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Physiological role of thiamine and weed
control treatments on faba bean and
associated weeds grown under salt
affected soil
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Abstract

Background and objective: Salinity stress is an important abiotic stress that affect adversely on crop production,
so using of natural compounds to improve plant tolerance to stress is very important.

Materials and methods: Two field experiments were conducted during two winter seasons of 2014/2015 and
2015/2016 at Tag El-Ezz Research Station of Agricultural Research Centre, Dakahliea Egypt. Field evaluation of the
efficiency of weed-control treatments (unweeded, oxadiargyl, and two hand hoeing) and thiamine levels (0, 50, 75,
and 100 mg/l) and their interactive effects on weeds, faba bean growth, yield, yield attributes, and some
biochemical constitutes of seeds under salinity levels (1.37, 3.31, and 4.51 dS m−1).

Results: Data revealed that number and dry weight of broad-leaved, narrow-leaved, and total weeds were
significantly reduced by increasing salinity levels of soil from 1.37 to 4.51 dS m−1. In addition, the highest salinity
level 4.51 dS m−1 caused the highest significant decreases in growth, yield, and yield attributes of faba bean.
Meanwhile, increasing salinity level from 1.3 to 4.51 dS m−1caused significant increases in total soluble sugar, free
amino acids, and proline contents of faba bean plant. Two hand hoeing treatment achieved the highest weed
depression expressed in the lowest dry matter of total weeds. Also, two hand hoeing was the most effective weed
control treatment in increasing growth, yield, yield attributes, and some biochemical constitutes of faba bean seeds
followed by of oxadiargyl treatment. No significant differences between application of two hand-hoeing and
oxadiargyl treatment on all studied parameters. Foliar treatment of faba bean plants with thiamine different
concentrations could alleviate the harmful effects of different salinity levels.

Conclusion: We could conclude that foliar application of thiamine at the rate of 100 mg/l caused the highest
increases in all growth and yield parameters under investigation of faba bean plant. Interaction of 100 mg/l
thiamine treatment and two hand hoeing was the most effective treatments on enhancing faba bean growth,
yield, and its attributes under salinity levels. Results also indicated that free amino and proline works to increase
faba bean plants ability to withstand salinity stress.
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Introduction
Soil salinity is a major problem in agriculture through-
out the world. The major constraints for plant growth
and productivity is ion toxicity via excessive uptake of
mainly Cl− and Na+ as well as nutrients imbalance
caused by disturbed uptake of essential mineral nutrients
(Hu and Schmidhalter 2005). Ghassemi et al. (1995) re-
ported that in Egypt, the area of salt-affected irrigated
land is about 33%. Salinity is a complex environmental
constraint that presents adverse effects on plant cells
due to the decrease in external osmotic potential of soil
solution and an ionic component linked to accumulation
of ions which becomes toxic at high concentrations. The
toxic effect of salt stress lead to adverse metabolic
changes such as loss of chloroplast activity, decreased
photosynthetic rate, and increased photorespiration rate
which leads to an increased reactive oxygen species
(ROS) production (Parida and Das 2005).
Salinity continues to be one of the world’s most ser-

ious environmental problems because elevated levels
of NaCl are naturally present in many agricultural
fields. Global scarcity of water resources and
salinization increasing of soil and water are the main
reducing factors of agricultural productivity. Crop
performance might be adversely affected by salinity as
a result of nutritional disorders. These disorders
might be derived from the effect on nutrient availabil-
ity, competitive uptake, transport, or partitioning
within the plant (Silva et al. 2008). Living with salin-
ity is the only way of sustaining agricultural produc-
tion in salt affected soil (Al-Rawahy et al. 2011).
Plants that are naturally exposed to salt stress can
adapt their metabolism to cope with the changed en-
vironment. To maintain water uptake for growth and
turgor, plant internal water potential must keep below
of the soil. This maintenance needs uptake of soil sol-
utes or the synthesis of compatible solutes to increase
the osmotica potential (Ashraf 2010). These organic
solutes are highly soluble and low molecular weight
that do not intermediate with metabolism of plants
and at high cellular concentrations, these compounds are
nontoxic (El-Bassiouny et al. 2017). Such compatible
osmolytes increase uptake of water from the environment.
Thus, buffering the immediate effect of water deficiency
inside plant cells. Also, these solutes are called osmopro-
tectants because of its protection role in cellular compo-
nents from injury of dehydration during stress. These
osmoprotectants include set of proteins, amino acids, and
soluble sugars (Ashraf 2010). External application of some
antioxidants, vitamins, amino acids, etc. can alleviate the
reduced effect of salinity. Seed priming or foliar treatment
of antioxidants and vitamins can be one of the economic-
ally viable strategies to increase plant tolerance to stress
(Senaratna et al. 2000).

Vitamins could be considered as bio-regulators or hor-
mone precursors compounds which in small quantities
exert an effective influence upon plant growth. In gen-
eral, energy metabolic pathway could be affected by one
or another of these substances (Robinson 1973). Re-
cently, it was suggested that all vitamins participate in
plant growth and development. Most studies showed
that most essential physiological processes such as
photosynthesis, building of all organic foods and en-
zymes, nutrient, and water uptake and cell division de-
pends more or less on the availability of vitamins
(Robinson 1973). Vitamins with their antioxidative prop-
erties play an important role in plant defense against
oxidative stress induced by all chemicals as it act as free
radicals scavenger. The beneficial effect of vitamins was
attributed to their positive action on enhancing cell div-
ision and various growth factors, such as cytokinins and
gibberellins (Oertli 1997; Samiullah et al. 1988;
Bertschinger and Stadler 1997).
Thiamine (vitamin B1) is one of vitamin B group that

