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Abstract 
In order to mitigate the salinity effects on flax grown on moderate saline sandy soil (3275 - 3430 
ppm) and irrigated with moderate saline water (2300 - 2460 ppm) field experiments were carried 
out at the experimental Station of the Faculty of Agriculture, Wadi El-Natrun district El-Behera 
Governorate—Egypt, during two successive winter seasons of 2012/2013 and 2013/2014. Three 
flax varieties (Opal, Giza-8 and Mayic) were grown and treated with some chemical additives 
humic acid (50 kg/fed) and/or foliar applied proline (Control, 50 and 100 mg/L). The results 
showed the positive responses of Giza-8 variety to the combined application of humic acid and 
proline and mitigated the salinity effects of soil and irrigation water and reflected on most of the 
studied characters. Such results indicate the potentiality of mitigation the hazardous effect of sa- 
linity with these chemical additives. The data indicated that the highest seed yield, straw yield and 
oil yield were obtained at humic acid (50 kg/fed) with foliar treatment of proline at rate of (100 
mg/L). The interaction of proline at (100 mg/L) with humic acid at rate of (50 kg/fed) improved 
plant fresh and dry weight in all flax cultivars under salinity conditions. Fresh weight increased by 
66.6%, 48.7% and 65.5% over controls for Opal, Giza-8 and Mayic varieties, respectively. The in-
teraction of proline at (100 mg/L) with humic acid at rate of (50 kg/fed) with Giza-8 variety gave 
the highest values of seed yield, straw yield and oil yield. 
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1. Introduction 
Flax (Linum usitatissimum L.) is an old economic crop grown as a dual purpose crop for seeds and fibers which 
is used for the manufacture of linen. The oil edible and also, due to its quick dyeing properly is used for the 
preparation of paints, varnishes, printing ink, oil cloth and soap. In Egypt, flax plays an important role in the na-
tional economy owing to export beside local industry. Increasing the production of flax could be achieved 
through growing high yielding genotypes and proper fertilizer application. Flax is the second fiber crop after 
cotton in Egypt with regard to the cultivated area and economic importance [1]. Nowadays, the benefits of flax 
have passed all expectations. Flax cultivars significantly differed in yield and its attributes as well as oil content 
[2]. 

Salinity is one of the major environmental factors limiting plant growth and productivity. Salinity has become 
more and more important to the scientific and political agenda. Over 6% of the world’s total land area and 20% 
of irrigated land are salt-affected (FAO, 2010). Salinity problems are particularly relevant for arid and semiarid 
areas like Egypt. Approximately 33% of the cultivated land and most extension agricultural land in Egypt is al-
ready salinized [3]. The reduction in yield of different crops due to salinity in most of these areas is about 60% 
when compared with normal soil.  

Salinity can affect growth of plant in various ways. First, the presence of salt in the soil reduces the water up-
take capacity of the plant, and this causes quick reduction in the growth rate. This first phase of the growth re-
sponse is due to the osmotic effect of the soil solution containing salt, and produces a package of effects similar 
to water stress [4]. Salinity reduces stomatal conductance greatly and consequently reduces photosynthetic rate 
[5]. However, the inhibition of photosynthetic rate imposed by stomatal closure may promote an imbalance be-
tween photochemical activity at photo system II (PSII) and electron requirement for photosynthesis, leading to 
excess excitation and subsequent photo inhibitory damage of PSII reaction centers [6]. 

Humic acid (HA) could be used as one of the main organic fertilizers, which is an important component of 
humic substances. Humic acid are the most significant constituents of organic matter in both soils and municipal 
waste compost, and have a relevant role in the cycling of many elements in the environment and in soil ecologi-
cal functions [7]. According to previous investigations, humates seem to have a particular favorable effect on the 
nutrient supply. Therefore, application of humates was tested as an approach to improve both the nutrient bal-
ance and plant vitality [8]. Humic substances also promote growth, and increase yield and quality in a number of 
plant species [9] and [10] at least partially through increasing nutrient uptake, serving as a source of mineral 
plant nutrients and regulator of their release [11]. Likewise, humic substances have been shown to stimulate 
shoot and root growth and nutrient uptake of vegetable crops [12]. Moreover, humates influence the respiration- 
process, the amount of sugars, amino acids and nitrate accumulated [8]. 

