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EFFECT OF DIFFERENT IRRIGATION REGIMENS ON WATER-YIEL
- RELATIONSHIPS OF POTATO
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SUNALARY  Yield response to irrigation of different crops is of major Importance

in production planning. The study aim of 1 iment was to determine the effec of

he experimen
different irrigation regimens on water-yield relationships of potato. The study wqg
carried out at the experimenta

[ field of the Institute of F ield and Vegetable Crops iy
Novi Sad in the period 2002-2 003. The trial included three :'rrfgau'm? variants (pre.
irrigation soil moisture of 60, 70 and 80% of field water capacity — EFWC, o
irrigation was performed when 70%, 50% and 30% of available soil water,
respectively, was consumed), and the non-irrigated, control variant. The trial wqg
established in a system of random blocks and adapted to technical specifications of
the sprinkling irrigation. Water used on evapotranspiration of potato was determined
by balancing the amounts of water taken up from the soil layer of 2 m depth, from
natural rainfall and irrigation. To assess the effectiveness of irrigation IWUE and
ETWUE coefficients were used. Effects of irrigation on potalo yield were positive and
highly significant. The highest yield of potato was obtained on the irrigation variant
of 70% of FWC (43158 kg ha'). The amounts of water used on evapotranspiration
under irrigation (ET,) and non-irrigation conditions (ET,) ranged from 4514 to
501.4 mm, and 373.4 to 381.2 mm, respectively. The values of IWUE and ETWUE
varied from 71.4-112.5 kg ha'! mm™ and 67.0 do 91.9 kg ha! mm™ respectively. As
the highest values of yield, IWUE and ETWUE cogfficients of potato were obtained on
the irrigation variant of 70% of FWC that level of soil moisture represents the time
when to start with irrigation if potato is grown in a soil with medium soil texture,

under climatic conditions of the Vojvodina region.
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INTRODUCTION

Production of potato (Nolarm tuberosum 1)
world apticulture, with a production Pnlcnﬁ L5
10 3 muthon ha planted arca withy
\ opvoedina the northern p

-) takes a very important place in
al of about 368 million t harvested and
e AN average vield of 19.1 t ha™' (FAO. 2012). In
avevield of 183 |‘-|‘ -l.‘ . ?fhla_pnmm IS grown at about 18.000 ha with an
averape Metd of 123 Tha * (Statistical Yearbook of the Republic of Serbia. 2012
vield 0 the rexion as three times lower than this achieved in lht | “E_— y el
growing countries (Germany 45 tha', France 45 tha', Belgium 44? h?‘ ‘SE-PNTP-
ha'. FAO, Zﬂl_jl, The low vields are the cnnscqucn.ce of inadequate ;n;“lS‘S -
practices, msutlicient amount and unfavorable arrangement of qreci ii'\ti?\:b'emf:t
QrOW Ing season and mappropnate Irrigation schcdulim:\applied PP oo
Imgation scheduling s one of the most impo‘;'t ‘
management practices for irmigated areas (Vudic, |
2008, Halim et al, 2006, Kisilogha et al.,

ant tools for developing best
976. Yuan et al., 2003, Onder et al.,
. | | : 2006, Mili¢ 2010). If shortace of readilv
available water m the sotlis eliminated by irrigation it is possible to achieve high and
stable yields ot potatoes: at the level 0of 40-50 t ha™! or higher. Bodnjak and Peiigqu?
Milic et al, 2000 tound out that the lower limit of optilwfum soil moisture ﬁ)r-pmatoes:
is 70% of field watsr copacty (FWQ) when this crop is grown in a soil with medium
texture. Thonthor o0 Sieeka 1980, Costa et al., 1997, claimed that the lower limit of

optimum sotl meic e tor potatoes is reached when 50% of available water is
consumed.

A preliminan 05 to @ more intensive exploitation of the available agroecological
condiions or to == development of imgation schedules for any crop implies a study
of crop requiresnenis for water, that s, the evapotranspiration (ET) for any particular
crop. To fully utiiize the genenic yvield potentials of potato, to achieve high and stable

vields, 1t s necessany 1o gain knowledge of the crop’s capabilities under conditions of
dryv farming and umigation. Wnght and Stark (1990), Bosnjak and Pejic (1997)
stressed the influence of local conditions on seasonal water use of potato.

Dwindling water resources and increasing food requirements require greater
efliciency in water use, both in rainfed and in imigated agriculture (Smith et al,, 2002).
The irrigation water use efficiency (IWUE) provides a more realistic assessment of
the irrigation effectiveness, but the e apotranspiration water use efficiency (ETWUE)
establishes whether the growing period is favorable for plant production or not.

