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ABSTRACT  

This study was conducted to determine effects of Humic Acid (HA) on 

yield and some quality characteristics of cauliflower under saline 

conditions. Control (0.3), 2, 4, 6and 8 dS∙m-1 NaCl and 0, 1 and 2 g∙kg-

1 HA combinations were applied to the growth medium. Salt 

application generally negatively affected yield and curd growth, and 

negative effects were mostly due to salt concentrations >2 dS∙m-1. 

Increasing salt concentration positively affected quality 

characteristics of curds, and the highest total acid contents of dry 

matter and total soluble solids were detected in salt concentrations of 

6-8 dS∙m-1. The HA application for decreasing harmful effects of salt 

brought to a successful conclusion in terms of total yield notably, and 

curd diameter and length, and the total amount of dry matter. While 

positive effects occurred mostly at salt concentrations ≥4 dS∙m-1; 

effects of HA application did not occur at NaCl concentration of 6 or 8 

dS∙m-1. Two g∙kg-1 HA produced better results for yield and curd 

weight, but application of 1 or 2 g∙kg-1 HA produced similar effects for 

other parameters. 
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Karnabaharda (Brassica oleraceae L. var. botrytis) Tuz Stresinin Azaltılmasında Humik Asit 

Uygulamalarının Rolü 
 

ÖZET 

Bu araştırmanın amacı; tuzlu koşullarda karnabaharın verim ve bazı 

kalite özellikleri üzerine Humik Asit (HA) uygulamalarının etkilerini 

ortaya koymaktır. Yetiştirme ortamına kontrol (0.3), 2, 4, 6 ve 8 dS∙m-

1 NaCl ve 0, 1 ve 2 g∙kg-1 HA kombinasyonları uygulanmıştır. 

Araştırma sonuçlarına göre, tuz uygulamaları verim ve taç büyüme 

parametrelerini genel olarak önemli düzeylerde olumsuz etkilemiştir, 

bu olumsuz etkiler daha çok 2 dS∙m-1 üzerinde artan tuz 

konsantrasyonlarında bulunmuştur. Buna karşın, artan tuz 

konsantrasyonları bitki taç kalite özelliklerini olumlu etkilemiş ve en 

yüksek kuru madde, suda çözünür kuru madde ve toplam asit 

içerikleri yüksek tuz konsantrasyonlarında (6 ve 8 dS∙m-1) tespit 

edilmiştir. Tuzun zararlı etkilerinin azaltılmasına yönelik yapılan HA 

uygulamalarından toplam verim başta olmak üzere taç çap ve boyu, 

toplam kuru madde miktarından olumlu sonuç alınmıştır. Bu olumlu 

etkiler daha çok düşük ve orta tuz konsantrasyonlarında (≥4 dS∙m-1) 

gözlemlenirken, yüksek konsantrasyonlarda (6 ve 8 dS∙m-1) HA 

uygulamalarının herhangi bir etkisi gözlemlenememiştir. Verim ve 

taç ağırlığında 2g∙kg-1 HA uygulaması daha iyi sonuçlar verdiği ancak, 

diğer parametrelerde her iki uygulamanın (1 ve 2 g∙kg-1HA) benzer 

etkiler gösterdiği anlaşılmıştır.  
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INTRODUCTION 

Salinity is one of the most important problems 

affecting production of vegetables with 20% of 

agricultural lands and 33% of irrigated areas 

worldwide affected. Soil salinization may occur 
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because of climate change, overuse of groundwater (in 

the regions near the seas), using low quality water for 

irrigation, and over-irrigation (Machado and 

Serralheiro, 2017). As a result of the impact of 

increasing temperature and decreasing rainfall in arid 

lands, salt cannot be washed away resulting 

accumulations in the topsoil. This situation limits 

growth of plant roots and cause abiotic challenges in 

plants. Excessive salt level causes serious 

physiological functional disorders, limiting vegetative 

and reproductive growth of vegetables and causes 

fertilization disorders decreases in marketing values, 

and plant death (Dolarslan and Gul, 2012). Salinity 

threshold levels that affect yield are between 1-2.5 

dS∙m-1 (Machado and Serralheiro, 2017). Cauliflower is 

a moderate salt-sensitive vegetable, and the salinity 

threshold level of irrigation water yield of cauliflower 

starts to decline between 1.9 and 2.7 dS∙m-1 (Snapp et 

al., 1991; Kotuby et al., 1997). 

