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ABSTRACT 
 
 Two field experiments were conducted to study the effect of pre-sowing seed soaking with 0.4% potassium 
humate solution (80% organic substances and 12% K2O), 0.05% Caboron solution (65% Ca, 12% K2O and 1.5% 
B), 0.2% Rootmost solution (0.008% cytokinins, 0.001 GA3 and 0.1% IAA) and control (Tap water) on growth, 
yield and some biochemical parameters. All treated seeds were sown in saline soil (10 dSm-1) and irrigated with 
saline water (8-6 dSm-1). Pre-treatments with various soaking agents significantly stimulated growth and root 
yield attributes in compared to hydro-soaking (control treatment). This enhancement was associated with 
significant increases in essential elements, total soluble sugars and concomitant with great reduction in proline 
concentration. 
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Introduction 
 
 Sugar beet (Beta vulgaris L. var. altissima Doell) is considered as one of the two important sugar crops 
worldwide. In 1982, sugar beet has been introduced in Egypt as a new sugar crop and a second source for sugar 
production after sugar cane to minimize the gap between sugar production and consumption. The balance 
between sugar production and consumption in Egypt shows already a drastic shortage and is far away from self-
sufficiency. This gap reaches -34.8% during year 2008 according to Ministry of Agriculture Statistics. Bridging 
this gap is a real challenge with the vast growing population in Egypt (~1.2 million/Year). This goal can be 
realized by bringing new land under cultivation. Uncultivated land in Egypt, deserts are found to mainly occupy 
96% of the total area. Parts of this desert are million of hectare of coastal sites and salinized farmland. Egypt has 
a total cultivated area of 3.4 million hectare. The combination of inappropriate irrigation practices and high 
evapo-transpiration rates are largely responsible for extending the secondary salinization, that usually results in 
losses of once productive agricultural land, particularly in arid climates (Munns, 2005). In brief, 0.9 million 
hectare (33% approximately) in Egypt suffer from salinization problem (Ghassemi et al., 1995). Soil or water 
salinity adversly effects growth, development and yields of crop plants (Tanji, 1990). 
 In order to tackle with the problem of salinity, the choice of crop that can utilize or tolerate higher salt level 
in soil and or irrigation water should be included in agricultural programs of these soils. Sugar beet is one of the 
most salt tolerant crops, but it is reported to be less tolerant to salinity during germination, emergence and in the 
seedling stage (Maas, 1986; Marschner, 1995; Kaffka and Hembree, 2004 and Eisa, 2006). Therefore, any 
treatment which could be used to improve seed germination and subsequent seedling establishment under saline 
conditions would be highly desirable. One of these approaches is pre-sowing seed treatments such as seed 
soaking. Seed soaking or seed priming have been used to reduce the seedling emergence time, for synchronized 
emergence, improved emergence rate, and better seedling stand production in many crops (Khan, 1992; 
Chowdhary and Baset, 1994; Jett et al., 1996 and Basra et al., 2005). Pre-sowing seed soaking is an easy, low 
cost and low risk technique used to overcome agricultural problems (Iqbal and Ashraf, 2005). Seed priming is a 
controlled hydration technique in which, seeds are soaked in solutions of low-osmotic potentil before the actual 
germination take place (Farooq et al., 2006), and that allows metabolic activities to proceed before radical 
protrusion as a results of stress conditions (Sirritepe et al., 2003). 
 In view of these facts, the present study was undertaken to investigate the effect of pre-sowing seed 
treatments with humic substances, Caboron and Rootmost on some growth and physiological responses and 
ultimately yield production of sugar beet grown under saline conditions. 
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Materials And Methods 
 
