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The effect of natural multimineral fertilizer Floral microsil (FM) (50 % bio-available amorphous SiO; + macro-
nutrients and trace elements) was investigated on some morphological and productive properties in rice at the environ-
mental conditions of Republic of Macedonia, on cultivar San Andrea. Two treatments were studied: control (standard
fertilization) with 450 kg/ha complex mineral fertilizers NPK (16:16:16) as basic fertilizer + two splits with Urea 46 %
N (200 + 100 kg/ha), and FM treatment: 20 kg/ha FM before sowing, seed treatment with 20 kg/ha FM + three splits of
FM + Urea (30 + 100; 20 + 60 and 20 + 60 kg/ha respectively). The field trials were set up in Zade design during 2014
and 2015. Results were analyzed with ANOVA and LSD test.

The FM treatment significantly affected plant and stem height (2014), producing shorter plant (103.02 cm) and
stem (87.47 cm) compared to the control (111.81 cm and 95.91 cm). Significantly lower biological (20958.34 kg/ha)
and straw yield (10769.67 kg/ha) were determined in the FM treatment compared to the control (24852.00 kg/ha and
15101.34 kg/ha). The FM treatment significantly increased the 1000 grains weight (39.97 g against 38.28 g control av-
erage). The paddy and white rice yield (9839.99 kg/ha; 5856.75 kg/ha) in FM treatment were statistically on par with
the control (9368.60 kg/ha and 5907.91 kg/ha), as well as the panicle length, number of productive and non-productive
tillers per m?, the head rice yield (whole grains and broken grains) and the hectoliter weight.

The application of FM significantly increased the nitrogen use efficiency estimated thru the partial factor produc-
tivity (97.24 kg paddy rice/lkg N and 57.88 kg white rice/kg N), as compared to the control average (44.61 kg paddy
rice/kg N and 28.14 kg white rice/kg N). Therefore, paddy and white rice yield statistically on par with the standard
fertilization were produced with a lower amount of applied nitrogen fertilizer. These findings are of ecological signifi-
cance for the rice production in the Republic of Macedonia.
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INTRODUCTION

High and stable yield along with good crop
quality is of main importance for farmers in plant
agriculture, including rice production. The implemen-
tation of adequate fertilization that allows balanced
crop nutrition with the required nutrients is essential
in achieving high yield and quality products in rice
production. The optimal nutritional balance in rice for
production of 1 t of paddy is achieved by uptake of
around 14.7 kg N, 2.6 kg P and 14.5 kg K [1], or 14.8
kg N, 3.8 kg P and 15.0 kg K [2].

The improvement of rice production technol-
ogy in the Republic of Macedonia is a continuous
process. As fertilization is an important part of rice
production, over the years different types of fertiliz-
ers and fertilization techniques have been investi-
gated. This process is ongoing, depending on the
availability of new fertilizers. A number of studies
have shown that basic rice fertilization before sow-
ing with nitrogen or NPK fertilizers is necessary for
obtaining good yield results [3-7]. The study of fo-
liar application with NPK fertilizers with trace ele-
ments - Kristalon™ Special [8] and Lactofol O [9]
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showed a positive effect of this type of fertilizers on
rice yield. Calcium-based foliar fertilizers Mega-
green and Herbagreen generally showed no signifi-
cant effect in rice production [10, 11].

The standard rice production technology in the
Republic of Macedonia includes basic crop fertiliza-
tion and supplemental fertilization. The largest
amount of the fertilizer in the field (around 2/3 of N,
and completely P and K) is applied with the basic
fertilization prior to seeding, usually with application
of 400 to 600 kg/ha complex mineral fertilizers
(NPK: 15-15-15, 16-16-16, 17-17-17, 20-13-15). The
rest amount of N is applied with the supplemental
fertilization (second split application) during vegeta-
tion in the tillering stage by using 150 to 250 kg/ha
nitrogen fertilizers such as urea, ammonium nitrate or
CAN [12, 13]. Fertilizers containing other nutrients,
including silica and other trace elements are not used,
as N, P, K, S and Zn are the nutrients generally con-
sidered critical for the rice crop [14-18].

