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CENTRAL TECHNICAL POSITION: Sulphur should not be treated as a minor
supporting nutrient in oil palm. Its real significance lies in how it connects nitrogen
assimilation, amino-acid synthesis, antioxidant defence, photosynthesis, source-to-
sink transport, reproductive filling and lipid biosynthesis.

This paper is written for estate owners, plantation managers, agronomists,
researchers and technical professionals. It intentionally separates established
plant physiology from oil-palm-specific evidence and from field observations that
still require controlled validation.

Evidence class Interpretation for this paper

ESTABLISHED SCIENCE Mechanisms repeatedly demonstrated across
plant physiology and crop science.

OIL-PALM EVIDENCE Findings demonstrated directly in oil palm
physiology, nutrition, fruit development or yield
architecture.

FIELD OBSERVATION / HYPOTHESIS Responses observed in our field programmes that

are biologically plausible but should be validated
through controlled oil-palm trials.

This draft is a technical working document. It is not a regulatory claim, product registration document, or statement that
sulphur alone cures Ganoderma.
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EXECUTIVE SUMMARY

Sulphur is commonly placed behind nitrogen, phosphorus and potassium in
plantation discussions. That ranking is physiologically misleading. Sulphur is a
macronutrient required for the synthesis of cysteine and methionine, the
formation of proteins and enzymes, glutathione-dependent redox defence, and the
coordination of nitrogen and carbon metabolism.

The central argument of this monograph is that the productive response to sulphur is not explained by
one pathway. Sulphur influences a network of processes that determine whether an oil palm can convert
absorbed nutrients into photosynthetic capacity, direct assimilates toward developing bunches, sustain
fruit filling, and support the biochemical machinery of oil synthesis.

THE KEY DISTINCTION: sulphur does not physically transport nitrogen through the
palm. It enables absorbed nitrogen to be assimilated and converted efficiently into
amino acids, proteins, enzymes and productive tissue. In practical agronomy, sulphur
can therefore determine whether applied nitrogen is fully utilised or physiologically
stranded.

Direct oil-palm research already establishes that fruit and bunch development are strongly source-
limited: when the carbohydrate supply per developing fruit falls, individual fruit weight falls. Other crop
systems demonstrate that adequate sulphur can increase photosynthesis, reproductive filling rate,
individual seed or fruit mass, yield, and in oil crops, oil content or oil yield. These independent findings
create a strong physiological basis for studying sulphur as a driver of oil-palm bunch mass and mesocarp
oil accumulation.

Our own field observations include faster canopy recovery, improved spear opening, stronger
reproductive expression, larger and heavier bunches, and approximately 20% increases in bunch weight
in selected treated comparisons. Those observations are presented here as field evidence and research
hypotheses - not as universal outcomes.

1. SULPHUR IS NOT A SECONDARY PHYSIOLOGICAL ROLE

The term "secondary nutrient" describes the quantity generally required relative
to N, P and K. It does not mean sulphur has a secondary biological importance.
Sulphur is embedded in core metabolism.

e Cysteine synthesis - the first major reduced-sulphur metabolic gateway.

¢ Methionine synthesis - required for proteins and S-adenosyl methionine (SAM).

¢ Glutathione synthesis - central to redox regulation and oxidative-stress defence.

e Protein and enzyme formation - directly linking sulphur status with nitrogen utilisation.

e Iron-sulphur proteins and cofactors - fundamental to electron transfer and cellular metabolism.

¢ Photosynthetic and chlorophyll-related function - sulphur deficiency can reduce leaf function and
carbon gain.
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e Reproductive development - sulphur demand becomes particularly important when developing sinks
are expanding.

A palm can receive enough nitrogen to appear fertilised and still remain
metabolically constrained if sulphur supply does not match nitrogen demand.

2. SULPHUR UNLOCKS NITROGEN UTILISATION

This is the first major mechanism and deserves to stand alone.

Nitrogen uptake is only the beginning. Nitrate or ammonium entering a root must be assimilated into
glutamine, glutamate, amino acids, proteins, chlorophyll-associated proteins and enzymes before it can
become productive biomass. Sulphur metabolism converges with nitrogen metabolism at the amino-acid
level, particularly through cysteine and methionine.

Under sulphur limitation, plants can continue absorbing nitrogen while becoming less efficient at
incorporating it into proteins. Nitrate and soluble nitrogenous compounds may accumulate while protein
synthesis, chlorophyll formation and productive growth become constrained. This is why more nitrogen
does not necessarily correct a crop that is metabolically sulphur-limited.

