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ABSTRACT

Sweet potatolpomoea batatas (L.) Lam) is an important crop due to its cultieat as staple food for mil-
lions of small farmers as well as for poor peoplédatin America, Asia, Africa and in many other parts o
the world. This tuberous crop is susceptible to ghtwstress especially during the period of cromlest
lishment as well as vine development and tuberaitidtn. Yield of the crop vary widely among farmergdu
to improper planting systems. This current study aiated to investigate the influence of variouggation
intervals and planting systems on vegetative grostihrage root yield and quality of sweet potdfm-{
moea batatas (L.) Lam) cv. ‘White star’ under field condition$hree irrigation intervals (7, 14 and 21 days
for summer crop, and 14, 28 and 42 days for wintgp)cand two planting systems (bed planting anderid
planting) were adopted in this study. Vine lengthmber of branches and average leaf area significantl
reduced as the irrigation interval was increasedg®planting produced longer vines with greater ésaf

in winter crop as compared to bed planting. Yieldapaaters (storage root length, storage root diameter
number and fresh weight of marketable roots pertplaare directly linked with vegetative growth espe-
cially in summer crop. Under water stress conditi@ssyegetative growth decreased storage root yietd wa
also reduced. However, yield attributes were notcééf by the planting systems. Vitamin C content de-
creased with water stress, whereas total solubless@i8S) and leaf proline content significantly eesed
with water stress in summer crop. Ridge planting edsalted in increased leaf proline content in s@mm
crop. It is concluded that for attaining good vegige growth and storage root yield, sweet potataikho
be irrigated at an interval of 7 days during sumaret 14 days during winter crop and planted on sdge

Key words: irrigation regimes|pomoea batatas, planting systems, storage root yield, vegetativavijn

INTRODUCTION

Sweet potato Ipomoea batatas (L.) Lam) is Millions of farmers are cultivating sweet potato as
a well-known storage root crop of the world. It betheir staple food crop in Africa, Asia, and Latin
longs to familyConvolvulaceae. The genus Ipomoea America [Scott and Maldonado 1997]. Major con-
comprises of 500—600 species [Austin and Huamisumers of sweet potato are the populations of devel
1996]. The origin of sweet potato is Central ooping countries which use over 98% of the world
Southern America and it has been grown for moisweet potato production [Scott and Maldonado 1997,
than 5000 years [Rossel et al. 2001]. Loebenstein et al. 2009]. It can also be cultivaiad

less-fertile lands [Ray and Ravi 2005].
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Worldwide the production of sweet potato isposes of seedbed preparation in tubers crops die to
103.10 million tons which is produced on approxiincrease rooting depth, (i) improve soil-water man
mately 8.18 million ha of land with average yielfi oagement and (iii) improve infiltration [FAO 2000].
12.60 tons ha Of this 75% is from China with an Planting orientation and height of the ridge gseatl
annual production of 70.74 million tons. In Pakista affected the vine growth and yield of sweet potato.
the total production of sweet potato is 13.07 thads In Pakistan, Sweet potato is an important vegeta-
tons which is produced on an area of 1.47 thoukand ble which can be successfully grown with less fferti
with average yield of 8.87 tons igFAO 2015]. izer and water needs. It is a high yielding cropcivh

Sweet potato tubers as well as leaves are gorequires less input and gives high profits to fasne
source of nutrients. Raw storage root comprises However, no attention has been given towards Hriga
starch 20.12 g 10074 fiber 3 g 100 @, protein tion requirement and proper planting system of swee
1.57 g 100 @, and many essential minerals such spotatoes. Therefore, this study was conducted in
calcium, iron, magnesium, potassium, sodium, arorder to define the optimum water usage and proper
phosphorus [USDA 2010]. It also provides a gooplanting pattern for attainment of vine growth asdlw
amount of vitamin C (2.40 mg 100y and as storage root yield of sweet potato in a semdi-ari
R-carotene (8.512 mg 100"y a precursor of vitamin area of Pakistan.