The accumulation of osmolytes such as proline (Pro) is a well-known adaptive mechanism in plants against 
salt stress conditions. Number of research works has been carried out concerning the role of Pro as a compatible 
osmolyte and osmoprotectant and its roles in salt stress tolerance. Several studies have attributed an antioxidant 
feature to Pro, suggesting ROS scavenging activity and Pro acting as a quencher [13]. Proline also, induces the 
expression of salt-stress-responsive proteins and may improve the plant adaptation to salt-stress [14]. Proline 
performs these functions by protecting the photosynthetic apparatus [15], by functioning as an oxygen radical 
scavenger [16], and by displaying an antioxidant activity [17] and [18]. While studying with olive trees, [19] 
observed that Pro supplements seemed to improve salt tolerance in olive tree by modulating some ant oxidative 
enzyme activities, photosynthetic activity, and thus maintained better plant growth and water status. Moreover, 
the decrease of soluble sugar content in Pro treated-plants revealed the important osmoprotective effect played 
by added Pro. The Pro application mitigated the reduction of growth and photosynthetic activity under salt stress 
in olive trees. 

This study aimed to measure the potential roles of humic acid and/or foliar applied proline on morphological, 
some physiological, chemical parameters, yield quantity and quality of three flax cultivars (Opal, Giza-8 and 
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mayic) grown under saline soil conditions. 

2. Materials and Methods 
Field experiments were carried out in semi-arid desert soil at the experimental Station of the faculty of Agricul-
ture, Wadi El-Natrun district El-Behera Governorate—Egypt, during two successive winter seasons of 2012/2013 
and 2013/2014. The soil of both experimental sites was Newly Reclaimed moderate saline soil where mechani-
cal and chemical analysis is reported in Table 1 and Table 2 according to [20]. The aim of this work was to in-
vestigate effect of humic acid (50 kg/fed) to the soil with three levels foliar treatment of proline (control, 50 and 
100 mg/L) on three flax (Giza-8, Opal and Mayic) varieties grown under newly reclaimed saline soil conditions. 

The experimental design was split plot design with three replications, where flax seed varieties occupied the 
main plots and humic acid and proline treatments were allocated at random in the sub-plots. Seeds of flax culti- 
vars were sown on the 17th November in both season in rows 3.5 meters long, and the distance between rows 
was 20 cm apart, Plot area was 10.5 m2 (3.0 m in width and 3.5 m in Length). The recommended agricultural 
practices of growing flax seed were applied. Pre-sowing, 150 kg/fed. of calcium super-phosphate (15.5% P2O5) 
was applied to the soil. Nitrogen was applied after emergence in the form of ammonium nitrate 33.5% at rate of 
75 Kg/fed. was applied at five equal doses before the 1st, 2nd, 3rd, 4th and 5th irrigation. Potassium sulfate (48.52% 
K2O) was added at two equal doses of 50 kg/fed, before the 1st and 3rd irrigations. Irrigation was carried out us-
ing the new sprinkler irrigation system where water was added every 5 days. The chemical properties of irriga-
tion water as mentioned in Table 2. Humic acid at rate of (50 kg/fed) was added to the soil after sowing and flax 
plants were foliar sprayed with proline at the rate of (0.0, 50 and 100 mg/L). In both seasons, foliar application 
of proline was carried out twice; where plants were sprayed after 45 and 60 days from sowing. Plant samples 
were taken after 75 days from sowing for measurements growth characters, plant height (cm), fresh and dry 
weight g/plant, root length (cm), root fresh and dry weights (g). Plant samples were dried in an electric oven 
with drift fan at 70˚C for 48 hr. till constant dry weight. Plant samples were taken for chemical analysis after 75 
days from sowing for chemical analysis of total soluble sugars, polysaccharides, total carbohydrates, total IAA, 
 
Table 1. Soil physico-chemical characters.                                                                   

