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ABSTRACT

To investigate the effect of arbuscular mycorrhiza fungi on maize growth, osmoregulation substances and
photosynthetic physiology, a popular maize variety ZD 958 was measured under potted condition. Arbuscular
mycorrhiza (AM) symbiosis promoted plant growth, and enhanced plant height, leaf length, mean leaf width and dry
weight. Higher soluble sugar and protein, but lower proline concentrations were detected in AM seedlings than
corresponding non-AM seedlings. Quantum yield of PSII photochemistry and potential photochemical efficiency
increased by arbuscular mycorrhiza fungi, meanwhile, AM plants had lower primary fluorescence but higher
maximal fluorescence and variable fluorescence than non-AM plants. AM enhanced apparent quantum efficiency,
maximum net photosynthetic rate, dark respiration rate and light saturation point, but reduced light compensation
point. The conclusion was that, after the seedling inoculated with Glomus. tortuosum, AM symbioses could protect
cell from being hurt through regulating substances related to osmotic adjustment, besides, the efficiency of light
utilization, the capacity of using low light and the capacity of fitting and using high light were all increased by AM
symbiosis.
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INTRODUCTION

Arbuscular mycorrhiza fungi (AMF) is a kind of
important  soil  fungi  which can shape
mutualistic symbiotic relationships with a majority
of terrestrial plants*?, and it represents the oldest
and most widespread symbiosis with land plants.
Plant performance can be elevated by AMF under
different condition by means of utilizing various
mechanisms®. Many researchers reported that
AMF could improve rhizospheric and soil
conditions, and assist plants to obtain various
nutrient elements from soil environment,
moreover, AMF  may  accelerate nutrition
absorption and transfer, particularly phosphorus*®.
And the extraradical mycelium can also give rise
to organic components accumulation by delivering
stimulating substances to the soil ", It is described
that AMF could increase output of protective
enzymes and hormones throughout the entire plant
as well®*. Also, it’s well known that AMF can
help to regulate accumulation of osmoregulation
substances'**®, and enhance
photosynthetic capacity and water use
efficiency™*™®. Thus, it has been widely accepted
that arbuscular mycorrhiza (AM) symbiosis play
an important part in plant nutrition and soil
fertility, and it may be of great benefit which
include increased nutrient uptake, productivity,
and improved vyield quality to many crops
grown around the world.

Osmotic adjustment is considered compatible with
growth and yield because it aid in the maintenance
of leaf turgor, and many kinds of organic solutes
are formed in the process of osmotic adjustment
for the sake of keeping osmotic balance®. These
organic solutes can alleviate the inhibitory effects
on enzymatic activity under stress conditions,
moreover, they may act as antioxidants in
scavenging free radicals, protect specific
biomacromolecules and stabilize membrane
structures'’*®. Soluble sugar, which contributes
more to osmotic adjustment, and soluble protein is

not only importantto osmotic adjustment
substance but also nutritive material under
environmental stress, which ~ can improve

water retention ability in plant cells. Thus, soluble
sugar and protein play important role in
osmoregulation when plants inoculated with
AMF*?_ Proline accumulation is often one of the
research targets when many plants exposed to
negative environment”, it plays multiple role
during the procedure of osmotic adjustment as a

sort of particular physiological reactions related to
detection of various environmental stresses?*?,
Porcel and Ruiz-Lozano® reported that AM plants
accumulated much more osmotic adjustment
substances than non-AM ones, but
conflicting changes were also found in other's
publications. Thus, the influence of AMF on
osmotic adjustment mechanism remains to be
further explored®.

