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ABSTRACT 

A field experiment was conducted in the farm of Sahl El-Hussinia Agricultural Research Station, 
El-Sharkia Governorate, Egypt during 2016/2017 and 2017/2018 winter seasons. The impact of 
potassium humate at different rates (0, 2, 4 and 6 g/L) and irrigation water at different periods 10, 15, 
and 20 days applied  during growth period was studied on some physical and chemical soil properties 
and Carrot (Daucus carota  L.) productivity under saline soil conditions. The obtained results stated 
that soil pH changed to slightly or moderately alkaline conditions ranged between 8.27 and 8.05. Soil 
salinity (ECdSm-1) values tended to decrease by increasing potassium humate applied and decreasing 
the irrigation period, the study showed that 10 days irrigation period gave the highest effects on soil 
salinity than other periods tested. Also, it emphasized that irrigation water periods and increasing of 
potassium humate applied significantly increased availability of some macro and micronutrients 
represented by N, P, K, Fe, Mn and Zn contents in soil after harvest of carrot. This increase led to 
increase these nutrients in leaves and roots of carrot plants beside weight of fresh roots and the total 
yield (ton/fed). The study implies application of potassium humate at 6g/l and 10 days irrigation period 
was the best treatment over the two seasons. 
  
Keywords: irrigation period, Soil properties, Carrot productivity, saline soil, potassium humate 

 
Introduction 

The majority of salt-affected soils in Egypt are located in the North central part of the Nile Delta 
and on its Eastern and Western sides. About 900 000 ha of cultivated irrigated areas suffer from salinity 
problems. For example, about 6% of North Delta soils, 20 % of the South Delta and Middle Egyptian 
regions and 25 % of the Upper Egypt region are salt-affected soils (FAO, 2003).  

Scheduling the required irrigation water for each crop will help in minimizing loose of water 
during the growing seasons. Regulated deficit irrigation is water saving technology that is relatively 
inexpensive and easy to implement (Webber et al., 2007). El-Salam Canal is one of the national 
promising projects involves the reuse of agricultural drainage water, after reducing its salinity levels by 
mixing it with Nile water with Bahr Hadoos drains (1.095 milliard m3 drainage water) and El–Serw 
drain (1.245 milliard m3 drainage water), which are considered the main source of the drainage water, 
while the fresh Nile water is about 2.11 milliard m3 water Shaban (2005). Deficit irrigation (DI) index 
could be used to raise the ratio between crop yield and crop water consumption in different crops stages 
and to eliminate water stress (Geerts and Raes, 2009). On (Geerts and Raes, 2009). On the other hand, 
the scheduling irrigation, decrement in plant size due to decreasing in prolongation of cells and cell 
division moreover increment in leaf thickness and in general reduction in yield and yield components 
as available soil water depletion increased (Marzouk et al., 2016). 

Potassium humate is considered as an organic fertilizer. It contains 5% nitrogen, 2.8% 
phosphorus, 10% potassium and some micronutrients including molybdenum, copper, zinc, cobalt and 
magnesium .Potassium humate increases product quality and plant tolerance to drought stress, salinity, 
heat, cold, disease and pests (Khordhidi et al. (2009). Humic acids improved soil structure, cation 
exchange capacity, nutrient retention and soil microbial activity. The impact of humic acids will 
therefore be comprehensively discussed under physical, chemical and biological soil properties, (Johan, 
2008). Foliar application of humic substances is increasingly used in agricultural practice, the 
mechanism of possible growth promoting effect, usually attributed to hormone-like impact, activation 
of photosynthesis, accelerate cell division, increase the permeability of plant cell membranes and 
improved nutrient uptake, reduce the uptake of toxic elements and improve the plant response to salinity 
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(Verlinden et al. 2009). In addition, the important of potassium k+ represented in photosynthesis, 
increasing enzyme activity, improving synthesis of protein, carbohydrates and fats, translocation of 
photosynthetic, enabling their ability to resist, pests and diseases. Also, potassium has osmotic action 
for plant cells (Mehdi et al., 2007). El-Tohamy et al. (2011) found that the application of potassium 
rates was significantly improved carrot growth i.e. plant height, number of leaves and fresh and dry 
weight of leaves ,  yield (fresh and dry weight of roots) and (root length and diameter) compared to 
control plants.  

