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Abstract

Background: Two field experiments were carried out at the Research and Production Station of the National
Research Centre, Nubaria region, Behira Governorate, Egypt, during two winter seasons of 2014/2015 and 2015/2016.
The aim of this study was to investigate the response of vegetative growth, yield, yield components, and some
metabolic constituents of four faba bean (Vicia faba L.) cultivars “Nubaria 2, Sakha 1, Sakha 3, and Sakha 4" to foliar
application of fulvic acid (FA) at 0.0, 3, 6,and 9 gL~ !

Results: The results show that all applications of FA increased all vegetative characters (i.e, plant height, number of
branches and leaves, and total dry weight/plant, fourth leaf area and leaf area index, specific leaf weight, and crop
growth rate), as well as, yield and its components (i.e, number of pods/plant, weight of pods/plant, seed and straw
yield/plant, seed and straw yield/feddan, and seed index) of all studied faba bean cultivars, comparing to untreated
plants. The results also show the total photosynthetic pigments content in leaves were increased by increasing FA
concentration up to 9 gL~ Treatment FA at 9 gL, significantly improved the nutritional value and quality of seeds by
increasing total carbohydrates, crude protein, minerals (nitrogen, phosphorus, and potassium) content, arginine, lysine,
phenylalanine, and tryptophan.

Conclusions: Generally, foliar application of FA at 9 gL™', singly or interaction with Sakha 4 effectively increased seed
yield and quality. In conclusion, the growth and yield contributing characters and quality of four bean cultivars could

be improved with foliar application of FA treatments.
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Introduction
Faba bean (Vicia faba L.) family (Fabaceae) is one of the
most important legume crops, providing between 28 and
30% of the dietary protein for humans, 51-68% total car-
bohydrates, and considered as a good source of natural
antioxidants (Chaieb et al. 2011). Faba bean is one of the
major crops that consumed worldwide for feeding farm
animals (Cazzato et al. 2012) and their seeds are high in
lysine and arginine, which may complement the low
levels in cereals. Faba bean increases humus of soil and
use in crop rotation (Kumar et al. 2015).

The use of bioeffectors formally known as plant biostimu-
lants or agricultural biostimulants, has become common a
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practice in agriculture and provides a number of benefits in
stimulating growth and protecting against stresses. A biosti-
mulant is loosely defined as an organic material and/or
microorganism that is applied to enhance nutrient uptake,
reduce fertilizers’ consumption, stimulate growth, and
enhance stress tolerance or crop quality (Van Oosten et
al. 2017). Humic substances (HSs) are the major natural
component of soil organic matter formed in soil from the
decomposition of dead cell materials by microorganisms
(Nardi et al. 2007). Humic substances include humic
acids, fulvic acids, and humins (Berbara and Garcia 2014).
HSs have indirect effects (increase in fertilizer efficiency
or reducing soil compaction) or direct (improvement in
the overall plant biomass) effects on plant growth. The
use of humic substances can increase the root growth
and uptake of some nutrients such as N, Fe, P, K, Ca,
Zn, and Mg and enhance tolerance to abiotic stress
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such as salinity. The variability in effects of HSs is due
to the source of the HSs, the environmental conditions,
the receiving plant, and the dose and manner of HS
application (Rose et al. 2014).

Fulvic acids (FAs) are humic acids with a higher oxygen
content and lower molecular weight ranging only to a few
hundred Daltons and can pass through micropores of
biological or artificial membrane systems, while humic
acids cannot, with larger molecule weights ranging to a
few thousand Daltons (Bulgari et al. 2015). Fulvic acids
have greater total acidity, greater numbers of carboxyl
groups, and higher adsorption and cation exchange
capacities than humic acid and may play roles as natural
chelators in the mobilization and transport of micronutri-
ents (Bocanegra et al. 2006). Fulvic acids can remain in
soil solution even at high salt concentrations and at a wide
range of pH (Zimmerli et al. 2008) and have long-lasting
potential to interact with plant roots. Fulvic acid is consid-
ered to be the soil organic fraction that is soluble in both
acid and alkali. Fulvic acid promotes some physiological
processes depending on plant species, developmental
stage, and application conditions, e.g., soil applications
of a “humic substance” that was shown with analysis to
be 90.7% fulvic acid, increased fruit weight, fruit equatorial
diameter, juice pH, and vitamin C content of lemon
(Citrus limon) trees, while foliar applications of FA increased
yield of maize under drought conditions (Anjum et al.
2011). Further studies with pepper, showed that FA
applied as drenches, enhanced multiple parameters of fruit
quality and antioxidant activity (Aminifard et al. 2012).

