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ABSTRACT 

This study was aimed to investigate the effect of thiamine (Th) foliar application on some morpho-

physiological aspects in coriander and fenugreek. Three levels of Th (250, 500 and 750 ppm) plus control 

treatment (distilled water) were studied under controlled greenhouse conditions. All the levels of Th, in 

particular the concentration of 500 ppm, increased the vegetative growth of coriander. 1000-grain weight, 

contents of nitrogen and phosphorus, carotenoid and chlorophyll b contents were the highest at a concen-

tration of 750 ppm. Fenugreek vegetative growth also responded positively to the application of Th espe-

cially at a concentration of 750 but also 500 ppm increased the content of leaf nitrogen, chlorophyll b, 

carotenoids, phenolics and antioxidant activity. Overall, the performance of coriander and fenugreek was 

improved by the application of Th foliar at all levels. 
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INTRODUCTION 

 

Vitamins as bio-regulators can at certain con-

centrations exert a profound effect upon plant grow 

through regulation of primary and secondary metab-

olism (Abd El-Aziz et al. 2007; Amin & Ismail 

2015). Thiamine (Th), as a water-soluble vitamin, is 

produced by plants and microbes. This compound 

occurs either as free and in phosphorylated forms – 

Th-monophosphate, Th-pyrophosphate and Th-tri-

phosphate, (Bahuguna et al. 2012). Th-pyrophos-

phate acts as a cofactor for enzymes involved in 

metabolic processes such as acetyl-CoA production, 

tricarboxylic acid cycle, glycolysis, pentose phos-

phate pathway, citric acid and Calvin cycles 

(Raschke et al. 2007; Tunc-Ozdemir et al. 2009; 

Boubakri et al. 2012). Th is also involved in toler-

ance to DNA damage (Raschke et al. 2007). In ad-

dition, the exogenous application of Th increases 

the plant resistance against biotic and abiotic 

stresses such as salinity, extreme temperatures and 

plant pathogens (Bahuguna et al. 2012).The positive 

impact of Th has been previously proved on growth, 

yield, photosynthesis rate and nutrients, pigments, 

oil and protein contents in many plants such as Lu-

pinus termis (El-Awadi et al. 2016), Vicia faba 

(Hamada & Khulaef 2000), Gladiolus grandiflorus 

(Sajjad et al. 2015; Hashish et al. 2015), Matricaria 

recutita (Ranjbar et al. 2014), Thymus vulgaris 

(Reda et al. 2005), Calendula officinalis (Soltani et 

al. 2014) and Ocimum basilicum (Fallahi et al. 

2018). However, there is no scientific report about 

the foliar application of Th in the two multipurpose 

species, fenugreek and coriander. 

Coriander (Coriandrum sativum L.) is an an-

nual herb from the Apiaceae family, rich in minerals 

and vitamins, which has many food applications 

(Hassan & Mahfouz 2012). Its green leaves possess 

a unique aroma and are also used as vegetable and 

food flavoring. The seeds of coriander are used as 
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food, drugs, cosmetics and perfumery. Also, the 

seeds and leaves have many medicinal applications. 

In addition, coriander seed oil is rich in petroselinic 

acid, an important and unusual fatty acid (Neffati & 

Marzouk 2008). Fenugreek (Trigonella foenum-

graecum L.) also is an annual medicinal and spicy 

herb belonging to the Fabaceae family.Its fresh 

green leaves are consumed as vegetable. Leaves and 

seeds of fenugreek are used for flavoring and as 

a spice in food preparation. Moreover, this herb has 

a wide range of medicinal uses as a treatment in in-

flammation, tumors, metabolic disorders and cardi-

ovascular diseases (Kakani & Anwer 2012; Mandal 

& DebMandal 2016). 

Given the stimulatory role of vitamins in plant 

performance and the lack of scientific research on 

the effect of these bio-regulators on coriander and 

fenugreek, this study aimed to investigate the effects 

of Th foliar application on some growth, yield, 

physiological and biochemical traits of the two 

mentioned plants. 

