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INFLUENCE OF FERTILIZATION WITH MICROELEMENTS

TIMOTHY GRASS (Phleum pratense L.)

ON THE DEVELOPMENT OF SPAD INDEX

WP£YW NAWO¯ENIA MIKROELEMENTOWEGO TYMOTKI £¥KOWEJ

(Phleum pratense L.) NA KSZTA£TOWANIE SIÊ WSKA�NIKA SPAD

Abstract: The paper presents results from a 4-year field study into the usefulness of SPAD test for

nourishment evaluation in timothy-grass of Skald cultivar grown for seed. The readings of SPAD values were

taken with the aid of an optical device Minolta-502. Foliar feeding in this study included copper, manganese

and zinc. The values of SPAD readings varied with different measurement time and different micronutrient

for foliar feeding. Relative chlorophyll concentration index was increasing with consecutive stages of plant

growth up to anthesis and as the result of any micronutrient applied. For practical use this will mean the

necessity of supplementing the macronutrients from primary inorganic soil fertilisation with some foliar

micronutrient feeding.
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Timothy grass (Phleum pratense L.), known under common names as herd’s grass or

cat’s tail, is one of the best fodder grass species from nutritional viewpoint. Its capacity

to accumulate nitrates is low, therefore this species can be safe in animal nutrition.

Another advantage will be its high digestibility. Owing to high monosaccharide

concentration timothy is eaten willingly by animals [1, 2]. It proved itself to be an

excellent component in silages. It is winter hardy and resistant to lodging. Its production

grows in response to increasing doses of nitrogen fertilization. The species is

allogamous and anemophilous, so timothy grass can be easily cross-pollinated by its

different cultivars or another grass. Hence in timothy-grain cultivation one should take

into account the placement of a field in order to assure its appropriate spatial isolation as
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required by the rules of field qualification [3]. Not only financial feasibility assessment

is indispensable prior to making choice of seed cultivation, but also an earlier analysis

and calculation, which have involved the requirements of production process [4].

A prerequisite here is adequate knowledge of present technology for such production. In

order to obtain high yielding one should, above all, diagnose properly the nutritional

status of plants [5, 6].

Chemical analysis of a plant is a widely accepted method of determination mineral

deficiencies and preventing them [7]. The paper is a review focused on a method of

chlorophyll content determination serving as an indirect measure of plant nutritional

status. Similarly to cereals, grass plants cultivated for seed are especially vulnerable to

copper, manganese and zinc deficiency [8]:

– copper influences tissue formation and anatomy, participates in nitrogen trans-

formations as well as in the synthesis of protein and vitamin C,

– manganese improves intensity of respiration, carbon dioxide assimilation and

carbohydrate synthesis; the lack of manganese causes chlorosis,

– zinc is involved in the synthesis of chlorophyll and vitamins; its deficiency affects

plant growth and development.

The aim of this study was to determine SPAD values for Skald cultivar of

timothy-grass during four developmental phases, eg stalk formation, head emergence,

anthesis and milky ripeness, in different micronutrient fertilization conditions.

Materials and methods

A field experiment was set up on the area of the Plant Breeding Station in

Skrzeszowice, which belongs to Malopolska Plant Breeding Company – HBP, Krakow.

Skrzeszowice lies within the area of Gmina Kocmyrzow-Luborzyca in the Krakow

County. The station is situated in the northern part of Lesser Poland Voivodeship,

25 km northeast of Krakow, and lies within Proszowice Plateau on Lesser Poland

Upland, which is between Vistula Valley, Nida Valley, Miechow Upland and

Wodzislaw Hills.

The investigation into diversity of SPAD values (chlorophyll content) in timothy

grass, Skald cultivar, was conducted in years from 2006 to 2009.

The experiment was established according to randomized block design with four

replications on degraded black earth formed from loess; the soil falls to class I, or wheat

group of very good quality, by the agricultural soil classification system. Its chemical

properties were as follows: pHKCl – 7.32, available nutrients per 1 kg of soil –

190 mgP2O5, 155 mgK2O and 69 mgMg. The soil was moderately rich in available

manganese and zinc, while the level of available copper forms was low.

