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Chapter 4: Tools, Containers, and Materials

A tissue culture room does not need to look expensive to work well. It does,
however, need tools that are suitable for clean work. A farmer can improvise
many things, but not everything. Some tools can be simple; some must be
accurate; some must be safe under heat and pressure; and some must be
reserved only for clean culture work.

This chapter is about choosing and using the basic tools, containers, and
materials for a small beginner tissue culture space. In later chapters, you will
learn exact routines for sterilization, media preparation, explant handling,
and troubleshooting. Here, we focus on the physical things you will hold,
wash, heat, label, and store.

The main idea is this:

Good tissue culture equipment does three jobs: it helps you measure
correctly, sterilize reliably, and handle living plant material without damaging
or contaminating it.

Tools are part of the biology

It is easy to think that tissue culture success depends only on the plant and
the medium. But tools affect the plant’s environment at every step.

A jar that leaks may allow fungi to enter. A dull blade may crush a shoot tip
instead of cutting it cleanly. A poor label may fall off, leaving you unable to
know which variety is inside. A pressure cooker used incorrectly may fail to
sterilize media. A badly calibrated pH meter may lead you to prepare medium
that is too acidic or too alkaline for good growth.

In tissue culture, small errors can multiply. One dirty tool can contaminate a
whole batch. One measuring mistake can affect every culture vessel prepared
from that medium. This is why professional plant tissue culture books treat
equipment, vessels, media preparation, and aseptic handling as connected
parts of one system, not as separate topics (George et al., 2008; Bhojwani
and Dantu, 2013).

For a beginner farmer, the goal is not to buy every laboratory instrument at

once. The goal is to build a dependable set of tools that match your crop,
your scale, and your ability to keep the work clean.

Clean, disinfected, and sterile: three different levels

Before choosing tools, you need three important words.
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Clean means visibly free from soil, plant sap, dust, and old medium. A clean
jar has been washed well. A clean table has no crumbs, soil, or plant pieces
on it.

Disinfected means many harmful microorganisms have been killed or
reduced, usually by a chemical such as alcohol or diluted bleach. A
disinfected surface is safer than a merely clean surface, but it is not
necessarily free of all living microbes.

Sterile means free from living microorganisms, including bacteria, fungi, and
spores, as far as the method can achieve. In tissue culture, media, vessels,
and instruments often need to be sterile before they touch the explant or the
inside of a culture vessel.

This difference matters. Washing a jar with soap makes it clean. Wiping a
bench with alcohol may disinfect it. Heating culture medium properly with
pressurized steam can sterilize it. These are not the same operation.

A beginner mistake is to treat “looks clean” as “ready for tissue culture.” Soil
particles, fungal spores, and bacteria can be invisible. Tissue culture gives
microorganisms a warm, moist, sugar-rich environment. That same
environment is good for plant growth, but it is also excellent for
contamination if microbes enter the vessel (Kyte et al., 2013).

Culture vessels: the plant’s small room

A culture vessel is the container that holds the plant material and the
nutrient medium. It may be a glass jar, test tube, baby-food jar, laboratory
culture bottle, plastic vessel, or clear box. For the plantlet, this vessel
becomes a tiny room with food, moisture, light, air space, and protection
from outside contamination.

A good culture vessel has several qualities:

- It can tolerate the sterilization method you use.

- It is transparent enough for you to observe the plant.
- It has enough space for the expected growth.

- It closes well enough to reduce contamination.

- It allows suitable gas exchange.

- It does not release toxic substances into the medium.
- It can be labeled clearly.

- It is easy to wash, dry, store, and handle.
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The vessel is not just a container. Its size, closure, and cleanliness affect
culture growth. Plant tissues inside vessels respire, meaning they use oxygen
and release carbon dioxide. Green tissues may also photosynthesize when
light is available, using carbon dioxide and producing oxygen. Because the
vessel atmosphere can influence growth, culture closures must usually
reduce contamination without making the container completely unsuitable
for gas exchange (George et al., 2008).