 

MATERIALS AND METHODS 

 

Experimental design and treatments 

In this research, the effect of foliar application of 0, 

250, 500 and 750 ppm  of thiamin (Th) on growth, 

yield, chlorophyll content and some biochemical in-

dices of coriander and fenugreek was investigated. 

For this purpose, two separate pot experiments were 

carried out at research greenhouse of University of 

Guilan, Iran. The experiments were conducted 

based on a randomized complete design with three 

replications (three pots for each Th level). Applica-

tion by spraying was started from the four-leaf stage 

(around 6 February) and done once every two weeks 

in the morning, up to early May (for about 3 months 

with 6 dates of spraying). In each spraying time, 20–

25 ml of the related solution was used per pot plant 

to completely wet the leaves. 

Agronomic practices 

Seed sowing (Isfahan landrace), obtained from Isfa-

han-PakanBazr company, was done on 6 January in 

the pots with 33 cm diameter and 22 cm height. The 

seed bed was a mixture of soil, cow manure and 

sand with the ratio of 2 : 1 : 1. The main soil charac-

teristics are shown in Table 1. No additional fertiliza-

tion was used during the plants’ growth. Irrigation 

was done in intervals of 10 days and plant thinning 

was performed 20 days after emergence, so that 6 

plants were kept in each pot. During the plant 

growth cycle, the greenhouse temperature was ad-

justed to 25 and 15 °C during day and night, respec-

tively. Photoperiod of 16 hours light and 8 hours of 

darkness was used in the experimental greenhouse. 

CO2 concentration and relative humidity were 

350 ppm and 40%, respectively. 
 

Table 1. Chemical properties of soil used in pot experi-

ment for coriander and fenugreek 

 

Organic 

carbon 

(%) 

Nitro-

gen (%) 

Cal-

cium 

(%) 

Phos-

phorous 

(%) 

Potas-

sium 

(%) 

pH Texture 

1.2 1 0.48 0.19 0.55 7.1 
loam 

sandy 

 

Measurement of vegetative and reproductive 

traits 

On May 4, three plants were cut in each pot for the 

determination of some vegetative indices of corian-

der. The measured traits were plant height, leaf fresh 

and dry yield, root fresh and dry weight as well as 

stem diameter and fresh and dry weight of stems. 

The remaining three plants were used to determine 

some reproductive indices including the number of 

umbel per plant, number of umbellets per umbel and 

thousand seed weight on 28 May. The same sample 

sizes were used for fenugreek for the evaluation of 

vegetative and reproductive traits, such as plant 

height, leaf weight, root weight, stem weight, num-

ber of lateral branches, pod length, pod weight, 

number of pod per plant, number of seed per plant 

and 1000-grain weight. 

Chemical analysis 

In both plants under study, the pigments content 

(carotenoid, chlorophyll a and b) was determined 

by the method described by Mínguez-Mosquera 

and Pérez-Gálvez (1998). To measure the percent-

age of leaf nitrogen, phosphorous and calcium, the 

method of Jones (2001) was used. The method of 

Bakhshi and Arakawa (2006) was applied for the 

extraction to determine the phenolic compounds 

and antioxidant capacity in leaves. Phenols were 

analyzed by using the method of Folin-Ciocalteau 

reported by Tavarini et al. (2008). For this purpose, 

the absorbance at 760 nm was measured using 
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a spectrophotometer (T80 + PG Instrument UV/Vis 

Spectrometer) and the values were expressed as mg 

gallic acid/100 g fresh weight. In addition, the an-

tioxidant capacity was determined using DPPH 

free radical scavenging method as has been de-

scribed by Sánchez-Moreno et al. (1999). All the 

chemical indices were determined at the end of the 

vegetative growth stage. Their determination was 

done on the same plants that were used for the 

measurement of vegetative traits, and accordingly, 

for each treatment (Th levels) and each replication, 

three plants were used for chemical analysis. 

