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Abstract: A pot experiment was conducted in the greenhouse of the National Research Center, Dokki, 
Cairo, Egypt to study the effect of missing of irrigation on mineral status i.e. macro and micronutrient 
status of some fenugreek varieties (Giza 1, Giza 6 and Giza 30). Giza 30 surpassed the other varieties 
in N, P, K and Cu concentration, whereas, Giza 6 overcame the other two varieties in Zn, Fe and Mn. 
Variety Giza 30 was the best in uptake of all estimated elements except for Mn uptake the highest 
value was attained by Giza 6. The lowest values were recorded in Giza 1 for all tested minerals. It is 
clearly shown that both missing of irrigation treatments reduced the concentration of N, P and Cu 
concentrations. Missing of the 2nd irrigation led to the most reduction in N, and Cu concentrations, 
although the highest values of Fe concentration was detected under previously mentioned condition. 
However, Mn concentration was limited due to drought but K concentration was almost constant under 
water stress. Drought affected significantly the uptake of different tested minerals. The uptake of N, P 
K, Fe, Mn and Cu decreased as a result of missing irrigation and on the contrary the uptake of Zn was 
increased. 
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INTRODUCTION 

 
 Fenugreek leaves and seeds are consumed in different countries around the world for different purposes 
such as medicinal uses(anti-diabetic, lowering blood sugar and cholesterol level, anti-cancer, anti-microbial, 
etc.), making food (stew with rice in Iran, flavor cheese in Switzerland, syrup and bitter run in Germany, mixed 
seed powder with flour for making flat bread in Egypt, curries, dyes, seedlings eaten as a vegetable, etc.), 
roasted grain as coffee-substitute (in Africa), controlling insects in grain storages, perfume industries, and etc. 
Fenugreek can be a very useful legume crop for incorporation into short-term rotation and for hay and silage for 
livestock feed, for fixation of nitrogen in soil band its fertility, and etc, (Sadeghzadeh-Ahari, et al., 2009 and 
Mehrafarin, et al., 2011). 
 Water stress is one of the most important environmental factors that regulate plant growth and development. 
Among the diverse consequence of drought effect on plant development restricted nutrient and water acquisition 
are commonly recognized (Agnew and Warren, 1996 and Manivannan, et al., 2007). 
 Water limited-crop production depends on the intensity and the pattern of drought, which vary from year to 
year. In some environments with high temperature, where there is a high probability that crop water deficit 
increase in severity as the season progresses, due to lack of rainfall, or lack of adequate water supply and to the 
high evaporative demand. To face such adverse conditions it is necessary to use the efficient water and 
genotypes (Marchener, 1995; Sankar, et al., 2008 and Soriano, et al., 2004). 
 Inorganic nutrients such as N+, P+, K+, Ca2+ and Mg2+ ion play multiple essential roles in plant metabolism. 
Potassium plays an important role in stomata regulation, activate enzymes of respiration and photosynthesis and 
has a role in stomata regulation. Calcium is the component of cell membrane and thus plays a significant role in 
plant growth (Lahaye and Epstein, 1971). Nitrogen is a constituent of many cell components and P plays a role 
in cellular energy transfer, respiration and photosynthesis (Alam, 1999). Each of these nutrients must be 
maintained at an optimum concentration range for proper mineral status and its exogenous application to 
enhance drought tolerant in many crops were studied by Ashraf, et al., (2008) N, P, K uptake and transpiration 
rate is highly correlated even under mild water. Akram, et al., (2008) found differences in mineral contents 
between species in drought and salt areas. 
 Varietals differences and drought tolerance in different medicinal crops were studied by Gahoonia, et al. 
(2006); Sankar, et al., (2008) and Sadeghzadeh-Ahari, et al., (2009).  
 This work aimed to investigate the effect of drought through missing of irrigation during different plant 
phonological stages of chosen fenugreek varieties. 
 
