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ABSTRACT

To investigate the effect of mulching under dripgated beds (DIB+M), furrow irrigated beds
(FIB+M) and ridge (R+M) methods at different irrtgn regimes on irrigation water
productivity and potatoSplanum tuberosum L.) yield, a field experiment was conducted in
sandy loam soil at the Research Farm of Departroérfoil Science, Punjab Agricultural
University, Ludhiana. Three irrigation levels basedIW/PAN-E ratios of 1.2, 1.6 and 2.0 were
tested under FIB+M and R+M, while 0.3, 0.4, 0.5 avegsted under DIB+M. The treatments
were replicated thrice with split plot design. Padtraw mulch was applied @ 6 t/ha in all the
treatments. The potato tuber yield increases withease in irrigation level for all the methods.
The highest mean tuber yield of 26.5 t/ha was aEmbin DIB+M at IW/PAN-E 0.5, followed
by FIB+M (24.2 t/ha) and R+M (22.6 t/ha) at equerdl IW/PAN-E ratio 2.0Potato biomass
yield was also observed to be highest in DIB+M &abkt under R+M method he irrigation
water productivity (IWP) was highest under DIB+Mldoved by FIB+M and least under R+M
method. The IWRIlecreases with increase in irrigation level. Traits revealed that DIB+M at
IW/PAN-E ratio of 0.5 could successfully be used potato cultivation with water saving and

higher productivity.
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Introduction

Potato Solanum tuberosum L.) is one of the most important vegetables inwloeld. Potatoes are
sensitive to water stress. They are generally pthim raised beds and furrow-irrigated under
unmulched conditions. As such, water use efficielscyery low. However, the use of mulch
reduces water requirement in potato by 33 % (Sexgth Ahmed 2008). Drip irrigation is well
suited for use with raised bed production cultui€gark et al., 1995). Currently, because of
water shortages, farmers have been encouragedof ddp irrigation. Irrigation frequency is
one of the most important factors in drip irrigatischeduling. Due to the differences in soll
moisture and wetting pattern, crop yields may W&edint when the same quantity of water is
applied under different irrigation frequencies. Higrigation frequency might provide desirable
conditions for water movement in soil and for ujgtdly roots (Segal et al., 2000). Drip irrigation
has a high efficiency for adding water and nutsetat crops. Crop yield can increase through
improved water and fertility management and redulisdase and weed pressure. Thus, the main
benefits of drip irrigation are that it reduces @atise and improves the health of the plant
(Lamont, 2002). Kang et al. (2004) carried outetdfexperiment comparing different irrigation
frequencies and soil matric potential thresholdpotato evapotranspiration (ET), yield (Y) and
water-use efficiency (WUE) in a loam soil. The immlentation of drip irrigation technologies
results in net water savings, thereby easing tlkeegiing water-scarcity problems. The water
saving is attained through substantial reductiologses due to evaporation and inefficient field
conveyance and distribution systems. For instaneger application can be reduced by 50 to
100 percent through the drip method of irrigatiddaihara et al., 2005). Kumar et al. (2007)
evaluated the role of differential drip irrigatisagimes on yield and postharvest attributes of

potato Solanum tuberosum) cv. Kufri Chandramukhi in Punjab, India, durin@(2-2004.



Irrigation for 0.60, 0.80, 1.00 and 1.20 of Ep waplied when cumulative pan evaporation
reached 17.5, 13.1, 10.5 and 8.8 mm, respectivélg. highest irrigation water use efficiency
was observed with the irrigation regime of 0.80 Bpp irrigation system is completely suitable
for potato production under sandy land conditiombiere it can provide the exact water
requirements to the crops. Fabeiro et al. (200apnted that the larger potatoes were achieved
with the treatments which had not suffered deficithe ripening period. Yuan et al. (2003)
found that plant height, biomass and shoot wataterd increased, but the specific leaf weight
decreased with increasing amount of irrigation waféhe amount of irrigation water had
significant effects on decreasing the canopy teatpes. Total fresh tuber yields and marketable
tuber yields (>85 g) increased with increasing amai irrigation water. The highest yield was
obtained at the 1.25 times regime and the totartyleld was close to the theoretical maximum.
Onder et al. (2005) reported that water stressfgigntly affected the yield and yield parameters
of early potato production. Benam and Hassanp&?@®7) showed that water deficit was an
important stress factor in potato cultivation aad to yield decrease. The results detected that
irrigation treatments had significant effects obedu yield, tuber number, tuber weight, tuber
larger than 55 mm in size, and tuber number (358bin size). Water stress led to decrease in
tuber yield, tuber weight and tuber number (> 55 mraize). Tuber-setting stage was the most
sensitive stage to water stress and led to the demstase in yield. Kumar et al. (2007) found
that plant height, biomass and tuber yield incréasg the increase in irrigation level. The
highest tuber yield was obtained in the irrigaticegime of 1.20 Ep (Pan Evaporation). A
preferable grade of tuber (>28 mm in size) decikagéh the decrease in irrigation level from
1.20 to 0.60 Ep. Specific gravity and starch petags in tuber increased with the increase in