Data analysis 

Data from the two greenhouse experiments were 

statistically analyzed using the analysis of variance 

(ANOVA) procedure on SAS 9.2. Means were sep-

arated via Tukey’s honest significant difference test 

(HSD) at 5% level of probability. 

RESULTS 

 

Exogenous application of thiamin in coriander 

Thiamine foliar application significantly affected 

the coriander height, leaf and stem weights (Ta-

ble 2). Th at a concentration of 500 ppm, resulted 

in the highest plants (by 29.5%) and the highest 

leaf fresh and dry weight (by 24.9 and 32.8% re-

spectively) in comparison with the control. In ad-

dition, foliar spraying of Th had a stimulating ef-

fect on stem fresh weight and diameter by 17.7 and 

23.8%, respectively (Table 3). Thousand grain 

weight in the plants treated with 750 ppm of Th 

was higher by 29% (Table 4). Effect of Th appli-

cation was significant on leaf nitrogen and phos-

phorous content in coriander (Table 2). At 750 ppm 

Th, there were 33.8% more N and 22.8% more P in 

the leaves in comparison with the control (Table 4). 

 

Table 2. Mean squares for the effect of thiamin on vegetative and reproductive indices, and some biochemical param-

eters in coriander leaves  

 

Source 

of variation 
df Plant height 

Leaf fresh 

weight 

Leaf dry 

weight 

Root fresh 

weight 

Root dry 

weight 

Stem fresh 

weight 

Stem dry 

weight 

Treatment 3 85.55* 1.22* 0.09* 0.02ns 0.0020ns 0.41* 0.030* 

Error 8 15.75 0.25 0.01 0.01 0.0006 0.09 0.007 

SD  3.84 0.48 0.12 0.09 0.02 0.29 0.08 

CV 11 8.21 7.81 9.49 8.66 10.06 5.63 5.82 

Source 

of variation 
df 

Stem diame-

ter 

Number  

of umbels 

per plant 

Number  

of umbellets 

per umbel 

1000 grains 

weight 
Nitrogen % Phosphorus % 

Treatment 3 0.190** 0.55ns 0.66ns 3.97** 0.28* 0.008* 

Error 8 0.008 0.50 0.50 0.18 0.04 0.002 

SD  0.08 0.68 0.68 0.42 0.18 0.04 

CV 11 3.22 14.62 14.14 4.21 8.53 7.19 

Source 

of variation 
df Calcium % 

Chlorophyll 

a content 

Chlorophyll b 

content 

Carotenoids 

content 

Total phe-

nolics con-

tent 

Total anti-oxidants ac-

tivity 

Treatment 3 0.002ns 0.15** 0.050** 0.38* 16.66ns 28.40ns 

Error 8 0.010 0.01 0.005 0.08 21.08 15.54 

SD  0.8 0.09 0.07 0.26 4.45 3.69 

CV 11 12.78 8.20 11.87 9.90 6.88 7.08 
 

*, **Significant at 5%, and 1% probability level, respectively 
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Table 3. The effect of thiamin foliar application on some vegetative growth indices (in brackets percent of increase 

compared with control) 

 
Thiamin 

concentra-

tion (ppm) 

Plant height 

(cm) 
Leaf fresh 

weight 

(g.plant-1) 

Leaf dry 

weight 

(g.plant-1) 

Root fresh 

weight 

(g.plant-1) 

Root dry 

weight 

(g.plant-1) 

Stem fresh 

weight 

(g.plant-1) 

Stem dry 

weight 

(g.plant-1) 

Stem diame-

ter  

(mm) 

0 42.7±4.0 b 5.70±0.52 b 1.25±0.19 b 1.20±0.090 a 0.21±0.032 a 4.95±0.33 b 1.42±0.088 b 2.52±0.04 c 

