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ABSTRACT

Spraying faba bean plants with Zn (50 and 100 ppm). K and Mg (100
and 200 ppm) far each atr 35, 50 and 65 days after sowing during 199299 and
19992000 ceasong,” significantly enhanced plant height, No. of branches, No, of
leaves { plant, stem and leaf dry weights / plant and total keaf area ! plant.
Moreover, chlorophyll a& b and carotcnoids as well as total carbohydrates and

. crude protein coptents were also. increased. The highest endogenous 1AA levels

were obtained with Zn followed by K treainments al stant of bleoming, full
blooming and at the tme of maximun shedding The applied trealments
significamly increased No. of flowers and No. of seited pods / plant, whereas
reduced the percentages of flowers and ped shedding, therefore significantly
increased No. of sunvived (outure) pods / plant, Mareaver, K and Mg were more
effective for increasing pod and seed yields / plamt 85 well as the soed index
compared  with the control plants especially at 200 ppm. Furthermore, seed
contepts of N, P, K crude protein, reducing and total sugars were alsa incrensed
with diffcrent applied nutrients. It could be recommended that treating faha béan
planis with Za, K and Mg as faliar application, practically being of great
effecuvencss for reducing abscission of flowers and pods which consequently
reverse upon obyious increase in the final seed yield.

INTRODUCTION

The pbenomens of shedding in faba bean plant especially for its buds,
flowers and immature pods usually (ook place in sericus values leading to a great
reduction  in seed yicld of this econamic plant. Therefare, plant physiplogists and
breeders are studying indensively 1be problem of shedding, in order 1o find out 8
solutiont for redcing the high  pereentage of buds, flowers and immature pods,
that fail to develop into fully matare pods in this plamt. In this respect, it is well
kngwn that, as a rube there isa great disceepancy between he tineral sutrient
concentration in both soil and plasts (Marschnes, 1995). Also, duning plant Life
cyele, cach feaf undergoes a shilt In which its function a8 a sink changes 1o that of
a sowrce for both minsral nutrients, this shift is correlated with a chasge in the
prevailing long distance transpoet Ln the phloem and xylem (Turgeon, 1989), In
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addition, soll may contain high concentrations of mineral clements not needed for
growth (Robinson Boers ef af, 1990),

Moreover, mineral nutrienis not only have major effects upon flower
formation, sced deselopment and yield responses (Gerendas and Satrclmacher,
1990) but also required for chioroplast formation and sink limitations (Tersahima
and Evans, 1988). Furthermore, foliar spary of mineral notrients repeesents the
more quick and efficicot methods in many cases for supply of these elemenls
(Marschner, 1995 and Bastawisy and Sorial, 1998).

Thercfore, in 1he presend study it was thorght advisable to use foliar
spray of zipe, potassiom and magnesium on faba bean plants to reduce or
diminish the flower and immature pod shedding phenoomena as well as ingrease
the final seed yield of this coonomic plant especially in Egypt.

MATERJIALS AND METHODS

Two ficld experiments were conducted at the Expenimental Farm of the
Faculty of Agriculiure at Mashtohar, Zagazig Undversity, Benha Branch during
two Successive growing scasons of 1998/99 and 199972000 to investigate the
cffects of spraying edither of zine, potassium 0f magnesium on some growth
characters, chemical components, flowering, shedding. yield and its components,
of faba bean (Ficio faba L) cultivar Glza3. Seeds of faba bsan were secured from
he Agricultural Rescarch Center, Ministry of Agriculture, Giza, Egypt.

Each experiment incleded seven treatments i, the control (distilled
witer), 50 and [00 ppm Zn (zinc sulphate), 100 and 200, K {(potassium citrate)
and 100 and 200 ppm Mg (magnesium sulphate). The experimental design was
completc mndomized blocks with four replicates. The treatments were mnadomly
chasen for the plots in cach replicale, The plot ares was 10.5m? (3.5 x 3m) with 3
rows. Faba bean secds were sown in hills spaced 15 cm on nidges al the 9% of
Nowvember in the two seasons. At 20 days after sowing, hills were thinned to leave
one secdling’ hill, Calcium superpbosphate (15.50% PO:) was added before
sowing In the two seasans at the rate of 100 and S0 Kg / fed., respocuvely. Also,
nitrogen urca {(46%) fertilizer 3 rate of 20 Kg/fed, was applied before the first
irfigation. The other calrural practioes for growing faba bean plants were
performed as recommended by Ministry of Agriculture.

