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Abstract

Can physiological markers separate drought-tolerant maize from susceptible genotypes before visible
wilting appears? This research measured stomatal conductance (gs) and maximum quantum yield of
PSII (Fv/Fm) in five commercial maize hybrids exposed to progressive water deficit at Makassar,
South Sulawesi, during the 2023 dry season. A split-plot layout placed three moisture regimes in main
plots and hybrids in subplots with four replications. Under severe drought, gs fell by 43-59% relative to
the control. Fv/Fm dropped below the 0.75 threshold earliest in NK-6240 (day 9) and latest in DMH-
849 (day 15). A positive correlation (r = 0.87, p<0.01) linked gs and Fv/Fm across sampling dates.
DMH-849 maintained the highest gs and Fv/Fm values and recorded a grain yield penalty of only
18.4%, against 41.7% in NK-6240. Combined gs-Fv/Fm screening at the early vegetative stage can flag
tolerant genotypes, giving breeders a rapid, non-destructive selection tool.

Keywords: Stomatal conductance, chlorophyll fluorescence, drought stress, maize hybrids, Fv/Fm
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Introduction

How early can a breeder tell whether a maize genotype will withstand a dry spell? Maize
(Zea mays L.) is among the most water-demanding cereals, and even brief moisture deficit
during the vegetative or silking stage can cut grain yield by 30-50% !!. With rainfall growing
more erratic across tropical Asia, rainfed maize growers face rising production risk 2!,
Stomatal conductance (gs) reflects pore aperture status and responds within minutes to
falling leaf water potential [*l. When soil water declines, abscisic acid accumulates in the
xylem, triggering guard-cell closure . Because measurements are portable and non-
destructive, gs has been proposed as a field drought indicator B!, Chlorophyll fluorescence
offers a second window: the ratio Fv/Fm quantifies maximum PSII efficiency, with values
near 0.83 indicating healthy photochemistry and readings below 0.75 signalling
photoinhibition &7,

Combining gs and Fv/Fm may strengthen screening power because the two traits capture
different facets of drought response—hydraulic regulation and photochemical damage,
respectively 1. Field-level data from the humid tropics remain sparse, since most controlled-
drought work has been done in greenhouses or temperate settings ). This research was
designed to (i) quantify gs and Fv/Fm decline across five hybrids subjected to two drought
intensities under field conditions in South Sulawesi, (ii) evaluate the correlation between
these markers and grain yield, and (iii) identify the hybrid that best maintains photosynthetic
function under water deficit.

Research Area Description

The experiment was carried out at the research farm of Sekolah Tinggi Pertanian Sulawesi,
Makassar (5°11" S, 119°25" E, 14 m a.s.l.), South Sulawesi, Indonesia. The site sits in the
lowland humid tropics with mean annual rainfall of 2,680 mm. Soils were classified as
Inceptisols with sandy clay loam texture, pH 5.8, and organic carbon 1.37%. The area had
been under continuous upland rice for three seasons before the trial.
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Field Experimental Design

The trial followed a split-plot arrangement in a randomised
complete block design with four replications. Main plots
received three moisture regimes: well-watered control (80-
100% field capacity), mild drought (45-55% FC), and severe
drought (20-30% FC). Sub-plots accommodated five
hybrids: PMH-1, PMH-2, DMH-849, NK-6240, and BIO-
9681, each measuring 4 m x 3 m. Drought was imposed by
withholding irrigation from V6 stage for 18 days. Rain-out
shelters of transparent polyethylene excluded natural rainfall
over stress plots.

Materials and Methods

Materials

Five commercially released maize hybrids were sourced
from certified agencies. Seeds were surface-sterilised in 1%
sodium hypochlorite for ten minutes. Basal fertiliser
consisted of 120 kg N ha'!, 60 kg P?0O° ha’!, and 40 kg K?0O
hal. A drip system with pressure-compensated emitters was
installed, and tensiometers at 20 and 40 cm depth monitored
soil matric potential daily. The research was conducted from
June to October 2023 at the Sekolah Tinggi Pertanian
Sulawesi research farm, Makassar 1.

Methods

Stomatal conductance was measured on the adaxial surface
of the youngest fully expanded leaf using a Decagon SC-1
porometer between 09:00 and 11:00 h, at three-day intervals
from stress onset. Chlorophyll fluorescence was recorded
with a Walz MINI-PAM 1I after 30-minute dark adaptation.
Leaf relative water content was determined gravimetrically
(1 Grain yield was measured at physiological maturity
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from the central two rows, adjusted to 15% moisture. Data
were analysed by split-plot ANOVA in R (v4.3.1), with
means separated by Tukey’s HSD at 5% probability.

Results

Stomatal conductance varied among hybrids and moisture
regimes (Table 1). Under well-watered conditions, gs
ranged from 0.295 mol m?2 s in NK-6240 to 0.367 mol m™
s1in DMH-849. Severe drought cut gs by 43.1% in DMH-
849 and 59.0% in NK-6240. The interaction between hybrid
and moisture regime was significant (p<0.01).

