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A b s t r a c t  
 

Liming of acidic soils occupying 73 million hectares of agricultural land in the Russian 
Federation is a traditional technique that provides optimization of soil conditions and contributes to 
obtaining high and stable yields. The cultivation of crops with intensive technologies is accompanied 
by the export of calcium with a yield, washing out with atmospheric precipitation, etc., so it is nec-
essary to replenish calcium, which is economically costly. Knowing the optimum dosages for each 
type of ameliorant is necessary to adjust its quantity which provides the maximum effect from the ap-
plication. For the first time, effect of various doses of ameliorant (limestone meal-dolomite) was evalu-
ated in situ by the optical characteristics of spring wheat (Triticun aestivum L.) cultivars Leningradskaya 
97, Krasnoufimskaya 100 and Trizo differing in grain productivity and responsiveness to nitrogen ferti-
lizer application. Plants were grown in 5 litre containers with sod-podzolic soil, in natural light. The 
rates of applied ameliorant were 0 (control), 0.25, 0.50, 0.75 and 1.00 Hy (mmolc 100 g1). Nitrogen 
(ammonium nitrate) was applied before seeding in two doses: optimal (1 g N) and deficit (0.15 g N) 
nutrition level in 5 kg of soil. The content of other mineral nutrients in the soil was similar in all 
cultivars of the experiment. Spectral characteristics of radiation reflected from leave surface (300-
1000 nanometers) were registered by a spectrometer HR2000 («Ocean Optics», USA). After reflec-
tion spectra recording, the spectral reflection indexes closely related to chlorophyll content, the ratio 
between the amount of carotenoids and that of chlorophylls, the light dispersion caused by changes 
of inner leaf structure, the activity of the photochemical processes of photosynthesis, anthocyanins 
and flavonols content were calculated. The results indicate that wheat cultivars respond differently to 
ameliorant and its favourable effect on plants productivity is more expressed under nitrogen deficien-
cy. In response to ameliorant application at the optimum level of nitrogen supply, grain yield of cv. 
Leningradskaya 97 has not changed. Grain production of cv. Triso was higher throughout the range 
of application doses. Range of a positive response to the impact of ameliorant of cv. Krasnou-
fimskaya 100 was narrower in comparison to cv. Trizo and shifted toward lower doses. Close correla-
tion between the grain yield under different ameliorant doses and the content of chlorophyll in the 
leaves (chlorophyll index) for the Krasnoufimskaya 100 (R2 = 0.87) and Trizo (R2 = 0.88) was found. 
Changes in the indices which characterize efficiency of light energy conversion in the photochemical 
processes of photosynthesis, allows us to suggest that the ameliorant introduction not only promotes 
nitrogen absorption but also affects the efficiency of light energy use through photosynthesis. 

 

Keywords: ameliorant, wheat, grain production, nitrogen fertilizer, optical and morpho-
physiological properties 

 

In Russia, acid soils occupy 73 million hectares of agricultural lands [1], 
and liming is conventional method to optimize soil conditions for obtaining high 
and stable yields [2-5]. To date, in the Russian Federation area of ameliorative 
lands has reduced from 6 million to 266 thousand hectares [6]. On agricultural 
soils with high acidity, about 20 million tons of grain products are not annually 
harvested, and the payback of nitrogen fertilizers on strongly acidic soils is 1.4-2.7 
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times lower than on slightly acid and neutral soils [3, 6]. Intensive crop cultivation 
is accompanied by removing calcium with yield. According to summarized data, 
the annual calcium removal from soil by different species varies from 20 to 500 
kg/ha [7]. In soils of the Non-Сhernozem zone, atmospheric precipitations affect 
negatively the calcium balance. According to long-term research data, the average 
annual calcium losses from sod-podzol soils because of rains are 300-400 kg/ha 
[8]. Appreciation ща amelioration leads to the fact that the amount of introduced 
lime with calcium agents compensates only 6-8 % of its natural losses. Complete 
rejection of liming caused passing a significant part of neutral soils to the slightly 
acid category and slightly acid to the medium and strongly acidic categories [9]. 