TECHNICAL POSITION: Sulphur is not the physical transporter of nitrogen. It is the
metabolic partner that allows nitrogen to be converted efficiently into functioning
plant tissue.

Why this matters in oil palm

0Oil palm carries a very large photosynthetic canopy and a continuous reproductive load. Both require
sustained protein turnover and enzyme activity. If the N:S relationship is imbalanced, part of the
nitrogen investment may fail to deliver its full physiological return. Correcting sulphur can therefore
increase the value of nitrogen already being applied rather than simply adding another nutrient.

3. TOTAL SULPHUR IS NOT THE SAME AS ABSORBABLE
SULPHUR

The agronomic question is not simply how much sulphur exists in a fertiliser or
soil. The question is how much sulphur reaches the palm in an absorbable form
and at the time of demand.

Roots mainly absorb sulphur as sulphate. Elemental sulphur must first be biologically oxidised before it
enters the plant sulphate-assimilation pathway. That conversion depends on moisture, temperature,
aeration, particle size, microbial activity and soil chemistry. A soil can therefore contain substantial total
sulphur while supplying inadequate sulphate to the active root system.

Tropical oil-palm soils add another challenge. High rainfall can promote sulphate movement and
leaching, while highly weathered soils may contain limited reserves. The consequence is that a
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conventional fertiliser programme can appear complete while biologically available sulphur remains
below the level needed to match nitrogen and reproductive demand.

APPLICATION PRINCIPLE: form + availability + timing + root access matter more than
the sulphur number printed on a fertiliser label.

4. CYSTEINE - THE METABOLIC GATEWAY

Once sulphate is absorbed and reduced, sulphur is incorporated into cysteine.
Cysteine is not simply one amino acid among many. It is a gateway from inorganic
sulphur into organic metabolism.

e (Cysteine enters protein synthesis directly.

e Cysteine provides sulphur for methionine formation.

e Cysteine is required for glutathione synthesis.

¢ Cysteine contributes sulphur to numerous cofactors and specialised metabolites.

e Cysteine availability therefore links sulphur nutrition with nitrogen metabolism, stress defence and
cellular repair.

When sulphur is deficient, the problem is not simply a low sulphur concentration. The plant loses access
to an entire family of sulphur-dependent metabolic outputs.

5. METHIONINE, SAM AND REPRODUCTIVE METABOLISM

Methionine is the second major sulphur amino acid and the precursor of S-
adenosyl methionine (SAM), one of the most important metabolic donors in plant
cells.

SAM participates in methylation reactions, polyamine metabolism and ethylene biosynthesis. These
pathways intersect with growth, cellular differentiation, stress responses, senescence, flowering and fruit
development. This does not mean sulphur alone controls sex expression or fruiting in oil palm. It means
adequate sulphur supply is necessary for the metabolic network within which those processes operate.

RESEARCH HYPOTHESIS: when a sulphur-limited palm is restored to a better N:S
balance, reproductive behaviour may change because the palm has more resources
and a more complete metabolic capacity - not because sulphur acts as a simple
flowering hormone.

6. SULPHUR MOVES TOWARD REPRODUCTIVE SINKS

A crucial but often overlooked concept is source-to-sink partitioning.

Leaves manufacture carbohydrates and assimilate nutrients. Developing fruits and seeds are strong
sinks. Sulphur-containing compounds, including methionine-related transport forms, move through the
phloem toward reproductive tissues. Experimental enhancement of sulphur transport has been shown to
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alter not only sulphur allocation but also nitrogen metabolism, carbon acquisition, assimilate transport
and seed production.

This matters because sulphur may influence productivity at two levels: first by improving the metabolic
capacity of the source leaf, and second by supporting the transfer and utilisation of resources in the
reproductive sink.

THIS IS THE STRONGER "TRANSPORTER" CONCEPT: sulphur metabolism participates
in the source-to-sink system that determines whether nitrogen, amino acids and
carbon are converted into reproductive yield.

7. WHY A FRUIT BECOMES LARGER

A larger fruit does not appear because one nutrient "swells" it. Fruit size emerges
from cell division, cell expansion, water relations, assimilate supply, mineral
balance and the duration and rate of filling.

For a reproductive unit to become heavier, the source canopy must supply enough carbon and nutrients,
the vascular system must deliver them, and the sink must remain active long enough to convert them into
structural material, mesocarp and storage compounds.

Where sulphur can intervene

¢ Improved nitrogen assimilation can support greater photosynthetic enzyme capacity.