could serve as coenzyme in decarboxylation of α-keto
acids, such as pyruvic acid and keto-glutamic acid which
has its importance in the metabolism of carbohydrates
and fats (Bidwell 1979). Thiamine is an important cofactor
for the transketolation reactions of the pentose phosphate
cycle, which provides pentose phosphate for nucleotide
synthesis and for the reduced nicotinamide adenine di-
nucleotide phosphate (NADP) required or various syn-
thetic pathways (Kawasaki 1992). Youssef and Talaat
(2003) reported that pronounced increases in vegetative
growth and chemical constituents of rosemary plants by
foliar application of thiamine. The data of Abdel Aziz et
al. (2009) emphasized that application of thiamine signifi-
cantly increased growth parameters and yield of Gladiolus
plant. The highest values of results were obtained in plants
treated with 100 ppm thiamine. Thiamine is a necessary
ingredient for the biosynthesis of the coenzyme thiamine
pyrophosphate; in this latter form, it plays an important
role in carbohydrate metabolism. It is an essential nutrient
for both plants and animals. In plants, it is synthesized in
the leaves and is transported to the roots where it controls
growth (Kawasaki 1992).
Faba bean (Vicia faba L.) is an important food crop in

Egypt grown in winter season. It is a good source of pro-
tein for human food and animal feeding as its seeds con-
tain most of the necessary amino acids for human and
animal nutrition and low sulfur amino acids concentra-
tions. In addition, faba bean plants improve soil fertility
by providing a substantial input of N2 fixation. The gov-
ernment encourages production of new improved faba
bean cultivars and application of high productivity culti-
vation methods.
Weeds are considered a major problem in bean crop

production causing great losses in seed yield due to
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direct weed-plant competition for light, moisture, and
soil nutrients. The increase in faba bean crop yield as a
result of weed control reached about 78% (El-Metwally
and Shalby 2007). Thus, weed control is one of the most
essential cultural practices for raising faba bean yield
and improving its quality. Two hand hoeing are recom-
mended for effective weed control in faba bean. Hand
hoeing treatment in faba bean fields is the most wide-
spread method of weed control, resulting in good con-
trol of weeds (El –Metwally and Abdelhamid 2008).
Using chemical weed management in intensively
grown crops (e.g., faba bean) is easier and more eco-
nomical than manual or mechanical ones, especially
after hand labors scarce and pay rise. But under the
warnings against manipulating herbicides recently, the
supply of their authorized components became ex-
tremely restricted.
Therefore, this work aimed to study effect of foliar ap-

plication of thiamine, weed control treatments, and their
interactions on some growth traits, chemical compos-
ition of shoot and seed, as well as seed yield of faba bean
plants and its associated weeds grown under saline and
non-saline soil conditions.

Materials and methods
Experimental procedures
Two field experiments were conducted during two suc-
cessive growing seasons 2014/15 and 2015/16 at Tag El-
Ezz Research Station of Agricultural Research Centre,
Dakahliea Egypt (30° 57′ 24″ N 31° 35′ 53″ E). Seeds of
faba bean (Vicia faba L., cv. Giza-843) obtained from
Agricultural Research Centre, Egypt, were sown on 17th
and 19th November and harvest at 27th and 30th April
for the two growing seasons. Faba bean seeds were se-
lected for uniformity by choosing those of equal size and
with the same color. The selected seeds were washed
with distilled water, sterilized with 1% sodium hypo-
chlorite solution for about 2 min, and thoroughly
washed again with distilled water and, left to dry at room
temperature (25 °C) for about 1 h. Faba bean seeds were
inoculated with the specific Rhizobium strain and imme-
diately three uniform air dried seeds were sown in hills
25 cm apart, on both sides of the ridge during the two
growing seasons. Thinning was carried out at 15 days

after sowing (DAS) to leave two plants per hill. Recom-
mended amount of faba bean seeds of 150 kg/ha were
used. Physical and chemical analyses of the experimental
soils were determined according to Chapman and Pratt
(1978) as shown in Table 1. Recommended doses of
chemical fertilizers (N, P, and K) for faba bean produc-
tion in this area were applied (36 kg ha−1 N + 75 kg ha−1

P2O5 + 50 kg/ha K2O). The experiments were laid out in
strip-spilt plot design with four replicates. Sub-sub plot
area was 10.5 m2 included five rows, 0.6 m wide and
3.5 m long. The main plots were allocated for salinity
levels (1.37, 3.31, and 4.51 dS m−1 (considered as S1, S2,
and S3, respectively), whereas the sub-plots were occu-
pied weed control treatments and the sub-sub plots were
devoted to the foliar application with thiamine levels.
Weed control were unweeded (UW), two hand hoeing
(2HH) at 3 and 6 weeks after sowing, and oxadiargyl,
commercially known as Topstar, sprayed at pre-
emergence at the rate of 600 g ha−1 (480 g ha−1 active
principle) after planting and before irrigation. Freshly
prepared solution of thiamine levels (0, 50, 75, and
100 mg/l) were exogenously applied at 30 and 45 days
after sowing. The normal cultural practices of growing
faba bean plants were followed.

Measurements
Weeds of 1 m2 from the middle ridge of each experi-
mental unit were hand pulled at 60 days after sowing
(DAS). The number and dry weights of broad-leaved
and narrow-leaved weeds were estimated. The dry
weight was recorded after oven drying at 70 °C for 72 h.
At 60 and 90 DAS (vegetative growth stage), ten ran-

dom faba bean plants were taken from each experimen-
tal plot to measure plant height, shoot dry weight(g
plant−1), and leaf area index (LAI). Biochemical aspects
measured were SAPD value, proline, total free amino
acids, total soluble sugars, total carbohydrates, and
polysaccharides.
At harvesting, pods dry weight plant−1 (g), number of

pods plant−1, number of seeds plant−1, weight of seeds
plant−1, and 100-seeds weight (g) were recorded. The
whole plot was harvested to determine seed yield
(ton ha−1). The yielded seeds were cleaned and crushed

Table 1 Physical and chemical analyses of the experimental soil

Salinity pH EC
(dS/
m)

Anions (meq L−1) Cations (meq L−1) Particle size distribution (%)

HCO3
− Cl− So4

− Ca++ Mg++ Na+ K+ Coarse sand Fine sand Silt Clay Texture

S1 7.93 1.35 3.04 13.4 4.95 6.1 3.9 11.3 0.54 5.7 17.3 40.2 36.8 Clay

S2 7.80 3.17 1.75 25.1 6.06 10.4 5.7 15.7 1.62 5.8 16.1 40.6 37.5 Clay

S3 7.97 4.20 2.12 31.6 7.46 12.0 6.1 21.0 1.67 5.6 15.9 40.7 37.8 Clay

EC electrical conductivity
S1 (1.37 dS m−1), S2 (3.31 dS m−1), S3 (4.51 dS m−1)
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to determine some chemical constituents of seeds. Total
nitrogen content of seeds was determined.