The potent impact of humic substances on various
areas of plant structure and function has prompted
many investigators to apply them to several crop plants
aiming to control growth patterns and development. In
common bean, FA enhanced the numbers of root initials
on hypocotyl sections, increased root elongation of maize
(Eyheraguibel et al. 2008), number and length of lateral
roots of both Arabidopsis and tomato (Dobbss et al.
2007), dry weight of shoot of maize (Anjum et al. 2011),
and number of flowers per cucumber plant (Rauthan
and Schnitzer 1981). Fulvic acids enhanced the uptake
of 3*P phosphate in beech and N content in maize
plants (Eyheraguibel et al. 2008), increased chlorophyll
content in both soybean and ryegrass (Chen et al.
2004), photosynthesis rate in maize (Anjum et al. 2011),
intercellular levels of ATP, glucose-6-phosphate, and
growth promotion in cell cultures of Greek fir (Zancani
et al. 2011). Moreover, humic substances enhanced the
expression of the phenylalanine (tyrosine) ammonia-lyase
(PAL/TAL) that catalysis the first main step in the bio-
synthesis of phenolics and provides an approach to
plant responses to stress (Schiavon et al. 2010). Humates
significantly enhanced the activity of PAL in tomato leaves
(Olivares et al. 2015).
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Thus, fulvic acid is expected to influence the growth
and yield of faba bean cultivars. Therefore, the present
investigation was undertaken to study the impact of
spraying different concentrations of FA on four faba
bean cultivars (Noubaria 2, Sakha 1, Sakha 3, and Sakha 4)
on some morphological criteria, yield, and some metabolic
constituents of their seeds in a bid to find suitable concen-
tration and cultivar that could enhance yield.

Materials and methods

Two field experiments were carried out at the Research
and Production Station of the National Research Centre,
Nubaria region, Behira Governorate, Egypt, during two
successive seasons of winter 2014/2015 and 2015/2016.
Seeds of four faba bean cultivars (Vicia faba L.; cv.
Noubaria 2, Sakha 1, Sakha 3, and Sakha 4) were sown
on 15th November in both seasons in sandy soil. The
physical and chemical proprieties of the soil are presented
in Table 1 according to Chapman and Pratt (1978). The
experimental design was a split plot with four replications.
The cultivars occupied the main plots, and the fulvic acid
treatments were allocated at random in subplots. The plot
area was 105m? (3.0mx3.5m) and consisted of five
ridges 70cm apart; seeds were planted at the rate of
70 kg/feddan using the dry planting on the two sides of
the ridge in hills the distance between hills was 25 cm.
Calcium superphosphate (15.5% P,Os) was added pre-
sowing at 200 kg/fed. to the soil; similarly, nitrogen in the
form of ammonium nitrate (33.0% N) was applied at the
rate of 100 kgN/fed. as start dose before the first irrigation.
Potassium sulphate (48% K,O) was added at the rate of
30 kg/fed. to the soil during seed bed preparation.

Faba bean plants were irrigated and maintained during
the whole growth season up to 100% of potential crop
evapotranspiration (in 15 successive irrigations) using
sprinkler irrigation system. The good agricultural prac-
tices, pest control, for growing faba bean in sandy soil
were applied as recommended. In both seasons, a foliar
spray was applied twice to faba bean plants during

Table 1 Soil mechanical and chemical analysis characters

Character Value Character Value
Sand % 88 K 10.18
Silt % 4 Ca mg/100g 920
Clay % 72 Mg 184
Texture Sandy Na 12.36
pH (1: 2.5 water) 8.83 Fe 892
E.C (mmhos/cm)(1:2.5) 0.12 Mn mg/kg 834
CaCOs% 4.8 n 0.13
OM % 024 Cu 0.10
P 0.22
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elongation stage (at 45 and 60 days after sowing (DAS)),
with fulvic acid (C14H;,0g), it is sourced from Sigma
Aldrich Co. (FA; 0.0, 3, 6, and 9 gL.™), to four bean cultivars
in addition control plants which were sprayed with tap
water.

Plant growth characters measured at 75, 90, and
105 (green yield) DAS, by random samples of ten
plants were taken from each treatment, to determine
plant height (PH), branch number (BN), leaf number
(LN), total dry weight/plant (TDW), fourth leaf area
(LA) (cm?/plant) by leaf disc method on dry weight
basis according to Vivekanadan et al. (1972), leaf area
index (LAI) according to Sestak et al. (1971), specific
leaf weight (SLW) (mg/cm?) according to Radford
(1967), and crop growth rate (CGR) (mg/cmz/days)
according to Abdel-Gawad et al. (1980). The photo-
synthetic pigment [(Chl) a, b, and carotenoids as well
as total photosynthetic pigments (TPP)] content of
fresh leaves was also determined at 75, 90, and 105
DAS according to (Lichtenthaler and Wellburn 1983).

At the time of harvest (115 DAS), the mean values of
yield and its related parameters [i.e., plant height (PH),
branch number (BN), number of pods/plant (PN/P),
weight of pods/plant (PW/P), seed index (SI), seed and
straw vyields/plant (SY/P; StY/P), and seed and straw
yields/fed (SY/F; StY/F)] were determined.

