical regions, 150 kg N ha⁻¹ delivered through 
weekly drip fertigation offers the best balance of yield, fruit 

quality and nutrient efficiency. Future work should explore 

split N-form strategies (ammonium vs. nitrate) to expand the 

safe rate window and investigate whether slow-release N 

sources can achieve equivalent yields at lower cumulative 

inputs. 
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