The objective of this study were (1) to examine the effects of different pre-
irrigation soil moisture on potato yield, water used on seasonal evapotranspiration,
c\-‘a}mtmmpimtiun and irrigation water use efficiency (2) to dglcrrnipc the best pre-
imigation soil moisture that would contribute to potato irrigation scheduling,
particularly to assist in developing strategies for improved production technology of
potato in the Vojvodina and similar regions.

MATERIALS AND METHODS

The field trial was conducted at Rimski Sancevi cxpcx:iment l:fi:Ed zf ;rle l“:l‘;:;’::
of Field and Vegetable Crops in Novi Sad. Serbia (19° ST'E, 45'5"0‘nigf' ;:-i il
sea level). on the calcareous chemozem soil of the los: wfi%ij«f% ; ::gweregmree
was applied. The trial was conducted in TWo yean (-29} . -'CJ I, rebeoleri
irrigation variants, with pre-irrigation soil m(a))tstum of 60%e ,
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formed when 70%, 50% and 30% of availablelsoil Water
(:i To establish the irrigation schedule, Sml( moiSture

i 20 cm layers to the depth of 60 cm. 501_1 Sample,
at shorter intervals when necessary. Moisture wg,
mertic method, in the dryer at 105 — 110 o¢
d by the water balance method (Doorenbos ang

FWC or irrigation was per
respectively, was consume
dyvnamics was monitored in 10 -
were taken at 7 day intervals or
determined by the thermogravi
Evapotranspiration Wwas calculate
Kassam, 1986):

ET=P+1-D AW

: . itation (mm), 1 is the irrigation water applied (rflm), D is the
dee;;‘err:o:;liso:\h(e n?:)c,‘g:d AW(is the change in water storage of the soil profile to )
m ’ - a
" degxt'z;;;rar)lspiration water use efficiency ( ETWUE, kg ha ‘ mm '.) t.br each
treatment was calculated as tuber yield divided by seasonal evaputra‘m‘;lnratlolrr (ET)
(Hassan et al., 2002). Irrigation water use efficiency (IWUE, kg ha” mm™) was

determined as (Zhang et al., 1999):
IWUE=Y,- Y4/l

Y, is the tuber yield of irrigated treatments (kg ha), Yq is the tuber yield of non-
irrigated treatment (kg ha'), ET,, is the evapotranspiration of irrigated treatments
(mm), ETa is the evapotranspiration of non-irrigated treatment (mm), and [ is the
amount of irrigation water applied (mm).

The experimental potato plots (20 m?) received conventional growing technology
adjusted to the conditions of irrigation. Potato was harvested at tech nological maturity
and vield (Y) was calculated by kg ha”'. Data on effects of different pre-irrigation soil
moisture on potato yield was done by the analysis of variance (ANOVA) and testing

the obtained results by the Fisher’s LSD test (P< 0.05, P< 0.01 levels between the
means).

RESULTS AND DISCUSSION

Effects of irrigation on potato yield were positive and highly significant (Table 1).
'_On average, the yields were increased by 89 to 164 %. In a dry 2003 year, on the
irrigation variant of 70% of FWC, increase in yield of potato was 185%. Results are
in agreement with those of Borza et al. (2010) who found out that irrigation increased
1_:he g:eld of potato in average of 137.2%, but in years with severe drought an increase
in .y:el.d was 210%. Bosnjak and Peji¢ 1997 also reported that in extremely dry years
irigation could increase the yield of potato more than two times.

€ potato yield of 43158 kg ha™' obtained on St a .
u'l 1 v 0 f
FWC (50% of available water e irrigation variant of 70% ©

- ) was statistically higher than those obtained on 80% of

Exf;ﬁffiﬁ kgt he; l(?ft:/nb of available water) and 60% of FWC, 30887 kg ha™ (70%
water), ,

Kiiicslnve: s1. (o008, € 1). van Loon (1981) and Dorenboos and Kassam (1986),

Erdem et al. (2006) also re s g f
) , ported that to optimize yields ©
potato, the total available soil water should not be depleted by m(,lze than 3:;0_.50%.

- Wilson et al. (2001), Kang et al. (2004 f
5 h » : d . . ] §
achieved at high values of 5ol moistur; :qust:::jg.ggdk};;:lds of potatoes can only b¢
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"\

Potato '\ield (Y). precipitation (P), amoum of irrigation  water applied ()

