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Pes3tome

B cratusaTa ca npegcraBeHn 4aHHM 3a (POTOCUHTETUYHUTE MOKa3aTenu Ha noces ot cadnop (Carthamus
tinctérius), oTrnexxaaH B yCnoBusita Ha cyxoctenHa 30Ha B CeBepeH KasaxctaH, B 3aBMCUMOCT OT pasfnuyHKu Cpo-
KoBe Ha centba, centbeHn HoOpMK 1 PasnMyHK TOPOBM HOPMU NPU MUHEpPArHO TopeHe. B rognHute Ha nacneapaHe
BMCOKM CTOMHOCTU Ha (POTOCUHTETUYHUTE MoKa3aTenu ca noryyeHn npu nocesa, 3acsat Ha 10 man ¢ nocesHa
Hopma 0,25 MITH. KblTHIEMKU cemeHa Ha 1 xekTap. YCTaHOBEHO € MOMOXUTENHOTO BNSAHNE HA BHECEHUTE MU-
HeparHu TopoBe Npu Nocesa ¢ ePeKTMBHA aKTUBHOCT Ha NUCTHUS anapaT Ha pacTeHusaTa, KakTo U ToBa Ye Te
OKas3BaT CbLUECTBEHO BMsiHME BbpXy 0Opa3yBaHETO Ha NMCTHATA NIOLL Ha pacTeHUsATa, Ha POTOCUHTETMY-
HWst NoTeHuman n gobrea Ha cyxa buomaca.

Abstract
The article presents data on the photosynthetic activity of safflower (Carthamus tinctérius) in the dry
steppe zone of Northern Kazakhstan depending on the different time of sowing, seed rate and applied mineral
fertilizer. During the years of research it has been found that crops sown on May 10 with a seed rate of 0.25
million viable seeds per hectare provided higher levels of photosynthetic activity. The positive effect of the
mineral fertilizer applied during sowing influenced the activity of plant leaves.

KntouyeBble cnoBa: cadnop, poTtocMHTeTUYECKas OeATENbHOCTb, CPOK MnoceBa, HOpMa BblCeBa, MUHe-
panbHble yaobpeHus.
Key words: safflower, photosynthetic activity, time of sowing, seed rate, fertilizers.

INTRODUCTION Safflower can substitute sunflower as an

In recent decades Kazakhstan has seen oil plant of dry steppe regions, moreover, it is much

steady expansion of planting and production of more expensive than grains of wheat - the main
oilseeds. One of the most promising oil-bearing crops crop of the country. Safflower was grown mainly in
is safflower. Safflower is grown in the south (South the southern regions of Kazakhstan before, but now

Kazakhstan, Zhambyl region) and south- east of our due to its unpretentiousness and drought — resis-
republic (Almaty); now it is being cultivated in the tance it is planted in the northern and western re-
East, the West and the North. In the market economy gions, gaining more and more areas [2].

safflower is an economically profitable crop in South The perspective direction of increasing saf-
Kazakhstan (116.6 ha) and Zhambyl region (77.4 flower sowing is complex use of biological potential
ha). In general, safflower sowing areas increased of the crop. The reason of popularity and advantages
from 148 hectares in 2009 to 272 hectares in 2012, of safflower is that it is adapted to the conditions of
through the expansion of crop in the northern re- extreme continental climate and is one of the most
gions of the country (Kostanai (17.2 hectares) and drought-resistant plants according to its moisture re-
Akmola (13.3 ha)) [1] . quirement [3].
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Therefore, it is quite reasonable to cultivate
safflower for getting oil seeds in the Northern Ka-
zakhstan.

In this regard, comprehensive studies on the
development of technology of cultivation of safflower
for producing oilseeds were conducted on the experi-
mental plot “Farmer 2002” LLP, located in Astrakhan
region of Akmola area, for the first time.

One of the goals of our research was to study
the photosynthetic activity of plants of safflower in
the dry steppe zone of Northern Kazakhstan.

