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ABSTRACT 
 
 A field study was carried out to evaluate the effect of humic acid application under water stress on 
chlorophyll, starch contents and mineral nutrients of potato plants grown on sandy soils. The fertigation trial 
was conducted on sand Entisol soil in El-Nubaria region, Egypt using Spunta, the most popular potato variety in 
the research area. The used experimental design was split plot design with three replicates. Main plots were 
assigned to the two water stress levels. i.e., water unstressed plants (irrigation at 25 % of available soil moisture 
depletion (ASMD)) and water stressed plants (irrigation at 45 % of available soil moisture depletion (ASMD)). 
While, subplots were Humic acid treatments that applied through fertigation programme at rates of 0, 60 and 
120 kg ha-1. Results indicated that increasing humic acid application rates up to 120 kg ha-1 enhanced plant 
growth prameters and tuber pruduction, biochemicl indicators i.e., chlorophyll, ascorbic acid, nitrate, starch, 
total soluble solids and protien contents. The increase of humic acid application rates was associated with the 
decrease of nutrients leaching, which was reflected on increasing macro- and micronutrient concentrations in 
potato leaf tissues. Moreover, water unstressed plants were found to be more efficient than water stressed plants 
on improving plant growth parameters and tuber production, biochemical indicators and leaf mineral nutrient 
contents. Generally, leaf chlorophyll contents were positively influenced more by micronutrient than 
macronutrient elements under the combined effect of water stress and humic acid. Nevertheless, 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. 
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Introduction 
 
 It is predicted that at least 10 billion by the year 2020 people will be hungry and malnourished in the world 
by the end of this century (FAO 2003). Thus, to reduce the food insecurity, crop production will have to be 
doubled, and produced in more environmentally sustainable ways (Borlaug and Dowswell 2005). This can be 
achieved by expanding cultivable land area or by increasing per hectare crop productivity. Furthermore, water is 
vital for plant growth, development and productivity. Permanent or temporary water deficit stress limits the 
growth and distribution of natural and artificial vegetation and the performance of cultivated plants more than 
any other environmental factor (Fereres and Soriano, 2006). In addition, water supply is an important variable 
controlling nutrient uptake in the plant. Water stress reduces nutrient uptake by root and the transportation of 
nutrients from root to stem due to restricted transpiration rates and membrane permeability (Huang et al., 2007).  
 Water stress primarily reduces potato canopy expansion (Jefferies, 1995, Wang et al., 2003 and Fleisher et 
al., 2008) and can delay tuber initiation and bulking (Susnoschi and Shimshi, 1985 Walworth and Carling, 
2002). Longterm (1–2 weeks or longer) drought reduces leaf area index and canopy longevity (Fleisher et al., 
2008) and resulting in decreased intercepted photosynthetically active radiation (PAR) and net assimilation over 
the course of the growing season (Susnoschi and Shimshi, 1985 and Deblonde and Ledent, 2001). There are 
specific problems in the management of sandy soils including their excessive permeability, low water and 
nutrient holding capacities (Suganya and Sivasamy, 2006).  
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(Carboxyl groups) 

 Humic substances consist of a heterogeneous mixture of compounds for which no single structural formula 
will be sufficent (Baigorri et al., 2009). Humic acids are thought to be complex aromatic macromolecules with 
amino acids, amino sugars, peptides, aliphatic compounds involved in linkages between the aromatic groups. 
The hypothetical structure for humic acid proposed as shown in Figure 1, which contains free and bound 
phenolic OH groups, quinone structures, nitrogen and oxygen as bridge units and COOH groups variously 
placed on aromatic rings.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Structure of humic acid. 
 
 Humic acid is the most abundant organic constituents present in soil and aquatic environments, resulting 
from a humification process that involves microbial and chemical transformation of organic debris (Baigorri et 
al., 2009). In this concern, (Selim et al., 2009) found that application of humic acid through drip irrigation 
enhanced tuber yield quantity, starch content and total soluble solids and this application associated with the 
decrease of nutrients leaching (Cooper and Chunhua, 1998 and Fortun et al., 2006), which was reflected on 
increasing macro-and micronutrients concentration in potato tubers, as well as increasing concentration of these 
nutrients in soil after tubers harvesting.  
 Potato (Solanum tuberosum L.) is relatively sensitive to water stress that yield reductions and loss in tuber 
grade, which makes the availability of soil water one of the most important factors affecting the yield and 
quality of potato (El-Ghamry and El-Shikha, 2004). The main purpose of this study was to evaluate humic acid 
application in the fertigation system on leaf chlorophyll and mineral content of potato plants, tuber productions 
and its biochemical  indicators under water stress in sandy soil.  
 
