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RESEARCH ON THE INFLUENCE OF IRRIGATION
ON THE NUTRITIONAL QUALITY OF THE SWEET POTATO
IN THE CONDITIONS OF THE SANDY SOILS IN THE SOUTH OF OLTENIA

CROITORU Mihaela, DIACONU Aurelia, COTET Gheorghe,
DRAGHICI Reta, DIMA Milica, DRAGHICI Iulian

Abstract. During 2018-2019, research was conducted on the sandy soils of southern Oltenia regarding the influence of irrigation water on
sweet potato production and on the nutritional quality of tubers. The experiment took place on a sandy soil with a low to high supply of
nitrogen, a high supply of phosphorus, a low supply of potassium, a low to medium supply of organic carbon, and a moderately acidic to
neutral reaction. The best production results were obtained under the conditions of 2019, in the irrigated variants with watering norms of 145
m3/ha and 290 m3/ha, over a period of 100 days from plantation (30.18-31,75t / Ha). The increase of the watering norm, as well as of the
irrigation period led to the decrease of the production of tubers. The biochemical composition of the tubers was influenced by the amount of
water administered through irrigation. The best results were obtained in the variant irrigated with a watering norm of 290 m3/ha up to 100
days after plantation. The irrigation of the crop up to 110 days after plantation led to a decrease in the amount of total dry matter in the tubers.
A correlation given by a polynomial equation of the second degree was established between the production of tubers and the amount of total
dry matter in the tuber, with a significant distinct correlation factor r = 0.73 **. The quantity of total dry matter in the tubers decreases
directly with the increase in the production of tubers. The accumulation of starch in the tubers was influenced differently by the application
of water through irrigation, during the two years of study. The starch tends to accumulate, with the increase of the applied water quantity,
significantly under the conditions of 2018 and insignificantly in 2019.

Keywords: sweet potato, irrigation, sandy soils, nutritional quality, total dry matter.

Rezumat. Cercetiri privind influenta irigarii asupra calitatii nutritionale a cartofului dulce in conditiile solurilor
nisipoase din sudul Olteniei. in perioada 2018-2019 pe solurile nisipoase din sudul Olteniei au fost efectuate cercetri privind influenta
irigarii asupra productiei de cartof dulce, cat si asupra calitatii nutritionale a tuberculilor. Cele mai bune rezultate de productie au fost
obtinute in conditiile anului 2019, in variantele irigate cu norme de udare de 145 m*/ha si 290 m*/ha, pe o perioadi de 100 zile de la plantat
(30.18-31.75 t/ha). Marirea normei de udare, cat si a perioadei de irigare a condus la scaderea productiei de tuberculi. Compozitia biochimica
a tuberculilor a fost influentatd de cantitatea de apa administrata prin irigare. Cele mai bune rezultate au fost obtinute 1n varianta irigata cu o
normi de udare de 290 m*/ha pni la 100 zile de la plantare. Irigarea culturii pani la 110 zile de la plantare a condus la sciderea cantititii de
substant3 uscat totala in tuberculi. intre productia de tuberculi si cantitatea de substanti uscati totald din tuberculi a fost stabilitd o corelatie
data de o ecuatie polinomiala de gradul doi, cu un factor de corelatie dinstinct semnificativ (r=0.73**). Cantitatea de substanta uscata totala
din tuberculi scade procentual cu cresterea productiei de tuberculi. Acumularea amidonului in tuberculi a fost influentata diferit de aplicarea
apei prin irigare, in cei doi ani de studiu. Amidonul are o tendinta de acumulare, cu cresterea cantitatii de apa aplicatd, semnificativ in
conditiile anului 2018 si nesemnificativ in 2019.

Cuvinte cheie: cartof dulce, irigare, soluri nisipoase, calitate nutritionald, substanta uscata totala.

INTRODUCTION

Globally, sweet potato (I[pomoea batatas L.) is an important food crop and is cultivated especially in tropical
areas and parts of the world, where temperatures are relatively high (LAURIE, 2004).