In order to increase productivity in plant production in 

saline soils, soil characteristics need to be improved by 

adding organic matter (Asık et al., 2009). Organic 

based fertilizer application increases soil fertility, and 

improves physical, chemical, and biological features of 

soil, and resulting increases yield per unit area 

(Dolarslan and Gul, 2012). Humic substances (humic 

acid and fulvic acid), generally termed humas, are 

basic components of soil organic matter (Chen and 

Aviad, 1990). It was reported that humic substances 

are effective in decreasing salinity levels of soils and 

reducing toxic effects of heavy metals (Gumuzzio et al. 

1985; Gerzabek and Ulah, 1990). 

The effect of water shortage and salt level, use of humic 

substances for removing negative effects of elements in 

toxic quantities, and effects on plant growth were 

studied (Asık et al., 2009). Humic acid application 

decreases adverse effects of salt.  

This study was conducted to determine the salt limit of 

irrigation water, used in cauliflower cultivation that 

would affect yield and some quality parameters, alone 

and in conjunction with humic acid. 
 

MATERIAL and METHODS 

This study was conducted in a plastic covered 

experimental greenhouse (a latitude of 40°01′N, and a 

longitude of 28°22′ E with an altitude of 22 m above sea 

level) at the research fields of Mustafakemal 

PasaVocational College, Uludag University in Bursa, 

Turkey. To prevent rainwater from reaching plants, 

the roof of protected culture structure was covered 

with polyethylene and the remaining parts were left 

open. In the study, commercial cauliflower (Brassica 
oleraceae L.var. botrytis cv. Kartopu) variety was used.  

The experiment was a split plot arranged in a complete 

factorial with 4 repetitions. The main plot was salt 

concentration and the split was comprised of humic 

acid levels. Each repetition was comprised of a single 

plant in a metal barrel with 0.85 m in height and 0.58 

m in diameter. 225 kg of air-dry sandy-loam soil 

(81%sand, 11% clay, 8.1% silt, 1.4% organic matter, 

20.56% lime, with P2O5=19.6 ppm, K2O=221.20 ppm, 

total N=0.56%, pH=7.8, EC=0.29 dS∙m-1, bulk density 

of 1.23 g∙cm-3, field capacity=25) was placed into 

barrels after being passed through a 2 mm sieve. Then, 

5 cm sand-gravel mixture was placed at the base of the 

barrels for possible water drainage. Eighty kg∙ha-1 of N 

(as ammonium nitrate), 60 kg of P2O5 (as super 

phosphate), and 5 kg of K2O (as potassium sulphate), 

were applied to the barrels (Abd El-All and 

Mohammed, 2014). All the P and K fertilizers and half 

of N fertilizer were applied before planting and the 

other half of the N were applied4 weeks after planting. 

Seedlings were obtained from a seedling company. 

Seedlings with 3-4 true leaves were planted into 

barrels at the beginning of August and were irrigated 

daily with tap water for 10 days after planting, and 

later when needed. No diseases occurred in plants, 

weeding, and the other necessary procedures were 

conducted regularly throughout the trial. Average 

temperature and humidity in the growth medium over 

the growing period were 24.2ºC and 63%, respectively. 

Treatments included the NaCl concentrations [0.3 

(control), 2, 4, 6 or 8 dS∙m-1] as the main factor, and 

humic acid (HA) 0, 1 or 2 g∙kg-1 as the split plot. The 

NaCl (Merck), which has a high solubility in water, 

was used to prepare saline irrigation water, and the 

salt was added into the tap water. Application was 

based on 30-40% drainage. Salt dose was increased 

gradually to protect plants from osmotic shock and full 

concentration reached in a 4-day period. Delta Humat, 

the source of humic acid, was applied by mixing into 

the soil before planting. The humic acid had 

characteristics of 12%, pH: 12.86, EC: 32.8 mS∙cm-1 and 

was leonardite based.  