The main objectives of our study were to
determine the leaf area and dry weight of the crop
and calculation of net photosynthetic capacity and
efficiency of safflower plant photosynthesis.

The problem of plant nutrition is the most ur-
gent and one of the ways to solve it is the maximum
and efficient utilization of solar energy by crops [4].

MATERIALS AND METHODS

The object of the research is safflower varie-
ty of Kazakhstan selection - Akmai.

In our researches the leaf area of safflower
was determined in the phase of “blossom” by the
formula proposed by scientists of Kazakh National
Agrarian University (T.N.Nurgasenov and etc.) [5].

S =AxBxC,where:

S (L) - leaf area, mm?;

A — leaf length, mm;

B - the largest leaf width, mm;

C - correction factor.

The correction factor of safflower leaves, re-
gardless of plant location on the average is 0.707.

The photosynthetic capacity of the leaf sur-
face is calculated by the standard technique pro-
posed by A.A.Nichiporovich in 1961:

PC =L xT,where:

L - leaf area, thousands m?ha;

T - duration of the period (days).

Net photosynthesis (NP) characterizes how
much dry matter is accumulated on the leaf area of
1m? per day. Net photosynthesis is calculated by the
formula proposed by Kidd, West and Briggs:

(Bz _Bl)

iL, +L25XT

NP = ,Where :

NP - net photosynthesis, g/m? /day;
B, - yield mass at the subsequent definition,

B, - yield mass at the previous definition, g/m?,
L.L, - leaf area in the same time frame, m?,
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T - length of time, day.
Utilization coefficient of PAR (C,,.) is calcu-
lated by the formula:

VxCx100

Cpar = ,where:

par
C,.r - Utilization coefficient (coefficient of ef-
ficiency) of PAR;
Y - dry biomass yield, kg/ha;
C - dry matter calorie, kcal/kg of dry matter;
Q.. — quantity of PAR over the crop growing
period, kcal/ha [6].

RESULTS AND DISCUSSION

As a result of the research, we have found
that the formation of leaf area of safflower in the dry
steppe zone of Northern Kazakhstan is strongly in-
fluenced by weather conditions during plant growth
and development.

The main limiting factor in the area of car-
rying out experiences is moisture. During the gro-
wing period (from May to August including) in 2012
the rainfall made up 157 mm (18.0, 30.0, 81.0,
28.0), which is less than the mean annual rainfall.
The distribution of rainfall during the growing period
was uneven. The main amount of rain fell at the end
of July and beginning of August. During the period
of greatest need for moisture (budding, blossom) -
the second decade of July — there was no precipita-
tion at all.

Quite opposite to the year 2012 the growing
period in 2013 was abnormally rainy. During the
growing period of safflower in 2013 the rainfall made
up 278.7 mm (27.0, 11.4, 151.0, 89.3), which is higher
than the mean annual rainfall by 104.7 mm.

In May, rainfall amount was at the level of
mean annual rainfall. The basic amount of rain fell
in the 2nd and 3rd decades of July and at the be-
ginning of August, the amount of rainfall during this
period was higher from the mean annual indicators,
respectively - 100 and 48.3 mm (Fig. 1).

The mean monthly temperature in 2012 was
higher than the mean annual indicators and it was
15.4° C in May, 20.9° C in June, 23.4°C in July,
August in 19.8° C. The effective heat sum during the
growing period in 2012 made up 2213° C, which was
within the norm. According to the value of hydrother-
mal coefficient the year 2012 was characterized as
very droughty (HC = 0.6).