Seeds were harvested from each treatment and dried
in an electric oven with a drift fan at 70 °C for 48 h until
constant dry weight was achieved. Dry samples of seeds
were used to total carbohydrate percent in seeds (CP)
according to (Dubois et al. 1956). The method of Plummer
(1978) was used to estimate total free amino acids (FAA).
The dried powder samples were wet digested as described
in the method of Chapman and Pratt (1978). The acid
digest of the plant matter was analyzed for determination
of nitrogen, phosphorus, and potassium according to
the following methods: Total nitrogen was determined
using the modified Micro-Kjeldahl method. Crude
protein percentage (CPP) was calculated by multiplying
the values of total N by 6.25 (A.O.A.C. 1988). Phos-
phorus was determined by atomic absorption spectropho-
tometer according to Carpena et al. (1990). Potassium was
measured using flame photometer (atomic spectra
AAS vario 6) according to Brown and Lilliland (1946).
Mineral contents were expressed in milligram 100 g™
DW seed tissue.

Data for both growing seasons were measured accord-
ing to Snedecor and Cochran (1990). Data were com-
bined because the coefficient of variation (CV%) for
each season’s data was < 5%. Data were analyzed by
analysis of variance (ANOVA) for the split-plot design,
and treatment means were compared using Fisher’s least
significant difference (LSD) at a =0.05, using means of
“MSTAT-C” computer software package.

(2019) 43:2

Page 3 of 11

Results

Growth parameters

Data presented in Tables 1 and 2 show that foliar applica-
tion of FA either separately at 3, 6, and 9 gL.™ and four faba
bean cultivars “Noubaria 2, Sakha 1, Sakha 3, and Sakha 4”
or their interaction, promoted almost all growth criteria
compared to the corresponding untreated control plants, at
the three stages of growth (75, 90, and 105 DAS). In most
cases, the increments in growth parameters were often
highly significant in comparison with untreated control
plants. The most effective treatments on growth parameters
were the interaction of FA at 9 gL ™" with Sakha 4 cultivar
followed by FA at 9 gl.”! with Sakha 3 cultivar at the three
stages of growth.

When considered as a single factor, foliar application of
FA up to 9 gL ™! increased PH, BN, LN, TDW, 4-LA, LA,
SLW, and CGR compared to the untreated control plants.

Furthermore, the differences between cultivars were
significant with respect to the above mentioned char-
acters at the three physiological stages, except number
of branches at 105 DAS, LAI at 75, and 105 DAS. Results
cleared that “Sakha 4” cultivar was superior in the most
growth characters followed by “Sakha 3” cultivar (Tables 1
and 2).

Regarding the interaction effect of FA and cultivars on
vegetative growth, similar significant increases were ob-
tained in the same growth parameters using different
concentrations of FA and cultivars compared to control
plants. The treatment FA at 9 gL.™! with Sakha 4 cultivar
enhanced the most growth parameters at the three
stages of growth (Tables 1 and 2).

Yield

Data presented in Table 3 show that application of FA
significantly increased faba bean yield and its compo-
nents (i.e., PN/P, PW/P, SY/P, StY/P, SY/F, StY/F, and
SI) more than untreated control plants at 115 DAS.
The more promising results are obtained from 9 gL~
FA that were for seed yield (2.21 ton/fed) and straw
yield (4.01 ton/fed).

Four faba bean cultivars, the increment in yield charac-
ters (i.e, PN/P, PW/P, SY/P, StY/P, SY/F, StY/E, and SI),
were maximum with “Sakha 4” cultivar compared to other
cultivars (Table 3). Furthermore, faba bean yield was far
more sensitive to the interaction between FA and culti-
vars. The greatest increase in SY/F (i.e., increased 27.00
and 23.89% more than their controls, respectively) and
StY/F (i.e., increased 38.97 and 33.23%) was obtained by
foliar application with 9 gL™' FA and Sakha 4 cultivar,
followed by 9 gL.™" FA and Sakha 3 cultivar for all mea-
sured parameters (Table 3). In all cases, the increments in
faba bean yield were often significant in comparison with
untreated controls (Table 3).
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Table 2 Effect of foliar spray application of fulvic acid on some growth characters of some faba bean varieties (combined analysis of

two seasons)

