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Abstract

In a field experiment, located on Old Typical Sierozems, conducted studies to determine the components of the carbon
dioxide balance of the “cotton — soil — atmosphere”. In a field experiment studied two options: open soil (control) and with
perforated polyethylene film mulching of soil. Irrigation of cotton varieties “Navruz” (G. hirsutum L.) were carried out with water
supply to 50% of cover furrows. On an experimental version in working furrow was packed film with water discharge 6 mm di-
ameter holes and step 1 m. Sampling of soil emitted air was performed using small respirometers installed in ridges furrows.

Determination of CO, in the soil air was carried out on a gas chromatograph LHM-8M. To determine the mass of CO, as-
similated cotton used the balance equation. Calculations revealed that the cotton field with open soil uses photosynthesis to
4 t/ha field with plastic mulch 8 t/ha. The origins of CO, from bare soil are 21.5 t/ha of mulch 16.9 t/ha.
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As it is well known, that as a result of anthropogenic
influence the increasing amount of hotbed gases penet-
rate into the atmosphere, among which the consider-
able amount comprises carbonic acid gas. It is very im-
portant for biosphere owing to its double display. The
18t is that as well as hotbed gas, penetrating into the
atmosphere pollutes it, increasing the harmful hotbed
effect. The 2"is that it plays the exceptional role in the
process of photosynthesis. In the process of photo-
synthesis such elements of biosphere as: soil, plants,
atmosphere supply the existed population with food
products and the industry with raw materials.

Under modern conditions in the connection with the
increase of concentration of carbonic acid gas in the at-
mosphere the acute necessity of decreasing the source
of CO, into atmosphere is rather topicable. Together
with strengthening of demands to the industry of devel-
oped countries for decreasing of splash of carbonic acid
gas into atmosphere, in agriculture there is also devel-
oped the trend on reducing the emission of CO, from
the soils of agricultural purpose, which foresees, mainly,
the transition from plough tillage of the soil to zero or
minimum. The second direction, which is developing in
some countries with developed irrigation, foresees an
all-year-round employment of irrigated lands for cultiva-
tion agricultural crops.

As an example of such trend can serve the experience
of Uzbekistan, which means that even under conditions of
shortage of irrigated waters it is possible to get high yields
of winter wheat, if to sow it on the growing cotton-plant soil
at the end of vegetation period without plunging the soil.

As the process of photosynthesis of green plants takes
place with participation of carbonic acid gas, it is important
to value the possible change of its balance in the system
of “cotton — soil — atmosphere” by reducing the share of
CO, imitated by the soil, and increasing the share of CO,
from the atmospheric air. The application of mulchation of
the soil with airtight materials gives such an opportunity.

The analysis of the world experience of soil mul-

chation shows that the most available for reducing CO,
emission from the types of soil mulchation are: from
organic group-the straw of winter wheat, rice straw
and paper; from mineral group-polyethylene film.

Longstanding researches on the typical greysoils
with planted cotton-plant ascertained, that the effec-
tiveness of soil mulchation with craftpaper, the straw
of winter wheat, polyethylene film (Bezborodov, 1998;
2005; 2007; 2008) consists in economy of irrigated
water (20 — 40%) in the addition to the yield-capacity
of cotton plant (15 — 20%).

MATERIAL AND METHODS

Methodics of determination of mass of emitated
carbonic acid from the soil.

For determination of the concentration of carbonic
gas, discharged by the soil during the period of cotton
vegetation it is necessary to select the probe of soil air
and then with the help of chromographical method to
determine the content of carbonic acid in it. For selec-
tion of soil air there were made small respirometers.

The small respirometer presents the cupola with
neck with 0.5 L capacity with diameter of bottom 9 cm,
on the neck of respirometer there is installed the cork
tap. The respirometer is pressed into the soil on the
furrow ridge between cotton-plants, the soil around it is
compressed and covered with polyethylene film.

