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ABSTRACT 

 

 The present study was carried out during 2015 

and 2016 seasons on Kitt mongo  trees to evaluate 

the effect of three irrigation water management 

(4000  m3 of irrigation water were applied to the 

four physiological stages of mango tree growth as 

15 & 20 & 40 & 25 % ,  30 & 15 & 35& 20 % and  

35 & 20 & 30& 15 % m
3
 / tree/ year,  respectively) 

as well as  four concentrations  of potassium sili-

cate on avoiding cold injury and  improvement 

yield of kitt mango .  

 Irrigation Mango tree by  the second program 

water management (30, 15, 35 , 20) recorded The 

highest values of vegetative growth in terms of 

number of shoot /tree  and lower values of leaves 

percentage   affected with cold injury, Also, an evi-

dent increase in the content leaves of N  & K ele-

ments , C/N ratio  and final fruit set % total yield by 

divided  irrigation water at the four physiological 

stages of mango  trees  (30, 15, 35, 20) was rec-

orded compared with  the other two water man-

agements. No significant differences between the 

second and third irrigation water management pro-

grams (30%,  15%, 35%, 20% and  35%,  20%,  

30%, 15%) on values of  leaf area, P% and  total 

carbohydrates as well as on TSS,  acidity and L-

ascorbic acid content  of fruits .  

 Spraying trees with potassium silicate in three 

times during the period from October to January at 

the rate of 1000 ppm  give the highest values of 

quality characteristics at mango trees and their 

fruits. While sprayed with potassium silicate at 

2000 ppm achieve moderate values of the men-

tioned characteristics 

 It could be recommended from the obtained 

data that irrigation water management at the four 

physiological stages (30, 15, 35, 20) of Kitt mango  

trees and spraying 1000 ppm potassium silicate in 

dormancy period is considered  a good treatment 

to avoid cold damage on leaves and fruits as well 

as in giving the highest yield and quality of kitt fruit. 

 

INTRODUCTION 

 

 Mangoes (Mangifera indica L.) belong to family 

Anacardaceae. native to South Eastern Asia and 

considered one of the most important fruits of the 

tropical and sub tropical countries. Mango fruit is 

an abundant source of vitamins, minerals and is 

famous for its excellent flavour, attractive fragrance 

and nutritional value. It is as an emerging tropical 

export crop and is produced in about 90 countries 

in the world with a production of over 820,877 MT 

(Abbasi et al 2011) 

 Mango trees are one of the most important fruit 

trees, which succeed under upper Egypt conditions 

but high temperature degree increases evapo 

transpiration rate. Consequently, the amount of 

needed water by trees increases, especially at new 

reclaimed area of low water supply. Due to high 

temperatures of Egyptian region between (April 

and October) there exists very high water evapora-

tion rate. Kiett mango cultivar grown successfully 

under the Egyptian conditions and its yield produc-

tion comes in the late season.  (Al-Rawahy et al 

2011). 
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 Tropical and subtropical plants exhibit a distinct 

physiological damage when they are exposed at 

low temperatures below 10°C (Krause, 1994). This 

is referred to as ‘chilling injury’. It is observed at 

temperatures above 0°C and is quite distinct from 

freezing injury. This is mainly associated with phys-

ical disorders caused by freezing of water. Alt-

hough chilling injury can be induced in complete 

darkness, it is more marked under weak light 

Chilling injury in light is regarded as a kind of pho-

toinhibition ( Sonoike, 1998) 

 Chilling injury can occur under certain distinct  

characteristics of lower threshold temperature be-

low which it is induced in the plant  (Powles et al  

1983 and Raison & Brown, 1989). It causes 

damage to the chloroplast and affect photosynthet-

ic activities which are irreversible in nature, and 

leads to reduction in the rate of photosynthesis.  

Thereafter, visible symptoms develop in the plants 

after several days of hidden chilling injury. Chilling 

injury may lead to indirect damage to plants. These 

may include starvation, in which the respiration 

rate may exceed the rate of photosynthesis, 

Chilling  injuries  were  manifested  in  several  

forms  in  mango,  litchi,  guava and papaya (Chen 

and Paull 1986). Mango was the second most 

susceptible fruit plant, in spite of its wide adaptabil-

ity to a range of elevations extending up to 1400 m 

asl. Mango needs an optimum temperature range 

of 24–26.7°C and minimum thresh-old temperature 

is 10–12°C below this plant shows chilling injury10. 

Stomatal density on mango leaves is high on the 

upper layer, making them susceptible to low tem-

peratures (Lutze et al  2002) reported that a mini-

mum temperature of –0.6–0°C for 1 h and 15 min 

for two consecutive days resulted in significant 

damage to mango trees (Allen, and Ort, 2001)  

 Although being one of the few drought-tolerant 

plants, mango trees are irrigated to ensure opti-

mum and consistent productivity. Fruiting period is 

considered to be the most sensitive period of water 

stress, water supply is the most critical during the 

first six weeks of the fruit developing process, 

drought will induce late-stage fruit drop and re-

duced fruit mass via decreased cell size and num-

ber (Singh, 2005). Irrigation is necessary because 

very little rainfall and even drought in the meantime 

can lead to the decline of yields and quality of the 

mangoes. Farmers have to irrigate mango trees to 

ensure high yields and good quality. Zaen El-

deen, et al 2015 

 Asuperior water-management program seeks 

to provide an optimal balance of water and air in 

the soil, which allows full expression of genetic 

potential in plants. The differences among poor, 

average, and record crop yields generally can be 

attributed to the amount and timing of the soil’s 

water supply .Improving water management is an 

important way to increase crop yields. Drainage 

can increase soil surface temperatures during the 

early months of the growing season by 6 to 12 °F. 