Seasons 
Soil properties 

2013/2014 2012/2013 
Physical properties 

92.32 91.66 Sand% 
2.72 2.86 Clay% 
4.96 5.48 Silt% 
Sand Sand Soil texture 

Chemical properties 
7.6 7.6 Soil (pH) 1:25 

5.36 5.12 EC (dS/m) 
0.25 0.28 Organic Matter (OM) % 
5.96 6.24 Total CaCO3 (%) 

Available amounts (mg/kg) of macro nutrients 
8.6 9.6 N 

2.24 2.42 P 
280 320 K 

Soluble anions (meq/l) 
36.32 32.64 Cl– 
15.32 17.52 4SO−  

1.60 1.38 3HCO−  

Soluble cations (meq/l) 
4.58 4.62 K+ 
8.42 8.12 Ca2+ 
7.36 6.32 Mg2+ 
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Table 2. The chemical properties of irrigation water at experimental site in 2012/2013 and 2013/2014 winter seasons.       

SAR 
Soluble cations ( meq/l) Soluble anions (meq/l) 

ppm EC 
dS/m pH 

Mg2+ Ca2+ K+ Na+ 4SO−  Cl− 3HCO−  

Season 2012/2013 
15.32 3.94 3.86 0.36 30.24 12.98 21.20 4.22 2470 3.84 7.55 

Season 2013/2014 
14.32 3.80 3.72 0.32 27.76 12.72 18.96 3.92 2300 3.58 7.50 

 
total phenol content, proline, free amino acids contents and lipid peroxidation. Flax plants were pulled when 
signs of full maturity were appeared, then left on ground to suitable complete drying. Capsules were removed 
carefully. At harvest, the following characters were recorded on random samples of 10 guarded plants in each 
plot to estimate the following characters: Straw yield and its related characters (plant height (cm), technical stem 
length (cm), straw yield/plant (g), straw yield (ton/ha)). Seed yield and its related characters (number of fruiting 
branches/plant, number of capsules/plant, fruiting zone length, seed yield/plant (g), 1000-seed weight (g), seed 
yield (ton/ha), oil yield (ton/ha)) were calculated by seed yield (ton/ha) *Seed oil percentage. 

3. Chemical Analysis 
Photosynthetic pigments: Total chlorophyll a and b, carotenoids and total pigments content in fresh plant esti-
mated using the method of [21]. Total soluble sugars (TSS), were extracted by the method of [22]. TSS analyzed 
by [23]. Proline assayed according to the method described by [24]. Free amino acid content extracted according 
to the method described by [25]. Free amino acid was determined with the ninhydrin reagent method [26]. The 
oil of flax seeds extracted according to [27]. 

Statistical Analysis 
The data statistically analyzed on complete randomized design system according to [28]. Combined analysis of 
the two growing seasons carried out. Means compared by using least significant difference (LSD) at 5% levels 
of probability. 

4. Results and Discussion 
4.1. Effect of Flax Varieties on Growth Parameters, Chemical Constituents, Yield and  

Yield Components of Flax Varieties under Salinity Conditions 
The results reported in Table 3 showed that yield and yield components of flax varieties grown under saline 
conditions differed significantly in all characters studied. Giza-8 variety surpassed all other tested flax varieties 
in seed yield (1.119 ton/ha), oil yield (0.369 ton/ha) and straw yield (2.856 ton/ha). The superiority of this va-
riety may be due to the highest values of Chlorophyll a and the Total pigment. This increase may be due to the 
rate of quenching of chlorophyll fluorescence, which was markedly increased in the plant leaves, and the steady 
state value of quenching was slightly greater than in other varieties. Moreover, the superiority of this variety 
may be due to the superiority in plant height, fruiting zone length, numbers of branches and capsules/plant, seed 
yield/plant and oil seed percentage than the other varieties. In other words, that means that Giza-8 seems to be 
more tolerant to salinity conditions than the other varieties. Such results are in agreement with those obtained by 
[29] and [30] who reported that the flax cultivars differed in seed productivity. In addition, such results indicated 
that the variability among tested flax varieties which may be expected due to the differences of these varieties in 
origin and growth habit, where, these flax cultivars are grown for double purpose crop oil and fibers. Such re-
sults are in agreement with those obtained by [29] and [30] they reported that the flax cultivars differed in their 
productivity. 