Carrot (Daucus carota L.) is an important vegetable in Egypt. It covers a production area of 
13,651 fed. in year 2010 that yielded 175,923 tons according to Ministry of Agriculture Statistics, and 
Abdel Naby et al. (2013). Carrots (Daucus carota L.), is the most important root vegetables in the 
Apiaceae family,which are cultivated worldwide. The storage root is widely utilized due to its richness 
in carotenoids, anthocyanins, dietary fiber, vitamins and other nutrients, Feng et al. (2019).  

This study aims to determine the effects of applied potassium humate and irrigation periods on 
the some soil chemical properties and carrot production under saline conditions. 
  
Materials and Methods 
 
Experiment location 

A field experiment was conducted in the farm of Sahl El-Hussinia Agricultural Research Station, 
El-Sharkia Governorate, Egypt during 2016/2017 and 2017/2018 winter seasons, the location lies 
between 32° / 00 to 32° / 15, N latitude and 30° / 50 to 31° / 15 E longitude.  
 
Soil Sampling 

The soil samples for initial and after harvests were collected from a depth of 0- 30 cm for all 
replication and analysis of physical and chemical properties were determined Page et al. (1982). 
 
Table 1: Some physical and chemical properties of the soil used before Carrot planting. 

Sand (%) 
Silt 
(%) 

Clay 
(%) 

Texture 
O.M 
(%) 

CaCO3 
(%) 

22.18 35.74 42.08 Clay 0.62 9.74 

pH 
(1:2.5) 

 

EC 
(dS/m) in 
soil past 

Soluble Cations 
(meq l-1) 

Soluble Anions 
(meq l-1) 

Ca+2 Mg+2 Na+ K+ HCO-
3 Cl- SO-2

4 

8.35 10.85 8.29 14.93 84.50 0.78 9.71 60.62 29.67 

Available macronutrients 
(mg/kg) 

Available micronutrients 
(mg/kg) 

N P K Fe Mn Zn 

37.85 4.35 188 5.74 2.64 0.65 

 
The experimental design was split plot arranged with six replicates. The rates of potassium humate 

were in the main plot and different periods of irrigation were in the sub plots.  
To control soil salinity, irrigation water was applied immediately after sowing for 4 hours and then 

the excess water was surface drained in same day of sowing. The same process was repeated in the 
second day. Irrigation water was applied at interval periods of 10, 15 and 20 days from planting. 
Irrigation water was controlled by the water meter fixed on the irrigation pipe. The quantity of irrigation 
water applied was (2000, 1500 and 1000 m3/fed/season) for the whole growth season which 
corresponding to 10, 15 and 20 days of irrigation frequencies/season, respectively. 

The mean values of chemical properties in irrigation water from El-Salam canal analysis are shown 
in Table (2). 

The selected Varity of carrot seeds is New Kuroda (a Japanese variety), applied at rate 2.5 kg 
/fed. The seeds were sown on 5 November of 2016 /2017 and 2017/2018 seasons respectively, the hill 
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spacing was 25 cm between plants. Seedling was thinned to one plant for each hill after 21 days from 
planting. 
 
Table 2: Chemical analysis of irrigation water used during carrot planting (average of two years).  

 pH 
EC 

(dSm-1) 

N 
(mgkg-1) 

P K Fe Mn Zn 

(mgkg-1) 
NO3-N NH4-N 

7.89 1.20 15.84 7.30 5.95 8.31 1.77 1.04 0.55 

 
Super phosphate (15.5 P2O5 %) was applied at a rate of 31 kg P2O5 /fed during tillage of soil before 

planting. Urea (46 % N) was applied at rate 100 kg N at three periods 25, 45 and 65 days from planting. 
Potassium humate was foliar application on soil and plant at a rate 0, 2, 4, 6 g/L (800, 1600 and 3600 
ml/400L water/fed) on two periods 21 and 55 days after planting.  

