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EFFECT OF ROW SPACING ON PHOTOSYNTHETIC PRODUCTIVITY
OF SUGAR BEET
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The article presents the results on the growth of the effective leaf surface area
and net photosynthesis productivity in sugar beet subject to narrowing the row
width. It is proved that at stand density 100,000 to 110,000 plants / ha in narrow
(30 cm) and combined (3%30cm+1%45cm) rows dry matter weight considerably
increases therefore increasing the crop productivity.
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Introduction. It is know that 95 % of the dry matter in green plants yield has
been created due to photosynthesis performed in leaves through absorption of solar
radiation energy by chlorophyll, i.e. photosynthesis (from Greek “fotos” — “light™)
is the organic compounds synthesis with carbon dioxide and water using the
energy of sunlight.

The very process of photosynthesis is the separation of hydrogen from water
and transferring it to carbon dioxide. According to A. Nychyporovych [1]
“photosynthesis is the process of oxidation-reduction, where the water while giving
hydrogen and serving as a reducing agent is oxidized itself and carbon dioxide,
accepting hydrogen and serving oxidant is restored itself” (Fig. 1).

Ultimately, yield is in close relation with intensity of leaves development, leaf
surface area their productivity.

Why is indicator of solar radiation utilisation in photosynthesis low can be

explained due to the fact that the leaf area does not reach optimal values (40,000—
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50,000 m® per ha): closure of leaves between rows is late, especially if crops are

thinned and uneven, which results in big share of solar energy passing leaves

directly to the soil [2—4].

Fig. 1. Scheme of photosynthesis

In this sense narrowed spacing (width less than 45 cm) in sugar beet crops priori
positively influence the process of photosynthesis, which is the aim of the study,
because until now only effect of the plant stand density in row at inter-row space of 45
cm on photosynthetic productivity in sugar beet has been reported [5—8].

Materials and methods of research. The study was carried out in 2012—
2014 in conditions of Experimental Farm "Shevchenkivske" IBCSB situated in the
area of unstable wetting in Right-Bank Forest-Steppe of Ukraine.

Sown area was 64.8 m’, record area 54.0 m?, and repetition fourfold. To solve
the problem of increasing photosynthesis productivity in sugar beet experiments
were carried out, which studied photosynthetic productivity depending on the
width between rows: 45 cm (typical, check); 3x30cm+1%x45c¢m (combined), 30 cm
(narrow width). Seeds of hybrid Shevchenko were sown with drill SST-12B
according to relevant scheme to a final stand density of 100,000-110,000 plants per
1 hectare regardless of the inter-row width.

Samples of plants to determine the photosynthesis productivity were selected

according to the known method [9], the surface of non-cut leaves was defined by
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planimetric method [2] according to which their area is calculated through similar
geometric shapes (ellipse, triangle, trapezium, etc.).

Results and discussion. Productivity of assimilation system is expressed as
net productivity of photosynthesis (NPP), and is calculated with the following
formula according to methodology [2]:

NPP = ,[—fﬁf— )
where B; and B, — dry weight of yield sample at the beginning and end of the test
period; (B; - B,) — increase in dry weight over test period n days; JI; and JI, — leaf
area at the beginning and end of the test period; {1, +1;)%/, — mean effective leaf
area for this period; n — duration of test period, days.

However, the dependence given can produce accurate results if the growth of
leaf area over the entire test period is uniformly and graphically approximated
straight line, that is the average effective area for the reporting period can be
expressed as half-sum of initial and final figures. However, this case is exceptional
because there is a period of most rapid growth of crops with leaf area increasing
along the curve rapidly at first, and then damping. For example, leaf area can grow
very rapidly during the first 3—5 days and then increase slowly [2]. Then the
average leaf area is greater than half-sum of two extreme indicators, and
determination of the average effective area for the test period as a half-sum of two
extreme indicators does not gives accurate data.

Therefore, to determine NPP we used an improved formula:

NPP = 82810008, 1z 10§, 15)
Ry =,

where log_J, 1 log, J, — natural logarithms of leaf area indicators at the beginning
(/1,) and end (A,) of the test period, while the remaining indicators remain the
same.

Phenological observations of sugar beet growth and development have found
that emergence is largely dependent on soil moisture and temperature as well as air

temperature. Over the research period of “sowing —emergence”, fluctuations in soil



4

moisture and temperature were marked affecting the calculation of plant stand
density. Emergence occurred in 8—11 days depending on the year of study.