A. The young leaves of sweet potato are a richcgour

of minerals and proteins and used as a vegetableMATERIALS AND METHODS

Africa as well as in East Asia [Mwanri et al. 2011]

Sweet potato has a perennial growth habit, however, The current study was conducted at the experi-
it is commonly cultivated as an annual [Onwuemmental field, Department of Horticulture, Bahauddin
and Charles 1994, Norman et al. 1995]. The plast hZakariya University, Multan, Pakistan (latitude
a long stem ranging 0.5 m to 4 m which grows alon30.2570°N, longitude 71.5150°E, and 130.77 m alti-
the soil surface. Leaves are broad and arrangéueon tude). The study was carried out during 2013-2015.
stem in alternate manner. Sweet potato has twatygln each year, two crops were raised one in winter
of roots: fibrous roots, which performs the funotio season and other in summer season. During both
of water and nutrients absorption, while tuberouyears, winter crop was planted ori'®eptember and
roots or storage roots, are used as storage orgsummer crop on Z5March. ‘White star' is a high
where photosynthetic products, mainly starches aiyielding cultivar of sweet potato which has a wtiie
sugars, are stored. On average a sweet potato pllight tan skin with white flesh. Stem cuttings oVeet
can produce 4-10 storage roots [Firon et al. 2009]. potato cultivar ‘White star’ from terminal portioof

Appropriate planting systems are an imperativines with a length of 30-35 cm were prepared for
factor which markedly affects the growth and yieldplanting. Soil was analyzed for physico-chemicalreh
Generally on shallow and compact soils, tuber aotl r acteristics which are given in Table 1. At the tiofe
crops do not give better production. The basic puland preparation, recommended fertilizer dosage i

Table 1. Physico-chemical characteristics of soil before sowthe crop

Characteristics Unit Value
Texture _ Sandy clay loam
pH _ 8.30
EC ds m* 0.60
Organic matter % 0.60
Available Phosphorous ppm 7
Auvailable potassium (ppm) ppm 174
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Fig. 1. Monthly maximum and minimum temperature at Multaminlg March 2013 to May 2015 (source: Pakistan Mete
orological Department)
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Fig. 2. Rainfall occurring at Multan during March 2013 t@12015 (source: Pakistan Meteorological Department)
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N = 50 kg ha"; P = 25 kg hd; K = 50 kg ha' was Planting systems. Two planting systems were
applied. Experiments were laid out according to-Ralevaluated in the current study. i.e. bed plantiyg s
domized complete block design (RCBD) with splitem and ridge planting system. In case of bed plant
plot arrangement. Irrigation interval was kept asmm ing system, raised beds were prepared 1 m wide and
plot factor while planting system was randomized i3 m long and each side of the bed was used fot-plan
subplots. There were four replications of each eiing of stem cuttings. Plant to plant distance (RvB3
perimental plot. maintained at 30 cm. In ridge planting system,eglg
Irrigation interval. There were three irrigation in- were made 0.5 m apart and 3 m long. One side of
tervals for each crop i.e. for summer crop 7, 14 arridge was used for planting of cuttings with plémt
21 days and for winter crop 14, 28 and 42 days. plant distance = 30 cm. There were 30 plants i eac
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plot and number of plants was equal in both plantin Leaf proline content. Leaf proline content was
systems. measured from fresh leaves taken from each experi-
Weather conditions. During summer season, mental unit at same developmental stage. For grolin
rainfall happened more frequently during the crodetermination, the protocol of Batesal [1973] was
period at various intervals and maximum monthlfollowed. Samples were analyzed with the help of
temperature was also higher. In winter seasoUV-VIS spectrophotometer (UV-3000). Toluene was
monthly maximum and minimum temperatures rekept as blank.
mained lower as compared to summer (figs 1 and 2). Proline content in plant material was calculated
Parameters studied. Data were recorded on theby comparing with standard curve of proline and
following parameters of both the crops in each year following formula was used to compute the values in
Vine growth. The data of vine growth were re-fresh plant material.
corded after five months of planting the cuttings.
In each experimental unit, five plants were randoml Proline (umoles g FW) =
selected for measuring physical parameters. Measur-
ing tape was used to determine vine length. Number
of branches per plant was counted. For the determin
tion of leaf area, a digital plant canopy analyzer
(Model LI-COR 3100, Lincoln, Nebraska, USA) Statistical analysis. Statistical software Statistix
was used. 8.1 (Tallahassee Florida, USA) was used for the sta
Storage root growth and yield. After six months tistical analysis of collected data. To compare the
of planting, Storage roots were removed from thmeans, Least Significant Difference (LSD) test was
soil, sorted and graded according to differentssizeapplied at 5% level of probability [Gomez and
Marketable sized storage roots (>2.5 cm in diamheteGomez 1984].
were selected for collecting various yield related
parameters. Ten storage roots of marketable SIRESULTS AND DISCUSSION
were selected randomly from each plot and storage
root length was determined. Vernier Caliper wasluse Analysis of variance indicated that no statistigall
for measuring storage root diameter. Number of masignificant differences were observed between years
ketable storage roots per plant was determined frcand their interactions with the other two factors,
five randomly selected plants. These were weighetherefore those are not presented and discussed.
for determining fresh weight of marketable storage
roots per plant. Vine growth parameters
Vitamin C and total soluble solids (TSS). Storage During summer crop, the vine length, number of
roots were thoroughly washed and dried at roobranches and average leaf area were significantly
temperature. Ten storage roots of marketable siaffected by different irrigation intervals. Plarmgin
were selected from each experimental unit. Thessystem alone could not affect these vine parameters
were peeled and their juice was extracted with-elelnstead, irrigation intervals in interaction withapt-
trical juicer. Vitamin C content of root's juice wa ing systems significantly affected the vine length,
determined through Indophenol’s titration process qnumber of branches and leaf area. The maximum
developed by Ruck [1963]. Total soluble solidwvine length (274 cm) was recorded in 7 days irriga-
(TSS) was determined through digital refractometeion interval, followed by 14 days and 21 daysyari
(PAL-1, Atago, Japan). Juice sample (1 or 2 droption interval. Regarding interaction, the maximum
was placed on the refractometer prism plate wiéh ttvine length (297 cm) was measured in ridge planting
helo of a dropper and reading showed on LCD wiwith 14 days irrigation interval, followed by bed
noted in °Brix planting system with 7 days irrigation interval and