Glass jars

Glass jars are often the most practical first vessels for farmer-level tissue
culture. They are reusable, easy to see through, and can tolerate heat if they
are made from suitable glass. Many small laboratories use glass jars or
bottles for micropropagation because they are durable and can be sterilized
repeatedly when handled correctly (Bhojwani and Dantu, 2013).

For beginner projects, small straight-sided jars are often easier than
narrow-neck bottles. A wide mouth allows you to place explants without
touching the rim too much. It also makes washing easier.

For example, a mint node or basil node can grow in a small jar with a few
centimeters of medium. A banana shoot clump needs more headspace
because the shoots become taller and broader. If the vessel is too small,
shoots may press against the lid, become bent, or stay too wet.

When reusing food jars, choose carefully. Avoid jars with cracks, chips, rusted
lids, or strong odors. Do not assume every recycled jar is heat-safe. Sudden
temperature change can crack glass. If you use reused jars, test them outside
important work first, and never heat sealed jars under pressure.

Plastic culture vessels

Some plastics are designed for autoclaving or pressure sterilization.
Polypropylene is commonly used for autoclavable laboratory containers.
Other plastics may soften, warp, melt, or release unwanted substances when
heated.

A useful rule is simple:

Only heat-sterilize plastic if it is clearly rated for that temperature and
method.

Disposable sterile plastic containers may be useful, but they can become
expensive and create waste. Reusable plastic containers can work if they are
made for laboratory or food-grade heat use, but scratched plastic may
become harder to clean. Scratches can trap residues and microbes.
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For a beginner farmer, glass is often easier to judge and reuse, while
laboratory-grade plastic becomes useful when production increases.

Tubes, jars, and boxes
Different vessel shapes are useful for different tasks.

A test tube or narrow culture tube is useful for single small shoots, such as
one potato node or one tiny orchid seedling. Tubes save shelf space but can
be harder for beginners to handle without touching the sides.

A jar is useful for several shoots or small clumps, such as banana
multiplication, mint, basil, or sweet potato nodes.

A culture box gives more surface area and may be useful for leafy explants or
several plantlets, but a larger opening also means more opportunity for
contamination during handling.

Think of vessel choice as matching the plant’s expected shape. A single
upright shoot needs height. A cluster of shoots needs width. A leaf culture
may need flat surface area.

Closures: keeping microbes out while letting the culture
breathe

A closure is the lid, cap, plug, film, or cover that closes the culture vessel.
Closures are more important than they first appear.

If a closure is too loose, contamination may enter. If it is too tight and
completely sealed, the internal atmosphere may become unsuitable,
especially during longer culture periods. Some closures include filters that
allow air movement while blocking many microorganisms.

Common beginner closures include:

- screw caps that can tolerate sterilization,
- metal lids from jars,

- aluminum foil covers,

- cotton or foam plugs for tubes,

- autoclavable plastic caps,

- breathable sealing films,

- filter caps or lids with filter membranes.
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If you use screw-cap jars, do not tighten them fully before pressure
sterilization unless the vessel and lid are designed for that. Heating sealed
containers can create dangerous pressure differences. Many operators leave
lids slightly loose during sterilization and tighten them after cooling, while
working cleanly. Exact handling belongs in the sterilization chapter, but the
safety principle belongs here: never create a sealed pressure vessel inside
another pressure vessel unless it is designed for that use.

For beginner work, a practical closure is one that you can sterilize, open
easily in the clean area, and close again without touching the inside surface.

Cutting tools: making clean wounds

An explant is a living piece of plant tissue. When you cut it, you create a
wound. A clean, sharp cut gives the tissue a better chance to survive. A
crushed, ragged cut leaks more sap, damages more cells, and may brown or
die more easily.