After definite time with the help of expositions from
respirometer there is carried out the selection of probes
of soil air. For this purpose there is prepared 10% solu-
tion of boiled water with cooking salt, it is poured into
the vessel on the neck of which is put on a supple hose
with cork tap. This tap is joint to the suffer of the tap on
respirometer. Both taps are opened and the working
solution fills the respirometer. And here there occurs
the ousting of soil air into the vessel. When there is
left approximately 20 — 25 g of solution, the taps are
closed and the vessel with soil air is separated from
the respirometer.
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Then the vessel together with hose and tap is
plunged into the bucket with the neck down to the depth
of 3—4 cm. In this position there is fulfilled the separa-
tion of the tap with hose from the neck of the vessel
and plastic cork with thread is twisted on it. Then the
vessel with soil air in the position “neck down” is trans-
ported to the laboratory with gas chromatograph. The
content of carbonic acid gas, oxygen and nitrogen is
determined on it.

The results of gaschromatographic analysis of CO,
are presented in volumetric per cents. In order to de-
termine the volume of CO, emission from the soil into
atmosphere in conformity with these results it is neces-
sary first to determine the mass of CO, in respirometer
with the volume of 0.5 L. The following ratio is made
for that 22.4 L + 44 g/0.5 L — xg. In which according
to the law of Avogadro 1 mol of any gas occupies the
volume of 22.4 in this ratio the figure 44 means the
mass of 1 mol of carbonic acid gas, in which the atom-
ic mass of carbon (C) molecula equals to 12 g and the
mass of oxigen (O,) molecula equals to 32 g. From the
given correlation the mass of calculation comprises
the following.

After determination of aversive weighed sense
of the content of CO, in the soil surface layer of air
equaled to 0.03% is taken for initial sense. According
to obtained sense there is determined the mass of
emitted CO, into atmosphere (into the respirometer).
The mass of CO, in the probe is determined from the
correlation:

19 -100%x — Cco,,
where: Cco, is the concentration of CO, in respiro-
meter in volume per cent.

Then there is determined the intensity of discharg-
ing of CO, by the soil with 1 m? of sowings of cotton-
plant. For this purpose there is made such correla-
tion:

M aver/CO, G 0.0064 m?/x — 1 m?,
where: M aver/CO, is an average mass of CO, bet-ween
2 measurements in respirometer; G 0.0064 is the area
of soil surface of cotton field, covered by respirometer,
m?; x is the intensity of discharging of CO, by the soil g/
m? per an hour. Then there is determined the average
weighed sense of intensity of discharging CO, by the
soil during the vegetative period of cotton-plant.

The mass of CO, emission from the soil into atmo-
sphere is calculated according the dependence

M CO,, =[Cco, x Tveg x 24 x 10%] : 106 =
=0.24 Cco, x T, (2)

where: M CO, is the mass of discharged CO, t/ha dur-
ing the vegetation period of cotton-plant; Cco, - ave-
rage weighed intensity of CO, discharging by the soil
g/m? per an hour during the vegetation period; Tveg -
the duration of vegetation period of cotton-plant/a day;
24 - the number of hours a day; 10* - the transferring
coefficient from g into ton.

The methodic of determination of the size of
assimilated carbonic acid in the process of pho-
tosynthesis

For determination of the size of CO, assimilated
by cotton-plant during different phazes of growth and

100

development of cotton-plant there were applied mate-
rials, given in works of Hodjaev (1983) and Kasparov
(2006).

According to one data there is determined the aver-
age weighed intensity of absorption of CO, by cotton
plant during vegetation period and then the mass of
CO, absorbed by cotton-plant in the process of photo-
synthesis according to the dependence

MCFO2 =Veo, - Tvegp-Q 107, 3)

where: Mgoa is the mass of absorbed CO,, t/ha;V ¢ -
the average weighed intensity of absorbation of CO,
by cotton-plant mg/dm? an hour; Tveg - the duration
of sun shining during vegetation period of cotton, an
hour; Q _ - the area of leaf surface of cotton-plant dm%
ha; 10° - coefficient of transmission mg into t accord-
ing to other data, where the intensity of absorption of
CO, is expressed in mg from 1 bush of cotton-plant for
an hour, the mass of absorbed CO, is determined ac-
cording to the dependence.

My, =V ¢, - Tveg.p-107", where N is the number
of plants of cotton-plant per 1 ha.

RESULTS AND DISCUSSION

The discharging of carbonic acid gas by the soil

The participation of carbonic acid gas in the system
of soil-plant-atmosphere is described by the following
balance equation.