g proline per ml x 4115.5 pg pmolé
gram sample / 5

204 www.hortorumcultus.actapol.net



Saqgib, M., Khalid, M.F., Hussain, S., Anjum, M.A. (2017). Effect of water stress and planting system on growth, yield and quality
of sweet potato. Acta Sci. Pol. Hortorum Cultus, 16(6), 201-210. DOI: 10.24326/asphc.2017.6.18

ridge planting system with 7 days irrigation intrv area (45.80 cfi was measured in 7 days irrigation
(tab. 2). interval, followed by 14 days and significantly de-
The maximum number of branches per plarcreased at 21 days irrigation interval. Regardimg i
(10.4) was noted in 7 days irrigation interval, @hi teraction between the two factors, the maximum leaf
considerably varied from the other two irrigation i area (51.24 cf) was observed in ridge planting with
tervals. Concerning the combined effect of the twl4 days irrigation interval, followed by bed plangfi
factors, the maximum numbers of branches per plawith 7 days irrigation interval, and ridge planting
(10.5) was noted in plants on ridges which werie irrwith 7 days irrigation interval (tab. 2).
gated after 7 days interval, followed by plantsbeds In winter crop, different irrigation intervals and
which were irrigated after 7 days interval, plaots planting systems had a profound effect on vine
ridges which were irrigated after 14 days inteaadl length. The maximum vine length (128.88 cm) was
plants on beds which were irrigated after 14 datexri recorded in plants irrigated after every 14 daysrin
val. These four treatment combinations were gtatisval, which considerably differed from other twoi-rr
cally at par with each other. Bed planting withd2ds gation intervals.
irrigation interval exhibited the lowest numbers of Concerning the planting systems, longer vines
branches (6.3), per plant, followed by ridge plegti were produced in plants on ridges than plants on
with 21 days interval. These two treatment combindeds. Irrigation interval markedly affected the rum
tions were also at par with one another (tab. 2). bers of branches per plant. The maximum numbers of
Average leaf area was significantly affected bbranches (11.25) was counted in plants irrigatésf af
the different irrigation intervals. The maximum fleaevery 14 days interval. The minimum number of