At harvesting stage; 160 days after sowing, total roots yield (ton/fed) was estimated. Plants sample 
from ten plants of each plot was taken at random and the following measurements were recorded: plant 
height (cm), Root length (cm) , root diameter (cm), Weight of Fresh roots (g) and Weight of fresh root 
(ton/fed).  
 
Plant analysis:  

A sample of plant (root and leaves) (0.5 g dry matter)  were digested by concentrated digestion 
mixture of H2SO4 / HCLO4 acids according to Sommers and Nelson (1972). Nitrogen was determined 
by micro Keldahl, according to Jackson (1973). Phosphorus was determined Spectrophotometrcally 
using ammonium molybdate/ stannus chloride method according to Chapman and Pratt (1978).  
Potassium was determined by a flame photometer, according to Page et al. (1982). Fe, Mn, and Zn were 
determined by using Atomic Absorption (model GBC 932). 
 
Climatic condition: 

The meteorological data including temperature (oC) and rainfall (mm / month) during the two years 
of study had been obtained from the agro meteorological Unit at SWERI, ARC and their monthly mean 
values and are presented in Table (3).  

 
Table 3: Temperature and rainfall during the two growing seasons. 

Month  
Temperature (Co) Rain full  (mm) 

2016/2017 2017/2018 
2016/2017 2017/2018 

Max Min Max Min 
December   30 18 32 17 65 73 
January  18 10 17 12 80 85 

February  15 9 14 11 100 95 
March 25 14 29 16 35 50 
April  34 20 33 19 20 35 

 
Statistical analysis:  

All measurements were carried out in triplicate. The statistical significance of the treatment effects 
calculated with LSD procedure at p = 0.05 by using SPSS software programs.  

 
Relative percent compared to control=  

  
        (T1+T2+T3)/3 - T0  
   │  ───────────│  X 100 
                   T0 

Where; 
T0 : parameter value without treatment (control) 
T1 : parameter value at 2g/l of potassium humate treatment 
T2 : parameter value at 4g/l of potassium humate treatment 
T3 : parameter value at  6g/l of potassium humate treatment 
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Results and Discussion 
 
1- Soil pH 

Data in Table (4) show that soil pH tends to decrease slightly after the leaching process as affected 
by irrigation water periods and potassium humate application. The soil pH ranged to slightly and 
moderately alkaline conditions, where the soil pH value is always around 8.27 to 8.05. However, there 
was a clear effect for the application of high rate of potassium humate and water quanities on the soil 
pH decreasing.  The slight decrease of soil pH values may reflect the activity of microorganisms in 
decomposing organic matter and releasing organic acids. Also, parallel same trend was noticed for 
carrot at harvesting in cases of irrigation at 10 and 15 days combined with high rate of potassium 
humate. The relative decreases of mean values in soil pH were 1.46; 1.09 and 1.09 % for irrigated at 
10, 15 and 20 days periods respectively combined with potassium humate compared to the pH values 
of irrigated soil without potassium humate treatment. The decline of soil pH from adding humic 
substances and gypsum to the alkali soils has been reported by Li et al. (2012). This can be attribute to 
the formation of precipitates such as CaCO3 and Ca(HCO3)2 (Qadir et al. 1996). The effect of humic 
acid on decreasing the soil pH could be explained by the effect of protons (H+). Humic acids contain 
carboxyl (-COOH) and phenolic hydroxyl (-OH) groups which can release H+ to directly neutralize soil 
alkalinity. Shaban et al. (2018) reported that the application of  K fertilizers minimize adsorption of Na 
at the cation-exchange sites on soil particles, so enhancing Na leaching losses. The decrease in the soil 
pH may be due to a dual effect of the K-salt ions. According to the order of K+ in the lyotropic series 
along with the acid radical (humate) effects,and K+ exchanges for Na+ in the root zone. Sodium replaces 
the K+ in their salts and K+ is released into soil solution and becomes available to plant. 
 
