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ABSTRACT 
  
  FFiieelldd  eexxppeerriimmeennttss  wweerree  ccoonndduucctteedd  aatt  EEll--  KKaannaatteerr  HHoorrttiiccuullttuurraall  RReesseeaarrcchh  SSttaattiioonn  iinn  ttwwoo  successive  sseeaassoonnss  
22000099  aanndd  22001100  ttoo  ssttuuddyy  tthhee  eeffffeecctt  ooff  tthhrreeee  mmooiissttuurree  lleevveellss..((ii..ee..  wweett,,  mmeeddiiuumm  aanndd  ddrryy))  oonn  wwaatteerr  rreeqquuiirreemmeennttss,,  
yyiieelldd,,  mmiinneerraall  ccoonncceennttrraattiioonnss  aanndd  wwaatteerr  uussee  eeffffiicciieennccyy  ooff  ppoottaattoo  ppllaannttss  ((Solanum Tuberosum, L)..  TThhee  hhiigghheesstt  
ccoonnssuummppttiivvee  uussee  ooff  iirrrriiggaattiioonn  wwaatteerr  iinn  mmmm  wwaass  II11  ((wweett==443366  aanndd  447766))  ffoolllloowweedd  bbyy  II22  ((mmeeddiiuumm==339900  aanndd  441144)),,  
tthheenn  II33  ((ddrryy==335500  aanndd  336677))  ffoorr  22000099  aanndd  22001100  sseeaassoonnss  rreessppeeccttiivveellyy..  WWaatteerr  ccoonnssuummppttiioonn  iinnccrreeaasseedd  aass  ssooiill  
mmooiissttuurree  mmaaiinnttaaiinneedd  hhiigghh  bbyy  ffrreeqquueenntt  iirrrriiggaattiioonn  ((II11))..  MMoonntthhllyy  wwaatteerr  uussee  wwaass  llooww  aafftteerr  FFeebbrruuaarryy,,  aanndd  tthheenn  
iinnccrreeaasseedd  ttoo  rreeaacchh  aa  mmaaxxiimmuumm  dduurriinngg  AApprriill..  SSeeaassoonnaall  ccrroopp  ccooeeffffiicciieenntt  ((KKcc))  wwaass  00..8833..  WWaatteerr  uussee  eeffffiicciieennccyy  
((WWUUEE))  vvaalluueess  iinnccrreeaasseedd  ggrraadduuaallllyy  iinn  tthhee  oorrddeerr  II22>>II11>>II33.. MMaaiinn  eeffffeecctt  ooff  iirrrriiggaattiioonn  ttrreeaattmmeennttss  ggaavvee  aavveerraaggee  yyiieellddss  
ooff  ((1100..1188--  1111..5588)),,  ((1111..3322--  1111..8888))  aanndd  ((55..5533--  66..6622))  ttoonn//ffeedd..,,  dduuee  ttoo  II11,,  II22  aanndd  II33  iinn  tthhee  11sstt  aanndd  22nndd  sseeaassoonnss,,  
rreessppeeccttiivveellyy..  FFuurrtthheerrmmoorree,,  aabboouutt  1122%%  ooff  iirrrriiggaattiioonn  wwaatteerr  ccaann  bbee  ssaavveedd  iiff  ffaarrmmeerrss  aaddddeedd  II22  ttrreeaattmmeenntt..    HHiigghheesstt  
ccoonntteenntt  ooff  ttoottaall  ssoolluubbllee  ssaalltt  aanndd  pprrootteeiinn  wwaass  oobbttaaiinneedd  bbyy  II22..  NNiittrrooggeenn  aanndd  ZZnn  ccoonncceennttrraattiioonnss  iinn  lleeaavveess  aanndd  MMnn  
ccoonncceennttrraattiioonn  iinn  ttuubbeerrss  wweerree  ddeeccrreeaasseedd  wwiitthh  iinnccrreeaassiinngg  ffrreesshh  yyiieelldd..      
  