4.2. Effect of Humic Acid and Proline on Growth Parameters, Chemical Constituents, Yield  
and Yield Components of Flax Varieties under Salinity Conditions 

Data presented in Table 4 showed that there were significant differences among all treatments of all studied  
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Table 3. Varietal differences among flax varieties in growth, chemical constituents, and yield and yield components under 
salinity conditions.                                                                                       

Characters 
Varieties 

LSD0.05 
Opal Giza-8 Mayic 

Shoot fresh weight (g) 4.27 11.17 14.24 2.46 

Shoot dry weight (g) 1.02 2.93 3.78 1.07 

Chlorophyll a 12.27 12.65 10.52 0.81 

Chlorophyll b 5.5 5.13 3.62 0.88 

Carotenoids 5.24 4.63 4.39 0.23 

Total pigment 23.01 22.4 18.53 0.79 

TSC (mg/100g dry wt.) 2401 1903 1581 86.15 

Free amino acids (mg/100g dry wt.) 303.05 205.20 165.72 13.06 

Proline (µg/100g dry wt.) 55.93 43.83 39.50 2.13 

Plant height (cm) 50.38 51.76 48.86 1.43 

Fruiting zone length (cm) 11.61 15.06 9.56 2.83 

Technical length (cm) 38.77 36.71 39.31 1.11 

No. of branches/plant 4.78 7.89 5.24 0.63 

No. of capsules/plant 8.44 14.39 6.11 2.15 

Seed yield/plant (g) 0.63 1.03 0.47 0.12 

Straw yield (ton/ha) 2.666 2.856 2.737 0.101 

Seed yield (ton/ha) 0.915 1.119 1.101 0.017 

Oil (%) 30.39 33.00 33.06 2.25 

Oil yield (ton/ha) 0.278 0.369 0.364 0.005 

 
Table 4. Effect of humic acid, proline and their interaction on growth parameters, chemical constituents, yield and yield com- 
ponents under salinity conditions.                                                                           

Treatments Control HA (50 kg/fed) P1 (50 mg/L) P2 (100 mg/L) HA + P1 HA + P2 LSD0.05 

Shoot fresh weight (g) 6.68 9.80 7.39 8.51 10.26 16.72 2.06 
Shoot dry weight (g) 1.81 2.35 1.99 2.24 2.65 4.43 0.53 

Chlorophyll a 10.74 11.93 11.11 11.66 12.22 13.21 0.85 

Chlorophyll b 3.38 5.10 4.12 4.48 5.59 5.84 0.93 

Carotenoids 4.07 4.89 4.52 4.62 5.13 5.29 0.33 
Total pigment 18.18 21.91 19.74 20.76 22.94 24.34 1.03 

TSS (mg/100g dry wt.) 1441.67 1643.33 1885.67 1934.33 2303.67 2562.00 61.13 

Free amino acids (mg/100g dry wt.) 153.40 184.43 208.23 227.43 261.37 313.07 13.07 