 
 
 



Aust. J. Basic & Appl. Sci., 5(12): 2904-2909, 2011 

2905 

MATERIALS AND MRTHODS 
 

 A pot experiment was conducted at the greenhouse of the National Research Center, Dokki, Cairo, Egypt to 
study the effect of missing of irrigation on mineral status i.e. macro and micronutrients status of some fenugreek 
varieties. The treatments were as follows:  
 
Varieties:   
 Giza 1, Giza 6 and Giza 30. 
 
Missing of Irrigation:  
 Without (Regular irrigation), 2nd irrigation and 4th irrigation.    
 
The physical and chemical properties of the soil used in the experiment and tabulated as follows 
 
Table 1: Analytical data of the experimental soil. A. Soil mechanical analysis. 

Sand  
Silt 
20-2 µ 
 % 

 
Clay 
< 2 µ 
% 

 
Soil 
Texture 

Course 
>200 µ  
% 

Fine 
200-20µ 
 % 

7.20 14.25 30.22 48.33 clay 
B . Soil chemical analysis    

 
pH 
1:2.5 

 
EC 
dSm -1 

1:5 

 
 
CaCO3 
% 

 
CEC 
C mole 
Kg-1 

 
 
OM 
% 

Soluble cations and anions meq/100 g soil 
Na+ K+ Ca2+ Mg2+ CO-3 HCO-

3 
Cl-1 SO-2 

7.15 1.3 2.53 33.5 1.3 1.82 0.23 2.38 1.27 0.0 0.91 1.9 1.89 
  Available macro-nutrients ppm Available micro-nutrients ppm 
N P K Zn Fe Mn Cu 
47 25 95 3.1 4.8 7.3 5.2 

 
 The experiment included nine treatments, three varieties and three irrigation treatments. The experimental 
design was split plot with six replicates.  
 Seeds of fenugreek (Trigonella foenum -graecum L.) varieties were sown on the 1st of Dec., 2010 in plastic 
pots of 45 cm in diameter and filled with 10 kg soil. Seeds were inoculated by the suitable Rhyzobium sp. 
Calcium super-phosphate (15.5 % P2O5) and Potassium sulfate (48 % K2O) were added before sowing.  
 Two plants from each pot were collected, cleaned, dried in electric muffle furnace at 70C and then ground 
in a stainless steal mill. The powder of different samples was digested and macro and micronutrients were 
determined according to the methods described by Cottenie, et al., (1982). 
 Data of content were subjected to the proper statistical analysis according to the methods described by 
Snedecor and Cochran (1980). 
 

RESULTS AND DISCUSSION 
 
Varieties: 
 Data in Table (2) showed that Giza 30 surpassed the other varieties in N, P, K and Cu concentrations, 
whereas, Giza 6 surpassed the other two varieties in Zn, Fe and Mn.  
 
Table 2: Mineral cocentration in fenugreek varieties. 

Varieties 
Macro nutrients % Micro nutrients ppm 
N P K Fe Mn Zn Cu 

Giza1 1.55 0.24 1.57 426 71.8 37.4 2.61 
Giza6 1.61 0.22 1.72 549 116.4 48.4 2.33 
Giza30 1.75 0.25 1.74 292 47.9 38.5 3.17 

  
 Rathore, et al., (2009) revealed that cv. Rajendra Kranti was superior and could utilize about 71% of the 
rhizosphere phosphorus. In an experiment was conducted at Ajmer (Rajasthan) to investigate the genetic 
variation of seven fenugreek (Trigonella foenum-graecum L) genotypes for phosphorus utilization under typical 
arid soil. 
 The results in Figures (1and 2) clearly showed that Giza 30 is superior in uptake of all estimated elements 
except for Mn and Fe uptake where the highest value was attained by Giza 6. The lowest mineral values were 
attained by Giza1.  
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Fig. 1: Effect of missing irrigation on macronutrients uptake(g/plant) In fenugreek varieties. 
 

 
 

Fig 2: Effect of missing irrigation on micronutrients uptake (mg/plant) In fenugreek var. 
 

