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Abstract: The objective of this study was to evaluate the residual effects of three fertilization regimes on the 
content and dynamics of plastid pigments in sweet corn leaves (Zea mays var. saccharata ‘Overland F1’) grown 
under abiotic stress conditions. A randomized complete block design with four replications was established with 
the following treatments: T1 – unfertilized control; Т2 Organic fertilization – Fertisol (NPK 4:3:3 + 1.3% MgO и 
62% OM); T3 Mineral fertilization – N15K15P15; T4. Combined fertilization – Fertisol + N15K15P15. Chlorophyll a, 
chlorophyll b, and β-carotene were measured at two growth stages: vegetative (V8–V9) and reproductive (Мilk 
stage). At the first measurement, maximum values of total chlorophyll (3.02 mg g-1), chlorophyll a (1.88 mg g-1), 
and chlorophyll b (1.14 mg g-1) were recorded in treatment T3 (mineral fertilization), while the lowest values 
were observed under organic fertilization (T2: 1.26 mg g-1 and 0.82 mg g-1). During the reproductive stage, total 
chlorophyll content decreased in all treatments except T4 (combined), where chlorophyll a increased from 1.26 
to 1.83 mg g-1 (+15.4%) and the Chl a/b ratio increased to 3.40, likely due to delayed pigment degradation and 
extended green period. These results demonstrate that the integrated organic-mineral approach can optimize 
plant nutrition by combining the rapid action of mineral fertilizers with the prolonged effect of organic sources. 
This leads to extended photosynthetic activity and enhanced yield potential under changing climate conditions.
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INTRODUCTION 

Chlorophyll is a key pigment in plant tissues, 
determining their photosynthetic capacity. Leaf 
chlorophyll content is widely used as an indicator 
of crop physiological status, including in sweet 
corn (Zea mays L.) (Yin et al., 2023; Muhammad 
et al., 2022). Chlorophyll levels are influenced by 
plant access to macronutrients, particularly nitro-
gen, which, as a core component of the chloro-
phyll molecule, directly affects growth, produc-
tivity, and photosynthetic efficiency (Li et al., 
2012; Thapa et al., 2024). Several studies have 
shown that optimal nitrogen fertilization increas-

es leaf chlorophyll concentration, enhances pho-
tosynthetic activity, and improves maize yield, 
whereas nitrogen deficiency constrains these pro-
cesses (Li et al., 2012; Muhammad et al., 2022; 
Thapa et al., 2024). Therefore, chlorophyll con-
tent is frequently used as a proxy for photosyn-
thetic activity, plant nitrogen status, or potential 
deficiency (Costache et al., 2012; Bakhshande 
Larimi et al., 2014).

Temperature anomalies – both high and low 
– adversely affect plant physiology, accelerat-
ing chlorophyll degradation and reducing leaf 
light-harvesting capacity. This leads to slowed 
growth and decreased final yield (Wu et al., 2022; 
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Djalovic et al., 2024). It has been demonstrated 
that under stress conditions, nitrogen fertiliza-
tion can mitigate the negative impacts of extreme 
temperatures by maintaining higher chlorophyll 
levels and enhancing recovery processes in the 
leaves (Muhammad et al., 2022; Chibane et al., 
2024; Thapa et al., 2024). These interactions un-
derpin numerous fertilization and management 
recommendations aimed at sustainable sweet 
corn production under contemporary climate 
challenges.

The objective of this study was to assess the 
residual effect of different fertilization regimes 
on the content and dynamics of plastid pigments 
in sweet corn leaves grown under abiotic stress 
conditions.

MATERIALS AND METHODS 

A field experiment with sweet corn (Zea mays 
var. saccharata ‘Overland F1’) was conducted 
at the “Tsalapitsa” research station of ISSAPP 
“Nikola Pushkarov” under drip-irrigated con-
ditions. The trial followed a common bean pre-
cursor as part of a long-term fertilization study. 
The 2024 growing season was characterized by 
severe drought and elevated temperatures. From 
April to August, average monthly temperatures 
exceeded the multi-year norm by 3.8-5.6 °C, and 

cumulative rainfall totaled only 122 mm (norm 
253 mm), with virtually no precipitation in June 
and July (Figure 1). Mean relative humidity fell 
to approximately 50% during the peak period of 
crop development.

