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ABSTRACT 

 

 The field experiment was established at the 

experimental farm of the Horticultural Research 

Station of Barrage, Qalyubia Governorate during 

2014 and 2015 growing seasons to evaluate the 

impact of irrigation levels i.e.,120, 100, 80 and 

60% of the evapotranspiration (ETc) and stress 

alleviation substances (seaweed extract, potassi-

um silicate and abscisic acid against control treat-

ment) on growth, corm yield and quality of taro 

(Colocasia esculenta cv. Balady), with a particular 

attempt  to establish irrigation water strategy for 

taro cultivation. The results indicated a reduction in 

plant growth and corm yield as well as quality due 

to minimizing irrigation level from 120 to 60% ETc. 

But the highest water use efficiency (WUE) was 

obtained with 80% irrigation level. Seaweed extract 

showed a superior enhancement in all measured 

vegetative, yield and quality parameters followed 

by potassium silicate compared to abscisic acid or 

control. Seaweed extract heightened the WUE 

compared to other substances. Results concluded 

that using 80% irrigation level accompanied by 

spraying plants with seaweed extract  led to a mild 

reduction in the plant growth, yield and quality but 

conferred the higher WUE compared to other in-

teractive treatments. 

 

Keywords: Taro, vegetative growth, Deficit irriga-

tion, Stress alleviation substances, Seaweed  

extract, Potassium silicate, Abscisic, Corm yield, 

Water use efficiency. 

INTRODUCTION 

 

 Taro [Colocasia esculenta (L.) Schott] is grown 

throughout the humid tropics and subtropics areas 

(Matthews et al 2017). Moreover,taro is  considers 

a valuable source of essential mineral nutrients 

(Mergedus et al 2015) and is high in fiber, vita-

mins A, C, E and B6 (Wills et al 1983; Lebot and 

Lawac, 2017). According to the FAO definition 

(FAO, 1994), taro is the 5
th
 crop between the main 

six crops that accumulate starch in roots, tubers, 

rhizomes, corms and stems which commonly con-

sumed as human and animal  food, and as manu-

factured food products. Meanwhile, it needs high 

water requirements thus shows least water use 

efficiency (Uyeda et al 2011; Ganança et al 

2018).        

 Shortage the freshwater quantity devoted to the 

agriculture in Egypt made the researchers looking 

for policies and/or practices to maximize the water 

use efficiency or water productivity. Meanwhile, the 

insistence on taro cultivation, semi-aquatic plant, 

consumes a plenty of water so it becomes impera-

tive to adopt agricultural policies use less water for 

continuing taro cultivation without reducing its ar-

ea. Howell (2001) reported that the main pathway 

for enhancing the water use efficiency in irrigation 

agriculture concentrate on engineering and agro-

nomic management aspects. These approaches 

for using less water were reported by Evans and 

Sadler (2008) as deficit irrigation, efficient irrigation 

systems such as sprinkler and drip irrigation sys-

tems, covering soil surface (mulching) as well as 
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agronomic practices as conservation tillage, defoli-

ation and spraying anti-stress and anti-

transpiration substances (El-Zohiri and Abd Elal, 

2014; Abu El-Azm and Youssef, 2015).  

 Due to the shortage of the available information 

on a success of applying irrigation systems other 

than the furrow irrigation as a popular irrigation 

system for taro irrigation in the areas of Nile valley 

and delta, applying drip irrigation system in taro 

cultivation, as a higher efficient irrigation method, 

in loamy and clay soils could be accompanied by 

certain stresses on the plant especially under defi-

cit irrigation. Therefore, this work was designed to 

investigate utilizing  deficit irrigation for water con-

servation and avoiding the potential deleterious 

effect on taro plants using spraying stimulation 

substances.    
 

MATERIALS AND METHODS 
 

Experimental site and plant materials: The field 

experiment was conducted during 2014 and 2015 

growing seasons at the Experimental Farm of the 

Horticultural Research Station of Barrage, 

Qalyubia Governorate, Egypt. According to soil 

analysis results Table (1) soil texture of the exper-

imental site was a clay. The taro cultivar used for 

this study was a local cultivar (Balady) which is the 

common cultivar in Egypt. The planting dates were 

on 10 and 15
th

 of March, in the first and second 

seasons, respectively. 

