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A plant’s life is fascinating; if you pay close enough attention you might
Jjust witness extraotdinary actions in motion. Plants eat, move and
respirate but did you also know they excrete, sleep and communicate?
The more we know about how plants exist in the world, the better
able we are to maximize the myriad factors that keep them happy and
growing—and keep our yields growing too!

One such factor is photosynthesis—by learning how to maximize
this necessary plant action we can substantially encourage growth
rates and improve plant development. Another important but
rarely discussed factor is how (and why) plants move and react (aka
tropisms).You might be surprised to learn that plants move in six dif-
ferent ways according to light, gravity, water, force contact, chemical
stimulus and temperature.

This issue of Maximum Yield offers the grand tour of a plant’s
life. In addition to photosynthesis and tropisms, we’ve also covered
seedlings, soil basics and stress; food, flowering and fertilizer; and
much, much more.

This issue is about more than just a plant’s life; its also about the life of
food—from seed or clone to harvest and beyond—and also the life ofa

grower. Our experts covered every possible angle.
Dive into this fascinating life story. . .of a plant!
Celebrate the Iaunch of the 2012 ‘Grow Like
A Pro’Tour with Maximum Yield in the Mile
High City—Denver, Colorado—for free You
read right! Simply head to indoorgardenexpo.com,
follow the Denver, CO link, click on the Free
VIP Ticket and join us and hundreds
of growers from around the world

March 11 for this exciting event. Jessica Raymond, editor

editor@maximumyield.com
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Winter months can be productive gardening months, even when
- the weather outside is dreary A small indoor hydroponic garden
can help chase away wintertime blues. Grubbycup’s Simple Hydro-
ponics 15 written for the complete hydroponic novice to gently
introduce the concepts of hydroponics.

For your chance to win a copy of Grubbycup’ Simple Hydiopon-
ics, simply like Maximum Yield on Facebook, or follow us or
menton us on Twitter and you'll be entered into the draw. One
Iucky reader will be chosen from the bunch.Visit Facebook.corm /Maxim Yield and
‘@ Max_Yield and enter today:
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THE BEST WAY TO PROTECT
OUR INDOOR CROPS IS TO
UNDERSTAND HOW THEY
PROTECT THEMSELVES..

Yes, plants do have immune systems! Un-
like mammals they do not have defender
cells that are mobile or adaptive cells within
their bodies, but the ways in which plants
defend themselves from diseases and pests is
fascinating to say the least.
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Pathogens are those life forms that attack
and damage our plants. Pathogens have dif-
ferent strategies for surviving and thriving
within the plant—bacterial pathogens, for
instance, proliferate in the spaces between
the cell walls. They often get started by
entering through a gas pore
(stomata) or a water pore (hy-
dathode) and of course they
can enter through a wound
as well. Some other plant in-
vaders are aphids and nema-
todes—which insert their lit-
tle stylets into plant cells—and
tungi, which have many ways

protein can trigger responses that can prevent disease
from affecting the plant.
A pathogen-encoded effector is a protein secreted
by a pathogen and it works to help the pathogen
adjust to its new living environment within the
host plant—sort of like the Trojan horse. The plant
has a counter move to this attack,
however, as the introduction of an
effector often triggers the activation
of a disease-resistant protein within
the plant. The ‘R’ protein recognizes
the modified version of the plant
caused by the effector in a similar
way to the ‘danger signal’ models
that kick into action in a mammal.

to get under the protective The war goes on.
skin of your plants. There are There are two basic branches of
many types of pathogens that plant immune systems—one uses
try to use, feed oft of or injure plants; without some system transmembrane pattern receptors (PRRs) that respond to
of defending themselves plants would be unable to survive. the slowly evolving changes caused by microbial- or path-
To obtain a basic understanding of these plant defense ogen-associated molecular patterns (MAMP or PAMP).
processes you’ll need to add a few terms to your vocabu- The other acts mostly inside the cell, using protein prod-
lary: disease-resistance proteins (R), pathogen-encoded ef- ucts activated as the result of some effector.
fectors (PE), transmembrane pattern-recognition receprors The thin black arrows indicate the ongoing level of plant
(PRR), microbial-associated molecular patterns (MAMP) immunity. In the first phase, the plant detects the initial
and pathogen-associated molecular patterns (PAMP). effectors from the microbial or pathogen-associated mo-
In order for a disease-resistant plant protein to be effec- lecular pattern (MAMP or PAMP) and triggers increased
tive and result in no disease there needs to be a dominant resistance and immunity (PTI) for that pathogen. During
resistance gene in the plant and a corresponding aviru- phase two, certain pathogens deliver effectors that interfere
lence gene in the pathogen. In this type of match the right with PTL This enables pathogen nutrition and disper-

sal, resulting in effector-triggered

oars: : S ; B0 4 A S susceptibility (ETS). During phase
High PTI ETS ETI ETS ETI three, one of the effectors (Avr-R)

