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 EFFICIENT BORON UPTAKE AND USE BY SUNFLOWER GENOTYPES GROWN - IN

NUTRIENT SOLUTION AND SOIL

M.R.G. Ungarc(l 2),'A M.C. }?‘urlanl(l 2) and J.A. Quagglo(l

Instituto Agrondmico do Estado de S3o Paulo, C. Postal 28 - 13.100
Campinas, S P., Brazil. . : ) o

SUMMARY

The use of sunflower genotypes more efflclent in' B uptake ‘and use
or more tolerant to low B soils, can be an important practice for‘
tropical soils, where soil acidity and B deficiency =~ limit grain

_ yield. The objective of this paper was to- define critéria and

parameters to evaluate boron efficient sunflower genotypes in
nutrient solutions and soil. Three experlments were done, one in
field and two in greenhouse conditions, all arranged in randomized -
complete blocks with four repllcatlons. In field,different degrees -
of -boron -deficiency were observed in 6. sunflower . genotypes (notes
attributed from 1 to 5) and high correlation coefficients were
obtained between the notes and total B content in the plants. The
visual symptoms were characterized by smaller and deformed heads
with hollow seeds, and head cllpplng. In nutrient solution, 5
genotypes were grown in increasing B -concentrations during - 28
days, in.order to define the level that best could differentiate
sunflower genotypes. -In another experiment, 16 genotypes were
grown for the same period, in nutrient solution with 0.05 and
0.10 ppmB (previously selected B concentrations) when the
following variables were evaluated: plant. heights, dry matter
yields, B concentrations,; B -contents and degrees of B deficiency
(notes attributed from 0 to 6) .Large variations inB concentrations
and B contents in the leaves were observed, highly correlated
with the notes attributed to B deficiency symptoms. The results
indicated there is a potential for genetic improvement of sunflowexr
genctypes for B uptake and use and that the nutrient solution
technique can be used as a support for breeding programs.

INTRODUCTION

Soil acidity and boron deficiency has limited sunflower yield in
tropical soil conditions,as has been demonstrated by Blamey (1976},
Blamey et alii (1978) and Quaggio et alii (1985). These  results
indicated that sunflower requires pH around 6.5 for maximum .yield.
However, boron is less. available to plant -in soils with high pH
values (Evans & Sparks,1983),and in these conditions theoccurrence
of boron deficiency symptoms could be more frequent. There is not
a good soil testing method to prevent boron deficiency because
climatic variations interferes on boron availability. .

The use of genotypes less sensible +to B deficiency . or more
efficient in B uptake and use could be a practical alternative.

It is recognized. that cultivars within a species may differ in .
response to nutrient levels in the soil. These differences have
been attributed to: a) differences in tissue nutrient requirements
and b) differences in the ablllty of. plants to absorbh nutrients
from the soil. :
Information about the variation .in the ability to .° absorbing
nutrients among sunflower cultivars are not consistent. Robinson
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(1970) and Blamey et alii (1982) did not found differences, among
cultivars, in the nutrient concentration in sunflower tissues.
Otherwise, Foy et alii (1974) found differences between sunflower.
genotypes in their responses to Al toxicity and Blamey et alii(1984)
Ffound differences in the nutrient concentration in the leaves of
different genotypes.

Blamey & Chzpman (1980) concluded that differences in response to B
fertilization was due to differences in B uptake an not in tissue
‘requirement for B. ‘ ) :

The potential for breeding sunflower cultivars specially adapted to
low available nutrient in soils has been recognized. Blamey et alii
(1984) found that nutrient uptake efficiency is simple inherited
and seems to be not associated to yield; they found, also, that the
incidence of B -deficiency symptoms generally reflected  the B
status of the plants. )

The objective of this paper was to define criteria and parameters
to ‘evaluate boron efficiency sunflower genotypes in nutrient
solutions and field. -

MATERIAL AND METHODS )
Experiment 1 - Characterization of boron deficiency in the field