In 2013, the mean monthly temperature was
the following: 12.0° in May, June in 18.9°C, 18.3° C
in July and 17°C in August. The mean monthly tem-
perature in May, July and August months was lower
by - 0.6, 1.8, 0.9, and in June exceeded by 1.0° C.
According to the value of hydrothermal coefficient
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Fig. 1. Rainfall amount of the growing period of safflower during the years of the research, mm
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Fig. 2. The mean monthly air temperature of the growing period of safflower during
the years of the research, °C

the year 2013 is described as “well hydrated” (HC
= 1.3). However, during the period from germination
to flower bud formation it was at the level of 0.3 -
0.6, which corresponds to the scale of assessment
as “very droughty”. In the initial period of safflower
growth the temperature sum was sufficient (Fig. 2).
Based on the analysis of air temperatures, we drew a
conclusion that during the period of intensive growth
of vegetative and reproductive parts of safflower cur-
rent temperatures were unfavorable, namely plants
did not have enough heat, which subsequently af-
fected the formation and operation of safflower leaf
apparatus, especially it was negatively reflected in
the later crop sowing.
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One of the most active parts of the plant is
the leaf. The larger the area of green leaf surface
of a plant, the more vigorous is accumulation of or-
ganic matter of a plant and the higher is harvest [7].
In our experiments, the leaf area during the years of
the research on the average made up 9.37 -17.04
thousand m?ha. This index regardless of sowing
date and raised seeding rate to 0.25 million viable
seeds per 1 hectare is increased, and with a further
increase to 0.3 million viable seeds per 1 hectare
is reduced. Due to the applied mineral fertilizers the
leaf area was higher by 0,17-1,13 thousand m?%ha
compared with the case when the fertilizers weren’t
applied.
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One of the indicators of photosynthetic activity
of the crop, reflecting both the size of a leaf and dura-
tion of its activity is photosynthetic capacity (PC), which
is in close correlation with yield of dry biomass [8]. In
our experiments, the average value of photosynthetic
capacity was 239.5 - 468.7 thousand m2d/ha. Planting
dates, May 10 and May 15, had positive impact on this
indicator. Due to the applied mineral fertilizers PC was
higher by 4.1 - 48.3 thousand m?d/ha, compared with
the case when the fertilizers weren't applied.

The average values of dry biomass yield was -
2019.9 - 3422.1 kg/ha. According to the variants with
the seeding rate of 0.15 and 0.30 million viable seeds
per 1 hectare this indicator was at the same level but
with a little change. Sowing time, May 10, with the
seeding rate of 0.25 million viable seeds per 1 hec-
tare with application of mineral fertilizers and without
it have formed the best values of this index - 3021,8-
3422,1 kg/ha. Dry biomass yield was higher with the
crops which have been fertilized (65.5 - 400.3 kg/ha).

Tabnuua 1. OcHoBHbIE NOKa3aTeny POTOCUHTETUYECKON AEATENBHOCTU pacTeHnn cadnopa,
cpenHee 3a 2 roga (2012-2013 r.)
Table 1. Key indicators of photosynthetic activity of safflower, mean indicators for 2 years (2012-2013)