Biochemical analysis
SAPD value
SAPD value was measured by chlorophyll meter (SPAD-
502 plus) according to Soil Plant Analysis Department
Section, Minolta Camera Co., Osaka, Japan (Minolta
Camera Co. 1989).

Proline
Proline and free amino acids contents were extracted ac-
cording to the method described by Vartainan et al.
1992). Proline was assayed according to the method de-
scribed by Bates et al. (1973). Two milliliters of proline
extract, 2 ml of acid ninhydrin, and 2 ml of glacial acetic
acid were added and incubated for 1 h in a boiling water
bath followed by an ice bath. The absorbance was mea-
sured at 520 nm using Spekol Spectrocololourimeter
VEB Carl Zeiss. A standard curve was obtained using a
known concentration of authentic proline.

Free amino acids
Free amino acid was determined with the ninhydrin re-
agent method (Muting and Kaiser (1963). Then, 1.0 ml
acetate buffer (pH 5.4) and 1.0 ml chromogenic agent
were added to 1.0 ml free amino acid extraction. The
mixture was heated in boiling water bath for 15 min.
After cooled in tap water, 3 ml ethanol (60% v/v) was
added. The absorbance at 570 nm was then monitored
using Spekol Spectrocololourimeter VEB Carl Zeiss.

Total soluble sugars
Total soluble carbohydrates (TSS) were extracted by
overnight submersion of dry tissue in 10 ml of 80% (v/v)
ethanol at 25 °C with periodic shaking, and centrifuged
at 600 g. The supernatant was evaporated till completely
dried then dissolved in a known volume of distilled
water to be ready for determination of soluble carbohy-
drates (Homme et al. 1992). TSS were analyzed by react-
ing of 0.1 ml of ethanolic extract with 3.0 ml freshly
prepared anthrone (150 mg anthrone + 100 ml 72%
H2SO4) in boiling water bath for 10 min and reading the
cooled samples at 625 nm using Spekol Spectrocololour-
imeterVEB Carl Zeiss (Yemm and Willis 1954).

Total carbohydrates
Determination of total carbohydrates was carried out ac-
cording Dubois et al. (1956). A known mass (0.2–0.5 g)
of dried tissue was placed in a test tube, and then 10 ml
of sulfuric acid (1 N) was added. The tube was sealed
and placed overnight in an oven at 100 °C. The solution
was then filtered into a measuring flask (100 ml) and
completed to the mark with distilled water. The total

sugars were determined colorimetrically according to
the method18 as follows: an aliquot of 1 ml of sugar so-
lution was transferred into test tube and treated with
1 ml of 5% aqueous phenol solution followed by 5.0 ml
of concentrated sulfuric acid. The tubes were thoroughly
shaken for 10 min then placed in a water bath at 23–
30 °C for 20 min. The optical density of the developed
color was measured at 490 nm using Shimadzu spectro-
photometer model UV 1201. Polysaccharides were cal-
culated by difference between total carbohydrates and
total soluble sugars.

Nitrogen and crude protein
Total nitrogen content of seeds was determined with mi-
cro Kjeldhal’s apparatus according to A. O. A. C. (1990).
N values were multiplied by 6.25 to calculate total crude
protein.
All data were subjected to the analysis of variance

(ANOVA) for a strip-spilt plot design, after testing for
the homogeneity of error variances according to the pro-
cedure outlined by Gomez and Gomez (1984). Statisti-
cally significant differences between means were
compared at p ≤ 0.05 using least significant difference
(LSD) test.

Results
Changes in weed growth
The most dominant weeds in both growing seasons were
Wild beet (Beta vulgaris L.), Greater ammi (Amm ima-
jus L.), Dock (Rumex dentatus L.), Bur clover (Medicago
hispida L.), Annual yellow sweet clover (Melilotus indi-
cus L.) as annual broad-leaved weeds, and Wild oat
(Avena fatua L.) and Ryegrass (Lolium temulentum L.)
as narrow-leaved weeds.
Results presented in Table 2 revealed that number and

dry weight of broad-leaved, narrow-leaved, and total
weeds were significantly reduced by increasing salinity
level of soil. In this regard, 4.51 dS m−1 salinity level (S3)
achieved the highest weed depression expressed in the
lowest dry matter of the above mentioned weed groups.
Results in Table 2 clearly indicate that treatment of

oxadiargyl was more efficient and exerted the highest re-
duction in dry weight of broad-leaved, narrow-leaved,
and total weeds. It decreased dry weight of aforemen-
tioned characters by 83.49%, 83.51%, and 83.50% at 60
DAS as compared with unweeded treatments. In this
connection, oxadiargyl was more efficient and exerted
the highest reduction in number of broad-leaved. While,
two hand hoeing gave the lowest values of number of
narrow-leaved and total weeds. Several reports have con-
firmed that hoeing twice is the most effective weed con-
trol practice for reducing weed dry matter accumulation
in faba bean fields. Meanwhile, oxadiargyl was more ef-
fective in controlling total weeds and resulted in the
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highest reduction of dry matter when compared with un-
weeded treatments. No significant differences between ap-
plication of two hand-hoeing and oxadiargyl treatments
on growth of weeds. With respect to thiamine treatments,
thiamine application at the rate of 100 mg/l caused signifi-
cant increases in dry weight of broad-leaved, narrow-
leaved, and total weeds at 60 DAS compared with un-
treated plants. According to results in Table 2, number of
broad-leaved, narrow-leaved, and total weeds at 60 DAS
were insignificantly affected by thiamine treatments.
The remarkable impact of interaction between weed