Differents degrees of boron deficiency symptoms were observed among
sunflower cultivars in a Yield Comparative Trial set wup at the
Experimental Station of Campinas, Agronomic Institute of the Sao
Paulo State.Treatments were arranged in a randomized complete block
design with four replications. An evaluation of the degree of boron
deficiency symptoms were made in each plot, attributing notes
according to the severity of the symptoms. The notes ranged from
-1 (absence of symptoms) to 5(severe head deformation, hollow seeds,

head clipping. The genotypes were classified according to the
average degree of symptoms, in sensible, moderately sensible, and
- tolerant to boron deficiency.Seven . genotypes = were selected

according to their classification and plants were harvested for the
determination of B concentration in plant tissues and its possible
relations with the degree of symptoms observed. )
Five plants per plot were harvested at the seed maturation stage,
and the following variables were determined: dry matter of leaves,
stems, pecioles, heads and seeds; grain yield; head diameters and
plant heights. Plant parts were ground and analysed for B content
by the method of Azometria H (Bataglia et alii, 1983).

Experiment 2 - Determination of the best boron concentration in
nutrient solution for differentiation of sunflower genotypes

A greenhouse essay was conducted with the genotypes Conti - 112,
Indussen 380-A, Issanka, DK-180 and  IAC-Anhandy, cultivated in
nutrient solution with six different B concentration. The
experiment was arrandged .in a randomized .complete block design with
four replications. The sunflower seeds were germinated in paper
towels and seven day-old seedlings were transplanted into 2.8liter
plots with nutrient solution of the following composition (mg/1):
Ca 151; K 141; Mg 17; N-NO3 137; ©N-NOy4 20; C1 33; S 54; P 80;
Fe 4.8; Mn 0.5; Zn 0.13; Cu 0.04 and Mo 0.08. These nutrients were
given as the following salts: Ca(NO3) . 4H20); KNO3; KpSO4; KCi;
NH4NO3; MgSO4 . 7Hp0; KpPO4; MnCly . 4H,0; ZnSO4 .7Hp0; CuSOy . 5H0
and NajMoO4. The iron was utilized as Fe~EDTA and FeSO4 . 7H50.

The B levels, as H3BOj3, were; 0;0.05; 0.10;0.20;0.40 and 0.80 mgB/1.
The pH was initially adjusted to 5.0 and monitored each other day
untill the end of the experiment. The temperature and relative
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humidity registered during the period were within the - range
considered adequate for sunflower growth. After twenty-nine days
in nutrient solution the visual symptoms of B deficiency were
evaluated in each pot. The plants - were- harvested, rinsed in
destilled water, and separated in-leaves, stems, and roots.

The samples were dryed-in a forced-air oven, at 709C, in order .to
determine the dry matter weights. After that, they were ground and .
analysed for B as described in Bataglia et alii (1983). )

Expeiiment 3 - Screening of sunﬁloﬁer 'gehotypeS' " for ~ -boron

efficiency o ) ! )
Sixteen sunflower genotypes were grown in nutrient solution in = a
greenhouse, at the Experimental Station of Campinas, in 1986,
arranged in a randomized  complete block design with four
replications. The following genotypes.were utilized: 1l- Uruguai;
2- H9Pg; 3- VNIIMK; 4- Elia; 5- HEMf 085-056; 6- HpP7; 7- Rodeo;
8- HE- 085-062; 9- Contisol 621; 10~ IAC-Anhandy; 11l- Contisol 711;
12- Luciole; 13- Arrowhead; 14- HpPg; 15—~ HyPg; 16~ Primasol.

The growth system and the nutrient' solution composition were the
same described for the experiment 2.The previously selected B level
were 0.05 and 0.10 mgB. Another free boron treatment, with . two
replications, was set up in order to.confirm the purity of the
. reagents used in the nutrieant solution composition. o .

RESULTS
Experiment 1

' There were differences in all genotypes for the variables analysed
(Table 1). The hybrids Conti-233 and Contisol showed the highest
yield production, head diametexr, B content in the aerial part of
the plant, and the lowest level of B deficiency symptoms (Table 2).
So, these hybrids had the highest capacity to absorb “and
translocate the boron.

The results led to the conclusion that the visual symptoms observed
were related to boron deficiency because the notes - attributed to

the different degrees of visual symptoms, in the field, were
highly correlated to.B content in the whole plant (r= 0.88).

"Moreover grain yield was highly correlated with notes of
defficient degrees (r= 0.97) and also with boron content in  the
whole plant (r= 0.98). Head diameter was also correlated with

total boron uptake (r= 0.75).