All trestments were applied triple as foliar spray on plants at 35, S0 and
63 days after sowing, using hand operated compressed air spraver at the rate of 10
lieer / plo¢ with Iml /[ of Tween=20 as 2 welting agend.

Sampling and collecting data:
I- Vegetative gromth characters:

Pive planis were randomly chosen from central row of cach plod at 65
and 95 days from sowing (afler 15 and 45 days from the second spraying,
respectively) in both seasons to estitate plant baight (cm), number of branches /
plane, stem dry weight (g)/ plant, number of leaves / plant, leaf éry weight (g) /
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plant and total beaf area (cm®) J plant using the disc method as described by
Deriaux ef af,, (1973) this method coukd be sumumarized as: a representative
sample of leaves at different growing stages were taken then discs of certain area
were picked out from euch leaf, weighted, average weight of disc was recorded
and the relationship between 1be dry welght of the disc and its area was detected.

. Then by detecting the total dry weight of leaves/ plant, the total leaf areay plant

could be easily calcnlated.

II- Chemical constituents and endogeaous auxing o the keaves:

Samples of faba beun leaves were taken at 80 days after sowing in both
scys0n to determine some chemical consttuents i.e., pbotosynthetic pigments
(Normal, 1982), total carbohydrates (Dwbois ef af, 1956) and tocal nitrogen
(Homeck and Miller, 1998), Crude protein was caloulued according to the
following equation;

Crude procein = total nitrogen x 6.25 (A.0.A.C., 1990).

To delcrmine Ui endogenous suxin at the differem singes of plant
growth ic. start of blooming, full bloonung and pod setting (the time of
maximum shodding), 20 g from the 5® apical leaf was collected from cach
reatment at 60, 80 and 100 days after sowing in the second season for [AA
extaction with 80% cold methanol . The acidic ethyl acelate fraction was
cancentrated to dryness, then used for the determination of JAA by Gas Licuid
Chromatography {GLC) according to the method descnibed by Shindy and Smith

- (1975),

III- Flowertng and yicld data :

Five plams weee randomly chosen in each plot and were marked in the
field from the stant of Dowcering 1o harvesting time and the following chamcters
wege recorded:

a- Na. of apened flowers /plant : Counting was started a1 60 days of plant age
with 3 days intervals until 100 days.
b« No. of setted pods / plant; Counting was started at 75 days of plast age with 3
davs indervaks until 1235 days
¢« No. of survived (mature) pods / plant: It was recorded at barvest ime
4<% of fing = Tolal No. of fewers/plant - No. of setted podsiplant
Tocal No.of setted podaplant
Total No. of setted padséplant - Ne. of susvived pads/plant

e - % of pod shedding = Total No. of setted pods/plal
0.0

In addition, pod yiedd (g)/ plant, seed weight (g) / ped, seed yield (8)/
plant and seed index [100-seed weight (g)) were recorded at harvesting ime

IV~ Chemical constituents in the sceds;-
After harvesting seeds were also analyzed for total nitrogen (Hormeck
and Miller, 1998), phaspharus (Sandall, 1950), potassium (Horneck and Hanson
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.1998) and reducing and total sugars (Dubois ef of, 1956), Crude peodein was also
calculated,

V - Statistical Roalysis :
All data were subjected to stalistical analysis according to Gomez and
Gomez ([984).

RESULTS AND DISCUSSION

1- Stem growth : .