Studies have shown that water is the most important limiting factor for sweet potato production and it is
possible to increase the level of production through different irrigation methods throughout the growing season
(CHOWDHURY et al., 2001; PANIGRAHI et al., 2001; FERREIRA & CARR, 2002).

Global warming, which causes fluctuations in rainfall distribution, may increase the risk of plants being
repeatedly exposed to drought (MIYASHITA et al., 2005). Drought frequency will increase in the future, even outside
arid and semi-arid regions (CHAVES et al., 2002). Many irrigation experiments have shown that the sweet potato plant
is relatively sensitive to moisture stress (FABEIRO et al., 2001; YUAN et al., 2003; KASHYAP & PANDA, 2003;
ONDER et al., 2005). Most researchers who report the influence of water stress on sweet potato production analysed its
effect on aerial parts (JEFFERIES & MACKERRON, 1987; DEBLONDE et al., 1999; LAHLOU et al., 2003).

The functional relationship between soil moisture and plant growth is essential to optimize irrigation management at
different stages of sweet potato growth (DELAZARI et al., 2018). Sweet potatoes are easily drought tolerant and can survive
drought during the summer. However, low humidity affects the nutritional quality of the tubers even if the plant resumes
growth after water stress (PANEQUE, 1992; ECOPORT, 2010). EKANAYAKE & COLLINS, 2004, showed in Turkey
conditions that the amount of total dry matter in tubers decreases with increasing irrigation norm. Despite the relative drought
tolerance of sweet potato compared to cereal crops (MOTSA et al., 2015), water limitations greatly affect plant development.
The formation of roots on freshly planted shoots is optimal at moisture of 80% of the field capacity, although even at 40% of
the field capacity there is still a considerable formation of roots (BELEHU, 2003). The use of water for sweet potato
cultivation under complete irrigation in Mozambique was 800 mm, with a yield of tubers of 33 t/ha, compared with the
quantity of 360 mm at which a production of 15 t/ha was determined (GOMES & CARR, 2001, 2003). Other studies have
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confirmed that irrigation can increase yields (GHUMAN & LAL, 1983), but can reduce the concentration of dry matter from
tubers (EKANAYAKE & COLLINS, 2004).

Moreover, this plant is more productive than wheat (DUVERNAY et al., 2013). However, climate change and
extreme rainfall and drought can affect the productivity and nutritional quality of tubers (SINGH & REDDY, 2011;
LEE et al., 2012; DUVERNAY et al., 2013). NOZIPHO et al., 2015, showed that the crop has great potential in light of
the imminent challenges associated with drought, as a negative effect of climate change.

Based on these considerations, research was conducted on the sandy soils of Southern Oltenia regarding the
influence of irrigation water on sweet potato production, as well as on the nutritional quality of tubers.

MATERIAL AND METHOD

In the period 2018-2019, a two-factor experiment was undertaken on the KSP1 variety of sweet potato, with
the following variants:
Factor A - Irrigation period:
a;- 100 days after planting;
a,- 110 days after planting.
Factor B - Watering norm:
b - 145 m’/ha
b,- 290 m’/ha
bs- 435 m’/ha
The planting and maintenance of the plants was carried out following the sweet potato cultivation technology
developed by the Research and Development Station for Plant Growing on Sand of Dabuleni. The samples of tubers
were collected 120 days after planting, and the following determinations were made in the laboratory:
1. water and total dry matter (TDM) (%) - gravimetric method;
. soluble dry matter (SDM) (%) - refractometric method;
. soluble carbohydrates (%) - Fehling Soxhlet method;
. C vitamin (mg / 100g fresh substance) - iodometric method;
. starch (%) - gravimetric method;
. the production of tubers by variant - by weighing, with laboratory balance, DESIS type, with three decimals
(error +/- 5/10g).