Photosynthesis is the physico-chemical process by
which green plant and certain other organisms use
solar energy to drive the synthesis of organic
compounds, and it can provide the basic energy
source for wvirtually all organisms. Plant
photosynthesis is sensitive to light intensity, too
low light intensity will affect carbonization ability,
meanwhile, too high light intensity may easily hurt
plant. Light saturation point and light
compensation point can reflect the requirement of
solar condition for plant. Light can influence
photosynthesis in three aspects, to begin with, light
supply energy for assimilation force. Furthermore,
light can activate key enzymes to photosynthesis
and promote stomatal opening. Besides, light may
regulate the development of photosynthetic
apparatus. Plant photosynthetic light-response
curve may describe the relationship between
photosynthetic photon flux density and net
photosynthetic rate, besides, light compensation
point, light saturation point, apparent quantum
efficiency (AQE), maximum net photosynthetic
rate (Amax) and dark respiratory rate (Rd) can be
detected by means of photosynthetic light response
curve, and which can provide basement for study
on the process of plant physio-ecology.
Photosynthesis may be affected by both biotic and
abiotic factors. So far, substantial publications
were focused on the effect of soil compaction?,
drought®?°, temperature®, salinity®, nitrogen®
and phosphorus nutrition®* on the photosynthesis
of maize, just few publications reported
microorganisms and even no report on the effect
of AMF on light response curve of maize leaves.
Main purpose of our study contains three
major components: (i) to analyze the effects of
AM on maize growth; (ii) to reveal
the changing mechanism of substances related to
osmotic adjustment after inoculation with AM,;
(iii) to make clear the relationships between AM
and photosynthetic characters of maize seedlings.
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MATERIALS AND METHODS

Experimental materials and growth conditions

Seeds of the maize cultivar ZD 958 were
disinfected using 70 percent of ethanol for 1 min,
then were treated in 0.5 percent of NaCIO for 20
min, washed 4 times in sterile water. Finally, seeds

Tab. 1. Black soil physico-chemical profile

germinated on moist filter paper in culture dishes
at 28°C for couple days. Experimental soil took
from Dehui Agricultural Experimental Station of
Jinlin province, China, soil physic-chemical
properties were given in Tab. 1.

TotalP
( g/kg)

Organic matter  Total N

Parameter (glkg) ( g/kg)

TotalK
( g/kg)

Avail. K

Avail. P H
( mg/kg) P

( mg/kg)

Avail. N
( mg/kg)

Mean 26.9 1.20 1. 06

16.87

111.80 18.00 111.00 6.80

AM Fungi Inoculum

The AM fungi inoculum, Glomus. tortuosum, was
purchased from the Institute of Plant Nutrition and
Resources, Beijing Academy of Agriculture and
Forestry Sciences, China. The inoculum comprised
spores with density of 1,000 every 10 mL
inoculum. 20 g inoculums were placed in each pot
as AM treatment, and application of
same quality of sterilized inoculums as non-AMF
treatment.

Experimental design

The experiment was designed with five replicates
with Glomus. tortuosum and non-AMF control. 3
pre-germinated seeds were planted in each pot
consisting of 2.0 kg sterilized mixture of black soil
and sand (1:1.5, v/v)*. The seedlings were thinned
to 2 seedlings each pot after emergence. The maize
seedlings grew for 5 weeks under controlled
greenhouse environment with 14 h daylengths and
approximately 80% relative humidity. Each pot
was weighed and irrigated with sufficient water to
avoid soil water deficits, and the plants were
fertilized with 100 mL Hoagland’s nutrient
solution weekly to prevent nutrient deficiency.

Measurement

After maize grew for 7 weeks, plant height, leaf
length and mean leaf width were recorded by
flexible rule. The shoot and root systems were
parted, and their dry weights were measured after
oven-drying at 75°C for 2 days *.

Soluble sugar and proline estimations were
performed following the procedures that were
described by Zhang and Qu®. Soluble protein
content was determined by the methods of
Bradford®’.

Chl fluorescence was tested with OS-30P type of
portable Chl fluorometer made from Inc., USA.
After dark adaption for half an hour, primary

fluorescence (F,), maximal fluorescence (F),
Quantum vyield of PSII photochemistry (F./F) of
maize were taken notes after 3s saturating pulse at
3000pmol-m'2-s'1 radiation level, whereafter,
variable  fluorescence (F,) and potential
photochemical efficiency (F./F,) were obtained™.
Photosynthetic  light-response  curves  were
measured through portable photosynthesis system
LI-6400 (Li-cor Inc., USA). For maize leaves, 10
min retention in the chamber was needed in order
to be in equilibrium. Measurements were taken at
irradiance levels of 2000, 1800, 1600, 1400, 1200,
800, 600, 500, 400, 300, 200, 150, 100, and 50, 25,
0 pumol m? st and a shortest wait time of 120 s
was essential at each irradiance level. Apparent
quantum efficiency (AQE), maximum net
photosynthetic rate (Amax), dark respiration rate
(Rd), light compensation point and light saturation
point were estimated by the aid of Photosyn
Assistant software, which was designed according
to Farquhar model.