Table 1: Stomatal conductance (mol m2 s™') of five maize hybrids
under three moisture regimes at 12 days after stress

Hybrid Well- Mild Severe %o
watered drought drought  [Decline
PMH-1 0.34240.027 | 0.271£0.022 | 0.163+£0.019 | 52.3
PMH-2 | 0.318+0.031 | 0.243+0.025 | 0.137+0.016 | 56.9
DMH-849 |0.367+0.024 | 0.298+0.020 | 0.209+0.018 | 43.1
NK-6240 |0.295+0.029 | 0.214+0.023 | 0.121+0.015 | 59.0
BIO-9681 |0.351+0.026 | 0.283+0.021 | 0.178+0.017 | 49.3
CD(p=
0.05) 0.031 0.024 0.018 -

Fv/Fm at day O was similar across hybrids (Table 2). By day
12, NK-6240 fell to 0.612 while DMH-849 held at 0.748. At
day 18, NK-6240 reached 0.487—below the 0.60 threshold
for irreversible PSII damage—while DMH-849 stayed at
0.691. Grain yield followed the same ranking: DMH-849
produced 5.63 t ha'! (18.4% loss) and NK-6240 only 3.51 t
ha'! (41.7% loss).

Table 2: Chlorophyll fluorescence (Fv/Fm) and grain yield under severe drought

Hybrid Fv/Fm Day 0 | Fv/Fm Day 12 | Fv/Fm Day 18 | Yield (t/ha) | Yield loss %
PMH-1 0.823 0.694 0.641 4.87 27.6
PMH-2 0.817 0.668 0.613 4.42 32.1
DMH-849 0.829 0.748 0.691 5.63 18.4
NK-6240 0.821 0.612 0.487 3.51 41.7
BIO-9681 0.825 0.718 0.659 5.14 23.8
CD (p =0.05) NS 0.038 0.042 0.57 -
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. Well-watered
= Mild drought
0.40 1 Severe drought
:"n 0.35 1
£
< 0.30 1 I
£ i
4 025
5 s
5 020 I
=
g |
~ 0154 1
g I
s 1
£
5 0104
in
0.05 4
0.00 -
PMH-1 PMH-2 DMH-849 NK-6240 BIO-9681
Maize Hybrids

Fig 1: Stomatal conductance of five maize hybrids at 12 days after stress imposition. Error bars = SE (n = 4).
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Fig 2: Temporal decline in Fv/Fm of three contrasting maize hybrids over 18 days of severe drought.

Comprehensive Interpretation

Regression of grain yield on Fv/Fm at day 12 gave R? =
0.84, meaning a single mid-stress fluorescence reading
captured most yield variation. The gs-Fv/Fm correlation
pooled across treatments was r = 0.87 (p<0.01), confirming
that stomatal closure and photoinhibition progressed
together. Leaf RWC at day 12 was 71.3% in DMH-849
versus 52.8% in NK-6240, suggesting the tolerant hybrid
maintained turgor through deeper rooting or osmotic
adjustment.

Discussion

The 43-59% decline in gs under severe drought matches
reports for tropical maize in West Africa [l and temperate
hybrids in rainout shelters 1. That DMH-849 maintained
higher gs aligns with the observation that drought-adapted
genotypes often keep stomata partially open, sustaining
carbon fixation at some water cost [*1. This appears linked to
finer abscisic acid signalling that modulates guard-cell
aperture rather than forcing complete closure ™.

NK-6240 dropping below Fv/Fm 0.60 by day 18 matches
findings in wheat and barley where such values indicated
irreversible D1 protein damage & 7. DMH-849 staying
above 0.69 implies effective photoprotective mechanisms,
likely involving non-photochemical quenching and
carotenoid-mediated dissipation 8l. The strong gs-Fv/Fm
correlation confirms functional coupling: stomatal closure
reduces CO? supply, excess light energy accumulates, and
PSII efficiency falls [,

The high R? between Fv/Fm at day 12 and final yield (0.84)
is encouraging for breeders, but it was derived from five
hybrids in a single season. Wider validation across diverse
genetic backgrounds and multiple environments is needed
before Fv/Fm thresholds enter formal selection indices .

Conclusion

Water deficit reduced stomatal conductance by 43-59% and
Fv/Fm by 16-41% across the five hybrids. DMH-849
preserved the highest gs and Fv/Fm under both stress levels
and suffered the smallest yield penalty (18.4%), while NK-

~33~

6240 showed the steepest decline and a 41.7% yield loss.
The gs-Fv/Fm correlation (r = 0.87) confirms tight coupling
between stomatal regulation and photochemical efficiency
under field drought.

Fv/Fm at 12 days after stress explained 84% of yield
variation, making it a promising early screening tool.
Combined gs-Fv/Fm assessment could let breeders discard
susceptible entries before flowering. Multi-environment
testing is needed to confirm these thresholds. For farmers in
water-limited areas of South Sulawesi, DMH-849 and BIO-
9681 are preferable over NK-6240 when soil moisture is
unreliable.
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