Table 2. Effect of different irrigation intervals and plamgj systems on vine growth of sweet potato

Irrigation Summer crop Irrigation Winter crop
interval ) interval )
(days) Bed Ridge Mean (days) Bed Ridge Mean
Vine length (cm)
7 280 a 269 ab 274 a 14 115.25a 142.50a 128.88 a
14 173 c 297 a 235b 28 96.75 a 101.50 a 99.13 b
21 213 bc 106d 160 c 42 91.00 a 127.50a 109.25b
Mean 222 a 224 a Mean 101.00 b 123.83 a
Number of branches/plant
7 10.3a 105a 104 a 14 10.15 ab 12.35a 11.25a
14 9.3ab 9.8a 95hb 28 10.95 ab 7.98 bc 9.46 b
21 6.3¢ 7.0 bc 6.6 c 42 6.93 c 11.05a 8.99 b
Mean 8.6a 9.1a Mean 9.34a 1046 a
Average leaf area (¢h
7 49.41 ab 42.20 abc 45.80 a 14 2357 a 26.16 a 24.86 a
14 37.00 cd 51.24 a 44.12 a 28 20.11a 2184 a 20.98 b
21 40.87 bc 27.71d 34.29b 42 20.05a 2212 a 21.08 b
Mean 4242 a 40.38 a Mean 21.24b 23.37a

Means sharing similar letter(s) in a group aregttaally non-significant ap < 0.05
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branches per plant was recorded at 42 days imigatileaf photosynthesis in sweet potato, leading to re-
interval, followed by 28 days irrigation interval.duced vine growth and hence low vine biomass [Ki-
These two irrigation treatments also stood statistvuva 2013].
cally at par. Regarding the interaction between the
two factors, maximum numbers of branches (12.3!Storage root growth and yield
was recorded in ridge planting irrigated after gver In summer crop, storage root growth (storage root
14 days interval, followed by ridge planting withlength and diameter) and yield (number and fresh
42 days interval, bed planting with 28 days and beweight of storage roots per plant) were signifibant
planting with 14 days irrigation interval (tab. 2). reduced as the water stress increased. Storage root

The maximum average leaf area (24.86)cwas length (19.64 cm) was recorded maximum, when the
exhibited by the plants irrigated after every 14sa plants were irrigated after every 7 days interval d
interval which considerably varied from the otheot was found minimum (14.87 cm) when the plants
irrigation intervals. Concerning planting systemswere irrigated after 21 days interval, followed by
plants on ridges resulted in more leaf area as coil4 days irrigation interval. These two treatments
pared to plants on beds (tab. 2). were at par with each other (tab. 3). Thus, soilsmo

In the current study, irrigation interval had a-proture directly affected the storage root lengthvirest
found effect on vine growth. Higher values of vinepotato.
length, number of branches and average leaf arealrrigation interval negatively affected the storage
were recorded at irrigation interval of 7 days dgri root diameter. The maximum storage root diameter
summer crop and 14 days during winter crop. TH(3.9 cm) was exhibited in 7 days irrigation intdyva
vine growth decreased as the irrigation interval irfollowed by 14 days interval and 21 days interval.
creased and plants were subjected to water stricConcerning the interactive effect of irrigationanial
conditions. Likewise, in another study, water stresand planting systems, the maximum storage root
had profound effect on vine length of sweet potatdiameter (4.3 cm) was recorded in ridge plantingywi
Vine length significantly reduced as the plants everirrigation interval of 7 days, followed by ridgeapit-
subjected to slight and severe water stress as ccing with 14 days interval and bed planting with
pared to plants at no water stress [Laetial 2014]. 7 days interval. These three treatment combinations
Similarly, Nedunchezhiyaret al [2011] also ob- were statistically similar with each other (tab. 3)
served a decreasing trend in vine length underrwaiAbove results indicated that vegetative growth par-
deficit conditions. In another study, drought reeldic ticularly number of branches per plant had sigaiiic
the number of branches per plant in sweet potaeffect on storage root growth especially storags ro
[Saraswati 2007]. High water deficit stress causediameter. The numbers of storage roots per plant
reduction in sweet potato shoot growth and photosydecreased as the irrigation interval increased. The
thetic activities which leads to lower storage rocmaximum number of storage roots per plant (2.7) was
yield [Gajanayake et al. 2014]. recorded in plants irrigated after 7 days interfalh