Materials and Methods 
 
 Under arid condition, fertigation experiment was laid out in a private farm at El-Nubaria district, Egypt 
(latitude of 30° 30°N and longitude of 30° 20°E) during the winter season of 2010 to study the interactive 
effects of humic acid addition through drip irrigation system and water stress on leaf chlorophyll, mineral 
nutrients and tuber production of potato plants grown on sandy soils. The used experimental design was split 
plot design with three replicates. Main plots were assigned to the two water stress levels. i.e., water unstressed 
plants (irrigation at 25 % of available soil moisture depletion (ASMD)) and water stressed plants (irrigation at 
45 % of available soil moisture depletion (ASMD)). While, subplots were humic acid treatments that applied 
through fertigation programme at rates of 0, 60 and 120 kg ha-1 and the chemical analysis of humic acid is 
shown in Table 1.  
 
Table 1: Chemical properties of humic acid. 

pH EC OM% 
Humic acid 
(%) 

DW 
% 

Macronutrients (%) Micronutrients (mg kg-1) 
N P K Fe Zn Mn 

7.5 0.84 71 13.65 25.2 2.08 0.13 3.40 420 263 221 

 
 Representative soil sample at 0-30cm was collected and analyzed for some physical and chemical properties 
i. e., particle size distribution, total carbonate, pH, EC for soil as described by Hesse (1971). Available soil-N 
was extracted using KCl (2.0 M) and determined by using micro-Kjeldahl method according to Hesse (1971). 
Available soil-P was extracted with NaHCO3 (0.5 M) at pH 8.5 and determined colorimetrically after treating 
with ammonium molybdate and stannous chloride at a wavelength of 660 nm, according to Olsen and Sommers 
(1982). Finally, Available soil-K was determined by extracting soil with ammonium acetate (1.0 M) at pH 7.0 
using flame photometer as described by Hesse (1971). 
 Soil of the experimental site was sandy in texture (Entisols-Typic Torripsamments) which comprising of 
87.34% sand, 9.44% silt and 3.22% clay. Non calcareous 4.00 % CaCO3. It is very poor in fertility; 0.80% OM 



533 
J. Appl. Sci. Res., 8(1): 531-537, 2012 

 
 

with alkaline KMnO4-N status of 28.00, Olsen’s P of 3.00 and NH4OAC-K of 98.00 mg kg-1 soil, respectively 
and the value of pH is 8.3 and ECe is 2.54 dSm-1, there are no salinity and alkalinity problems.  
 The drip irrigation lines were used GR (built-in) drippers spaced 0.50 cm apart with a flow capacity of 4 
liters hour-1 at 1.5 bar working pressure and the spacing between lateral lines was 0.5 m and irrigation water, 
originating from a local well, had a good quality; pH of 7.1, EC= 0.4dSm-1 and sodium absorption ratio (SAR) is 
2.7, classified as C2S1 (Richards, 1962).  
 Potato pieces were cultivated on 10th August 2010 season. Plants row spacing was 0.75 m and spacing 
between plants in rows was 0.25 m. The area of each plot was 100 m2; hence, the total area of the field 
experiment was 1800 m2. 
 These plants fertigated with combined NPK fertilizers divided into 10 portions during plant growth stages 
according to the Egyptian Ministry of Agriculture Recommendations (475 kg N, 85 kg P and 200 kg K ha-1). 
Combined fertilizer was added in the form (20N-l0P-5K) with or without humic acid addition through drip 
irrigation system from the 2nd week until the 7th week of the plant growth stage. Whereas, the form (10N-3P-
36K) was applied from the 8th week until the end of fertigation programme.  
 At physiological maturity, a random sample of three plants from each plot was chosen and prepared for the 
following; Leaf chlorophyll contents were measured by a Minolta SPAD-520 chlorophyll meter (Yadava, 1986). 
The readings of chlorophyll meter were taken on 3rd leaf from top and were done on the tip (midline 0.3- 0.5 cm 
from leaf tip). Dry weight and water content (%) of foliage were determined and leaf area (m2) was calculated 
according to the method mentioned by Wallace and Munger (1965).  
                             