The most common cutting tools are:

- scalpels, which are small surgical-style knives with replaceable blades;
- forceps, which are tweezer-like tools used to hold small plant pieces;

- scissors, useful for larger plant parts before final trimming;

- needles or probes, useful for moving tiny pieces;

- blade handles and disposable blades, which allow a sharp edge for delicate
work.

A scalpel blade is sharper and more controllable than an ordinary kitchen
knife. For example, when cutting a banana shoot tip or a potato node, you
want to remove unwanted tissue without crushing the growing point. A dull
tool makes this harder.

Forceps are equally important. You should not pick up sterile explants with

your fingers, even gloved fingers. Forceps let you hold a node, leaf piece, or
shoot tip with less contact. Fine-point forceps are useful for small explants;

broader forceps are better for larger pieces.

Choose stainless steel tools if possible. They resist rust and tolerate repeated
sterilization better than low-quality metal. Avoid painted or coated tools if the
coating can peel. Peeling surfaces are harder to clean and may carry
contamination.

A useful beginner habit is to own several sets of forceps and scalpels. During
work, one tool can be cooling after sterilization while another is in use. This
reduces rushing and reduces the temptation to use a tool before it is ready.
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Sharps safety: respect the blade

A sharp is any tool that can cut or puncture skin, such as a scalpel blade,
needle, or broken glass. Tissue culture uses small blades, but small blades
can still cause serious cuts.

Safe practice includes:

- attaching and removing blades with care,

- never leaving loose blades on the bench,

- cutting away from your body,

- passing tools handle-first if working with another person,
- using a puncture-resistant container for used blades,

- cleaning broken glass with a brush and dustpan, not bare hands.

Used scalpel blades should not be thrown loosely into ordinary waste. If a
proper sharps container is not available, use a thick, puncture-resistant
container with a secure lid and label it clearly. Follow local waste rules where
available.

This is not only about personal safety. Blood from a cutis also a
contamination source. A single injury can ruin a clean work session and
create health risks.

Measuring tools: because recipes are instructions, not
suggestions

Tissue culture medium is a recipe, but it is more exact than cooking. A little
extra salt, sugar, agar, acid, base, or plant growth regulator can change the
result. Some ingredients are measured in grams; others may be measured in
milligrams or milliliters. Plant growth regulators are often active at low
concentrations, so careless measuring can strongly affect shoot formation,
rooting, or callus growth (George et al., 2008; Bhojwani and Dantu, 2013).

A balance is a scale used to measure mass. For beginner media preparation,
there are two common levels:

A general digital kitchen scale may measure sugar and agar if it reads to 1
gram. For example, if you need 30 grams of sucrose for 1 liter of medium, a
scale that reads whole grams may be acceptable for early practice.

A more precise digital balance, reading to 0.01 gram, is much better for
smaller quantities. If you prepare small batches, such as 250 milliliters of
medium, then the ingredients become smaller, and precision matters more.
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However, a 0.01 gram balance is still not enough for directly weighing tiny
amounts of many plant growth regulators. For very small quantities,
laboratories often prepare stock solutions. A stock solution is a concentrated
solution made accurately once, then used in small measured volumes. You
will learn more about this in the hormone chapter.

A graduated cylinder is a tall measuring container marked with volume lines.
It is more accurate than an unmarked cup. Use it for water and prepared
solutions.

A beaker is useful for mixing but is usually not the best tool for exact final
volume. Beaker markings are approximate. For example, you may dissolve
sugar and medium powder in a beaker, then bring the final volume to 1 liter
using a graduated cylinder or volumetric container.

A pipette measures and transfers small liquid volumes. Simple plastic
transfer pipettes can move drops, but they are not highly accurate. Syringes
can measure small volumes more accurately if used carefully. Laboratory
micropipettes are better for small volumes, but they need training,
calibration, and correct tips.

A beginner does not need every measuring tool at once. But every beginner
does need to understand this principle:

The smaller the amount, the more important the measuring tool becomes.