Planting system also influenced the vine growtlowed by 14 days irrigation interval. Regarding the
parameters in sweet potato. In ridge planting, vininteraction between irrigation interval and plagtin
length and leaf area were more than bed plantiisystems, ridge planting with 7 days irrigation g
system especially in winter crop. More vegetativ(without water stress) showed the maximum numbers
growth on ridges can be related with more wateof storage roots (2.8), followed by ridge plantimigh
supplied through furrows present on both sides 14 days and bed planting with 7 days irrigatioriint
a ridge, while in bed planting water is suppliedite val (tab. 3).
plants by a single furrow. Hopkins [1999] statedtth ~ Fresh weight of marketable storage roots per plant
drought negatively affect the leaf metabolic procwas markedly reduced as the plants were subjeated t
esses, which causes reduction in leaf area ofrd. plewater stress by increasing irrigation interval frdm
In another study, drought stress markedly affettied to 21 days. While discussing the interactive cftd
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Table 3. Effect of different irrigation intervals and plamgj systems on tuber growth and yield of sweet potato

Irrigation Summer crop Irrigation Winter crop
interval ) interval )
(days) Bed Ridge Mean (days) Bed Ridge Mean
Storage root length (cm)
7 1792 a 21.36 a 19.64 a 14 16.25a 15.80 a 16.03 a
14 15.13 a 15.02 a 15.08 b 28 15.80 a 13.30 a 1455 a
21 1559 a 14.14 a 1487 b 42 14.18 a 17.35a 15.76 a
Mean 16.21 a 16.84 a Mean 1541 a 1548 a
Storage root diameter (cm)
7 3.5ab 43a 39a 14 3.55ab 2.85ab 3.20a
14 3.2b 3.6ab 3.4 ab 28 3.15ab 2.60b 2.88a
21 3.1b 22c 26Db 42 2.73 ab 3.78 a 3.25a
Mean 3.3a 3.3a Mean 3.14a 3.08 a
No. of marketable storage roots per plant
7 2.6 ab 28a 27a 14 3.45a 293 a 3.19a
14 1.7 bc 2.7a 2.2 ab 28 2.08 a 1.70a 1.89b
21 1.9 bc 15c 1.7b 42 2.38a 3.40a 2.89a
Mean 21a 23a Mean 2.63 a 2.68a
Fresh weight of storage roots / plant (g)
7 229 a 292 a 260 a 14 328.00 a 189.75a  258.88 a
14 113 b 250 a 182 b 28 193.50 a 113.25a  153.38 a
21 93b 52 b 73 ¢ 42 134.50 a 349.00a 241.75a
Mean 145 a 198 a Mean 218.67 a 217.33 a

Means sharing similar letter(s) in a group aregtaally non-significant ap < 0.05

irrigation interval and planting systems, the maxiies, number of storage roots per plant decreased in
mum fresh weight of storage roots (292 g) was exhilpotato [Khalel 2015] and sweet potato [Saraswati
ited by the plants on ridges and irrigated afteilays 2007] as the plants were subjected to water deficit
interval, followed by ridge planting with 14 daysconditions. Kivua [2013] also stated that drought
interval and bed planting with 7 days interval. 3&e stress reduced the number of marketable sized stor-
three treatment combinations behaved statisticalage roots in different sweet potato cultivars.
alike. The minimum fresh weight of storage roots pe In case of winter crop, length and fresh weight of
plant (52 g) was determined in ridge planting witlstorage roots were not influenced by either thé-ind
21 days irrigation interval, followed by bed plangti vidual or combined effect of irrigation interval can
with 21 days interval and bed planting with 14 dayplanting systems. The reason might be the low tem-
interval. These three treatment combinations weperature prevailing during winter and water stress
also statistically at par with each other (tab. 3). could not be developed. However, the interactive
Fresh weight and number of storage roots reduceffect of irrigation interval and planting systesig-
as the irrigation interval increased. In previotgds nificantly affected the storage root diameter (@b.
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The maximum number of marketable tubers per plawhich markedly differed from other two irrigation
(3.19) was recorded in plants irrigated after 1¥sdatreatments. Regarding the interactive effect of the
intervals, followed by 42 days and 28 days intervatwo factors, TSS was the maximum (11.5 °Brix) in
There was no significant effect of planting systembed planting system with 21 days interval (tab. 4).
on the number of storage roots. The combined effeResults of our study revealed that TSS increaséd wi
of the two factors on number of storage roots wewater stress. In previous studies deficit irrigatia