KKeeyy  wwoorrddss::  MMooiissttuurree  ddeepplleettiioonn  ––  NNuuttrriieenntt  eelleemmeennttss  ––  PPoottaattoo  ––  WWUUEE    
  
Introduction 
 
 Water resource management and water availability are among the most important political, social and 
economical issues of 21st century in Egypt (Medany et al., 1997). Increasing demand for fresh water supply with 
growing demand for foods, there is a need to evaluate soil, water and crop as altered by compost and irrigation. 
Therefore, efforts of researchers, farmers and governments must be intensified and come together to saving 
water by reducing irrigation water amount, increasing water use efficiency and determine the optimal coupling 
combinations between irrigation frequency and rate. Irrigation agriculture is the largest water-consuming sector 
and it faces competing demands from other sectors, such as the industrial and domestic sectors. With an 
increasing population and less water available for agricultural production, the food security for future generation 
is at stake. Irrigation time or irrigation frequency is a significant factor affecting most plants yield and its 
quality. This would be affect water application efficiency, increase yield per unit area, irrigation cost and labors 
requirement (Zwart and Bastiaanssen, 2004).  
 In Egypt, potato (Solanum tuberosum, L.) could be considered as one of the cash crops and its economic 
importance arises from the fact that large amount of this crop is exported yearly (Eleiwa et al., 2012). 
Furthermore, The cultivated area of  potato in Egypt was about 164,141 ha in 2011, yielding about 433,843 ton. 
(FAOSTAT, 2011). The major production problem of potato is proper irrigation since it is drought sensitive and 
respondent to irrigation. 
 Maintaining healthy crop growth and super tuber quality requires not only accurate crop water requirement 
determination, but also efficient irrigation management. Proper irrigation must be planned, taking careful 
account of crop, soil and weather conditions. Amer et al. (1992) reported that the fresh and dry matter yields of 
potato responded positively to increased quantity of irrigation water; and that yield was not affected by excess 
irrigation, as well as the exclusion of late season irrigation reduced tuber yield. EI-Metwally (2003) stated that 
the maximum yield of potato tubers was reached by allowing irrigation to be done when soil moisture reaches a 
low degree of available moisture depletion (25% depletion) and that minimum yield was obtained by irrigation 
when depletion reaches a high degree (75% depletion). Thus allowing plants to suffer moisture stress was a 
negative effect. Ali (1993) showed that potato   plants subjected to severe water stress, produced tubers of lower 
moisture content compared with those not subjected to water stress; although less effect was observed on tuber 
specific weight. He added that high and medium soil moisture levels produced high percentage of large tubers 
whereas low soil moistures produced high percentage of small tubers. Maintaining a high soil moisture level 
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through the growth period of potato improved the production of tubers by producing larger tubers. Abdalla et al. 
(1990) reported that irrigation of potatoes at 70 and 80% of field capacity, gave the highest growth parameters 
as well as the highest contents of N, P, K and total carbohydrates in plant foliage. Stark et al. (1993), Abd El-
Razik (1996), Gameh et al. (2000) and El-Banna et al. (2001) reported that weight of potato plant foliage and 
fresh or dry tuber yield increased with increasing irrigation rate. EI–Metwally (2003) found that increasing 
irrigation decreased N content in tuber while decreasing irrigation decreased P and K content. Irrigation upon 
removing  more soil water decreased yield as well as N, P and K uptake plant foliage and tubers; starch content 
increased and protein content decreased by decreasing soil moisture. Uppal et al. (1997) showed that 
terminating irrigation two weeks before harvest decreased contents of starch, sugar, total soluble solids (TSS) 
and specific gravity but increased N concentration of potato tubers compared with the terminating irrigation four 
weeks before harvest; although the latter treatment increased water- expense efficiency. 
 