If you are measuring 30 grams of sugar, a small error may not ruin the batch.
If you are measuring 1 milligram of a hormone, a small error may completely
change the biological response.

pH meters and pH papers: measuring acidity

pH is a measure of how acidic or alkaline a solution is. A pH of 7 is neutral.
Values below 7 are acidic; values above 7 are alkaline. The pH scale is
logarithmic, which means each whole pH unit represents a tenfold change in
hydrogen ion activity. For example, pH 5 is ten times more acidic than pH 6
in that chemical sense.

Plant tissue culture media are often adjusted to a mildly acidic pH before
sterilization, commonly around pH 5.6 to 5.8 for many standard media,
although the best pH can vary with species, medium, and gelling agent
(George et al., 2008). pH affects nutrient availability, gel firmness, and plant
growth.
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A pH meter uses an electrode to measure pH. It is more accurate than pH
paper when maintained properly. But a neglected pH meter can become
worse than pH paper because it gives numbers that look exact but are
wrong.

Good pH meter habits include:

- calibrating with standard buffer solutions, often pH 4 and pH 7;

- rinsing the electrode with clean water between samples;

- not wiping the glass bulb harshly;

- storing the electrode in the recommended storage solution, not dry;

- replacing old or damaged electrodes when needed.

pH paper or pH strips are cheaper and easier. They change color according
to acidity. They are less precise, but they can be useful for beginner practice
or as a backup. If you use pH strips, choose a narrow range suitable for plant
tissue culture, such as pH 4 to 7, rather than a very broad range that is
harder to read accurately.

For early learning, pH strips may be acceptable. For consistent production, a
reliable pH meter becomes important.

Heat, steam, and pressure: sterilizing media and tools

Many tissue culture materials must be sterilized. The most common method
for culture medium is moist heat sterilization, which uses hot steam under
pressure. An autoclave is a machine designed to sterilize materials with
pressurized steam. A pressure cooker works on the same basic principle,
although it may be less controlled than a laboratory autoclave.

Steam sterilization is effective because moist heat transfers energy efficiently
and can kill microorganisms, including many resistant spores, when the
correct temperature, pressure, and time are reached throughout the load.
Standard laboratory and healthcare sterilization guidance commonly
describes saturated steam cycles around 121°C under pressure for
appropriate exposure times, depending on load and equipment (Rutala et al.,
2008). In plant tissue culture, autoclaving is widely used for media, water,
glassware, and many heat-stable tools (George et al., 2008).

A pressure cooker can be useful for farmer-level tissue culture, but it must be
treated with respect. It is not just a cooking pot. It is a pressure vessel.

When choosing a pressure cooker for tissue culture, look for:

- a strong, reputable model;
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- a working pressure indicator or weight;

- a good gasket or sealing ring;

- a safety valve;

- enough height for your vessels;

- a rack or spacer to keep vessels off the bottom;

- a manual you can follow.

Do not use a damaged pressure cooker. Do not block safety valves. Do not
overfill. Do not open while pressurized. Do not heat sealed glass jars. Do not
modify the cooker to “make it stronger.” These actions are dangerous.

A laboratory autoclave is better for larger or commercial production because
it is designed for repeatable sterilization, monitoring, and safety. But for
many beginners, a good pressure cooker is the practical first step. If you plan
to sell plantlets seriously, especially at scale, you should move toward
validated sterilization methods and better record keeping.

Why boiling is not the same as sterilizing

Boiling water reaches about 100°C at sea level. Boiling kills many
microorganisms, but it may not reliably kill resistant spores. Pressurized
steam can reach higher temperatures, such as around 121°C, which is why

pressure sterilization is used for many laboratory materials (Rutala et al.,
2008).

This matters because tissue culture medium contains sugar and nutrients. If
spores survive, they may later grow into visible contamination inside the
vessel. A jar can look clean on the day you prepare it and still become
contaminated days later.