management and soil salinity on broad-leaved, narrow-
leaved, and total weeds at 60 DAS as presented in Fig. 1.
In this regard, application of oxadiargyl gave the lowest
values of broad-leaved and total weeds under salinity
level 4.51 dS m−1. While, application of two hand hoeing
under salinity level 4.51 dS m−1 achieved the highest de-
creases in dry weight of narrow-leaved weeds.
Regarding to the interaction between weed control

treatments and thiamine application, Fig. 2 shows that
foliar spraying of water (untreated thiamine) produced
the lowest values of dry weight of total weeds when oxa-
diargyl treatment was applied. In contrast, the highest
total dry weight of faba bean weeds was recorded with
unweeded treatment with 100 mg/l thiamine treatment.

Changes in faba bean growth
The effect of soil salinity on faba bean growth is pre-
sented in Table 3. Soil salinity affect adversely and

significantly on faba bean growth. S3 (4.51 dS m−1) salin-
ity level caused the highest significant decreases in plant
height, shoot dry weight, LAI, and SPAD value. Vis-
versa, planting in soil salinity level 1.37 dS m−1 gave the
highest values of aforementioned characters. Weed con-
trol treatments significantly increased all the previous
mentioned parameters. Two hand hoeing gave the max-
imum values of aforementioned characters. In contrast,
unweeded treatment produced the least values of faba
bean characters under study. Regarding thiamine applica-
tion, it was noted that foliar treatment of faba bean with
different concentrations of thiamine increased signifi-
cantly and gradually the above-mentioned parameters as
compared with control plants (Table 3). Further, 100 mg/l
thiamine was the most effective treatments as it caused
the highest significant increases in all the above-
mentioned parameters relative to control plants (Table 3).
With respect to the effect of interaction between weed

control treatments and different salinity levels, data
clearly show that different weed control methods affect
significantly on leaf area index LAI as presented in Fig. 3.
Two hand hoeing caused the highest increases in leaf
area index (LAI) of faba bean grown under different sal-
inity levels compared with unweeded treatments.
Analysis of data revealed that the combined effect of

salinity levels and thiamine concentrations significantly
affect on leaf area index (Fig. 4). Different concentrations
of thiamine vitamin (0, 50, 75, or 100 mg/l) caused sig-
nificant increases in LAI with different salinity levels as
compared with their corresponding untreated controls.
Maximum increase in leaf area index was obtained
at1.31 dS m−1 salinity level with application of 100 mg/l
thiamine. While at 4.51 dS m−1, salinity level gave the
minimum values of leaf area index without thiamine
application.
Results in Fig. 5 show the significant effect of the

interaction between weed control and thiamine levels.
Application of thiamine with different concentrations in-
creased significantly on LAI as compared with untreated
control. Further, 100 mg/l concentration significantly in-
creased leaf area index with hand hoeing treatment.
While the lowest leaf area index was recorded with un-
weeded treatment without thiamine application.

Changes in carbohydrate constitutes, free amino acids,
and proline
Results of changes in carbohydrate constituents, free
amino acids, and proline of faba bean shoot are pre-
sented in Table 4. Data clearly show that carbohydrate
constituents (total carbohydrates, polysaccharides, and
total soluble sugars), free amino acids, and proline sig-
nificantly differ in response to different salinity levels
dS m−1. Increasing salinity levels from 1.3 to 3.31 to
4.51 dS m−1caused significant and gradual increases in

Table 2 Effect of weed control and thiamine levels on number
and dry weight (g/m2) of faba bean weeds at 60 days from
sowing under salinity condition (combined analysis of two
seasons)
Treatments Broadleaved Narrow leaved Total weeds

No. Weight No. Weight No. Weight

Salinity levels (dS m−1)

1.37 18.2 22.3 26.8 22.5 45.0 46.9

3.31 15.6 19.4 24.2 22.0 39.8 41.4

4.51 11.1 13.7 17.1 15.7 28.2 29.4

LSD 0.05 2.1 3.2 1.8 1.6 3.4 3.9

Weed control:

Unweeded 33.4 41.2 47.9 46.7 81.3 87.9

Oxadiargyl 5.5 6.8 11.2 7.7 16.7 14.5

Two hand hoeing 6.0 7.4 8.6 7.8 14.6 15.3

LSD 0.05 1.3 1.5 2.2 2.5 1.8 2.5

Thiamine levels (mg/l)

Control 13.5 15.5 20.6 18.9 34.1 35.4

50 14.5 17.9 22.3 20.4 36.8 38.3

75 15.7 19.4 23.6 21.6 39.3 41.0

100 16.2 20.9 24.2 22.1 40.5 42.1

LSD 0.05 NS 1.3 NS 2.1 NS 2.1
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total soluble sugar, free amino acids, and proline con-
tents of faba bean plants; meanwhile, significant gradual
decreases in polysaccharides and total carbohydrates
contents of faba shoots.
According to results in Table 4, polysaccharides, total car-

bohydrates, total soluble sugar, free amino acids, and proline
were insignificantly affected by weed control treatments.
The resulted data of foliar treatment of thiamine dif-

ferent concentrations (Table 4) show that all concentra-
tion of thiamine (50, 75, and 100 mg/l) caused marked
enhancement in polysaccharides, total carbohydrates,
free amino acids, and proline as compared with un-
treated control. Then, 75 mg/l of thiamine caused the
highest increases in the above mentioned characters
compared with other treatments.
The interaction between salinity levels and thiamine

levels was significantly affected by free amino acids

proline contents (Fig. 6). Salinity level 4.51 dS m−1 pro-
duced the highest content of free amino acids and pro-
line with thiamine at 75 mg/l foliar treatment. Moreover,
the minimal values of free amino acids and proline were
obtained with salinity levels 1.31 dS m−1 and untreated
plots with thiamine.