¢ Improved protein synthesis supports active leaf and sink metabolism.

e Better sulphur status can sustain post-flowering photosynthesis in responsive crops.

e Sulphur can increase the rate and/or duration of reproductive filling in several crop systems.

e Adequate sulphur can increase individual seed or fruit mass when nitrogen and other resources are
not limiting.

The physiological hypothesis for oil palm is not "sulphur makes fruit large." It is:
sulphur can remove a metabolic constraint that limits how much carbon and
nitrogen reach and are utilised by each developing fruit.

8. OIL-PALM-SPECIFIC EVIDENCE: BUNCH WEIGHT IS A SOURCE-
SINK PROBLEM

Oil palm provides direct evidence that fruit size and bunch development are
limited by assimilate supply.

Long-term manipulation of source leaf area and reproductive sink load has shown that oil-palm yield
components respond to source-to-sink balance. When many developing fruits compete for limited
carbohydrates, mean individual fruit weight can decline. Conversely, greater assimilate availability can
increase fruit and bunch components.
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Direct oil-palm analyses also show that bunch weight is strongly associated with fruit weight per bunch
and with the mass of large fruits. This is critical: larger individual fruits are not a cosmetic trait. They are
a major pathway to heavier fresh fruit bunches.

OIL-PALM LINK: if a treatment increases assimilate production, improves nutrient
utilisation and reduces metabolic stress, increased individual fruit mass is a
plausible route to heavier bunches.

9. LARGER BUNCHES: WHAT MUST ACTUALLY CHANGE?

A claim of "20% heavier bunches" is scientifically meaningful only when we
understand which bunch components changed.

e More fruits per bunch?

e Higher average individual fruit weight?
e Greater proportion of large fruits?

e Thicker mesocarp?

e Larger shell or kernel?

e Higher water content?

e Greater dry matter?

¢ More oil per fruit?

For palm-oil production, increased mesocarp mass and oil per fruit are more valuable than an increase in
shell or water. Future trials should therefore dissect bunch weight rather than report only total
kilograms.

PRIORITY MEASUREMENT: whole fruit weight -> mesocarp fresh weight -> mesocarp
dry weight -> shell -> kernel -> oil per wet mesocarp -> oil per dry mesocarp -> oil per
fruit -> oil per bunch.

10. SULPHUR AND OIL BIOSYNTHESIS

Oil accumulation is not an automatic consequence of larger fruit. It requires an
active lipid-biosynthesis programme inside the mesocarp.

Fatty-acid synthesis begins with carbon substrates such as acetyl-CoA. Acetyl-CoA carboxylase (ACCase)
converts acetyl-CoA into malonyl-CoA, a gateway step for fatty-acid synthesis. Oil-palm mesocarp
expresses the enzymes and genes required for this pathway, and high-oil phenotypes differ in lipid-
biosynthesis activity.

In independent oilseed systems, sulphur nutrition has increased acetyl-CoA availability, ACCase activity
and lipid accumulation. Other oil crops show increases in oil content or oil yield under appropriate
sulphur supply. These findings do not prove a fixed oil-palm response, but they establish a credible
metabolic route that deserves direct testing in mesocarp.
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RESEARCH QUESTION: does correcting sulphur status in oil palm increase carbon
flux through acetyl-CoA/ACCase-linked lipid synthesis during mesocarp filling?

11. FRUIT SIZE AND OIL CONTENT ARE RELATED - BUT NOT
IDENTICAL

A heavier bunch can be commercially disappointing if the extra mass is mainly
water, shell or kernel. The technical target should therefore be a larger and
better-filled mesocarp with higher oil mass per fruit.

Oil-palm fruit development occurs in phases. Fruit expansion and structural development are followed
by a major period of mesocarp lipid accumulation. This suggests that nutritional timing may need to
distinguish between building fruit size and supporting later oil filling.

A practical two-phase hypothesis

e PHASE 1 - build the sink: support cell division, fruit set, fruit expansion, canopy source strength and
mineral balance.

e PHASE 2 - fill the sink: sustain carbon supply, sulphur amino-acid metabolism, potassium-driven
assimilate movement, magnesium-dependent photosynthesis and lipid-biosynthesis activity.

The same sulphur dose at the wrong physiological timing may produce a weaker
response than a balanced programme aligned with fruit development.

12. SULPHUR DOES NOT WORK ALONE

This is a central principle. Sulphur can remove one limitation while another
nutrient immediately becomes the next bottleneck.

Companion element Why it matters with sulphur

Nitrogen Sulphur and nitrogen converge in amino-acid and
protein synthesis. Correct N:S balance is essential
for nitrogen-use efficiency.