Warmer temperatures assist germination and in-

crease plant growth (Brouwer, et al 1985 and  

Davies et al 2000). Soil moisture and compaction 

can have a significant effect on temperature 

around the soil surface. A moist compact soil will 

store more (Hilhorst et al 2001). For this reason, 

avoid cultivation just before a frost event since a 

soil that is loose and dry can increase frost injury. 

Some growers rely on overhead sprinkler irrigation 

or misting for frost protection. The formation of ice 

gives off an exothermic reaction that actually cre-

ates heat. The heat released protects the plant 

from injury (Michelle,  2010). 

 The use of advanced water-saving irrigation 

techniques and measures can significantly reduce 

water consumption, improve agronomic water use 

efficiency, save labor and costs, reduce the ad-

verse effects of agricultural water resource availa-

bility from climate change and relieve the crisis of 

water resource and so on (Kato et al (2009). 

Perdro et al (2003) observed that daily mango 

orchard evapotranspiration increased slowly from 

3.1 mm per day at the beginning of the growth  

period to 4.9 mm per day at maximum growth peri-

od of the fruit .Then it decreased to reach a 4.1 

mm per day value, approximately at the full matu-

ration fruit at a semiarid region .The accumulated 

mango orchard water consumption for the whole 

productive cycle was 551.6 and 555.1mm. 

 Irrigation of mango trees can be beneficial, as it 

has been shown to reduce fruit drop resulting in 

satisfactory production (Hossain, 1994). However, 

bearing trees are often irrigated only after fruit set 

and thereafter at fortnight intervals, but not all 

growers practice this. Regular irrigation starting at 

fruit set prevented fruit drop and improved fruit in 

size and quality .The accuracy of management 

relates to the availability of information about the 

system water-soil-plant-atmosphere. Research has 

shown that the interruption of irrigation on mango 

crops during the flower differentiation is an inter-

esting option; however, the irrigation should be 

restarted soon after, in the panicle emergence 

stage. [Santos and Martinez 2013). 

 Therefore, irrigation management plays a vital 

role in stabilizing production and facilitating the 

cultivation of these crops. Irrigation management 
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for the mango crop must follow technical criteria, 

so that water is applied at the right time and the 

right amount (Mattar, 2007). 

 Silicon is the second most abundant constitu-

ent in the earth’s crust (Ehrlich. 1981). It consti-

tutes 27.7 % of the total weight in soil after the 

oxygen (47%) (Datnoff and Snyder (2001).  Alt-

hough silicon is not an essential plant nutrient, 

however, it is reported to increase the photosyn-

thesis rate, the upright appearance and mechani-

cal strength of plants, and also reduces the tran-

spiration rate (Zhu and Gong, 2014). Studies on 

silicon mechanism of action studies suggest that 

this chemical element helps to induce plant de-

fense mechanisms and it acts as a physical barrier 

by silicification of leaf cells (Rodrigues et al 2009). 

 Silicon (Si) has been proved to be beneficial for 

the healthy growth and development of many plant 

species, particularly from the Gramineae family 

(Marschner, 1995; Broadley et al 2011). Si appli-

cation to crops has been reported to enhance their 

tolerance of multiple stresses (Guntzer, 2011), 

including pests and pathogens (Dallagnol et al 

2012), metal toxicity (Rizwan et al 2012; Habibi, 

2014), salt and water stress (Hattori et al 2005; 

Liu et al 2014).  

 The main role of potassium is the activation of 

many enzyme systems involved in the structure of 

organic substances and promotes photosynthesis 

and transport of the assimilates of the carbohy-

drates to the storage organs [Marschner 1986]. In 

addition, K is involved in several basic physiologi-

cal functions. It resulted also in improving the fruit 

quality parameters, i.e., TSS%, total sugars and 

coloration These effects might be dedicated to the 

potassium role in increasing tolerance to stresses 

and improving the formation and accumulation 

rates of sugars (Baiea et al 2015)  

 The main objective of this study was to provide 

rationale for water integrated management and  

spraying potassium silicate on avoiding cold injury 

and improvement yield as well as  fruit quality of 

Kitt mango trees Waddi – Elnatron region. 
 

MATERIAL AND METHODS 
 

 The present study was conducted during 2015 

and 2016 seasons on Kitt mango trees in a private 

farm at Waddi – Elnatron region, Behira Gover-

norate. The trees was 10- year old and planted at 

4.0 X 2.5 m2 apart (420 tree/ fed) under drip irriga-

tion system. uniform in size and in On –year bear-

ing at first season of study . All horticultural prac-

tices including, pest management fertilization with 

macro and micro elements were done. A split plot 

design in 3 replicate was followed as experimental 

design where irrigation levels put in main plots and 

silicon spraying arranged in sub – main plot. The 

season of experiment in first year begin from Oct . 

2014 till Oct 2015 and second year begin from Oct. 