Different response of wheat varieties to liming and their genetic hetero-
geneity are available resources that can ensure a reduction in crop losses caused 
by the soil acidity. It is shown that some wheat varieties can tolerate more acidic 
soil, while others are very sensitive to such conditions [10-12]. Screening for tol-
erance to soil acidity of 116 wheat genotypes, including commercial varieties and 
breeding lines from Western Australia, identified some cultivars which signifi-
cantly exceeded well-known cultivated varieties in this trait [12]. Improving the 
situation by the genetic plant improvement for tolerance to soil acidity can be 
considered not only alternative to the lime or other soil-ameliorative methods, but 
as an auxiliary tool. Identification of responses to liming in a particular variety is 
necessary for the most effective ameliorant application [13]. Such approach will 
significantly reduce the costs for acid soil liming. 

It is generally accepted that the phenotyping of economically valuable 
traits, such as productivity and tolerance to the abiotic stressors, is the most la-
borious and technically difficult because of testing in different environmental 
conditions for several seasons. Some of the available methods are based on the 
destructive sampling during different stages of plant growth, take much time and 
resources. In this context, new phenotyping methods with high throughput have 
been developed in the last decades, e.g. non-invasive imaging, spectroscopy, im-
age analysis and high-performance computing [14, 15]. 

Earlier, using contact and proximity diagnostics of plants physiological 
state in situ, we tested a number of optical criteria (reflection indexes) for as-
sessment of barley and wheat tolerance to different stressors, including UV ra-
diation, water and nitrogen shortage [16-18], and also for quantitative estimates 
of plant requirements in nitrogen fertilizers [19]. The obtained results showed 
that this method reveals disorders in plants at the earliest growth stages and can 
be used for improving agrotechnologies and yield forecasting. 

In this paper, the influence of different doses of ameliorant (dolomite 
flour) is evaluated for the first time in situ by optical characteristics of leaves for 
wheat varieties which differ in productivity and response to the nitrogen fertilizers. 
The optimal dosage for each variety provides the maximum effectiveness of the 
ameliorant application. 

The aim of the paper was to find out optical criteria suitable to assess the 
response of spring wheat varieties grown in the northwest of the Russian Non-
Chernozem zone under liming, for studying effect of the ameliorant in a wide 
range of doses and identification of its optimal dose for each variety depending 
on nitrogen nutrition.  

Techniques. In the tests we used three spring wheat (Triticum aestivum 
L.) varieties, Krasnoufimskaya 100, Leningradskaya 97 and Trizo, which differ in 
productivity and a response to nitrogen fertilizers. The substrate was acidic (pH 
4.1) sod-podzolic light loamy soil with high exchangeable aluminum and low 
humus content (1.9 %), hydrolytic acidity (Hh) of 4.7 mmol(eq)/100 g, Ca2+ of 
1.75 and Al3+ of 0.6 mmol/100 g; the particles < 0.01 mm in size made 24.7 %. 
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Plants were grown in 2012 under natural light in a greenhouse containers 
(5 kg of soil in each) covered with plastic film. In 2012, the average monthly tem-
perature exceeded the norm by 1.4 and 0.7 С in May and July, and was 0.4 С 
lower in August. Watering was carried out daily, soil moisture was maintained at 
75±5 % of the total available soil water (TAW). Experimental design included 21 
variants which differed in soil nitrogen content and hydrolytic acidity. To create 
different levels of nitrogen, ammonium nitrate was applied before seeding in two 
dosages of nitrogen, i.e. 1 g for optimal nitrogen nutrition (ONN) and 0.15 g for 
deficit nitrogen nutrition (DNN). The ameliorant (dolomite flour with 85 % neu-
tralizing capacity) doses were 0 (control), 0.25; 0.50; 0.75 and 1.0 Hh. At ONN, 
all three verities were tested in all four liming regimes. At DNN, 0 (control), 0.50 
and 1.0 Hh were tested in Krasnoufimskaya 100 and Trizo varieties, which accord-
ing to preliminary data are more responsive to the ameliorant compared to Lenin-
gradskaya 97 variety. Twenty seeds were sown into each container. After emer-
gence of seedlings, the number of plants was leveled to 12 plants per container. 
Plant productivity was assessed after reaching full ripening. Experiment was ar-
ranged in 4 replications. 