AN bW

RESULTS AND DISCUSSIONS

The experience was located on sandy soil with a nitrogen content between 0.07-0.11%, values which indicate a low
to moderate supply of nitrogen in the soil (Table 1). The phosphorus content was between 57 ppm and 144 ppm, so the soil
was well supplied with extractable phosphorus. The values of the exchangeable potassium (19-45 ppm) indicate low to
medium supply. The non-uniformity of the soil was also observed from the results obtained with organic carbon (0.27-
1.54%). The pH of the soil showed values ranging from 6.03 to 6.75, indicating a moderately acidic to neutral reaction.

The sweet potato is grown mostly in acidic soils, however, the soil pH of 5.5-6.5 is optimal. The high pH of
the soil can produce different diseases in the sweet potato while sweet potato grown in low pH soil suffers from
aluminium toxicity (NEDUNCHEZHIYAN & RAY, 2010). The sweet potato is also sensitive to saline and alkaline
conditions (DASGUPTA et al., 2006; MUKHERIJEE et al., 2006).

Table 1. The chemical composition of the soil in the experiment with irrigation of sweet potato.

] Total nitrogen Extractable Exchangeable Organic
Variant (%) phosphorus potassium carbon pH in water
(ppm) (ppm) (%)
Not irrigated 0.10 142 45 1.54 6.65
b; -145 m’/ha 0.11 144 38 0.74 6.55
a- 1010 dfys after = 7300 mha 0.08 90 20 0.77 6.70
planting b, - 435 m’/ha 0.09 77 21 0.71 6.75
b, -145 m’/ha 0.08 57 19 0.45 6.20
- “10 df-‘/s after = 300 mha 0.07 67 26 0.27 6.03
planting bs - 435 m'/ha 0.08 62 20 0.81 6.05

Well-drained soils are good for growing sweet potatoes. Sandy soils with clay basement are ideal. Heavy clay
soils restrict root development due to compactness, while sandy soils encourage long cylindrical roots
(NEDUNCHEZHIYAN & RAY, 2010).

From a climatic point of view, the two years of study differed in terms of both temperature and precipitation
values (Table 2). The year 2018 was warmer compared to the year 2019, with average temperature values for the
vegetation period of 21 °C, compared to 20.6 °C in 2019. In 2018, the amount of precipitations was 498.2 mm, with
significant quantities during the period of July, during the planting period, plant growth and tuber initiation, but with the
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installation of the drought phenomenon starting with August, when the tuber growth occurs. 2019 was a very dry year,
and humidity dropped to 1% up to 1 m depth in the soil.

Table 2. The monthly average air temperature and amount of rainfall
during the vegetation period of sweet potato (2018-2019).

The climatic element 1\‘/;5?,:;1 v VI VII VIII IX X Avsel:’:;;ge/
Average temperature 2018 20.7 22.5 23.6 25.1 20.5 13.4 21.0
(°C) 2019 17.4 234 23.8 254 20.0 13.5 20.6
Rainfall 2018 106.6 195.2 148.7 30.0 12.6 5.8 498.2
(mm) 2019 53.4 55.4 87.2 54.8 12.0 10.0 272.8

In the two concerned years, the production of tubers was influenced by both the irrigation norm and the
climatic conditions. The production obtained in 2018 is presented in table 3. The best results were obtained in the
variant a;b; (17 t/ha), , with an increase in production compared to the control variant of 7.67 t/ha.

Due to the large amount of precipitations recorded during May - July (450.9 mm), the plants had optimal
conditions for the growth of the vegetative part, to the detriment of the formation and thickening of the roots. The
installation of a period of intense drought between August and September, with maximum temperatures over 30 'C, led
to the installation of thermal water stress on plants and even the application of water through irrigation was not
beneficial for obtaining high yields.

BOURKE (2005) and BISWAL (2008) showed that, extended wet periods lead to reduced root yield and have
been frequently associated with lush vegetative growth.

Table 3. Production of tubers according to irrigation regime (2018).