The aim of this study was to evaluate the ef-
fect of Floral microsil fertilizer (50 % SiO, + mac-
ronutrients and trace elements) on some important
morphological and yield properties in rice. Although
silicon is not considered an essential element for
rice nutrition, it has a positive effect on s the rice
plant as it supports healthy growth and development
[1, 19-21]. A number of studies point to the positive
effect of silica fertilizers in rice production, such as
resistance to lodging, increased uptake of nutrients
(N, P, K), increased yield components, yield and
resistance to diseases [22—31].

Other elements present in Floral microsil, such
as calcium, magnesium, iron, boron, copper and
manganese are not considered critical for the growth
and yield of the rice crop, as their deficit in irrigated
paddy fields is generally considered a rare case [32—
37]. The essential elements for rice present in the fer-
tilizer are potassium, sulfur and phosphorus.

The results obtained from this study are im-
portant in understanding the effect of silica from
silica-based fertilizers on the rice crop in the envi-
ronmental conditions of the Republic of Macedonia.

MATERIAL AND METHOD
Material

Floral microsil (FM) is a natural multimineral
fertilizer. By chemical composition, FM contains:
silica (Si) — the main component of the fertilizer, as
amorphous SiO2 50 %, aluminum (Al) 18.9 %, po-
tassium (K) 7.8 %, magnesium (Mg) 4.2 %, calci-

um (Ca) 3.6 %, iron (Fe) 3.2 %, sulfur (S) 2 %, so-
dium (Na) 1.2 %, titanium (Ti) 0.5 %, phosphorus
(P) 0.1 %, strontium (Sr) 0.1 %, barium (Ba) 969
ppm, fluorine (F) 500 ppm, copper (Cu) 327 ppm,
vanadium (V) 156 ppm, zirconium (Zr) 144 ppm,
manganese (Mn) 119 ppm, zinc (Zn) 78 ppm, ceri-
um (Ce) 68 ppm, rubidium (Rb) 42 ppm, chlorine
(Cl) 40 ppm, nickel (Ni) 30 ppm, gallium Ga 17
ppm, lithium (Li) 17 ppm, boron (B) 15 ppm and
molybdenum (Mo) 13 ppm. In water, the amorphous
silica forms a colloid solution of monosilicic acid
H4SiO4 or Si(OH)4 which is bioavailable to the plant
roots. A concentration of 1400 ppm monosilicic acid
is present in 2.5 g of fertilizer dissolved in 1 | water.
This fertilizer is not available on the market, as it is
still in the phase of evaluation. Cultivar San Andrea
was used in this experiment.

Method

The field trials were set up in Zade design
(trial with plot arrangement in long stripes devel-
oped by Adolf Zade) during 2014 and 2015, under
typical rice producing conditions of the Republic of
Macedonia. Two treatments of Floral microsil (FM)
treatment and control were studied. The size of each
application was 1000 m?. The standard rice produc-
tion technology was applied in both treatments. The
only difference between the treatments was the ferti-
lization. The overview of the types and quantities of
applied fertilizers in each treatments and time of
application, along with the quantity of applied nutri-
ents from fertilizers is shown in Table 1.

At the end of vegetation, prior to harvest, the
plant height, stem height and panicle length were
measured in field conditions on a total of 30 plants
in each treatment (10 random plants per replication).
Prior to harvest, average sample (bundle of whole
plants — above ground biomass from 1 m? crop area)
was taken from each replication in order to assess
the number of productive and non-productive tillers
(sterile tillers, unripe panicles and weedy rice pani-
cles) per m?, the biological yield (straw + paddy),
straw yield and paddy rice yield. In laboratory con-
ditions were determined the hygroscopic grain mois-
ture at harvest, the 1000 grains weight and hectoliter
weight of paddy rice, and the head rice yield. In
order to determine the head rice yield, paddy rice
samples of 100 g from each replication were milled
on a laboratory milling machine during 1.40 min.
The white rice yield was estimated on the basis of
obtained paddy rice yield and head rice results. Re-
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sults were analyzed by ANOVA and LSD test at
0.05 and 0.01 levels of probability.