irrigation level. Therefore, it could be detectdehtt potatoes should be irrigated at 1.20 Ep to



obtain higher yield and better quality. Howevenydter availability is limited, 0.80 Ep would be
most appropriate for sustainable agriculture. Kuetaal. (2009) compared the effect of micro
sprinkler, drip and furrow irrigation systems orntggo production. The highest total tuber yield
(31.6 t/ha) was obtained with micro sprinkler, thémp (29.8 t/ha) and furrow (22.6 t/ha)
irrigation systems when irrigation level was 1.28 (Irrigation Water): CPE (Cumulative Pan
Evaporation). Potato tuber yield increased withr@asing irrigation level from 0.60 to 1.20 IW:
CPE, regardless of irrigation system. However,Highest water use efficiency was recorded by
0.80 IW: CPE under micro sprinkler irrigation. Agplg 257 and 261 mm of irrigation water
attained the best tuber yield under micro sprinkied drip irrigation systems, respectively. The
purpose of this study was to understand mulchifgcef under different planting methods and
irrigation regimes for establishing optimum irriggat method and level for enhancing potato and

irrigation water productivity.

Materials and Methods

The study site is located in north-west India vB0f56’N latitude, 70° 52’'E longitude and 247
m above mean sea level. The region experiencesa@mnclimate with extremely hot during
summer and cold during winter. The annual averageerature is 18.7 °C and annual average
total precipitation is 700 mm. The soil physico-cheal properties are mentioned in Table 1. In-
situ infiltration rate was measured using doubig finfiltrometer method and bulk density was
measured using core method. Before potd&dafum tuberosum L.) var. Kufri Badshah
planting, the soil samples were collected from Oalisl 15-30 cm depths to determine soill
chemical characteristics e.g. Av N, P, K, pH, EQ &C etc. The treatments consisted of paddy
straw mulching @ 6 t/ha under three planting meshfuttip irrigated beds (DIB+M), furrow

irrigated beds (FIB+M) and ridge (R+M)} and threegation regimes i.e., IW/PAN-E ratio of



1.2 (11), 1.6 (12) and 2.0 (I3) for FIB+M and R+Mhile the equivalent ratio of 0.3 (I11), 0.4 (12)
and 0.5 (13) were maintained under DIB+M. DIB ari8 were 70 cm wide on which two potato
rows were sown at 60 cm apart, while ridges werer80wvide. The treatments were replicated
thrice in split plot design. Crop biomass and tuygetd was recorded separately for each plot
and converted into t/ha. Irrigation water produtyiwas calculated by dividing crop yield with
amount of irrigation water applied. Statistical lgss was performed using an analysis of

variance with statistical software CPCS1 (Cheemb&ingh, 1991).

RESULTS AND DISCUSSION

Amount of irrigation water applied

After sowing, common irrigation was applied to dhe plots for proper crop
establishment irrespective of different irrigatitleatments. Subsequently, the irrigation water
was delivered through drip irrigation in DIB+M, thugh furrows in FIB+M and between ridges
in R+M sown plots. Irrespective of irrigation regis) minimum water was applied in DIB+M
(231 mm) followed by FIB+M (273 mm) and highest aratvas applied under R+M irrigation
method (287 mm). However, among different irrigatiegimes mean maximum water was
applied under 13 i.e. 310 mm followed by 12 (260 jmand 11 (220 mm) treatments. Faberio et
al. (2001) found that 597 mm irrigation water wagquired to reach maximum tuber yield of 45.2

t hat.

Potato biomass yield

Potato biomass yield was observed to be signifigaaftected by planting method and
irrigation levels. Irrespective of irrigation levaleatments, minimum biomass yield (6.6 t/ha)

was observed in R+M method followed by FIB+M (6t¢a) and highest biomass yield (7.5 t/ha)



was recorded under DIB+M. Under DIB+M 6.9, 7.4 &t t/ha of biomass yield was recorded
for IW/PAN-E ratios of 0.3, 0.4 and 0.5, respediyv@lable 2). Similarly, 6.3, 7.0 and 7.5 t/ha
biomass yield was observed under FIB+M and 6.1,a56 7.0 t/ha under R+M method at
equivalent IW/PAN-E ratios of 1.2, 1.6 and 2.0. Hwmer, irrespective of planting method
maximum mean potato biomass yield (7.5 t/ha) waeodked under 13 treatment followed by 12

(7.0 t/ha) and least (6.4 t/ha) under I1 treatment.