Coefficient
Seeding Photosynthetic Net of correlation
. . it bet
Time rate, Leaf capacity (PC), | photosyn- | Yield of dry | Utilization ohtoemiatc
of million area (S), | thousand square thesis biomass, | coefficient potential and
sowing wgble thOL;/S:nd meters perday | (NP)g/m¥ kg/ha PA%f o ir?%glgrrgc?::s
seeds per m?/ha
ha P and ha (m?/d/ha) day 70 of increasing
seeding rate
Fertilized ground (P,,)
0,15 13,39 350,3 2,29 2463,7 0,4
May 0,2 15,17 396,6 2,22 2752,9 0,5 0.90+0.30
5th 0,25 15,63 406,5 2,12 2872,2 0,5 ’ '
0,3 11,54 300,9 1,91 2465,7 0,4
0,15 14,66 385,9 2,39 2798,8 0,5
May 0,2 16,60 4579 2,37 3354,6 0,6 .
10" 0,25 17,04 468,7 2,31 34221 0,6 0,93:0,25
0,3 12,52 3447 1,94 2861,9 0,5
0,15 13,54 381,1 2,23 2556,1 0,4
May 0,2 15,86 446,4 2,14 3049,9 0,5 0.89+0.32
15t 0,25 16,20 454,8 2,12 3077,3 0,5 ’ ’
0,3 11,68 328,1 1,94 2621,9 0,5
0,15 11,35 317,2 2,06 2359,1 0,4
May 0,2 12,52 350,8 1,89 2639,4 0,5 0,86+0,36
20t 0,25 12,41 3423 1,88 2626,6 0,5
0,3 10,31 286,4 1,77 2385,8 0,5
Nonfertilized ground (P )
0,15 12,26 320,9 2,23 2345,2 0,4
May 0,2 14,31 3743 2,11 2605,9 0,4 0,02+0.27
5t 0,25 14,58 379,9 1,96 2625,4 0,5
0,3 11,37 296,8 1,77 2400,2 0,4
0,15 14,45 396,4 2,29 2689,8 0,5
May 0,2 16,10 441,5 2,19 2993,5 0,5 .
10" 0,25 16,15 4433 2,12 3021,8 0,5 0.91:0.29
0,3 12,18 3344 1,84 2643,2 0,5
0,15 12,62 368,3 2,14 2411,0 0,4
May 0,2 14,81 432,0 1,98 2728,8 0,5 0 86+0.36
15t 0,25 15,23 4437 1,85 27341 0,5 ’ ’
0,3 11,01 320,5 1,73 2487,3 0,4
0,15 10,97 280,8 1,86 2054,9 0,4
May 02 11,82 302,5 1,85 22764 0.5 0,90£0,30
20" 0,25 12,03 312,6 1,70 22931 0,4 ’ ’
0,3 9,37 239,5 1,64 2019,9 0,4

62



e

AepapeH yHusepcumem — 1nosdus

The direct correlation between photosynthetic
capacity and yield of dry biomass with increasing
seeding rate is defined. According to the rate scale
system (G.F. Lakin) [9] the most strong correlation
was observed on the fertilized ground with the so-
wing time May 10" (0,93 £ 0,25), and on the nonfer-
tilized with the sowing time May 5" (0,92 + 0,27).

An important indicator of photosynthetic activi-
ty of crops is net photosynthesis (NP), which charac-
terizes the average activity of a plant leaf on the accu-
mulation of dry biomass. This indicator during the early
dates of sowing (May 5-10) was higher compared to
the late dates (May15-20). Net photosynthesis varied
slightly on the fertilized ground and on the nonfertilized
ground, so on the ground with mineral fertilizers it was
up to 0.04 - 0.27 g/m?/d. The value of net photosynthe-
sis (NP) decreased with increasing seeding rate from
2.39 to 1.64 g/m?/d (Table 1).

According to A.A. Nichiporovich (1961), in
practice, utilization coefficient of PAR is only about
0.5-1% for crops, as the whole systems, but theo-
retically and practically coefficients can be 5.4% or
more. In our experiments, utilization coefficient of
PAR of safflower was 0.4-0.6%. The best utiliza-
tion coefficient of PAR was on May 10" sowing with
seeding rates of 0.20 and 0.25 million viable seeds
per 1 hectare. On the ground with mineral fertilizers
for different time of sowing the value of this index was
up 1% compared to nonfertilized ground (Table 1).

CONCLUSION

1. Low rainfall (2012), as well as, insufficient
accumulated temperatures (2013) during the “bud-
ding - blossom” period had negative impact on the
formation and activity of a leaf.

2. Plants sown on May 10", regardless of
fertilization showed most photosynthetic activity.

3. Net photosynthesis of sowing with see-
ding rate of 0.15 million viable seeds per 1 ha was
higher, but according to the other indicators of so-
wing photosynthetic activity was best with seeding
rate of 0.25 million viable seeds per 1 ha. It was
found out that the values of net photosynthesis (NP)
decreased with increasing seeding rate from 2.39 to
1.64 g/m?/d.

4. The application of mineral fertilizers had
significant influence on the formation of leaf area, as
well as, on the photosynthetic capacity and yield of
dry biomass, and had less impact on the value of net
photosynthesis and utilization coefficient of PAR.
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