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Abstract: Detecting N-deficiency early in a plant’s development before visual symptoms become
pronounced and irreparable damage is done is crucial to maintaining optimum grain yield and
biomass production. Chlorophyll fluorescence technology (CFT) is a quick, non-invasive, non-
destructive, and informative technique that is used to study the physiological status of plants at
any given stage of development. The objective of the study was to determine the photosynthetic
and growth responses of N-deficient maize seedlings. Two N treatments, 10 t/ha N and 50 t/ha N,
were evaluated in a greenhouse in a completely randomized design with 12 replications. The results
showed a significantly (p < 0.05) higher CO; assimilation rate, maximum quantum yield of PSII
photochemistry, effective quantum yield of PSII photochemistry, and chlorophyll concentration in
plants that received 50 t/ha N compared to plants on 10 t/ha N at 3 and 4 weeks after fertilizer
application (WAFA). In contrast, plants on 10 t/ha showed a higher level of non-photochemical
stress due to up-regulation of nitric oxide production in PSII [Y(NO)] than plants on 50 t/ha. Non-
photochemical quenching due to down-regulation of nitric oxide production in PSII [Y(NPQ)] was
comparable (p > 0.05) in both treatments. There was no significant difference in plant height, although
wider stem girth was recorded in plants on 50 t/ha. The significantly higher levels of Y(NO) in
plants on 10 t/ha N suggest an alteration in nitrogen metabolism and increased production of
reactive nitrogen species which may potentially cause cellular damage if not diagnosed early and
managed adequately.

Keywords: early stress detection; PSII photochemistry; chlorophyll fluorescence; photosynthesis;
non-photochemical quenching

1. Introduction

Maize (Zea mays) is one of the world’s most important cereal crops [1], serving as a staple
food source, animal feed, and a critical component of various industrial products [2]. The
ability to optimize its growth and yield potential is of paramount importance in ensuring food
security and economic stability on a global scale. Due to its many varieties, high financial
returns, and nutritional benefits, maize is produced in a variety of climates [3,4]. Fast-growing
maize cultivars, for instance, may produce even in regions with limited rainfall [5]. Due to
climate fluctuation, the majority of the SSA region is undergoing climate stress, which has a
detrimental effect on maize output [6]. Agronomic consultation services are inaccessible [7],
there are insufficient soil nutrient supplies [8], and there is rapid soil degradation as a result
of the growing human population, culminating in yield decline [9]. Low maize output and a
subsequent increase in poverty have been caused by variations in the rainfall pattern and low
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soil fertility [2,10]. There is a pressing need to boost maize yield on existing farmland due to
the rising demand for maize as a staple crop [11].

Nitrogen (N) is one of the most critical nutrient elements in maize production [2], with
sub-optimal and target dosages of <10 kg ha~! and 50 kg ha—!, respectively, in sub-Saharan
Africa [12]. It is essential for several enzymatic, metabolic, and physiological processes. N
deficiency can inhibit chlorophyll formation, photosynthesis, protein synthesis, cell division
and elongation, and overall grain yield and biomass [13]. It is the essence of vitality for
maize. Its availability in the soil can be the difference between a thriving crop and a stunted
one, and significant growth responses are highest when N is applied at an optimal rate [2].
Changing climatic conditions, unprecedented rainfall patterns, and evolving agricultural
practices have intensified the challenges farmers face in ensuring their maize crops receive
sufficient amounts of this vital nutrient [6]. Deficiency symptoms manifest initially as a
mild yellowing of the leaves, which is a faint whisper of distress that can go unnoticed until
it is too late. The consequences of such oversight are dire, not only in terms of diminished
yields but also in the larger context of food security.

Detecting N deficiency early in the plant’s development before visual symptoms
become pronounced and before irreparable damage is done is crucial to maintaining
optimum grain yield and biomass production. Chlorophyll fluorescence technology (CFT)
is a quick, non-invasive, non-destructive, and informative technique that can be used to
study the physiological status of a photosynthesizing material at any given stage of plant
development [14]. It offers a mechanism through which nitrogen stress can be detected
early in the growth stage before considerable damage is done. The objective of the study
was to determine the photosynthetic and growth responses of an N-deficient maize plant
in contrast to a healthy plant.