  Table 4: Mean values of soil pH, EC (dSm-1)  in soil after carrot harvesting (two seasons).  

Periods of irrigation water 
(days) 

Rate of potassium humate 
(g/L) 

pH 
(1:2.5) 

EC 
(dSm-1) 

10 

0 8.21 7.95 
2 8.14 6.50 
4 8.08 4.36 
6 8.05 3.94 

Mean 8.12 5.69 
Relative percent compared to control % 1.46 37.99 

15 

0 8.25 8.75 
2 8.20 7.23 
4 8.17 6.82 
6 8.10 5.40 

Mean 8.18 7.05 
Relative percent compared to control% 1.09 25.94 

20 

0 8.27 9.83 
2 8.23 8.92 
4 8.18 8.31 
6 8.14 7.52 

Mean  8.21 8.65 
Relative percent compared to control% 1.09 16.07 
LSD.0.05. Humatee rates ----- 0.52 
LSD.0.05. Irrigation periods ----- ns 
Interaction  ------ *** 

 
2-Soil salinity 

The EC values of studied soils after carrot harvesting as shown in Table (4) reveal that the soil 
salinity values tend to decrease by increasing potassium humate rate and decreasing irrigation water 
period , the 10 days irrigation period showed the lowest mean EC value (5.96 dsm-1) compared to other 
irrigation periods. Application of potassium humate regardless the rate of application led to a significant 
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decrease in soil salinity. Also, soil salinity had an insignificant result with different irrigation periods 
studied. 

The interaction between the irrigation periods at different rates of potassium humate was 
significant.  The relative decreases of mean values of soil salinity were 37.99 %; 25.94 % and 16.07 % 
for soil treated with different rates of potassium humate  at  irrigation water periods of 10, 15 and 20 
days respectively compared to which without potassium humate treatments. These results are in 
agreement with Khaled and Fawy (2011) who reported that application of potassium humate has been 
identified to reduce the soil salinity. Turan et al. (2011) suggested that application of potassium humate 
to soil led to decreases of soil salinity. This reduction of soil salinity was because of potassium humate 
can increase aggregate stability and  K+ replaced them on the surface of colloid adsorption so the 
proportion of K increased, Mindari et al. (2014).  Kamel et al. (2017) found that the decrease of  ECe 
in first and second seasons was attributable to the leaching that had occurred during both winter periods. 
The total rainfall was increase during carrot growing season. These results could be explained may be 
due to the reflection of the activity of microorganisms in reducing salinity and simultaneously 
improving soil structure; increasing drainable pores, total porosity and aggregate stability, and 
consequently enhanced leaching process through irrigation fractions.  
 
3-Available macronutrients content in soil. 

  Available macronutrients (N, P and K) content in soil are presented in Table (5). The results 
raveled that the effect of irrigation water periods and different rates of potassium humate on available 
N, P and K contents in soil after carrot harvesting were increased with increasing potassium humate 
rates and irrigation water amount. The highest mean values of soil available N, P and K were in soil 
treated with irrigation water period 10 days combined with potassium humate, while the corresponding 
mean values for the irrigation water periods 15, 20 days  recorded  the least.  
 
Table 5: Mean values of available macronutrients and micronutrients in soil after carrot harvesting (two 

seasons).  

Periods of irrigation 
water 
(days) 

Rate of potassium humate 
(g/L) 

Available 
macronutrients 

 (mgkg-1) 

Available 
micronutrients  

(mgkg-1) 

N P K Fe Mn Zn 

10 

0 40.62 4.89 192.00 5.88 2.82 0.69 
2 42.10 5.10 197.00 5.93 3.10 0.72 
4 44.86 5.68 201.00 6.04 3.17 0.76 
6 47.52 6.10 205.00 6.12 3.19 0.83 

Mean  43.78 5.44 198.75 5.99 3.07 0.75 
Relative percent compared to control% 10.36 15.13 4.96 2.55 11.70 11.59 