 

 

Table 1. The physical and chemical properties of the experimental soil. 
 

Physical properties 

Sand Silt % Clay % Texture 

30.67 22.74 46.59 Clay  

Chemical properties 

Soluble ions in saturated extract, (meq/l)  

EC 

dS/m 
pH HCO3

-
 Cl

-
 So4

-
 Ca

++
 Mg

++
 Na

+
 K

+
 

 

   

0.19 8.30 0.89 0.5 0.51 0.26 0.34 0.70 0.6    

 
 

Experimental treatments and design: The exper-

iment involved four irrigation levels (60, 80, 100 

and 120% of the crop evapotranspiration ETc) ap-

plied through drip irrigation system. The irrigation 

levels were calculated using FAO-CROPWAT 

software version 8 to calculate the crop irrigation 

water requirements based on the reference crop 

evapotranspiration as described by Penman-

Monteith which has now become the standard for 

estim ating reference crop evapotranspiration 

(Smith and Steduto, 2012). Evapotranspiration 

was calculated according to the water balance 

approach as described by James (1995). The irri-

gation treatments were applied after 60 days from 

planting then continued until harvesting. The se-

cond factor was plant stimulant substances which 

were seaweed extract (1.5 g/l) in a powder form, 

potassium silicate (2 g/l) in a powder form and ab-

scisic acid (30 ppm) in a trading form (proton) in-

volved 10 abscisic acid as well as spraying distilled 

water as a control treatment. The plant stimulant 

substances were sprayed after two months from 

planting date and repeated every two weeks.  

 The experimental design was a split-plot with 

four replications. The irrigation levels were distrib-

uted randomly in the main plots. Meanwhile, the 

four plant stimulant substances were randomly 

distributed in the subplots. Each subplot composed 

of five rows with row width of 80 cm and row length 

of 5m.  

 Cormels with the same weights of about 100 g 

were used as planting materials and were planted 

at 25 cm spacing in one line along the row. Cultiva-

tion and all cultural practices other than irrigation 

(fertilization, weeding, and pest control) were per-

formed according to the recommendations of the 

Egyptian Ministry of Agriculture, were kept normal 

and uniform for all the treatments.  

 

Data recorded:  

 

 A random sample of five plants from the three 

inner rows of each experimental plot were taken at 

the harvest (270 days after the planting date) and 

the vegetative growth data were recorded. Plant 

height was measured from the ground level to the 

top point of plant. Also, the standing leaves on 

each individual plant were counted, and average 

leaf area was estimated. In the mid growing sea-

son, total chlorophyll content of five leaves was 
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determined by using Minolta SPAD-502 Chloro-

phyll Meter (MINOLTA CO., LTD. Japan). The 

same leaves were dried at 70C
o
 to constant weight 

then leaf dry matter was estimated according to 

the following formula:  

 Leaf dry matter percent = (dry weight of leaves 

/ fresh weight of leaves) x 100. Also the dried 

leaves from each sample was subjected to meas-

uring the nutrients. Nitrogen percent was meas-

ured determined according to Kock and Mc 

Meckin (1924). Phosphorus percent was meas-

ured calorimetrically at the wave length 680 nm 

using Spectrophotometer device (UV/VIS Spectro-

photometer, CT 200) as described by Troug and 

Meyer (1939). 

 Potassium percent was measured via flame 

photometer device as mentioned by Brwon and 

Lilliland (1946). Also, calcium percent was meas-

ured through Flame photometer device according 

to the method described by Chapman and Pratt 

(1961). Magnesium contents was determined us-

ing atomic absorption spectrophotometer accord-

ing to A.O.A.C. (2000). 