F  _ _ resp . atm 1
Mo, =mey +mi, +Mep (1)

MCFOZ- the mass of carbon acid gas by the soil and
assimilated by cotton-plant in the process of photosyn-
thesis, t/ha;

CO, - the mass of carbon acid gas, assimilated by
cotton-plant in the process of photosynthesis from at-
mospheric air t/ha;

M ¢ - the mass of carbon acid gas, emitated by the
soil into atmosphere in process of air exchange t/ha;

m?ﬁz - the mass of carbon acid gas, spent for pho-
torespiration of cotton-plant t/ha.

For determination of CO, emitated by the soil of
cotton field in 2012 there was laid the field experi-
ment, situated on oldly irrigated heavy loamy typical
grey soils on experimental farm of scientic research
institute of cotton-growing (Kibray district of Tashkent
region of the Republic of Uzbekistan). During the field
experiment the dinamics of CO, in the process of soil
respiration was studied in 2 variants from the open soil
and from the soil 50% covered with dark polyethylene
film with the thickness of 10 mkm. The film with water-
discharging holes with diameter of 6 mm and pace of
1 m is layed in the interrows of cotton-plant with the
wideth of 60 cm on every other interrow, fully covering
it. The watering of cotton-plant in both variants was car-
ried out in every other interrow and so, approximately
50% of crop area is moistened. The experiment was
conducted in 3 times repeatedness. The size of plot of
each variant included 8 rows of cotton plant with the
length of 50 m the area of one plot comprised 120 mZ.



The waterings were carried out up to the humidity of
soil 70-70-60% NA.

The selection of soil air probes with small respirome-
ters was conducted every hour (at 12 o’clock of local
time) and in 23 hours also at 120 o’clock in the after-
noon. The results of the measurement of the content
of carbonic acid gas, discharged by the soil in the pro-
cess of respiration are given in the Table 1.

As it is seen the content of CO, in soil air of experi-
mental variant decides the first initial determination is
higher than control.

According to the data of Table 1 there was made
the calculation of mass of carbonic acid gas, emitated
to the atmosphere by the soil in the process of air ex-
change.

According to data of Table 2 there are calculated
average weighed senses of emitated carbonic acid gas
into atmosphere from the soil of controlled variant —
0.53 g/m? an hour and experimental — 0.76 g/m?an hour
according to these senses there was determined the
mass of carbonic acid gas, emitated into atmosphere
from 1 ha of crop area of cotton-plant during 130 days
for the control variant it comprised M ¢, = 16.5 t/ha.
Taking into consideration that in the second variant half
of the surface is covered with air impenetrable film, the
mass of emitated CO, will comprise 11.9 t/ha. Thus,
from the soil, covered with mulchated polyethylene film
the carbonic acid gas goes up to the atmosphere 4.6 t/
ha (27.9%) less, than from the open soil. It is possible
to calculate the mass of CO, absorbed by cotton-plant
during the vegetation period with the data of measuring
of intensity of photosynthesis during of the content of
carbon in all the plant (land surface and underground
parts) in the mass of assimilated carbonic acid gas.

The mass of absorbed carbonic acid gas by cot-
ton-plant is determined according to data of Hodjaev
(1983), according to which the cotton-plant of early
ripening sort C4727 absorbs CO, during the phase of
bud formation with the intensity of 13 mg/dm?an houir,
during the phase of flowering — 22 mg/dm? an hour,
during the phase of fetus formation — 20 mg/dm? an
hour. According to these data, taking into considera-
tion the duration of vegetation of absorption of CO, by
cotton-plant equal to 15.4 mg/dm? an hour.

Taking into consideration FAO-56 there is deter-
mined the duration of sun radiance during period of
vegetation of cotton-plant equal to 1420 hours.

According to the results of analysis of the dinamics
of leaf surface of cotton-plant under conditions of field
experiment there was determined the area of leaf sur-
face of cotton field of 1.3 ha.

Using the formula of calculation of absorbed car-
bonic acid gas by cotton-plant in the process of photo-
synthesis there was determined the mass of absorbed
CO, equal to 26 t/ha.

As is seen, in the calculation of phase and average
weighed intensity of photosynthesis there was used
the indicator of leaf surface on the area of 1 ha.