2. Materials and Methods
2.1. Experimental Site

The experiment was carried out at the greenhouse of the Institute of Bio- and Geo-
sciences (IBG-2), Plant Sciences, Forschungszentrum Julich GmbH, 50.9224° N, 6.4111° E,
Germany, between January and February 2022.

2.2. Materials

Saatmals maize variety, Tetry Basisdunger (0%-14%-38%-5% of N-P-K-Ca), and Harn-
stoff (46% N) commercial fertilizers were used for the experiment. The seeds were grown
in pots of size 3 L in a growth medium composed of quartz sand and NullErde substrate
(zero nutrients) in a 1:1 ratio.

2.3. Pot Establishment, Treatments, and Experimental Design

Plants were seeded in germination trays, and uniform and vigorous-looking seedlings
were transplanted to the pots containing the growth medium 1 week after planting (WAP).
Two N-fertilizer rates, 10 kg N ha~! and 50 kg N ha~!, were evaluated in a completely ran-
domized design with 10 replications following a uniform application of 50 kg ha~! of Tetry
Basisdunger fertilizer (0%-14%-38%-5% of N-P-K-Ca) a week after transplanting (WAT).

2.4. Data Collection

Data were collected on plant height, chlorophyll content, and photosynthesis parame-
ters such as maximum quantum yield of photosystem II (PSII) photochemistry (Fv/Fm),
effective PSII photochemical yield [Y(II)], non-photochemical stress due to down-regulation
of nitric oxide production in PSII [Y(NPQ)], non-photochemical stress due to up regulation
of nitric oxide production in PSII [Y(NO)], and electron transport rate (ETR) at 3 and 4 WAT.

2.5. Measurement of Plant Height, Chlorophyll, and Photosynthesis Parameters

Plant height was measured as the vertical distance from the base to the top of the
canopy. Relative chlorophyll value was measured using the SPAD device (KONICA
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MINOLTA). Plants were dark adapted for 30 min in a dark room to measure Fv/Fm.
Measurements of light-acclimated leaves were made on the third leaf from the top per
plant between 9.00 and 9.30 am., and intensity of 120 and 150 umol m~2 s~ ! under flood
lamps using a portable pulse amplitude-modulated chlorophyll fluorometer (Mini-PAM II)
at a measuring light intensity of about 0.04 pmol m~2 s~! and a saturating light pulse of
about 5000 pumol m~2 s~ 1. The parameters Fv/Fm, Y(II), Y(NPQ), Y(NO), and ETR were
computed following the procedures of Genty et al. [15,16] as follows:

Fv/Fm = (Fm — Fo)/Fm; Y(II) = (Fm’ — F’)/Fm’; Y(NO) = F'/Fm; Y(NPQ) = (F'/Fm’)
— (F’/Fm); ETR = PAR x ETR factor x (Ppsy/Ppsi+2) X Y(II). Where PAR is photosyn-
thetic active radiation, ETR factor and (Pps, /Pps142) are constants with values of 0.84 and
0.5, respectively.

2.6. Statistical Analysis

Data collected were subjected to analysis of variance using Genstat 18th edition, and
significant treatment means were separated using the least significant difference. Graphs
were constructed using GraphPad Prism 6.

3. Results
3.1. Effect of N-Stress on Plant Height, Leaf Color, and Chlorophyll Value

The effect of N-stress on the plant height of maize was negligible (p > 0.05). Both
10 kg ha=! N and 50 kg ha~—! N were statistically similar at 3 and 4 weeks after fertilizer
application (WAFA) (Figure 1). However, obvious variation was observed in leaf color as
the N-stressed plants tended towards pale yellow while the unstressed plants remained
green (Scheme 1). N-stress significantly reduced the chlorophyll value of leaves from 45.14
in unstressed plants to 28.98 in stressed plants at 3 WAFA and from 45.70 to 29.42 at 4 WAFA
in unstressed and stressed plants, respectively (Figure 2).
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Figure 1. Effect of Nstress on plant height of maize. WAFA: weeks after fertilizer application. Bars
with same letters are not significantly different at p < 0.05.
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Scheme 1. N-stressed and unstressed maize plants growing in the greenhouse at 3 weeks after
fertilizer application.
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Figure 2. Effect of N-stress on chlorophyll content of maize. WAFA: weeks after fertilizer application;
bars with different letters are significantly different at p < 0.05.