Growth characters of four faba bean cultivars

Treatment Plant height (cm) (PH) No. branches plant") (BN) No. leaves plant’1 (LN) Total dry weight (TDW) (g p\ant")
A B C A B C A B C A B C
Effect of fulvic acid
00gL™! 5931 7261 90.78 364 450 567 45.71 5240 59.33 20.92 3960 49.80
30 gL’] 6940 8359 10369 473 5.76 5.79 47.82 5854 62.62 25.76 42.56 54.61
60gL”" 7835 9668 11050 452 4.70 587 50.90 62.63 65.10 29.67 4850 59.96
9.0 gLfl 86.22 10277 1371 561 5.82 591 5361 63.72 66.90 32.80 5133 64.34
L.SD.at5% 501 7.39 391 1.01 112 ns. 1.29 211 ns. 296 3.12 3.81
Effect of cultivars
Nubaria 2 66.70  81.80 10292 461 4.80 569 44.36 55.80 62.87 24.67 3881 47.31
Sakha 1 6091 71.96 89.83 3.62 3.78 4.83 4245 51.39 60.68 21.11 34.70 4457
Sakha 3 7382 8625 10874 473 4.86 529 4742 5830 63.53 2791 47.81 54.32
Sakha 4 7673 9134 11265 484 4.95 5.59 49.39 60.51 64.42 29.18 49.51 59.39
L.SD.at5% 288 589 3.01 0.87 1.02 n.s. 5.80 1.89 0.90 2.58 3.01 244
Effect of interaction
00 gL™
Nubaria 2 6866 8046 10956  4.72 4.84 5.50 45.12 5520 59.70 22.39 41.60 52.30
Sakha 1 64.54 7655 10447 343 363 4.69 4331 51.39 56.61 19.20 38.71 50.87
Sakha 3 7145 8464 11338 476 482 5.85 46.05 5743 60.52 2791 46.81 5532
Sakha 4 7538 8973 11529 480 491 5.60 48.90 5854 6243 30.18 49.52 59.71
309l
Nubaria 2 7329  87.82 11619 472 579 5.89 48.80 5843 61.32 2533 4572 56.50
Sakha 1 66.61 8191 10940 361 4.81 549 45.74 5552 59.20 21.10 40.83 5347
Sakha 3 7830 9206 11890 439 5.56 5.81 4967 61.60 63.11 30.52 4891 59.36
Sakha 4 8295 8942 12281 494 5.66 592 52.58 64.71 66.93 3361 51.80 63.74
60 gL
Nubaria 2 7987 9221 11872 552 6.60 7.39 50.40 59.72 62.83 2839 47.66 59.96
Sakha 1 7178 8434 11364 440 551 6.32 47.36 57.85 60.74 23.20 43.60 55.85
Sakha 3 8067  96.79 12056 567 6.59 749 5727 62.85 64.60 3143 50.07 64.18
Sakha 4 8659 9958 12348  6.70 7.79 7.86 57.80 6544 67.54 34.54 5443 66.70
90 gL
Nubaria 2 8340  96.60 12139 571 6.76 7.79 53.01 6122 6348 31.60 50.01 61.86
Sakha 1 7739  89.76 11620 469 559 6.66 4992 59.33 61.34 2648 47.80 59.70
Sakha 3 8320 10085 12410 633 7.72 7.84 56.83 63.50 65.33 33.72 54.76 6642
Sakha 4 86.61 10694 12533  7.16 7.89 793 59.74 60.61 6843 37.29 5832 68.39
L.SD.at5% 293 3.89 206 1.02 ns. ns. 2.16 1.87 ns. 290 1.97 202

A after 75 days from sowing, B after 90 days from sowing, C after 105 days from sowing

Photosynthetic pigments

Data presented in Table 4 show that Chl a and b, carot-
enoids, and TPP in the leaves of four faba bean cultivars
reached a maximum value at 90 DAS. Generally, foliar
application of FA at any concentration significantly in-
creased the Chl 4 and b, carotenoids, and consequently
the TPP more than controls at 75, 90, and 105 DAS.

The most effective concentration was 9 gL™' of FA,
Sakha 4 cultivar, and their interaction at the three
stages of growth (Table 4).

Foliar spray of faba bean plants at all three FA concen-
trations (3, 6, and 9 gL ™) tested significantly increased
TPP more than untreated control plants (Table 4). The
highest recorded value of Chl a and b, carotenoids, and
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Table 3 Effect of foliar spray application of fulvic acid on some growth characters of some faba bean varieties (combined analysis of

two seasons)

Growth characters of four faba bean cultivars

Treatment Fourth leaf area (cm?) (LA)  Leaf area index (LAI) Specific leaf Weight (SLW) (mg/cmz/day) Crop growth rate (CGR) (mg/cm2/day)
A B C A B C A-B B-C A-B B-C
Effect of fulvic acid
00gL™! 114494 139156 158978 186 201 292 308 333 1411.26 1359.57
30 gL” 124190 150133 177013 196 254 311 381 4.76 1579.57 1452.92
60gL”" 138058 1621.01 186764 192 291 331 470 546 1669.46 1467.80
90gL™" 149701 172231 199846 199 315 336 529 572 177039 1586.26
L.SD.at 5% 76.06 87.33 96.51 n.s. 026 013 053 1.01 78.66 9243
Effect of cultivars
Nubaria 2 125180 145242 155333 148 254 301 472 4.29 140147 1330.21
Sakha 1 114366 139071 147618 141 201 289 367 3.31 1381.58 1302.03
Sakha 3 129649 153201 164981 155 282 307 469 5.56 1467.60 1344.92
Sakha 4 137183 165031 175576 167 301 312 489 5.80 1572.70 1439.81
L.SD.at 5% 5734 71.13 82.60 n.s. 018 ns. 044 0.59 66.30 80.51
Effect of interaction
00 gL™
Nubaria 2 115078 155240 177866 197 256 3.10 367 4.44 139047 1336.14
Sakha 1 1131.77 146839 1690.82 192 240 307 352 321 1286.40 1251.39
Sakha3 119651 166273 188744 198 315 320 409 4.60 147051 1366.51
Sakha 4 124980 167982 190930 199 322 329 459 5.04 1544.30 1440.36
309l
Nubaria 2 115229 165068 187039 199 317 326 459 4.53 1467.35 1359.50
Sakha 1 113966 153270 183460 197 269 303 396 3.84 139046 1256.83
Sakha3 126038 171659 198027 207 339 341 469 5.12 158731 1396.53
Sakha 4 137149 173340 199636 211 352 359 572 549 1697.49 147740
60 gL
Nubaria 2 129058 174126 195764 201 326 329 471 458 157957 135392
Sakha 1 118163 1636.19 186682 199 294 315 454 3.89 1456.68 1340.01
Sakha 3 131049 175935 201172 209 341 350 566 5.60 1669.46 1467.83
Sakha4 141130 186943 212628 211 356 366 576 5.69 177635 1587.74
90 gL
Nubaria 2 1352.74 184136 199821 206 333 338 479 4.62 168947 1470.51
Sakha 1 125982 177047 199049 201 319 327 459 3.93 1588.56 1441.60
Sakha3 136662 187029 205563 209 344 354 581 498 177938 158248
Sakha 4 153352 202901 224854 211 359 368 592 5.81 1889.29 159333
L.SD.at5% 6790 8934 9230 ns. 012 ns. 024 0.62 84.36 96.78