Statistical analysis

The data was subjected to one-way ANOVA
followed by Duncan test at 0.05 significance level
to compare the means (SPSS 16.0).

RESULTS

Plant Morphology and Growth

In comparison with non-AM plants, AMF strains
had significant effect on any of the morphological
characteristics of maize seedlings (Tab.2). AMF
can promote plant height, leaf length and mean
leaf width, plant height increased by 23.78%, leaf
length and mean leaf width increased by 44.91%
and 39.86% respectively. Meanwhile, relatively
higher shoot and root dry weights were also found
in  AM seedlings, however, no significant
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difference from root dry weight appeared between

AM and non-AM seedlings.

Tab.2.Plant height, leaf length, mean leaf width and dry weight of shoot and root of maize plants inoculated(M+) or

not (M—) with Glomus. tortuosum

. Plant height Leaf length Mean leaf width Dry weight
Inoculation
(cm) (cm) (cm) (9/plant)
Shoot Root
M+ 73.4a 48.4a 2.07a 1.75a 0.39%
M- 59.3b 33.4b 1.48b 0.88b 0.33a

Osmotic adjustment

Soluble sugar, soluble protein and proline are
important osmotic adjustment substances®, whose
concentrations were shown in Fig.1. The changes
revealed that patterns of soluble sugars were
consistent with protein. Compared with non-AM
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seedlings, soluble sugar and protein concentrations
in AM ones increased by 1.63 and 1.11 times,
respectively. However, opposite changes appeared
in proline, whose concentration significantly
decreased by 35.60% in AM seedlings under the
same conditions.
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Fig.1.Soluble sugar, soluble protein andprolineconcentrations of maize plants inoculated(M+) or not (M—) with

Glomus.tortuosum

Chlorophyll fluorescence

Fo, Fm and F,, which are important chlorophyll
parameters, can reflect a  series of
adaptive adjusting processes in  photosynthetic
apparatus. AMF enhanced F, and F, value
significantly (Fig.2), however, it reduced F, value

in our study. F/F, and F.,/F, are usually used to
measure conversion efficiency of primary light
energy of PSIl and potential PSII activity. In
contrast with non-AM maize plants, both F./F,
and F,/F, smoothly increased after inoculating
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with AMF, which was caused mainly by a sharp

increase in F, value.
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Fig.2. Fo, Fm, Fv, Fv/Fm and Fv/Fo of maize plants inoculated (M+) or not (M—) with Glomus. tortuosum

Photosynthetic parameters

Photosynthesis is the main factor affecting maize
growth, which can be evaluated directly through
measurement of  photosynthetic  parameters.
Similar changing trends were found in light
response curve of maize in both treatments (Fig.

3). When photosynthetically active radiation
(PAR) was in the range from 0 to 2000 pmol/m?s,
net photosynthetic rate (Pn) would increase along
with the increase of PAR, and Pn of AM seedlings
was higher than the contrast remarkably. AQE
represents the efficiency of light utilization, AQE
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increased by 5.56% after inoculated with AMF
(Tab.3). Amax net photosynthetic rate increased
by 8.70% after inoculated with AMF. Rd reduced
by 26.46% after inoculated with AMF. Light
compensation point is an important symbol for
utilizing weak light, the lower light compensation

14 r

12

Net photosynthetic rate ( Pn)
=N
T

point, the stronger light utilizing capacity. Light
compensation point reduced by 54.34% after AMF
inoculation, and light saturation point decreased by
25.66% after AMF inoculation.
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Photosynthetically active radiation ( PAR)
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Fig.3. Light response curve of maize plants inoculated (M+) or not (M—) with Glomus. tortuosum

Tab.3.Amax, Rd, AQE,Light saturation and Light compensationof maize plants inoculated(M+) or not (M—) with