Materials and Methods 
 
 Field experiment was carried out at El-Qanater Horticultural Research station, Kalubiya, Governorate 
(Latitude: 30˚.08N Longitude:  31˚.15E Elevation: 16.9m) for two successive seasons 2009 and 2010. The study 
concerned the use of different irrigation levels on potato (Solanum tuberosum, L.) crop. The I1 regime gave the 
highest consumptive use (short intervals or wet)  followed by I2 (medium intervals), then I3 (long intervals or 
dry) were as follows 40, 60 and 80% depletion in available soil water content, respectively. The irrigation 
treatments were imposed after the crop foliage nearly covered the ground (Jensen and Middleton, 1965 and Eid 
et al., 1982). The plot area was 20 m2 (4x5) planted in ridges, 70cm part, and 25cm between plants. 
 Soil samples were air-dried, crushed and sieved to pass through 2mm sieve and preserved for analysis. Soil 
moisture constants, some physical and chemical properties of the used soil are given in Table (1-a, b). 
Meteorological data for the Agricultural Research Station are shown in Table (2). 
 
Table 1-a: Soil moisture constants (% by weight) and bulk density of the soil at various depths. 

Depth Field capacity (FC) Wilting Point (WP) Available water (AW) Bulk density (BD) g/cm3 
0-15 39.2 19.1 20.1 1.17 
15-30 37.4 18.3 19.1 1.25 
30-45 32.6 17.2 15.4 1.22 
45-60 31.5 16.9 14.6 1.31 

 
Table 1-b: Some physical and chemical properties of the used soil. 

Parameter Value 
I.Particle size distribution (%):  
Clay 34.4 
Silt 38.5 
Fine sand 26.0 
Coarse sand 1.1 
Texture class Clay loam 
CaCO3 (%) 3.8 
Organic matter (%) 1.8 
* Available K (mg /kg) 193.3 
* Available P (mg /kg) 9.12 
pH (1: 2.5 w/v soil : water suspension) 7.75 
EC (dS/m, soil paste extract) 1.0 
II. Cations and anions in soil paste extract (mmolc / L):  
Na+ 4.20 
K+ 0.31 
Ca++ 2.97 
Mg++ 2.73 
CO3

= 0.00 
HCO3

- 3.65 
Cl- 4.00 
SO4

= 2.56 
 

 All treatments were received basal doses of N, P and K fertilizers as recommended by Egyptian Ministry of 
Agriculture.  The rate of N was 80 kg N/fed. as ammonium sulfate + 75 kg P2O5/fed. as super phosphate + 120 
kg K2O/fed. as potassium sulfate. Nitrogen fertilizer was added in three equal portions; before cultivation, 2 
weeks after cultivation and 3 weeks after the second addition. Phosphorus was given in one single dose before 
sowing and K fertilizers were added in a single dose after the first irrigation.  
 At harvest, five plants were taken randomly from each plot to estimate the yield and its quality. Fresh tubers 
yield (ton/fed.), total soluble solids TSS (g/L), starch (g/kg), protein (g/kg) and nutrient concentrations (N,P, K, 
Mn, Zn and Cu % of dry weight) were recorded. 
 
 



1459 
J. Appl. Sci. Res., 9(3): 1457-1466, 2013 

 

Table 2: Meteorological data in 2009 and 2010 seasons. 
Month Season 2009 

Tmax. Tmin. WS RH SS SR RF 
February 22.9 9.8 2.3 54 11.1 354 0.0 
March 24.1 13.0 2.6 56 11.8 441 0.0 
April 29.3 14.8 2.8 55 12.8 519 0.0 
May 31.0 18.4 2.8 51 13.5 585 0.0 
                 Season 2010 
February 25.0 11.5 1.5 58 11 354 6.13 
March 27.1 13.9 1.9 60 11.8 441 0.0 
April 29.6 16.0 1.8 52 12.8 519 0.0 
May 33.9 19.2 1.7 49 13.5 585 0.0 
Notes: 
T max and Tmin = maximum and minimum temperatures °C. 
WS = wind speed (m / sec). 
RH = relative humidity (%). 
SS  = actual sunshine duration (h/day) 
SR = solar radiation (cal / cm² / day). 
RF = rainfall (mm / month).  

 
 Growing period (110 days) starting from 1st February till harvesting date 15thMay.  
 