15 

0 40.22 4.55 190.00 5.79 2.80 0.67 
2 41.30 4.79 194.00 5.84 2.88 0.69 
4 42.96 4.93 199.00 5.97 2.94 0.72 
6 43.88 5.04 203.00 6.02 3.05 0.78 

Mean  42.09 4.83 196.50 5.91 2.92 0.72 
Relative percent compared to control% 6.19 8.13 4.21 2.59 5.71 8.96 

20 

0 39.52 4.52 189.10 5.78 2.71 0.66 
2 40.12 4.66 192.00 5.80 2.79 0.68 
4 40.77 4.79 194.00 5.89 2.85 0.70 
6 41.30 4.82 197.00 5.93 2.93 0.74 

Mean  40.43 4.70 193.03 5.85 2.82 0.70 
Relative percent compared to control% 3.06 5.31 2.06 1.56 5.54 7.58 
LSD.0.05. Humate rates 1.38 ns ns 2.24 Ns 0.018 
LSD.0.05. Irrigation periods Ns 0.73 1.64 1.03 Ns Ns 
Interaction  ** *** *** *** Ns *** 

 
The effect of potassium humate rates on available soil N was significant whereas for soil available P 
and K was insignificant. Respect to effect of irrigation water periods, its effect was insignificant for 
available soil  N, while for the available soil P and K was significant. The relative increase of mean 
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values of available  macronutrients in soil were 10.36, 6.19 and 3.06 % for N  ; 15.13, 8.13 and 5.31 % 
for P and 4.69 , 4.21 and 2.06 % for K as affected with different irrigation water periods 10, 15 and 20 
days respectively combined with different rates of  potassium humate compared to the soil which  
without potassium humate application.  

From the after mentioned results it is obvious that the increases of available N, P and K in soil 
were related to the decreasing of irrigation periods in the order (10 days > 15 days > 20 days). These 
results are in agreement with Ibrahim et al. (2015) who found that the effect of different irrigation water 
rates on available N (mgkg-1) content in soil had insignificant increases , while the P and K content in 
soil were significantly affected. On the other hand, the interaction between different rates of potassium 
humate and irrigation water periods on available N, P and K contents in soil were significant. Yuncal 
and Urs (2005) found that the drought stress conditions led to decreasing the available N, P and K in 
soil. Hui et al., (2012) reported that application of potassium humate increases significantly the soil 
organic matter, available N, P and K in soil. Application of humic acid at a rate of 1,000 mg kg_1 to 
saline soil gave an increase in seed germination, plant growth, and macro- and micronutrient contents 
of tomato (Turkmen et al., 2004). 

According to Selim et al., (2009) who stated that the application of  humic substances by 
fertigation increased the level of macro- and micronutrients that were retained in soil after potato 
harvesting. 
 
4-Available micronutrients content.  

The data recorded in Table (5) pronounced that there were increases in soil available micronutrients 
contents i.e Fe, Mn and Zn (mg kg-1)  as a result of different irrigation water periods ( 10, 15 and 20 
days)  with or without adding  potassium humate .The increment in available micronutrients  may be 
returned to the presence of residual organic compounds , which act as chelating and ion exchange 
compounds and reserve the  available micronutrients from leaching out by the  irrigation water. The 
highest values of micronutrients were obtained in the soil treated with potassium humate at rate 6 g/L 
and water period of 10 days continuously. Concerning, the relative increases of mean values of 
micronutrients availability as affected by different rates of  potassium humate compared to control, the 
corresponding values were 2.55%, 2.59% and 1.56 % for Fe,  and 11.70%, 5.71%  and5.54% for Mn 
and 11.59%, 8.96% and 7.58% for Zn  at 10, 15, 20 days of irrigation water periods respectively.  
        In general, the positive effects of the used different irrigation water periods on available Mn and 
Zn could be arranged in the following order:     10 > 15 >20 days water period combined with potassium 
humate. While for Fe the order of availability in soil was 15>10>20 days water period  at different rate 
of potassium humate .  From the aforementioned results, it could concluded that Fe, Mn and Zn tend to 
increase in the studied soils with increasing different rates of potassium humate and increase of 
irrigation water quantity. Dasgupta et al. (2015) found that the decrease in Fe, Mn, and Zn availability 
with soil water stress to increased soil pH in soil. Mousa and Shaban (2017) reported that the increases 
of Fe, Mn and Zn contents in soil were more pronounced at the highest rates of irrigation. Abou Hussien and 
Shaban (2008) found that the increase of irrigation water period from El-Salam canal gave increment of 
micronutrients content in saline soil. 
 