250 
46.3±3.5 ab 

(8.4) 

6.10±0.27 ab 

(7.01) 

1.36±0.06 ab 

(8.8) 

1.18±0.055 a 

(-1.6) 

0.23±0.030 a 

(9.5) 

5.22±0.27 ab 

(5.4) 

1.66±0.101a 

(14.4) 

2.77±0.12 bc 

(9.9) 

500 
55.3±2.5 a 

(29.5) 

7.12±0.51 a 

(24.9) 

1.66±0.13 a 

(32.8) 

1.25±0.060 a 

(4.1) 

0.27±0.015 a 

(28.5) 

5.83±0.22 a 

(17.7) 

1.48±0.045 ab 

(4.2) 

3.12±0.10 a 

(23.8) 

750 
49.0±2.3 ab 

(14.7) 

6.76±0.62 ab 

(18.5) 

1.50±0.12 ab 

(20) 

1.39±0.178 a 

(15.8) 

0.27±0.017a 

(28.5) 

5.46±0.35 ab 

(10.3) 

1.48±0.104 ab 

(4.2) 

2.94±0.08 ab 

(16.6) 
 
Means with the same letter(s) within a column are not significantly different (P ≤ 0.05) based on Tukey’s test 

 

Table 4. The effect of thiamin foliar application on some reproductive indices and contents of N, P and Ca in coriander 

leaves (in brackets percent of increase compared with control) 

 

Thiamin  

concentration 

(ppm) 

Number  

of umbels  

per plant 

Number  

of umbellets 

 per umbel 

1000-grains 

weight (g) 

Leaf nitrogen 

(%) 

Leaf phospho-

rus (%) 

Leaf calcium 

(%) 

0 4.7±0.57 a 4.7±0.57 a 08.96±0.37 b 2.16±0.025 b 0.57±0.063 b 0.92±0.035 a 

250 
4.3±0.57 a 

(-8.5) 

5.7±0.58 a 

(21.3) 

09.46±0.49 b 

(5.6) 

2.57±0.369 ab 

(19.0) 

0.63±0.032 ab 

(10.5) 

0.87±0.032 a 

(-5.4) 

500 
5.3±0.57 a 

(12.7) 

4.7±0.56 a  

(0.0) 

10.46±0.38 ab 

(16.7) 

2.68±0.197 ab 

(24.07) 

0.65±0.020 ab 

(14.03) 

0.87±0.041 a 

(-5.4) 

750 
5.0±1.0 a  

(6.4) 

5.0±1.0 a  

(6.4) 

11.56±0.44 a 

(29.0) 

2.89±0.131 a 

(33.8) 

0.70±0.055 a 

(22.8) 

0.86±0.01a 

(6.5) 

Note: see Table 3 

 

Th also had a significant effect on the leaf pigments 

content (Table 2). Contents of pigments grew with 

concentration of Th up to 49% for Chl a at 750 ppm 

and up to 67.4% at 500 ppm for Chl b (Table 5). Th 

at concentration of 750 ppm increased the leaf carot-

enoid content by 26%. Phenolic compounds and total 

antioxidants activity increased after Th foliar appli-

cation but differences were not significant (Table 5). 

Exogenous application of thiamin in fenugreek 

Thiamine foliar application had a significant effect 

on fenugreek height, leaf dry weight, root fresh and 

dry weights and stem fresh weight (Table 6). All the 

levels of Th increased the plants height and its max-

imum was at 500 and 750 ppm (23.9 and 21.9% re-

spectively as compared with control). Leaf dry 

weight was enhanced significantly at 750 ppm by 

34.7% (Table 7). Likewise, root fresh and dry 

weight increased by 18 to 25% when sprayed with 

750 or 500 ppm Th. Stem fresh weight was signifi-

cantly higher with Th 500 and 750 ppm by 22 and 

20.7%. Stem dry weight and number of lateral 

branches were not affected (Table 7). Among the re-

productive traits of fenugreek, Th imposed a signif-

icant effect on the pod length, pod weight and num-

ber of pods per plant (Table 6). Pods were longer at 

500 and 750 ppm by 26 and 20.8% respectively as 

compared with control (Table 8). Number of pods 

increased with 750 ppm Th by 118%. Pods weight 

increased in all the Th treated plants from 48 to 

96%, depended on Th concentration. The weight of 

1000 grains and contents of P and Ca were not af-

fected significantly (Table 8). 