Soil analysis: 
 
 Particle size distribution was conducted using the pipette method according to Klute (1986). Soil moisture 
constants were determined using the pressure membrane apparatus (Stackman 1966). Soil pH, electric 
conductivity (EC) and cationic and anionic compositions of the saturation extract of the soil were determined 
according to the standard methods described by Page et al. (1982).  
 
Plant analysis: 
 
 Total N, P, K, Zn, Mn and Cu were determined according to standard methods stated by Cottenie et al. 
(1982). Nitrogen was determined using the Kjeldahl method. Other nutrients were determined in a digest of 
concentrated sulphuric and perchloric acids mixture. P was measured colourimetrically using a 
spectrophotometer (Spectronic 20), and potassium measured by flame-photometry (JENWAY PFP7). 
Micronutrients were measured using “Perkin Elmer 3300” Atomic Absorption Spectrophometer.  
 Total soluble solids (TSS) in the fresh potato tubers sap were done using a hand refractometer, starch 
contents and protein contents were determined using the standard methods as described by Cox and Pearson 
(1962), AOAC (1965) and (Ranganna, 1977).  
 
Calculation of water consumptive use (CU): 
 
 Water consumptive use was calculated using the following formula (Israelson and Hansen, 1962): 

CU = D. Bd. [Q2- Q1] 
         100 

Where: 
CU = Consumptive use (mm). Such CU is an estimate of actual evapotranspiration of the crop i.e. actual ET 
crop. 
D = Depth (in mm) of the irrigated soil under consideration.  
Bd = Bulk density (g/cm3) of the soil in the relevant soil depth.  
Q2 = Percentage of moisture in soil (w/w) following maximum irrigation within the relevant soil depth.  
Q1 = Percentage of soil moisture (w/w) before next irrigation (within the relevant depth).  
 The sum of results of each formula for all layers of 0-15, 15-30, 30-45 and 45-60cm for all irrigations 
represents the seasonal CU within the entire soil depth of 0-60 cm. over the entire season. 
 
Calculation of crop coefficient and evapotranspiration: 
 
I. Reference evapotranspiration (ETo): 
 
 Reference evapotranspiration (ETo) was calculated using the meteorological data by three formulas 
obtained by Doorenbos and Pruitt (1977) and Allen et al. (1998). For estimating potential evapotranspiration 
Penman Monteith equation was applied by using CROPWAT model (Smith, 1991).  
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II. Crop coefficient (Kc): 
 
 The recommended values of Kc, according to Doorenbos and Kasam (1986) were used to estimate the ET 
for the potatoes crop under conditions of the area where the experiment was done. The formula being as follows: 

Kc = Etc
ETo

Where: 
Kc = Crop coefficient. 
ETc = The measured (actual) evapotranspiration of a considered period (mm/day) 
Eto = reference evapotranspiration (mm/day) referring to the same period, calculated as average value of four 
formulas.  
 
III. Water use efficiency (WUE): 
 
 Water use efficiency (WUE) is used to describe the relationship between production and the amount of 
water used. It was determined according to the following equation:  
                                   Yield (kg/fed.) 

WUE=       ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   
                Total amount of water delivered to the crop (m3/ fed.) 
 
Statistical analyses 
 
 Analysis of variance (ANOVA) was used to separate means and significant differences at P= 0.05 were 
determined by the least significant difference (LSD) test (Gomez and Gomez, 1984). 
 
Results and Discussion 
 
1. Water Relations: 
 
1.1. Water consumptive use: 
 
 Seasonal consumptive use values for potato plant as affected by irrigation treatments are presented in 
Figure (1). It is obvious that the consumptive use increased as the irrigation applications increased. Irrigation 
treatment I1 gave the highest value of water consumption, followed by the treatments I2 and I3 respectively. 
Means values of seasonal water consumptive use in mm were; 436 – 476, 390 – 414 and 350 – 367 for irrigation 
treatments I1, I2 and I3 in the 1st and 2nd seasons respectively. The most probably explanation for these results is 
that more available soil moisture resulted from more irrigation times give chance for luxury consumption of 
water, which ultimately resulted in enhancing transpiration from potato plants, in addition to high water 
evaporation from the soil. Abdalla et al. (1990) found that the highest irrigation level occurred when irrigation 
was done upon reaching moisture of 70 to 80% of the field capacity. Monthly consumptive use started with low 
amount of water when potato plants were small, then it increased gradually as potato plants grow up and reached 
its peak in April, then it decreased at the end of season with mature plants. The peak-use period usually occurs 
when the vegetation is abundant and temperature is high. 
 