Plants were harvested t 90 days after transplanting 

with curds cut at the soil surface.  

Number of leaves per plant (NL); in the harvest period, 

all leaves were counted separately in each plant. 

Plant height (PH, cm); plant height was determined by 

measuring the distance from the soil to the terminal 

point where the curd ended. 

Curd diameter (CD, cm);the diameter of the curds were 

measured with a ruler and their average was 

determined as (cm). 

Curd height (CH, cm) was measured by ruler 
Curd weight per plant (CW); harvested cruds were 

weighed to determine the average crown weight (g). 

Marketable yield (kg da-1) was calculated considering 

that the plants could be planted at 50x70 cm (Vural et 

al., 2000) intervals to 1000 m2 trial area. 

Curds were cleaned by tap water, grounded with a 

blender, and dried in a drying oven at 70°C for 2 days, 
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then weighed and dry matter determined (Noshadi et 

al., 2013). Total soluble solids were determined by 

amount of juice extracted from curds via a 

refractometer (Abbe-type refractometer, model 

60/Direct Reading, Bellington and Stanley Inc., Kent, 

UK) (Tigchelaar, 1986). Total acidity was determined 

with titration of the same fruit juice using 0.1 N NaOH 

(Anonymous 1968). 

Yield and quality parameter data from samples were 

subjected to the analysis of variance in IBM SPSS 

Statistics for Windows (ver. 20.0, IBM Corp., Armonk, 

NY). If the interaction was significant it was used to 

explain results. If the interaction was not significant 

means were separated using LSD test (p<0.05).  
 

RESULTS and DISCUSSION 

Increasing salt concentrations had a significant effect 

on the number of leaves of cauliflower plants. 

However, the results of the variance analysis indicated 

that the number of leaves in a plant was not affected 

by 4 dS∙m-1 salt concentrations, but increasing salt 

concentrations from this point and up decreased the 

number of leaves significantly. Similar with our 

findings, Miceli et al. (2003) emphasized that the high 

soil salinity may reduce the number of leaves per plant. 

On the other hand, increasing HA doses have not 

affected the number of leaves per plant significantly. 

Indeed, the effect of NaCl x HA interaction on the 

number of leaves per plant was found insignificant. 

This result shows that HA applications treated are not 

effective in reducing the adverse effects of salt on the 

number of leaves (Table 1). 

As seen in Table 1, plant heights decreased with the 

increasing NaCl doses, and stunting effect was 

emerged on the plants. 

This effect was observed mainly upon the increasing of 

salt dose to the level of 4 dS∙m-1. HA applications have 

impacted plant height positively contrary to the NaCl 

applications, and it has been detected that 1g∙kg-1and 

2 g∙kg-1 applications have had similar impacts on the 

plant height. 

 

Table 1. Effects of different NaCl and humic acid applications on cauliflower yield, some curd development 

parameters and quality properties 

Treatments 
NL PH CH CD CW MY DM TSS TA 

  (cm) (g) (kg da-1) (%) (0Briks) (g l-1) 