A after 75 days from sowing, B after 90 days from sowing, C after 105 days from sowing

TPP in the leaves of faba bean was obtained with 9 gL ™" at
the three stages of growth, also Sakha 4 cultivar recorded
the highest values of these parameters.

Moreover, the interaction between FA and cultivars
increased Chl a and b, carotenoids, and TPP in the leaves
more than control plants and there were significant effects
between treatments at all three stages of growth except

Chl a at 90 DAS and carotenoids at 105 DAS. Data also
show the most effective treatment was FA at 9 gL.™! when
used with Sakha 4 cultivar (Table 4).

Chemical constituents
Data presented in Table 5 show that, foliar application of
FA at any concentration and their combination significantly
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Table 4 Effect of foliar spray application of fulvic acid on some growth characters of some faba bean varieties (combined analysis of

two seasons)

Yield and yield components of four faba bean cultivars

Treatment Plant height  No. plant’1 Weight of pods  Yield (g plant") Yield/fed. (ton) Seed Index
@ PH ganches BN) Pods PN) @ PR PW) Seei(6vp) Straw (Stv/P)  Seed (V) Straw (stv/p) (@ ()
Effect of fulvic acid
00gL™" 11851 4.96 2991 80.71 50.90 86.59 1.84 3.20 69.90
30 gL’1 121.90 523 31.44 86.60 54.31 98.77 1.93 3.56 7543
60 gL' 124.82 6.12 3336 89.96 58.56 109.92 2.06 3.86 84.92
9.0 gLfl 126.76 7.01 35.21 94.85 68.27 115.81 2.21 4.01 89.50
L.SD.at5% 3.29 0.61 2.30 436 341 8.82 0.16 0.21 4.53
Effect of cultivars
Nubaria 2 120.67 560 28.96 81.27 53.31 107.09 1.87 342 76.60
Sakha 1 116.55 4.81 2647 76.50 50.64 9942 1.76 3.21 72.86
Sakha 3 12240 5.72 31.39 87.46 56.51 110.79 1.92 3.78 80.76
Sakha 4 123.26 6.33 33.66 90.50 57.80 112.29 2.01 396 86.40
LSD.at5% 292 042 1.29 3.04 2.96 2.96 0.11 0.18 348
Effect of interaction
00 gL™
Nubaria 2 117.89 4.98 27.98 78.90 5142 100.21 1.69 3.01 75.01
Sakha 1 115.90 444 2592 70.56 49.64 97.56 1.62 2.96 71.80
Sakha 3 119.85 503 3212 90.71 5423 109.87 1.80 3.22 78.69
Sakha 4 120.77 5.12 32.76 9212 56.67 113.29 2.00 3.31 82.56
309l
Nubaria 2 120.60 567 2940 83.60 54.70 108.90 1.78 3.15 7823
Sakha 1 116.39 4.87 27.55 77.39 50.57 99.38 1.68 3.06 7341
Sakha 3 120.71 564 3290 94.10 56.38 111.33 1.89 349 83.05
Sakha 4 122.82 6.02 33.64 96.47 59.29 11647 2.12 3.59 86.92
60 gL
Nubaria 2 12133 585 3260 91.70 56.69 112.80 1.89 353 82.68
Sakha 1 118.46 532 28.86 81.46 5212 103.12 1.75 3.20 7837
Sakha 3 12255 6.15 34.80 98.01 58.80 11541 2.09 3.88 87.66
Sakha 4 124.92 7.21 3571 9943 62.72 120.72 221 41 89.50
90 gL
Nubaria 2 122.89 6.34 33.87 96.90 59.55 116.93 1.96 3.89 85.44
Sakha 1 120.60 5.86 30.52 86.67 55.60 107.56 1.92 3.78 79.30
Sakha 3 12441 649 3590 99.80 6546 12246 2.23 429 88.29
Sakha 4 126.22 746 3741 103.60 69.27 129.27 2.54 4.60 91.56
LSD.at5% 3.5 0.77 268 5.01 395 5.74 0.20 0.34 4.67

increased the total carbohydrates percentage, crude protein
percentage, minerals (nitrogen, phosphorus, and potassium)
percentage, arginine, lysine, phenylalanine, tryptophan, and
consequently total detected free amino acids (gkg ' DW) in
the dry seeds of faba bean cultivars compared with
their control at 115 DAS (i.e., the harvest date). The
most effective treatment was FA at 9 gL™', Sakha 4
cultivar, or their interaction.