Table -_1ion on irrigated treatments (ET,). ev anspi
. lran!ip"a"m 1 in Elm). e apotranspiration of non-irrigated
L.;?p;? - rigation (IWUE) and evapotranspiration (L1 WULE) water use efficiency al‘ilcl:ii;:'gt
:n;ig.atiorl reatment
/;;‘V’Tf;am Yield p I ET/ET, | IWUE | E1WUE
= ._,_._--—'——'_‘_ P . e
/ R0 % FWC I6X0OR 2127 240 484 2 8315 7
| B0%FWC ; , 6
20 % FWC 40860 212.7 | 225 471 8 1071 #6 .6
2002 ——_—_—af—_:w " 312468
2 60 % FW( 2 212.7 180 4697 873 69.1
[ 60 :
0 16759 212.7 0 3812 - .
s
[ ] 80 % FWC 37043 156.1 270 501.4 751 739
70 % FWC 45456 156.1 | 250 4673 18 973
2003 60 % FWC | 29306 156.1 240 451.5 55.6 649
L — |
0 15966 156.1 0 3734 - -
"1 80%FWC | 36926 1844 | 255 492.8 803 75
70 % FWC | 431358 184.4 2375 469.6 112.5 919
22003 s
20022003 "o  FWC 1 30887 1844 | 210 460.6 714 67
il S T i
0 | 16362 | 1844 [ 0 377.3 E
J— !
| LSD A B AB
| 0.05 3.149 2.226 4.453
[ 0.01 4.287 3.031 6.062

In the study period, evapotranspiration rate in irrigation variants (ETy) ranged
from 451.5 to 501.4 mm, and in rainfed conditions (ETa) in the range from 373.4 to
381.2 mm (Table 1). As the highest yields of potato were obtained in the irrigation
variant of 70% of FWC (50% of available water) that pre-irrigation soil moisture
should be recommended to schedule irrigation when potato is grown in the soil with
medium soil texture. The water used on evapotranspiration in that irrigation variant of
470 mm, on the average, (Table 1) may be considered as the water requirement of
potato grown under climatic conditions of the Vojvodina region. According to FAO
(2002) data, due to climatic conditions, evapotranspiration changed from 500 to 700
mm for potato to get high yield at 120-150 days vegetation period. Obtained results
are in accordance with those of Kiziloglu et al. (2006) that seasonal evapotranspiration
of potato was 475.2 mm under semiarid conditions in the east Turkey. Erdem et al.
(2006) reported that seasonal evapotranspiration of potato, drip irrigated, at the level
of 50% of the available water, varied from 473 mm to 524 mm under semiarid
conditions of Trakya region in Turkey. Onder et al., (2005) stressed that crop water

~ requirements are a function of climatic factors, methods of irrigation and the length of

the growing period. -

The best methods to describe the effectiveness that irrigation has in agriculture
Production are coefficients of irrigation IWUE) and evapotranspiration ‘(FTTWUE)
Water use efficiency. Many researchers have evaluated water use efficiency 1n
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1976, Howell, 2001). (_‘(quucmh

P )
1062, Beog snd Turne values. The highest values of Wik

different wave (Vicls, g WI I

; mpArin . .
he taken “hﬁ;:l lf‘ 919 kg ha "mm ). on average. were obtainey m

; e re<ults a
st of FWC (40% of available \:ln.:wf‘ﬂ1 1 h( - ln: N line
e \'mri::! fﬂl ;-r !:\ Kang ct al (2004) Onder et al :,,ml ). an;(hr;m;et al
' ' il 0 1F values were achieve
with those repo (*I (2004) reported that the highest TWI I- valu With
(M6} kang et al (00

i i o)
hreshold of <25 kPa (114 8 ke ha mm: } ”T”:{f(:l' sl (.aflf]'!}
a sonl matric potential thres ha'! mm'' and 99.1 kg ha mm  for surface drlp

02 kg S
found out TWUE valuec of 10 L-rh respectively Frdem et al. (2006) reparted thy,

; the ; :

tface drp imgabon mc of urigatio

and:lf:ll Wil F’alm-\ were generally obtained from F‘PP"““””}] fl ’-} | d“ When

he hiphest F : g el thod vielde :

{1(:0 ‘1 the avarlable water was concumed  Drip wmgation method hiwhcr
v 0 A "

7 1 /UE (910 kg ha' mm '), since dy,
values of IWIE (1371 kg ha' mm ') and W E ( D

irrieaton consumed less water than furrow irmgation,

care chould .
(1128 kg ha' mm ) and |

CONCLUSION

Irriganon significantly influenced the tuber vield of Dma"-'-l ““I’ hiziest yield was
obtained on the irrigation variant of 70% of FWC (50% nfauulght‘ wafer). That soil
moisture could be used as the optimum when this crop 1s rown in a s 1 with medium
texture The water used on evapotranspiration, in that irngation variant, of 4}‘(? mm
may be considered as the water requirement of potato grown under c!:m_-.t_hc conditions
of the Vovodina region. High values of vield, IWUE and ETWUE coclticients, which
were similar with those obtained under different climatic and soil conditions.
confirmed that performed irrigation schedule was correct, ie., fitted to biological
characteristics of potato plants as well as to physical soil properties.
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