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Abstract

An field experiments were conducted at AL-Najef &morate, Iraq during 2016/2017 and 2018/2019 ssasw study the effect of
fertilization with potassium sulphate and sprayigic acid on anatomical characteristics of twoetas of beet (local and foreign newly
introduced to Iraq). Potassium sulphate@®K 50%) added in three level i.e. (0,100, 150) kd,Hboric acid (B, 17%) were sprayed in a
three concentratione. (0,5, 10) g.[* sprayed in two time, Experiments were adopted Raadomized Complete Block Design (R.C.B.D)
in Split-Split plots Design for two seasons aneéhfactors with three replicates

The results revealed that the interaction treatrbeniveen fertilization beet with potassium sulphate level 150 kg.H4 and spraying
boric acid at a concentration of 109.[K2B2), and the interaction treatment between lfeation beet with potassium sulphate in a level
100kg.H& and spraying boric acid at a concentration 5'¢lLB1) showed the highest values of most anatonstadied characters; as
well as in both studied growing seasons as compaitbdusing each control treatment. However, tremits B2K2, B1K1 showed that the
higher mean number of vascular bundles, growth tirickness, diameter, number of growth rings inosdary growth and parenchyma
thickness. Treatment KOB2 showed that the highestael diameter in secondary growth and periphgrialeemis thickness. treatment
K2B0 showed that the highest measurements of playere Interestingly that anatomical charactersoot,rsuch as root diameter, number
of vessels/bundle in root were increased with thteraction treatment between fertilization beethwitotassium sulphate in a level
150kg.H& and spraying boric acid at a concentration of 1Bglt can be concluded that fertilization beet withtassium sulphate and
spraying plant with boric acid led to maximize beebductivity . This shows the synergism effectbath potassium and boron in an
improvement plant growth.
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Introduction the first and second season. Four seed per hikk wewn,
Beet Beta vulgaris L) belongs to chenopodiaceaeplams were thinned to one plant per hill when thant

family. It is a biennial plant (Matlokt al, 1989) Fertilizers height 5-7 cm (Matloket al, 1989).

play an important role in increasing root Beet pttbn. An factorial experiments were adopted in a
One of the main macronutrients present in inorganikandomized Complete Block Design (R.C.B.D) in Sgjilit
fertilizers was potassium which influence vegetatiand plots Design for two seasons and three factors tithe
reproductive phase of plant growth (Attaretaal, 2012), its replicates, First two beet varieties (local andeign newly
plays an important role in enzyme activation, cbkdrglance introduced to Irag). Second fertilization plantghwthree
and osmoregulation in plants. In beet potassiunyspla levels of potassium sulphate produced by an Ind@npany
significant role in biosynthesis and transfer otrese to (K,O, 50%) at three level.e. (0,100 and150) kg.Ha
storage roots (Cakmak, 2005). Also Boron and patass Symbolizes them (KO, K1 and K2) (Abo EI-Nasr and
fertilizer improvement yield and quality of Bedtbdelaal Ibrahim, 2015) which put it in the Main plot, add® two
et al. (2015) reported that application of potassiumatllef time. First after three weeks from planting, Secafidr three
48 kg K,0.fed! and foliar spraying with some microelementsveeks from the first. Third spraying three concaiitn of
significantly increased root diameter and root liregeight, boric acid produced by an Indian (17% i) (0, 5 and 10)
root and sugar yields as well as sucrose perceréddéagdy g.L™ Symbolizes them (BO, B1 and B2) (Gelairal, 2013)
et al.(2010) mentioned that application of mineral femtirs put in Sub-plot, which is sprayed in two time, fifter
potassium and boron led to significant increasdéiameter of formation 4-5 true leaves in plant, second aZ@rweeks
the main stem, thickness of epidermis, phylum &ssufrom planting (Armin and Asgharipour, 2011). Meamsre
secondary xylem, secondary phloem and pith diameter compared by least significant difference (LSD) &t t
flax plants. Agamyet. al[2013] mentioned that mineral- probability level of 0.05 (Al-Rawi and Khalaf-All&2000).
fertilizers increased the thickness of growth rirgfsbeet Each experimental unit included 5 ridges, 60 cnmrtapad
roots and average diameter of xylem vessels. 3.5m length, resulted an area of 10.5m2. The afezach