The reflection spectra of leaf surface were registered at stem elonga-
tion and beginning of tillering in the middle parts of leaves 4 and 6 using fi-
ber optic spectrophotometric system (Ocean Optics, USA). At least 18 spec-
tra for each variant were recorded. The reflected radiation spectra were used 
to measure the light scattering by leaves R800 [6] and to calculate the reflec-
tion indices (chlorophyll content ChlRI, ratio of carotenoids to chlorophyll 
SIPI, photochemical activity of the photosynthetic apparatus PRI, content of 
anthocyanins ARI and flavonols FRI) characterizing the activity of the pho-
tosynthetic apparatus: 

ChlRI = (R750  R705)/(R750 + R705  2R445) [20],  
SIPI = (R800  R445)/(R800  R680) [21],   
PRI = (R570  R531) (R570 + R531) [21],  
ARI = R750 (1/R550  1/R700) [22],  
FRI = [(1/R410)  (1/R460)]   R800 [23], 

where R is reflection index, figures are the wavelength reflected from the leaf 
surface.  

For ease of the data interpretation and obtaining of positive values of re-
flection indexes, for all test variants, a constant C value was introduced into the 
PRI, ARI and FRI formulas, from which the values of these indices were deduct-
ed. The modified reflection indices are PRImod = C1  PRI, ARImod = C2  ARI, 
FRImod = C3  FRI. The value of C1-C3 was defined experimentally. Usually, 
C1 value for wheat plants grown under natural light was 0.5; C2 and C3 were 
0.7 [16, 17]. 

The statistical processing was performed with Statistica 8 (StatSoft, Inc., 
USA) software and Excel 2010. Mean values (M), standard errors of mean 
(±SEM) and confidence range at 95 % confidence level (t 0,05 ½ SEM) were 
determined. Significance of differences between the variants was assessed by the 
parametric (Student's t-test) and non-parametric (the Wilcoxon pair comparison 
test) statistics methods. Differences between variants were statistically significant 
at p  0.05. 

Results. The applied optical indices make it possible to estimate the ca-
pacity (intensity) of the photosynthetic system (ChlRI is the chlorophyll reflection 
index which is determined by the leaf content of chlorophyll and most closely cor-
relates with the content of chlorophyll per unit of leaf area), and the efficiency of 
light energy conversion in photochemical processes of photosynthesis (SIPI is the 
ratio of total carotenoids to total chlorophylls, PRI is the efficiency of photosyn-
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thetically active radiation, ARI is the content of anthocyanins; R800 is criterion of 
light scattering which depends on the surface characteristics and leaf structure). 

Plants of Leningradskaya 97, Krasnoufimskaya 100, and Trizo varieties 
responded differently to the ameliorant (Fig. 1). The increased grain yield 
(12±3 %, p  0.039) was identified in Leningradskaya 97 variety only at Hh 0.75  

 

 
Fig. 1. Grain weight per plant, g (а, left axis) and 
chlorophyll ChlRI content, relative unit (b, right 
axis) in leaves of upper layer of wheat (Triticum 
aestivum L.) plants at tillering depending on ame-
liorant doses under optimal nitrogen supply: А — 
Leningradskaya 97 variety, B — Krasnoufim-
skaya 100 variety, В — Trizo variety (greenhouse 
trial, 4-fold replications). Mean values and confi-
dence range are presented, M±(t 0.05 ½ SEM).  
 
dose of the ameliorant, while lower and 
higher doses did not affect the yield sig-
nificantly. Krasnoufimskaya 100 plants 
were the most responsive to the impact 
of ameliorant, with an increase in the  

productivity by more than 30±3 % (p  0.024) after the lowest dose of the ame-
liorant (0.25 Hh). A dose of 0.50 Hh also increased the yield of this variety by 
30±2 % (p  0.009). A higher dosage (1.00 Hh) had a significant but lower 
effect, and the grain yield became higher by 20±3 % (p  0.041). The maxi-
mum yield increase for Trizo variety, equal to about 30 %, occurred after appli-
cation of the ameliorant at 0.75 and 1.00 Hh. This variety responded positively 
to significantly lower doses (0.25 and 0.50 Hh), increasing the grain yield by 
17±2.4 % (p  0.033) and 24±2.1 % (p  0.021), respectively. Thus, Lenin-
gradskaya 97 variety plants respond positively to relatively high dose of the amelio-
rant (0.75 Hh) while other doses are ineffective. Grain yield of Krasnoufimskaya 
100 variety increases at all applied doses, but most significantly at 0.25 Hh whereas 
productivity of Trizo variety increases as the ameliorant dose elevates. It can be 
assumed that such a different response to the ameliorant is due to origin of varie-
ties and properties of soils on which the plants were grown during breeding. 