A A A Threshold 1s recognized by a plant protein,
PHASE 1 PHASE 1 PHASE 3  PHASE 4 for HR which activates effector-triggered
o e e e i WD T S| S el S Immunity again. Sometimes the

pathogen
effectors

PRR

e © Immunity response is so strong that
o ° it triggers a hypersensitive cell-
.path:gan death response (HR) in the plant.
afaniors In phase four, pathogen isolates
PRR are selected that have lost the red
effector and gained new effectors
though gene flow (in blue). These
A Avr-R blue PRRs can help the pathogens
e T [ . (| 8 S to suppress the ETT in their attempt
Threshold for to survive the plant’s defense. This
Effective Resistance  sclection, however, helps the plant
to again recognize the new effector
| O and the ETI response is retriggered.
I ¥ MAMP Hypersensitive cell death (or
PAMP HR) is a process of programmed
cell death in a plant that is associ-
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ated with the plant’s reaction to pathogens. It is a kind of
| suicide reactuon by the plant initiated in order to kill or
1 limit the threat of the pathogen that is attempting to invade
I the plant—and 1s one of the most fascinating aspects of the
' plant immune system.You might have scen whole branches
of a tomato plant curl up and die shortly after a bite from
an insect—the concept is to burn the bridges in front of
the invading pathogen in order to save the plant as a whole.

' T | This process spreads rapidly and is often quite effective. For
# B e gardeners tending plants exhibiting this reaction, the plant
CAMPING s HIKING 7 o e should be stripped back to the stem or branch just before
TOBACCO ® JERKY ": ‘ > the dying portion in oider to help minimize the amount of

DRIED FLOWERS ¢ INCENSE

"HR’ that will occur and the pathogens that might invade.
Other plant reactions are also initiated as a result of ‘HR.

Local and systemic-acquired resistance is often found very
near the site of pathogen attack—or sometimes quite some
distance away, indicating the key role of these forms of
resistance in the plant. Many studies have examined these

- plant responses and the results clearly indicate the complex-
ity of the regulation of these responses within the
plant and the interplay of the signals becween
the pathogen, the environment and the
host plant itself. The hypersensitive

CALLTO ORDERNOW 772.584.0718 cell-death response is one of the most

WHOLESALE INQUIRES WELCOME powerful mechanisms the plant has to

LONG TERM FOOD STORAGE
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i e en pmmwaagaen | dcfend itself and as gardeners we need
to be able to recognize this response as
} /| | being something different from plant

>2 failure. Some pathogens—such as those
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of a chance to create trouble. In this example the plants
might not know that every wasp is a menace, but they
would recognize the ones that had already eaten, limit-
ing the damage from insects to just the initial attack and
avoiding any further damage. Quite fascinating. Research
has also shown that bacteria and fungi can also trigger

a variety of chemical warning signals, causing plants to
respond by increasing hormones in order to build up their
defense systems.

It is obvious that not only do plants have immune
systems, but that these systems are vital to their health
and productivity. If we want optimum health, vigor and
production from our crops, we need to help ensure that
they are given what they need to keep their immune
systems strong. This 15 why it is so important to examine
more than just the NPK of our fertilizers—micronutrients
also play a large part in supporting these plant functions.
For example, magnesium is one micronutrient that plays a
significant role in facilitating photosynthesis. In order for
the plant to synthesize chlorophyll, magnesium must be
present in sufficient amounts within the plant’s tissues. It is
also an enzyme activator.

The plant’s metabolism itself is an interwoven maze of
reactions that regulate and promote growth, health and
the immune system. Establishing the right protocol for
everything from watering and nutrition to temperature

and light control is vital for maximum plant vigor and
et ettt health and will promote the effective functioning of plant
immune systems. Keep your plants strong and theyv will be
able to fight off much of the disease and pest damage thev

maXimumyiE|d.C0m | face on their own.
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Plant Immune Systems

The best way to protect our indoor crops is to understand how they protect
themselves.

Yes, plants do have immune systems! Unlike mammals, they do not have defender
cells that are mobile or adaptive cells within the plant body. The ways in which
plants defend themselves from disease and pests is fascinating to say the least.

Pathogens are those lifeforms that attack and damage our plants. These damage
causing pathogens have different strategies for surviving and thriving within the
plant. Bacterial pathogens proliferate in the spaces between the cell walls. They
often get started by entering through a gas pore (stomata) or a water pore
(hydathode). Of course they can enter through a wound also. Some other invaders
of our little plants are aphids and nematodes; these insert their little stylets into the
plants cells. Then there are fungi that have many ways to get under the protective
skin of the plant. So, there are many types of pathogens that want and try to use,
feed off of, or otherwise injure our plants. Our plants need to have some system of
defending themselves or they can’t survive.

To have a basic understanding of these plant processes we’ll need to add a couple
concepts or terms to our vocabulary. Disease resistance protein (R), pathogen
encoded effectors (PE), transmembrane pattern recognition receptors (PRR),
microbial associated molecular patterns (MAMP), pathogen associated molecular
patterns (PAMP).