Therefore the aim of this research was to study trﬁi"t was 12
effect of potassium sulphate and boric acid on taneal Plants were kept free from weeds, which were méyual
structure of two varieties of root beet to improwsinbeet controlled by hand hoeing at three times. The commo
production quality. agricultural practices for growing beet according the
recommendations of the Ministry of Agriculture were
followed. Surface soil (0-30 cm depth) was samgietbre
An field experiments were carried out in Najefland preparation as representative sample and zewhly

Governorate, Iraq during 2016/2017 and 2018/2088®@®s, according to procedures suggested by (Black, 195)
to study the effect of fertilization with potassiusnlphate shown in Table (1).

and spraying boric acid on anatomical structuretwed
varieties of beet. Beet seeds were sown &tdf0August in

Materials and Methods
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Response of potassium sulphate and boric acid to two varieties of beet (Beta vulgaris L.)

on anatomical characteristics

Table 1 : Chemical
experimental soil

and physical

Soil particles (%)| Quantity
Soil texture Clay 88
(Salty sand) Salt 204
Sand 708
Chemical properties Values Unit
Chemical analysis
CaCQ (%) 14.30 14.30
Organic matter (%) 15 15
Available N (ppm) 0.672 0.672
Available P (ppm) 0.684 0.684
Available K (ppm) 5.3 5.3
Ph 7.65 7.65

At maturity (age of 120 days), the three middle saf
each plot were harvested the roots, five plantecsad
randomly of each plot. The plants were separattxshoot
and root and the following anatomical charactersstivere
determined:

For anatomical characteristics, specimens fronctede
samples were taken during the first and secondaeeagm
the root at the age of 8 weeks for plate (A), 1@kgefor
plate (B) and 12 weeks for plate (C) from sowingnples
were killed and fixed for at least 48 hours. Innfiatin acetic
acid alcohol (F.A.A.) solution [5 ml glacial ace#cid, 10 ml

formalin and 85 ml ethyl alcohol 70%]. Samples wer
washed in 50% ethyl alcohol and dehydrated in anabr

butyl alcohol series. The specimens were impedguiaffin
wax (56-58°C). Transverse sections (12-15 micrdhgk

were done with rotary microtome model 820. Paraffi

sections were fixed on the slides with albumininsta with

properties of thesafranin and light green and mounting in Canadaabpal

(Gudaet al, 2013). Slides were examined microscopically
and photomicrography.

The characteristics were studied was: peripheral
epidermis, growth rings in the secondary growth and
parenchyma and cork tissue.

Results and Discussion
Root anatomy

Anatomical structure of beet root in cross a sestiof
plates (1, 2, 3, 4, 5, 6, 7, 8 and 9), and dafBainle 1and 2
shows that a secondary growth of beet root, sudcheasest
of Dicot plants, which are circular, secondary gitowand
characterized by tissue systems. The Periderm ctinee
tissue consists of Cork, Phellogen and Phellod&atiowed
by the Vascular Cylinder, which consists of several
concentric growth rings. Their number depends acosgary
growth. Each ring consists of xylem vessels folldwesy
vascular cambium and then the phloem, interspevedu
vascular radiation, which reaches the root centerost,
showing vascular vascularity, between growth rings.

Results showed that the treatment K2B2 and K1Bfeased
root diameter, number of growth rings, and average
periderms thickness of beet roots compared traetiK2B0

and KOB2 and KOBO (Fig 1. 9). This results maydoe to
éhe important role of the synergy effect betweetapsium
and boron element in enhancement root growth, asereell
division and elongation (Guda et al., 2018). Thessults
were supported by similar results which obtained (Bl
IJ1\lagdyet al, 2010) and (Agamgt al, 2013).