2015 till Oct. 2016. Two factors was studied in this 

research first is irrigation water management and 

second is spraying of silicon and their combination 

on avoiding cold injury  and its effect on vegetative 

growth and yield of Kitt mango trees 

 Regarding irrigation water management ‘ it is 

regular with mango trees farmers to add irrigate 

water at rate of  4000 m 3 of water / fed . Schedul-

ing this amount on four physiological stages of the 

mango tree as follows: 

1. The first phase (Oct.- Jan.), a critical period in 

the life of the mango tree    where bud induc-

tion , initiation and differentiation occurred in 

this stage   

2. The second phase (Jan. -  April) the period of 

flowering and fruit set  

3. The third stage (April -  July) the period of fruit 

development is completed 

4. The final stage (July - October) the period of 

fruit ripening and trees ready to enter into dor-

mancy 

 It will be distributed the amount of irrigation 

water (4000 m3 / fed) on the above mentioned 

physiological four stages as follows: - 

1. 15% & 20% & 40% & 25% 

2. 30% &  15% &  35% & 20% 

3. 35% & 20% & 30% & 15% 

 Regarding spraying of silicon concentration of 

zero & 500 & 1000 and 2000 ppm during the dor-

mancy period. (October, November and Decem-

ber) were sprayed one tree monthly. Experiment 

designed in 4 replicates, where irrigation  program   

a arranged as main plot and silicon spraying as 

sub main plot .  

 3 irrigation programs x 4 silicon spray concen-

trations = 12 treatments    

12 Treatments x 4 replicate (1 tree per each 

replicate) = 48 trees for each season 

The following measurements were recorded   
 

1. Vegetative growth  
 

 Four main branches which were nearly uniform 

in growth, diameter and foliage density and distri-

bution around the periphery of each tree were cho-

sen and labeled in February, the following vegeta-

tive characters were measured.   

  leaf area (cm
2
):  was estimated by picking and 

weighing 30 full mature leaves and weighing 60 

section of 1 cm
2
 (2 section of 1 cm

2
 / leaf), then 
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the average  leaf area (cm
2
) = leaves weight (g) 

x 2 section weight (g). 

 Average number of shoot/ tree 

 Average leaves % affected with cold injury 
 

2. Leaf mineral status (N, P, K), shoot total car-

bohydrate and C/ N ratio 
 

 Leaves sample were picked from the 3
rd

 and 4
th

  

node from shoot top at August 1st of the two sea-

sons. The samples were washed, dried, grounded 

and digested according to (Nijjar, 1985) N, P, and 

K were determined in the digested solution as fol-

lows: 

 Total nitrogen was determined as percentage 

using the micro-Kjeldahl method as described 

by wilde et al 1985). 

 Phosphorus was estimated colorimetrically by 

the stannous chloride method as percentage 

according to (Truog and Meyer 1929) 

 Potassium content was determined by Flame 

photometer as percentage according to method 

of (Jackson, 1973) 

 Total carbohydrates content was determined in 

dried shoot powder as percentage according to 

Smith et al (1956) 
 

3. Final Fruit set (%) and total Yield 
 

 Ten distributed fruiting shoots around trees 

were chosen and labeled before the beginning of 

treatments. The number of flower per each shoot 

was count. Before harvest, the fruit retention for 

each branch was calculated as:  
 

Fruit set Final (%) = Total fruit number / total 

flower number  

 

Total Yield:  At harvesting time , the number of 

fruit per tree was counted and then , the yield per 

tree was calculated either fruit number or Kg/tree.  

 

4. Chemical fruit properties  

 

 For fruit quality determinations, (Total 

soluble solids % ; Titratable acidity as g citric acid 

/100 ml juice ;  and L- ascorbic acid content as mg 

/100 ml , samples of three  fruits were taken from 

each replicate to determine the pervious chemical 

properties as the methods described in (A.O.A.C. 

2005). 

 All the obtained data were tabulated and statis-

tically analyzed according to (Snedecor and Co-

charn, 1980) using new L.S.R at 5% level for se-

lecting the significant differences among treatment 

means 

RESULTS AND DISCUSSION 

 

1. Vegetative growth parameters 

 

1.1. Average leaf area (cm
2
) 

 

 Data in Table (1) illustrated leaf area of Kitt 

mangos during the two studied seasons. However, 

irrigation 2 and 3 recorded highest values and 

were significantly similar in their effect on leaf area 

where irrigation No.1 recorded the least values of 

leaf area in both studied seasons. This data 

showed that divided water irrigation at 30,15, 35 

and 20% (irrigation 2) or at 35, 20, 30 and 15 (irri-

gation 3) has favorite effected in leaf area of kitt 

mango. Spraying 1000 ppm of silicon was effective 

than other  concentrations or control an increasing 

leaf area which considered a good vegetables 

growth parameter to avoid fruit sunburn in Kitt  

mango However,2000 and 500 ppm were signifi-

cantly similar in their effected on leaf area where 

as un sprayed trees recorded the least values of 

leaf area in both studied seasons. 

 Interaction between the two studied factors was 

significant in most cases for both studied seasons. 

Highest interaction values (81.5 and 80.9 cm
2
) 

were obtained by irrigation with program (2) and 

spraying silicon at 1000 ppm in both seasons, re-

spectively on the other hand, the least interaction 

values (60.3 and 53.6 cm2) were recorded by irri-

gation No. 1 without silicon spraying. 

