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NPEATOBOP

Vuugepsureror ,lone Jemue” Bo Illtum, co noHecyBame Ha 3akOHOT 3a
OCHOBame Ha J[pxaBeH yHuBep3uTeT ,,lone Jlemdyes” — [ltum, 3amo4yHa co pabora Ha
27 mapt 2007 rompHa Kako BUCOKOOOpa30BHA MHCTHTYIH]a CO YETHUPU (HaKyATeTCKH
SIVHMIM M co Aucnep3uja Ha HactaBara Bo lltum, Crpymuua u Kouanu. [ewec,
3a caMo JjBe TOAMHM OJ CBOETO MOCTOCH-E, 0Baa MHCTUTYLHja IIpepacHa BO €leH Of
BOZEUKHTE BHICOKOOOPa30BHM LieHTpH Bo PenyOnuka Makenonuja, BTOp 1Mo roleMuHa,
co 13 ¢daxynrerr 1 1 BuCOKa IIKOJNA ¥ CO JUCTIEp3Hja HA HACTABaTa BO 12 OMINITHHM:
[Mrumn, Crpymuna, Kaanapuu, ['esrenuja, Kouann, Ceetn Huxone, Bununa, beposo,
Panosum, [lpunen u Cxomje. Ha nparot ox Tperara akageMcka rofdHa, BO HAILIKTE
COBpPEMEHO OTpEeMEHH aM(uTeaTpu, MpeAaBalHy, 1adopaTopui ¥ KaOUHETH, CBOjaTa
UIHUHA Ke ja rpagar oxkomy 10.000 cTynenTtn xou 3aemHo co okory 500 BpaboTeHH ke
TH IOTpaJlyBaaT TeMEIUTE Ha 0BOj M, HO MOJEPEH U MEPCIEKTHBEH YHHBEP3HUTET.

3eMjozienckioT (aKynTeT, Kako HHTErpHpaH Iel Of YHUBEp3UTEToT ,lome
Hemues” - Lltum, ru cineom MOAEpHUTE M COBPEMEHHTE TPEHAOBH HA BHUCOKOTO
oOpazoBanue. Criopen motTpeOuTe Ha Ma3apoT Ha TPYAOT BO Ap)KaBaBa, HACTaBaTa ce
opranuzupa Bo 4 onmrtuay U Toa: [ltun, Crpymuna, Kasanapuu u Ceetn Hukorne.
Tpurogummute cryauu ce Ha Ommra HAacoka, a YETHPUTOAMIIHUTE CTYAHH ce
OpraHM3upanu mo momynu: Moxyd Arpomenaument (LLtwm); momyn WHrerpanmo
3emjozencko npomsBoactBo (Crpymuua); moxyn Enonormja (KaBamapim) m momyn
[IpepaboTka Ha 3emjonesncku npousBoau (Ceetn Hukone).

Ilokpaj HacTaBHO-00pa3oBHAaTa JEJHOCT, TOJEM JEl O CBOMTE aKTHBHOCTH
3emjonenckuoT (akyaTeT I'M MOCBETYBa Ha HayKaTa M MCTpaxyBameTo. Kako mimon
Ol CTPYYHO-AIUIMKATHBHATA U HAYYHOMUCTPAXKyBaukaTa JACJHOCT Ha 3€MjOHEICKHOT
(akynTer mpousierysa u oBaa u3aHue Ha [OAMIIHKOT 300PHHK, ILITO BO KOHTHHYHTET
ce 00jaByBa 110 OCMH TIaT.