3.2. Effect of N-Stress on Photosynthetic Traits

Photosynthetic variables showed clear-cut variations between the two treatments.
Unstressed plants were significantly higher in maximum quantum yield of PSII photosyn-
thesis, effective PSII photochemical yield, and electron transport rate. Non-photochemical
stress due to down-regulation of nitric oxide production was not significant, while non-
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photochemical stress due to up-regulation of nitric oxide production was significantly
higher (p < 0.05) in N-deficit stressed seedlings (Figures 3-7).

2]
(=)
|

[}
S
1

ETR

(umol electrons m st
=
T

L .
% 1 a
204 %
0 1 I/ 1 1
NN NN
(4 > 4 4
N N
O O
3 WAFA 4 WAFA

Figure 3. Effect of N-stress on ETR of maize. WAFA: weeks after fertilizer application; bars with the
same letters are not significantly different at p < 0.05.
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Figure 4. Effect of N-stress on maximum PSII photochemistry of maize. WAFA: weeks after fertilizer
application; bars with different letters are significantly different at p < 0.05.
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Figure 5. Effect of N-stress on Y(II) of maize. WAFA: weeks after fertilizer application; bars with
different letters are significantly different at p < 0.05.
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Figure 6. Effect of N-stress on Y(NPQ) photochemistry of maize. WAFA: weeks after fertilizer
application; bars with the same letters are significantly not different at p < 0.05.
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Figure 7. Effect of N-stress on Y(NO) of maize. WAFA: weeks after fertilizer application; bars with
different letters are significantly different at p < 0.05.

4. Discussion

This study recorded comparable responses of maize seedlings to N-stress in plant
height at 3 and 4 WAFA. Early N-stress detection was evident in terms of chlorophyll
decline in unstressed plants compared to stressed plants. This decline is a result of the
significant role of nitrogen in chlorophyll synthesis [13,17], which was evident in the visual
discoloration of the stressed leaves from green to pale yellow.

Maximum quantum yield of PSII photochemistry, CO, assimilation rate, and photo-
synthetic efficiency were significantly higher in unstressed plants essentially because of
their higher chlorophyll value. Chlorophyll molecules are indispensable light-harvesting
pigments in plants that are responsible for intercepting light energy for use in photochem-
ical processes. In contrast, N-stressed plants recorded lower values for those photosyn-
thetic variables due to reduced chlorophyll value, which inhibited photosynthesis and
other metabolic processes. The findings of this study are consistent with the reports of
Meng et al. [18] and Wen et al. [13]. The significantly higher levels of Y(NO) in plants on
10 kg ha—! N against plants on 50 kg ha~! N suggest an alteration in nitrogen metabolism
and an increased production of reactive nitrogen species which may potentially cause
cellular damage if not diagnosed early and managed adequately before irreparable damage
is done.

5. Conclusions

The study investigated the growth and photosynthesis responses of maize seedlings
to N-deficit stress in a greenhouse. A non-significant increase in plant height was recorded
in N-deficient seedlings compared to the unstressed seedlings. A noticeable change in color
from green to pale yellow was observed in N-deficit plants, which could be explained by
its significantly reduced chlorophyll content. In addition, N-deficit plants also recorded
lower values for maximum quantum yield of PSII photochemistry, effective PSII photo-
chemical yield, and electron transport rate, which are critical for efficient photosynthesis.
Furthermore, up-regulation of nitric acid production was significantly higher in N-deficit
plants, which highlights the importance of adequate and timely nitrogen management to
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avoid the production of reactive nitrogen species that could potentially cause damage to
plants. Early N-deficit detection and management are therefore indispensable components
for crop health and sustainable maize production.
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