Changes in the wheat plants productivity depending on the ameliorant 
dose and nitrogen nutrition are shown in Figure 2. At ONP and 0.50 Нh amelio-
rant the grain weight per plant of Krasnoufimskaya 100 and Trizo varieties in-
creased by 30 and 22 % (p  0.040), respectively. At the same nitrogen level, an 
increase of the ameliorant dose to 1.00 Hh did not lead higher productivity of 
Krasnoufimskaya 100 variety, but increased grain weight in Trizo variety by 35 % 
(p  0.035). In DNS and medium dose of the ameliorant (0.50 Hh), the grain 
weight increased by 15 % (р  0.041) in Krasnoufimskaya 100 and did not 
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change in Trizo plants.  Grain yields of Krasnoufimskaya 100 and Trizo varieties 
with the 1.00 Нh ameliorant were respectively higher by 8±2 % (р  0.032) and 
25±3 % (р  0.021) compared to control (ONN) (see Fig. 2). It can be conclud-
ed that in the case of a nitrogen nutrition deficiency, the ameliorant application 

will improve nitrogen assimilation, 
and to maximize the effect the ame-
liorant dose for Krasnoufimskaya 
100 should be significantly less than 
for Trizo plants. Regardless of the 
nitrogen nutrition level, Krasnou-
fimskaya 100 plants are capable of 
the greatest yield increase with the 
ameliorant at 0.50 Нh. Further ele-
vation of the ameliorant dosage does 
not provide an increase in grain 
productivity. In Trizo variety, irre-
spectively of the nitrogen supply, 
both the highest doses of the ame-
liorant (1.00 and 0.50 Нh) promote 
a significant yield increase. 

The ameliorant stimulates 
chlorophyll synthesis (see Fig. 1) and 
an increase in assimilating leaf area 

and the percentage of leaf biomass from total plant biomass (Table 1), thus 
providing more active photosynthetic apparatus. Irrespectively of nitrogen supply, 
soil modification promotes to a significant increase in chlorophyll content. At 
ONP, the maximum chlorophyll increase in Krasnoufimskaya 100 variety was with 
0.50 Hh of the ameliorant. Further elevation of the dose (up to 1.0 Hh) did not 
increase this pigment content. The Trizo variety responded positively to the ame-
liorant throughout the doses used: the amount of chlorophyll increased as the 
ameliorant dose increased regardless of nitrogen nutrition level (see Fig. 1). 

1. Morphophysiological indices of wheat (Triticum aestivum L.) plants at earing as in-
fluenced by the ameliorant and nitrogen nutrition (greenhouse trials, 4-fold repli-
cations)  

Dose, Нh 
N, g per 
pot 

ALA 
Parts/plant 

leaves stems ears 
сm2 %  g %  g % g % 

K r a s n o u f i m s k a y a  100  v a r i e t y  
0 (control) 1 82.8 100.0 0.25 100.0 0.55 100.0 0.19 100.0 
0.25 1 111.8 135.1 0.30 119.8 0.42 76.7 0.18 98.3 
0.50 1 103.1 124.5 0.28 111.9 0.50 92.1 0.14 72.7 
0.75 1 84.9 102.6 0.28 112.1 0.49 90.1 0.14 72.7 
1.00 1 87.0 105.1 0.32 127.6 0.42 76.5 0.06 34.4 
0 (control) 0.15 76.0 100.0 0.22 100.0 0.47 100.0 0.18 100.0 
0.50 0.15 91.4 120.3 0.28 126.5 0.45 95.4 0.13 75.6 
1.00 0.15 72.9 96.0 0.27 120.9 0.45 94.8 0.13 72.5 