T0  H0 13.25 40.90 b 13.75 c 16.90 b 1363.75 b 3886.68 b 7.73 h 6.28 1.23 

T0  H1 13.00 44.73 a 15.58 ab 18.20 a 1425.75 a 4063.38 a 7.98 gh 6.64 1.21 

T0  H2 13.00 44.90 a 15.30 ab 18.48 a 1459.50 a 4159.58 a 8.13 fg 6.69 1.23 

T2 H0 13.00 41.24 b 15.13 b 18.10 a 1348.50 b 3843.23 b 8.46 f 6.83 1.32 

T2  H1 13.00 43.89 a 15.68 ab 18.25 a 1448.00 a 4126.80 a 8.39 f 6.80 1.31 

T2  H2 13.00 43.98 a 16.53 a 18.55 a 1440.25 a 4104.71 a 8.44 f 6.81 1.31 

T4  H0 12.75 38.90 b 11.90 d 15.08 c 1151.00 d 3280.35 d 9.87 cd 7.70 1.49 

T4  H1 13.25 39.03 b 12.50 d 15.75 bc 1179.00 cd 3360.15 cd 9.95 c 7.73 1.48 

T4  H2 12.50 39.20 b 12.85 cd 16.09 bc 1200.75 c 3422.14 c 10.20 c 7.74 1.51 

T6  H0 9.00 27.40 cd 9.48 e 11.25 d 971.00 e 2767.35 e 10.59 b 8.75 1.93 

T6  H1 9.50 29.08 c 9.03 e 11.75 d 960.75 e 2738.14 e 10.99 a 8.75 1.96 

T6  H2 9.25 29.38 c 9.35 e 11.53 d 976.00 e 2781.60 e 11.26 a 8.72 1.94 

T8 H0 7.75 23.30 e 7.03 f 7.50 e 821.50 f 2341.28 f 9.24 e 7.10 2.01 

T8 H1 7.75 23.44 e 6.70 f 8.25 e 811.25 f 2312.06 f 9.51 de 7.06 2.02 

T8 H2 8.00 25.55 e 6.78 f 8.00 e 834.50 f 2378.33 f 9.43 e 7.15 2.01 

NaCl (dS m-1)          
0.3 (Control) 13.08 a 43.51 a 14.88 b 17.86 a 1416.33 a 4036.55 a 7.95 e 6.53 e 1.22 e 

2 13.00 a 43.03 a 15.78 a 18.30 a 1412.25 a 4024.91 a 8.42 d 6.81 d 1.31 d 

4 12.83 a 39.04 b 12.42 c 15.63 b 1176.92 b 3354.21 b 10.00 b 7.72 b 1.50 c 

6 9.25 b 28.64 c 9.28 d 11.51 c 969.25 c 2762.36 c 10. 95 a 8.74 a 1.94 b 

8 7.83 c 24.10 d 6.83 e 7.92 d 822.47 d 2343.89 d 9.40 c 7.11 c 2.01 a 

Humicacid (HA, g kg-1)         
0 11.15 34.36 b 11.46 b 13.77 b 1131.15 c 3223.78 c 9.18 b 7.33 1.58 

1 11.30 36.03 a 11.9 ab 14.44 a 1164.95 b 3320.11 b 9.36 a 7.40 1.60 

2 11.15 36.60 a 12.16 a 14.53 a 1182.20 a 3369.27 a 9.49 a 7.42 1.60 

NaCl ** ** ** ** ** ** ** ** ** 

HA ns ** ** ** ** ** ** ns ns 

NaCl × HA ns ** ** ** ** ** ** ns ns 
**: 0.01 significant, ns: no significant  

TO, T2, T4, T6, T8 respectively, 0.3 (control), 4, 6, 8  dS m-1 NaCl; H0, H1, H2 respectively,0, 1, 2 g kg-1 HA 

NL: Number of Leaves per plant, PH: Plant height, CH:, Curd Height CD: Curd Diameter, CW: Curd weight per plant, MY: Marketable Yield, 

DM: Dry Matter, TSS: Total Soluble Solids, TA: Total Acidity 
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When the NaCl x HA interaction is taken into account, 

it can be understood that the adverse effect of NaCl 

(control, 2dS∙m-1, and 6 dS∙m-1) on plant height could 

partially be tolerated by HA. Meganid et al. (2015) 

obtained similar results in a study they conducted on 

bean. The researchers reported that they found 

significant increases in the heights of seedlings on 

which salt stress was applied with humic acid 

application. 

In this study, the relationships between NaCl and HA 

applications, and curd heights of cauliflower were 

examined. Also, as seen in Table 1, the impact of NaCl 

x HA interaction on curd heights was found significant. 

Cauliflower curd height showed an increase until 2 

dS∙m-1 salt concentrations, and decreased with 

increasing salt concentrations above this level 

significantly. The positive impact of HA applications 

was mostly shown in 2 and 4 dS∙m-1 salt applications. 

As compared 1 and 2 g∙kg-1 HA applications, the impact 

of 2 g∙kg-1 HA application on curd height was higher 

even though the difference was small (Table 1). In spite 

of that, any impact of HA application could not be 

found in high salt concentrations (6 and 8 dS∙m-1 NaCl). 