Proline (µg/100g dry wt.) 29.47 39.07 53.90 55.63 49.57 50.90 2.35 

Plant height (cm) 42.28 49.78 48.33 48.75 53.61 59.25 1.32 

Fruiting zone length (cm) 7.89 11.89 11.89 11.67 13.89 15.22 0.2 

Technical length (cm) 34.39 37.89 36.44 37.08 39.72 44.03 0.41 

No. of branches/plant 3.55 5.78 5.34 6.11 6.81 8.22 0.32 

No. of capsules/plant 4.55 10.11 7.89 9.11 12.00 14.22 0.63 

Seed yield/plant (g) 0.20 0.72 0.65 0.65 0.93 1.10 0.05 

Straw yield (ton/ha) 1.595 3.023 2.118 2.642 3.332 3.832 0.255 

Seed yield (ton/ha) 0.670 1.162 0.824 0.950 1.257 1.363 0.135 

Oil (%) 30.39 33.00 33.06 35.64 39.09 40.86 1.25 

Oil yield (ton/ha) 0.204 0.383 0.273 0.339 0.492 0.557 0.052 

HA = humic acid; P = proline. 
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characters under saline conditions. Results indicated that the highest seed yield (1.363 ton/ha), straw yield 
(3.832 tons/ha) and oil yield (0.557 ton/ha) were obtained at humic acid (50 kg/fed) with foliar treatment of pro-
line at rate of (100 mg/L). This may be due to the highest shoot fresh and dry weight per plant, as well as the 
significant increase in photosynthetic pigment (chlorophyll a, chlorophyll b, carotenoids and total pigments), to-
tal soluble sugar and free amino acids content of flax shoots. Also, humic acid and proline increased plant height 
(59.25 cm), technical stem length (44.03 cm), number of fruiting branches/plant (8.22), number of capsules per 
plant (14.22), seed yield per plant (1.10 g) and oil seed percentage (40.86) compared with the untreated plants. 
These results are in agreement with those obtained by several investigators [31] and [32]. The superiority of 
humic acid (50 kg/fed) and foliar treatment of 100 mg/L proline over the other treatments could be attributed to 
the stimulatory effects of humic acid on increasing chlorophyll concentration in leaves, it might be also attri- 
buted to the low pH value, as well as increasing the activity of soil micro-organisms to liberate more nutrients 
from the unavailable reserves. [33] stated that, the increase in berry size because of HA-S application at full 
bloom is probably ascribed to the uptake of mineral nutrients by the grapevines, but the possible hormone like 
activity of the HA-S (i.e., auxin-, gibberellin- and cytokinin-like activity) should also be taken into consideration. 
HA, found to promote soil water holding capacity and reduce watering requirements for plants [34]. Some stu-
dies reported that HA could be used as a growth regulator to regulate hormone level, improve plant growth and 
enhance stress tolerance [35]. HA may stimulate shoot and root growth, and improve resistance to environmen-
tal stress in plant, but the physiological mechanism has not been well-established [36]. 

Moreover, [37] reported that humic substances prevented immobilization of Fe and P and facilitated their 
translocation from roots to shoots. In addition, [38] suggested that humic substances exert two types of effects in 
relation to plants, a) indirect effects through acting as suppliers and regulators of plant nutrients similar to syn-
thetic ion exchangers and b) direct effects through uptake of humic substances by plant roots. In this connection, 
[39] stated that osmotic adjustment within the cytoplasm is maintained by synthesis of compatible solutes, some 
of which such as proline have deleterious effects on metabolism and growth at high concentrations compared 
with control treatment. 

4.3. Effect of Interaction between Humic Acid and Proline on Growth Parameters and  
Chemical Constituents of Three Flax Varieties under Salinity Conditions 

Data in Table 5 indicated that there were significant effects of all interactions between humic acid and proline 
on growth parameters and chemical constituents of three flax varieties under salinity conditions. Treatment of 
proline at (100 mg/L) with humic acid at rate of (50 kg/fed) improved plant fresh and dry weight of flax plant in 
all cultivars of this trail. Fresh weight increased by 66.6%, 48.7% and 65.5% over controls for Opal, Giza-8 and 
Mayic varaieties, respectively. [40] have reported that humic substances promoted growth and mineral nutrient 
uptake of plant due to the better-developed root systems. [41] similarly reported that 1000 g∙kg−1 of HA applica-
tion positively affected plant growth under saline soil conditions, but higher doses of HA inhibited plant growth. 
[42] determined that under salt stress, the lowest doses of both soil and foliar application of humic substances 
increased the nutrient uptake of wheat. 

The same table indicate that varieties treated with proline at (100 mg/L) with humic acid at rate of (50 kg/fed) 
contained more leaf pigments (chl a, b, carotenoids and total pigments, TSS and free amino acids). It seems that 
proline employed effectively to increase yield and pigment production. Proline at different concentrations shown 
to stimulate growth parameters and chemical constituents of flax varieties under salinity conditions [31], cotton 
[43], and corn [32]. 

Several investigators reported that proline plays a regulatory role in activity and function of the enzymes cat-
alase, peroxidase and polyphenol oxidase in plant cells and in their participation in development of metabolic 
responses to environmental factors [44]. The proposed functions of accumulated proline are osmoregulation, 
maintenance of membrane and protein stability, growth [45] and [46]. It is concluded that exogenous proline 
with humic acid mitigates the detrimental effects of salt stress to increase the growth parameters and chemical 
constituents of three flax varieties. 