 Two field experiments were carried out at Agricultural Experimental Station of Desert Research Center in 
Wadi Sudr during seasons of 2007/2008 and 2008/2009. Sugar beet seeds (Beta vulgaris L. var. altissima Doell) 
cv. Farida was obtained from Sugar Crops Research Institute, Agricultural Research Center.   
 The aim of this study was to verify the effect of Rootmost at rate of 2 cm3/L, HumicTotal at rate of 4 g/L, 
Caboron at rate of 0.5 cm3/L and tap water (control) as a   pre-sowing seed soaking treatments on adaption and 
improving of growth traits, yield and yield components as well as some biochemical aspects of sugar beet plants 
grown under saline stress conditions. 
 Seeds were soaked in prepared solutions for 12 hours then planted in hills at distanced of 20 cm apart. 
Treated seeds were sown immediately on September 10 and 12 in seasons of 2007/2008 and 2008/2009, 
respectively. Irrigation was applied directly after sowing. The plants were thinned to one plant per hill after 45 
days from sowing date.  
 Mechanical and chemical analysis of field soil samples were determined according to Piper (1950) and 
Jackson (1958). The chemical analysis of irrigation water which comes from underground well was carried out 
according to Jackson (1958) and Chapman and Pratt (1961) are presented in Table (1). 
 
Table 1: Soil and irrigation water analysis of experimental site of Wadi Sudr Station, averaged over two seasons 2007/2008 and 2008/2009. 
Soil mechanical analysis  

Soil depth (cm) Total sand (%) Silt (%) Clay (%) Texture 
0-30 47.5 15.25 37.25 Sandy 

Soil chemical analysis  
Soil depth (cm) EC dSm-1 

pH 
Soluble anions meq/ 100 g soil Soluble cations meq/ 100 g soil 

HCO3
- Cl- SO4

-- Ca++ Mg++ Na+ K+

0-30 9.5 8.0 0.25 1.76 0.01 0.0 0.24 1.13 0.02
Water chemical analysis  

Water sample ECdSm-1 pH 
Soluble anions meq/ 100 g soil Soluble cations meq/ 100 g soil 

HCO3
- Cl- SO4

-- Ca++ Mg++ Na+ K+ 
Average 8.59 7.8 0.01 2.44 0.01 0.79 0.43 1.23 0.01

 
 Cuttle organic manure and calcium super phosphate fertilizers were added during soil preparation at rates of 
20 m3 and 31 kg P2O5 per fed, respectively. Two equal doses of ammonium nitrate (33.5%N) were added at rate 
of 60 kg N/fed. after 45 and 90 days from sowing date, respectively. Potassium sulfate (48% K2O) was added 
before the first irrigation (10 days after sowing) at the rate of 100 kg/fed. 
 Two samples of beet plants were randomly taken at 90 days and 180 days (harvesting stage)  from planting 
from each plot. Plant samples were immediately separated into root (root + crown) and top to determined at 90 
days the fresh, dry weights and root diameters. 
 Total soluble sugar and proline contents in leaves as well as nutrient elements (N, P, K, Ca, Mg, Fe, Mn, Zn 
and Na) were determined in root and top of plant sample.  
 Proline determination was determined according to Bates et al. (1973). Total soluble sugars determination 
was carried out according to Cerining and Guilbot (1973). Moreover Na, Ca and K were determined by using 
flam photometer (Perkin Elemer, model-149). Mg, Zn, Mn and Fe were estimated by using atomic absorption 
spectrophotometer (Pye Unicium Sp, 1900). While, P was determined colourimetry according to the method 
described by Chapman and Pratt (1961). Total nitrogen (N) was determined according to the method described 
by A.O.A.C. (1975). 
 Each experimental block included 5 ridges, 60 cm width  and 3.5 m length, comprising an area of 10.5 m2. 
Four seed soaking treatments were carried out in randomized complete block design with three replications. 
Data of all traits recorded and analyzed according to Duncan's multiple range test Duncan (1955) to comparison 
between means.   