It was also established over the research years that during the second half of
the growing season (after July 10) and for a short period (until 1 August), up to
half of the total dry matter weight grew (of that gained at the end of the growing
season). Especially when narrow (30cm) and combined (3%X30cm+1x%45¢cm) rows.
It can be explained with 5-7-days earlier closure leaves between rows, significant
growth of leaf area and therefore net photosynthesis productivity.

At the stage of intensive plant development (August 1), a significant leaf area
growth was recorded when row spacing 30cm (59.7 m*/ha) and 3x30 cm+1x45 cm
(58.2 m*/ha) contrary to check row spacing 45 cm (52.7 m’/ha), LSDys = 4.5
(Fig. 2). Also NPP grew, namely 8.1g of dry matter per 1 m” of leaf area per day,
and 8.0 g against 6.9 g, respectively (LSDys= 1.0) (Fig. 3).
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Fig. 2. Leaf area (mean of 2012/14) Fig. 3. Net photosyntesis productivity
subject to row spacing (mean of 2012/14) subject
and check date to row spacing and check date

As of September 1, leaf area grew less rapidly and there were no significant
differences in this indicator between the test variant found. NPP index dropped
slightly in narrowed and combined row-spacing, and significant reduced in check
(row width of 45cm): 7.8, 8.0 and 6.4g of dry matter per Im” of leaf surface per
day, respectively, LSDgs= 1.2).



CONCLUSIONS

1. When combined and mainly narrow rows in sugar beet crops the effective
leaf area increases much intense, especially in the second half of the growing
season due to an earlier closure of leaves between rows. The most rapid increase in
dry matter weight has been recorded at the same period as compared with typical
row spacing.

2. The biological yield of sugar beet when combined (3%30cm+1x45c¢m) and
narrow (30cm) rows increases significantly (up to 6 t/ha) and the possibility of

mechanization for this production practice in sugar beet has been proved [10].
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BII/ITUB IITUPHHH MUKPA/Ib HA ®OTOCHHTETHYHY
IIPO/AYKTHUBHICTH BYPAKIB I]YKPOBHX

M.I1. BOJIOXA

Hayionanvnuu asiayivinuu ynieepcumem, m. Kuig

Y cmammi euknadewni pezyromamu pocmy poOOYOi IUCMKOBOI NOBEPXHI
OYpAKI8 YYKPOBUX | NPOOYKMUBHOCMI (DOMOCUHMESY 3ANIeHCHO BI0 38VIHCEHHS
wWupunu  Mixcpsaos. /logedeno, w0 3a YMOBU 2YCMOMU CMOSHHA POCIUH
100-110 muc/ea npu eyzvkux (30cm) i rombinosanux (3x30cm+1%x45¢cm)
MINCPAO0SX CYymMmMEBO 30LIbULYEMBbCA  MACA CYXOi pedosunu i, B8i0N0B8IiOHO,
YPodtcatHicme KyIbmypu.

Kniwowuosi  cnoea: Oypaku  yykpoei,  wupuHa — MidCpsAOb,  HUCMA
NPOOYKMuGHicms  (homocunmesy, NIOWa JIUCMKOBOL NOBEPXHI, Maca Ccyxoi

DeUOoBUHU, YPOICAUHICMDb.



BJIMSHUE IITHPUHBI MEK/TYPAJHH HA
®OTOCHHTETHYECKYIO ITPOU3BOAUTEIbHOCTh CAXAPHOH
CBEKJIbI

H.Il. BOJIOXA

Hayuonanonwui asuayuonnwiii ynusepcumem, 2. Kues

B cmamve uznooiceHvl  pesyromamvl  pocma  paboyeu  IUCMOBOL
NOBEPXHOCMU  CAXAPHOU  C8eKIbl U  NPOOYKMUBHOCMU  omocunmesa 8
3A8UCUMOCIU OM CYIHCEHUsT WUUPUHBL MeXCOYypAoul. [Jokazano, ymo npu cycmome
cmosanus pacmenuti 100—110 moic/ea npu y3kux (30 cm) u KOMOUHUPOBAHHBIX
(3%30 cm+1x45 cm) mexncoypsaovax CyujeCmeeHHO Y8eautuu8aemcs Macca cyxo2o
gewiecmea u, COOMEENMCMEEHHO, YPOUCAUHOCTb KYAbMYpbl.

Kniueevle cnosa: caxapnas ceexna, WUpUHa MexcOypaOUll, Yucmas
NPOOYKMUBHOCMb  (hOmOocunmesa, niowadd JIUCMOBOU NOBEPXHOCMU, MACCa

CYX020 gewecmaa, yporCauHoCmo.