5- Carrot productivity.  
        Potassium humate application is very important for carrot plants. Date presented in Table (6) show 
that there were a significant effect of both of potassium humate treatments and different applied water 
periods on each of weight of fresh roots and the carrot yield. Application of  6 g/l  of potassium humate 
at (10days) irrigation period recorded the highest response i.e. plant height (cm) , Root length (cm) , 
root diameter (cm) , weight of fresh root (g) and weight of fresh root yield (ton/fed)  over the two 
seasons. These results may be due to the role of potassium element in metabolism and many processes 
needed to promote plant vegetative growth and development of roots. 

These results are in agreement with Hossain et al. (2009) indicate that carrot yield and its 
components (root length, root diameter and root weight) were significantly increased by increasing K 
fertilizer, which could be attributed to the stimulatory effect of K on rate of photosynthesis, as well as, 
transport of the photosynthetic product from the leaves to the storage organ (carrot roots ). In addition, 
potassium humate application led to improving plant growth parameters, yield and quality of sweet 
pepper plant (El - Bassiony et al., 2010). Ali (2017) reported that the values of quality parameters for 
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carrot roots (length (L) cm, diameter (D) cm and root yield/fed decreased with increasing deficit 
irrigation during growth stages. These results may be attributed to that the initial and development 
growth stages of carrot roots were very sensitive for deficit irrigation. Potassium (K) is a crucial element 
for optimal potato production, which is unlike the speci fi c nutrient requirements of most other 
vegetable crops. Potassium is important to potato, as it strengthens stems and thus helps to prevent 
lodging, increases tuber yield, size and quality, increases specific gravity and starch content, and 
improves fry color and storage quality (Ibrahim et al., 1987). It also allows adapt the crops to the 
environmental stress viz. salinity stress and water stress (Kanai et al. 2011). The application of HA 
likely decreased K + leaching due to the influence of functional groups commonly present in HA, 
including carboxyl, phenol and hydroxyl, which contributed in K + binding by HA (Wang and Huang 
2001 ) . Furthermore, humic acid could have had a stimulating effect on plant physiological properties, 
thereby increasing K uptake. According to (Samson and Visser 1989), humic acid can induce an 
increase in the permeability of biomembranes for electrolytes, resulting in increased uptake of K. 
 
Table 6: Effect of different irrigation water periods with or without potassium humate rates on carrot 

productivity (two seasons). 
Periods of 
irrigation 

water 
(days) 

Rate of potassium 
humate  

ml/L 

Plant 
height 
(cm) 

Root 
length 
(cm) 

Root 
diameter 

(cm) 

Weight of 
Fresh 

roots (g) 

Weight of 
fresh root 
(ton/fed) 

10 

0 53.66 14.60 2.88 41.78 11.44 
2 55.98 16.58 2.97 49.55 14.90 
4 58.88 18.22 3.12 55.93 16.17 
6 62.10 20.57 3.19 58.90 17.00 

Mean  57.66 17.49 3.04 51.54 14.88 

15 

0 50.29 13.86 2.35 40.45 10.20 
2 54.88 14.55 2.56 48.92 13.65 
4 55.60 16.00 2.75 53.72 14.00 
6 57.10 17.95 2.84 56.88 14.78 

Mean  54.47 15.59 2.63 49.99 13.16 

20 

0 48.94 12.66 2.18 39.60 8.99 
2 53.90 13.74 2.25 42.56 10.75 
4 54.00 13.80 2.58 44.20 11.74 
6 55.38 14.00 2.64 44.89 12.35 

Mean  53.06 13.55 2.41 42.81 10.96 
LSD.0.05. Humate rates 2.14 1.83 0.20 2.21 2.03 
LSD.0.05. Irrigation periods 2.36 ns 0.23 2.80 0.99 
Interaction  * * * ** ** 

 
6-Macronutrients concentrations in leaves and roots.  