 
Results: 
 
Growth and Yield of sugar beet plants: 
 
 Growth parameters of sugar beet plants at 90 days after sowing, including root diameter, fresh and dry 
weight of root and shoot under pre-sowing seed soaking treatments are presented in Table (2). Pre-sowing seed 
treatments with various soaking agents significantly stimulated all tested growth characters over hydro-soaking 
(control treatment). The maximum averages were achieved by Humic substances followed by Caboron then 
Rootmost treatment, respectively. The highest increase value in shoot fresh weight was amounted in humic 
treatment by 33% overcontrol. Meanwhile, both of Carbon and Rootmost treatments stimulated shoot fresh 
weight by 19% comparing with control treatment. This trend was more clearly pronounced on root fresh weight. 
The maximum increase in root fresh weight was achieved by Humic treatment recording 58% higher than that 
observed in control treatment. The same trend was almost true either in shoot or root dry weight. Also, similar 
pattern was observed in the second season for all examined criteria. 
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 Concerning sugar beet yield parameters at harvest stage, Data presented in Table (3) clearly showed 
significant increases in yield and its components by using pre-sowing seed soaking treatments compared with 
hydro-soaking (control treatment) in both seasons. Here again, seed soaking with Humic treatment surpassed the 
other both agents in root diameter, fresh and dry yield of root and shoot. The percentage of increments of 
calculated root and shoot fresh yield per fed, recorded 41, 84% and 25, 14% in the first and second seasons, 
respectively. 
 
Table 2: Effect of seed soaking treatments on growth traits at 90 days after sowing date in both seasons. 

Treatments 

Leaves Root 
Fresh and dry weights/plant (g) Root diameter  

(cm) 
Fresh and dry weights/plant (g) 

Fresh Dry  Fresh Dry 
 2007/2008 

Control 339.08 c  88.75 c 3.61 b 358.92 b 91.01 d 
Rootmost (2Cm3/L) 404.93 b 100.33 b 3.83 ab 368.17 a 102.33 c 
Caboron (½Cm3/L)  404.35 b 101.93 b 3.99 a 515.83 c 120.25 b 

Humic ( 4g/L )  452.76 a 114.33 a 3.94 a 566.26 a 141.67 a 
 2008/2009 

Control 344.66 b 92.36 c 3.88 b 371.00 b 94.33 d 
Rootmost (2Cm3/L) 413.25 c 103.16 b 4.18 a 387.08 a 111.40 c 
Caboron (½Cm3/L) 410.60 d 103.26 b 4.17 a 520.08 c 123.33 b 

Humic ( 4g/L ) 459.13 a 117.13 a 4.17 a 582.20 a 144.86 a 
 
Table 3: Effect of seed soaking treatments on yield and yield components of sugar beet at harvesting in both seasons.   

Treatments 

Leaves Root 
Fresh and dry weights/plant 

(g) 
Fresh yield 
(ton./fed) 

Root 
diameter  

(cm) 

Fresh and dry 
weights/plant (g) 

Fresh yield 
(ton./fed) 

Fresh Dry   Fresh Dry  
 2007/2008 

Control 384.18 c 106.42 d 6.06 c 4.02 d 1504.99d 377.08d 22.94 d 
Rootmost (2Cm3/L) 475.00 a 122.51 c 5.92 c 4.35 c 1637.08c 417.90c 26.16 c 
Caboron (½Cm3/L) 515.68 b 142.17 b 7.92 b 5.25 b 1734.18b 456.68b 28.75 b 

Humic (4g/L ) 574.58 a 160.83 a 11.17 a 5.51 a 1959.18a 512.51a 32.33 a 
 2008/2009 

Control 457.41 d 120.26bc 7.55 c 4.93 c 1517.44d 344.85d 24.96 c 
Rootmost (2Cm3/L) 477.77 c 130.83 b 7.88 c 4.65 d 1689.83c 437.18c 27.85 b 
Caboron (½Cm3/L) 535.04 a 146.33 a 9.35 a 5.13 b 1864.93b 477.15b 31.00 a 

Humic (4g/L) 524.50 b 136.07ab 8.63 b 5.98 a 1991.63a 515.09a 31.29 a 

 
Physiological parameters: 
 