Table (1) shows that cither zinc (Zn) in the form of 2inc sulphate or
potassiwin (K) in the form of poassium citrate and magnesium (Mg) in the form
of magnesiwn sulphate significanly incrzascd the beight of sprayed faba bean
plants compared with the control. The mmcreases were more obvlous with Zn and
K treated plands than with Mg ones. That was true at 65 and 50 days after sowing
tn both scasons. Also, increases were parailel to the applied concentration of each
clement. Since, the highest concentraion of Zn, K and Mg during 1998 / 9%
scacon gave 56,60 & 106.50, 5520 & 105,70 and $4.50 & 95,50 con of plamt
height at 65 and 95 days after sowing. respectively. Meanwhile, the conwrol values
were 4220 & 85.20 2165 and 95 dsys afer sowing, respectively. Results of the
second season were paralkel to thase of the first one,

The stimulating efect of Zn on plant height may be attshuted to its
cffect on IAA symbesis (Caknak er al, 1989). They sugpested that 30%
reduction in  TAA synthesis in Zn deficicnt plants might be the result of inhibited
synthesis or enhanced degradation of JAA. Similar conclusion was previousty
reponed by Karakis er af, 1990; Hossain of afl. (1998) and Nakhlla, (1998). In
addition, it was reported that Zn enhances pibborellin biosynthesis (Alpbonsc,
1996 and Sekimoto ¢f of, 1997).

In addidon, in most instsinces, cell extension is 8 consequence of the
accumalation of X” in the oell, which is required for both stabilizing W pH of
cyioplasm and increasing the asmodic potential in the vaculoss (Marschner, 1595;
Ren e al, 1997 and Rashad, 1998). Also, Bastawisy and Sarial (1998) reported
that K increased auxin bevel in faha bean Jeaves,

Regarding the number of branches / plant, dala in the same table
indicate that except that ingignificant increase in number of branches/ plant
existed with 100 ppm Zn treatment at 65 days of plant age dunng the first scason,
the all other trestments at the two slages of gromth and in the two seatons
significantly increased this oumber compared with the control, The highest values
of this number, especially 21 95 days after sowing cxisted with K and Mg at their
high concentration (200 ppm). Meanwhile, the lowest increases were oblained
with Zn treatments,

As for stem dry weight, it was significantly increased with differcat

- appbied treMments at the two stages of growth in both seasons (Table, 1). This
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result Indicates that moee dry matter being allocated for the formation of new
branches. These branches could camry an additional yicld simikar results were
reparted by, Mahady (1990), Saks ef ai., (1996), Bastawisy and Scrial (1998) and
Sallam and Sohsah (1598).

2- Leaf growth :

Data in Table {1) cearly show that different applicd nutrscat clemeants in
their two assigned concemtrations sigmificantly increassd oumber of leves and
total lcaf arca f plamt as well as thelr dry weight at 65 and 95 days of plant age
during the two scasons, Increment each of leaf number and total leaf area in
treated plants may be attributed to 1he new forimsed branches. That was clearly
reversed  wpon leaf dry welght. ‘That means that pbotasyntbetsic arca andd its
activity were increased. This was directly reflected on the final yleld of sceds.
These results are in agreement with those obtained by Mahady (1990), Bastawisy
and Sorial (1998) and Sallam and Sohsah {(1998)

I1- Photosynthetic pigments and some bioconstituents:

Data in Table (2) clearly indicate that the leaf content of chlorophylls (a
& b) and cuoienaids was obviously increased with different applied clements at
their two assigned copceerations duning the two groning sesons. The highest
increment was obtained with Mg reatments followed by K ones. Zn showed the
lowest increment in this respect, Thete results are in harmony with (hose obtained
by Sallam and Sohsah (1998) who reparted that the enhaneement in chlorophylis
a & b content of Jeaves spraved with different Mg levels may be ascribed 1o the
effect of such clements oo increasing the biosynthesis of these pigments and / or
decreasing {beir degradadon. Also, it may be partially attrabuted 10 the synesgistic
effect of Mg upon chlorophylls formation. Since the major function of Mg in
plants is the central stom of the tetrpyrrole sng of chlorophyll (Devlin and
Witham, 1983 and Marschoer, 1995).