For the growing seasons (April to September) of the years 2006, 2007, 2008 and

2009 total precipitation amounted to 396.0, 553.0, 439.6, and 503.8 mm respectively,

while the respective mean air temperatures equalled 11.9, 10.0, 10.2, and 13.7 oC

(Table 1). The grains were sown in rows 40 cm wide at seeding rate of 4 kg � ha–1

without protective plants.
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Table 1

Hydrologic and thermal conditions yearly from 2006 to 2009 against multi-year averages (1991–2004)

for Plant Breeding Station in Skrzeszowice

Month
Year

2006 2007 2008 2009 1991–2004

Total rainfall [mm]

IV 41.5 27.0 47.0 0.4 51.8

V 65.0 67.0 32.0 94.5 68.0

VI 64.0 84.0 53.5 123.1 74.9

VII 31.0 60.0 144.5 69.9 92.4

VIII 101.5 64.0 39.0 49.0 65.2

IX 22.0 163.0 61.7 22.7 56.3

X 14.0 54.0 46.4 65.0 49.6

XI 57.0 34.0 15.5 79.2 30.4

Total 396.0 553.0 439.6 503.8 488.6

Average air temperature [oC]

IV 7.8 5.4 4.6 11.4 8.6

V 12.5 11.5 9.8 14.2 14.3

VI 15.4 16.6 15.2 16.8 17.2

VII 19.0 16.6 15.5 20.4 19.1

VIII 15.9 15.5 14.8 18.8 18.6

IX 13.0 9.4 10.0 15.1 13.2

X 6.4 4.7 8.1 7.9 8.6

XI 5.1 0.5 3.9 5.2 3.3

Mean 11.9 10.0 10.2 13.7 12.9

Soil mineral fertilization was applied as follows. In the year of planting pre-seed

fertilizers were spread including 50 kgN � ha–1 as ammonium nitrate, 60 kgP2O5 � ha–1 as

triple superphosphate, and 80 kgK2O � ha–1 as 57 % potassium chloride. Additionally in

autumn phosphorus and potassium fertilizers were top-dressed at the same rates as used

before. For each year of plant usage a phosphorus-and-potassium dose in spring was

identical (60 kgP2O5 � ha–1 as triple superphosphate and 80 kgK2O � ha–1 as 57 %

potassium chloride), while the nitrogen one was 100 kgN � ha–1. Foliar feeding was

proceeded with the use of single chelated micronutrients including zinc, manganese and

copper. Types and doses of the micronutrients were as follows:

Chelated zinc, 14 % Zn (EDTA+DTPA ligands) at a dose of 100 gZn � ha–1 during

stalk elongation and head emergence phases.

Chelated manganese, 14 % Mn (EDTA+DTPA ligands) at a dose of 100 gMn � ha–1

during stalk elongation and head emergence phases.

Chelated copper, 12 % Cu (EDTA+DTPA ligands) at a dose of 60 gCu � ha–1 during

stalk elongation and head emergence phases.
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In the consecutive years of this study the influence of foliar fertilization with

micronutrients on chlorophyll content was analyzed. Leaf greenness (SPAD) indices

were measured with a Minolta SPAD 502 DL chlorophyll meter using upper leaves, in

four stages of development including stalk elongation, head emergence, anthesis and

milky ripeness. Measurements were done using thirty fully developed leaves from each

plot.

The fundamental part of the instrument is a clip provided with a light source at one

end, and a light detector on the opposite end. When the measuring clip is open, one can

insert an analysed leaf inside. When the instrument is closed, the light source present at

an arm of the clip will illuminate the leaf. The amount of light passing through the leaf,

is sensed by the light detector placed at the other arm. The light detector identifying

radiation of 650 nm wavelength, is able to detect an amount of light absorbed by

chlorophyll. Additionally light of 940 nm wavelength is measured, which is absorbed

by other parts of leaf structure. This enables correction to a result calculated by

microprocessor and relative units are shown at a display. After two seconds one can

begin next measurement.