 All corms from the three inner rows of each 

experimental plot were harvested. Corms were 

cleaned from the residual of soil and the corm 

weight and yield/ feddan were calculated. Water 

use efficiency (WUE) was calculated as the units of 

total yield produced from each unit volume of the 

used water (kg yield / m
3 

water). 
 

Crop yield kg/fed. 

WUE = -------------------------- 

water (m3/fed.) 

 

 Corm samples were dried to constant weight at 

70ºC for dry matter determination. Carbohydrates 

and starch content in corms were determined ac-

cording to A.O.A.C. (2000). 

 

Data analysis: All data were subjected to the 

analysis of variance with SAS statistical package 

[15]. Means of main effects and interactions were 

separated using least significance difference 

(LSD). All statistical determinations were made at 

P = 0.05. 

 

RESULTS AND DISCUSSION 

 

Vegetative growth parameters 

 

 Data in the Table (2) revealed that number of 

leaves and chlorophyll reading recorded descend-

ing values against decreasing irrigation levels  

during the two growing seasons. However, plant 

height, leaf area and leaf dry matter percent in the 

first season, irrigation levels of 80 % and 100% 

showed no significant differences in the remain 

parameters. On the other hand, the least values of 

all parameters were recorded with 60% irrigation 

level. Al-Mansor et al (2015) and Abdelhady et al 

(2017) established their experiments under the 

same area and climate and concluded that the 

irrigation level 80% of the crop evapotranspiration 

(ETc) or more maintained soil moisture in the 

readily available water range. Therefore, the im-

pact of these irrigation levels on the crop behavior 

mostly was not significant. Meanwhile, under this 

investigation, 120% irrigation level was the best 

treatment in improving the vegetative performance 

of taro due to the higher water requirement of the 

plant (Bussell and Bonin, 1998). Where taro 

growth and yield of corms were improved well un-

der the higher level of the irrigation (El-Zohiri and 

Abd Elal, 2014). On the other hand, applying defi-

cit irrigation in taro clearly decrease vegetative 

growth so reflected negatively on the corm yield 

(El-Zohiri and Abd Elal, 2014).  

 Foliar sprayed seaweed extract conferred the 

superior improvement of all vegetative parameters 

followed by potassium silicate compared to ab-

scisic acid or control. Meanwhile, leaf dry matter 

percent was not significantly affected by all the 

sprayed substances. These results were true in the 

two growing seasons. 

 For the interaction between irrigation levels and 

foliar sprayed substances, the effect of irrigation on 

the taro vegetative growth parameters was strong-

er than the foliar sprayed substances. So all 

measured parameters showed descending values 

with decreasing the irrigation levels even under the 

same foliar sprayed substance. Nevertheless, 

spraying seaweed extract on the taro plants still 

the best treatment under each irrigation level fol-

lowed by potassium silicate but sometimes spray-

ing abscisic acid decreased the measured parame-

ters values than control treatment. It is worth noting 

that the measured parameters values were similar 

when spraying seaweed extract under both 80% 

and 100% irrigation levels. The data was con-

sistency during the two seasons.  

 Based on the explained data, under reduction 

irrigation levels the used substances varied in its 

stimulation effect where seaweed extract was more 

effective in attenuating the adverse effect of reduc-

tion irrigation level meanwhile abscisic acid some-

times exhibited more reduction effect than control.  
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 Deficit irrigation as saving irrigation water strat-

egy, at least under the Egyptian conditions where 

shortage of fresh water for irrigation, is a must. 

According to Abu El-Azm and Youssef (2015) 

