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ABSTRACT |

This work is aimed to study of the photosynthetic activity of plant sells by means of
noninvasive method. We modify spectrophotometric technique of reflectance detection in leaves of
black medic (Medicago lupulina) and test the response in the indices to different stress-factors: "
phosphorus fertilizer and inoculation of plants with endomycorrhizal fungus Glomus intraradices
The results indicate high responsiveness of noninvasive method. Two spectral photosynthetically
active bands for leaves of black medic are localized and can be used for further update of

reflectance techniques in agriculture, surface and aerospace monitoring landscape conditions. :
|

INTRODUCTION

Analysis of reflectance spectrum of plant leaves is noninvasive optical method for assessment
of absorbed photosynthetically active radiation. Reflectance measurement makes it possible to non-
destructively estimate, in situ, the chlorophyll and carotenoid content and/or activity. Chlorophylls
absorb solar light energy and provide mechanisms for its utilization in photosynthetic reaction.
Carotenoids contribute to light-harvesting and also play a photo-protective role, preventing damage
to the photosynthetic systems [1].

Traditionally, leaf extraction with organic solvents and spectrophotometric determination in
solution is required for pigment analysis with wet chemical methods consuming a lot of time, effort
and money. They require destruction of the measured leaves and thus do not permit measurement of
changes in pigments over time in a single leaf. In contrast, spectral reflectance measurements
provide a noninvasive, rapid technique that can be used at different spatial scales. By now a number
of scientists devised different spectrophotometric indices for pigment activity, which characterize
the photosynthetic plant activity and overall plant physiological status (chlorophylls: [2]; [3]; [4):
carotenoids: [5]: [6]; [7]).

To apply spectral indices it is necessary to update they in respect to diverse plant species. In
this paper we localized a few spectral photosynthetically active bands for leaves of black medic. We
tested the dynamics reflectance spectrum depending on different stress-factors: phosphorus (P}]
fertilizer and mycosymbiont. |

BIOMATERIALS

The object model plant is black medic (Medicago lupulina), self-pollinating diploid species
26 — 28 June 2008 .|
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characterized by broad ecological amplitude.

i 10 ’ Black medic is a grazing crop, planting filler
and green fertilizer. Series of experiments
’ Ej were carried out on fast growing responsive
% ] N plant line in cultivar-populations ARFI32.
1 | 2 Seedlings were sowed in pots with soil
r| | A ’ ] N\, containing low (1.7 mg P per 100 g soil) or
== [ I middle (adding P fertilizer = 17.2 mg

s |4 3 2 CaHPO, per 100 g soil) phosphorus level.
..ré“ I : 1 Arbuscular mycorrhizal fungus — highly
efficient CIAMS strain from the collection of

the Laboratory of Biological Nitrogen at All-
Russia Research Institute for Agricultural

fl [ sonm Microbiology was taken to inoculate the
plants. According to the data of SSU rRNA
analysis CIAMS strain refered to Glomus
@ & intraradices. All experimental conditions
g were controlled to prevent the inoculation

— with rhizobia and other microorganisms.
~ Fig. 1. Scheme for mechano-optical system. We studied four experimental plant

| - power-unit; 2 — halogenous bulb; 3 - groups:

condenser; 4 — diaphragm; 5 — dichroic mirror; |) plants without arbuscular mycorrhiza

b~ object table; 7 — “red"” wide-band filter; 8§ —  (AM) under conditions of low phosphorus
ewllimator in ocular annex; 9 — collimator in  |evel in soil (M P );

spectrometer; 10 — fiber-optic cable; 11 - 2) plants without AM under conditions of
spectrometer AVS-S2000; 12 — computer with  middle phosphorus level in soil (M P");
Avasoft software 3) plants with AM under conditions of

: low phosphorus level in soil (M'P );
4) plants with AM under conditions of middle phosphorus level in soil (M'P").

- The leaves analyzed at different stages of plant development — at different dates after sowing
'k(ﬁ'om 10 to 42 day).

‘MECHANO-OPTICAL SYSTEM

~ Spectral measurements of leaf reflectance were provided by using fiber-optic automatic
spectrometer AVS-S2000 (Avantes B.V., Netherlands). We designed the measurement system
‘basing on microscope LUMAM-KF, including different mechano-optical elements (Fig. 1).