                              Dry weight of leaves x 10 x punch area (m2) 
Leaf area (m2) =                                                                                               x 100  
    Dry weight of 10 disks 
 
 Fresh tuber production was calculated as (Mg ha-1). Specific gravity of tubers was calculated as (g cm-3) 
according to the methods described by Smith (1975). Total soluble solids percentage (TSS) was measured in 
fresh tubers using hand refractometer method. Protein% was calculated according to Ranganna (1977), and the 
starch content was calculated according to the formula of Burton (1948); Starch (%) = 17.546+199.07x (S.g.-
1.099). Ascorbic acid (vitamin C) was determined as g 100g-1 fresh weight by using 2,4,6-di-chlorophenol-
indophenol method described in A.O.A.C. (1995) and the crude protein content percentage in head was 
calculated according to Ranganna (1977).  
 To analyze macro- and micro elements in potato leaves, samples were taken from each plot, dried at 70ºC, 
and ground using stainless steel equipments. From each sample 0.2 g was digested using 5 cm3 from the mixture 
of sulfuric (H2SO4) and perchloric (HCIO4) acids (1:1) as described by Cottenie et al., (1982). Total nitrogen 
was determined by micro-Kjeldahl method as explained by Hesse (1971). Total phosphorus was determined 
colorimetrically at wavelength 480 nm using spectrophotometer (Spekol) as described by Cottenie et al., (1982). 
Total potassium was determined by using Gallen Kamp flame photometer as mentioned by Cottenie et al., 
(1982). Total micronutrients (Fe-Mn-Zn) concentration was measured in the digestive solution of HC1O4, 
H2SO4 and HNO3 as described by Chapman and Pratt (1982) using atomic absorption spectrophotometer Perkin 
Elmer model 5000. 
 Data was statistically analyzed using descriptive statistics and analysis of variance (ANOVA). The 
Duncan’s new multiple range test was used to perform multiple comparisons at a significance level of P0.05. 
Means of treatments were considered significantly different when the differences were more than the least 
significant differences (LSD) at the confidence level of 5% according to Gomez and Gomez (1984). 
 
Results and Discussion 
 
Effect of water stress and humic acid fertigation levels on plant growth parameters and potato tuber 
production:   
 
 Data illustrated in Table 2 show that water stress leveles had no significant effect on leaf area, dry foliage 
weight (g plant-1), the relative water content (%) except for tuber production (p < 0.05).  
 Stressed plants (45% of ASMD) had a lower in all plant growth parameters compared to water non-stressed 
plants (25% of AVSMD). This reduction may be associtated to leaf water content and to the increase in bound 
water content therefore, it reduces the rate of physiological processes i.e. photosynthetic activity and 
accordingly, the plant growth (Salter, and Goode, 1967 and Vos, and Groenwold, 1988, Walworth and 
Carling, 2002).  
 With the exception of leaf area, humic acid additions through fertigation system increased all plant growth 
parameters and tuber productions, and this effect was highly significant (p < 0.05). Meanwhile, humic acid 
application at 120 kg ha-1 gave higher leaf area (m2), dry foliage weight (g plant-1), and foliage water content 
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(%) and tuber production (Mg ha-1) than the application level of 60 kg ha-1. Improving potato tuber production 
could be related to the increasing of soil aggregates due to the high content of organic matter in humic acid 
application (Fortun et al., 2006). 
 