MakeIoOHCKOTO 3€MjOHeICKO MPOM3BOACTBO MMa JONTOTOAMIIHO MCKYCTBO H
Oorara TpaauLyja, TaKa IITO HALUTE 3eMjOIENICKH IPOM3BOAH CE O3HATH 110 KBAJIUTET
BO PETMOHOB U TOMHNPOKO. VIHBONBUpamETO Ha HayKaTa BO arpapoT € eIcH Of HaIluTe
BOZEUKH MPHOPUTETH, CO LITO TO YHANPEAyBaMe MPOM3BOACTBOTO HA 31paBa XpaHa Mo
KBAIMTET 1 10 KBAHTHTET, PH/IOHECYBaME 3 Pa3BOjOT Ha MHAYCTpHUjaTa 3a IpepaboTKa
Ha 3eM]jO/IETICKUTE IPOU3BO/IN, BIHjaeMe BO YIIPABYBAKETO HA MAKEIOHCKUTE IPUPOLHH
pecypcH, a co Toa HeTlOCPEAHO 1 BO Pa3BOjOT Ha pypanHara U ypbaHata cpeauHa.

OBa m3pmanve Ha lomumiHnmor 300pHMK Ha 3eMjOIENCKHOT (akyaTeT mpH
YHuBep3uteToT ,,lone Jlendes” e ymre eaHa NOTBpAA 3a HAIIaTa CEBKYIHA aKTHBHOCT
U CTPEMEX 32 HETyBame, MOJoOpyBame M OCOBPEMEHYBABE HA MAKELOHCKOTO
3eMjOJIENICKO MPOU3BOJICTBO.

HN3naBauku ogdop OaroeopeH ypeaHnmk
I Tun, centemBpu 2009 rox. PexTop, npod. a1-p Cama Mutpesn
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INTRODUCTION

The “Goce Delcev” University — Stip, resumed operation following the enactment
of the Law that founded it. The university opened on March 27, 2007, and established
itself as an institution of higher learning made up of four colleges and three affiliates
located in Stip, Strumica and Kochani.

Today, a mere two years after its establishment, this university has developed into
one of the leading centers of higher education in the Republic of Macedonia. It is now
the second largest in the country, and consists of 14 colleges and affiliates in different
municipalities, including Stip, Strumica, Kavadarci, Gevgelija, Kochani, Sveti Nikole,
Vinica, Berovo, Radovish, Prilep and Skopje.

The university has entered its third academic year and already acquired state-of-
the-art equipment for its amphitheaters, lecture rooms, laboratories and offices. In that
short time 10.000 students and 500 employees came together to build their future and
upgrade the foundation of this young, modern, but remarkably prosperous university.

As an integral part of the “Goce Delcev” University — Stip, the College of
Agriculture pursued contemporary trends in higher education that complement the
requirements of the national labor market. The college has organized its teaching and
scientific work in four different municipalities: Stip, Strumica, Kavadarci and Sveti
Nikole. The College of Agriculture, within its department of general studies that offers
a three and a four year degree, is organized according to various modules: agricultural
management in Stip, integrated agricultural production in Strumica, enology in
Kavadarci and production and manufacturing of agricultural produce in Sveti Nikole.

The College of Agriculture dedicates a large portion of its activities to science
and research, in addition to its educational/teaching function. This annual edition, the
eight in a series, is the result of applied expertise and scientific research performed at
the “Goce Delcev” University College of Agriculture.

Macedonian agricultural production has long experience and a rich tradition
that has led to its excellent reputation in the broader region. Introducing science into
the agrarian sector has been a priority in advancing the qualitative and quantitative
production of healthy foods. This process contributes to the development of food
manufacturing, and to the university’s scientific impact on the proper management of
Macedonia’s natural resources. This has had a positive effect on the development of
rural and urban environment.

This issue further confirms that our overall activity facilitates the goal of fostering,
improving and modernizing Macedonian agricultural production.