Head diameter of cauliflower showed a significant 

change depending on the NaCl application and the 

highest diameter was obtained from the control and 2 

dS∙m-1 doses. As the salt concentrations increased, curd 

diameter decreased at a statistically significant 

amount and smaller heads were harvested. When the 

NaCl x HA interaction is examined, it can be observed 

that the losses in curd diameters of the plants in the 

control group and 4 dS m-1 salt application group could 

partially be tolerated with adding HA into the 

plantation medium, and 1 g∙kg-1 and 2 g∙kg-1 HA 

applications had similar effects. However, the positive 

effect of HA was not observed in 2, 6 and 8 dS∙m-1 salt 

doses (Table 1). The researchers obtained similar 

results in a previous study on pepper (cv. Demre), and 

they emphasized that HA application was an effective 

and cheap method in reducing the negative effects that 

emerge under moderate saline conditions (Cimrin et 

al., 2010). 

The effects of the NaCl application on curd weight 

become statistically significant and the highest values 

were observed in the control and 2 dS∙m-1 applications. 

When the salt dose was increased to 4 dS∙m-1, a 

decrease in the curd weight began and the weight 

decreased at higher rates as the salt doses increased. 

The impact of the NaCl x HA interaction was found 

significant. In the control, 2 dS∙m-1 and 4 dS∙m-1 NaCl 

applications, positive effects of the HA added the soil 

were observed. In other words, heavier cauliflower 

curds were obtained by the HA that was added in the 

plantation medium. Especially, the impact of 2 g∙kg-1 

HA application was found higher. However, any 

impact of the HA applications with high salt doses (6 

and 8 dS∙m-1) could not be detected (Table 1). Karungi 

et al. (2010) reported that humic substance application 

increased growth in cauliflower, cabbage, and tomato 

plants. Also, Verma et al. (2014) reported that the 

physical characteristics of cabbage heads improved 

and yield per head could be increased by adding humic 

acid.  

The yield decreased gradually depending on the 

increasing salt doses, and the yield reached the lowest 

level at the highest salt dose. However, cauliflower 

yield was not affected by low salt doses (control and 2 

dS∙m-1) and the highest yield was detected at these 

applications. Ehret and Ho (1986) reported similar 

findings with our research. The researchers reported 

that increasing salt concentration of irrigation water 

decreased the water intake of cauliflowers, and 

resulting a loss in curd yield. Giuffrida et al. (2017) 

revealed that 4 dS∙m-1 salt applications in cauliflower 

(cv. Conero) decreased the yield conspicuously. On the 

other hand, many researchers indicated that humic 

acid may be an effective tool in decreasing soil salinity 

levels and improving salt tolerance under moderate 

salt conditions (Machado and Serralheiro 2017). 

Indeed, it was proved that humic acid applications 

reduced the impact of salinity in strawberries, peppers, 

and corns under saline conditions (Masciandaro et al., 

2002; Pilanali and Kaplan, 2003; Turkmen et al., 

2004). When NaCl x HA interaction were examined, 

HA applications increased the yield in salt-free 

conditions, 2 dS∙m-1and 4 dS∙m-1 salt concentrations. 

When 1 and 2.0 g∙kg-1 HA applications were compared, 

higher yield was obtained from 2 g∙kg-1 HA application. 

It was observed that these positive effects of HA 

applications on yield lost at high salt concentrations (6 

dS∙m-1and 8 dS∙m-1) (Table 1). 

The impact of NaCl application on the dry matter in 

cauliflower was significant and in general, increase in 

salt concentrations also increased the amount of dry 

matter. Six dS∙m-1 salt levels have been the application 

with the highest amount of dry matter. Positive impact 

of salinity on the amount of dry matter was also stated 

in the studies conducted on melons, peppers, tomatoes, 

and cucumbers. However, De Pascale et al. (2015) 