 

1.2. Average number of shoot/ tree 

 

 It is clear from Table (2) that average number 

of shoot/ tree of Kitt mango greatly affected with 

both studied factors during 2015 and 2016 sea-

sons. Highest number of shoot/tree was recorded 

by irrigation No 2 (30, 15, 35, 20%) followed by 

irrigation No 3 (35, 20, 30, 15%) no significant dif-

ferent were detected between irrigation No 2 and 

No 3 in the second season. Spraying silicon great-

ly increased number of shoot /tree than unsprayed 

trees in both studied seasons. However, the high-

est values were obtained with 500 at 1000 ppm 

without significant differences between them. In-

teraction between the two studied factors was sig-

nificant in most cases, however in first season the 

interaction value (40.1 shoot /tree) was recorded 

by irrigation No 3 and spraying silicon at 1000 

ppm. On the other hand, the least interaction value 

(31.4 shoot /tree) was obtained with irrigation 1 

without silicon spraying. 
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Table 1 . Effect of irrigation water management and Silicon spraying on leaf area (cm
2
) of Kitt mango 

trees during 2015 and 2016 seasons  

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 60.3 e 59.4 e 66.5 d 68.4 cd 63.65 B 

Irrigation 2 67.8 cd 77.4 ab 81.5 a 70.3cd 74.25 A 

Irrigation 3 64.3 de 71.5 c 76.2 b 72.9bc 71.23 A 

Mean 64.1 C 69.5 B 74.7 A 70.5 B  

 2016 Season  

Irrigation 1 53.6 f 54.7 f 64.3 d 66.1 d 59.68 B 

Irrigation 2 57.2 ef   75.2 b 80.9 a 69.2 cd 70.63 A 

Irrigation 3 58.4 e 69.9 cd 77.2 ab 71.4 c 69.23 A 

Mean 56.4 C 66.6 B 74.1 A 68.9 B  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

Table 2. Effect of irrigation water management and Silicon  spraying on number of shoot /tree  of Kitt 

mango  trees during 2015 and 2016 seasons  

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 31.4 f 33.7 ef   34.0 de 35.1 de 33.55 C 

Irrigation 2 34.5 de 41.3 ab 34.8 ab 37.2 cd 39.18 A 

Irrigation 3 32.6 ef 39.5 bc 40.1 b 36.5 cd 37.20 B 

Mean 32.8 C 38.2 A 39.3 A 36.3 B  

 2016 Season  

Irrigation 1 34.9 f 36.5 ef  35.7 ef 38.7 de 36.45 B 

Irrigation 2 37.5 ef 46.5 a 48.7 a 43.5 bc 44.05 A 

Irrigation 3 38.1 de 45.7 ab 47.2 a 41.0 cd  43.00 A 

Mean 36.8 C 42.9 A 43.9 A 41.1 B  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

1.3. Average leaves % affected with cold injury 

 

 Date presented in Table (3) show that both 

irrigation water management and silicon spraying 

greatly affected cold injury % appear on Kitt 

leaves, during 2015 and 2016 seasons. The least 

% of leaves which affected with cold injury were 

obtained with irrigation (30, 15, 35 and 20%) in first 

season and irrigation by (35, 20, 30 and 15%) in 

second season. However, no significant differ-

ences were recorded between irrigation No 2 and 

No 3 in second season. The obtained data declare 

that water irrigation management plays an im-

portant role in minimizing winter cold injury in Kitt 

mango which caused many damaged symptoms 

including death of trees.  
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Table 3. Effect of irrigation water management and Silicon  spraying on leaves percentage   affected with 

cold injury of Kitt mango  trees during 2015 and 2016 seasons  

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 28.9 a 25.3 ab 18.9 de 16.7 ef 22.45 A 

Irrigation 2 20.4 cd 12.7 gh 10.2 h 14.7 fh 14.50 C 

Irrigation 3 22.5 bc 14.5 fg 13.1 gh 15.5 e-g 16.4 B 

Mean 23.9 A 17.5 B 14.1 C 15.6 C  

 2016 Season  

Irrigation 1 20.4 a 17.2 ab 14.9 bc 13.5 c 16.5 A 

Irrigation 2 17.7 ab 9.2 d-f 7.6 f 11.3 d 11.45 B 

Irrigation 3 16.8 bc 8.4 ef 8.9 d-f 10.8 de 11.23 B 

Mean 18.3 A 11.6 B 10.4 B 10.9 B  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

 Spraying silicon at 500, 1000, or 2000 ppm 

were effective in reducing average leaves % af-

fected with cold injury during winter season com-

pared with unsprayed trees .However,1000 and 

2000ppm of silicon were similar in their affect and 

recorded the least % of affected leaves with cold 

injury in both seasons.. Interaction between the 

two studied factors was significant in most cases , 

the least values of affect cold injury leaves (10.2%) 

was obtained by irrigation No 1 without silicon 

spraying. 

 Low temperature often show signs of water 

stress due to decreased root hydraulic conduct-

ance, leading to associated decreases in leaf wa-

ter and turgorpotential, followed by a reduction of 

growth. (Sonobe et al 2011). Si can enhance anti-

oxidant defense activity in plants under stress, 

resulting in decreased membrane oxidative dam-

age, improved stability of cell membranes and en-

hanced stress tolerance (Waraich et al 2011 & 

Abd-El-Rahman ). 