The partial factor productivity from applied
nitrogen was calculated according to Cassman et al.
[38], as a ratio of the grain yield to the applied N:

PFP =Y/ N, where Y is grain yield (kg/ha) and
N is the amount of applied N (kg /ha). Partial factor
productivity was calculated for both paddy and white
rice yield per 1 kg nitrogen from applied fertilizers.

The effect of FM fertilizer was studied on
Italian rice cultivar San Andrea, which was at the
period of the trial the most prevalent variety in cul-
tivation in the Republic of Macedonia. This cultivar
is a line from the cultivar Rizzoto, with a plant
height of 107 to 116 cm, vegetation length of 150 to
160 day, head rice yield of 61 to 66.5 %, 1000
paddy grains weight of 35 to 37 g, and paddy yield
of 6480 to 8710 kg/ha [39, 40].

Table 1. Quantities and time of application of the used fertilizers in the study

Control (standard rice production technology)

Time of application

Fertilizer type and quantity (kg/ha)

Nutrients kg/ha

Basic: before sowing

NPK 16:16:16 (450)

72 (N); 72 (P); 72 (K)

1t split: active tillering

Urea 46 N (200)

92 (N)

2" split: end of tillering

Urea 46 N (100)

46 (N)

Total quantity of applied fertilizers: 750 kg/ha (450 NPK + 300 Urea 46 N)
Total active nutrients from fertilizers: 210 (N) + 72 (P) + 72 (K)

Floral treatment

Time of application

Fertilizer type and quantity

Nutrients kg/ha

kg/h
Before sawing FI\/QII/(Z%) 10 (Si); 1.56 (K); 0.4 (S); 0.02 (P)+ trace elements
Seed treatment FM (20) 10 (Si); 1.56 (K); 0.4 (S); 0.02 (P)+ trace elements
1% split: early tillering FM(;OUJrrelaOg()S N 15 (Si); 2.34 (K); 0.6+(225; (ON())3 (P); trace elements
21 split: active tillering FM(*Z-OUiegOA),G N 10 (Si); 1.56 (K); O.j 287)6008)2 (P); trace elements
3 split: end of tillering FM(*Z-OUiegOA),G N 10 (Si); 1.56 (K); O.j 287)6008? (P); trace elements

Total quantity of applied fertilizers:
Total active nutrients from fertilizers: 101.2 (N) +

330 kg/ha (220 Urea 46 N + 110 FM)
55 (Si) + 8.58 (K)+ 2.2 (S)+ 0.11 (P) + trace elements

Weather and soil conditions

The field trials were set up in the Rice exper-
imental station of the Institute of Agriculture Skop-
je, in the Sredorek area of Kochani. The trial site is
located within the main rice-producing region that
belongs to the temperate continental sub-
mediterranean region of the Republic of Macedonia
[41] and represents typical rice producing conditions
of the country. The temperatures and precipitation
sums during rice vegetation in the trial years 2014
and 2015, along with long-term average data for the
1998-2013 period are presented in Table 2 (data

obtained from the meteorological station at the Insti-
tute of Agriculture Skopje — Rice research station in
Kochani).