The   Data presented in Table (7) show that the potassium humate application has a significant 
increase on N, P and K concentrations in leaves and roots of carrot plants and this increase was 
pronounced with increasing the rate of application. Respect to the different periods of irrigation also 
recorded significant increases on N and K concentration in root carrot plants with decreasing irrigation 
of water periods.Also The interaction between potassium humate and irrigation water periods on N, P 
and K concentrations in leaves and root carrot plants had  significant increases effect.  

 The data previously show that the sequence of N, P and K concentrations in leaves and roots as 
affected by irrigation water periods and different rates of potassium humate could be arranged according 
to their concentrations in the following order:  
          10 > 15 > 20 days for N and K in leaves and roots carrot plants 
          15 > 10 > 20 days for P in leaves and roots carrot plants compared to control. These results are 
in agreement by Ounia et al. (2014) who found that the potassium humate promote the conversion of a 
number of mineral elements into available forms to plants. Foliar application of potassium humate is 
increasingly used in agricultural practice, the mechanism of possible growth promoting effect, usually 
attributed to hormone-like impact, activation of photosynthesis, accelerate cell division, increase the 
permeability of plant cell membranes and improved nutrient uptake, reduce the uptake of toxic elements 
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and improve the plant response to salinity (Verlinden et al. 2009). El-Tohamy et al. (2011) indicated 
that the increasing of potassium rates increased  N, P and K concentrations in leaves and roots of carrot 
plants. These results may be due to the role of potassium in plant metabolism and many important 
regulatory processes in the plant. Jalil et al. (2013) found that the potassium humate is an active 
compound of natural origin which increases uptakes N, P, K and micronutrients.  

 
Table 7: Effect of drought and K- fertilizer rate on macronutrients concentration in leaves and root 

carrot plants. (two seasons)  
Periods of 
irrigation 

water 
(days) 

Rate of 
potassium 

humate (g/L) 

N  
(%) 

P 
(%) 

K 
(%) 

Leaves  Roots Leaves  Roots Leaves  Roots 

10 

0 2.23 1.18 0.26 0.35 1.95 2.44 
2 2.29 1.23 0.31 0.41 2.34 2.79 
4 2.35 1.25 0.34 0.47 2.75 3.07 
6 2.39 1.30 0.36 0.51 2.83 3.15 

Mean  2.32 1.24 0.32 0.44 2.47 2.86 

15 

0 2.26 1.20 0.27 0.36 2.00 2.55 
2 2.33 1.25 0.33 0.42 2.55 2.88 
4 2.46 1.27 0.38 0.48 2.83 3.12 
6 2.50 1.32 0.42 0.53 2.93 3.24 

Mean  2.39 1.26 0.35 0.45 2.58 2.95 

20 

0 2.19 1.04 0.25 0.34 1.75 2.33 
2 2.23 1.08 0.28 0.40 1.85 2.48 
4 2.26 1.13 0.29 0.46 1.98 2.56 
6 2.29 1.16 0.31 0.47 2.07 2.60 

Mean  2.24 1.10 0.28 0.42 1.91 2.49 
LSD.0.05. Humate rates 0.06 0.04 0.014 0.030 0.032 0.019 
LSD.0.05. Irrigation periods ns 0.22 Ns ns Ns 0.021 
Interaction  *** *** *** *** *** *** 

 
 