T r i z o  v a r i e t y  
0 (control) 1 92.6 100.0 0.29 100.0 0.39 100.0 0.16 100.0 
0.25 1 107.1 115.6 0.35 117.9 0.47 118.9 0.14 87.3 
0.50 1 108.5 117.2 0.35 118.1 0.39 100.1 0.10 63.6 
0.75 1 111.8 120.8 0.37 127.8 0.39 100.6 0.11 64.8 
1.00 1 118.5 128.0 0.36 123.3 0.40 100.7 0.13 77.2 
0 (control) 0.15 93.5 100.0 0.30 100.0 0.47 100.0 0.17 100.0 
0.50 0.15 106.4 113.8 0.31 104.3 0.45 105.7 0.13 84.7 
1.00 0.15 115.9 124.0 0.32 105.1 0.39 90.7 0.12 77.3 
N o t e. ALA — assimilating leaf area. For ALA and biomass, a percentage for the control variant is indicated (for 
each of the varieties and for each of the doses of nitrogen) in which the ameliorant was not applied. Confidence 
intervals М±(t 0.05 ½ SEM) do not exceed ±5 % (р  0.05). 

 

 

Fig. 2. Grain weight in Krasnoufimskaya 100 (A) and 
Trizo (B) wheat (Triticum aestivum L.) plant varieties 
as influenced by the ameliorant and nitrogen nutrition: 
a — optimal nitrogen nutrition (ONN), b — defi-
cient nitrogen nutrition; 1 (control) — without ame-
liorant, 2 and 3 — the ameliorant at 0.50 and 1.00 
Hh, respectively (greenhouse trials, 4-fold replica-
tions). The average values are given, the grain yield 
without ameliorant (1) is 100 %. Confidence intervals 
M±(t 0.05 ½ SEM) do not exceed ±5 % (р  0.05).  
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Determination coefficient (R2) for the relationship between grain weight 
and the chlorophyll index (ChlRI) was R2 = 0.87 (p = 0.020) for Krasnou-
fimskaya 100 variety and R2 = 0.81 (p = 0.018) of Trizo increased. For Lenin-
gradskaya 97 variety, no relationship was found between the grain weight per 
plant and the chlorophyll content (R2 = 0.008, p = 0.88).  

For Krasnoufimskaya 100 and Trizo varieties at ONN, the leaf biomass 
increased with the ameliorant dose growth. The ameliorant application at the ni-
trogen deficiency led to an increase in the leaf biomass for the Krasnoufimskaya 
100 variety, with the maximum value at 0.50 Нh (see Table 1). No significant ef-
fect of the ameliorant doses upon leaf biomass was identified in Trizo plants under 
nitrogen deficiency. It is characteristic that the doses of the ameliorant (0.25 and 
0.75-1.00 Нh, respectively), causing in Krasnoufimskaya 100 and Trizo plants un-
der optimal nitrogen nutrition the highest increase in the assimilating leaf area, 
leaf biomass, the chlorophyll content (ChlRI), and the grain yields, coincide. 

Leaf area growth under the ameliorant application at optimal nitrogen nu-
trition resulted in a decrease in stems biomass, mostly for Krasnoufimskaya 100 
variety (see Table 1). At nitrogen deficit, the stem biomass decreased insignificant-
ly in response to the ameliorant application. The biomass of green ears of Kras-
noufimskaya 100 and Trizo plants by the time of sampling was lower after the 
ameliorant application. These results show that the ameliorant, by optimizing plant 
nitrogen nutrition, promotes leaf growth and delays aging, which inhibits transition 
to heading and modulates ear growth. Similar processes can be observed with a 
high level of nitrogen nutrition. The formation of a powerful photosynthetic appa-
ratus, able to keep up the photosynthesis activity for more prolonged time, gives 
undoubted advantages for realizing the potential of plants productivity. However, it 
may be supposed that the negative consequences of such changes, apparently, will 
be some elongation of the growing season and a tendency to lodging plants be-
cause of weaker stems.  