Filters: sterilizing what heat would damage

Some solutions cannot be heated without damage. Certain vitamins, plant
growth regulators, antibiotics, or other additives may break down or change
during autoclaving. In those cases, laboratories often use membrane
filtration.

A filter has pores small enough to remove many microorganisms from a
liquid as the liquid passes through. A common sterilizing-grade membrane
filter has pores of 0.22 micrometers. A micrometer is one-millionth of a
meter. Such filters are commonly used to remove bacteria from suitable
liquids, although filtration does not make every possible material safe and
does not necessarily remove viruses or all very small agents.
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For beginner plant tissue culture, the most common filter tool is a sterile
syringe filter. You draw the liquid into a sterile syringe, attach the filter, and
push the liquid through into a sterile container or cooled sterile medium. This
must be done aseptically, or the filtered solution can become contaminated
immediately after filtration.

Filters are not magic strainers. They clog if the liquid is dirty. They work best
with clear solutions. If a solution contains particles, it may need to be
dissolved better or pre-filtered through a coarse filter before final sterile
filtration.

For many early projects, you can avoid filter sterilization by using heat-stable
recipes and pre-mixed media. But as your work advances, filters become
important.

Water: the invisible ingredient

Water is the largest ingredient in most tissue culture media. Poor water can
bring minerals, chlorine, organic matter, microbes, or unknown contaminants
into the medium. Plant tissue culture laboratories commonly use distilled,
deionized, or otherwise purified water for media preparation to improve
consistency (George et al., 2008; Bhojwani and Dantu, 2013).

Distilled water has been boiled and condensed, leaving many dissolved
substances behind. Deionized water has had many ions removed by resin
systems. Reverse osmosis water has passed through a membrane that
removes many dissolved materials.

For a beginner farmer, purchased distilled water may be the simplest option
for small batches. If you use rainwater, well water, or tap water, results may
vary. Tap water in one area may work poorly while tap water in another area
may seem acceptable. The problem is not only microbes; dissolved salts and
chemicals can also affect growth.

If you are troubleshooting weak growth, poor gel setting, or unusual
contamination, water quality should be one of the first things to examine.

Mixing and heating containers

To prepare medium, you need containers for mixing before the medium goes
into culture vessels. Useful items include:

- heat-resistant glass beakers,
- stainless steel pots used only for media preparation,

- measuring cylinders,
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- stirring rods,
- magnetic stirrers if available,

- heat-resistant funnels.

Do not use rusty pots, dirty cooking spoons, or containers that previously
held pesticides, fuel, veterinary medicine, or unknown chemicals. Tissue
culture plants are sensitive, and contamination can be chemical as well as
microbial.

A magnetic stirrer is a small machine that spins a coated magnetic bar inside
a liquid. It helps dissolve sugar, medium powder, agar, and other ingredients.
It is convenient but not essential. A clean glass rod or stainless spoon
reserved only for media work can be enough for beginner batches.

If heating agar medium, stir carefully. Agar can settle and burn on the bottom
if heated unevenly. Burned medium may change color and composition and
should not be used for serious culture work.

Labels: memory outside your head

A label is a small tool with a large responsibility. Without labels, tissue
culture becomes confusion.

Every vessel should tell you what it is. At minimum, a label should include:

- crop or plant name,

- variety or source plant if known,
- date of culture,

- medium code,

- batch or culture number,

- stage, such as initiation, multiplication, or rooting.
For example:

BAN-03 | Grand Naine | M1 | 12 Mar | Shoot tip | Batch 4

This short code could mean banana culture number 03, variety Grand Naine,
multiplication medium 1, started on 12 March from a shoot tip in batch 4.
Your exact code can be different, but it must be consistent.
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Labels should survive moisture, handling, and sterilization if they are applied
before heating. Some inks fade or wash away. Some stickers fall off in moist
conditions. Many laboratories use marker pens designed for laboratory
labeling, autoclave tape, or labels placed where heat and moisture will not
destroy them.