reported that salinity also increased the amounts of 

acid and brix in these fruits. When the values of NaCl 

x HA interaction were taken into account; it was 

observed that the amount of dry matter at 6 dS∙m-1 salt 

dose reached the highest with HA applications (1 g∙kg-

1and 2 g∙kg-1). Similarly, HA applications increased the 

amounts of dry matter of the plants that salt was not 

applied, and positive effects of the HA applications 

occurred at lower rates in the 4 dS∙m-1 application. In 

spite of that, it was observed that this positive impact 

of HA disappeared at the high salt concentration (8 

dS∙m-1). That the effects of 1 g∙kg-1and 2 g∙kg-1 HA 

applications on the amount of dry matter are similar 

can also be seen in Table 1. 
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Rouphael et al. (2012) reported that salinity had some 

positive effects on some quality characteristics in 

vegetables. Giuffrida et al. (2017) detected that 

increasing salinity enhanced dry matter of curd, total 

soluble solids and acid values in a study they 

conducted on cauliflower. In also our study, it was 

determined that the amounts of total soluble solids 

increased significantly with increasing salt doses. The 

highest amount of total soluble solids was obtained 

from the 6 dS∙m-1application in cauliflowers. According 

to the results of the variance analysis, the impact of 

the interaction effect on the amount of total soluble 

solids was not significant (Table 1). 

In the research, depending on the increasing salt 

concentrations, acid contents of cauliflower curds 

increased significantly and the highest content was 

found in 8 dS∙m-1 salt dose. The impact of the NaCl x 

HA interaction on the acid content was found 

insignificant. This result shows that HA that is added 

into the plantation medium does not have any positive 

or negative impact on the acid contents of curds (Table 

1). 
 

CONCLUSIONS 

The yield and curd growth was affected negatively by 

salt (<2 dS∙m-1) in cauliflower. It was understood from 

the research results that these negative effects could 

partially be reduced with humic acid applications. The 

salt concentrations that increased in the plantation 

medium affected curd quality of cauliflower positively. 

These positive effects increased more after more of 

humic acid added into the growth medium. However, 

these positive effects of humic acid were observed at 

low and moderate salt concentrations (≥4 dS∙m-1). Any 

positive impact of HA application was not observed at 

higher salt concentrations. 
 

REFERENCES 

Abd El-All HM, Mohammed YA 2014. Improvement 

Salt Tolerance of Broccoli and Cauliflower by 

Adding Magnetic Iron and Seamino and the 

Reflection of This on Yield and Sulforaphane 

Content Under Sinai Conditions. Journal of Applied 

Sciences Research,10(1): 22-31. 

Anonymous 1986. National Canners Association 

Laboratory Manuel, Food Canners and Processors, 

AVI Publishing Co., Westport, CT. 

Asık BB, Turan MA, Celik H, Katkat AV 2009. Effects 

of Humic Substances on Plant Growth and Mineral 

Nutrients Uptake of Wheat (Triticum durum cv. 

Salihli) Under Conditions of Salinity. Asian Journal 

of CropScience, 1(2): 87-95. 

Chen Y, Aviad T 1990. Effect of Humic Substances on 

Plant Growth, pp. 161-187. In: Mac Carthy P, C.E. 

Clapp, R.L. Malcolm, and P.R. Bloom (eds). Humic 

substances in soil and crop sciences: Selected 

reading.Soil Science Society America, Madison, 

WI. 

Cimrin M, Turkmen O, Turan M and Tuncer B 2010. 

Phosphorus and Humic Acid Application Alleviate 

Salinity Stress of Pepper Seedling. African Journal 

of Biotechnology, 9(36): 5845-5851. 

De Pascale S, Maggio A, Orsini F, Stanghellini C, 

Heuvelink E 2015. Growth Response and Radiation 

Use Efficiency in Tomato Exposed to Short-term 

and Long-term Salinized Soils. Sci. Hortic., 189: 

139-149. 

Dolarslan M, Gul E 2012. Soil Plant Interaction in 

Regard to Salinity. Turkish Journal of Scientific 

Reviews, 5(2): 56-59. 

Ehret DL, Ho LC 1986. The Effects of Salinity on Dry 

Matter Partitioning and Fruit Growth In Tomatoes 

Grown In Nutrient Film Culture. J. Hort.Sci., 61: 

361-367. 

Gerzabek MH, Ulah SM 1990. Influence of Fulvic and 

Humic Acids on Cd and Ni toxicity to (Zea mays L.).  

Boden Cultur, 41(2): 115-124. 