Variant Production Relative production The difference from the Significance
(t/ha) (%) control culture
Not irrigated 9.33 100 control culture
b, -145 m*/ha 10.00 107.2 0.67
- 1010 df-‘/s after [ 590 m¥/ha 12.06 129.2 2.73 ok
planting bs - 435 m'/ha 17.00 182.2 7.67 o
b, -145 m’/ha 11.32 1213 1.99 ok
a- “10 days after = 00 m¥/ha 10.83 116.0 150 x
planting by - 435 m'/ha 10.66 1142 133 x

DL5%-1.164 DL 1%-1.634 DL 0,1% -2.306

In 2019, a very dry and hot year, the sweet potato crop was irrigated since planting. The production results
are presented in table 4.
The best results were obtained in the variants a;b; and a;b, (30.18-31.75t/ha). Increasing the irrigation norm as
well as the irrigation period led to a decrease in tuber production.
The sweet potato can tolerate drought to some extent, but cannot withstand the lack of water
(NEDUNCHEZHIYAN & RAY, 2010).

Table 4. Production of tubers according to irrigation regime (2019).

Variant Production Relative production The difference from the Significance
(t/ ha) (%) control culture
Not irrigated 16.48 100 control culture
100 davs aft b, -145 m*/ha 30.18 183.1 13.70 ok
ar- lam"}zs ater ™, 290 m¥/ha 31.75 192.6 15.30 ok
planting bs - 435 m*/ha 24.96 151.5 8.48 *
110 davs after b, -145 m*/ha 22.30 135.3 5.82
& 1an§zs ater ™, 290 m¥/ha 21.69 131.6 521
planting b, - 435 m*/ha 22.06 1338 558

DL5%-8.18; DL 1% -11.48; DL 0,1% -16.21

The biochemical composition of sweet potato tubers, according to the irrigation norm in 2018, is presented in
table 5. The total dry matter varied between 36.82 % in variant a,b; and 42.50 % in a;b,. The irrigation of plants up to
110 days after planting, irrespective of the amount of water, led to a decrease in the total dry matter content and increase
in the water quantity.

A larger amount of water in the tubers can pose problems for storage, but also intensify the dehydration process. The
soluble dry matter in the tubers was influenced by the amount of water applied by irrigation. The largest quantity was
determined in the non-irrigated version (12.7%). Increasing the irrigation norm led to the decrease of the soluble dry matter in
the tubers. Also, the amount of carbohydrates in the tubers decreased with the increasing amount of water.
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Table 5. Biochemical composition of sweet potato tubers according to irrigation regime (2018).

Total dry Soluble dry -
Soluble Starch C vitamin

Variant matter (TDM) matter (SDM) o o «

(%) (%) carbohydrates (%) (%) (mg/100g f.s*)
Not irrigated 39.10 12.7 10.56 11.97 10.56
1004 b, -145 m*/ha 40.67 12.3 1021 12.20 12.32
:ﬁér Iangzs b, - 290 m*/ha 42.50 12.0 10.00 12.15 14.08
Planting I " 435 mha 4171 11.6 9.65 12.36 12.32
04 b, -145 m*/ha 36.82 10.9 9.00 12.45 13.20
;‘;tér langzs b, - 290 m*/ha 39.50 11.8 9.80 12.53 11.44
plantng I 435 mha 38.70 115 9.60 13.25 11.32

f.s* - fresh substance

The amount of starch in sweet potato tubers was influenced by the irrigation norm and showed an increase
from 11.97 % in the not irrigated version to 13.25 % in the variant a,bs.

The C vitamin content of sweet potato tubers was influenced by the amount of water applied by irrigation. The
values were between 10.56 mg in the not irrigated version and 14.08 mg in the variant a;b,.

In the climatic conditions of the year 2019, a very dry and warm year, the irrigation of the sweet potato was
very necessary in all the phases of vegetation. The results regarding the nutritional quality of the sweet potato according
to irrigation are presented in table 6. A total dry matter content was determined for sweet potato tubers, ranging from
25.33 % in the variant a,b; to 36.91 % in the variant a;b,.