Changes in yield, yield attributes, and seed chemical
constitutes of faba bean seeds
Seed yield, yield attributes (number of pods plant−1, pods
dry weight plant−1, number of seeds plant−1, weight of
seeds plant−1, and 100-seeds weight) and total carbohy-
drates percentages were reduced significantly by increas-
ing salinity levels from 1.37 to 4.51 dS m−1 (Table 5) as
compared with 1.37 dS m−1. Meanwhile, increasing sal-
inity levels up to 4.51 dS m−1 increased protein
percentage.

Fig. 1 Effect of the interaction between weed control and salinity levels on faba bean weeds dry weight (g/m2) at 60 days from sowing
(combined analysis of two seasons)
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Significant differences were observed in function of
weed management practices in yield and its attributes as
well as chemical constitutes of seeds (Table 5). Two
hand hoeing treatments provided the maximum values
in number of pods plant−1, pods dry weight plant−1,

number of seeds plant−1, weight of seeds plant−1, 100-
seeds weight, seed yield, total carbohydrates, and protein
percentage compared to the unweeded treatment. The
increases in seed yield resulting from two hand hoeing
amounted to 57.8%. In addition, oxadiargyl was the best

Fig. 2 Effect of the interaction between thiamine levels and weed control on total dry weight of weeds (g/m2) faba bean at 60 days from
sowing (combined analysis of two seasons)

Table 3 Effect of weed control and thiamine levels on growth and physiological characters of faba bean under salinity condition
after 60 and 90 days from sowing (combined analysis of two seasons)

Treatments At 60 from sowing At 90 from sowing

Plant height (cm) Shoot dry weight (g) LAI SPAD
value

Plant height (cm) Shoot dry weight (g) LAI SPAD value

Salinity levels (dS m− 1)

1.37 85.70 30.14 4.77 39.20 123.80 37.70 7.52 39.90

3.31 81.00 26.81 4.00 35.90 117.00 31.10 5.16 36.50

4.51 70.60 21.71 2.97 33.50 100.80 28.50 4.46 33.10

LSD 0.05 4.21 2.23 0.34 2.16 4.87 2.48 0.39 2.11

Weed control:

Unweeded 76.90 21.23 3.50 34.10 108.30 27.10 5.00 35.00

Oxadiargyl 79.80 28.17 3.98 36.70 115.80 34.60 5.92 37.00

Two hand hoeing 81 50 29.38 4.24 36.80 117.80 35.50 6.21 37.40

LSD 0.05 2.80 1.82 0.45 1.21 4.50 3.21 0.27 1.13

Thiamine levels (mg/l)

Control 71.50 19.80 3.50 34.50 102.2 23.60 5.28 35.00

50 76.60 25.40 3.96 35.40 110.9 31.40 5.63 36.60

75 83.00 28.00 4.20 36.60 120.7 35.00 5.88 37.10

100 85.00 31.70 4.04 37.50 121.8 39.60 6.05 37.80

LSD 0.05 1.80 2.14 0.18 0.75 3.39 3.67 0.14 0.56

El-Metwally and Sadak Bulletin of the National Research Centre          (2019) 43:105 Page 7 of 16



treatment to promote seed yield exceeding the un-
weeded check by 50.0%, respectively.
Concerning to the effect of foliar application of thiamine

on number of pods plant−1, pods dry weight plant−1, num-
ber of seeds plant−1, weight of seeds plant−1, 100-seeds
weight, seed yield ton/ha total carbohydrates %, and protein
% (Table 5). The resulted data showed that all concentra-
tion of thiamine improve yield, its attributes, and chemical
composition of the yielded seeds as compared with those
untreated plants (control). The presented data revealed
that foliar application of thiamine at rate of 100 mg/l re-
sulted the highest seed yield (35.3%) compared with un-
treated plots.

Figure 7 show the effect of interaction of different sal-
inity levels and weed control treatments on seed yield
(ton/ha) and seed protein % of faba bean. Different weed
control treatments increased significant seed yield and
seeds protein % as compared with the corresponding un-
weeded treatments at different salinity levels. The high-
est seed yield and protein percentage (Fig. 7) was
obtained when faba bean sowing at a level of salinity
1.31 dS m−1 with hand hoeing treatment followed by the
same level combined with oxadiargyl herbicides with-
out significant difference among these treatments. On
the other hand, the lowest seed yield and protein per-
centage was recorded from the unweeded treatment

Fig. 3 Effect of the interaction between salinity levels and weed control on LAI of faba bean at 90 days from sowing (combined analysis of two seasons)

Fig. 4 Effect of the interaction between salinity levels and thiamine levels on LAI of faba bean at 90 days from sowing (combined analysis of
two seasons)
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with faba bean sowing at a level of salinity
4.51 dS m−1.
With respect to the interaction effect between weed

control treatments and different thiamine levels on seed
yield (ton/ha) and seed protein% of faba bean plant data
are presented in Fig. 8. Different weed control treatment
and or thiamine foliar treatment with different concen-
trations increased significantly seed yield and seed

protein % as compared with their corresponding con-
trols. Application of thiamine at the rate of 100 mg/l sig-
nificantly increased seed yield and protein percentage
with hand hoeing treatment. While the lowest seed yield
and protein percentage was recorded with unweeded
treatment without thiamine application.
Analysis of data revealed that the combined effect of

salinity levels and thiamine with different concentrations

Fig. 5 Effect of the interaction between thiamine levels and weed control on LAI of faba bean at 90 days from sowing (combined analysis of
two seasons)