In the researches of Kasparov (2006) there was
used the indicator of photosynthesis of one bush of
cotton-plant. The author carried out researches on
photosynthesis on the example of late ripening cotton-

plant of 108-7 sorts out early ripening lines.

The dynamics of photosynthesis during different
phases of development of cotton-plant is presented by
mathematical models in the form of dispetional equation
with high sense of coefficient of authenticity (Table 3) hot
hours of the day whole, one size numbers from 8 till 20
the intensity of photosynthesis of one bush of cotton-
plant mg CO, h.

As it is seen, the intensity of photosynthesis of late
ripening high-needed cotton-plant of 108-F sort during
all the phases of development is higher than that of
early ripening cotton-plant.

For cotton-plant of 108-F sort there is calculated the
average weighed intensity of photosynthesis, equal to
2145 mg CO, from 1 bush an hour. At the thickness of
standing of cotton-plant of 90 thousand/ha the mass
of assimilated CO, during 130 days will comprise 25.1
t/ha. Thus, the determined the mass of physiologists
comprises 25 — 26 ha. For calculation of absorbed
CO, by cotton-plant there was used the method based
on the content of carbon in the dry mass of the whole
plant.

According to data of Belousov (1964), the dry mass
of onland part of one bush of cotton-plant comprises
257.8 g, among them stems and branches — 31.6 g,
leaves 40.4 g, leaflets 49.0 g fallen fruit elements —
18.6 g, raw cotton-plant — 118.3 g. So, the correlation
between productive part of plant (raw cotton-plant) and
unproductive ones (all other organs) comprise 0.85%,
which means the prevalence of unproductive mass of
the bush over productive to 15%.

The energy expended by the plant is also spent for
the development of root system. Therefore, according
to data of Ashraliev, Karimov (1988), the dry mass of
root system of cotton-plant depends on agrotechnics,
at standard in the soil layer of 0 — 60 cm it comprises
18 g per one plant.

It should be marked that the depth of spreading the
root system of cotton-plant is not limited by 60 cm, tak-
ing into consideration, that in amorphous soils it reaches
1 m, and in hydromorphous ones even 1.5 — 2.0 m.
26.44/12 = 9.5 t/ha

For Typical Grey Soil Mukhamedjanov, Suley-
manov (1978) bring forward diffent contradicting facts.

Table 1. The content of CO, in discharged air by the soil

Dates of taking probes from soil air
Variants
4.06 4.07 4.08 7.09
Control 003 | 073 | 009 0.44
(1 hour)
Control
(24 hours) 0.16 0.73 0.13 0.35
Experimental 016 | 079 | 186 0.19
(1 hour)
Experimental
(24 hours) 0.09 1.07 0.13 0.47
Average weighed
Control 0.15 0.71 0.13 0.37
Experimental 0.09 1.06 0.20 0.46
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Table 2. The mass of the average

The interval . The intensity of
Date of . Average The concentration . Sense . )
of time between . ; Emitated discharging of
measu- weighed CO of emitated CO,, of CO,, )
measurements ) 2 o 2 CO, g 2 CO, by the soil,
rement in concentration, % % an hour 2 mass g 2
a day g/m an hour
Control variant
4. VI 0.15 0.12 0.0012
30 0.0040 0.63
4. Vil 0.71 0.68 0.0068
31 0.0039 0.61
4. Vil 0.13 0.10 0.0010
30 0.0022 0.34
7. I1X 0.37 0.34 0.0034
Experimental variant
4. VI 0.09 0.06 0.0006
30 0.005 0.86
4. Vil 1.06 1.03 0.0103
31 0.0060 0.94
4. Vil 0.20 0.17 0.0017
30 0.0030 0.47
7. I1X 0.46 0.43 0.0043

Table 3. Mathematical models of the day dynamics of photosynthesis of cotton-plant

Genotype of Phenophase Mathematical model Coefficient of authenticity
cotton-plant

108-F bud formation y = 3.90x% + 110.4x — 596.4 R%=0.96

Line-3 y =-3.51x2 + 96.2x — 509.3 R?=0.94

108-F flowering =-7.53x2 + 209.6x — 1085 R2=0.99

Line-3 y =-6.25x2 + 166.8x — 805.7

108-F fetus formation y =-9.26x? + 246.8x — 1222 R2=10.98

Line-3 y =-5.62x2 + 149.6x — 723.2 R?=0.95

Table 4. The mass of dry matter and carton in organs of
cotton-plant, g/plant

The organ of Dry mass* The content of carbon

cotton-plant %** G
Stem 31.6 27 8.5
Leaf 40.0 30 12.0
Leaves 49.0 19 9.3
Fallen organs 18.6 27 5.0
Raw cotton-plant 118 40 47.2
Root system 18 40 7.2
Sum total 275.2 32.5%** 30.9%**

Data Belousov (1964); Data of M. Wasti (2011).