Glomus.tortuosum

Inoculation Amax Rd AQE Light saturation Light compensation

M+ 12.30a 0.467b 0.038a 776a 8b

M- 11.31b 0.635a 0.036a 7360 16a

DISCUSSION Osmotic adjustments play animportant part in

AMF is able to colonize root system, and result in
various changes closely related to physio-ecology
of the plant®. It was found that plant height, leaf
length, and mean leaf width in maize seedlings
all dramatically increased when colonized with
Glomus. tortuosum. This is due to the regulation
on primary metabolism and acquisition material
energy and information from photosynthesis. And
the favourable impact of AMF on the maize
biomass was also observed in present experiment.
Biomass can reflect net photosynthetic capacity
directly in plant, and also is intuitive index which
can indicate AMF effect. Various stimulus matters
could produce in the course of formation of AM
symbiosis, then stimulate root
development. Furthermore, external hyphae can
promote absorption of nitrogen and phosphorus
nutrition from outside of rhizosphere through the
expansion of absorption area in host plants. Which
increase nitrogen and phosphorus nutrition
contents in plants, and improve nutrition
condition, then promote dry matter accumulation.

protecting plant from being hurt under abiotic
stress condition through accumulation of small,
soluble, and organic molecules, which include
soluble sugar, soluble protein and proline. There
were higher content of soluble sugar and protein
occurred in the leaves of AM plants compare with
non-AM plants. Protein buildup might be closely
related to the enhancement of RuBPcase activities,
and accumulated soluble sugar could take effect on
protecting key  metabolic enzymes through
synthesizing small organic molecule®. Meanwhile,
some absorbed soluble sugar from the surrounding
environment could be transformed into storage
compounds after inoculating with AMF. It
suggested that AMF could increase osmotic
adjustments ability, which was a kind of efficient
self-protection mechanism. Proline is also a kind
of important osmotic adjustment substance, on the
one hand, it can maintain osmotic equilibrium of
protoplasts and environment, and prevent loss of

water. On the other hand, proline can
protect membrane  structural  integrity by
scavenging hydroxyl radical“*’.  There is
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relatively low proline content in AM plants in our
study, maybe, it is unnecessary to synthesize more
proline because of slight injury.

Photosynthetic characters
differ significantly between AM and non-AM
plants, and chlorophyll fluorescence has proved to
be effective tool for evaluating photosynthetic
performance43. F./Fm and F./F, are two imperative
parameters for indication of
photochemical reaction. According to the results
of experiments, F,/F, increases by AMF. AMF
plays a role in F,/F;, increase by improving plants
nutritional status and activating mediated genes*,
and the changes of F./F, in AM plants might
relate to sink stimulation of AM symbioses®. In
contrast to F./Fn, F./F, can provide more valuable
information on maize photosynthesis, and F./F,
has similar trend with F,/F,. This implied that AM
plants had higher efficiency of excitation energy
capture by open PSII centers on comparison with
non-AM plants. Higher F, and F, were detected in
AM plants than corresponding non-AM ones, it
suggested that AM symbioses could improve
reaction center activity and electron transport rate
of maize plants.

Compared with non-AM seedlings, Rd was
significantly lower in AM plants, it indicated that
AMF can slow down the speed of product
consumption, because mycelium network around
mycorrhiza can enlarge absorption area and reduce
resistance of liquid flow between soil and plant®,
furthermore, it can reduce energy needed by root
because of absorption of soil nutrient and water.
Amax net photosynthetic rate increased after
inoculating with AMF, the main factor is that
AMF can secrete some special enzymes and
accelerate mineral absorption*’, it is central to
meet the needs for maize photosynthesis, thereby
cause detectable increase in
photosynthetic efficiency. Besides, another major
cause was that improved nutritional status can lead
to the enlargement of leaf muscularization and the
increase of chlorophyll content *, it would make
further efforts to strengthen light-capturing ability.
Moreover, it was also confirmed that AMF
enhanced stoma conduction, it was conducive to
increase photosynthetic rate®. AM seedlings had
significantly higher light compensation point and
apparent quantum efficiency, but lower light
saturation point than corresponding non-AM
seedlings, it indicated that AMF enhanced ability
of light energy utilization and adaptation to strong
light™.

CONCLUSION

It could be concluded from this study that
application of AMF  improve  osmotic
adjustment functions  to  avoid  excessive
dehydration through the accumulation of soluble
sugar and protein in maize. It was also discovered
that AM colonization might boost up
photosynthesis characters in maize plant by raising
light use efficiency and ability to light adaptation.
However, AMF  might cause complex
physiological and biochemical changes associated
with maize yield, therefore, it is essential to do
further research on the effect of AMF on produce
of photosynthate, ~ assimilating  translocation
and distribution by way of understanding their part
in metabolic physiology of maize.
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