In the interaction between plants and their pathogens, and in order for a disease
resistant protein to be effective and then result in “no disease”, there needs to be a
dominant resistance gene in the plants; and a corresponding avirulence gene in the
pathogen. In this type of match the right protein can trigger responses that can
prevent disease to the plant.

A pathogen encoded effector is a protein secreted by a pathogen and it works to
help the pathogen adjust to it new living environment within the host plant. Kind of
like a Trojan Horse. The plant however has a counter move to this attack, as the
introduction of an effector often triggers a disease resistant protein to be activated
within the plant. The 'R’ protein recognizes the modified self of the plant caused by
the effector in a similar way to the “danger signal” models that kick into action in a
mammal. The war goes on.

There are two basic branches of plant immune system: One uses transmembrane
pattern receptors PRRs that respond to the slowly evolving changes caused by
microbial or pathogen associated molecular patterns MAMP or PAMP. The other acts
mostly inside the cell using protein products activated as the result of some
effector.
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The thin black arrows indicate the ongoing level of plant immunity. In the first phase, the
plant detects the initial effectors from the microbial or pathogen associated molecular
pattern (MAMP or PAMP) and trigger an immunity (PTI) for the pathogen and the
resistance is increased. During phase 2, certain pathogens deliver effectors that interfere
with PTI. This enables pathogen nutrition and dispersal of pathogen resulting in effector-
triggered suseptibility (ETS). During phase 3, one of the effectors Avr-R is recognized by a
plant protein which activates (effector-triggered immunity) ETI again. Sometimes the
immunity response is so strong that it triggers a hypersensitive cell death response (HR)
in the plant (see below). In phase 4 pathogen isolates are selected that have lost the
“red” effector and gained new effectors though gene flow (in blue). These blue PRRs can
help the pathogens to suppress the ETI in its attempt to survive the plants defense. This
selection however help the plant to again recognize the new effector and the ETI response
is regenerated.

Hypersensitive cell death ‘HR’ is a process of programmed cell death in a plant
associated with the plants reaction to pathogens. It is a kind of suicide reaction of
the plant done in order to kill or limit the threat of the pathogen that is attempting
to invade or attack the plant. It is to me, one of the most fascinating aspects to the
plant immune system. You may have seen whole braches of a tomato plant curl up
and die shortly after a “bite” from an insect. The concept is to burn the bridges of
survival for the invading pathogen in order to save the plant as a whole. This
process spreads rapidly and is very often effective. For the gardener tending this
plant, we should remove back to the stem or branch before the dying portion in
order to help minimize the amount of *HR’ that will occur and pathogen that might
invade.



Other plant reactions are initiated as a result of ‘HR’. Local and Systemic acquired
resistance are often found very near the site of pathogen attack or sometimes quite
some distance away. This indicates the key role of these forms of resistance in the
plant. Many studies have been done examining these plant responses and the
results clearly indicate the complexity of the regulation of these responses within
the plant and the interplay of the signals between the pathogen, the environment
and the host plant itself. The hypersensitive cell death response is in my opinion
one of the most powerful mechanisms the plant has to defend itself, and as
gardeners we need to be able to discern this response apart from plant failure.
Some pathogens such as from an insect are not transferable in themselves to other
plants and therefore we don’t need to remove the entire plant. It is the insect (in
this case) that spreads the disease to other plants.

Another very interesting method for self-defense is when they “tag” an invading
insect with a protein. This ‘tagging’ protein, when digested by the attacking insect
converts to another chemical within the insect which will then be recognized by a
plant when the insect is secreting onto and feeding from it. The chemical gives off a
sort of SOS to the other plants, that this insect is a bad guy. They immediately
begin to put into force their defense system which will repel the insect. Before it has
had much of a chance for creating trouble. In this example the plant might not
know that a different wasp was a menace, but it would recognize one that had
already eaten. Limiting the damage from insects to just the initial and avoiding the
repeating attacks. Quite fascinating! Research has also shown that bacteria and
fungi (as well as insects) can trigger a variety of chemical warning signals. These
plants respond by increasing hormones in order to build up the defense system.

It is obvious not only that plants have immune systems, but that these systems are
vital for the health and productivity of the plants. If we want optimum health, vigor
and production from our crops, we need to help assure that our plants are given
what they need to keep their immune system strong. This is why it is so important
to examine more than just the NPK of our fertilizers. Micro nutrients play a large
part in supporting these plant functions. As an example magnesium is one micro
nutrient at the heart of photosynthesis. In order for the plant to synthesize
chlorophyll, magnesium is required to be in sufficient amounts in the plants tissue.
It is also an enzyme activator. The plant’s metabolism itself is an interwoven maze
of reactions that regulate and promote growth, health and the immune system.
Establishing the right protocol for everything from watering and nutrition to
temperature and light control is vital for maximum plant vigor and health. Keep
your plants strong and they will fight off much of their own disease and pest
damage.

Enjoy!

Frank Rauscher
GardenGalaxy.xyz