 During and after chilling, the rate of photosyn-

thesis in the leaves of chilling sensitive plants de-

creased and this is more related to decreasing 

temperature and lengthening of chilling period and 

persisted for a long time after transfer of chilled 

plants in the heat (Boese et al 1997; Strauss et al 

2007). The physiological reasons for the suppres-

sion of photosynthesis are the inhibition of phloem 

transport of carbohydrates from the leaves, sto-

matal limitation, destruction of the photosynthetic 

apparatus, damage to water-splitting complex of 

photosystemI, inhibiting electrontransport, and 

uncoupling of electron transfer and energy storage, 

changes in the activity and inhibition of synthesis 

of key enzymes of the Calvin cycle and C4-way 

(Yoshida et al 1996 and Garstka et al 2007). 

Cold-sensitive crop species have smaller tempera-

ture homeostasis of leaf photosynthesis than cold 

tolerants pecies (Yamori et al 2009) and improv-

ing fruit quality (Epstein and Bloom, 2003). Water 

resource scarcity worldwide makes it necessary to 

understand the effects of water use reduction in 

more efficient and competitive crop irrigation. Even 

though mango is a drought resistant crop, fruit tree 

production plays an important role and the efficient 

use of water resources is mandatory. Cell en-

largement and division need adequate water dur-

ing fruit growth and development period, while lack 

of water inhibited fruit growth and development 

(Liu et al 2007). 
 

2. Chemical constituents 
 

2.1. Leaves NPK constituents 

  

 Data in Tables (4, 5 and 6) showed the effect 

of irrigation water managements and silicon spray-

ing on leaf N, P and K contents of Kitt mango trees 

during 2015&2016 seasons. The highest values of 

leaf N % (2.01 and 1. 93 %) were obtained with 
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irrigation 2 (30, 15, 35 and 20 %) in both seasons, 

without significant differences between irrigation 

No 2 and No 3. No significant effect to silicon 

spraying was obtained  on leaf N % or control dur-

ing  the two studied seasons . Interaction between 

the two studied factors was significant in both stud-

ied seasons.  

 Slight effect was recorded by irrigation water 

No. 2 and No. 3 on were on leaf P content of Kitt 

mango, however, irrigation No. 2 and No. 3 were 

similar in their effect on leaf P content in both stud-

ied seasons. All silicon spraying treatments in-

creased leaf P content of Kitt mango during the 

two studied seasons compared with control, but 

the great effect was recorded by 1000 ppm silicon. 

Interaction values were significant where the high 

interaction value of P (0.29 %) was obtained with 

irrigation 3 and 100 ppm silicon spraying in first 

season .However leaf K content was highest in first 

season with irrigation No.2 (30, 15, 35, 20 %) and 

in second season with irrigation No.3 (35, 20, 30, 

15 %) no significant differences were detected   

between 1000 or 2000 ppm of silicon spraying in 

both seasons.  However 500 ppm of silicon spray-

ing exhibited similar values of leaf K content with  

unsprayed trees in both seasons . Interaction be-

tween the two studied factors was significant in 

both studied seasons. 
 

2.2. Total carbohydrates and C/N ratio 
 

 Total carbohydrates 
 

 Data in Table (7) show that shoot total carbo-

hydrates % were high with irrigation program No.2 

(30, 15, 35 and 20%) and irrigation 3 (35, 20,30 

and 15 %) without significant differences between 

them the least values of shoot total carbohydrates 

were recorded by irrigation program No.1 (15, 20, 

40 and 25 %) in both studied seasons. Spraying 

silicon at 500 or 1000 ppm exhibited similar no 

significant values during the two studied seasons. 

Interaction between the two studied factors was 

significant in most cases, for instance, in the first 

season, the high value (40.4%) was obtained with 

irrigation 2 and 1000 ppm silicon spraying. On con-

trary, the least value (26.4 %) was recorded by 

irrigation program No. 1 unsprayed trees.  
  

 C/N ratio 

 

 Additionally, it is clear from data in Table (8) 

that C/N ratio greatly increasing with irrigation 2 

(30, 15, 35 and 20%) and irrigation program No 

(35, 20, 30 and 15%) with significant differences 

between them. However, the least value of C/N 

ratio in both seasons were recorded by irrigation 

program No.1 (15, 20, 40, 25%). Spraying silicon 

at all used concentrations greatly increased C/N 

ratio than unsprayed trees, however, the great 

effect was more pronounced with 1000ppm of sili-

con spraying. Interaction between both studied 

factors showed that the highest interaction value of 

C/N ratio (19.5) was recorded by irrigation program 

No. 2 and spraying silicon at1000 ppm. On contra-

ry, the least values of C/N ratio (14.2) was record-

ed by irrigation program No.1 without silicon spray-

ing. 

 Increase water availability significantly increas-

es flowering (Grattan et al 2006). This might be 

due to the increase carbohydrates content during 

flower differentiation as a result of the irrigation 

treatments.( Attalla, et al 2011). 

 Patumi, et al (2002).They showed that fruit 

tree productivity was increased with increasing 

irrigation level. 

 Si application increased plant growth signifi-

cantly and increase drought tolerance in plants by 

maintaining plant water balance, photosynthetic 

activity, erectness of leaves and structure of xylem 

vessels under high transpiration rates (Melo et al 

2003; Hattori et al 2005). Silicon application is 

reported to enhance leaf water potential under 

water stress conditions (Matoh et al 1991). 

K2SiO4 gave the highest K% values in faba bean 

plant tissue. (Abou-Baker et al 2011). 