Editorial Board Editor in chief
Stip, September, 2009 Rector, Prof. Dr. Sasa Mitrev
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UDC: 633.511-167.572001/06” OpuruHaneH Hay4deH TpyQ
Original research paper

COTTON IRRIGATION REGIME UNDER CONDITIONS OF
REGULATED WATER DEFICIT

Ivan Saldzhiev*, Dragica Spasova**

Abstract

Field trial on cotton (Perla cultivar) was carried out during the 2001-2006
period on leached vertisols under irrigation regime of sprinkling — 75 % of the
field moisture capacity (FMC) for the soil layer of 0-40 cm. The trial included
the following variants: 1. Two irrigations of 400 mm per hectare — the first
one at the bud formation stage and the second — at the blooming stage; 2. Two
irrigations of 400 mm — the first one at the blooming stage and the second —
at the boll formation stage; 3. Single irrigation of 500 mm at the blooming
stage; 4. Single irrigation of 600 mm at the blooming — boll formations period;
5. Non-irrigated variant— standard. It was established that the best results
were obtained at the variant with second time irrigation of 400 mm at the bud
formation stage and at the blooming period. This irrigation provided 36.0 %
(747 kg/ha) higher yield as compared to non-irrigated cotton. This irrigation
regime realizes higher productivity per 1000 m* per hectare irrigating water
producing 934 kg/ha more seed cotton than the non-irrigated variant.

Key words: cotton, irrigation, irrigation rate, cotton yield

*Cotton and Durum Wheat Research Institute - 6200 Chirpan, Bulgaria. saldzhiev@abv.bg
** Goce Delcev University, Faculty of Agriculture, ,,Goce Del;ev” b.b., 2400 Strumica,R. of
Macedonia. dragica.spasova@ugd.edu.mk

* IHCTUTYT IO TaMyKa U TBbpaTa mieHna — Yupman, Byrapuja. saldzhiev@abv.bg

** Yausep3urer ,,loue [lemues”, 3emjonencku dakynrer, yi. ,,lone [lemges” 66 2400
Crpymuna, P. Makenonuja. dragica.spasova@ugd.edu.mk
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HOPMH HA HABOJJHYBAILE HA ITAMYKOT CO PEI'YJIMPAH
MNOJICKH BOJEH KATTAIHUTET

HBan Canmxuen*, Iparnna Cnacopa**

Kparok uzBagok

Bo mepuonot ox 2001 mo 2006 romuHa Oea W3BEICHU HCIUTYBama CO
namyK (copTa nepia) Ha IOUYBEH THII CMOJIHHUIIA, CO HABOJHYBAE CO BEIUTAYKH
JIOXK]T TIpH TouBeHa BiaxxHOCT o1t 75% ox I1BK (IToncku BogeH kanamurer), 3a
noyBeHuoT cJ10j ox 0 1o 40 cm. Bo onuroT 6ea BKIy4eHHU CICAHNUTE BApHjaHTH:
1) nBe HaBogHYBama co 400 mm/ha — mpBoTo BO deHodaza OyroHM3anHMja Ha
MaMyKOT, a BTOPOTO BO (eHOo(a3za MAaCOBHO LYTEHE; 2) JBE HABOIHYBamba
co 400 mm/ha — mpBotro Bo (eHodaza myTeme, a BTOpoTo Bo (peHodasza
I0i0HOCe’me (hopMupame dylikn); 3) eaHo HaBoaHyBame co 500 mm/ha Bo
(eHodaza MacoBHO I[yTeHme Ha MAMYKOT; 4) eIHO HaBonHyBame co 600 mm/
ha Bo MerydazeH mepuonoT yTeme — PopMHupame dyIiKka; 5) BapujaHTa 0e3
HaBOAHYBaE — CTaHIapH.

HajnoOpu pesynraru Oea noOueHH O TpBaTa BapHjaHTaTa CoO JBE
HaBogHyBama co 400 mm/ha — mpBoTo Bo (eHodaza OyToHHM3aIMja Ha
MaMyKoT, a BTOpPOoTO BO (eHodaza macoBHo wnyteme. CropeneHo co
CTaHIap[OT, IPUHOCOT BO MpBaTa BapHjaHTa € MoBUCOK 3a 36,0% (747 kg/ha)
U MIPOJYKTHBHOCTA ¢ HajBucoka oa 1.000 m*/ha Boxa, T.e. arconyTHo 3a 934
kg/ha moBeke cypoB mamyk.