Potassium Critical for osmotic regulation, assimilate
transport and fruit filling. A sulphur programme
without sufficient K may not convert extra
photosynthate into larger fruits.

Magnesium Central to chlorophyll and photosynthesis.
Sulphur cannot maximise carbon supply if Mg-
limited leaves cannot photosynthesise efficiently.

Boron Important for meristem function, cell wall
processes and reproductive development.
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Particularly relevant to fruit set and new tissue.

Iron Sulphur participates in Fe-S proteins required for
electron transfer and metabolism.

Molybdenum Required by nitrate reductase. N assimilation can
fail even with good S if Mo-dependent nitrate
reduction is constrained.

Zinc /Mn/Cu Enzyme cofactors, antioxidant systems and
metabolic regulation. Sulphur status interacts
with micronutrient homeostasis.

FORMULATION PRINCIPLE: not more sulphur - the right sulphur form, with the right
companion elements, at the right time, delivered in a form the palm can absorb.

13. ROOT DELIVERY AND FOLIAR DELIVERY SERVE DIFFERENT
PURPOSES

Root-zone sulphur provides the foundation for sustained whole-plant nutrition.
Foliar delivery can provide a complementary route when rapid correction is
required or root function is impaired.

Leaves can absorb sulphate and certain formulated sulphur sources. Once inside leaf metabolism,
sulphur can enter cysteine, methionine, glutathione and protein pathways. Foliar treatment therefore has
a legitimate physiological basis, but its effectiveness depends on formulation, concentration, coverage,
leaf condition and environmental conditions.

A stressed Ganoderma palm may justify a dual-delivery concept: rebuild the root-
zone supply while using carefully formulated foliar nutrition to reach active tissues
without waiting entirely on compromised roots.

Foliar sulphur should not be treated as proof that any sulphur spray is safe or effective. High
concentrations, unsuitable pH or poor formulation can injure foliage. Field protocol must be dose-specific
and crop-specific.

14. SULPHUR, GLUTATHIONE AND THE PALM'S DEFENCE
SYSTEM

The Ganoderma connection should be made through plant defence physiology - not
through an unsupported claim that nutritional sulphur directly cures Ganoderma.

Cysteine feeds glutathione synthesis. Glutathione is one of the central redox buffers in plant cells and
participates in the control of reactive oxygen species generated during pathogen attack and tissue stress.
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Sulphur nutrition also supports numerous defence-related metabolites and has been associated with
sulphur-induced resistance in multiple plant-pathogen systems.

Elemental sulphur itself has direct antifungal properties, while nutritional sulphate supports internal
plant metabolism. These are two different mechanisms and should not be confused.

GANODERMA POSITION: sulphur is better viewed as part of the host-support and
defence strategy - improving the palm's metabolic capacity while the wider
programme addresses the pathogen, roots, microbiome, water and husbandry.

15. GANODERMA CHANGES THE NUTRITION QUESTION

A healthy palm and a Ganoderma-stressed palm should not be assumed to have
the same nutrient-delivery efficiency.

Ganoderma progressively damages roots and basal tissues. As functional root area declines, the palm can
face a paradox: nutrients may be present in the soil while uptake, transport and utilisation become
increasingly constrained. Under this condition, simply increasing granular fertiliser may not correct the
physiological bottleneck.

A recovery programme must therefore ask not only what nutrients are applied, but whether the
remaining root system and canopy can receive and use them. This is the rationale for soluble delivery,
high-volume root-zone treatment, companion nutrients and, where justified, foliar support.

THE PRACTICAL QUESTION: how do we maintain productive metabolism in a palm
whose normal nutrient-uptake system is under biological attack?

16. FIELD OBSERVATIONS: WHAT WE HAVE SEEN

The following observations are presented as programme field observations. They
should not be interpreted as guaranteed outcomes or as universal sulphur
responses.

e Selected treated palms produced visibly stronger canopy vigour and more active new growth.

e Previously stressed spear leaves opened and canopy condition improved within approximately one
month in responsive palms.

¢ Reproductive expression shifted toward more female inflorescences in several observed treatment
blocks.

¢ Developing fruits appeared fuller and fresh fruit bunches became visibly larger and heavier.

¢ Selected comparisons indicated approximately 20% higher bunch weight after treatment.

¢ Qil content appeared improved in field/commercial observations, but oil-per-bunch and mesocarp-
specific measurements require controlled analytical confirmation.