 Seed-soaking treatments significantly increased total soluble sugars compared to control treatment in both 
seasons. The highest concentration of total soluble sugras was observed with Rootmost Fig. (1). 
 The average values of proline content measured in leaves and root of sugar beet plants showed significant 
differences between control treatment and seed soaking agents. A marked decrease in proline content was 
observed by pre-sowing seed soaking with different agents, reaching to minimum concentration with humic 
substance. 
 As for nutrient concentrations in sugar boot shoot or root, it is clear that all seed soaking solutions 
significantly failed to reduce Na concentration either in shoot or root, but both of Humic and Caboron 
treatments significantly increased K concentration in shoot and root in compared to control. Consequently Na:K 
ratio was improved under those treatments. On the other hand, soaking the seeds in the three tested agents led to 
alleviate the adversely effects of salinity by enhancing the concentration of essential elements in plant organs. 
However, humic treatment significantly increased almost all measured essential elements such as N, P, K, Ca, 
Mg, Zn and Mn, while both of Caboron and Rootmost treatments stimulated P, Ca, Mg and Mn concentrations 
in root and shoot in both seasons over control treatment as shown in Table  (4). 
 
Discussion: 
 
 Salinity adversely affects almost all stages of plant growth and development, ultimately causing low 
economic yield and poor quality of yield production (Ashraf and Harris, 2004). Growth reduction due to salinity 
is mainly attributed to water deficit due to lowered water potential (w) in root medium, nutritional imbalance 
and specific ion toxicity arising from higher concentration of Na+ and Cl- (Khan and Ashraf, 1988 and 
Marschner, 1995). Seed-soaking treatments, in the present  work, with  various agents (Rootmost,  Caboron  and  
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Fig. 1: Effect of seed soaking on total soluble sugars, (a), and proline content (b) in leaves of sugar beet at 90 
days 2007/2008 and 2008/2009 growing seasons. 

 
Table 4: Effect of seed soaking on mineral contents of sugar beet after 90 days of sowing date during seasons of 2007/2008 and 2008/2009. 

 Na 
mg/g 

Ca 
mg/g 

Mg 
mg/g 

N 
mg/g 

P 
mg/g 

K 
Mg/g 

Zn 
mg/g 

Mn 
mg/g 

Fe 
mg/g 

 2007 / 2008 
 Top 
Control 1.97a 6.80d 5.64c 1.38a 2.63d 0.93ab 0.15ab 0.14b 0.21a 
Rootmost (2Cm3/L) 1.61a 7.93c 6.92b 1.76a 3.66b 1.28a 0.25a 0.25a 0.26a 
Caboron (½Cm3/L)  1.38a 10.46a 6.91b 1.66a 3.19c 1.56a 0.30a 0.23a 0.25a 
Humic ( 4g/L )  1.68a 8.57b 8.52a 1.99a 4.03a 1.47a 0.33a 0.27a 0.26a 
 Root 
Control 0.77a 6.29d 1.78d 0.43a 1.49d 1.25ab 0.54a 0.10a 0.22a 
Rootmost (2Cm3/L) 0.54a 8.28c 2.17b 0.51a 2.61b 1.55a 0.69a 0.20a 0.37a 
Caboron (½Cm3/L)  0.49a 11.16a 2.03c 0.53a 1.88c 1.87a 0.69a 0.20a 0.35a 
Humic ( 4g/L )  0.62a 8.38b 2.46a 0.58a 2.85a 1.84a 0.87a 0.24a 0.47a 
 2008 / 2009 
 Top 
Control 2.00a 6.92d 7.46c 1.38ab 2.68ab 0.97ab 0.14a 0.14b 0.22a 
Rootmost (2Cm3/L) 1.65a 8.26c 6.49d 1.80a 3.72a 1.31a 0.27a 0.26a 0.28a 
Caboron (½Cm3/L)  1.41a 11.09a 7.78b 1.71a 3.20ab 1.67a 0.33a 0.25a 0.25a 
Humic ( 4g/L )  1.71a 9.18b 9.08a 2.01a 4.13a 1.48a 0.36a 0.28a 0.32a 
 Root 
Control 0.83a 6.33d 1.80d 0.45b 1.53ab 1.26ab 0.54a 0.09a 0.21a 
Rootmost (2Cm3/L) 0.56a 8.33c 2.31b 0.55a 2.70a 1.62a 0.74a 0.23a 0.38a 
Caboron (½Cm3/L)  0.49a 11.83a 2.13c 0.54a 1.93a 2.02a 0.69a 0.23a 0.34a 
Humic ( 4g/L )  0.70a 8.53b 2.57a 0.61a 2.89a 1.93a 0.92a 0.28a 0.50a 