Furthermore, the results obtained indicate that the
highest level of total carbohydrates (59.71, 55.47, and
60.29%), crude protein (33.51, 31.27, and 35.09%), total
detected free amino acids (17.93, 16.33, and 20.20 g/Kg
DW), nitrogen (5.39, 4.87, and 5.62%), phosphorus (0.59,
0.46, and 0.57%), and potassium (0.94, 0.87, and 0.96%)
was obtained for either 9 gL.™* FA, Sakha 4 seeds, or their
interaction, respectively compared with 49.87%, 25.90%,



Abdel-Baky et al. Bulletin of the National Research Centre

(2019) 43:2

Page 7 of 11

Table 5 Effect of foliar spray application of fulvic acid on some growth characters of some faba bean varieties (combined analysis of

two seasons)

Treatment 75 days after sowing 90 days after sowing 105 days
Chl.a Chl.b Carotenoids  Total Chl.a Chl.b Carotenoids Total Chl.a Chl.b Carotenoids Total
pigments pigments pigments
Effect of fulvic acid
00gL™! 164 054 0.50 268 201 1.18 132 451 196 092 1.01 3.89
309l ! 1.74 0.66 0.64 3.04 2.09 1.21 1.36 4.66 205 113 1.09 427
6.0 gL’1 1.84 0.72 0.76 339 233 1.30 141 5.04 2.07 1.19 1.06 432
9.0 gLfl 1.87 1.08 1.13 4.08 2.51 1.33 147 531 222 1.29 1.14 4.65
LSD.at5%  0.10 0.12 0.15 0.33 0.18 0.09 0.06 0.27 0.08 0.10 0.13 0.15
Effect of cultivars
Nubaria 2 169 061 0.59 2.89 2.05 0.92 112 4.09 199 091 1.02 392
Sakha 1 162 055 052 269 197 081 1.08 3.86 201 0.98 1.06 4.05
Sakha 3 1.77 0.69 0.63 3.09 2.31 1.21 1.39 491 2.1 1.09 1.08 428
Sakha 4 1.83 .1 1.08 4.02 240 1.36 144 5.20 2.18 1.26 1.10 4.54
LSD.at5% 006 0.1 0.14 021 008 011 0.13 0.29 0.11 0.16 ns. 027
Effect of interaction
00 gL™
Nubaria 2 1.53 040 043 2.36 196 090 1.02 391 202 1.02 1.04 4.08
Sakha 1 1.60 0.54 0.50 2.64 201 1.09 1.05 4.15 2.00 1.00 1.01 4.01
Sakha 3 1.71 0.64 061 2.96 2.12 1.20 1.10 442 2.09 1.13 1.07 4.29
Sakha 4 1.80 1.07 1.05 392 2.24 1.29 1.19 472 2.1 1.15 112 4.38
30gL7"
Nubaria2  1.76 0.69 0.64 3.09 211 1.12 1.08 431 211 1.1 1.09 4.31
Sakha 1 1.66 0.59 0.56 2.81 2.09 1.06 1.01 4.16 2.09 1.06 1.01 4.16
Sakha 3 1.81 0.72 0.69 322 2.30 1.19 1.22 4.71 2.18 1.15 1.10 443
Sakha 4 1.90 1.21 112 423 241 1.28 1.26 495 2.22 117 112 451
60 gL’
Nubaria 2  1.84 0.72 0.76 332 240 1.21 1.19 4.80 2.13 1.19 1.16 448
Sakha 1 1.78 0.69 0.63 3.10 222 1.18 112 452 2.1 1.15 1.03 4.29
Sakha 3 201 1.23 1.20 444 246 1.70 1.25 541 2.20 1.18 1.12 4.50
Sakha 4 2.09 1.29 1.26 4.64 2.51 201 1.34 5.86 2.30 1.26 1.20 4.76
90 gL™
Nubaria 2 1.86 1.06 111 4.03 241 1.56 1.09 5.06 233 129 1.09 471
Sakha 1 1.79 0.73 0.70 3.22 2.31 1.29 1.03 4.63 2.08 1.16 1.02 4.26
Sakha 3 211 131 123 4.65 250 205 139 5.94 238 1.56 1.08 5.02
Sakha 4 220 133 130 483 257 219 178 6.54 241 159 1.19 5.19
LSD.at5%  0.09 0.18 0.31 043 ns. 0.12 0.27 0.30 0.13 0.18 ns. 0.28

13.52 g/Kg DW, 4.58%, 0.39%, and 0.62% for controls
(Table 5).