Thus, according to their data, the weight of root system
of one plant (it is meant cotton-plant) in the layer of 0 —
70 cm by the end of vegetation period comprises about
7 — 9 g of air-dry mass. At the dampness of the soil of
75-80-65% NV and 9 watering at 2 plants of cotton-plant
in one nest the root system comprised 1.83 t/ha at the
dampness of the soil of 60-65-65% NV — 1.25 t/ha. The
average sense of this indicator comprises 1.54 t/ha,
which is in conformity with data Ashraliev and Karimov
(1988). On the base of adduced data there was deter-
mined the content of carbon in organs of cotton-plant
(Table 4).

As it is seen, the average sense of the content of
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carbon in one plant of cotton-plant comprises 30.9g.
On the base of this sense it is possible to determine the
mass of carbonic acid gas, assimilated by cotton-plant
in the process of photosynthesis. Thus, at yield-capaci-
ty of cotton-plant of 3 t/ha the dry mass of unproductive
organs of cotton-plant will comprise 3: 0.85 = 3.5 t/ha,
and total onland and underground parts-the mass will
comprise 3 + 3.5+ 1.5 =8 t/ha. Then the content of carbon
in this mass will be equal to 8 x 0.325 = 2.6 t/ha. Taking
into consideration the mass of carbonic molecules (12
a.c.m) and carbonic acid gas (44 a.c.m) the equivalent
content of carbonic acid gas will comprise

26-ﬁ=9.5t/ha
12

The photosynthetic process, as any other one, is
characterized by definite coefficient of efficiency at
photosynthesis. According to data of Nechiporovich et
al. (1961) it equals to 0.5 according to data of Voz-
nesenkiy (1977) — (0.5 — 0.68), according to data of
Maximov (1958), under normal conditions the plants
spend 15 — 20% of carbon and energy for breath-
ing, according to data of Naumov (1988), in plants of
steppe zones the expenditure for breathing reaches
40 - 60% of total photosynthesis.

As in the arid zone during vegetation period of cot-
ton-plant the daily temperature of air reaches +45° and
higher, the discharging of carbonic acid gas begins to
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exceed its assimilation and it makes it possible to con-
sider that about 40% of assimilated CO, is converted
into organic matters of plant tissues. On this base there
was determined the mass of carbonic acid gas, assimi-
lated by cotton-plant in the process of photosynthesis,
equal to 9.5: 0.4 = 23.7~24 t/ha. At the yield-capacity
of raw cotton-plant of 3.5 t/ha, the dry mass of bush
organs will comprise — 3.5+ 4.1+ 1.5 =9.1 t/ha, carbon
9.1 x 0.325 = 2.96 t/ha, carbonic acid gas — 10.9 t/ha
NETTO, 27.3 tha BRUTTO (true photosynthesis) thus,
the mass of CO,, assimilated by cotton-plant, depends
on the size of yield of onland mass.

The comparison of obtained marks of the mass of
assimilated carbonic acid gas by cotton-plant (25 —
26 t/ha) and emitated by the soil CO, shows, that in
the variant of experiment with the open soil the share
of CO, comprises about 65% and in the variant with
mulchation of the soil is about 77%. The results of
conducted researches make it possible to make and
approximate balance of carbonic acid gas in the sys-
tem soil — cotton field atmosphere.