Table 4 Effect of weed control and thiamine treatments on carbohydrates constituents (mg/g dry wt), free amino acids, and proline
(mg/100 g dry wt) contents of faba bean shoot under salinity condition after 60 days from sowing

Treatments Total carbohydrates Polysaccharides TSS Free amino acids Proline

Salinity levels (dS m−1)

1.37 259.46 231.21 25.26 158.14 31.33

3.31 257.08 218.86 38.22 170.92 44.10

4.51 250.24 202.87 50.37 180.21 53.40

LSD 0.05 1.56 5.21 4.86 5.12 3.23

Weed control

Unweeded 252.25 212.42 34.84 168.99 42.18

Oxadiargyl 256.97 221.21 39.15 170.90 44.07

Two hand hoeing 257.56 219.69 39.87 169.39 42.57

LSD 0.05 NS NS NS NS NS

Thiamine levels (mg/l)

Control 248.73 211.82 36.91 165.11 38.30

50 254.99 217.15 37.84 169.27 42.45

75 261.52 222.74 38.78 173.45 46.64

100 257.13 218.87 38.26 171.21 44.40

LSD 0.05 2.14 1.11 0.45 1.04 1.56
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on seed yield (ton/ha) and seed protein percentage are
presented in Fig. 9. Different concentrations of thiamine
increased significantly seed yield and protein % as com-
pared with their corresponding controls at each salinity
levels. Maximum increases of seed yield and protein per-
centage were obtained with foliar treatment of thiamine
100 mg/l at different salinity levels.
Finally, it could be concluded that thiamine foliar

treatment with different concentrations could alleviate

the harmful effects of saline soil with different weed con-
trol treatment. Further, 100 mg/l was the most effective
treatment with two hand hoeing for enhancing yield and
its attributes. Results also indicated that osmoprotec-
tants as total soluble sugars, free amino, and proline
works to increase faba bean plants ability to withstand
salinity stress. Also, no significant differences between
application of two hand hoeing and oxadiargyl treat-
ments on weeds and faba bean characters.

Fig. 6 Effect of the interaction between salinity levels and thiamine levels on proline and free amino acids (mg/100 g) contents of faba bean
shoot at 60 days from sowing

Table 5 Effect of Effect of weed control and thiamine levels on yield, yield attributes, and chemical composition of faba bean seeds
under salinity condition (combined analysis of two seasons)

Treatments Yield and yield attributes Chemical composition

Pods no/
plant

Pods weight/
plant

No of seeds/
plant

Seeds weight/
plant

100-seed
weight

Seed yield
ton/ha

Total
carbohydrates %

Protein
%

Salinity levels (dS m−1)

1.37 24.17 182.1 66.17 38.75 52.42 5.29 53.68 21.76

3.31 18.92 161.3 58.33 35.58 46.33 4.57 53.65 22.90

4.51 12.67 140.4 49.50 22.92 38.17 3.23 52.65 23.54

LSD 0.05 2.14 5.45 3.71 2.13 4.12 0.45 3.52 0.36

Weed control

Unweeded 11.58 130.8 51.17 28.17 43.33 3.20 53.65 21.80

Oxadiargyl 19.92 168.3 60.25 33.42 45.58 4.80 54.95 23.01

Two hand
hoeing

20.58 184.2 62.42 35.67 48.00 5.05 55.65 23.42

LSD 0.05 2.22 4.99 2.54 1.16 2.15 0.45 3.45 0.45

Thiamine levels (mg/l)

Control 14.77 131.7 51.67 28.11 40.56 3.63 53.91 21.57

50 18.11 157.2 56.33 30.78 44.11 4.14 54.65 22.42

75 20.56 171.7 59.11 34.11 47.55 4.64 55.95 23.32

100 20.89 181.1 64.11 36.67 50.33 4.91 54.95 23.66

LSD 0.05 1.56 4.78 2.62 2.11 2.14 0.34 3.65 0.51
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Discussion
Results in Table 2 clearly indicate that treatment of oxa-
diargyl was more efficient and exerted the highest reduc-
tion in dry weight of broad-leaved, narrow-leaved, and
total weeds. Oxadiargyl was more efficient and exerted
the highest reduction in number of broad-leaved. While
two hand hoeing gave the lowest values of number of
narrow-leaved and total weeds. Several reports have con-
firmed that hoeing twice is the most effective weed con-
trol practice for reducing weed dry matter accumulation
in faba bean fields. Meanwhile, oxadiargyl was more ef-
fective in controlling total weeds and resulted in the

highest reduction of dry matter when compared with
unweeded treatments. This reduction of weed dry weight
may be due to the inhibition effect of herbicide treat-
ments on growth and development of weeds. No signifi-
cant differences between application of two hand hoeing
and oxadiargyl treatments on growth of weeds. These re-
sults are in general agreement with those recorded by
Soliman et al. (2015), Dawood et al. (2016), and El-
Metwally and Dawood (2016). With respect to the posi-
tive effect of thiamine treatments on weed faba bean
have been confirmed by Dawood et al. (2016) and El-
Metwally (2016).