Table 1 : Effect of table beet, boron and potassium cultivargeripheral epidermal thickness for the firah veasons (2017-

2018)
Treatments Boron = : BO Bl B2 V* K Average V
otassium
Vi KO 48.47 61.60 70.53 60.20
K1 61.67 62.60 74.57 66.28 62.88
K2 48.97 60.87 76.67 62.17
V2 KO 51.43 61.17 73.53 62.04
K1 54.73 63.70 74.00 64.14 64.32
K2 58.20 63.23 78.90 66.78
Average V 4.655 LSDV =
LSD (V*K)=3.621 LSD (VK *B) =4.441
Varieties BO Bl B2 Average V
V1 53.03 61.69 73.92 62.88
V2 54.79 62.70 75.48 64.32
Average B 53.91 62.19 74.70
LSD (V) = 4.655 LSD (B )1=736 LSD (V*B) = 3.532
Potassium BO Bl B2 Average K
KO 49.95 61.38 72.03 61.12
K1 58.20 63.15 74.28 65.21
K2 53.58 62.05 77.78 64.47
Average B 53.91 62.19 74.70
LSD (K)=1.431 LSD (K* B92.734
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Table 2 : Effect of table beet, boron and potassium cultivarsthe number of vessels in the secondary groftheotwo
seasons of the first season (2017 - 2018)

Boron
Treatments Potassium BO Bl B2 V* K Average V
Vi KO 2.000 2.333 3.000 2.444
K1 2.000 3.667 2.000 2.556 2.704
K2 2.000 2.667 4.667 3.111
V2 KO 2.000 3.000 3.333 2.778
K1 2.000 4.000 2.000 2.667 2.889
K2 2.000 3.000 4.667 3.222
LSDV =
Average V 0.3187
LSD (V *K) =0.3208 DSV *K*B)=0.5533
Varieties BO Bl B2 Average V
Vi 2.000 2.889 3.222 2.704
V2 2.000 3.333 3.333 2.889
Average B 2.000 3.111 3.278
LSD (V) =0.3187 LSD (B ) 2387 LSD (V*B)=0.3194
Potassium BO Bl B2 Average K
KO 2.000 2.667 3.167 2.611
K1 2.000 3.833 2.000 2.611
K2 2.000 2.833 4.667 3.167
Average B 2.000 3.111 3.278
LSD ( K) =0.2453 LSR{B) =0.3976

increase both the efficiency of the roots in absab
nutrients from the soil and the root size, i.e. rient
absorption surface through stimulating plant mefabo

With respect to the effect of boron fertilizer mten
nutrients uptake (Gudet al, 2018) and (Cloctet al, 2009)
mentioned that foliar fertilization has been inced in
nutrition of field crops especially in calcareowd svhere the (Gudaet al, 2016).

loss through fixation of applied fertilizers seemkeiher Plate (1) showing that the plant contains two gowt
therefore, foliar application of the essential edes seemed rings and compared to the rest plate , this treatrseowed
to. be an |mpqrtant sgpplementary method to p_rO\he!et the lowest average number of vascular bundle ftlokriess
with some micronutrients such as boron which is th8f growth rings, diameter of growth rings in secaryd
Eg:‘r:]irlt;onthziatt W‘;rse reneeded as fgrt|l|zers_. AI;o _ms t growth , diameter of vessels in secondary growghipperal

’ ported that micronutrients liappon epidermis thickness and thickness of parenchyma
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Plate (1) : (A)Showing beet plant root as a general shapeA(Bjoss section of the rootreatment of KOBO under 10X magnification
showing 1 = peripheral epidermis, 2 = growth rir§)s, parenchyma tissue, 4 = vascular bundle, &nral vascular bundle, (C) Showing 1
= epidermis, 2 = phylogen, 3 = cork, 4 = phylemsuis, 5 = vascular cambium , 6 = xylem tissue parenchyma tissue, and 8 = central

vascular bundle
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Note that the plant contains two growth rings aothpared to the rest plates, this treatment showeelatively midle
measurement of the diameter of vessels in secormplawth and peripheral epidermis thickness, thermmeamber of vascular
bundle and the thickness of growth rings and diametgrowth rings and the number of growth ringétondary growth The
thickness of the parenchymais relatively samli{e?13).

Plate 2 : (A)Showing beet plant root as a general shape of, (B) A cross section of the roottreatment of KOB1 under 10X
magnification, showing 1 = peripheral epidermis; growth rings, 3 sparenchyma tissue, 4 = vascular bundlés= central vascular
bundle, (C) Showing 1= epidermis, 2 = chromium, 3 = cork, 4 phylem tissue 5 = vascular cambium 6 = xylem tissug 7 =
parenchymatissue, and 8 = central vascular bundle

Plate (3) showing that the plant contains two glorrigs and compared with the rest plate , tleigttnent showed the highest
measurement of the diameter of vessels in secorgtaryth, peripheral epidermis thickness, the meambyer of vascular
bundle, the thickness of growth rings , diametegrafwth rings ,the number of arches in secondaoyvtir and thickness of
parenchyma It is relatively small.