 Recent studies suggest that silicon is beneficial 

in protecting the plants from all stresses through 

stimulating the expression of natural defense reac-

tion and the production of phenolic compounds 

which act as antioxidants (Qin and Tian, 2009). 

 Silicon application was essential for stimulating 

growth and fruiting of different fruit crops (Al-

Wasfy, 2013). 

 

3. Fruit set % and total yield (kg/tree) 
 

 Final Fruit Set % 
 

 A great effect as shown in Table (9) to irriga-

tion management on final fruit set % especially 

with irrigation 2 (30,15,35 and 20%) in both studied 

seasons. whereas the least final fruit set %was 

obtained  with irrigation 1 (15, 20, 40 and 25%) 

spraying silicon at 500, 1000 or 2000 ppm were 

effective in increasing final fruit set than unsprayed 

one. No significant difference were detected be-

tween 500 or 2000 ppm silicon spraying in their 

effect on final fruit set %. Interaction between the 

two studied factors was significant in both sea-

sons. 
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Table 4 . Effect of irrigation water management and Silicon spraying on  leaf N percentage of Kitt mango  

trees during 2015 and 2016 seasons  

 

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 1.85 c 1.87 bc 1.81 c 1.89 bc 1.86 B 

Irrigation 2 1.91 a-c 2.11 a 2.07 ab 1.95 a-c 2.01 A 

Irrigation 3 1.95 a-c 2.00 ab 1.94 a-c 1.90 bc 1.95 AB 

Mean 1.90 A 1.99 A 1.94 A 1.91 A  

 2016 Season  

Irrigation 1 1.80 ab 1.75 b 1.81 ab 1.75 b 1.78 B 

Irrigation 2 1.88 ab 1.97 a 1.96 a 1.90 ab 1.93 A 

Irrigation 3 1.85 ab 1.89 ab 1.91 ab 1.88 ab 1.88 AB 

Mean 1.84 A 1.87 A 1.89 A 1.84 A  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

 

 

 

Table 5. Effect of water irrigation management and Silicon spraying on leaf P percentage of Kitt mango 

trees during 2015 and 2016 seasons  

 

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 0.20 d 0.20 d 0.20 d 0.23 cd 0.21 B 

Irrigation 2 0.21 d 0.25 bc 0.27 ab 0.22 cd 0.24 A 

Irrigation 3 0.20 d 0.26 ab 0.29 a 0.21 d 0.24 A 

Mean 0.20 C  0.24 A 0.25 A 0.22 B  

 2016 Season  

Irrigation 1 0.20 c 0.21 c 0.24 ab 0.23 b 0.22 B 

Irrigation 2 0.20 c 0.24 ab 0.26 a 0.23 b 0.23 AB 

Irrigation 3 0.23 b 0.24 ab 0.25 a 0.22 bc 0.24 A 

Mean 0.21 C 0.23 B 0.25 A 0.23 B  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 
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Table 6. Effect of irrigation water management and Silicon  spraying on  leaf K  percentage of Kitt mango  

trees during 2015 and 2016 seasons  

 

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 1.71 c 1.70 c 1.75 c 1.77 bc 1.73 B 

Irrigation 2 1.76 c 1.74 c 1.89 ab 1.92 a 1.83 A 

Irrigation 3 1.71 c 1.71 c 1.85 ab 1.80 bc 1.77 B 

Mean 1.73 B 1.71 B 1.83 A 1.83 A  

 2016 Season  

Irrigation 1 1.70 d 1.75 cd 1.70 d 1.73 cd 1.72 B 

Irrigation 2 1.76 cd 1.82 bc 1.91 ab 1.96 a 1.86 A 

Irrigation 3 1.82 bc 1.80 bc 1.94 a 1.93 a 1.87 A 

Mean 1.76 B 1.79 B 1.85 A 1.87 A  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

 

 

Table 7. Effect of irrigation water management and Silicon spraying on Total Carbohydrates of Kitt man-

go trees during 2015 and 2016 seasons  

 

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 26.4 f 28.3 ef  29.6 de 30.7 c-e 28.8 B 

Irrigation 2 29.5 de 37.5 ab 40.4 a 32.9 cd 35.1 A 

Irrigation 3 30.1 de 36.3 b 36.1 b 33.2 c 33.9 A 

Mean 28.7 C 34.0 A 35.4 A 32.3 B  

 2016 Season  

Irrigation 1 27.2 f 29.7 ef  31.1 e 32.6 de 30.2 B 

Irrigation 2 31.1 e 39.8 b 43.7 a 35.1 cd 37.4 A 

Irrigation 3 32.0 de 39.1 b 38.2 bc 36.3 c 36.4 A 

Mean 30.1 C 36.2 A 37.7 A 34.7 B  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 
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Table 8. Effect of water irrigation management and Silicon spraying on C/ N ratio of Kitt mango  trees 

during 2015 and 2016 seasons  
 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 14.2 e 15.1 de  16.3 cd 16.2 cd 15.5 B 