1.2. Crop coefficient: 
 
 Crop coefficient calculated as the ratio of the previous two measurements throughout its growth cycle. The 
values were calculated according to the daily potential evapotranspiration estimated by Penman Monteith 
method using CROPWAT model (Smith, 1991) and water consumptive use obtained from medium soil moisture 
level to estimate of water required to meet evapotranspiration of potato plant. Data in Table (3) revealed that 
mean seasonal crop coefficient of potato plant was (0.63) during the two seasons attained its highest value (0.83) 
in March.  
 
Table 3: Seasonal crop coefficient of potato plant. 

May Apr. Mar. Feb. Season  
3.65 4.64 3.30 1.26 2009 Actual ET 

mm/day 3.99 4.69 3.28 1.43 2010 
3.62 4.80 3.29 1.35  Mean 
6.34 5.28 4.47 2.86 2009 Potential ET 

mm/day 6.53 6.30 5.37 3.10 2010 
6.44 5.79 4.92 2.98  Mean 
0.45 0.67 0.83 0.56  Kc 
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Fig. 1: Monthly ET0 (mm) for potato plant at different water stress.  
 
1.3. Water use efficiency:       
 
 Water use efficiency (WUE) is represented here as the amount of yield produced by one cubic meter of 
irrigation water used by crop (Figure. 2). With respect to adding I1, I2 and I3 doses in two seasons, WUE values 
increased gradually in the order I2>I1>I3. The minority of WUE values under I3 treatment may be refer to low 
yield resulted by higher water stress. Higher WUE values under I2 treatment compared to I1 means better water 
usage and less water losses. Also, these results emphasized that high water rate didn’t concomitant to high WUE 
and the increase in WUE values didn’t refer to increasing amount of water. This may be due to, mathematically, 
WUE calculated as yield/total water applied, hence in I2 treatment, decreasing water amount than I1 tend to 
decrease the dominator of equation, and increasing yield in I2 than I1 treatment increase numerator of equation 
subsequently raised the net result of WUE under I2 treatment than I1. In this concern, Abou Hadid (2006) 
reported that one cubic meter of irrigation water produces 5.65 kg potato in old lands. Ramnik et al. (1998) and 
El-Metwally (2003) found that WUE increased with increasing irrigation.  
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Fig. 2: Effect of irrigation treatments (I) on water use efficiency (WUE) of potato tuber. 
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2. Yield and Quality of Potato Tubers: 
 
2.1. Total tubers yield:  
 
 Data in Table (4) reveal that main effect of irrigation treatments gave yields of (10.18- 11.58), (11.32- 
11.88) and (5.53- 6.62) ton/fed., due to I1, I2 and I3 in the 1st and 2nd seasons, respectively. This indicates a 
superiority of I1 and I2 over I3. Furthermore, about 12 % of irrigation water can be saved if farmers added I2 
treatment, whereas, the average of water consumptive use being 1917 and 1689 m3/fed./season for I1 and I2, 
respectively. This may be due to water stress (I3) primarily reduces canopy longevity and expansion (Fleisher et 
al., 2008), and potato root density will typically be high near the soil surface (Horneck and Rosen, 2008). 
Application of medium irrigation quantity and adequate frequency (I2) makes water to remain near potato root 
zone. Increase of irrigation rate (I1) causes losses the water stored in deep zone.  Similar results were obtained 
by Kaushal and Suggu (1992), El-Banna et al. (2001) and El-Metwally (2003). Economically, I2 treatment is 
recommended, it led to rationalization of irrigation water, reducing of electrical power and labor cost more than 
I1 treatment. 
 