and Abdelhady et al (2017), applying deficit irriga-

tion led to a certain stress on the plant depending 

on the stress severity. However, many agronomic 

practices could be carried out to alleviate the 

drought stress as using more efficient irrigation 

method mainly drip irrigation and applying stress 

alleviator substances (El-Zohiri and Abd Elal, 

2014; Abu El-Azm and Youssef, 2015; Abdel-

hady et al 2017). In this work seaweed extract, 

potassium silicate and abscisic acid were used to 

attenuating the negative effect of the drought 

stress. Abscisic acid showed a poor stress alleviat-

ing effect but sometimes led to increasing the 

drought stress effect because of abscisic acid-

mediated the drought stress response where ab-

scisic acid closes the stomata (Hetherington and 

Woodward 2003). Stomatal closure results in a 

reduction of stomatal conductance and CO2 avail-

ability, which reduces rates of photosynthesis 

(Chaves et al 2003). Meanwhile, the seaweed 

extract  showed a superior effect in drought stress 

alleviation where it was used in numerous studies 

for nutrient supplementation and as biostimulant or 

biofertilizer to increase plant growth and yield 

(Blunden et al 1997). Also other studies have re-

vealed a wide range of other beneficial effects of 

seaweed extract applications on plants, such as 

improve plant performance and yield, elevated 

resistance to biotic and abiotic stress, and other 

benefits in the plant production (Khan et al 2009; 

Abu Seif et al 2016; Ertani et al 2018). As de-

scribed by Blunden et al (1997),  the application of 

seaweed extract increased chlorophyll content, 

improved photosynthesis and nutrient uptake so, 

under our work, seaweed foliar spray enhanced 

taro plant performance (Tables 2, 3) especially leaf 

chlorophyll content and nutrients uptake particular-

ly under low irrigation levels. This effect was ac-

companied by a clear improvement in the plant 

height, number of leaves, leaf area and leaf dry 

matter. Abu El-Azm and Youssef (2015) cited 

that the stimulus effect of potassium silicate my be 

due to the role of both potassium and silicon in 

plant growth, especially under stresses. Where 

potassium plays important roles in alleviating the 

damaging effects of drought stress through its ef-

fects on enzyme activation, protein synthesis, pho-

tosynthesis, stomatal movement and water-relation 

(turgor regulation and osmotic adjustment) in 

plants (Marschner, 2011). Moreover, the benefi-

cial roles of silicon in combating various biotic and 

abiotic stresses have been widely reported (Zhu 

and Gong, 2014). Under our study, the enhancing 

effect of potassium silicate either as absolute or 

combined with irrigation was less than that of sea-

weed, especially under less watering.   

 
Mineral content in the leaves 

 

 Data in Table (3) exhibited that nitrogen, phos-

phorus, potassium, calcium and magnesium con-

tent in taro leaves were decreased with decreasing 

the irrigation level. The highest values of the nutri-

ents content were recorded with the irrigation level 

of 120% of the ETc while the least values were 

recorded with 60% ETc irrigation level. The highest 

content of nitrogen, phosphorus, potassium, calci-

um and magnesium in taro leaves were achieved 

with seaweed extract foliar spraying followed by 

spraying with potassium silicate, while no signifi-

cant differences were recorded with abscisic acid 

spraying or control treatment. The interaction be-

tween irrigation levels and foliar spray substances 

affected significantly the nutrients content in taro 

leaves. It is clear that seaweed extract spraying 

modified the adverse effect of decreasing the irri-

gation levels than spraying with either of potassium 

silicate or abscisic acid.  

 
Corm yield and water use efficiency  

 
 Data in Table (4) revealed that corm yield per 

feddan was significantly affected by irrigation level, 

foliar spray substances and their interaction. Due 

to the synchronization of vegetative growth and 

corm formation in taro, corm yield was also affect-

ed by the experimental factors similarly to the veg-

etative growth. Where the highest corm yield was 

obtained with higher irrigation level. In other words, 

corm yield was positively correlated by the amount 

of irrigation water. 
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Table 4. Effect of irrigation levels and foliar spray substances on yield and water use efficiency of 

taro grown in 2014 and 2015 growing seasons 

 

Treatments 

Yield of corms per Feddan 

(ton) 