 
Humic substances) significantly reduced the damaging action of salinity on plant growth and enhanced yield 
production of sugar beet under saline conditions in compared with control treatment. Similar effect of pre-
soaking seed treatments on plant growth had been observed in reducing; the stress effect of salinity on wheat 

c c

d d
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plants (Hamada and Al Hakimi, 2001) and increasing growth of shoot and root in soybean (Gutierrez et al., 
1998). The promoting effect of seed soaking on plant growth is purposed due to shorten the emergence period 
and to protect seeds from biotic and abiotic factors during critical phase of seedling establishment so as to 
synchronize emergence, which lead to uniform stand and improved yield (Afzal et al., 2006; Iqbal et al., 2006 
and Abro et al., 2009). 
 Mitigation adverse effects of salt stress by pre-soaking with the three tested agents, in the present study, 
was associated with enhanced essential elements, total soluble, but markedly decreased Na+ : K+  ratio and 
proline concentrations in both root and shoot of sugar beet.  
 However, the maximum improving in growth, yield and some physiological  criteria was obtained in plants 
raised from seeds soaked with potassium humate solution (12% K2O) followed by Caboron solution (rich in 
Ca+2 & K+ ) in Rootmost solution (rich in nutrients and plant growth promoters) in compared to plants raised 
from seeds soaked with distilled water (control). Among soaking agents, potassium humate treatment has the 
highest K content which may be played an important role to regulate osmotic potential, increasing water uptake 
ability comparing to other treatments. In this regard, Yagmur and Kaydan (2008) reported that the enhancement 
of seed germination and seedling growth in wheat grown under salt stress may be related to rapid water uptake 
in priming treatment with potassium salts. Also, the effect of potassium on growth and yield may be due to the 
reason that potassium has a prevalent action in plants and is involved in maintenance of ionic balance in cell and 
bounds ionically to enzyme pyruvate kinase which is essential in respiration and carbohydrate metabolism 
(Aisha et al., 2007). However, the salt tolerance in plants increased by reducing Na+ uptake. In this reduction, 
potassium plays an important role by increasing K+: Na+ ratio in plant cells (Akinci et al., 2004). On the other 
hand, humic substance is rich in organic matter (80%). The major functional groups of humic substances include 
carboxyl, phenolic hydroxyl, alcoholic hydroxyl and ketone (Cacco and Agnolla, 1984).  It was reported that 
humic acid application positively affected the plant parameters when grown under saline condition (Turkmen et 
al., 2005). It is possible that the greatest enhancement in growth and yield of sugar beet, after soaking in humic 
substance, could be attributed at least partially to increase nutrient uptake of plants. This effect of humic 
substance in improving seed emergence was greater than that of potassium (Paksoy et al., 2010). Humic 
substances have been reported to enhance mineral uptake under salt stress by increasing the permeability of 
membranes of root cells (Valdrighi et al., 1996) or by better developed root systems (David et al., 1994). 
Moreover, the positive effects of humic substance on plant growth and productivity could mainly be due to 
horome like activities of humic substances through involvement in cell respiration, photosynthesis, oxidative 
phosphorylation, protein synthesis, antioxidant and various enymatic reactions (Chen and Aviad, 1990; Zhang 
and Schmidt, 1999 and Zhang et al., 2003). 
 Pre-sowing seed treatment with inorganic salt i.e. Caboron was descending ranked after humic substance to 
overcome the salinity problem on sugar beet plant. Halopriming has been shown to improve germination and 
plant establishment under saline conditions for different plants (Cayuela et al., 1996; Rehman et al., 1998 and 