Kityunu 300poBu. namyx, HagooHyeare, HOpMA HA HABOOHY8AbE, NPUHOC HA
namyx

1. Introduction

Bulgarian cotton has been defined by the optimal and rational irrigation
regimes, pre irrigation soil humidity, and the soil depth humidity as well as
by the period of watering. It was found out a single irrigation quantity and
irrigation rate during the years with different rainfall provision for the main
soil type — leached vertisols.

During the last 20 years the deficit of irrigation water and its value have
been increased. Therefore it has become necessary for this situation those steps
to be taken in order to reduce cotton irrigation depth, with a reason to receive
a high effect from unit of irrigated water and unit of area. The studies to this
effect were carried out in USA (McMichael Hesketh 1982; Garrot, Punymeier,
Husman, 1988; Gerik et all 1996); Gruce (Danalotos et al 1998; Paschalidis
Stavrikos, 2006); Uzbekistan (Bezborodov, 1995), Bulgaria (Nikolov, 1994)
and other authors (Spenser, 1998).
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Herewith the research the task of ascertaining of rational irrigation regime
under conditions of regulated water deficit for cotton is given.

2.Material and methods

During the period between 2001-2006 a field trial was set by the standard
method in 4 replications with size of the plots - 20 m?. The following variants
were tested: 1. Two irrigations of 40 mm at 75 % FMC in soil layer 0-40
cm. The first was realized at the bud formation stage, and the second — at the
flowering stage. 2. Two irrigations of 40 mm at 75 % FMC in soil layer 0-40
cm. The first was realized at the blooming stage, and the second at the boll
formation stage. 3. Single irrigation at 75 % FMC in layer 0-40 cm at irrigation
rate of 50 mm at the blooming stage. 4. Single irrigation at 75 % FMC for layer
0-40 cm at irrigation rate of 60 mm at the blooming stage. As for a control we
used a non-irrigated variant. The tests were conducted at an irrigation regime of
sprinkling on variety Perla-267, in two crop rotation (durum wheat - cotton), at
fertilization rate of N, and crops density of 160 000 plants per 1 ha.

The soil type was leached vertisols with humus horizon — 70-115 cm, with
humus content of 1.8 — 3.5 % and clay minerals 60 %, wilting moisture 18-20
%. FMC for layer 0-50 cm was 34.2 %, 51-100 cm was 31.6 % and 101-200
cm — 28.7 %. The productive moisture for layer 0-60 cm was 96 mm, for 0-100
cm was 181 mm and 101-200 cm — 99 mm.

In terms of temperature (Table 1) the climate in 2001 and 2003 was warm,
2002 and 2006 — moderate, and 2004-2005 — cool. The rainfall sum for the
period May—August characterized 2001 and 2006 as with a dry climate, 2002
and 2003 as moderate, and 2004 and 2005 — moderately humid.

3. Results and discussion

September yield which was determined with a cotton earliness for the
irrigated variants during the dry climate years (2001 and 2006) was significantly
higher than the non irrigated control — with 13.5-34.9 % (Table 2). For the
moderately humid years (2002 and 2003) the yields of the irrigated variants
were 6.1 —23.8 % higher than the non-irrigated cotton. During the humid years
(2004-2005) the average results showed that the non-irrigated variant exceeded
the irrigated variants with 11.0 to 234 kg/ha.

During the dry years the earliness of the irrigated variants was set between
79.3 — 84.9 % of the total yield amount. For moderate years this percentage
was set as 72.7 — 82.7 %, and for humid — 50-59.1 %. For the non-irrigated
controls this ratio was respectively 91.2 %, 85.1 % and 74.7 %. The average
for the period 2001-2006 the earliness of the irrigated variants was set between
72.6 — 74 % and 83.7 % for non-irrigated control. The highest September yield
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was realized by variant 1 — average of 2042 kg/ha (99.1 %), 361 kg more than
the non-irrigated cotton and 112-259 kg more than the other variants (Table 2).