In the adduced above balance equation of car-
bonic acid gas there are 2 unknown values: MCO,>™
and MCO,. The mass of expended for photorespira-
tion of plants is valued differently. According to data of
Maximov (1958), the respiration of plants comprises
no more than 50 — 10% of photosynthesis. According
to data of Naumov (1988) in vegetable association
of steppe zone the expenditures for respiration com-
prise 40 — 60% of total photosynthesis. Voznesenskiy
(1977) considers that some desert plants discharge
40% of assimilated CO, by respiration. Nichiporovich
(1961) together with his colleagues affirm that the ex-
penditure of photosynthesis products for respiration
can reach 15 — 20% and even more. According to
data of Bikhele et al. (1980) the respiration of agri-
cultural plants (cotton-plant, sugar beet) in darkness
and lightness comprises about 40% of photosynthe-
sis, according to data of Nasirov (1982), the losses of
assimilated carbon at photorespiration reach 50% of
pure productivity of photosynthesis.

CONCLUSIONS

Taking the photorespiration in the volume of 20%
of photosynthesis, the mass of carbonic acid gas, ex-
pended by cotton field for this process will comprise
5 t/ha. Then the total mass of the source of CO, (the
right part of balance equation) will comprise:
for open soil 16.5 + 5 = 21.5 t/ha;
for mulchated one — 11.9 + 5 = 16.9 t/ha.

The unknown value of balance equation MCO,>™
the mass of carbonic acid gas, assimilated by cotton-
plant from atmospheric air will be determined accord-
ing to difference:

MCQO ™ = MCO,F — MCO,*** —mCQO,™® (4)
and will comprise: for open soil 4 t/ha:
for mulchated — 8 t/ha.

So, as a result of photosynthesis cotton-plant
uses most part of carbonic acid gas from the soil air,
and mostly from the open soil, than from mulchated
correspondingly mostly cotton plant uses carbonic
acid gas from atmospheric air, which contributes to
reducing from atmospheric air, which contributes to
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reducing of the concentration of carbonic acid gas in
atmosphere.

One more important dignity of such agrotechnical
method is mulchation of the soil with air impenetrable
material at cultivation.
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BnusiHne Ha MynuupaHeTo Ha No4YBaTa BbpPXY BbINepoAHOKUCENNHHUA GanaHc

B NaMyKoOBO none

0. Be3bopopos., A. LLlamcueB

Y3b6ekckul Hay4YHo-uccredosamernbCKuli uHcmumym xrornkogodcmeo, TawkeHm, Y3bekucmaH

Pesome

3a onpegensiHe Ha BbIMEPOAHOKUCENUHHNS BanaHc Ha cuctemara ,oyBa — namyk — atmocdepa” e npoBeaeH NornckM onuT
¢ namyk copt ,HaBpy3” Ha nouseH Tun Old Typical Sierozems. 3nuTBaHu ca aBa BapuaHTa — C OTKpUTa NOYBEHA MOBBLPXHOCT
(koHTpONa) 1 MynuupaH y4acTbk C nepdopupaHa nonueTureHoa neHTa. MNonveaHEToO Ha NamMyKoOBWS COPT € U3BbPLUBAHO
¢ nogasaHe Ha Boga B 50% ot 6pasguTte. Npu onuTHUS BapyaHT B paboTHWUTE Gpasau € nonaraHa neHTa ¢ BOAOM3MnycKalm
OTBOPU C AuamMeTbp 6 mm, pa3nonoxeHu Ha pa3cTosiHne 6 m. BaemaHeTo Ha Npobu OT OTAENEHMs OT noYBaTa Bb3ayX € Us-
BbPLLBAHO C MOMOLLTA Ha Masiku pecnupoMeTpu, NocTaBeHn B rpebeHa Ha Gpaspgata. OnpegensHeTo Ha CbObpXKaHWETO Ha
CO, B nouBeHUs Bb3AYX € M3BbPLUIBAHO C ras3os xpomarorpad JIXM-8M. 3a onpegernsHe macara Ha acMMUIIMpaHis OT namyka
CO, e usnonasaHo 6anaHcoBO ypaBHeHVe.

YcTaHoBEHO €, Ye MamyKoBOTO ore C OTKpUTa NMoYBeHa NOBbPXHOCT M3norn3sa 3a hotocuHTesa 4 t/ha CO,, a nonerto ¢ no-
nuetunexHos mynd — 8 t/ha. UsHecenuat CO, ot oTkpuTaTa noyseHa noBbpxHocT e 21,5 t/ha, a ot mynuupaxara e 16,9 t/ha.
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