The experiment was laid out in a randomized 
block design with four replications and four fer-
tilization treatments: T1 – control (no fertiliza-
tion); T2 – organic fertilization (1 t ha-1 Fertisol, 
Komeco); T3 – mineral fertilization (266 kg ha-1 
N15K15P15); T4 – integrated fertilization (500 kg 
ha-1 Fertisol + 133 kg ha-1 N15K15P15). The organic 
treatment used pelleted composted manure (NPK 
4:3:3 + 1.3% MgO, 62% organic matter), and the 
mineral treatment used a standard NPK 15:15:15 
formulation. All fertilizers were applied in 2023, 
and their residual effects were evaluated in 2024.

The soil at the trial site is an alluvial meadow 
Fluvisol (FAO, ISRIC World Soils) with neutral 
pH (7.1) and low humus content (1.40%). Prior to 
trial establishment, soil samples were collected at 
0-30 cm depth (Figure 2) for each treatment, and 
analyzed by standard methods for pH, total nitro-
gen (Bremner and Keeney, 1965), and P2O5 and 
K2O in lactate extract (Ivanov, 1984).

Leaf pigment content was measured at two 
growth stages: vegetative (V8–V9) and repro-
ductive (Мilk stage) (Hanway, 1966; Abendroth 
et al., 2011). Plastid pigments were quantified 
spectrophotometrically using an Agilent Cary 60 
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Figure 1. Dynamics of temperature and precipitation during the vegetation period of sweet corn
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fiber-optic spectrophotometer according to Lich-
tenthaler and Wellburn (1985). Data processing 
and graph production were performed in Micro-
soft Excel Professional Plus (version 2020, Mi-
crosoft Corporation).

RESULTS AND DISCUSSION 

Soil analysis prior to experiment establish-
ment reflected the residual effects of fertilization 
from the previous legume crop, with soil mac-
ronutrient levels varying significantly according 
to the fertilizer type (Figure 2). Treatment T3 
(mineral fertilization) exhibited the highest total 
nitrogen and potassium concentrations, whereas 
the greatest phosphorus content was observed in 
T2 (organic fertilization). This likely results from 
the N:P ratio and the large application rate of the 
organic fertilizer, which promoted P₂O₅ accumu-
lation, as well as enhanced phosphorus mineral-
ization and mobilization by organic amendments 
(Shi et al., 2024; Li et al., 2024).

Substantial variation in plastid pigment con-
tent mirrored natural leaf senescence, heat stress, 
and fertilization effects. At the first sampling 
(vegetative phase, coinciding with the onset of 

temperature anomalies), pronounced differences 
in chlorophyll content were evident (Figure 3; Ta-
ble 1). Treatment T3 recorded the highest values 
of total chlorophyll (3.02 mg g-1), chlorophyll a 
(1.88 mg g-1), and chlorophyll b (1.14 mg g-1), con-
sistent with the rapid nutrient availability provid-
ed by mineral fertilizers, especially nitrogen and 
potassium. The lowest pigment levels occurred in 
T2, likely due to slower nitrogen release from the 
organic source. Previous studies note that organic 
fertilizers supply nutrients gradually, while min-
eral fertilizers deliver immediate availability dur-
ing critical early growth stages (Lal, 2020; Allam 
et al., 2022; Zhang et al., 2023). Carotenoid con-
tent remained relatively stable across treatments 
(0.40-0.51 mg g-1), underscoring their role in anti-
oxidant protection under initial stress.

Correlation analysis between soil macronutri-
ents and pigment contents at the first sampling re-
vealed moderate positive correlation of total soil 
nitrogen with chlorophyll (r = 0.381), strongest 
with chlorophyll b (r = 0.492) (Figure 4; Table 
2). Treatment T3, with the highest soil nitrogen 
(21.90 mg g-1), corresponded to maximal chloro-
phyll levels (3.02 mg g-1). In T2, despite relatively 
high soil nitrogen (17.60 mg g-1), chlorophyll was 
lowest, likely reflecting delayed mineralization 
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Figure 2. Soil analysis prior to experiment setup
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under heat stress (Szulc et al., 2012; Pangaribuan 
et al., 2018). These findings confirm nitrogen’s 
role in chlorophyll synthesis but indicate that un-
der thermal stress, other factors (e.g., soil K₂O) 
may become limiting (Li et al., 2024).