A practical rule is to label the vessel body, not only the lid. Lids can be
exchanged by accident. If the lid is the only label, one mistake can erase the
identity of a culture.

Records will be covered in a later chapter, but labels are the first record. If
you cannot identify a plantlet, you cannot honestly sell it as a known variety.

Racks, trays, and shelves: order prevents accidents

A culture vessel is safer when it has a proper place to stand. Racks and trays
keep vessels upright, organized, and easy to move.

A rack holds containers in position. It may be a laboratory tube rack, a
plastic jar rack, a stainless rack, or a clean homemade frame. A tray holds
groups of vessels together. Trays are especially useful when moving cultures
from the clean area to the growth shelf.

Good racks and trays should be:

- washable,

- resistant to moisture,

- strong enough for loaded vessels,
- easy to label,

- stable on shelves,

- not made of dusty or crumbling material.

For example, a tray labeled “Mint initiation, 15 March” can hold all vessels
from one batch. If contamination appears in that tray, you can isolate the
batch and check your records. If all vessels are mixed randomly, tracing the
problem becomes much harder.

Shelves should not be overcrowded. Crowding makes observation difficult,
blocks light unevenly, and increases the chance of knocking vessels over. A
calm, organized shelf is part of good tissue culture discipline.

Personal protective equipment: protecting the worker
and the culture
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Personal protective equipment, often shortened to PPE, means clothing or
gear used to reduce risk during work. In tissue culture, PPE has two
purposes. It protects you from heat, blades, glass, alcohol, bleach, acids,
bases, and other hazards. It also helps protect cultures from dust, hair, skin
flakes, and droplets from your body.

Useful PPE includes:

- a clean lab coat or washable apron,

- closed shoes,

- gloves,

- eye protection,

- a face mask when working close to open vessels,
- a hair cover or tied-back hair,

- heat-resistant gloves for pressure cooker or autoclave work.

Gloves do not make your hands sterile forever. Once gloves touch a dirty
surface, they can carry contamination. A gloved hand that touches a phone,
door handle, hair, or unsterile bottle is no longer clean enough for aseptic
handling.

Eye protection is especially important when using alcohol, bleach, acids,
bases, or hot liquids. A splash of sodium hypochlorite solution, which is the
active ingredient in many bleaches, can injure eyes. Heat-resistant gloves are
important when handling hot vessels, racks, or cooker parts.

Do not wear loose sleeves near flames if flame sterilization is used. In fact,
many beginner tissue culture spaces should avoid open flames where alcohol
is being sprayed or used, because alcohol vapor is flammable. Safer tool
sterilization methods will be discussed in the sterility chapter.

Chemicals and storage materials

A beginner tissue culture space may contain several chemicals, even before
advanced hormones are introduced. Common examples include:

- sucrose,

- agar or another gelling agent,

- pre-mixed basal medium powder,
- pH adjustment chemicals,

- bleach,

- alcohol,
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- detergent,
- plant growth regulators,

- buffer solutions for pH calibration.

Every chemical should be in a clearly labeled container. Never store
chemicals in drink bottles. Never leave white powders unlabeled. Never mix
chemicals unless you know the purpose and safety instructions.

A safety data sheet, often called an SDS, is a document that explains hazards,
protective equipment, storage, spill response, and disposal for a chemical.
For any chemical you buy, especially acids, bases, alcohols, and plant growth
regulators, obtain and read the SDS.

Storage should be dry, cool, organized, and protected from children, animals,
food areas, and direct sun. Some materials absorb moisture from the air.
Some degrade in light. Some must be refrigerated. Follow supplier
instructions.

For example, agar stored open in a humid room may clump. pH buffer
solutions can become contaminated if dirty tools are dipped into them.
Alcohol should be stored away from heat and flame. Bleach loses strength
over time, especially when diluted or stored poorly.

The beginner’s practical starter set

A new farmer should not begin by buying the most advanced equipment.
Begin with the smallest set that allows safe, clean, repeatable practice.