Table 4: Yield and quality of potato tubers as affected by soil moisture depletion during 2008 and 2009 seasons. 

Soil moisture treatments Fresh tuber yield (ton/fed.) TSS 
(g/L) 

Protein 
(g/kg) 

Starch content (g/kg) 

 2009 
I1 10.18 43.33 87.50 170.17 
I2 11.32 42.00 87.50 180.17 
I3 5.53 41.67 79.17 203.33 

LSD 0.05 1.51 0.06 7.50 8.29 
 2010 

I1 11.58 44.00 81.25 173.50 
I2 11.88 41.33 85.42 186.67 
I3 6.62 39.67 77.08 197.00 

LSD 0.05 1.17 0.06 7.33 7.85 

 
2.2. Quality of potato tubers:  
 
2.2.1. Total soluble solids:  
 
 The irrigation treatments show that the greatest TSS was given by I1, followed by I2 which showed a 
marked superiority (Table 4). The increase percentage with I1 and I2 compared to I3 were 3.98 and 0.79% in first 
season and 10.92 and 4.18% in second season, respectively. Increasing contents of total soluble solids in sap of 
fresh potatoes due to increasing irrigation reflect the positive effect of adequate moisture in increased uptake of 
nutrients and soluble substances. El-Metwally (2003) reported that increase irrigation rate cause very slight 
increases in TSS. 
 
2.2.2. Protein content: 
 
 Results in the same table show that highest content of protein was obtained by I2 followed by I3 both of 
which were not significantly different, and were significantly superior to I1. This result means that, the highest 
value of protein was obtained by I2 treatment. In addition to I1 and I2 increased protein percentage by 10.5% in 
first season and 5.4 and 10.8% in second season compared to I3 treatment, respectively. Ramink et al. (1998) 
found that protein content in potato tubers increased with increasing irrigation. Uppal et al. (1997) showed that 
terminating irrigation two weeks before harvest increased the protein content of potato tubers compared with 
terminating irrigation four weeks before harvest. 
 
2.2.3. Starch content: 
  
 Values in Table (4) reveal that a significant increase in starch percentage of tuber was observed as a result 
of increasing soil moisture depletion levels. In the first season, the means of starch percentage of tubers were 
203.3, 180.2 and 170.2 g/kg for the levels of I3, I2 and I1 respectively, while the means in the second season the 
values werte187, 186.67 and 173.50 g/ kg for the same mentioned levels. This result can be explained by the 
work of Talha and Aziz (1979) and Eremeev et al. (2001), whereas, they reported that if water supply is so 
lavish that top growth is excessive, then the supply of light energy is limited to the lower parts which influence 
the production of starch. Uppal et al. (1997) showed that terminating irrigation two weeks before harvest 
decreased starch content potato tubers to a greater extent compared with terminating it 4 weeks before harvest.                                
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3. Macronutrient Concentrations in Leaves and Tubers: 
 
 Data in Table (5) show that irrigation rates affect significantly nitrogen concentrations in leaves in both 
seasons in order: I3>I1>I2. This means that under low amount of water, N concentration in leaves superior than 
high amount of water. It was in contradicting line with those obtained in yield values, this not only due to 
dilution effect, but also refer to translocation of nitrogen from leaves to tubers. Nitrogen concentration of tuber 
in both seasons was not significant, while arranged in the order I2>I1>I3.  This trend was logic since the same 
trend was noted for tuber yield and protein content. Abou-Baker (2008) reported that I2 treatment (80% of corn 
water requirement) is more suitable to protect nitrogen from leaching by time. Same results were stated by 
White et al. (2009) and Selim et al. (2012). 
 As for phosphorus concentrations in leaves and tuber in both seasons not affected significantly by irrigation 
treatments and not followed certain trend. 
 With regard to K concentrations, irrigation doses affected significantly K of leaves of plants grown in 
second season and in tuber in both seasons, but it was not significant in leaves of first season. Generally, K 
concentrations followed the same order: I1>I2>I3.  
 