Giuffrida F, Cassaniti C, Malvuccio A, Leonardi C 

2017. Effects of Salt Stress Imposed During Two 

Growth Phases on Cauliflower Production and 

Quality. Sci. Food Agric., 97: 1552-1560. 

Gumuzzio J, Polo A, Diaz MA, Ibanez JJ 1985. 

Ecological Aspects of Humification In Saline Soils 

In Central Spain. Reuved Ecologie el de Biologic du 

Sd., 22(2):193-203. 

Karungi J, Kyamanywa S, Ekbom B 2010. Organic Soil 

Fertility Amendments and Tritrophic Relationships 

on Cabbage in Uganda: Experiences From on 

Station and on Farm Trials. African Journal of 

Agricultural Research, 5(21): 2862-2867. 

Kotuby J, Koenig R, Kitchen B 1997. Salinity and 

Plant Tolerance. Utah State University Extension. 

AG-SO-03, Uintah, Utah. 

Machado RMA, Serralheiro RP 2017. Soil Salinity: 

Effect on Vegetable Crop Growth Management 

Practices to Prevent and Mitigate Soil Salinization. 

Horticulturae, 3(30): 1-13. 

Masciandaro G, Ceccanti B, Ronchi V, Benedicto S, 

Howard L 2002. Humic Substances to Reduce Salt 

Effect on Plant Germination and Growth. 

Communications in Soil Science and Plant 

Analysis, 33: 365-378. 

Meganid AS, Al-Zahrani HD, El-Metwally MS 2015.  

Effect of Humic Acid Application on Growth and 

Chlorophyll Contents of Common Bean Plants 

(Phaseolus vulgaris L.) Under Salinity. Int. J. 

Innov. Res. Sci. Eng. Technol., 4(5): 2151-2260. 

Miceli A, Moncada A, D‘Anna F 2003. Effect of Salt 

Stress in Lettuce Cultivation. Acta Horti., 609: 371-

375. 

Noshadi M, Fahandej S, Sepaskhah AR 2013. Effects 

of Salinity And Irrigation Water Management on 

Soil and Tomato in Drip Irrigation. International 

Journal of Plant Production, 7(2): 1735-8043. 

Pilanali N, Kaplan M 2003. Investigation of Effect on 



KSÜ Tarım ve Doğa Derg 22(6):837-842, 2019 Araştırma Makalesi/ResearchArticle 

 

842 

Nutrient Uptake of Humic Acid Applications of 

Different Forms to Strawberry Plant. Journal of 

Plant Nutrition, 26: 835-843. 

Rouphael Y, Cardarelli M, Lucini L, Rea E, Colla G 

2012. Nutrient Solution Concentration Effects 

Growth, Mineral Composition, Phenolic Acid and 

Flovanoids In Leaves Of Artichoke and Cardoon. 

HortScience, 47: 1424-1429. 

Snapp SS, Shennan C, Bruggen AV 1991. Effects of 

Salinity on Severity of Infection by 

Phytophthoraparasitica Dast., Ion Concentrations 

and Growth of Tomato, Lycopersicon esculentum 

Mill. New Phytol., 119: 275-284. 

Tigchelaar EC 1986. Tomato breeding, pp. 135-170. In: 

Basset, M.J. (ed.). Breeding vegetables crops, AVI 

publishing Company, Westport, CT. pp. 135-170. 

Turkmen O, Dursun A, Turan M, Erdinc C 2004. 

Calcium and Humic Acid Affect Seed Germination, 

Growth and Nutrient Content Of Tomato 

(Lycopersicon esculentum L.) Seedlings Under 

Saline Soil Conditions. Acta Agriculturae 

Scandinavica, Section B-Plant Soil Science, 54(3): 

168-174. 

Verma R, Maurya BR, Meena VS 2014. Integrated 

Effect of Bio Organics With Chemical Fertilizer on 

Growth, Yield and Quality Of Cabbage (Brassica 
oleracea var. capitata). Indian Journal of 

Agricultural Sciences, 84: 914-919. 

Vural H, Esiyok D, Duman I 2000. Vegetables Crops. 

Bornova/Izmir/Turkey, Egean University Press, p. 

440. 

 