Fig. 7 Effect of the interaction between salinity levels and weed control on seed yield ton/ha and seed protein% (combined analysis of
two seasons)

Fig. 8 Effect of the interaction between thiamine levels and weed control on seed yield ton/ha and seed protein percentages (combined analysis
of two seasons)
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Soil salinity decreased significantly faba bean growth.
S3 (4.51 d m−1) salinity level caused the highest signifi-
cant decreases (Table 3). Farouk et al. (2011) stated that
such reduction in growth characters could be ascribed
to the reducing effect of salinity on cell division and cell
enlargement, increase energy required for absorption of
minerals and water, accumulation of some poisonous
compounds in plant cells, high respiration rate, inhib-
ition of protein turnover, and nucleic acid synthesis. Our
results of reduced salinity stress effect on growth param-
eters of faba bean plant are in harmony with Bakhoum
and Sadak (2016), Elewa et al. (2017), Sadak (2019), and
Dawood et al. (2019); they stated that growth parameters
of sunflower, quinoa, wheat, and sunflower plants de-
creased with salinity and drought stress and attributed
these reductions to the metabolic disorders induced by
stress and generation of excess ROS. Also, the decrease
in shoot height in response to salinity might be due to
the decrease in cell elongation, cell turgor, cell volume,
and eventually cell growth (Banon et al. 2006). In
addition, these reductions in growth parameters might
be referred to the effect of high osmotic stress and ion
toxicity (Hasanuzzaman et al. 2013) or due to altered
cell wall structure induced by stress (Sweet et al. 1990).
In addition, the decreases in LAI, resulting from the re-
duction in supply of carbon assimilate due to decreasing
the net photosynthetic rate and biomass accumulation.
As well as the decrease in chlorophyll content might be
related to the increase in activity of chlorophyll degrad-
ing enzyme, chlorophyllase, and the destruction of
chloroplast structure and the instability of pigment pro-
tein complexes (Verma et al. 2012). Semida et al. (2014)
confirmed this reduction on all growth traits, and re-
ported a decrease on leaf area and chlorophyll

concentration due to salinity. Weed control treatments
significantly increased all the previous mentioned pa-
rameters. Two hand hoeing gave the maximum values of
aforementioned characters. These findings may be due
to the role of hand hoeing in controlling weeds. Conse-
quently, decrease in the competition between faba bean
and different weeds thus light, water, and nutrients be-
come available to faba bean growth. Results also indicate
that no significant differences between application of
two hand hoeing and oxadiargyl treatments on faba bean
growth. These findings might be due to the role of hand
hoeing or oxadiargyl treatments in controlling weeds. By
decreasing the competition between faba bean and
weeds thus light, water, and nutrients become available
to faba bean growth. Regarding thiamine application, it
was noted that foliar treatment of faba bean with differ-
ent concentrations of thiamine increased significantly
and gradually the above-mentioned parameters as com-
pared with control plants (Table 3). Thiamine is a strong
antioxidant and plays an important role in different
physiological processes including plant growth and de-
velopment. It prevents lipid peroxidation and protects
chloroplast membranes from photo-oxidation and assists
the transport of electrons in photosystem-II Farouk et al.
(2011). El-Awadi et al. (2016) and Khafagy et al. (2016)
found that thiamine significantly increased growth pa-
rameters of Lupine plant and barley plant. Thiamine as a
vitamin and its main role as a functional coenzyme
thiamine pyrophosphate which play an important role in
the balance of carbon metabolism of crops. In addition,
the obtained results of improving faba bean plant growth
by thiamine foliar treatment might be due to its role in
enhancing cell division and endogenous phytohormones
in plant. As well as the enhancement of thiamine

Fig. 9 Effect of the interaction between salinity levels and thiamine levels on seed yield ton/ha and seed protein% (combined analysis of
two seasons)
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vitamin might be due to the main role of vitamins as co-
enzymes, alleviation of the harmful effects of stress in
addition to the role of vitamins in different biochemical
processes of the plant.
Data in Table 4 clearly show that carbohydrate constit-

uents, free amino acids, and proline significantly differ
in response to different salinity levels dS m−1. Increasing
salinity levels from 1.3 to 3.31 to 4.51 dS m−1caused sig-
nificant and gradual increases in total soluble sugar, free
amino acids, and proline contents of faba bean plants;
meanwhile, significant gradual decreases in polysaccha-
rides and total carbohydrates contents of faba shoots.
These decreases in total carbohydrates of salinity
stressed faba bean plant concomitantly with the reduc-
tion in leaf photosynthetic pigments (SAPD, Table 3) led
to the conclusion that salinity may inhibit photosyn-
thetic activity and/or increased partial utilization of car-
bohydrates into other metabolic pathways (Hassanein et
al. 2009). These results of stress are in agreement with
those obtained by El-Bassiouny and Sadak (2015) on flax
cultivars, El-Bassiouny et al. (2017) on sunflower plant,
and Sadak et al. (2019) on quinoa plant. De Ridder and
Salvucci (2007) reported that the reduction of total car-
bohydrates under salinity stress is probably due to
higher sensitivity of photosystem II, decrease of CO2 in
intercellular spaces of stomata, reduction in photochem-
ical quantum efficiency of CO2 uptake, low level of O2

evolution, and low level of 3-phosphoglycerate. These
circumstances may lead to the reduction in carbon allo-
cation to new leaves and furthermore to potential photo-
synthetic capacity resulted in reduction of photon yield
of CO2 assimilation and consequently minimize starch
synthesis under salinity stress. In this connection, (Pata-
kas et al. 2002) stated that under salinity stress, plant
growth reduced and accumulates solutes in cells to pre-
serve the volume and larger against dehydration. Also,
soluble sugars are the major category of compatible or-
ganic solutes which play an important role in relieving
salinity stress through giving some salinity tolerance of
plant cells or by osmotic adjustment (El-Bassiouny et al.
2017). As well as these increases in total soluble sugars
of faba bean plants may indicate more stimulation in en-
zymes of sugar hydrolysis. In addition, Srivastava et al.
(1995) stated that accumulations of TSS play a key role
in alleviating salinity stress either via osmotic adjustment
or by conferring desiccation resistance to plant cells.
Concerning total carbohydrates and polysaccharides, the
decreased contents of chlorophyll synthesis in Table 3 in
response to irrigation of saline water might be the re-
sults of decreased the biosynthesis of total carbohydrates
and polysaccharides contents of faba bean plant. With
respect to free amino acids and proline, proline accumu-
lation is one of the most frequently reported modifica-
tions induced by water and salt stress in plants and is