2. Optical properties of wheat (Triticum aestivum L.) leaves as influenced by the 
ameliorant and nitrogen nutrition ((greenhouse trials, 4-fold replications) 

Variant 
Ameliorant 
dose, Нh 

Nitrogen level ChlRI SIPI R800 PRImod ARImod FRImod 
K r a s n o u f i m s k a y a  100  v a r i e t y  

1 0 ONN 0.530 1.019 30.90 0.462 0.557 3.797 
2 0.50 ONN 0.557* 1.020 30.86 0.470 0.479* 4.586* 
3 1.00 ONN 0.521 1.014* 30.25 0.472 0.496 3.152 
4 0 DNN 0.525 1.014 30.39 0.445 0.455 3.737 
5 0.50 DNN 0.537 1.014 31.91* 0.476* 0.502 2.982 
6 1.00 DNN 0.543 1.012 32.25* 0.494* 0.487 3.636 

T r i z o  v a r i e t y  
7 0 ONN 0.590 1.009 31.84 0.445 0.428 3.561 
8 0.50 ONN 0.590 1.008 32.26 0.448 0.443 2.855* 
9 1.00 ONN 0.604* 1.011 33.67* 0.448 0.532* 2.551* 
10 0 DNN 0.582 1.009 31.85 0.435 0.385 3.992 
11 0.50 DNN 0.596 1.012 31.74 0.423 0.425 3.937 
12 1.00 DNN 0.606* 1.011 32.89* 0.448 0.474 3.658 

N o t е. ONN and DNN — optimal and deficit nitrogen nutrition. Reflection indexes: СhlRI — chlorophyll con-
tent, SIPI — carotinoids/chlorophyll ratio, R800 — light scattering within the leaf, PRImod — photochemical activi-
ty, characterizing intensity of heat dissipation, ARImod and FRImod — contents of anthocyanins and flavonols.  For 
formulas to calculate the indexes, see the “Techniques” section. For statistical processing a nonparametric  Wilcoxon 
test was applied with pairwise comparison of the variants 1 and 2, 1 and 3; 4 and 5, 4 and 6; 7 and 8, 7 and 9; 10 
and 11, 10 and 12.  
* Differences for corresponding pairwise comparison are statistically significant at р  0.05.  

 

Optical characteristics of leaves of Krasnoufimskaya 100 and Trizo plants 
differ and vary depending on the nitrogen nutrition and the ameliorant doses 
(Table 2) with different sensitivity of the indexes to these factors. The maximum 
chlorophyll (ChlRI) content for both varieties was noted at the same ameliorant 
doses which were also necessary for the greatest increase in the grain yield (0.25 
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Нh for Krasnoufimskaya 100 and 0.75-1.00 Нh for Trizo). 
Estimation of photosynthetic activity by the amount of chlorophyll does 

not always allow true assessment of the physiological state of plants. For exam-
ple, in studying response of wheat and barley plants of different varieties to the 
action of ultraviolet radiation ( = 280-380 nm), it was shown that a relationship 
between the reflection index of chlorophyll and the net production value is no-
table only under apparent growth inhibition [16-18]. Most likely, a small chloro-
phyll loss is aimed at creating conditions to restrict the effects of oxidative stress, 
and this is not always accompanied by growth inhibition and yield losses [16-18]. 
The obtained results allow us to conclude that in the early stages of mineral de-
ficiencies, the intensity of photosynthesis and production process is not limited 
by a slight decrease in capacity of the photosynthetic apparatus. Apparently, one 
of the main reasons for the growth retardation is less effective conversion of light 
energy into chemical energy during photosynthesis. The effective use of light and 
fertilizers is currently of great interest for breeding, and non-invasive optical 
tools that allow breeders to quickly and quantitatively evaluate these parameters 
are among the most promising technologies [15, 24, 25]. 

Photochemical reflection index PRI was developed to estimate the rate 
of change in the relative content of xanthophyll cycle pigments which are active 
regulators of light flux in pigment-protein complexes [20, 26, 27]. Transfor-
mation of the carotenoids of xanthophyll cycle, proceeding with the heat genera-
tion, reduces the excess of chlorophyll absorption by the antenna complex at 
high light intensity or under stress conditions. Thermal dissipation of superfluous 
energy is the most important function of carotenoids in photoprotection of the 
chloroplast photochemical system from irreversible damage by large energy in-
flow into the reaction centers that cannot be used. The change in PRI during 
plant growth can be the result of combination of the xanthophyll cycle activity 
and the change in the total pool of chlorophylls and carotenoids, which is a re-
sponse to long-term plant acclimatization to habitat [28, 29]. The tendency to 
an increase in thermal dissipation (PRImod) in response to the ameliorant appli-
cation is most manifested in Krasnoufimskaya 100 variety, especially with a low-
er nitrogen level (see Table 2). We did not find any significant deviation in the 
photochemical reflection index in Trizo plants. At a lower nitrogen supply, the 
ameliorant facilitates the conversion of carotenoids and thermal dissipation, 
which is particularly manifested in Krasnoufimskaya 100 variety. 