also found non-significant (tab. 3). tomato [Favati et al. 2009] and mandarin [Navatro e
al. 2010] caused higher TSS as compared to plants a
Vitamin C and total soluble solids (TSS) no water stress.

In summer crop, irrigation interval had significant In winter crop, the interactive effect of planting
effect on vitamin C content. Plants irrigated aitetays systems and irrigation interval markedly influenced
interval showed the maximum vitamin C contenthe vitamin C content. Plants which were irrigated
(2.86 mg 100 mt juice), followed by the plants irri- after 14 days interval and planted on beds, extdbit
gated after 21 days interval and 14 days intefah- the maximum vitamin C content (2.43 mg 100 ml
cerning the combined effect of the two factorsniglan  juice) while it was found minimum (1.59 mg 100 i
ridges which are irrigated after every 7 days idkr juice) in plants irrigated after 42 days intervalda
had the maximum vitamin C content which markedlwere planted on beds. These two treatments were
differed from all other treatment combinations. statistically different from all other treatmentnohbi-

Total soluble solids (TSS) was the maximunnations. Vitamin C content of storage roots dedine
(11.1 °Brix) in plants irrigated after 21 days mtd  with water stress in both summer and winterpsro

Table 4. Effect of different irrigation intervals and planting sgsts on some biochemical parameters of sweet potato

Irrigation Summer crop Irrigation Winter crop
interval ) interval )
(days) Bed Ridge Mean (days) Bed Ridge Mean
Vitamin C content (mg 100 mijuice)
7 2.34b 3.38a 2.86 a 14 243 a 1.87b 215a
14 247D 2.34b 241b 28 1.86b 1.88b 1.87a
21 2.66b 2.32b 2.49 ab 42 159c 2.10b 1.85a
Mean 249 a 2.68 a Mean 196 a 19 a
Total soluble solids (°Brix)
7 10.0b 10.7b 10.3b 14 11.23 a 11.35a 11.29 a
14 105b 10.3b 104 b 28 1255 a 11.60 a 12.08 a
21 115a 10.7b 111a 42 1295 a 12.08 a 1251 a
Mean 10.7 a 105a Mean 12.24 a 11.68 a
Leaf proline content (umoles'gFW)
7 14.71c 26.69 b 20.70 b 14 35.23 a 39.98 a 37.60 a
14 20.27 bc 22.92 be 21.59 ab 28 45.78 a 38.45a 4211 a
21 17.76 bc 43.22 a 30.49 a 42 36.20 a 40.90 a 38.55a
Mean 1758 b 30.94 a Mean 39.07 a 39.78 a

Means sharing similar letter(s) in a group aradtaally non-significant ap < 0.05
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In potato tubers vitamin C content reduced as ttyield was exhibited in plants irrigated after 7 slay
plants were subjected to water stress conditioasliiC interval during summer crop and 14 days during win-
et al 2014]. However, contradictory results haveter crop. Plants on ridges produced maximum vegeta-
been observed by Rautenbach [2010], who reporttive growth and more storage roots as compared to
that vitamin C content in sweet potato storagesroobed planting. Vitamin C content decreased with wate
increased in water stress conditions. Studies costress, whereas total soluble solids (TSS) and leaf
ducted by Love et al. [2003] and Burgos et al. Bl00 proline content significantly increased with water
showed that vitamin C content was much more dstress. In Multan conditions for summer crop irfiga
pendent on genotype than prevailing environmenttion interval should be managed according to rdlinfa
conditions. pattern. For winter crop, 14 days irrigation intrv

In winter crop, total soluble solids (TSS) re-with ridge planting method could be followed both
mained unaffected by the irrigation interval, piagt for vine and storage root growth.
systems and their interaction.
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