Irrigation 2 15.4 de 17.8 b 19.5 a 16.9 bc 17.4 A 

Irrigation 2 15.4 de 18.2 b 18.6 b 17.4 bc 17.4 A 

Mean 15.0 C 17.0 B 18.1 A 16.8 B  

 2016 Season  

Irrigation 1 15.1 f 17.0 de 17.2 de 18.6 c 17.0 B 

Irrigation 2 16.5 e 20.2 b 22.3 a 18.5 cd 19.4 A 

Irrigation 2 17.3 de 20.7 b 20.0 b 19.3 bc 19.3 A 

Mean 16.3 C 19.3 AB 19.8 A 18.8 B  

Irrigation 1= 4000 m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000 m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000 m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

Table 9. Effect of irrigation water management and Silicon spraying on Final fruit set of Kitt mango trees 

during 2015 and 2016 seasons  
 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 1.54 f 1.72 ef  1.81 d-f 1.97 c-e 1.76 C 

Irrigation 2 1.75d-f 2.31ab 2.58 a 2.11 bc 2.19 A  

Irrigation 3 1.73 d-f 2.24 bc 2.17 bc 2.03 b-d 2.04 B 

Mean 1.67 C 2.09 B 2.19 A 2.04 B  

 2016 Season  

Irrigation 1 0.85 e 0.88 e 0.94 de 1.03 de 0.93 B 

Irrigation 2 0.89 e 1.36 ab 1.55 a 1.10 cd 1.23 A 

Irrigation 3 0.93 de 1.17 bc 1.30 a-c 1.06 c-e 1.12 A 

Mean 0.89 C 1.14 B 1.26 A 1.06 B  

Irrigation 1= 4000 m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000 m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000 m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

 Total Yield (kg / Tree) 

 

 Data obtained in Table (10) showed that irriga-

tion program No.2 (30, 15, 35 and 20%) produced 

highest total yield in first season follow by irrigation 

3 (35, 20, 30 and 15 %) whereas irrigation program 

No.1 (15, 20, 40 and 25%) came later . However , 

all silicon sprayers produced high total yield than 

unsprayed  trees at the highest values of total yield 

was obtained with 1000 ppm followed by 2000 

ppm whereas 500 ppm came later . High interac-

tion value of total yield (18.18 kg / tree) was ob-

tained in first season by irrigation program No.2  

and 1000 ppm silicon spraying .However ,least  

total yield interaction value (11.50kg / tree) was 

recorded by irrigation 1 without silicon spraying. 

 Spraying (Silicon) at 5% as antitranspiration 

and irrigate plants at 60% of the available water 

depletion is the promising treatment to reduce the 

total amount of irrigated water through the growing 

season of Young Mango Trees. Besides, in-

creased growth parameters and improved yield 

weight and fruit characteristics. (Zaen El-deen et 

al 2015). 
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Table 10. Effect of irrigation water management and Silicon spraying on yield kg/tree of Kitt mango trees 

during 2015 and 2016 seasons  
 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 11.50 d 12.37 cd 12.50 cd 12.80 cd 12.30 B 

Irrigation 2 11.72 d 16.14 b 18.18 a 13.06 cd 14.78 A 

Irrigation 3 12.35 cd 14.30 bc 15.86 b 13.58 c 14.02 A 

Mean 11.86 C 14.27 B 15.51 A 13.15 B  

 2016 Season  

Irrigation 1 5.60 e 6.00 de 7.63 b 8.18 b 6.85 B 

Irrigation 2 5.70 de 7.97 b 9.26 a 7.58 bc 7.72 A 

Irrigation 3 6.61 cd 8.02 b 8.45 ab 8.48 ab 7.89 A 

Mean 5.97 C 7.33 B 8.45 AB 8.08 A  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

 Fruit growth is slow at early stage, grows faster 

at rapidly expansion stage, slowing down at ma-

ture stage during the whole fruit growth cycle with 

one growth peak. Soil water content is essential to 

the early development of mango fruit. Water supply 

is the most critical during the first 42 days of fruit 

development, drought can induce late-stage fruit 

dropping and reduce fruit mass via decreased cell 

size and number (Singh, 2005) There is a negative 

correlation between the number of fruits on the 

tree and the average fruit weight. Trends of fruit 

length, diameter and fruit shape index are identical 

between different treatments during the fruit devel-

opment period. Irrigation has no significant effect 

on the fruit development, similar to the results of 

previous studies Caspari et al 1994 & Liu et al 

2007). 
 

4. Chemical fruit properties 
 

 SSC% 
 

 It is clear from data in Table (11) that both irri-

gation 2 (30, 15, 35 and 20%) and 3 (35, 20, 15) 

were similar in their effect on SSC % in Kitt mango 

fruit and superior than irrigation 1 (15,20,40 and 

25%) in both seasons. All Concentrations of silicon 

increasing SSC % in Kitt mango than unsprayed 

fruits, with non- significant differences between the 

three used concentrations of silicon. Interaction 

between the two studied factors was significant in 

most cases, the highest interaction value (17.6%) 

in first season was obtained with irrigation program 

No. 2   and 1000 ppm silicon spraying. The least 

interaction value (15.3%) was recorded by irriga-

tion program No.1  without silicon spraying. 

 

 Total Acidity % 

 

 Data in Table (12) show that no significant dif-

ferences were recorded between the three water 

irrigation managements in their effect on total 

acidity % in both studied seasons. Also, the same 

finding was also obtained concerning silicon spray-

ing where no significant differences between dif-

ferent concentrations of silicon or control were de-

tected. Interaction between the two studied factors 

was negligible and out of significant in both studied 

seasons. 