Plate 3 : (A)Showing sugar beet plant root as a gerenl stBpA cross section of the rootreatment of KOB2 under 10X magnification
showing 1 = peripheral epidermis, 2 = growth rings7 parenchyma tissue, 4 = vascular bundlg, = central vascular bundle,(C)
Showing 1= epidermis, 2 = chromium, 3 = cork, 4phylem tissue, 5 =vascular cambium 6 =xylem tissue, 7 =parenchymatissue,
and 8 = central vascular bundle
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Note that compared to the rest plates, this treatstieowed the highest mean number of vascular kanthe thickness of the
growth rings, the diameter of the growth rings, thember of ring in the secondary growth and thekiinéss of the
parenchyma. The diameter of the vessels in thens@rp growth and the thickness of the peripheraexmis is relatively
small (Plate 4).

P T TR N
PO

Plate 4 : (A) Showing beet plant as a general shape of (B)tA cross section of the rootreatment of K2B2 under 10X magnification
showing 1 = peripheral epidermis, 2 = growth ringsF parenchyma tissue, 4 = vascular bundle, (C) Showing 1 = epiile 2 =
chromium, 3 = cork, 4 = phylem tissue, 5 = vasco&@nbium, 6 = xylem tissue, 7parenchymatissue, and 8 = central vascular bundle

Note that plate (5) contains two growth rings aonthpared with the rest plate, this treatment shiotive least measurement
of the diameter of vessels in secondary growthipperal epidermis thickness, the mean number ofulas bundle, the
thickness of growth rings, diameter of growth rintlpe number of arches in secondary growth andiless of parenchyma, It
is relatively midle.

Plate 5 : Sowhing beet plant root as a general shape of (BYtA cross section of the rootreatment of K2B0O under 10X magnification
showing 1 = peripheral epidermis, 2 = growth rir@)s; Bernacamic tissue, 4 = vascular bundle, (@wihg 1 = epidermis, 2 = chromium,
3 = cork, 4 = phylem tissue, 5 = vascular cambiéim,xylem tissue, 7 parenchymatissue, and 8 = central vascular bundle
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Plate(6) showing that the plant contains three ¢novings and compared to the rest plates showeatively high
measurements in the average number of vasculadéyithe thickness of growth rings, diameter of gtovings in secondary
growth, thickness of parenchyma, the diameter akels in secondary growth and epidermis Periphéhatkness, It is
relatively midle.

Plate 6 : (A) Showing beet plant root as a general shapeoof, (B) A cross section of the roottreatment of B1K2 under 10X

magnification, showing 1 = peripheral epidermis; growth rings, 3 = Bernacamic tissue, 4 = vaschlardle, (C) Showing 1 = epidermis,
2 = corpus laminar, 3 = cork, 4 = phylem tissue, &ascular cambium, 6 = xylem tissue, parenchyma tissue, and 8 = central vascular
bundle.

Plate (7) show two growth rings compared to thé péstes, this treatment showed relatively modenag@surements of the
vessel diameter in secondary growth, epidermiktigiss, the average number of vascular bundleshitianess and diameter
of growth rings and the number of vessels in tlwesdary growth and thickness of parenchyma.

awmmuﬁﬁh_uuﬁ?lmni

Plate 7 : (A)Showing beet plant root as a general shape of rand (B)A cross section of the roottreatment of K1B2 under 10X
magnification showing 1 = peripheral epidermis, grewth rings, 3 = Bernacamic tissue, 4 = vaschlardle, 5 = The diagram shows an
illustration, (C) Showing that 1 = epidermis, 2 kr@amium, 3 = cork, 4 = phylem tissue, 5 = cobiunms 8ylem tissue, 7 fparenchyma
tissue, and 8 = central vascular bundle.
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Note that the plant has four growth rings. Companéth the rest plates this treatment showed relatively moderate
measurements of the diameter of vessels in secprgtawth, peripheral epidermis thickness, high meaments in the
average number of vascular bundles, thickness aftfrrings, diameter of growth rings and numbewredsel in secondary
growth andparenchymathickness (Plate, 8).