Leaf nitrogen, chlorophyll b, carotenoid, phe-

nols and antioxidants activity were significantly af-

fected by Th foliar spraying (Table 6). Leaf nitrogen 

content was higher with 500 and 750 Th ppm (by 

30.1 and 48.9% respectively) (Table 8). Th applica-

tion of 500 and 750 ppm also stimulated the con-

tents of Chl b, carotenoids and antioxidants activity 

from 18 to 31% (Table 9). 



Influence of thiamin on coriander and fenugreek                                                                                                                             81 
____________________________________________________________________________________________________________________ 

Table 5. The effect of thiamin foliar application on chlorophylls, carotenoids, phenolics contents and activity of anti-

oxidants in coriander leaves (in brackets percent of increase compared with control) 

 

Thiamin concen-

tration (ppm) 

Chlorophyll a 

(mg·g-1 f. w.) 

Chlorophyll b 

(mg·g-1 f. w.) 

Carotenoids  

(mg·g-1 f. w.) 

Total phenolics 

(mg·100 g f. w.-1) 

Total anti-oxidants 

(% inhibition 

 of DPPH) 

0 1.06±0.055 b 0.46±0.087 b 2.65±0.32 ab 63.7±5.0 a 51.7±3.89 a 

250 
1.20±0.077 ab 

(13.2) 

0.60±0.075 ab 

(30.4) 

2.59±0.15 b  

(-2.2) 

66.0±4.6a  

(3.61) 

56.5±5.84 a  

(9.3) 

500 
1.41±0.110 ab 

(33.01) 

0.77±0.047 a  

(67.4) 

3.07±0.42 ab  

(15.8) 

68.0±2.6 a  

(6.75) 

55.2±2.71 a  

(6.76) 

750 
1.58±0.150 a 

(49.05) 

0.71±0.085 ab 

(54.3) 

3.34±0.15 a  

(26.03) 

69.0±2.5a  

(8.3) 

59.1±2.33a  

(14.3) 

Note: see Table 3 

 

Table 6. Mean squares for the effect of different levels of thiamin on vegetative and reproductive indices, leaf nutrient 