4.4. Effect of Third Order Interaction (Variety X Humic Acid X Proline) on Growth  
Parameters, Chemical Constituents, Yield and Yield Components under Salinity  
Conditions 

The results presented in Table 6 showed that all studied characters significantly affected by the interaction be  
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Table 5. Effect of interaction between humic acid, proline and their interaction on growth parameters and chemical cons- 
tituents of three flax cultivars grown under salinity conditions.                                                    

Varieties Treatments 

Shoot  
Fresh 

Weight  
(g) 

Shoot  
Dry  

Weight  
(g) 

Chlorophyll  
a 

Chlorophyll  
b Carotenoids Total  

Pigment 

TSS 
(mg/100g  
dry wt.) 

Free Amino  
Acids  

(mg/100g  
dry wt.) 

Proline 
(µg/100g 
dry wt.) 

Opal 

Control 2.33 0.58 11.60 4.54 4.27 20.42 1720 160.3 35.7 
HA (50 kg/fed) 5.43 1.10 12.23 5.35 5.52 23.10 1942 218.0 51.2 
P1 (50 mg/L) 2.37 0.63 11.98 5.07 5.08 22.12 2247 275.2 63.5 

P2 (100 mg/L) 3.73 0.93 12.13 5.12 5.18 22.43 2301 314.5 65.4 
HA + P1 5.43 1.41 12.83 6.42 5.61 24.86 2954 385.3 58.6 
HA + P2 6.33 1.47 12.83 6.49 5.80 25.12 3244 465.0 61.2 

Giza-8 

Control 7.93 2.10 11.00 2.72 4.44 18.16 1342 153.4 31.2 
HA (50 kg/fed) 11.43 2.75 12.70 6.25 4.62 23.58 1530 179.2 35.7 
P1 (50 mg/L) 9.13 2.57 11.32 4.23 4.45 19.99 1776 188.3 51.8 

P2 (100 mg/L) 10.87 2.69 12.54 4.78 4.49 21.80 1845 201.3 53.2 
HA + P1 12.17 3.33 12.94 6.31 4.78 24.03 2236 223.0 44.3 
HA + P2 15.47 4.17 15.40 6.47 4.99 26.86 2689 286.0 46.8 

Mayic 

Control 9.77 2.76 9.62 2.87 3.48 15.98 1263 146.5 21.5 
HA (50 kg/fed) 12.53 3.20 10.85 3.70 4.52 19.06 1458 156.1 30.3 
P1 (50 mg/L) 10.67 2.77 10.03 3.05 4.03 17.11 1634 161.2 46.4 

P2 (100 mg/L) 10.93 3.10 10.31 3.54 4.20 18.05 1657 166.5 48.3 
HA + P1 13.17 3.21 10.89 4.04 5.01 19.94 1721 175.8 45.8 
HA + P2 28.37 7.64 11.40 4.55 5.08 21.03 1753 188.2 44.7 

LSD 0.05 3.93 1.02 2.19 1.02 0.62 2.14 51.13 3.20 4.05 

HA = humic acid; P = proline. 
 
Table 6. Effect of interaction (Varieties X Humic Acid X Proline ) on yield and yield components under salinity conditions.   

Varieties Treatments 
Plant  

Height 
(cm) 

Fruiting 
Zone 

Length 
(cm) 

Technical 
Length  
(cm) 

No. of 
Branches 

/Plant 

No. of  
Capsules 

/Plant 

Seed  
Yield/ 
Plant 
(g) 

Straw 
Yield 

(ton/ha) 

Seed Yield 
(ton/ha) 

Oil 
(%) 

Oil Yield 
(ton/ha) 

Opal 

Control 41.50 6.00 35.50 3.00 4.33 0.15 1.357 0.547 30.22 0.165 
HA (50 kg/fed) 53.33 12.33 41.00 5.33 8.67 0.75 3.094 0.971 33.51 0.325 
P1 (50 mg/L) 49.33 10.00 39.33 4.67 6.67 0.55 1.928 0.798 34.32 0.274 