Table (2) shows also that total carbohydrates % was ingreased with
differerd applicd clements The maximum valuc was recorded wath K at 200 ppm
in the first scason and with Mg at 200 ppat in the second one. This positive effect
of Zn, K and Mg might be due (o their stimulative elfect on chlorephyll

biosynihess.

The crude protein % behaved similar 1o thar of total carbohydrates
(Table, 2). Thess results are of economic vahues becaunse they inchuded increases
of chloraphylls, cubaobydrates and protcin % in leaves, which may reflect on
reduction of flower shedding percenlage and increasing pod setting percentage.
Similar results were obtained by Mabady (1990) Xis and Xiong (199]1)
Bastawisy and sorial (1928) Sallam and Sohssh (15998),

III- Endogenous auxing :

As shown in Table (3)the endogencus auxing (IAA) Jovel in leaves of
faba bean at 60, 80 and 100 days after soning was highly affected with Za, K and
Mg westmests. Zn and K showed its highest level, whereas Mg was less
pranounced in this respect. Moreover, cndogenous auxins lovel was arised with
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advancing of plant age up to 80 days (i.¢., at full blooming stage) then de¢reased.
The weatments of Zn, K and Mg diminished the reduction of endogenous auxins
in beaves of treated plants comparcd with the control especially at 100 days of
plant age (i <, at the time of maximum shedding).

Table (2); Effects of zinc (Zn), potassium (K) and magnesiom (Mg) on
photeayotbetic pipments and some bioconstituents in leaves of fuba
bean (Vica faba L. ev. Giza 3) at 80 days after sowing duriog
1998/99 und 1999/2000 seasons.

Chl
Chl.a | ChLB | (a+h) m‘ “I:::,. ,cr:n“;‘i:
Tresteunts | ppm | mpfg dw. | mgip dow. 1‘“ dw. drutes%s e
W.

Scason 1998/ 1999

Contro | 0.0 | 536 1,78 711 586 34.60 17.60

0 593 2.54 8.47 6.16 36.70 19.00

s 100 | 6.64 289 9.53 6.35 38,90 19.60
K 100 | 6.35 2.78 9.13 641 319.90 19.30
200 | 665 3.14 9.79 T09 45.30 22.60
Mg 100 [ 6.4 3.08 10,02 6.73 $1.20 22,20
200 | T.08 3.36 10,44 7.92 43.80 2180

Season 1999/ 2000

Coatrol | 0.0 5.85 2.20 8.05 604 35.10 18.10

50 6.22 2.73 8.95 6.51 37.50 19.34

= 100 | 7.08 3.22 10.3¢ 6,78 .10 20.20
K 100 | 616 2.65 8.1 6.36 39.60 18.90
200 | 6.28 2,89 9.17 691 40.60 21.90

100 | 6.56 2,76 9.32 5.54 40.20 21.%

Mz 200 | .59 362 | 11.16 | 7.16 45,50 [ 22.40

Chl, = Chlecophyll Carot. = Carolenoids

in lhismepecl, the presert study answered that arises question relative to
nutrient stress in plants that is; Do clnngvs in nutrient levels affect ptant growth
dircctly  or indircctly through aheration in hormonss production? Since, the
weated plants were domicantly exhibited highest auxia level. Other studics have
been also pot sumilar conclusion (Cakmak ¢r al., 1989; Karakis 1 al., 1950; Jomes
1990; Davis and Zhang 1991 Marschner 1995; Ren e af, 1997; Hossain et al,
1998 and Nakhila 1998).They concluded that Zn is required for the synthesis of
IAA. Moregver, K bas been reponed to enhance suxin biosypthesis, The
stimulative cffect of K on JAA synthesis might be ascribed to its role in activating
the euymes nsolved in the biosynthesis of TAA (Salisbury and Roess, 1992) and
also, its inhibitoey effect on etlwlene production (Beyer, 1976).