Table 6. The biochemical composition of sweet potato tubers according to irrigation (2019).

Total dry matter Soluble dry matter Soluble

. Starch C vitamin
Variant (l;&l\)’[) (S([;l:’)l) carbo(l;zf:)irates (%) (mg/100g £.5%)

Not irrigated 33.78 8.70 7.50 13.34 10.15

a1 - 100 days b, -145 m*/ha 31.37 8.80 7.60 12.20 9.68
atlter planting b, - 290 m*/ha 36.91 6.90 5.95 13.08 10.56
b; - 435 m’/ha 33.12 7.00 6.00 13.52 9.68

a2~ 110 days b, -145 m*/ha 26.90 7.60 6.55 13.65 9.68
aaer planting b, - 290 m*/ha 26.64 6.10 5.25 13.62 8.80
bs - 435 m¥/ha 25.33 6.80 5.85 13.80 9.60

f.s* - fresh substance

A correlation given by a polynomial equation of the second degree was established between the production of
tubers and the amount of total dry matter in the tubers, with a significant correlation factor (r = 0.73 **). The amount of
total dry matter in the tubers decreases as the tuber production increases (Fig. 1).
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Figure 1. The correlation between the production of tubers and the amount of total dry matter in the tubers.

Both the production of tubers and the amount of dry matter in the tubers are not significantly influenced by the
amount of water administered (Fig. 2). In 2018, both the production and the total dry matter of the tubers have an
insignificant tendency of growth, with the increase of the quantity of water administered by irrigation only up to 100
days after planting (the correlations are positive) (Fig. 2a). In the climatic conditions of the year 2019, both the
production and the dry matter of the tubers decrease insignificantly with the increase of the quantity of water, although
the production of the tubers is much higher than in 2018 (Fig. 2b).

These results are similar to those obtained by GHUMAN & LAL, 1983, who showed that irrigation can
increase yields but reduces the concentration of dry matter at the roots (EKANAYAKE & COLLINS, 2004). Also,
EKANAYAKE & COLLINS, 2004, showed in the conditions of Turkey that the amount of total dry matter in the tubers
decreases with the increase of the irrigation norm.
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Figure 2. The correlations between the quantity of water applied by irrigation, the production of tubers and the quantity of dry matter
from the tubers in the conditions of the year 2018 (a) and 2019 (b).

The accumulation of starch from the tubers was influenced differently by the application of irrigation water

during the two years of study. The tendency to accumulate with the increase of the quantity of applied water id
significant under the conditions of 2018 and insignificant in 2019 (Fig. 3).
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Figure 3. Correlations between the amount of water applied by irrigation and the quantity of starch in the tubers.

All these results indicate that the sweet potato plant is drought tolerant and can survive drought during the
summer. However, low humidity affects both the production and the quality of the tubers. The results obtained are
similar to those obtained by PANEQUE, 1992; ECOPORT, 2010; GAJANAYAKE et al., 2014, etc.

CONCLUSIONS

- The sweet potato capitalizes with good results the eco-pedological conditions in the area of sandy soils, in irrigated
cultures

- The best production results were obtained under the conditions of 2019, in the variants irrigated with 145 m*/ha and
290 m*/ha, over a period of 100 days after planting (30.18-31.75t/ha). The increase of the irrigation norm as well as the
irrigation period led to the decrease of the tuber production.

- The alternation of periods with quantitatively significant precipitations (450.9 mm in May-June 2018) with periods of
heat and drought led to a low production, due to the growth of the vegetative part, to the detriment of root formation and
thickening.
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- The biochemical composition of the tubers was influenced by the amount of water administered by irrigation. The
best results were obtained under the conditions of 2018, in the irrigated version with 290 m*/ha up to 100 days after
planting.

- The irrigation of the crop up to 110 days after planting led to a decrease in the amount of total dry matter in the tubers.
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