P2 (100 mg/L) 49.67 11.33 38.33 4.67 7.67 0.55 2.808 0.823 36.00 0.296 
HA + P1 53.67 13.67 40.00 5.33 11.00 0.80 3.356 1.088 39.39 0.428 
HA + P2 54.76 16.33 38.43 5.67 12.33 1.00 3.522 1.261 40.81 0.515 

Giza-8 

Control 43.67 11.00 32.67 4.33 5.33 0.25 1.452 0.620 31.42 0.195 
HA (50 kg/fed) 53.33 13.33 40.00 6.67 15.33 1.15 3.213 1.031 35.61 0.367 
P1 (50 mg/L) 48.67 17.00 31.67 6.67 11.67 0.85 2.237 0.990 36.81 0.364 

P2 (100 mg/L) 49.25 14.67 34.58 8.33 13.67 1.00 2.570 1.024 39.02 0.400 
HA + P1 53.67 17.00 36.67 9.33 18.67 1.40 3.713 1.347 42.85 0.577 
HA + P2 62.00 17.33 44.67 12.00 21.67 1.50 3.998 1.571 44.25 0.695 

Mayc 

Control 41.67 6.67 35.00 3.33 4.00 0.20 1.999 0.843 29.53 0.249 
HA (50 kg/fed) 42.67 10.00 32.67 5.33 6.33 0.25 2.785 1.483 29.89 0.443 
P1 (50 mg/L) 47.00 8.67 38.33 4.67 5.33 0.55 2.213 0.685 28.04 0.192 

P2 (100 mg/L) 47.33 9.00 38.33 5.33 6.00 0.40 2.523 1.002 31.89 0.320 
HA + P1 53.50 11.00 42.50 5.76 6.33 0.60 2.927 1.338 35.03 0.469 
HA + P2 61.00 12.00 49.00 7.00 8.67 0.80 3.975 1.256 37.51 0.471 

LSD 0.05 3.12 1.16 2.12 0.31 1.30 0.11 0.210 0.042 0.57 0.021 

HA = humic acid; P = proline. 
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tween humic acid and proline on seed, straw and oil yields of three tested flax varieties. The interaction of pro-
line at (100 mg/L) with humic acid at rate of (50 kg/fed) with Giza-8 variety gave the highest values of seed 
yield (1.571 ton/ha), straw yield (3.998 ton/ha) and oil yield (0.695 ton/ha). This superiority was due to the ob- 
tained highest values of plant height (62.0 cm), fruiting zone length (17.33 cm), number of capsules/plant (21.67), 
number of branches/ plant (12) and seed yield/ plant (1.5 g) and seed oil percentage (44.25) and other chemicals 
leaf pigments (chl a and b, carotenoids, total pigments, TSS and free amino acids). Proline can also protect cell 
membranes from salt-induced oxidative stress by enhancing activities of various antioxidants [47]. For example, 
growth of tobacco suspension cells under salt stress promoted by exogenous application of 10 mM proline, which 
proposed to be due to proline action as a protectant of enzymes and membranes [17]. In barley embryo cultures 
under saline conditions, exogenous application of proline resulted in a decrease in Na+ and Cl− accumulations 
and an increase in growth [48]. Such ameliorative effects of proline may be due to plasma membrane stabiliza- 
tion [49].  

5. Conclusion 
This study illustrated that humic acid was able to improve salinity stress tolerance of flax plant. It summarizes 
the effect of HA and proline on morphology, chemical constituents, yield and yield components of three flax 
cultivars under salinity conditions. The mechanism that HA can enhance resistance of salinity stress in flax plant 
may include many possible aspects: HA enhances the absorption of Fe and P and other nutritional elements, and 
then improves nutritional status of plant. It activates defense system of plant quickly; they can increase the re-
sistance of plants to environmental stresses by stimulating growth regulators level and involved in protecting the 
photosynthetic apparatus and consequently increasing the photosynthetic pigments and the photosynthetic ma-
chinery and thereby increasing the carbohydrate, nitrogen contents and the growth rate. The most effect treat-
ment observed when cultivating flax plant in the presence of HA with 100 mg/l proline. 
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