Discussion

The present study indicates that the application of FA
up to 9 gL and four faba bean (Noubaria 2, Sakha 1,
Sakha 3, and Sakha 4) cultivars, individually or in com-
bination, greatly promoted the vegetative growth and

dry matter production at the three stages of growth by
increasing the development of shoots and roots, increasing
leaf area and Chl. accumulation. Promotion of root growth
enhance capacity to uptake and utilize nutrients from the
soil determining higher dry matter accumulation. In
this connection, fulvic acid enhanced the numbers of
root initials on hypocotyl sections of common bean,
increased root elongation of maize (Eyheraguibel et al.
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2008), number and length of lateral roots of Arabidopis,
and micro-Tom tomato (Dobbss et al. 2007). FAs play
roles as natural chelators in the mobilization, and
transport of Fe and other micronutrients (Bocanegra et
al. 2006) increased chlorophyll content in soybean and
ryegrass (Chen et al. 2004), photosynthesis rate in
maize (Anjum et al. 2011), interacted with the signaling
pathway for plant hormones, and increased intercellular
levels of ATP and glucose-6-phosphate that were related to
growth promotion in cell cultures of Greek fir (Zancani et
al. 2011). However, the application of FA has only been re-
ported in a few cases: maize (Eyheraguibel et al. 2008) and
wheat (Anjum et al. 2011). Intuitively, the combination of
FA and cultivars more effectively increased growth and dry
matter production of faba bean than single treatments.

Faba bean yield and its components (i.e, PN/P, PW/P,
SY/P, StY/P, SY/E, StY/F, and SI) and quality of seeds was
significantly enhanced by FA, especially at 9 gL.™". FA via
enhanced photosynthetic activity, increased vegetative
growth, dry matter accumulation, and consequently
increased translocation and accumulation of certain
metabolites in plant organs, which affected their yield
and yield components (Table 3). In this respect, soil
applications of FA enhanced flower number of cucumber
plant (Rauthan and Schnitzer 1981), fruit weight, and
quality of lemon trees (Citrus limon) (Sdnchez-Sanchez et
al. 2002) and pepper (Aminifard et al. 2012) and increased
yield of maize (Anjum et al. 2011). The interaction be-
tween FA and cultivars was more effective in improving
yield and quality of pods; FA at 9 gL with Sakha 4 culti-
var increased yield and quality of pods more effectively
than other cultivars (Table 3).

Photosynthetic pigments in faba bean leaves were sig-
nificantly enhanced by the application of all FA and/or
their interaction at 75, 90, and 105 DAS (Table 4). Fulvic
acid might increase the uptake of N and Mg (structural
component of Chl), retarded senescence, and enhanced
Chl accumulation, which would lead to a greater rate of
photosynthesis. In accordance, humic acid and phosphor-
ous elevated N, Fe, and Mg ion contents in bell pepper
(Capsicum annuum L. cv. Demre) shoots under mild
salinity stress (Cimrin et al. 2010). The promotive effects
of FAs on chlorophyll content and net photosynthesis
rates were observed in soybean and ryegrass (Chen et al.
2004) and in maize (Anjum et al. 2011). However, Sakha 4
cultivar recorded the maximum value of Chl a and b,
carotenoids, and TPP in the leaves compared with other
cultivars. Therefore, the combination of FA at 9 gL.™' and
Sakha 4 cultivar was the best treatment to increase the
TPP of leaves at the three stages of growth.

A foliar application of FA up to 9 gL.”", four faba bean
cultivars “Noubaria 2, Sakha 1, Sakha 3, and Sakha 4” or
their interactions significantly increased the CP, CPP,
FAA (Arg; Lys, Phe, and Try), N, P, and K content and
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consequently enhanced seeds quality at the harvest date,
possibly due to the bioregulatory effect of FA on enzymatic
activity and translocation processes from leaves to seeds,
linking, or converting to other plant metabolites. Similarly,
FA enhanced pepper fruit quality, including total soluble
solids, antioxidant activity, total phenolic, carbohydrates,
capsaicin, and carotenoids (Aminifard et al. 2012). Bios-
timulants improve the primary metabolism of plants,
increasing the levels of carbohydrates, proteins biosynthesis,
free amino acids, pigments, and various enzymes (Yakhin et
al. 2017). However, Sakha 4 cultivar was more effective than
other cultivars in increasing the level of total carbohydrates,
crude protein, total free amino acids, nitrogen, phosphorus,
and potassium content in the dry seeds (Table 5).