In order to eliminate expansion of dicotyledonous weed species a spray was

performed in the tillering phase of grass development. For massive weed growth

Chwastox Extra 330 SL, Aminopielik D, Starane 250 SL and Gold 450 EC were

employed at doses of 1.5, 1.5, 0.6, and 1.5 dm3 � ha–1 respectively. Individual stubborn

weeds were eradicated by spot application of Roundup herbicide. Then mono-

cotyledonous weeds were destroyed, at the beginning of September and in spring as

soon as the growth had started, with the aid of Stomp 330 EC, where 5 dm3 � ha–1 dose

of preparation was dissolved in 300–400 dm3 of water. The experimental field was also

sprayed preventively against pests with Owadofos 50 solution (1 dm3 � ha–1). The first

spray was performed in early springtime, once the plants had started growth, and the

next took place after head emergence, but before flowering. Timothy-grass harvest fell

between the end of July and the beginning days of August. Seed crop was gathered with

a Wintersteiger plot combine harvester. Having collected the grain experimental plots

were cleared of waste straw and after-harvest remnants.

Obtained data underwent statistical analysis with the aid of the ANOVA procedure.

The values of one-sided confidence limits were found by means of Tukey’s test at

confidence level � = 0.05.

Results and discussion

Chlorophyll pigments in a plant are among its most important compounds that

influence the intensity of photosynthesis, biomass production or seed yielding.

Measured chlorophyll content in leaves showed significant differentiation with regard to

time of reading and type of foliar micronutrient fertilization (Table 2). Mean values of

SPAD readings for the years of the study in zinc-fertilized objects were higher than in

these receiving foliar sprays of manganese or copper. An increase in SPAD reading

scores with regard to reading time was also observed. The values of leaf greenness
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index (or SPAD) in experimental plants varied with the time of reading and fell between

38.75 and 44.97.

Table 2

Leaf greenness (SPAD) index in timothy-grass of Skald cultivar over some developmental stages

and with different micronutrient feeding (four-year averages for whole study)

Item
Developmental Stage

Stalk formation Head emergence Anthesis Milky Ripeness

Control 38.75 39.64 41.45 39.03

Cu 39.00 39.99 43.93 39.56

Mn 38.89 39.30 42.74 39.15

Zn 39.44 40.74 44.97 40.59

Standard deviation 0.30 0.62 1.52 0.71

Coefficient of variation [%] 0.76 1.55 3.51 1.79

LSD� = 0.05 0.26 0.60 1.65 0.54

After reaching a maximum at the anthesis stage the scores were diminishing steadily,

so that at the milky ripeness phase they were below the level for head emergence. Mean

values for specific points of time were slightly higher than similar ones obtained in the

same species by Olszewska et al [9]. This difference can be attributed to the fact that in

her work the plants grew on more deficient soil, namely fine and light loamy sand. Our

findings correspond with experimental results by different authors which showed higher

chlorophyll concentration in plants growing in adequate nutritional conditions [10–12].

Machul [13] in his studies demonstrated that with increasing level of nitrogen

fertilization SPAD readings in maize leaves were growing. The role of micronutrients in

an improvement of SPAD readings, then, is ascribed to the fact that zinc is an element

involved in nitrogen metabolism; it engages in synthesis of chlorophyll and vitamins C,

B and D, influencing plant growth and development, enhancing drought resistance and

affecting tolerance to frost, which was supported by some investigations [8, 14].

Next, manganese is an element indispensable in photosynthetic process, protein

synthesis, uptake and assimilation of many nutrients; it regulates the levels of plant

hormones (growth) and iron uptake, which has an effect on chlorophyll synthesis and

enhances winter resistance.

Finally, copper is involved in the synthesis of nitrogen compounds and vital for

optimum uptake of mineral nitrogen (N and Cu synergism), improving winter hardiness,

enhancing resistance to fungal and bacterial diseases; it affects plant respiration,

chlorophyll synthesis and stabilisation, activates many enzymes, lignin synthesis and

photosynthetic process [15].