From previous surveys [42] the soil in the
Sredorek area where the field trial was set up is
classified as alluvial. pH (reaction) of the soil solu-
tion has been determined with a glass electrode in
water suspension and in IMKCI suspension [43].
The content of CaCOs; was determined using
Scheiblers calcimeter [43]. Easily available forms of
P.Os and KO were determinate by the Al method
[44]. The major soil characteristics are given in Ta-
ble 3.
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Table 2. Average temperatures and precipitation sums for 2014 and 2015, along with 1998 — 2013 averages

Months Average
IV v ViVl vl X X Yearly During
average  vegetation
Year Mean monthly temperatures (°C)
2014 124 168 208 232 238 183 138 13.8 18.4
2015 114 189 210 263 255 216 139 13.9 19.8
AVG 1998-2013 139 187 228 255 252 200 148 14.1 20.1
Mean monthly maximum temperature (°C)
2014 180 230 281 309 318 250 207 20.1 254
2015 183 259 282 341 332 283 202 20.4 26.9
AVG 1998-2013 194 241 287 316 316 263 204 19.5 26.0
Mean monthly minimum temperature (°C)
2014 7.4 108 140 165 166 134 87 8.5 12.5
2015 5.2 125 141 179 175 148 93 7.8 13.0
AVG 1998-2013 5.8 103 134 152 152 108 6.8 6.4 11.1
Monthly precipitation (mm) Precipitation sum (mm)
2014 1210 920 1160 65.0 31.0 89.0 37.0 794.0 551.0
2015 31.0 320 620 2.0 320 59.0 127.0 605.0 345.0
AVG 1998-2013 39.7 491 593 279 33.0 418 585 493.9 309.3
Table 3. Some chemical characteristics of the soil in Sredorek area
Soil depth CaCOs3 (%) Pu Easy available mg/100 g soil
(cm) H,O N KCI P,Os K,0
0-20 0 5.60 4.70 23.61 13.30
20-40 0 6.00 5.30 7.48 12.95

RESULTS AND DISCUSSION

The results obtained in this study are present-
ed in Tables 4 to 11. FM treatment resulted in lower
average plant height (103.02 ¢cm) and stem height
(87.47 cm) as compared to the control (Table 4).
Similar results were reported by Hekimhan et al.
[28]. Statistically significant differences were ob-
tained in 2014. On the other hand, the differences in
2015 were non-significant. In the control, the culti-
var San Andrea had an average plant height of
111.81 cm and an average stem height of 95.91 cm.
This plant height value corresponds to the range of
107 cm to 116 cm reported for this cultivar in the
country of origin [39, 40].

Shorter panicle in FM treatment was observed
in both years, with significant differences.

The lower values for the plant height, stem
height and panicle length in the FM treatment can
be attributed to the lower nitrogen rate as compared
to the control. Nitrogen level plays an important role
in increasing rice plant height [45]. According to
Dastan et al. [25], while plant height, stem length
and panicle length increased by increasing the nitro-
gen fertilizer, their values decreased by silicon ap-
plication.

While lodging occurred in the control in both
years, resistance to lodging was evident in the FM
treatment, as lodging was not observed. These re-
sultsare in accordance with the reported effect of
silica on rice resistance to lodging [31]. Silicon is
distributed to tissues involved in maintaining rigidi-
ty of the plant to prevent lodging, specifically the
leaf sheath, the outermost part of the stem and the
leaf blade midrib [23]. According to Dastan et al.
[25], the silicon application increased resistance to
lodging because of a decrease in plant height, stem,
panicle, 3rd and 4th internodes length, which de-
creased the bending moment of the 3rd internode.
The effect of silica on rice stalk rigidity was greater
at lower doses of applied nitrogen [22].

During the tillering stage (monitored at early
and active tillering), the rice plants are grown in the
FM treatment developed longer roots compared to
control, as evident in Figures 1 and 2. These obser-
vations are in accordance with Jawahar et al. [46],
who reported that silica fertilizer (Silixol) signifi-
cantly increased the root length and volume in rice.
Similarly, Adhikari et al. [47] reported enhanced
length, volume and dry matter weight of root in rice
seedlings with the application of silica nanoparti-
cles.
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Table 4. Effect of Floral microsil fertilizer on plant height, stem height and panicle length (cm)
in rice cultivar San Andrea