The irrigation effect expressed in increase of total seed-cotton yield was
strongly dependant on the rainfall and temperature during the cotton vegetation
period. During the dry years 2001 and 2006 the yield escalation was an average
of 51.2-53.9 % for variants with two irrigations, while for single irrigation in
the period of mass blooming was from 21.1 to 30.4 % - Tables 3 and 4.

During the moderately humid years (2002-2003) the yield escalation
was with an average of 34.5 % or 930 kg/ha more than the variant with two
irrigations of 400 m?/ ha performed at the cotton bud formation and blooming
stages. The other variants have obtained 21.7 —25.0 % higher yield as compared
to the non-irrigated control. The irrigation effect was smallest in the humid
years — 2004 and 2005. Given in percentage of the non-irrigated control, the
increasing went from 9.0 to 27.9 % - Table 4.

The average for the period (2001-2006) the total seed-cotton yield of
single irrigation was in 21 % higher than the standard. With two irrigations the
yield increase was 29.7-36.9 % or 601-747 kg/ha higher - Table 4.

In dry and moderately humid climate years, as well as in years of average
temperature the irrigation effect on cotton for all irrigation regimes was
statistically significant. In the humid and cool climate in 2004 it was significant
only for the variant with irrigation regime of two irrigations during the two
stages — bud formation and flowering.

The effect of 1000 m? irrigation water per 1 ha, expressed in additional
yield of kilograms of cotton, obtained with additional yield of kilograms of
cotton obtained as a result of the irrigation depends on the year rainfall and
temperature. This effect was greatest for the dry and warm years and varied
from 586 to 1163 kg/ha. The average for the period the highest values were
obtained by the variant with two irrigations of 400 mm done in the bud
formation and flowering stages

4. Conclusion

Under conditions of regulated water deficit, the highest effect was
provided by irrigation regime of 75 % FMC in soil layer 0-40 cm, which was
realized in two irrigations with irrigation rate of 400 mm in the phases of bud
formation and blooming. Average for 6 years with this irrigation regime the
total cotton yield increased with 747 kg/ha or with 36.0 %, including increase
of 51.2 % in dry years.

This irrigation regime was characterized with the highest effect of 1000
m? irrigation water — average with 934 kg/ha.
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This investigation is being sponsored by Fond “Scientific Researches”
of Ministry of Education and Science — Republic of Bulgaria - by the project
Bulgaria-Macedonia-3/2007
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Table 1. Sum of air temperatures and precipitations in the period of cotton vegetation
(2001-2006)
Tabena 1. Cyma Ha TemIieparypa 1 BpHEXKH BO IIEPHOJOT HA BereTalyja Ha IaMyKoT
(2001- 2006)

Period of cotton vegetation — months Sum
Years BereraioneH nepuoj Ha IIaMyKoT - MECELH Cyma

Toguan
v Vv VI VII VIII IX X V-VIII | V-X

Sum of air temperatures, 0°C
Cyma na Temneparypu, 0°C

2001 348 | 512 | 615 | 778 | 791 615 | 459 | 2996 | 3770
2002 321 527 | 663 | 741 673 | 525 | 394 | 2604 | 3523
2003 298 | 585 | 685 | 739 | 772 | 539 | 387 | 2781 | 3707
2004 381 | 470 | 599 | 714 | 686 | 560 | 433 | 2469 | 3462
2005 364 | 552 | 587 | 690 | 684 | 545 | 357 | 2513 | 3415
2006 362 | 512 | 600 | 688 | 751 555 | 433 | 2551 | 3539

1928-
07

357 | 524 | 624 | 722 | 694 | 561 425 2564 | 3550

Precipitations, mm
Bpuexun, mm

2001 72 60 31 24 7 70 3 122 195
2002 67 29 17 176 35 50 53 257 360
2003 55 73 33 106 10 28 82 222 332
2004 18 93 136 30 73 40 19 332 391
2005 18 50 73 158 52 92 45 333 470
2006 67 19 33 67 49 40 17 168 225