Chlorophyll content depends on nutritional status and supplies of nutrients, primarily

nitrogen and sulphur, then magnesium and potassium [7].

Samborski and Rozbicki [6] reported that the absorbance of light not only depends

on amounts of the pigment, but also on diffraction of light inside mesophyll, its

reflection off a leaf surface and spatial distribution of chlorophyll within a leaf.
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Podlesny and Podlesna [16] showed for narrow-leaved lupine and barley that in

drought stress conditions the SPAD values of the leaves were lower. Although

Olszewska et al [9] found high chlorophyll content in the leaves of grass grown in stress

conditions, which is explained as an effect of anti-stress defence by plants.

Published results confirmed that up to now a chlorophyll meter SPAD-502 has found

uses in monitoring the status of nitrogen nutrition in many plant species including

maize, rice, spring and winter cereals, soya, sorghum, cotton, potato, tomato, tobacco,

apple tree, grape vine, peanut and pepper [6, 10, 11, 17–19]. Moreover, the author’s

own research has demonstrated that a quite important issue would be not only to

determine the nitrogen nutrition status of plants, but also to supply their feeding with

micronutrients. Based on scores from a chlorophyll meter SPAD-502 the plants

receiving foliar sprays of micronutrients were shown to have higher chlorophyll

concentrations (or SPAD readings).

Conclusions

1. Foliar application of micronutrients had a significant influence on leaf greenness

(SPAD) index. In all developmental phases the highest scores of SPAD reading were

observed in plants from the zinc-fed object, while the lowest were noted for the one

receiving manganese application.

2. The index of relative chlorophyll content was increasing with the plant growth. It

obtained the highest value during the anthesis phase, whereas in the milky ripeness

phase it diminished to the level as it had prior to head emergence.
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Abstrakt: W latach 2006–2009 przeprowadzono badania nad zró¿nicowaniem wartoœci SPAD (zawartoœci

chlorofilu) u tymotki ³¹kowej odmiany Skald na plantacji nasiennej nawo¿onej dolistnie miedzi¹, manganem

i cynkiem. Doœwiadczenie polowe z tymotk¹ ³¹kow¹ przeprowadzono w Stacji Hodowli Roœlin w Skrzeszo-

wicach nale¿¹cej do Ma³opolskiej Hodowli Roœlin – HBP Kraków. Za³o¿ono je metod¹ losowanych bloków

w czterech powtórzeniach na czarnoziemie zdegradowany wytworzonym z lessu, I klasy bonitacyjnej,

kompleksu przydatnoœci rolniczej pszennego bardzo dobrego. Do nawo¿enia dolistnego zastosowano nawozy

w formie chelatów. W okresie wegetacji mierzono indeks zielonoœci liœci – chlorofilometrem SPAD-502

firmy Minolta. Pomiary wykonano na ka¿dym poletku, na trzydziestu w pe³ni rozwiniêtych liœciach,

w czterech fazach rozwojowych: strzelaniu w ŸdŸb³o, k³oszeniu, kwitnieniu i dojrza³oœci mlecznej.

WskaŸnik wzglêdnej zawartoœci chlorofilu wzrasta³ od fazy strzelania w ŸdŸb³o do fazy kwitnienia.

Wszystkie testowane mikroelementy przyczyni³y siê do zwiêkszenia wartoœci indeksu zazielenienia liœci.

Najwiêksze wartoœci odczytów we wszystkich fazach rozwojowych stwierdzono u roœlin z obiektu

nawo¿onego cynkiem, a najmniejsze wartoœci odnotowano w obiekcie z aplikacj¹ manganu. Dostarczone

mikroelementy drog¹ dolistn¹ na plantacjê nasienn¹ tymotki ³¹kowej mia³y istotny wp³yw na odnotowane

wartoœci omawianego wskaŸnika.

S³owa kluczowe: tymotka ³¹kowa, chlorofil, chlorofilometr, odczyty SPAD, nawozenie mikroelementami
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