and pigments content and some biochemical parameters in fenugreek 

 
Source 

of variation 
df Plant height 

Leaf fresh 

weight 

Leaf dry 

weight 

Root fresh 

weight 

Root dry 

weight 

Stem fresh 

weight 

Stem dry 

weight 

Treatment 3 90.88* 1.31ns 0.23* 0.53* 0.030* 0.85** 0.01ns 

Error 8 22.00 0.46 0.04 0.08 0.004 0.07 0.02 

Std Dev  4.58 0.66 0.19 0.27 0.06 0.25 0.16 

CV 11 8.47 8.36 8.93 6.78 6.01 4.41 10.77 

Source 

of variation 
df 

Number of lat-

eral branches 

Pod mean 

length 

Number of pod 

per plant 

Number of seed 

per pod 

Pod weight 

per plant 

1000-grain 

weight 

Leaf nitro-

gen content 

Treatment 3 1.19ns 3.50** 157.19** 2.52ns 134.75** 3.43ns 0.49** 

Error 8 0.41 0.26 2.66 0.91 3.83 1.19 0.01 

Std Dev  0.53 0.46 1.60 0.93 1.81 1.07 0.08 

CV 11 11.56 4.67 6.97 6.14 7.96 6.39 4.75 

Source 

of variation 
df 

Phosphorous 

content 

Calcium 

content 
Chlorophyll a Chlorophyll b 

Carotenoids 

content 

Total 

phenolics 

Total anti-

oxidants 

Treatment 3 0.003ns 0.003ns 0.010ns 0.010** 0.0050* 94.97** 113.63* 

Error 8 0.002 0.002 0.006 0.001 0.0008 7.25 20.00 

Std Dev  0.04 0.04 0.07 0.03 0.02 2.45 3.90 

CV 11 11.73 4.3 6.52 5.66 5.28 5.07 8.29 

*, **Significant at 5%, and 1% probability level, respectively. 

 

Table 7. The effect of thiamin foliar application on some vegetative growth indices in fenugreek (in brackets percent 

of increase compared with control) 

 

Thiamin 

concentra-

tion (ppm) 

Plant height 

(cm) 

Leaf fresh 

weight 

(g·plant-1) 

Leaf dry 

weight 

(g·plant-1) 

Root fresh 

weight 

(g·plant-1) 

Root dry 

weight 

(g·plant-1) 

Stem fresh 

weight 

(g·plant-1) 

Stem dry 

weight 

(g·plant-1) 

Number 

of lateral 

branches 

per plant 

0 48.66±5.5 b 7.37±0.57 a 1.90±0.10 b 3.61±0.33 b 1.08±0.10 b 5.30±0.16 b 1.50±0.16 a 4.7±0.57 a 

250 
53.00±5.0 ab 

(8.9) 

7.97±0.56 a 

(8.14) 

2.30±0.26 ab 

(21.05) 

4.20±0.14 ab 

(16.3) 

1.07±0.05 b 

(-0.9) 

6.12±0.18 ab 

(15.5) 

1.57±0.21 a 

(4.66) 

6.0±0.0 a 

(27.65) 

500 
60.33±5.1 a 

(23.98) 

8.86±0.61 a 

(20.2) 

2.36±0.15 ab 

(24.2) 

4.53±0.29 a 

(25.48) 

1.25±0.07 ab 

(15.7) 

6.47±0.37 a 

(22.07) 

1.69±0.17 a 

(12.66) 

6.0±1.0 a 

(27.65) 

750 
59.33±2.5 a 

(21.92) 

8.56±0.92 a 

(16.14) 

2.56±0.25 a 

(34.7) 

4.49±0.32 a 

(24.37) 

1.27±0.04 a 

(17.6) 

6.40±0.28 a 

(20.75) 

1.63±0.13 a 

(8.66) 

5.7±0.57 a 

(21.27) 

Note: see Table 3 
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Table 8. The effect of thiamin foliar application on some reproductive indices and contents of N, P and Ca in fenugreek 

leaves (in brackets percent of increase compared with control) 

 

Thiamine 

concentra-

tion (ppm) 

Pod mean 

length 

(cm) 

Number 

of pod per 

plant 

Number 

of seed per 

pod 

Pod weight 

per plant 

(g) 

1000-grain 

weight  

(g) 

Leaf 

nitrogen  

(%) 

Leaf 

phosphorus  

(%) 

Leaf 

calcium 

(%) 

0 09.6±0.41 b 13.3±1.1 c 14.7±0.6 a 15.7±0.57 c 15.8±1.05 a 1.86±0.020 b 0.36±0.040 a 1.06±0.030 a 

250 
11.1±0.61 ab 

(15.6) 

23.0±2.0 b 

(72.9) 

15.0±1.0 a 

(2.04) 

30.7±2.08 a 

(95.5) 

16.6±0.82 a 

(5.06) 

2.02±0.025 b 

(8.6) 

0.34±0.032 a 

(-5.5) 

1.06±0.043 a 

(0.0) 

500 
12.1±0.71 a 

(26.04) 

28.3±1.5 ab 

(112.8) 