For many beginner projects, a practical starter set includes:

- a clean work table or simple clean box from the previous chapter,
- a reliable pressure cooker,

- heat-tolerant glass jars or suitable culture vessels,

- forceps and scalpel handles with blades,

- a balance for sugar and agar,

- measuring cylinders or accurate measuring cups for liquids,

- a pH meter or suitable pH strips,

- thermometer and timer,

- labels and waterproof marker,

- racks or trays,

- distilled or purified water,
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- bleach, alcohol, detergent, and clean cloths,

- gloves, eye protection, apron or coat, and closed shoes.

This set will not make you a professional laboratory. It will allow you to learn
the basic workflow: prepare medium, sterilize vessels, handle explants, label
cultures, observe results, and improve discipline.

A second-level setup may add:

- a laminar airflow cabinet with a proper HEPA filter,
- laboratory autoclavable culture vessels,

- an analytical balance,

- micropipettes,

- sterile syringe filters,

- magnetic stirrer and hot plate,

- better shelving and lighting,

- a refrigerator for stock solutions,

- a dedicated record and inventory system.

A HEPA filter is a high-efficiency particulate air filter. In a laminar airflow
cabinet, filtered air moves across the work surface to reduce airborne
contamination. But not every box with a fan is a laminar flow hood. A poorly
built airflow box can blow dust into your cultures instead of protecting them.
If you buy or build one, learn how it is filtered, cleaned, and tested.

Choosing between cheap, local, and laboratory-grade

Low-cost tools are not automatically bad. Expensive tools are not
automatically good. The correct question is:

Can this tool do the job safely, cleanly, and repeatedly?

A local glass jar may be excellent if it tolerates sterilization, closes well, and
can be washed. A cheap forceps may be poor if it rusts after two sterilization
cycles. A second-hand pressure cooker may be useful if it is sound and has
working safety parts. It may be dangerous if the gasket, valve, or locking
system is damaged.

Use the following thinking pattern when choosing any tool:
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First, ask what the tool must do. Second, ask what conditions it must survive.
Third, ask whether it can be cleaned and sterilized. Fourth, ask whether it
can be replaced locally. Fifth, ask whether failure would be merely
inconvenient or dangerous.

For example, if a marker fails, you lose labels. That is serious but not
physically dangerous. If a pressure cooker fails, someone may be injured.
Therefore, pressure equipment deserves stricter judgment than a marker
pen.

Maintenance: tools need care too
A tissue culture tool is not finished when you buy it. It must be maintained.

Scalpels should be cleaned and dried. Blades should be replaced before they
become dull. Forceps should be checked for rust and bent tips. Jars should be
inspected for cracks. Lids should be checked for rust, warping, or poor fit.
pH meters should be calibrated. Balances should be kept dry and level.
Pressure cookers should have gaskets, valves, and seals inspected regularly.

A simple maintenance notebook can save money. Record when you replace
pressure cooker gaskets, calibrate the pH meter, buy new blades, or discard
cracked vessels. This may seem unnecessary at first, but it becomes
important as soon as you run many batches.

A calm rule for every work session
Before starting a tissue culture session, pause and ask:

- Are my vessels ready?

- Are my tools clean and sterilizable?

- Are my labels prepared?

- Are my measuring tools suitable?

- Is my pressure equipment safe?

- Is my PPE available?

- Do I have a clean place to put finished cultures?

This pause prevents rushed mistakes. In tissue culture, rushing often creates
more work later.

The best farmers already understand this principle from field work. You
sharpen the hoe before entering the field. You check the sprayer before
mixing pesticide. You clean trays before sowing seed. Tissue culture is the
same kind of discipline, but at a smaller and cleaner scale.
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In the next chapter, we will use these tools in the most important skill of all:
sterility. You will learn how contamination enters cultures, how to recognize
it, and how to build habits that keep your plantlets safe.
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