The content of carotenoids was also assessed by SIPI (see Table 2). 
The SIPI value remained practically unchanged, reliable (p  0.05) differences 
were found only between variants 1 and 3. G.A. Blackburn [26] showed a non-
linear relationship between the SIPI value and the carotenoids to chlorophyll 
ratio, which is best described by the logarithmic model (R2 = 0.86). SIPI is not 
sensitive enough at low ratios, but becomes more sensitive when they increase. 
Apparently, it can explain the lack of reliable SIPI changes in response to the 
ameliorant and reduction in the nitrogen availability, since the chlorophyll 
content in all the test variants was quite high. 

A reliable (p  0.05) decrease in ARImod and FRImod indices occurs only 
at high nitrogen nutrition, both in Krasnoufimskaya 100 and Trizo varieties. An-
thocyanins and flavonols basically absorb radiation in green and ultraviolet spectra, 
slightly absorb in the red and almost do not absorb in the blue. Anthocyanins ac-
cumulation at stress reduces the flux of photosynthetically active radiation that 
penetrates chloroplasts, thus promoting protection of reaction centers in plastids at 
stress emergence [22, 30, 31]. There are data that anthocyanins and flavonols also 
perform antioxidant functions, in particular chloroplast-located flavonoids remove 
singlet oxygen forming in plant tissues under the action of various stressful envi-
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ronmental factors [32]. 
The value of R800 primarily depends on the volume of intercellular air 

space, the mesophyll surface area to the leaf area ratio, as well as the internal 
structure of the leaf, the length of air-water boundary, size of cells and orga-
nelles [20]. Thus, an increase in R800 at mineral nutrition deficiency indicates a 
change in the inner structure of leaves, which promotes diffusion and a decrease 
in the absorbed solar radiation. Since the R800 value increases while the amelio-
rant introduction, it can be concluded that a decrease in soil acidity is accompa-
nied by a change of leaf structure. Such changes in Krasnoufimskaya 100 variety 
occur when the ameliorant is introduced at nitrogen deficiency, whereas in Trizo 
variety at both high and low nitrogen levels in response to the ameliorant appli-
cation at 1.0 Hh (see Table 2). 

It was previously shown that one of the mechanisms of the nonspecific 
plant response to the stressful impact by downregulation of the photosystem II 
may be studied via changes of the reflection indices [16, 17]. Unlike the chloro-
phyll index the value of which characterizes the potential ability to absorb pho-
tosynthetically active radiation, all the other indices of Table 2 allow estimation 
of the absorbed light utilization efficiency. A slight decrease of this efficiency 
(with SIPI, R800, PRImod, ARImod and FRImod increase) reflects inhibition of 
synthetic processes in the course of plants adaptation to the changing environ-
mental conditions. 

So, under good nitrogen supply (1 g/5 kg of soil), the grain weight in 
Leningradskaya 97 variety does not depend on the ameliorant application. In 
Krasnoufimskaya 100 there is a shift of positive response to the ameliorant to-
wards lower doses, whereas Triso plants respond positively to all tested doses. 
The grain weight increase in these varieties at 0.25 Hh of the ameliorant is more 
than 30 and 17 %, respectively (for 0.50 and 0.75 Hh, the effect is also manifest-
ed, but 1.0 Hh reduces the grain yield of Krasnoufimskaya 100 plants). In the 
same varieties under different doses of the ameliorant the grain weight and the 
chlorophyll content in the leaves closely correlate (R2 = 0.87 and R2 = 0.88). 
The stimulating effect of the ameliorant is more pronounced at a lower dose of 
nitrogen (0.15 g/5 kg of soil). An increase in indices characterizing the efficiency 
of light energy conversion in photochemical processes (SIPI, R800, PRImod, 
ARImod and FRImod) allows us to suggest that the ameliorant, by improving 
plant nutrition, promotes metabolism changes towards adaptation to environ-
ment conditions. 
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