 Alam (2001) concluded that different substitution lines and genotypes behaved differently in their biomass 
yield and nutrient uptake. The contents of N, P and K in plant parts of shoot, straw and grain were more in 
substitution lines than the check genotypes. No marked differences were observed in the contents of Ca, Na and 
Mn both in the lines and genotypes. Also Camilia (2001) found that the mineral status depends on several 
environmental factors such as temperature, rain fall, parent material, plant species, and fertilization practice.  
 Daur, et al., (2011) studied growth and nutrient uptake of faba bean in 12 different genotypes at the end of 
four subsequent growth periods and demonstrated that significant correlations were found among nutrients, 
growth parameters and grain yield during different growth stages. On the basis of these experiments it was clear 
that nutrient uptake was directly related to biomass.              
 Gahoonia, et al., (2006) mentioned that plant nutrients such as potassium (K), phosphorus (P), iron (Fe), 
manganese (Mn), zinc (Zn), copper (Cu) mostly remain fixed in soils and their bio-availability to plant roots is 
diffusion-limited. Hence, superior root traits that can enhance their dissolution and capture from the soils, can 
play a central role. They observed that some genotypes induce greater acidification and having prolific root hairs 
(Bari-chhola-2 and Bari-chhola-5) absorbed significantly higher amounts of those nutrients (K, P, Fe, Mn and 
Zn) whose availability in soils is usually low. 
 
Drought: 
 The effects of drought through missing of irrigation on different mineral concentrations were presented in 
Table (3). It is clearly shown that both missing of irrigation treatments lowered the concentration of N, P and Cu 
concentrations. Missing of the 2nd irrigation caused more reduction of N, and Cu concentrations and increase in 
Fe concentration. However, Mn concentration was limited due to drought but K concentration was almost 
constant under water stress. 
 In Figure (3) it was indicated that missing of irrigation affected significantly the uptake of different 
estimated minerals. The uptake of N, P K, Fe, Mn and Cu decreased as a result of missing irrigation and on the 
contrary the uptake of Zn increased. 
  
Table 3: Effect of missing irrigation on nutrients concentration in fenugreek plant. 

Missing of irrigation Macro nutrients % Micronutrients ppm 
N P K Fe Mn Zn Cu 

Without 1,81 0.24 1.68 335 58.6 41.9 2.99 
2nd 1.52 0.20 1.69 651 87.4 41.1 2.80 
4th 1.57 0.22 1.67 281 90.3 41.3 2.33 
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Fig. 3: Effect of soil moisture depletion on nutrients uptake of fenugreek plant. 
 
 Al-Hadi, et al., (1999) noticed that the concentrations of the main cations in fenugreek plants (Na+, K+, Ca2+ 
and Mg2+) were disturbed by a decreasing soil metric potential due to water stress. Sing and Sing (2004) also 
indicated that total nutrient uptake followed the pattern of biomass accumulation. Total nutrients content of all 
tested mineral elements decreased with increasing water stress. Decrease in Zn, Cu, Fe and Mn uptake in leaf, 
stem and root under soil water stress might be due to decrease in total biomass from 20 mm to 8 mm irrigation 
water treatments as evidenced by negative correlations of total mineral nutrients uptake with water stress. 
 Garcia, et al., (2008) pointed out that water excess treatment decreased pH, and increased available P and 
labile C in soil. Water deficit treatment decreased available P and also increased labile C. In general, N and P 
acquisition were affected more by water excess than water deficit. Increased N in stem and root with increasing 
water stress might be due to reduced translocation from root to the above ground parts (Ericsson, 1995). High 
nitrogen in root of unstressed seedlings compared to the other might be due to high rate of N2 fixation. 
Decreased soil water availability reduced K, Cu, Fe and Mn concentration in leaf probably due to decrease in 
mobility as a result of increased impedance (Seiffert, et al., 1995). Decreased K concentration in the leaf of 
stressed seedlings might be due to re-translocation of K from leaf to stem as indicated by the increased 
concentration of K in stem of stressed seedlings (Sing and Sing, 2004). 
 There is a considerable amount of evidence to show that N, P and K uptake of groundnut is reduced by 
moisture stress. N, P and K uptake and transpiration rate is highly correlated even under mild water stress 
conditions. 
 