16.7±1.1 a 

(13.6) 

23.3±2.08 b 

(48.4) 

17.9±1.18 a 

(13.29) 

2.42±0.087 a 

(30.1) 

0.40±0.045 a 

(11.1) 

1.12±0.056 a 

(5.66) 

750 
11.6±0.13 a 

(20.8) 

29.0±1.7 a 

(118.04) 

16.0±1.0 a 

(8.84) 

28.7±2.51 ab 

(82.8) 

18.1±1.25 a 

(14.55) 

2.77±0.195 a 

(48.9) 

0.41±0.058 a 

(13.88) 

1.05±0.050 a 

(-0.9) 

Note: see Table 3 

 

Table 9. The effect of thiamin foliar application on chlorophylls, carotenoids, phenolics contents and activity of anti-

oxidants in fenugreek leaves (in brackets percent of increase compared with control) 

 

Thiamin 

concentration 

(ppm) 

Chlorophyll a 

(mg·g-1 f. w.) 

Chlorophyll b 

(mg·g-1 f. w.) 

Carotenoid  

(mg·g-1 f. w.) 

Total phenol 

(mg·100 g-1 f. w.) 

Total anti-oxidant  

(% inhibition of DPPH) 

0 1.15±0.08 a 0.57±0.026 b 0.49±0.037 b 45.3±2.51 b 45.7±7.5 b 

250 
1.24±0.04 a  

(7.8) 

0.62±0.023 ab  

(8.77) 

0.54±0.028 ab 

(10.2) 

52.7±1.15 ab 

(16.3) 

53.0±3.5 ab  

(15.97) 

500 
1.31±0.10 a  

(13.9) 

0.71±0.041 a  

(24.5) 

0.58±0.020 a 

(18.36) 

56.3±4.16 a 

(24.28) 

57.3±2.0 ab  

(25.38) 

750 
1.19±0.07 a  

(3.5) 

0.63±0.047 ab  

(10.5) 

0.58±0.026 a 

(18.36) 

58.0±2.00 a 

(28.03) 

59.7±2.5 a  

(30.6) 

Note: see Table 3 

 

DISCUSSION 

 

Thiamine (Th) foliar application improved the 

vegetative and reproductive growth of coriander 

and fenugreek. These results are in agreement with 

those obtained previously by Abd El-Aziz et al. 

(2007) on Syngonium podophyllum (Bahuguna et al. 

2012), on Oryza sativa (Farouk et al. 2012), on Lyco-

persicon esculentum and by Al-Abbasi et al. (2015) 

on Zinnia elegans. Increase in leaf, root and stem 

weights is due to the fact that Th is necessary for di-

viding meristematic stem cells and organ initial cells 

(Martinis et al. 2016). Moreover, the accumulation of 

some osmo-regulators, such as soluble sugars and 

free amino acids may increase in response to Th ap-

plication. This phenomenon, by changing the water 

potential of plants, can increase the turgor pressure, 

which is needed for cell expansion and thereby plant 

growth (Sayed & Gadallah 2002). 

Th plays considerable role in carbohydrate ca-

tabolism as well as NADPH and ATP synthesis (Ra-

pala-Kozik et al. 2012). In addition, Th derivative 

serves as a cofactor in enzymatic reactions of many 

metabolic pathways such as glycolysis, Krebs cycle, 

the pentose phosphate pathway, Calvin cycle, 

amino acid metabolism, nitrogen assimilation and 

synthesis of branched chain amino acid, isoprenoid 

and nucleic acids (Goyer 2010; Bahuguna et al. 2012; 