Water use efficiency 

Kg / m
3 
 

1
st 

season
 

2
nd

 season 1
st

 season 2
nd

 season 

Irrigation level
a
 

120% 20.175 a 21.915 a 3.85 4.18 

1000% 16.710 b 18.750 b 3.83 4.33 

80% 15.375 b 17.52 b 4.60 5.04 

60% 13.218 c 14.205 c 3.80 3.92 

                    Foliar spray substances
b
 

Seaweed  18.343 a 21.199 a 4.45 4.99 

KSiO3 17.831 a 19.043 b 4.26 4.55 

ABA 15.250 b 16.562 c 3.84 4.11 

Control 14.062 b 15.615 c 3.60 3.83 

 
Irrigation level

a
 X Foliar spray substances

b
 

120% Seaweed  22.5 a 25.24 a 4.30 4.82 

 KSiO3 21.945 a 24.195 a 4.19 4.62 

 ABA 18.24 b 19.5 b 3.48 3.72 

 Control 18.00 b 18.75b 3.44 3.58 

100% Seaweed  20.62a b  22.17ab 4.76 5.08 

 KSiO3 17.745 bc 18.84 bc 4.06 4.30 

 ABA 15.75 cd 17.505 cd  3.61 4.01 

 Control 14.745 def 17.250 cd 3.38 3.95 

80% Seaweed  18.24 b 21.00 ab 5.22 6.02 

 KSiO3 16.740 bcd 18.375 bcd 4.79 5.26 

 ABA 14.875 de 16.375 cde 4.26 4.69 

 Control 14.500 de 14.749 def 4.15 4.22 

60% Seaweed  13.74 def 13.99 ef 4.05 4.06 

 KSiO3 13.245 def 13.75 def 4.04 4.05 

 ABA 12.0 efg 12.75 fg 4.02 4.02 

 Control 10.74 fg 12.0 gh 3.44 3.58 
a
Averages for each group within a column for the same factor followed by the same letter do not significantly  

differ (P = 0.05) according to Duncanʼs multiple range test. 

 

 For the impact of foliar spray substances (sea-

weed extract, potassium silicate and abscisic acid) 

it was observed that substances increased corm 

yield than control treatment. The highest corm yield 

was recorded with seaweed followed by potassium 

silicate then abscisic acid. 

 Regarding the effect of the interaction between 

irrigation level and foliar spray substances, results 

it is appered that at 120% ETc irrigation level, both 

seaweed extract and potassium silicate were supe-

rior and equally in their effect on the corms yield.  

But with the lower irrigation levels, seaweed extract 

was still superior to other substances with all irriga-

tion levels. Abscisic acid, especially under low irri-

gation levels, showed no enhancing effect but it 

might increase the adverse effect of irrigation level 

reduction. 

 Water use efficiency is considered a true crite-

rion for distinguishing between the experimental 

treatments. Therefore, the highest WUE was ob-

tained with 80% irrigation level. Seaweed extract 

foliar spray recorded the highest WUE compared 

to other used substances. The combination of 

seaweed and 80% irrigation level conferred the 

surpassed WUE than other combinations. These 

results were true during the two growing seasons.   

 

Corm quality 

 

 Fresh weight, dry matter percent and carbohy-

drates and starch percent in taro corm responded 

significantly to irrigation levels (Table 5).  The re-

sponse was compatible with irrigation level. Where  
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the highest values of all parameters were obtained 

with 120% irrigation level then the values were 

decreased with decreasing the irrigation level to 

60% of the ETc.  

 It was clear that the foliar spray with seaweed 

extract was superior, thereafter potassium silicate, 

but the least values of the corm parameters were 

recorded by abscisic acid or control treatments. 

 Taro corm parameters were significantly affect-

ed by the interaction between irrigation levels and 

foliar spraying substances. The irrigation levels 

exhibited a clear effect compared to the foliar 

spraying substances because of the descending 

response of the corm parameters to each foliar 

spraying substance with decreasing the irrigation 

level. 