Varieties X Drought: 
 The interactive effect of varietals differences and missing of irrigation on concentration of nutrients in 
fenugreek varieties was illustrated in Table (4).This data showed the P, Mn Zn and Cu concentrations in Giza 1 
variety decreased by missing of irrigation but missing of 4th irrigation drastically affected the concentration of P, 
Mn and Cu. Nevertheless, Fe concentration increased with the missing of 2nd irrigation and sharply decreased 
with the missing of 4th irrigation. In Giza 6 variety, P, K and Mn concentration increased as affected by drought 
but delaying the missing of irrigation had a pronounced effect. N, P and K concentrations reduced by drought 
with missing of the 2nd irrigation, while the Fe concentration increased. 
 
Table 4: Effect of soil moisture depletion on nutrients concentration of three fenugreek varieties. 

Varieties Missing of 
irrigation 

Macro nutrients % Micronutrients ppm 
N P K Fe Mn Zn Cu 

Giza1 Without 1.61 0.24 1,58 484 100.3 42.7 1.31 
2nd 1.45 0.20 1.62 621 68.3 34.7 0.75 
4th 1.89 0.16 1.50 172 46.7 34.7 0.56 

Giza6 Without 1.73 0.15 1.58 336 14.3 52.0 0.75 
2nd 1.53 0.24 1.76 920 127.0 44.3 0.75 
4th 1.58 0.26 1.83 392 208.0 49.0 0.84 

Giza30 Without 2.09 0.32 1.87 184 61.7 31.0 0.93 
2nd 1.53 0.17 1.68 412 67.0 44.3 1.31 
4th 1.63 0.25 1.68 280 15.1 40.3 0.93 

 
 Water and different nutrients exist together in plant tissues in close association, because nutrient ions are 
dissolved in the soil solution and nutrient uptake by plants depends on water flow through the soil-root-shoot 
continuum (Keller, 2005). Leaf transpiration creates the tension necessary for the roots to absorb the soil 
solution containing essential nutrients (Keller, 2005). In grasses, increase in the shoot N under water stress 
conditions was found to be due to the increased accumulation of proline occurring due to increased transpiration 
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and stomata aperture (Tanguiling, 1987). Similarly, there was a substantial increase in leaf P and N in tomato 
with increase in transpiration after release from water stress, however all these reports support the results of the 
present study. 
 

 
      
Fig. 4: The interactive effect of varietals differences and missing of irrigation on uptake of nutrients of 

fenugreek. 
 

 The interactive effect of varietals differences and missing of irrigation on uptake of nutrients of fenugreek 
plants was presented in Figure (4). Data showed that generally, drought introduced through missing of 
irrigation, decreased the contents of macro and micro nutrients in fenugreek vars. There was a negative 
relationship between missing of irrigation and varieties nutrients content estimated in this work. The depression 
in N, P, K and Cu contents in Variety Giza1 caused by missing of 2nd irrigation exceeded those induced by 4th 
missing irrigation . In variety Giza 6, the depression by 2nd missing irrigation was less than that showed by 4th 

missing irrigation  
 Ali, et al., (2008) grown two week old plants of two maize cultivars, EV-1098 and Agaiti 2002 under 
natural environmental conditions were subjected to water stress by maintaining moisture content equivalent to 
full field capacity (control) and 60% field capacity and revealed that water stress reduced the concentration of 
all four mineral nutrients in the shoots and roots of both maize cultivars. Ashraf, et al., (2008), reported that 
accumulation of N and K in the shoots of both lines was higher under water deficit than that under well-watered 
conditions.  
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