Plant height
Floral SD CVv min  max  Control SD Cv min max
2014 103.97* 6.16 5.94 94 115 118.85 8.57 7.21 105 133
2015 102.07 5.33 5.22 92 111 104.77 4.12 3.93 96 111
Average 103.02 111.81
* the result for the Floral microsil treatment significantly differs from the control (p< 0.05)
LSD (2014): 9.26 (a0.05), 21.37 (00.01); LSD (2015): 10.42 (0a0.05), 24.03 (00.01)
Stem height
Floral SD CcvV min  max  Control SD Ccv min max
2014 87.67* 5.96 6.80 78 99 102.52 8.92 8.70 88 118
2015 87.27 4.83 5.53 79 96 89.30 4.00 4.48 81 97
Average 87.47 95.91
* the result for the Floral microsil treatment significantly differs from the control (p< 0.05)
LSD (2014): 9.81 (a0.05), 22.62 (00.01); LSD (2015): 9.82 (a0.05), 24.64 (00.01)
Panicle length
Floral SD CcVv min  max  Control SD Ccv min max
2014 16.30 165 1021 13 21 16.33 231 1415 12 23
2015 14.80* 1.32 8.92 13 18 15.47 1.37 8.86 13 18
Average 15.55 15.90
* the result for the Floral microsil treatment significantly differs from the control (p< 0.05)
LSD (2014): 1.32 (00.05), 3.03 (a0.01); LSD (2015): 0.63 (00.05), 1.44 (a0.01)

Floral microsil

Floral microsil

Figure 1. Root development in rice at early tillering stage: Figure 2. Root development in rice at active tillering:
Control- plants grown with standard fertilization; Floral Control- plants grown with standard fertilization; Floral
microsil- plants grown with Floral microsil fertilizer microsil- plants grown with Floral microsil fertilizer

Table 5 presents the results for the number of ~ 4.00 accordingly) were produced as compared to the
productive and non-productive tillers per m?. In the  control (381.50 and 1.17 respectively). The differ-
FM treatment, a higher average number of produc-  ences were non-significant.
tive and non-productive tillers per m? (412.50 and
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Table 5. Effect on Floral microsil fertilizer on the number of productive and non-productive tillers per m?
in rice cultivar San Andrea

No. productive tillers/m? No. non-productive tillers/ m?
2014 2015 Average 2014 2015 Average
Floral 420.33 404.66 412.50 6.33 1.66 4.00
SD 111.38 94.55 4.16 1.91
Control 430.33 332.66 381.50 0.33 2.00 1.17
SD 63.34 42.52 0.58 4.00
Ftest p>0.05 p>0.05 p>0.05 p>0.05
LSDo.0s 224.46 215.16 8.96 8.37
LSDo.o1 517.72 394.96 20.66 15.36

The biological yield (straw + paddy), straw
yield and paddy rice yield at 14 % grain moisture
are presented in Table 6. The FM treatment resulted
in significant differences in the biological and straw
yield, while the paddy rice yield was statistically on
par with the control values.

In the FM treatment, significantly lower bio-
logical and straw yield was produced in both years,
with an average of 20958.34 kg/ha and 10769.67
kg/ha accordingly, as compared to the control (bio-
logical yield- 24852.00 kg/ha; straw yield 15101.34
kg/ha). The average paddy rice yield at 14 % grain
moisture was higher in the FM treatment (9839.99

kg/ha) as compared to the control (9368.60 kg/ha).
The differences were non-significant.

The decrease in biological yield in the FM
treatment in both years was mainly due to the de-
crease in straw yield as compared to the control. The
significantly lower straw yield can be attributed to
the lower N rate applied. According to Pramanik
and Bera [45], nitrogen application increased the
straw yield significantly with an increase in levels
up to 200 kg/ha.

The average hygroscopic grain moisture in
paddy rice at harvest ranged from 17.43 % in the
FM treatment to 17.92 % in the control (Table 7).
Significant differences were found in 2015.