¢ Ganoderma fruiting responses were observed after intensive treatment in some palms, including
emergence from previously unrecognised locations. This remains an observation requiring controlled
pathological interpretation.
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The value of these observations is not that they replace published science. Their
value is that they generate testable oil-palm hypotheses that can now be measured

properly.

17. WHY OUR OBSERVED BUNCHES MAY HAVE BECOME
HEAVIER

A 20% increase in fresh fruit bunch weight cannot responsibly be attributed to one
biochemical reaction. The most plausible explanation is multi-factor removal of
constraints.

Improved sulphur availability removes a limitation on cysteine, methionine and protein synthesis.
Nitrogen already present in the programme can be utilised more efficiently.

Improved N/S balance supports chlorophyll, enzymes and photosynthetic source strength.

Better root-zone water and nutrient delivery reduces periods of reproductive stress.

Potassium, magnesium, boron and micronutrient partners prevent new bottlenecks.

Greater assimilate availability supports fruit filling and individual fruit mass.

Alarger mesocarp sink can provide more substrate for lipid accumulation during maturation.

NSO N

This is why the response should be studied as an integrated N-S-C-source-sink system
rather than as a simple "sulphur fertiliser effect."”

18. WHAT A SERIOUS OIL-PALM TRIAL SHOULD MEASURE

To convert field experience into industry-grade evidence, the next trials should
measure physiology and commercial yield simultaneously.

¢ Frond 17: N, S and N:S ratio, together with K, Mg, Ca, B and micronutrients.

e Soil sulphate-S and relevant soil chemistry before and after treatment.

¢ Canopy condition, spear opening and new frond production.

¢ Female:male inflorescence ratio and abortion rate.

e Bunch number per palm and mean fresh fruit bunch weight.

e  Fruit number per bunch and mean individual fruit weight.

e Percentage of large fruits and fruit-to-bunch ratio.

¢ Mesocarp fresh and dry mass, shell mass and kernel mass.

e Qil-to-wet-mesocarp and oil-to-dry-mesocarp.

e Calculated oil per fruit and oil per bunch.

e Where possible: chlorophyll/SPAD, photosynthesis, tissue glutathione/redox indicators and root
condition.

¢ Ganoderma disease progression scored independently from yield recovery.

A heavier bunch is commercially interesting. A heavier bunch with more mesocarp
dry matter and more oil per bunch is scientifically and economically far more

important.
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19. WORKING HYPOTHESES FOR CONTROLLED VALIDATION

e Correcting sulphur limitation improves nitrogen-use efficiency in oil palm.

¢ Improved N:S balance increases photosynthetic source strength and productive assimilate supply.

¢ Adequate sulphur during reproductive development increases individual fruit filling and fruit mass
when N, K, Mg, B and water are non-limiting.

¢ The major commercially beneficial increase in fruit weight will occur in mesocarp rather than shell
or kernel.

e Improved sulphur status increases oil mass per fruit through greater mesocarp biomass and/or
altered lipid-biosynthesis activity.

e Foliar sulphur can accelerate metabolic correction when root uptake is temporarily constrained, but
should complement rather than replace root-zone nutrition.

¢ Sulphur-centred balanced nutrition improves host resilience under Ganoderma stress without
functioning as a stand-alone fungicidal cure.

20. THE TECHNICAL POSITION

The most important conclusion is not that oil palm needs "more sulphur."

THE REAL REQUIREMENT IS: THE RIGHT SULPHUR FORM + THE RIGHT N:S BALANCE
+ THE RIGHT COMPANION ELEMENTS + THE RIGHT DELIVERY ROUTE + THE RIGHT
PHYSIOLOGICAL TIMING.

Sulphur becomes important because it sits at the intersection of processes that determine whether a palm
merely receives fertiliser or converts that fertiliser into productive metabolism.

For oil palm, the highest-value research question is therefore not simply whether sulphur increases leaf S
concentration. It is whether correcting sulphur metabolism allows more nitrogen and carbon to be
converted into active canopy, larger mesocarp, heavier bunches, greater oil per bunch and longer
productive function - particularly in palms under biological and climatic stress.

That is the working scientific framework for the next generation of controlled field trials.

EVIDENCE NOTE: This client-facing draft intentionally does not display literature citations or source names. Scientific
statements have been written conservatively from a broad review of plant physiology, oil-palm research, oilseed science,
fruit-filling studies and sulphur-nitrogen metabolism. Field observations are explicitly separated from established evidence.

For public use and benefit - anyone may use the above technical information for any purposes. Thank You

by Chandra L Ramprakash chandralramprakash@gmail.com +60123795729
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