Sirritepe et al., 2003).  Ca+2 is well known to have an antagonistic effect on uptake of Na+ in plants subjected to 
NaCl stress and thus, mitigate the toxic effect of Na+ on plant metabolism (Greenway and Munns, 1980). There 
are several reports revealed that increasing the Ca+2 and K+ concentration in seeds of different crops 
significantly led to increase seed germination and enhancement of seedling growth under saline conditions 
(Cramer, 1990). The possible reason for improving growth and yield may be that salinity interacts with plant 
nutrients which become unavailability to seedlings however Ca+2 or K+ pre-treatments made the nutrients more 
available to seedlings under salt stress. In this respect, Rafiq et al. (2006) reported that calcium salt pre-
treatment significantly increased root length under both normal and saline conditions. Ca+2 could have a 
protective effect in root tips, which is of fundamental importance for the maintenance of root elongation in NaCl 
stressed seedling (Franco et al., 1999). Moreover, pre-sowing seed treatment with Ca+2 salts can be attributed to 
properhydration during imbibitions that increased starch hydrolysis, which resulted in increased total soluble 
sugars (Afzal et al., 2008). Moreover, Kathiresan et al.  (1984) reported that better performance of seeds treated 
with Ca+2 salts under saline conditions may be due to enhance oxygen uptake and increase -amylase activity of 
the efficiency of mobilizing nutrients from the cotyledons to the embryonic axis. However, it is well known that 
increasing -amylase activity results in increased contents of total and reducing sugars (Lee and Kim, 2000). 
Moreover, Ca+2 salts priming treatments alleviated inhibitory effect on growth of wheat plants and proved to be 
the most effective in inducing salt tolerance due to increase sugar contents as well as enhance K+ and Ca+2 
accumulation and decrease accumulation of Na+ (Afzal et al., 2005). 
 The present results showed also an enhancement of growth and yield from seeds soaked with Rootmost as 
compared to control treatment. This may be due to its rich content of mineral nutrients especially K+ and Ca and 
growth regulators. The effect of K+ and Ca+2 has been previously discussed. Concerning the effect of plant 
growth regulators, it is well known that seed soaking with plant growth regulators successfully applied to 
counteract the deleterious effects of salinity on germination and plant growth (Gadallah, 1999; Angrish et al., 
2001 and Iqbal and Ashraf, 2005). The stimulatory effect of hormones on wheat plants suggest that pre-soaking 
of seed with auxin may be advantageous for germination and seedling development and ultimately increased 
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yield production under saline conditions (Channa et al., 2002). Seed soaking with kinetine, gibberellic acid and 
indol-acetic acid alleviated harmful effects of salt stress (Datta et al., 1998). However, among the different plant 
growth regulators kinetin is the most effective pre-soaking treatment to alleviate salinity stress on wheat plant 
(Afzal et al., 2005). Seed pre-treatment with cytokinins is reported to increase plant salt tolerance by interacting 
with other plant hormones especially ABA. Therefore, kinetin as Pre-soaking agent was effective in increasing 
shoot dry weight and grain yield in wheat plants grown under salt stress (Iqbal et al., 2006). Similar positive 
effects on seed priming were reported on different crops (Harris et al., 1999; Hardegree and Vactor, 2000 and 
Ashraf and Rauf, 2001). The possible action of kinetin pre-treatment was explained in view of increasing the 
internal mineral nutrients concentrations. It reduced Na+ and Cl- accumulation and improved K+ uptake under 
salinity stress. Improving Na:K ratio helped plants to avoid Na+ toxicity and enhanced growth (Rafiq et al., 
2006). Kinetin also reduced membrane injury by dehydration and heat stressed and improved the water status of 
plants (Ashraf et al., 2003).  
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