Tuber yield

Tuber yield was observed to be significantly akecby planting methods and irrigation
levels. Irrespective of irrigation level, minimurabeer yield (22.6 t/ha) was observed in R+M
method. The FIB+M gave the moderate yield (24.2)t/whereas, the highest tuber yield (26.5
t/ha) was recorded under DIB+M. Under DIB+M 25.6,8and 27.7 t/ha of tuber yield was
recorded for IW/PAN-E ratios of 0.3, 0.4 and Oé&spectively (Table 3). Similarly, 22.8, 24.6
and 25.3 t/ha yield was observed under FIB and,2R8 and 23.6 t/ha under ridge method at
equivalent IW/PAN-E ratio 1.2, 1.6 and 2.0. Howeweespective of planting method maximum
mean tuber yield (25.5 t/ha) was observed undéeEBment followed by 12 (24.7 t/ha) and least
under 11 (23.1 t/ha) treatment. Many researcheve ladso reported increased tuber yield with
irrigation (Shock et al., 1998; Ferreira & Carr020 Kashyap & Panda, 2003; Yuan et al., 2003;

Kang et al., 2004).

Irrigation water productivity

Irrigation water productivity (IWP) was observed b@ significantly affected by both the

planting methods and irrigation levels (Table 4yedpective of irrigation levels, IWP was



observed to 1.2, 0.9 and 0.8 t/ha-cm under DIB+MB+HM and R+M methods, respectively.
Under DIB+M 1.3, 1.2 and 1.0 t/ha-cm of IWP wasoreed for IW/PAN-E ratios of 0.3, 0.4
and 0.5 respectively (Table 4). Similarly, IWP 00,10.9 and 0.8 was observed under FIB+M,
and 0.9, 0.8 and 0.7 was observed under R+M methdd//PAN-E ratios of 1.2, 1.6 and 2.0
respectively. However, irrespective of planting hoets maximum mean IWP was observed to
be 1.07 (11) treatment, followed by 12 (0.97) aBd0.80) treatments. Kang et al. (2004) and

Onder et al. (2005) also registered similar WURIgalfor potato.

Conclusion

The mulch applied under different planting methads irrigation levels had significant effect
on potato tuber yield and irrigation water produtyi Drip irrigated beds with mulch (DIB+M)
yielded maximum, while the potato raised on ridgéth mulch (R+M) yielded the minimum.
Potato biomass yield was also observed to be ggnily higher under DIB+M than furrow
irrigated beds (FIB+M) and R+M method. Irrigatiorater productivity was highest under
DIB+M followed by FIB+M and least in R+M. It is tlsuiconcluded that DIB+M with IW/PAN-E
ratio 0.5 may be adopted for higher production a@nidation water productivity for potato

cultivation in areas being similar conditions opexmental site.



Table 1. Physical and chemical properties of the gdaollected from experimental site

(o)

Soil depth | pH oC Av. N Av. P Av. K BD PWP FC
(cm) (%) | (kg/ha) | (kg/ha) | (kg/ha) | (Mgl m) | (%) (%)
0-15 7.8 0.42 148.5 53.8 125.8 1.55 8.4 18.
15-30 1.7 0.31 126.7 42.5 120.2 1.74 8.0 17.

Table 2. Effect of planting methods and irrigationlevels on biomass yield (t/ha)

Planting method

Irrigation regimes

11 12 13 Mean biomass
yield
DIB+M 6.9 7.4 8.1 7.5
FIB+M 6.3 7.0 7.5 6.9
R+M 6.1 6.6 7.0 6.6
LSD (<0.05) 0.4 0.6 0.7

DIB+M = Drip irrigated beds with mulch; FIB+M = Fuaw irrigated beds with mulch; R+M =

Ridge with mulch

11, 12 and I3 are IW/PAN-E ratios of 1.2, 1.6 an@ Bespectively, under FIB+M and R+M

methods and 0.3, 0.4 and 0.5 under DIR+M method.



Table 3.Effect of planting methods and irrigation evels on tuber yield (t/ha)

Planting methods

Irrigation regimes

11 12 I3 Mean tuber yield
DIB+M 25.1 26.8 27.7 26.5
FIB+M 22.8 24.6 25.3 24.2
R+M 21.4 22.8 23.6 22.6
LSD (<0.05) 1.7 1.8 2.3

DIB+M = Drip irrigated beds with mulch; FIB+M = Faw irrigated beds with mulch; R+M =

Ridge with mulch; Whereas, 11, 12 and I3 are IW/RENatios of 1.2, 1.6 and 2.0 respectively,

under FIB+M and R+M methods and 0.3, 0.4 and Odeu®IR+M method.

Table 4: Irrigation water productivity (t/ha-cm) un der different planting methods and

irrigation regimes

Planting methods

Irrigation regimes

11 12 13 Mean
DIB+M 1.3 1.2 1.0 1.2
FIB+M 1.0 0.9 0.8 0.9
R+M 0.9 0.8 0.7 0.8
LSD (<0.05) 0.2 0.2 0.3

DIB+M = Drip irrigated beds with mulch; FIB+M = Fuaw irrigated beds with mulch; R+M =

Ridge with mulch; Whereas, 11, 12 and I3 are IW/RENatios of 1.2, 1.6 and 2.0 respectively,

under FIB+M and R+M methods and 0.3, 0.4 and Ocdeu®IR+M method.
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