Thus, the treatment FA at 9 gL ™" with Sakha 4 cultivar,
followed by FA at 9 gL.”! with Sakha 3 cultivar, were very
effective for enhancing the level of lysine, phenylalanine, and
tryptophan (essential amino acids) and arginine (non-essen-
tial amino acids) (Table 5). Enriching crop plants with essen-
tial amino acids (particularly Lys., Trp., and Met.) has both
economical and humanitarian interest due to inability of
humans and many farm animals to synthesize these essen-
tial amino acids (Ufaz and Galili 2008). Humic substances
enhanced the expression of the phenylalanine (tyrosine)
ammonia-lyase (PAL/TAL) that catalyzes the first main step
in the biosynthesis of phenolic and accumulation in leaves
by converting phenylalanine to trans-cinnamic acid and
tyrosine to p-coumaric acid (Schiavon et al. 2010) in tomato
leaves (Olivares et al. 2015). Phenolic compounds serve di-
verse functions in plants, including protection against biotic
and abiotic stresses, cellular signaling, and mechanical sup-
port (MacDonald and D’Cunha 2007). Tryptophan is a pre-
cursor of indole-3-acetic acid (IAA) (Radwanski and Last
1995). IAA plays a critical role in plant growth and develop-
ment by influencing many plant functions and expression of
specific plant genes (Calvo et al. 2014). Ornithine and argin-
ine can be used in higher plants for biosynthesis of the
polyamine putresine through ornithine decarboxylation
and putresine may be critical in regulation of development
processes (Walden et al. 1997). Polyamines may act to
store organic nitrogen (Flore and Filner 1985) and play a
role in the regulation of DNA replication, cell division, and
implicated in the control of senescence and morphogenesis
(Galston and Sawhney 1990). In our study, treatment FA
at 9 gL ™" with Sakha 4 cultivar significantly increased N, P,
and K content in the dry seeds. Similarly, Fulvic acids
enhanced the uptake of N, P, K, Ca, Mg, Cu, Fe, and Zn in
cucumber plants (Rauthan and Schnitzer (1981), phos-
phate in beech (Fagus sylvatica) (Asp and Berggren 1990),
increased N content in wild olive (Olea europaea) and
maize plants (Murillo et al. 2005; Eyheraguibel et al. 2008)
and play roles as natural chelators in the mobilization and
transport of Fe and other micronutrients (Bocanegra et al.
2006). Thus, the yield-contributing characters and yield of
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Table 6 Effect of foliar spray application of fulvic acid on some growth characters of some faba bean varieties (combined analysis of
two seasons)

Treatment Seeds' chemical constituent of four faba bean cultivars
Total Crude Amino acids g kg~ DW N% P% K%
carbohydrate %  protein % Arginine  Lysine  Phenylalanine  Tryptophan  Total detected amino acids
Effect of fulvic acid
00gL™! 49.87 25.90 593 281 3.69 1.09 1352 458 039 062
30 gL’1 5241 28.88 6.81 3.01 3.98 1.39 15.19 469 041 078
60gL”" 56.39 31.80 719 347 439 146 16.51 489 048 083
90gL™" 59.71 3351 7.90 3.69 4.85 149 1793 539 059 0%
L.SD.at5% 1.71 1.89 0.36 0.21 0.23 0.02 118 011 002 005
Effect of cultivars
Nubaria 2 51.90 26.09 6.39 3.01 432 1.14 14.86 449 038 064
Sakha 1 50.77 2539 5.90 2.89 3.12 1.01 1292 362 035 059
Sakha 3 53.38 29.46 6.88 3.12 436 118 15.54 459 042 072
Sakha 4 5547 31.27 7.02 334 4.76 1.21 1633 487 046 087
L.SD.at5% 1.13 1.21 0.14 0.23 0.18 n.s. 0.82 0.19 003 004
Effect of interaction
00 gL™
Nubaria 2 5046 27.90 6.78 3.30 4.10 123 1541 412 035 057
Sakha 1 4938 26.84 541 292 367 1.12 13.12 382 031 053
Sakha 3 52.66 29.50 630 344 459 1.30 1563 476 039 062
Sakha 4 54.71 31.71 6.72 3.87 4.87 1.34 16.80 487 042 067
309l
Nubaria 2 53.90 30.51 6.98 355 4.29 1.30 16.12 454 040 062
Sakha 1 51.72 27.36 593 3.12 422 118 14.45 429 036 056
Sakha 3 54.47 3144 6.87 367 4.68 1.34 16.56 492 041 069
Sakha 4 57.38 3327 744 4.01 5.21 1.39 18.05 500 045 071
60 gL
Nubaria 2 55.62 31.76 7.50 377 443 1.34 17.04 469 043 069
Sakha 1 5345 2947 6.98 3.39 4.28 1.25 15.90 444 038 058
Sakha 3 5740 32.36 7.89 415 533 140 18.77 523 046 078
Sakha 4 59.63 3440 8.34 451 5.50 1.46 19.81 549 050 081
90 gL
Nubaria 2 57.62 32.50 7.59 4.01 4.55 137 1752 504 047 074
Sakha 1 54.80 30.64 7.01 3.96 439 1.29 16.65 481 042 064
Sakha 3 59.43 33.11 792 4.76 556 144 19.68 535 053 082
Sakha 4 60.29 35.09 8.11 4.90 571 148 20.20 562 057 096
LSD.at5% 1.83 1.69 039 025 027 0.05 1.16 024 002 005

faba bean could be manipulating by application of of FA
and/or cultivars (Table 6).

faba bean cultivars, including seed and straw yield, the
main consumer-related traits. FA at 9 gL' and Sakha 4
cultivar, improves growth performance, yield and shows
the greatest potential for producing legume seeds with
an enhanced nutritional quality for uses as food and
feed (by increasing the level of carbohydrates, proteins,
minerals, Lys, Trp, and Phe).

Conclusions

In conclusion, FA can be easily applied to sustainable
faba bean production in the field. Application of FA sig-
nificantly increased every morphological attribute of four
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