Table 2: Effect of water stress and humic acid fertigation treatments and their interaction on leaf area, foliage dry weight, foliage e water 

content and tuber production during 2010 season. 
Treatments Leaf area 

(m2 ) 
Dry foliage weight   
 (g plant-1) 

Relative water 
content (%) 

Tuber production 
(Mg ha-1) 

Mean values as affected by water stress  
Water unstressed plants  0.338 37.79 77.99 40.33 
Water stressed plants  0.318 36.84 69.77 33.63 
F test -- -- -- * 
Mean values as affected by humic acid  fertigation levels 
Without  0.323 34.32c 71.94c 34.32c 
60 kg ha-1 0.330 37.66b 73.84b 37.66b 
120 kg ha-1 0.331 39.98a 75.87a 39.98a 
Water unstressed plants 
Without  0.338 34.65c 76.98c 36.56c 
60 kg ha-1 0.339 37.86b 77.00b 40.87b 
120 kg ha-1   0.338 40.87a 79.98a 43.56a 
Water stressed plants 
Without  0.308 33.98d 66.89d 32.87d 
60 kg ha-1 0.321 37.45cd 70.68cd 33.78d 
120 kg ha-1  0.324 39.08c 71.75cd 34.23cd 

Mean values followed by the same letter within the treatments are not significantly different (p < 0.05). 

 
 The effect of interaction between water stress and humic acid application levels was not significant (p < 
0.05) on increasing potato plant growth parameters and tuber production as shown in Table 2. Meanwhile, water 
unstressed plants that fertigated with humic acid at 120 kg ha-1 were superior. These results could be attributed 
to the improvement of the moisture retention and nutrient supply improvement of sandy soils after humic acid 
fertigation (Suganya and Sivasamy, 2006 and Selim et al., 2009).  
 
Effect of water stress and humic acid fertigation levels on biochemical indicators of potato plants:  
  
 Concerning the effect of water stress, Table 3 shows that all biochemical indicators i.e., chlorophyll 
reading, ascorbic acid and nitrate contents except for TSS, starch and protein contents were significantly 
influenced under water stress conditions (p < 0.05).  
 It can be noticed from data that, there was a negligible trend in starch content with increasing of water 
stress. If water supply is so lavish that top growth is excessive (Eremeev et al., 2001), then the supply of light 
energy is limited to the lower parts which influences the production of starch. 
 
Table 3: Effect of water stress and humic acid fertigation treatments and their interaction on biochemical indicators (chlorophyll, ascorbic 

acid, nitrate TSS, starch and protein contents) of potato plants during summer 2010 season. 
Treatments Leaf 

Chlorophyll  
 (SPAD) 

Ascorbic acid 
(mg 100g FW-1) 

NO-
3 content 

(mg Kg-1) 
TSS 
% 

Starch 
% 

Protein 
% 

Mean values as affected by water stress  
Water unstressed plants 43.18 97.46 83.50 5.20 13.71 13.15 
Water stressed plants  40.62 76.07 71.14 5.34 13.70 11.71 
F test * * * -- -- -- 
Mean values as affected by humic acid fertigation levels 
Without  40.16b 77.98c 69.28 5.07 13.38 11.95b 
60 kg ha-1 41.79a 82.55b 77.62 5.32 13.75 12.66a 
120 kg ha-1 43.76a 99.77a 85.06 5.44 13.99 12.68a 
Water unstressed plants 
Without  40.45c 87.07c 76.08 5.03b 13.65b 12.54b 
60 kg ha-1 43.34ab 94.65b 86.65 5.20ab 13.63b 13.45a 
120 kg ha-1   45.76a 110.67a 87.76 5.37ab 13.86a 13.46a  
Water stressed plants 
Without 39.87d 68.89d 62.47 5.10ab 13.10c 11.35d 
60 kg ha-1 40.23c 70.45e 68.58 5.43ab 13.87a 11.87c 
120 kg ha-1 41.76b 88.86b 82.36 5.50a 14.12a 11.90c 

Mean values followed by the same letter within the treatments are not significantly different (p < 0.05). 

 
 Similarly, humic acid application levels had a high significant effect on the examined biochemical indictors 
of potato plant except for nitrate and starch contents (p < 0.05). This could be attributed to the increasing of 
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nutrients retention in the rhizosphere, which led to a continuous supply of plant nutrients and improving of 
biochemical indicators of potato plants. 
 With respect to the interaction effects, statistical analysis showed that the biochemical indicators were 
significantly influenced by the application of humic acid in combination with water stress except for nitrate 
contents (mg kg DW-1).  
 