The critical function of potassium in main-
taining leaf turgor, stomatal regulation (in 
Solanacеае), and activation of over 60 enzymes, 
including those for chlorophyll synthesis, is well 

established (Ma et al., 2022; Li et al., 2024). In 
this study, soil potassium showed strong posi-
tive correlations with chlorophyll a, chlorophyll 
b, and total chlorophyll (r = 0.68-0.80) (Figure 5; 
Table 2), highlighting its importance for the pho-
tosynthetic apparatus under stress.

Of particular interest is the plant response to 
high soil phosphorus in treatment T2, which ex-
hibited the lowest pigment levels (Figure 3) and 
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Figure 3. Changes in leaf pigment content between vegetative and reproductive stages of sweet corn under 
different fertilization treatments

Table 1. Total chlorophyll concentration and Chlorophyll a/b ratio across vegetative and reproductive stages
Vegetative Stage Reproductive Stage
Chlorophyll a+b Chlorophyll a/b Chlorophyll a+b Chlorophyll a/b
mg g-1

Т1 2.57 1.76 2.05 0.51
Т2 1.44 1.30 1.16 0.28
Т3 3.02 1.64 2.58 0.73
Т4 2.05 1.60 2.37 3.40
* T1. Control – No fertilization treatment; T2. Organic fertilization – Fertisol; T3. Mineral fertilization – N15K15P15; T4. 
Integrated fertilization – Fertisol + N15K15P15.
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Table 2. Correlation between soil total nitrogen, phosphorus, and potassium and leaf pigment contents
Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoids

Total N 0.325 0.492 0.381 -0.361
P₂O₅ -0.722 -0.570 -0.677 -
K₂O 0.685 0.796 0.724 -
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Figure 4. Relationship between Soil Total Nitrogen and Chlorophyll Content at Vegetative Stage
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Figure 5. Relationship between Soil K2O and Chlorophyll Content at Vegetative Stage



Растениевъдни науки, 2025, 62 (6) Bulgarian Journal of Crop Science, 2025, 62 (6)

25

negative correlation (Figure 6, Table 2). Simi-
lar results have been reported by Hernández & 
Munné-Bosch (2015), Wu et al. (2019), and Li et 
al. (2022), who observed adverse effects of excess 
phosphorus on chlorophyll synthesis and stabil-
ity, particularly under stress conditions such as 
high temperatures. Excessive soil phosphorus ac-
cumulation can inhibit the transport and uptake 
of micronutrients such as iron and magnesium, 
which are essential for chlorophyll synthesis. Jin-
do et al. (2023) and Shi et al. (2024) also associate 
reduced pigment synthesis with high P₂O₅ con-
centrations from organic fertilizer applications.

Comparing results from the second sam-
pling at the reproductive phase – after nearly two 
months under intensive heat stress and drought – 
clear changes in leaf plastid pigment content are 
evident relative to the initial vegetative measure-
ments (Figure 3).

Our data confirmed direct influence of soil 
macronutrient availability on plastid pigment con-
tent. Treatments with superior soil characteristics 
maintained the highest chlorophyll a and b con-
centrations, preserving photosynthetic potential 
and delaying leaf senescence, which is critical for 
maximum biomass accumulation and yield poten-
tial in sweet corn (Figures 1, 2). Under mineral 

fertilization (T3), the trend for highest total chlo-
rophyll levels persisted (2.58 mg g-1). Most treat-
ments showed decreases in total chlorophyll rela-
tive to the first sampling, with the greatest losses 
in the control (20.3%), followed by T2 (19.8%) and 
T3 (14.6%). This can be explained by accelerated 
photosynthetic pigment degradation due to leaf 
senescence and cumulative heat stress (Hörten-
steiner & Kräutler, 2000; Kandel, 2020). In con-
trast, integrated fertilization (T4) showed an in-
crease exceeding 15% (from 1.26 to 1.83 mg g-1). 
This represents an interesting anomaly that con-
tradicts expected physiological processes during 
leaf senescence, where chlorophyll a typically de-
grades more rapidly (Szulc et al., 2012; Hussain et 
al., 2019; Qu et al., 2023). This phenomenon may 
be explained by the delayed, prolonged effects of 
the organic component on nitrogen nutrition (Di-
acono & Montemurro, 2010; Yao et al., 2021).