Plant leaves (dozen) were set on object table as “all-over cover” @ 15 mm, which
coresponded to the area of spot formed by falling light beam. Reflected light directed be dichroic
mirror toward diaphragm, collecting lenses and optical fibre was detected by spectrometer AVS-
§2000. Eight different position of the cover were analyzed by turning of the object table in steps of
45’ for each measurement session.

REFLECTANCE REGISTRATION

Variations in leaf reflectance spectrum, induced by plant development shift, mycorrhization
md/or phosphorus fertilizer, were recorded against Teflon as a standard, and also against control
goup M P . The reflectance spectrum was calculated as a ratio of leaf radiance to standard radiance
it wavelength A:

R =[5ump!eé ]

" [Teflon,]

-100 (1)
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F:,I=

R,i
R,

-100

(2)

[Sample;] — absolute value of reflectance from leaf cover at wavelength A; [Teflon;] — absolute
value of reflectance from Teflon cover at wavelength A; Py — relative characteristic of reflectance
change by leaf pigments; R; — integrated value of reflectance from leaf cover of analyzed sample at

limited wavelength range; K.

_ the same value for control sample. Calculated P, values were

integrated at selected wavelength ranges enjoying different light absorption activity.

Biological replication averaged 12 plants for any one of plant groups, analytical coefficient

was 8 (number of object table positions). In each tests the level of significance was chosen as 5% (/-

test).

DYNAMICS IN LEAF REFLECTANCE SPECTRUM

5 I 15 n 3 M 35

Drays after sowing

Fig. 2. Dynamics for relative characteristic of
reflectance change (Ps27.574) by pigments during

black medic leaves development

Days after sowing
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Fig. 3: Dynamics for relative characteristic of

reflectance change (Proo-715) by pigments in
black medic leaves

CONCLUSIONS

The most active ranges in leaf reflectance
spectrum for black medic are 527-574 nm and
709-715 nm (Figs. 2-3).

Pssns7 in MTPT, M'P~ and M'P" groups
(with phosphorus fertilizer and/or arbuscular
mycorrhiza) don’t have significant (P<0.05)
differences in comparison to uninoculated
control (M P) at 10" and 16" day after sowing,
but are lower in distinction from control group
M P at 24" day after sowing. Then tested
samples save lower reflectance in spectral range
527-574 nm.

Ps>7574 in M P, M'P and M'P’ groups
(with phosphorus fertilizer and/or arbuscular
mycorrhiza) are lower in distinction from
control group M P at 24"™ day after sowing, but
extent of error is relatively high. These groups
have significant (P<0.05) differences in P75
value in comparison to uninoculated control
from 24" day after sowing.

The above will may show that after
shooting at 24" day the photosynthetic activity
of medic plants increases.

Thus it appears that used method of study
of black medic responses to different stress-
factors (as phosphorus fertilizer and
mycorrhization) de facto are reasonable o
apply in two active spectral range: 527-574 nm
and 709-715 nm, which are near to ranges of
light absorption by  carotenoids and
chlorophylls, respectively.

In our research we devised mechano-optical system for noninvasive monitoring of light
sorption by photosynthesis pigments. We noted certain advantages of this method by the side of
classic biochemical method for assessment of photosynthetic activity and pigment content. First of

26 — 28 June 2008
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all spectrometry in vivo is more adequate to analyze biological processes at real-time and one
introduces minimum of artefacts. Secondly, by noninvasive methods we can define activity of
pigments, containing in the native chloroplasts, which connected with cytoplasm of living cells.
Apparently right in such conditions it’s possible to detect active forms of pigments, functioning in
light-collecting complex of photosystems. Moreover this method 1s more discriminating and hence
more sensitive, then biochemical methods used in our recently made parallel study (unpublished
data). Thirdly, in order to show differences between tested groups and control a few milligrams of
fresh leaves and several minutes of measurements were enough against tens milligrams of leaf mass
and hard biochemical analyses. At last the non-destructive method 1s inexpensive and quick.

It 1s very important that Spectrometric Reflectance Indices (such as photochemical index — PRI,
chlorophyll indices — ChIRI, carotenoid indices — CRI, etc. [7-9]) widely used in different
biological, ecological and agrotechnical spheres [3. 10] could be corrected for the spectral wave
bands found in our study, at least for black medic. The test-system “Medicago lupulina — Glomus
infraradices”” may be used for further betterment of reflectance indices with a view to update
noninvasive assessment of slight first response of plant pigments to disadvantageous transtformation

of environment, in particular this test-system may be used for bioindication of air pollution
variations. They are subjects of our further investigation,
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