Plate 8 : (A)Showing beet plant root as a general shapeaf(B) A cross section of the rootreatment of K1B1 under 10X magnification,
showing 1 = peripheral epidermis, 2 = growth rings7 parenchyma tissue, 4 = vascular bundle, (C) Showing 1 = epiike 2 =
chromium, 3 = cork, 4 = phylem tissue, 5 = vascaéanbium, 6 = xylem tissue, 7parenchymatissue, and 8 = central vascular bundle

Note that the plant has four growth rings. Companéth the rest plates this treatment showed relatively moderate
measurements of the diameter of vessels in secpmuiewth , peripheral epidermis thickness , highasugements in the
average number of vascular bundles, thicknessafithrrings, diameter of growth rings and numbewedsel in secondary
growth andparenchymathickness.

C

Plate 9 : (A)Showing beet plant root as a general shapeatf(B) A cross section of the rootreatment of K1BO under 10X magnification,
showing 1 = peripheral epidermis, 2 = growth rir)s,parenchyma tissue, 4 = vascular bundle, (C) Showingepilermis, 2 =
chromium, 3 = cork, 4 = phylem tissue, 5 = vascatanbium, 6 = xylem tissue, 7parenchymatissue, and 8 = central vascular bundle
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Anatomical evolution

In this study, the anatomical development of pegiph epidermis thickness, number of growth ringsyetbpment of
parenchyma and cork cells in growth, the resultsasthat Plate (10) showing that the plant cont&ins growth rings and
compared with the rest plate, this treatment shdegslthickness of the peripheral epidermis arakit@ss of the parenchyma
where V2 is better than V1 in terms of developnarepidermis and cork and secondary growth.

1
2
3
4
5

[A]

Plate 10 :Beet varietiegV1) the localvariety and (V2) the importedtariety in the treatment of KOBO under 10X magnificatishpwing

1 = Pheloderm, 2 = Phelognen, 3 = Cork, 4 = Vasdulmdle and 5= parenchyma tissue, Plate A= repteshe root of the beet after 8
weeks of planting and plate B= represents the abtiie beet after 10 weeks of planting and plater€presents the root of the beet after 12
weeks of planting.

—>V1

I:>V2

Plate (11) showing that the plant contains two ghorings and compared to the rest plate, thisrtreat showed a relatively
midle measurement of the peripheral epidermis thésk, the average thickness of rings growth inrstany growth and
thickness of parenchyma is relatively small anda¢qutwo studiedrariety.

&

v

[Al <=1

Plate 11 :Beet varietieV1) the localvariety and (V2) the importedariety in the B1KO treatment of KOBlunder 10X magnifioati
showing 1 = Pheloderm, 2 = Phelognen, 3 = Cork,Vascular bundle and 5= parenchyma tissue, Platerdpresents the root of the beet
after 8 weeks of planting and plate B= represdrgsoot of the sugar beet after 10 weeks of plgrdaimd plate C =represents the root of the
sugar beet after 12 weeks of planting.
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Plate (12) showing that the plant contains two ghorings and compared to the rest plate , thidrtreat showed the highest
measure of secondary growth and peripheral epidetinickness, while secondary growth and thicknégsacenchyma is
relatively small and equal in these results oftthe variety studied.

Plate 12 : Beet varietie{V1) the localvariety and (V2) the importedariety in the B2KO0 treatment of KOBS under 10X magnificat
showing 1 = Pheloderm, 2 = Phelognen, 3 = Cork,Mascular bundle and 5= parenchyma tissue, Plate rdpresents the root of the sugar
beet after 8 weeks of planting and plate B= reprtssine root of the sugar beet after 10 weeksaitiplg and plate C =represents the root of

the sugar beet after 12 weeks of planting

Note that compared with the rest plates, thistneat showed the highest mean thickness of the gromgs and growth rings
diameter of secondary growth and thickness of #rerchyma, the thickness of the peripheral epideisnielatively midle .
The local variety on the importer in the developimef cork and secondary epidermis where after WigeRhe growth of
cork and peripheral epidermis was completed(P1&g,

[A]

Plate 13 : (sugar beet)Beta vulgarisL. (V1) the localvariety and (V2) the importediariety in the B2K2 treatment under 10X
magnification, showing 1 = Pheloderm, 2 = Phelogr@n Cork, 4 = Vascular bundle and 5= parenchyissu¢, plate A= represents the
root of the sugar beet after 8 weeks of planting plate B= represents the root of the sugar beet &0 weeks of planting and plate C

=represents the root of the sugar beet after 1Xsvafeplanting
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Note that the plant contains two growth rings aothpared to the rest plate , this treatment shavedhimum measure of
the thickness of the peripheral epidermis, the ayerthickness of growth rings in secondary growtld thickness of
parenchyma is relatively midle and the developneémtarenchyma tissue in the imported category b#tan the local week
twelveth (Plate, 14).