Micronutrients concentrations in leaves and roots . 
         Effect of irrigation periods and different rates of potassium humate on the concentrations of some 
micronutrients (Fe, Mn and Zn mg/kg) in leaves and root of carrot plants are presented in Table (8). 
The data obtained show that applying the different rates of potassium humate and irrigation water 
periods caused markedly increases in the concentrations of Fe, Mn and Zn in leaves and roots carrot 
plants, with a more pronouncing increase with increasing the rate of potassium humate and the irrigation 
water quantity. The Fe and Zn concentrations in leaves and roots were insignificant, while the Mn  had 
significant increase as affected with different rates of potassium humate.  Also the effect of irrigation 
water periods on Fe, Mn and Zn concentrations in leaves and roots were insignificant.in addition , the 
interaction between potassium humate rates and irrigation water periods were significant in increasing  
Fe and Mn contents in leaves and roots  of carrot plants, but insignificant for Zn content. Ahmed et al. 
(2017) found that potassium humate contains many elements necessary to the plant life development 
and the mechanism of possible growth promoting effect, usually attributed to hormone and improved 
nutrient uptake. Hussein and Hassan (2011) reported that the foliar application in 0.1% humic acid 
treatment increased the Fe, Zn, and Mn amounts in plants. Deepesh et al. (2018) observed that there 
was a decrease of nutrients concentrations in root plants with drought.  Humic acids are an important 
soil component that can improve nutrient availability and impact on other important chemical, 
biological, and physical properties of soils. The effects of foliar and soil applications of  humic 
substances on the plant growth and some nutrient elements uptake of Corn (Hagein, Fardy10) grown at 
various salt concentrations were examined Hussein and Hassan (2011). 

Finally, it is concluded that the concentrations of micronutrients in carrot plants, generally, reflect 
their available contents in soil due to the effect of irrigation water periods under different rates  of 
potassium humate treatments. 
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Table 8: Effect of drought and K- fertilizer rate on micronutrients concentration in leaves and root 
carrot plants (two seasons).  

Periods of 
irrigation 

water 
(days) 

Rate of potassium 
humate (ml/L) 

Fe  
(mg/kg) 

Mn 
(mg/kg) 

Zn 
(mg/kg) 

Leaves  Roots Leaves  Roots Leaves  Roots 

10 

0 46.90 65.88 28.94 31.87 12.98 20.67 
2 47.75 71.45 30.66 32.33 13.23 21.45 
4 49.81 74.89 31.84 33.00 13.88 22.90 
6 53.10 79.60 32.80 33.85 14.25 23.11 

Mean  49.39 72.96 31.06 32.76 13.59 22.03 

15 

0 47.39 68.97 29.55 32.80 13.00 22.30 
2 48.96 74.30 33.29 33.61 13.95 22.80 
4 50.43 79.47 33.85 34.34 14.51 23.18 
6 54.89 82.00 34.78 35.00 15.12 23.85 

Mean  50.42 76.19 32.87 33.94 14.15 23.03 

20 

0 45.86 63.91 24.70 30.77 12.97 19.40 
2 47.30 67.44 27.22 32.10 13.89 20.33 
4 47.88 69.50 27.95 32.70 13.00 20.75 
6 48.00 72.33 29.20 33.52 13.15 21.29 

Mean  47.26 68.30 27.27 32.27 13.25 20.44 
LSD.0.05. Humate rates Ns ns 1.79 Ns ns Ns 
LSD.0.05. Irrigation periods Ns ns ns Ns ns Ns 
Interaction  *** ** ** *** ns Ns 

 
Conclusion  
      From the after mentioned results there was an  interaction between the doses of potassium humate 
at different irrigation water periods on improving soil alkalinity and salinity and plant growth. The best 
treatment combination was 6 g/L with irrigation water periods of 10 days. Our results showed that 
irrigating of carrot with 10 days combined with or without potassium humate could increased carrot 
yield. However, reschedule irrigation and applying water after 20 days alone led to reduced yield. These 
findings implied that avoiding sensitive growth stages to water stress in carrot could help in saving an 
ample amount of irrigation water. This means that the deficit irrigation technology during different 
growth stages can be recommended to apply on the carrot plants to find out sensitive and tolerant stages 
to apply it and therefore, save more irrigation water with increase of root carrot yield. 
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