Effect of water stress and humic acid fertigation levels on mineral nutrient contents in plant leaf tissues: 
  
 Table 4 reveals that the nutrient concentrations of leaf were significantly influenced by decrease in water 
supply. This could be attributed to the strengthening of rooting system, which was reflected in increasing 
nutrients uptake by plants (Cooper and Chunhua, 1998). 
 
Table 4: Nutrient accumulation of potato leaves under different water supplies and humic acid application levels. 

Treatments Macronutrients (%)  Micronutrients (mg kg-1) 
N P K Fe Mn Zn 

Mean values as affected by water stress  
Water unstressed plants 2.88 0.243 3.46 42.50 18.40 19.70 
Water stressed plants 2.38 0.202 2.01 39.55 16.22 18.76 
F test  * -- * * * * 
Mean values as affected by humic acid  fertigation levels 
Without  2.40b 0.197c 2.61c 37.77c 15.62b 16.83c 
60 kg ha-1 2.63ab 0.223b 2.74b 41.71b 17.00ab 19.95b 
120 kg ha-1 2.87a 0.248a 2.86a 43.61a 19.33a 20.92a 
Water unstressed plants  
Without  2.59c 0.225c 3.31b 40.87c 16.67c 17.65cd 
60 kg ha-1 2.91b 0.232b 3.48ab 42.65b 18.54b 20.00b 
120 kg ha-1   3.14a 0.271a 3.60a 43.98a 20.00a 21.45a 
Water stressed plants  
Without  2.20d 0.169e 1.90e 34.67d 14.56e 16.00d 
60 kg ha-1 2.35b 0.213d 2.00d 40.76c 15.45ab 19.89c 
120 kg ha-1  2.60c 0.224c 2.12c 43.23a 18.65b 20.39b 

Mean values followed by the same letter within the treatments are not significantly different (p < 0.05). 

 
 The application level of 120 kg ha-1 manifested the highest mineral nutrient contents in potato leaves 
comparing with 60 kg ha-1 and the control treatment, consequently. The role of humic acid application is mainly 
related to the enrichment of mineral nutrient concentrations (Suganya and Sivasamy, 2006).  
 As shown in Table 4, the effect of the interaction between water stress and humic acid application levels 
was significant (p < 0.05). It is obvious that application of humic acid at 120 kg ha1 with water unstressed 
plants was the superior treatment. 
 
Chlorophyll and mineral nutrient contents relations: 
 
 A significant correlation (p < 0.05) was established between chlorophyll contents with mineral nutrients in 
leaf tissues i. e.; N, K, Fe, Mn and Zn elements except for P element under steady state conditions. It can be 
noticed that, regression coefficient reveal that leaf chlorophyll contents were positively influenced by 
micronutrients i.e., Fe, Mn and Zn than macronutrients i.e., N, P and K under the combined effect of water stress 
and humic acid (Fig 2). 
 Nevertheless, stepwise regression analysis exerted that all the nutrient elements except for P element under 
the water stress treatments were clearly close to the equality line and was higher than it. The minimum deviation 
of N, K, Fe, Mn and Zn elements from the equality line under the water stress conditions may indicate the 
positive role of humic acid in making those nutrients readily available to the plant.    
 
Conclusion: 
 
 It was noticeable from the results that humic acid application additions had a highly significant effect on 
improving leaf chlorophyll and its mineral nutrients of potato plants, tuber productions and its biochemical 
indicators as compared with control treatment. The application level of 120 kg ha-1 was better than 60 kg 
ha-1 on increasing these values. Our findings also revealed that, water unstressed plants were more efficient 
than water stressed plants in enhancing leaf chlorophyll and its mineral nutrient contents, in addition to 
biochemical indicators of potato plants. Leaf chlorophyll contents were positively influenced by micronutrient 
than macronutrient elements under the combined effect of water stress and humic acid. Nevertheless, stepwise 
regression analysis exerted that all the nutrient elements except for P element were clearly close to the equality 
line and was higher than it under water stress treatments.  
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Fig 2: Chlorophyll readings (SPAD) and mineral nutrient content relations of potato leaf tissues under water 

stress during summer 2010 season. 
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