Table 5: Macronutrient concentrations (%) in leaves and tubers of potato as affected by irrigation treatments. 

Soil moisture treatments Leaves Tubers 
N P K N P K 

 First season 
I1 1.57ab 0.352a 2.47a 1.44a 0.380a 2.03a 
I2 1.29b 0.347a 2.1a 1.45a 0.357a 1.97b 
I3 1.90a 0.373a 1.93a 1.30a 0.393a 1.83b 

LSD0.05 0.49 ns ns ns ns 0.12 
 Second season 

I1 1.81ab 0.310a 2.16a 1.33a 0.398a 2.21a 
I2 1.55b 0.395a 1.95b 1.38a 0.420a 2.12a 
I3 2.40a 0.393a 1.84b 1.28a 0.430a 1.83b 

LSD0.05 0.62 ns 0.14 ns ns 0.24 

 
4. Micronutrient concentrations in leaves and tubers: 
 
 Regarding to the micronutrient concentrations in leaves and tubers of potato crop, the values in Table (6) 
indicated every micronutrient showed differentiation in its behavior in leaves or tuber.  
 As for effect of irrigation doses on Mn concentrations in leaves, it decreased significantly in first season and 
without significant different in second season with decreasing water rate. In tuber, manganese concentrations 
were in contradicts line with those obtained by yield in both seasons. This may be attributed to dilution effect. 
 In both seasons, zinc concentrations followed the order I1>I3>I2 in leaves and followed the order I2>I3>I1 in 
tuber. I2 treatment showed higher Zn concentration in leaves; this may be referring to translocation of Zn from 
leaves to tubers. 
 Cupper concentrations in leaves and tuber take stable trend and decreased significantly with decreasing 
water rate (I1>I2>I3) in both seasons. 
 Generally, micronutrient concentrations in tubers were less than its concentrations in leaves. In this case 
Eleiwa et al. (2012) reported that micronutrients in potato tubers were much lower than those obtained in potato 
shoots.  
 
Table 6: Micronutrient concentrations (ppm) in leaves and tubers of potato leaves and tubers as affected by irrigation treatments. 

Soil moisture treatments Leaves Tubers 
Mn Zn Cu Mn Zn Cu 

 First season 
I1 69.2a 42.5a 11.96a 17.5a 25.0a 4.92a 
I2 65.0a 22.5b 10.56b 11.0b 35.0a 4.00b 
I3 55.0b 40a 9.08c 19.0a 35.0a 3.58b 

LSD0.05 9.99 8.66 1.28 2.36 ns 0.86 
 Second season 

I1 71.7a 40.00a 13.34a 17.17b 20.0b 5.85a 
I2 66.7a 19.33b 11.65b 10.17c 32.3a 4.99ab 
I3 61.7a 37.33a 10.01c 18.73a 26.7ab 4.05b 

LSD0.05 ns 8.81 1.29 1.33 9.53 1.39 

 
5. Relationships between nutrient concentrations and fresh tuber yield: 
 
 A linear relationship (Y=aX+b) was assumed between fresh tuber yield (X) and nutrient concentrations in 
leaves and tubers (Y). Regression coefficient showed that fresh tuber yield were affected by N and Cu 
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concentrations in leaves and K and Mn concentrations in tuber more than other nutrients (Figure.3). Selim et al. 
(2012) showed that stepwise regression analysis exerted that all the nutrient elements except for P element 
clearly close to the equality line and was higher than it under water stress treatments.  
 Nitrogen and Zn concentrations in leaves and Mn concentration in tubers were decreased with increasing 
fresh yield. White et al. (2009) concluded that no significant relationships between tuber fresh weight yield and 
tuber N, K, S, Ca, Mg, Fe, Zn or Mn concentrations but tuber P and Cu concentrations increased significantly 
with increasing tuber fresh weight yield.                                          
 

  

  
 
Fig. 3: Relationships between nutrient concentrations and fresh tuber yield. 
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