 

 Ascorbic acid 

 

 Date presented in Table (13) show that both 

irrigation water management and silicon spraying 

greatly affected on ascorbic acid, during 2015 and 

2016 seasons. The highest values ascorbic acid 

(51.85 and 51.93 mg 100/  g F.wt.) were obtained 

with irrigation 2 (30, 15, 35 and 20%) in both sea-

sons, without significant differences between irriga-

tion No 2 and No 3. All silicon sprayers treatments 

increased ascorbic acid contents of Kitt mongo 

during the two studied seasons compared with 

control, the great effect recorded with 1000 ppm 

followed by 2000 ppm whereas 500 ppm came 

later. 
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Table 11. Effect of irrigation water management and Silicon spraying on   SSC % of Kitt mango trees  

during 2015 and 2016 seasons  

 

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 15.3 c 15.5 c 16.0 c 16.4 bc 15.8 B 

Irrigation 2 16.2 bc 17.3 ab 17.6 a 17.1 ab 17.1 A 

Irrigation 3 16.3 bc 17.2 ab 16.9 ab 17.2 ab 16.9 A 

Mean 15.9 B 16.7 A 16.8 A 16.9 A  

 2016 Season  

Irrigation 1 16.0 c 16.3 bc 16.6 bc 16.5 bc 16.4 B 

Irrigation 2 16.6 bc 17.1 ab 17.3 ab 17.7 a 17.2 A 

Irrigation 3 16.5 bc 17.5 ab 18.1 a 17.8 a  17.5  A 

Mean 16.4 B 17.2 A 17.3 A 17.3 A  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

 

 

Table 12. Effect of irrigation water management and Silicon spraying on Total Acidity % of Kitt mango 

trees during 2015 and 2016 seasons  

 

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 0.68 a 0.68 a 0.66 a 0.65 a 0.68 A 

Irrigation 2 0.66 a 0.60 a 0.62 a 0.63 a 0.63 A 

Irrigation 3 0.65 a 0.61 a 0.62 a 0.63 a 0.63 A 

Mean 0.66 A 0.63 A 0.63 A 0.64 A  

 2016 Season  

Irrigation 1 0.59 a 0.59 a 0.57 a 0.57 a 0.58 A 

Irrigation 2 0.58 a 0.52 a 0.52 a 0.53 a 0.54 A 

Irrigation 3 0.58 a 0.53 a 0.53 a 0.54 a 0.55 A 

Mean 0.58 A 0.55 A 0.54 A 0.55 A  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 
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Table 13. Effect of irrigation water management and Silicon spraying on Ascorbic acid of Kitt mango  

trees during 2015 and 2016 seasons  

 

Treatments 

2015 Season 

Mean Silicon  spraying PPm 

Without 500 1000 2000 

Irrigation 1 46.1e 47.2 de 48.8 de 49.2 cd 47.83 B 

Irrigation 2 47.9 de 51.3 b-d 57.7 de 50.5 cd 51.85 A 

Irrigation 3 48.2 de 53.9 b 52.6 bc 50.0 cd 51.18 A 

Mean 47.3 C 50.8 B 53.0 A 49.9 B  

 2016 Season  

Irrigation 1 44.6 f 45.9 ef 48.1 de 50.3 cd 47.23 B 

Irrigation 2 47.2 de 53.2 bc 56.7 a 50.6 cd 51.93 A 

Irrigation 3 46.7 ef 52.8 bc 54.3 ab 51.6 bc 51.35 A 

Mean 41.1 C 50.6 B 53.0 A 50.8 B  

Irrigation 1= 4000  m3 of irrigation water were applied as 15 & 20 & 40 & 25 %  

Irrigation 2= 4000  m3 of irrigation water were applied as 30 & 15 & 35& 20 % 

Irrigation 3= 4000  m3 of irrigation water were applied as 35 & 20 & 30& 15 % 

Values followed by the same letter (s) are not significantly different at 5% level 

 

 

 

 Interaction values were significant in most cas-

es, high interaction value of ascorbic acid (57.7 

and 56.7 mg 100/  g F.wt) were recorded with irriga-

tion program No.2  and 1000 ppm silicon spraying. 

However, least interaction value was recorded by 

irrigation 1 without silicon spraying in both seasons  

 Application of silicon (Si) in the form of potassi-

um silicate at 0.2% reduced total acidity compare 

to the untreated Anna apple fruits Tarabih et al 

(2014). Also, improved and enhanced TSS, vitamin 

C. and total sugar content of Keitt mango trees fruit 

(Abd-El-Rahman 2015 and Zaen El-Deen et al 

2015). 

 Research has shown that the interruption of 

irrigation on mango crops during the flower differ-

entiation is an interesting option; however, the irri-

gation should be restarted soon after, in the pani-

cle emergence stage. (Santos, et al 2014) Fruit 

soluble solids, soluble sugars and starch content 

were gradually increasing during fruit growth and 

development process Therefore, adequate irriga-

tion can reduce soluble solids content of fruit 

through dilution effect of soluble solids (Sanchez  

et al 1989 and Junya et al 2017)  

 Nagle et al (2010) reported that adequate irri-

gation can increase mango water content of fruit, 

dilute soluble solids, increasing water content of 

fruit can lead to lower soluble solids at harvest, the 

same as our result. Titratable acid of fruit of each 

treatment gradually increases and then gradually 

decreases during fruit growth process which is 

similar to those found by Madigu et al (2009). 
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