Table 6. Effect of Floral fertilizer on the biological yield (straw + paddy), straw yield and paddy rice yield
at 14 % grain moisture in rice cultivar San Andrea (kg/ha)

Floral SD Control SD F test LSDo.os LSDo.01
Biological yield
2014 20016.67 1164.40 23116.67 236.29 p<0.05 2602.63 6003.05
2015 21900.00 1195.83 26587.33 1553.16 p<0.05 2932.49 5382.99
Average 20958.34 24852.00
Straw yield
2014 9466.67 557.52 12650.00 259.81 p=<0.05 1868.77 4310.37
2015 12072.67 1384.59 17552.67 1437.99 p=<0.01 1084.76 1991.23
Average 10769.67 15101.34
Paddy rice yield at 14 % grain moisture
2014 10152.30 721.61 10054.87 275.41 p>0.05 1961.43 4524.09
2015 9527.67 837.17 8682.33 603.61 p>0.05 2263.14 4154.30
Average 9839.99 9368.60

Table 7. Effect of Floral fertilizer on hygroscopic grain moisture at harvest in rice cultivar San Andrea (%)

Floral SD Control SD Ftest LSDo.0s LSDo.01
2014 17.80 0.26 17.93 0.06 p>0.05 0.80 1.84
2015 17.05 0.10 17.90 0.08 p<0.01 0.21 0.38
Average 17.43 17.92
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The application of FM had a significant effect
on the 1000 grains weight, but not on the hectoliter
weight (Table 8). Significantly higher 1000 grains
weight was obtained in both years in Floral with an
average value of 39.97 g, as compared to the control
(38.28 ¢). Significantly increased 1000 grains

weight due to silica application was also reported by
Hekimhan et al. [28], Pati et al. [29] and Cuong et
al. [30].

Significant differences were not determined
for the hectoliter weight, which ranged from 51.69
kag/hl in FM to 51.35 kg/hl in the control.

Table 8. Effect of Floral microsil fertilizer on 1000 grains weight (g) and hectolitre mass of paddy (kg/hl)
in rice cultivar San Andrea

Floral SD Control SD Ftest LSDo.os LSDo.o1
1000 grains weight

2014 39.20 1.44 37.33 2.00 p=<0.05 1.60 3.68

2015 40.73 0.96 39.23 0.50 p=<0.05 0.92 1.69
Average 39.97 38.28

Hectolitre mass

2014 51.50 0.50 51.33 0.29 p>0.05 0.72 1.65

2015 51.87 0.48 51.37 0.25 p>0.05 0.65 1.19
Average 51.69 51.35

The head rice yield in the FM treatment was
statistically on par with the control values. Insignifi-
cantly higher values were found in the control for
the whole grains (Table 9). The FM had average
values for the total milled rice, whole grains and
broken grains of 69.32 %, 59.80 % and 9.52 % ac-
cordingly as compared to 70.18 %, 63.53 % and
6.65 % in the control.

The head rice yield (whole grains) in both the
control and the FM treatment was higher in 2015 as
compared to 2014. Accordingly, the broken grains
percentage was higher in 2014. This variation of the
head rice yield can be explained by the environmen-
tal factors that prevailed during the study, as 2014
was a cooler and wetter year during rice vegetation
and grain filling period compared to 2015.

Table 9. Effect of fertilizer Floral microsil on the head rice yield in cultivar San Andrea (%)

Floral SD Control SD F test LSDo.0s LSDo.01
Whole grains
2014 53.87 2.40 58.03 2.53 p>0.05 7.25 16.73
2015 65.73 2.37 69.03 0.97 p>0.05 4.77 8.75
Average 59.80 63.53
Broken grains
2014 12.13 2.76 10.00 1.85 p>0.05 9.82 22.65
2015 6.90 2.17 3.30 0.87 p>0.05 4.52 8.31
Average 9.52 6.65
Total milled rice
2014 66.00 0.46 68.03 1.27 p>0.05 3.07 7.07
2015 72.63 0.53 72.33 0.29 p>0.05 0.84 1.53
Average 69.32 70.18