often considered to be involved in stress resistance
mechanisms. Its possible roles have been attributed for
stabilizing the structure of macromolecules and organ-
elles through stabilizing proteins and membranes against
denaturation effect of high concentrations of salts and
other harmful solutes (Munns 2002). Salt stress induced
decreases in total N while increased accumulation of
proline and free amino acids with increasing salinity
level. These findings are in good agreement with those
obtained by Amirjani (2010), Sadak et al. (2010), Taie et
al. (2013), and El-Bassiouny et al. (2017). According to
results in Table 4, polysaccharides, total carbohydrates,
total soluble sugar, free amino acids, and proline were
insignificantly affected by weed control treatments.
The resulted data of foliar treatment of thiamine dif-

ferent concentrations (Table 4) show that all concentra-
tion of thiamine caused marked enhancement in
polysaccharides, total carbohydrates, free amino acids,
and proline as compared with untreated control. The in-
crements in soluble and total carbohydrates under the
effect of thiamine treatments are similar to those ob-
tained by Rady et al. (2011), El-Bassiouny and Sadak
(2015), Sadak (2016), and Khafagy et al. (2017). They
mentioned that vitamins application stimulated the ac-
cumulation of total soluble sugars in salt-affected sun-
flower cultivars, flax, pea, and lupine plants, respectively
under stress conditions, either via increasing endogen-
ous levels of certain phytohormones or by acting as acti-
vators of carbohydrates synthesis. Further, these
increments in carbohydrate contents probably might be
attributed to the protective effects of thiamine on photo-
synthetic systems. It could be suggested that salt toler-
ance was manifested via activated proline synthesis and
hydrolysis of protein into free amino acids to act as
osmoprotectants in the different organs of the plant.
Under salinity stress, increased proline concentration
lowers the generation of free radicals and thus reduces
lipid peroxidation as well acting as a mediator of os-
motic adjustment and/or stabilizer of subcellular struc-
tures. The interaction between salinity levels and
thiamine levels significantly affected by free amino acids
proline contents (Fig. 6). Salinity level 4.51 dS m−1 pro-
duced the highest content of free amino acids and pro-
line with thiamine at 75 mg/l foliar treatment. Moreover,
the minimal values of free amino acids and proline were
obtained with salinity levels 1.31 dS m−1and untreated
plots with thiamine. Similar results have been reported
by Abdelhamid et al. (2013), El-Bassiouny and Sadak
(2015), and Sadak (2016) on different plant species.
Seed yield, yield attributes, and total carbohydrates

percentages were reduced significantly by increasing sal-
inity levels from 1.37 to 4.51 dS m−1 (Table 5) as com-
pared with 1.37 dS m−1. Meanwhile, increasing salinity
levels up to 4.51 dS m−1 increased protein percentage.
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The observed decreases in seed yield and its attributes
in the present work could be attributed to the obtained
reduction in LAI (Table 3) which might affect on photo-
synthetic efficiency of faba bean leaves and hence, carbo-
hydrate contents of plants (Table 4). Similarly, Van
Hoorn et al. (2001) mentioned that the reduction in
yield of soybean plants under salinity stress was attrib-
uted to the decrease in photosynthetic rate, carbohydrate
accumulation, nitrogenase activity, and consequently
seed yield. In addition, the reduction in the yield could
be also attributed to the accumulation of toxic ions, im-
paired uptake of essential nutrients and/or damage in
cellular organelles as reported by Torres-Schumann et
al. (1989). Also, high salinity levels significantly increased
protein percentage compared to low salinity levels. Simi-
lar results have been reported by Dawood et al. (2016)
and Mohsen et al. (2018). Significant differences were
observed in function of weed management practices in
yield and its attributes as well as chemical constitutes of
seeds (Table 5). The superiority of these treatments in
producing high seed yield might be due to their high ef-
ficiency in controlling broad spectrum of weeds without
damaging faba bean plants, thus reduce weed competi-
tive capacity, leading to increase in seed yield. Also,
these increases due to application of hand hoeing over
the weedy check was reported in number of pods per
plant (El-Metwally 2016), in pod dry weight per plant
(El-Metwally and Dawood 2016) and seed yield per ha
El-Metwally et al. 2017.
The resulted data (Table 5) showed that all concentra-

tion of thiamine improve yield, its attributes, and chemical
composition of the yielded seeds as compared with those
untreated plants (control). El-Awadi et al. (2016) and
Aminifard et al. (2018) stated that thiamine treatment
caused significant increases in seed yield and yield compo-
nents, oil and protein contents in Lupine plant and
fenugreek plants. Thiamine is necessary for dividing meri-
stematic 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 thiamine application. This
phenomenon, by changing the water potential of plants,
can increase the turgor pressure, which is needed for cell
expansion and thereby plant growth and yield (Sayed and
Gadallah 2002). Thiamine are believed to protect chloro-
plast membranes from photo-oxidation and help to
provide an optimal environment for photosynthetic ma-
chinery, delaying senescence and increasing photosyn-
thetic products (Collin et al. 2008). Phytoregulator
compounds (as thiamine) were suggested to elevate and
tolerate the adverse effects of biotic and abiotic stresses
on plant growth and yield. Under saline conditions, Rady
et al. (2015) reported that foliar application of thiamine on
faba bean induced marked increases in photosynthetic

pigments as well as yield and yield components. The en-
hancement role of thiamine on growth parameters, SPAD
value (Table 3), soluble and total carbohydrates, proline,
and soluble proteins may be reflected by its role in ameli-
orating the harmful effect of salinity stress on faba bean
plants, causing significant increases in carbohydrates and
proteins. These results are in good agreements with those
reported by Rady et al. (2015) on soybean plant.

Conclusion
We could conclude that foliar application of thiamine at
the rate of 100 mg/l caused the highest increases in all
growth and yield parameters under investigation of faba
bean plant. Interaction of 100 mg/l thiamine treatment
and two hand hoeing was the most effective treatment
on enhancing faba bean growth, yield, and its attributes
under salinity levels. Results also indicated that free
amino and proline works to increase faba bean plants
ability to withstand salinity stress.
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