:>V1

|:>V2

N =2

Plate 14 :Beet varieties (V1) the locakriety and (V2) the importedariety in the BOK2 treatment under 10X magnification,winy 1 =
Pheloderm, 2 = Phelognen, 3 = Cork, 4 = Vasculadiuand 5= parenchyma tissue, Plate A= repredbatroot of the sugar beet after 8
weeks of planting and plate B= represents the abtlie sugar beet after 10 weeks of planting aatepC =represents the root of the sugar

beet after 12 weeks of planting

Plate 15, showing that the plant contains threg/raings. Compared with the rest plates, relayivegh measurements were
shown in the thickness of the growth rings in seleoyn growth and the thickness of the parenchymhe. thickness of the

peripheral epidermis is relatively midle. The locafiety showed rapid growth and development dftereighth week and this
was shown in irregular vascular bundles in thisepla

=

Plate 15 :Beet varieties (V1) the locabriety and (V2) the importedariety in the B1K2 treatment under 10X magnification,winy 1 =
Pheloderm, 2 = Phelognen, 3 = Cork, 4 = Vasculad®iand 5= parenchyma tissue, plate A= repregsbetroot of the sugar beet after 8
weeks of planting and plate B= represents the sbtite sugar beet after 10 weeks of planting aatepC =represents the root of the sugar
beet after 12 weeks of planting
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Plate (16) showing that the plant contains two ghoiings and compared to the rest plate , thitrnent showed relatively
moderate measurements in the thickness of thelpgdapepidermis and the thickness of growth rimgseicondary growth and
thickness of the parenchyma.

Plate 16 :Beet varieties (V1) the locahriety and (V2) the importedariety in the B2K1 treatment under 10X magnification, winy 1 =
Pheloderm, 2 = Phelognen, 3 = Cork, 4 = Vasculadiuand 5= parenchyma tissue, Plate A= repredbatroot of the sugar beet after 8
weeks of planting and plate B= represents the obtite sugar beet after 10 weeks of planting aatepC =represents the root of the sugar
beet after 12 weeks of planting.

Plate 17, showing that the plant has four growtlysi Compared to the rest plates, this treatmewesth relatively moderate
measurements of secondary growth and peripherdeepis thickness and high measurements in the g&vdhackness of
growth rings in secondary growth and parenchymekttéss. The imported cultivar was superior in theetbpment of the
arenchyma in the 12th week.

Plate 17 :Beet varietiegV1) the localvariety and (V2) the importegtariety in the B1K1 treatment under 10X magnification,sing 1 =
Pheloderm, 2 = Phelognen, 3 = Cork, 4 = Vasculadleuand 5= parenchyma tissue, Plate A= represhatroot of the sugar beet after 8
weeks of planting and plate B= represents the abtlie sugar beet after 10 weeks of planting aatepC =represents the root of the sugar

beet after 12 weeks of planting
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Plate (18) showing that the plant contains two ghorings and compared to the rest plate, thisrireat showed relatively
few measurements in secondary growth and periplegrialermis thickness and relatively moderate measents in the
thickness of the growth rings of secondary growttl the thickness of parenchyma tissue. Both vadéstudy are equal in
evolution.

Plate 18 :Beet varieties(V1) the locaiariety and (V2) the importedariety in the BOK1 treatment under 10X magnification, why 1 =
Pheloderm, 2 = Phelognen, 3 = Cork, 4 = Vasculadleuand 5= parenchyma tissue, Plate A= represhatroot of the sugar beet after 8
weeks of planting and plate B= represents the abtlie sugar beet after 10 weeks of planting aatepC =represents the root of the sugar

beet after 12 weeks of planting
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