1928-
07

45 62 66 54 42 34 38 224 296
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Table 2. Seed cotton yield of September gathering by years (kg/ha)
Tabesa 2.IIpuHoc Ha CypOB MaMyK BO CENTEMBPU 110 TOAUHU

Varignts Years — ['omuan ﬁ\;eor?gz
Bapujantun
2001 | 2002 | 2003 | 2004 | 2005 | 2006 | kg/ha %
Vi 2010 | 2944 | 2742 546 1946 | 2062 | 2042 | 120.8
V2 2209 | 3110 | 2320 329 1716 | 1893 | 1930 | 114.1
V3 1787 | 2930 | 2374 521 1654 | 1662 | 1821 | 107.7
V4 1848 | 2604 | 2268 707 1577 | 1692 | 1783 | 105.4
St 1317 | 2641 1951 1135 | 1378 | 1722 | 1691 | 100.0
5.0% | 167 243 189 78 160 104 104 6.2
GD [ 1.0% | 234 381 264 110 196 146 146 8.6
0.1% | 331 648 374 155 275 206 206 12.2

Table 3. Seed cotton yield by years (kg/ha)
Ta6euna 3. [Ipunoc Ha cypoB nmamyk o rogunau (kg/ha)

Varignts Years — ['omuan %\;eorsgz
Bapujantu

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | kg/ha %

\"2! 2192 | 4034 | 3224 | 2035 | 2268 | 2846 | 2767 | 136.9

V2 2412 | 3744 | 2825 | 1970 | 2059 | 2717 | 2621 | 129.8

V3 1887 | 3748 | 2997 | 1768 | 1901 | 2460 | 2460 | 121.8

V4 1960 | 3829 | 2872 | 2005 | 1858 | 2210 | 2456 | 121.6

St 1369 | 3199 | 2198 | 1805 | 1561 1985 | 2020 | 100.0
5.0% | 107 57 343 193 136 128 65 32
GD [ 1.0% | 149 90 481 230 190 179 105 5.2
0.1% | 211 152 679 284 286 253 129 6.7
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Table 4. Cotton yield under condition of dry years, moderately humid years and humid years
and effect of 1000 m3 irrigated water
Tabena 4. [IpuHoC Ha MTaMyK BO YCJIOBH Ha CyBH TOJMHH, YMEPEHO BIAXXHU U BIAXKHU TOIWHH
u edext Ha 1000 m3 Boza 3a HAaBOAHYBamkE

Moderately humid
Dry years years Humid years Average for 6 years
CyBH rogvHu ‘YMepeHo BlIaXKHU Bnaxxau roguHN IIpocek 3a 6 roquHU
TOAMHU

Yield Eﬁ . Yield %s é" Yield Yield j\:" §
o 5 IIpunoc & [Ipunoc o iy [Ipunoc [Ipunoc L oy
g = 5 A [ ) [
s .5 =) = 8 g = S
s E s E 28 s £ 22

> 3 - = S o0 z
m S S [S2) S & [3a)
g3 %D fé g o | ‘g g
o o O = =
kg/ % S g | kg/ % S S kg/ % - % kg/ % S S
ha — ha S = ha o g ha S =
Ls 1 —- o fas) — <
o _g [T M 4 I
5% S g S

Q Q
e 23 &%
V1 | 2519 |151.2| 1065 3629 | 134.5| 1163 | 2152 |127.9| 586 | 2767 | 136.9 934
V2 | 2565 |153.9 1123 3285 | 121.7| 733 |2015|119.7| 415 | 2621 |129.7 751
V3 | 217411304 1014 3373 1125.0| 1348 | 1835 109.0| 304 | 2460 | 121.8 880
V4 | 2085 | 125.1 697 3351 |124.2| 1087 | 1931 | 114.7| 413 | 2456 | 121.6 727

St | 1667 | 100.0 - 2699 | 100.0 - 1683 1100.0| - 2020 | 100.0 -
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