Chlorophyll b exhibited an inverse trend, in-
creasing in almost all treatments (Figure 3), with 
the greatest accumulation recorded in the control 
(0.43 mg g-1). Treatment T4 was again an excep-
tion, showing a decrease of 0.25 mg g-1, in con-
trast to the increase in chlorophyll a.

Carotenoid levels at the end of the period in-
creased slightly or remained stable across near-
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ly all treatments (0.40-0.57 mg g-1), confirming 
their greater resistance to degradation. Such an 
increase may represent a response to escalating 
heat stress and photooxidative damage (Pan-
garibuan et al., 2018; Qu et al., 2023; Pérez-Moli-
na et al., 2020).

Photosynthetic system activity is character-
ized by the Chl a/b ratio, which varies with grow-
ing conditions and developmental stage (Kataya-
ma & Shida, 1970). For sweet corn, a C4 crop, 
optimal values are reported between 3.3 and 4.5. 
As vegetative growth progresses, during senes-
cence or under various stress conditions, the Chl 
a/b ratio often decreases to approximately 2 and 
can sometimes fall below 1 (Lichtenthaler & Ba-
bani, 2021; Yan et al., 2021). In this study, the cal-
culated Chl a/b ratios for treatments T1, T2, and 
T3 were significantly lower (Table 1), despite ab-
solute chlorophyll a and b values falling within 
literature ranges (Szulc et al., 2012; Pangaribuan 
et al., 2018; Pan et al., 2024). Low Chl a/b values 
were mainly due to relatively higher chlorophyll 
b content, likely reflecting a physiological adap-
tation to stress. This leads to an expansion of the 
light-harvesting complexes (LHC) of Photosys-
tem II or to alterations in chloroplast structure. 
Under stress conditions, Chl a/b reduction may 
occur despite maintaining pigment concentra-
tions within normal ranges (Sarhadi et al., 2020; 
Stefanov et al., 2023). Additionally, leaf senes-
cence accelerates chlorophyll a degradation rela-
tive to chlorophyll b, further lowering the ratio 
(Lichtenthaler & Babani, 2021; Stefanov et al., 
2023).

The dynamics of the Chl a/b ratio in the inte-
grated fertilization treatment (T4) were the op-
posite, exhibiting a sharp increase to 3.40, likely 
resulting from an adaptive physiological response 
or alterations in chlorophyll–protein complex 
structure under mixed fertilization. This anoma-
ly may be interpreted as a potential “stay-green” 
phenomenon or as a consequence of prolonged 
nitrogen release from organic components and 
sustained chlorophyll a synthesis (Iqbal et al., 
2021; Lichtenthaler & Babani, 2021; Stefanov 
et al., 2023; Chibane et al., 2024). According to 
Yao et al. (2021), combining organic and mineral 

sources can enhance maize resilience to abiotic 
stress by maintaining photosynthetic activity. 
These results highlight the importance of achiev-
ing balanced nutrient supply and implementing 
precise fertilization strategies to meet contempo-
rary agricultural demands.

CONCLUSIONS 

The fertilization regime exerts a critical in-
fluence on the content and stability of photosyn-
thetic pigments in sweet corn under heat stress. 
The integrated system combines the advantages 
of organic and mineral approaches, extending the 
“green” phase through delayed chlorophyll a deg-
radation and maintaining photosynthetic activity 
under stress conditions. This strategy optimizes 
the balance between rapid nutrient availability 
and long-term supply, which may enhance yield 
and resilience of corn under extreme climatic 
conditions.
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