The results for the white rice yield are shown
in Table 10. The white rice yield in FM treatment in
both years was statistically in par compared to the
yield obtained in the control, with the average yield
difference of only -0.87 %. The FM treatment yield-

ed 5856.75 kg/ha average white rice, while the con-
trol 5907.91 kg/ha. The results show that the appli-
cation of FM in combination with a lower amount of
nitrogen yielded white rice yield that is statistically
on par with the standard fertilization method.
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Table 10. Effect of Floral fertilizer on white rice yield in rice cultivar San Andrea

Floral SD Control SD F test LSDo.os LSDo.o1

2014 5457.70 166.89 5824.64 511.26 p>0.05 1636.51 3774.67

2015 6255.80 508.38 5991.17 339.05 p>0.05 1275.81 2341.92
Average 5856.75 5907.91

The partial factor productivity from applied
nutrients is a useful measure of nitrogen use effi-
ciency because it provides an integrative index that
quantifies total economic output relative to the utili-
zation of all nutrient resources in the system, includ-
ing indigenous soil nutrients and nutrients from ap-
plied inputs [38]. According to Pati et al. [29] and
Cuong et al. [30], Si application significantly in-
creased the uptake of nutrients (N, P, K), and in-
creased the yield and yield components. This was

also evident in the trial, as the FM treatment signifi-
cantly increased the nitrogen use efficiency estimat-
ed thru the partial factor productivity from applied
nitrogen. In FM treatment average partial productiv-
ity of 97.24 kg, paddy rice/kg N and 57.88 kg white
rice/lkg N was obtained as compared to the control
(average values of 44.61 kg paddy rice/kg N and
28.14 kg white rice/kg N). Therefore, a significantly
higher quantity of paddy and white rice per 1 kg
applied nitrogen was produced in the FM treatment.

Table 11. Effect of Floral microsil application on partial factor productivity of applied nitrogen
in rice cultivar San Andrea

Floral SD Control SD F test LSDo.0s LSDo.01
Partial factor productivity from applied nitrogen (paddy rice)
2014 100.32 7.13 47.88 131 p<0.01 18.23 42.04
2015 94.15 8.27 41.34 2.87 p<0.01 17.56 32.23
Average 97.24 44.61
Partial factor productivity from applied nitrogen (white rice)
2014 53.93 1.65 27.74 2.43 p<0.01 9.77 22.53
2015 61.82 5.02 28.53 1.61 p<0.01 10.13 18.59
Average 57.88 28.14

The application of Floral microsil fertilizer sig-
nificantly increased the nitrogen use efficiency esti-
mated thru the partial factor productivity. Therefore,
paddy and white rice yield statistically on par with the
standard fertilization were produced with a lower
amount of applied nitrogen fertilizer. These findings
are of ecological significance, as they suggest that the
application of plant bio-available silica in Macedonian
rice production could reduce the use of mineral ferti-
lizers prevalent in the standard fertilization.
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BJIMJAHHUETO HA IPUPOJHOTO MYJTUMHUHEPAJTHO I'YEPHBO CO AMOP®EH
CUWJIMIUYM FLORAL MICROSIL BP3 OAPEAEHU MOP®OJIOHNIKHA U NTIPUHOCHHU
CBOJCTBA KAJ OPHU30T (ORYZA SATIVA L))

Tpajue Jumurposcku’’, lanuna Auapeescka’, Jloope Aunos!, Emuinja Cumeonosckal, Jbyoe
JlozanoBcku®

! 3emjonencku uncturyt — Cromnje, Yuusepsurer ,,Cs. Kupun u Meroauj“, Cxomje, Peny6ika Makeionuja
2 Vuunumrren uentap ,,Kpere I1. Mucupkos®, Jlemup Xucap, Peny6ika Makeionuja
e-mail: dimitrovskitrajche@gmail.com