 Corm parameters values were similar when 

spraying seaweed extract with each irrigation lev-

els of 80% and 100%, the same result was ob-

tained by spraying potassium silicate. The same 

trend of data was obtained during the two growing 

seasons starch content in the corm showed the 

highest values under each 100% and 120% irriga-

tion levels compared to irrigation levels of 80% and 

60% of the ETc. Taro vegetative growth and corms 

formation (yielding) are synchronized. So that, ac-

cording to Paul and Bari (2011) vegetative growth 

indicating to corms yield and quality. Therefore, 

our results demonstrated that higher corm yield 

and quality (corm fresh and dry weight as well as 

starch and carbohydrate contents) appeared to be 

concomitant with irrigation levels (120% and 100% 

ETc) and foliar spry substances (seaweed extract 

and potassium silicate) and their combinations 

which also enhanced the vegetative growth pa-

rameters. 

 

CONCLUSION 

 

 Taro cultivation in Egypt earns an important 

situation especially in some areas. Therefore, the 

result of this study support continuing taro produc-

tion even under the fresh water shortage with 

some modifications in the irrigation system and 

agronomic practices. So using drip irrigation as a 

higher efficient irrigation method is preferable and 

increases water use efficiency. Otherwise, minimiz-

ing the irrigation water quantity by about 20% can 

heighten the water use efficiency but may cause a 

drought stress on the plants which could be atten-

uated via foliar spraying mainly by seaweed extract 

and alternatively by potassium silicate.   
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 إبراىيم إبراىيم العكش.د ا تحكيم:
 شحاتوأبو العز عيسى .د ا  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 بمستخمص الاعشاب البحرية وسيميكات البوتاسيوم تأثير مستويات الرى والرش الورقى
 وحمض الابسيسك عمى النمو ومحصول الكورمات وجودة القمقاس
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 1ظهرة عبد المولى عبد الحميد
 مصر  – الجيزة -مركز البحوث الزراعية –معيد بحوث البساتين  –قسم بحوث البطاطس و الخضر خضرية التكاثر  -1
 مصر -القاىرة –11241 شبرا حدائق 68 - ب.ص ة عين شمســـــــــــجامع –ة ــــــــــة الزراعــــــــــــــكمي –اتين ـــــــــــــــم البســــــقس -2
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 زــــــــــــــــالموجـ
  

أقيمت تجربة حقمية فى المزرعة البحثية لمعيد  
بحوث البساتين بمحطة القناطر فى محافظة القميوبية  

لتقييم تأثير   2015و  2014خلال موسمى النمو 
من  60،  80،  100 %120مستويات الرطوبة )

عشاب مستخمص الأتخفيف الإجياد ) ومواد) البخر نتح
بحرية، سيميكات البوتاسيوم، وحمض الابسيسيك ال

بالإضافة لمعاممة الكنترول( عمى النمو ومحصول 
الكورمات وجودة القمقاس البمدى مع محاولة لتطبيق 
إستراتيجية  توفير مياه الري في مزراع القمقاس وقد 

نبات أشارت النتائج إلى انخفاض متزايد في نمو ال
ومحصول الكورمات والجودة بسبب التقميل من مستوى 

ولكن تم الحصول عمى  .٪01٪ إلى 021الري من 
مع مستوى الري  (WUE) استخدام لممياه أعمى كفاءة

الأعشاب البحرية تحسينًا فائقًا  مستخمص أظير. 01٪
في جميع القياسات الخضرية والمحصول والجودة 
المقاسة تمييا سيميكات البوتاسيوم مقارنة بحمض 

الأعشاب  مستخمص زاد .الأبسيسيك أو الكنترول
مقارنة  (WUE)كفاءة استخدام المياه  البحرية من

٪ 01أدى استخدام مستوى الري بنسبة  .بالمواد الأخرى
الأعشاب البحرية إلى مستخمص صحوبًا برش م

انخفاض معتدل في نمو النبات والمحصول والجودة، 
 لكفاءة استخدام المياه ولكنو أعطى أعمى مستوى

(WUE)  مقارنةً بمعاملات التفاعل الأخرى.  
 

نقص مستوى  القمقاس، النمو الخضرى،الكممات الدالة: 
الأعشاب مستخمص مواد تخفيف الاجياد، الرطوبة، 

البحرية، سيميكات البوتاسيوم، أبسيسيك، محصول 
 الكورمات، كفاءة استخدام الماء
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