Martinis et al. 2016). Therefore, it seems that better 

growth and yield of coriander and fenugreek under 

Th application is mainly related to appropriate regu-

lation of photosynthesis and energy-providing reac-

tions in treated plants. Also, increase in chlorophyll 

content in Th-treated plants can also lead to the en-

hancement of photosynthesis (Hamada & Khulaef 

2000). The results of our experiments supported find-

ings of Hamada and Khulaef (2000) on Vicia faba 

and Farouk et al. (2012) on Lycopersicon esculentum. 
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In another study, Th application improved the chlo-

rophyll and carotenoid contents in marigold (Soltani 

et al. 2014). One of the Th diphosphate-dependent 

pathways in the plant cell is the production of 2-de-

oxy-D-xylulose-5- phosphate synthase. Overex-

pression of this enzyme correlates with the accumu-

lation of chlorophyll and carotenoids (Rapala-Kozik 

2011; Rapala-Kozik et al. 2012). Furthermore, vita-

mins have an antioxidant scavenging effect, which 

protects chloroplasts and prevents chlorophyll deg-

radation caused by the reactive oxygen species 

(Mady 2009). Additionally, the application of Th as 

observed in the present study, activates the synthe-

sis of carotenoids, which protect chlorophyll from 

oxidation, and thereby increases the chlorophyll 

content (Farouk et al. 2012). 

In line with previous studies on syngonium 

(Abd El-Aziz et al. 2007), gladiolus (Hashish et al. 

2015; Sajjad et al. 2015) and tomato (Farouk et al. 

2012), Th application increased the nutrient con-

tents in coriander and fenugreek. In a study on sun-

flower, the contents of toxic ions Na+, Ca2
+ and Cl- 

were significantly lower, while cytoplasmic K+ con-

tent, which is essential for survival in stress condi-

tion, were higher in Th-treated plants (Sayed & 

Gadallah 2002). It seems that more root expansion 

in Th-treated plants can be a possible reason for bet-

ter absorption of nutrients in coriander and fenu-

greek. It has been reported that the main function of 

antioxidants, such as some vitamins, is the protec-

tion of cell membranes and their binding transporter 

proteins (H+-ATP-ase pumps) against the reactive 

oxygen species and more absorption and transloca-

tion of minerals (Mady 2009). Soluble sugar accu-

mulation, which can protect the integrity of the cell 

membranes might be a reason for membrane protec-

tion in the Th-treated plants (Sayed & Gadallah 

2002). Some researchers suggest that it is possible 

that vitamins foliar spray can stimulate the root se-

cretion of organic acids into the soil that increase the 

nutrients’ solubility in rhizosphere zone, which 

leads to uptake of more nutrients by the plant (Abd 

El-Aziz et al. 2007). 

The effect of Th foliar application increased 

the total phenolic content and antioxidant activity in 

both coriander and fenugreek. In a similar study, the 

total phenolics increased in soybean plants that were 

treated with Th and riboflavin (Abdel-Monaim 

2011). Reda et al. (2005) demonstrated that the ap-

plication of Th at 60 ppm resulted in higher content 

of total phenolics in thyme. Similar results were ob-

tained on gladiolus, where phenolics increased in re-

sponse to Th foliar application (Sajjad et al. 2015). 

Results of El-Bassiouny and Sadak (2015) in Linum 

usitatissimum also revealed that vitamins, ascorbic 

acid and α-tocopherol induced considerable reduc-

tion in lipid peroxidation but an increase in super-

oxide dismutase as an antioxidant. It has been re-

ported that Th stimulates the antioxidant defense 

and therefore has an important role in the protection 

of cells against oxidative stress (Tunc-Ozdemir et 

al. 2009). Moreover, Th itself can also act as a main 

source of antioxidants scavenging O2
- (or OH) and 

thus affect the cellular response to oxidative stress 

(Rapala-Kozik et al. 2012; Jung & Kim 2003). 

 

CONCLUSION 

 

Results of the present study revealed that foliar 

application of thiamin at concentrations 250, 500 

and 750 ppm were beneficial for the growth and de-

velopment of coriander and fenugreek by increasing 

chlorophyll, phenolics, carotenoid and antioxidants 

compounds.  
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