The abave mentioned cesulls economically being of a great interest
Since, plant hoemones apparently interact to coalrol abscission. Auxin genesally
inhibits ahscission (Deviln and Witham, [983; Marschnes, 1955 and Hopkins,
1995). Therchy, increment of endogenous suxins in treited legves with Zn, K and
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Mg directly reversed opon increases of pod number/ plant. Hence, flnal yield of
sceds (Table, 4) was also significantly increased with the treatments af the three
applied elements.

IV- Reproductive growth and yield components:
1- Mowering, shedding and pod setting:

As shown in Table (4) differcst applied trcauncnes (Zn, K and Mg at
their two applied concentrations) significantly ingreased 1be o] number of
formed flowers / plant compared with the control. The only exceplion was that
insignificant increase existed with Mg at 100 ppm during 1998/99 season and
with Zn at 50 ppm in ihe second scason. Also, it was found that K at the twe
applicd copcentrutions gave (ke highast increases in qumber of flowers / plant n
the two scasons, meanwhile Zn treatments showed the lowest increases in this
oumbeyr.

Table (3): Effects of zinc (Zao), potassium (K) and magocsium (Mg) on
¢ndogenous auxin (Indole-3-acetic acid) in leaves of faba hean
(Vicia faba L., cv, Giza 3) at 60, S0 and 100 days efier sowiog

during 1999/2000 scason.
Days after sowing
¢ 80 105
( start of Moceming) { time of maximam
bl ( full blooming) “""! :

TAA % to IAA % to TAA % to
Tressments | ppm | pgig fow. | control | ppiefw, | control | g ffow. | control

Control | 0.0 | 92 | 10000 | 114 | 100.00 | 75 | 100.00

% i 115 | 13500 | 134 | 101754 | 111 | 15208

100 | 122 | 13261 | 140 | 12281 | 115 | 15783

K [400 | 138 | 12826 | 132 {11579 102 | 13973 |
200 121 13152 136 | 119.30 1[1 15205

Mg 100 102 110.87 i25 109.65 93 127.30

200 113 123.91 129 113.16 105 143.84

Data in Tablc (4) clearly show that perccotage of flower shedding was
significantly reduced with all applied treatments. In addition, e different applied
nuirients nexrly diminished flower abscission with the same degres during the
two growing seasons of this study.

Number af seried pods / plant was significantly increased with different
applied notrieds at their two assigned concentrations during the two growing
seasons comparcd with the control (Table, 4). Alsa, the enbancement of pod
development and the formed frusts reached ils maxomum with K treatmends, while
its lawest existed with Mg treatments.

Vith respect to the percentage of pod sbedding, the enhancement of pod
setling  was directly reversed upon a reduction in the peroentage of their shedding
(Table, 4), Therchy, reduction of this percentage was oblained with different
applied treatments and reached level of significancs with Zn and Mg at 100 ppm
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during 1998/99 as well as with the two applied cancentrations of each putricat in
199972000 scason.

As for O pumber of manre (survived) pods/plant, of interest was to
node that the increases of formed flowers and setted pods as well as the reduction
In shedding percentages of flowers and pods obtained with all applied nutment led
1o anincrease i tbe oumber of pods /' plant. Swce, a significant in increase in the
number of mature pods was exisied with different applied treaiments in the two
scasons of this study. Also, it could be noticed (kat K treatments gave thve highest
increase in the number af maturs pods, while Zn treatments showed the lowest
increase in this number,

Again, it could be concluded that, reduction in shedding pescentages af

. Mowers and pods as well as cnhancement of pod setting and devedopment which

cblained with Zn, K and Mg treaimenis nay be due to an increasc in
conceotrations of tecal carbohydrates anc protedn in the leaves (source) 25 well as
the endogenous auxdng, especially at full blooming and sefting stages.

2- Yicld components:

Table (4) shows that pod weight was significintly increased with
different applied nutricat elements during the twp growing seasons, The only
exception was the insignificant Increxse existed with Mg at 100 ppm during the
second season,

Data in Tablc (4) clearty show that in the two scasons, pod vield (g} /
plaig was significanty increased with different applied nutrients in the two
growing seasons . Also, it could be noticed that K treatmems shawed the highest
increases  in this yicld. Meanwhile, Mg and Zno treatmends similarly incr=ased this

parameler.