Brujanuero Ha npupogHoTo MyntuMuHepaiHo ryopuso Floral microsil (FM) (50 % 6uonocranen amopdeH
SiO; + MakpOHYTPHEHTH M €JIEMEHTH BO TPard) Bp3 HEKOH MOP(OIONIKA H IPOLYKTHBHH CBOjCTBA HA OPH30T Oelie
HCITUTAHO BO arpoeKOJIONIKATE yciaoBu Ha PemyGmmka Makemonuja kaj coprara San Andrea. Bea wcmnmranu mnse
BapHjaHTH. KOHTpOJa (CTaHmapjaeH HauwH Ha ryopeme) co 450 kg NPK (16:16:16) kako ocHOBHO FyOpuBO + IBE
npuxpanysama co Urea 46 % N (200 + 100 kg/ha), u FM Bapujanra: 20 kg/ha FM mpen cennba, TpeTMaHn Ha ceMe co
20 kg/ha FM + tpu mpuxpanysama co FM + Urea (30 + 100; 20 + 60 u 20 + 60 kg/ha cooxsetro). ITosickuTe onuru
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Oea moctaBenu cropen Zade-meronot Bo TekoT Ha 2014 u 2015 romuna. Pesynrature Oea anammnsupanu co ANOVA u
LSD-recr.

Tpermanot co FM 3HauajHo BiMjaciie Ha BHCHHATAa Ha pacTeHHeTo M crebnoro (2014), pesyarupajku co
norwucko pacrerue (103.02 cm) u cre6io (87.47 ¢cm) Bo criopenba co kortposata (111.81 cm u 95.91 cm). 3HauuTenHo
noHn30K Gromnomku npuHoc (20958.34 kg/ha) u mpuroc Ha cinama (10769.67 kg/ha) 6ea noGuenn kaj FM-BapujanTaTa
BO cmopenba co xkoHTponara (24852.00 kg/ha u 15101.34 kg/ha). TpermanoT co FM 3Hauajuo ja 3rosemMu mMacaTta Ha
1.000 3pna (39.97 g mactpoTr 38.28 g mpocek BO KOHTpoJara). Pa3nukuTe BO PHHOCOT Ha apra u 6en opus (9839.99
kg/ha; 5856.75 kg/ha) Bo FM-BapujanTata Gea CTaTHCTHYKK Ha MCTO HHUBO co KoHTponata (9368.60 kg/ha u 5907.91
kg/ha), kako u JloJKMHATA HA METJIMYKATa, OPOjOT HA MPOJYKTHBHM M HENPOJYKTHBHU OPaTUMKHM Ha M2, paHJAMaHOT
(uernu 3pHA U KpIICHM 3pHA) U XEKTONUTapcKaTa Maca.

Amnmkanujata Ha FM 3Ha4ajHO ja 3rojieMHM HCKOPHCTEHOCTa Ha a30TOT, OJpejAeHa NPEeKy OJHOCOT Ha
KONMYMHATA Ha JOOWCH 3eMjoMEeNICKH MpoM3BOJ (MPUHOCOT) M KOJMYHHATA HA ymoTpeOeHo yOpHBO Ha eAMHHIIA
noepiuuna — partial factor productivity (97.24 kg apma/kg N u 57.88 kg 6en opus/kg N), Bo cropenda co KoHTposaTa
(44.61 kg apma/kg N u 28.14 kg 6en opus/kg N). Cropen Toa, npu amnukanuja Ha ryopusoto Floral microsil Bo
KOMOWHAIIHja CO IMoMaja KOJIWIWHA a30THO I'YOPHBO ce TIOCTHTHA MIPUHOC Ha apma U 0eJ Opy3 CIIMYCH CO CTAaHIAPIHUOT
HadrH Ha TyOpeme. OBHE pe3yiITaT ce 0] €KOJIOIIKO 3HAYCHE 32 OPU30NPON3BOICTBOTO Ha Pemrybnmnka Makenonwmja.

Kayunu 300poBu: ryopuso; mopdonomky; partial factor productivity; mpogykTuBHE OpH3; CHITUIILYM
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