Concerning, weight of seeds per pod and per plast, dala in Table (4)
shaw that the all applied treatnends in the two seasons, signeficandy jncreascd
these parameters. Also, it could be clearly noticed that K treaiments were more
effective in this respect.

Regarding the sced index (J00.-secd  weight), @t was significantly
increased with the two applicd concentrations of Zn, K and Mg in the two seasans
Also, K treatments were proceeded in this respect,

V- Secd contents of NPK, crude profein aod mgary: :

As shawn in Toble (5) different applied nulrients §.¢, Zn, K and Mg
obviously increased NPK, crude protein and total sugar contenls in seeds of
treated faba bean plants. Increases were also proportional to the applicd
cancenirations. Since, the highest conceatration of cach nutrical was more
effective when compared with the Jowest one regarding differest estimated NPK
and other constituents. [n addition, Mg at 200 ppm was {he mast effective eitlser
when compared with its lowest conceotration or with the two concentrations of
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the other two nutrients regarding different estimared constituents. On the other
hand, Zn at S0 ppm was Jess effective in this respect

The applicd nuerient treatments improved sced yield of faba bean plants
(Table, 4) due to increasing flower formation and the redoction of lowers and
pod shedding as well as increasing their ability o accumolate more
bioconstituemts and NFK contents (Teble, 5), These pasitive effects of mutrient
treaunens upan sezd  vield and its characters could be considered as a revession
of their effects upon the carly vigorous growth of faba bean planis (Table, 1)
Other stadies also repocted nearly similar results with applying Zn, K or Mg to
faba bean or other planis, Of these studics are Abd-El-Hads er af, (1985)
Mahady (1990); Xia and XGong (1991); Sakreral, (1996); Saltam and Sohsah
(1998) and Bastawisy and Sorial (1998).

In general, it has been cstablished thal yield response curves differ
between soxd amd straw particulardy at higher K level in favor of seed yield in
contrast with nitrogen when its excess wis added (Marschner, 1995).

Also, the oblaincd positive yield responses arc the result of individual
processes, such that sapnificant increase in leaf area (Table, 1) and its coversion
upon increasing the et pbotosynthesis per unit of Jeaf area i.c. effects at the
source or that increase in pods and sced weights (Table, 4), i e, ellects at the gink.

In this respect, Chapin et al, (1988) reposted that when the nutricnt
supply is suboplimal, the leaf growth rale. and thus the leaf area index, can be
limited by low rates of net phetosynibesis ar insufficicnt cell expansion or both

- these two factors. Also, Marschiter and Cakmak, (198%) stated that plant dry

weight was incremsed In the zine sufficicnt plamts, In addition Cakmak and
Marschner, (1992) repocted that accumulation of photosynthates under sufficieat
nutrient supply (Including Zn, X and Mg) was significantly increased in many
plants, They stated that mmeral nutrients deficicncy decreases not only current
photosynthesis and leaf area index but also leaf area duration (L.AD), that is the
leagth of time in which the scarce leaves supply photosynthates Lo slnk sites
Marcover, Walers ef al., (1984) and Boyle er i, {1991) reporied that mineral
nutricnts supply has positive effects opon flower formation and seding through
hormones Jevel.

Therefare, the availability of mincral nutrients such as znc, potastium
and magncsivm o the growing plants being of great impostance (o the comaning
yield. .

Hence, becanse in the presend sludy the applied nulnenls ic., Zn, K and
Mg were applicd 3 tmes by the method of foliar spraving, so sufficicnt
improvement of both vegetative and reproductive growth as well as seed vield

' being expected.
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Thereby, the present study strongly admit the use of Za at 100 ppm and
K & Mg at 200 ppm three times at 35, 50 and 65 days of age of faba bean plants

for getting the highest seed yicld, with good quality.
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