Table.l - Grain yleld, head diameter and plant height of 6 sunflower Table 2 - B on and B t in dry maccer of = gix
culrivars from a Yield Comparative Trial, 1983784 laverage of & sunflower genotypes trom the Yield Comparative Trial, 1983784

replications) . taveraqe of 4 replicacionsi .

Ganotypew™ Leaves Pecioles Sters laads = Sceds  Slicot

Cultivars Gealn yleld  Nead dlameter  #lant hefght  begeee of [y
. B deftelency f

- B CONCentrazion (ppm) sem—mee

Contisol 7% 91 52 56 39 ——
Conci~112 73 61 4 “ 38 ——
Contg=233 78 61 7] 3] 39 -
Cont1-422 70 66 n” 63 45 Lt
Sunored-25¢ 79 65 3s « 32 —
Conti~832 80 66 28 @ 36 -

kqsna ——— T ———

Centisol 1320 . 4.1 189
Conts-112 1090 12,5 189
Conti-233 1493 6.0 153
Coney-422 1183 S b4 199
Sunbred<254 1064 111 195
Conty-12 1078 13.4 168

W n - .
DRV NN

e g cONtent Lug/p1lant) e

Contisal 5431 1240 g3 3200 2427 19129

. I Yotes attributed vo Visual syeproms of B deficiency,charackerized Conti-112 3346 63 192t 2140 3248 14106
by head deformaticn and amount af empiy seege {from 1.0 to 5.011 Conziwd33 6243 1355 5438 07 4592 21298
1.0~ normal heads: 2.0- few empty  cenvial smeeds, nno  head Conti-422 3240 201 3996 376l . 3412 15116
deformation; 3.0- empty central seccs and lignt head deformationg Sunbired-254 3672 985 FITS Y171 188y Liase
4.9~ smaller and pore deforired heads; 5.0~ geverely gefermed ' Conti-312 4685 793 3079 1eyy 2273 1272
heads.
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The symptoms of B deficiency observed in field, i.e., smaller and
deformed heads, with hollow seeds, and head clipping agree with
those ‘described in the literature (Blamey, 1976). :

‘Experiment 2 .
The total dry matter yields and B contents in the plants varied
largely among genotypes and were related to each other for all B
levels in the nutrient solution (Table 3). Indussen 380-A and
DK~180 had the lowest and Issanka the highest dry matter yields
and B contents for all B levels. Among the five genotypes, Issanka
was the best in B uptake and use efficiency. IAC-Anhandy produced
high dry matter with 0.05 and 0.10 mgB/liter and. apove these
levels showed growth depression; this indicated it high B uptake
and use efficiency in low B levels. However, B contents increased
only slightly with B levels, indicating that IAC-Anhandy is a non-
responsive and non-tolerant genotype to high B levels. Conti-112
was an intermediary genotype in dry matter yield and B contents,
Table3 - Dry matter yield and boron content of 5 sunflower yenotypes qrown in nutrient sclution but respons iVe up

1th 6 Jevels of &..Correlat: tficients (x) of ¢ variables with sotes /1it
:rt:lbut:xvl!to \ersual :;;:zgmso:lrgedetfcwn:y ;u ghe s-n‘n:':enc:;pes grown in the ?J:m. to 0 * 80 mgB/llLer
(Table 3).Allgeno

Boron concentration in nutrient aolution gi?iﬁfe}’.ﬁysm types Presented
genotyee figtd di severe boron
& .05 6.10 0.20 .40 0.80 {notesi . A t
T T T TEERY F Gantent (a/Z BTARERT ~deficiency symptoms
Indussen 360~k 63 126 152 162 188 LI 4.5 in the absence of
conti~112 8 177 180 223 297 34z 3.k : N
DE~280 58 166 169 226 - 2 257 3.0 B (0 r‘(lgB/lu.:er) *
Isuania & 258 260 202 272 361 2.6 seedlings did not
IAC-Athandy 95 225 225 226 241 267 2.0 develop' terminal
Coificiems(nt ) 0,77 -0.83 077 064 <02 0.2 buds died, roots
Total gre patter ta/2 prantas stopped  growing
Indussen 3AD=k 1,08 3.9 >50 3.23 2.88 3.88 and developped
cont1-112 160 a2 3.32 3.6t 453 .23 s . £
E-180 054 4,58 2.9 2.68 2.9 2.92 daxtk "S‘lps 4 flna]:ly
Lesanka L6l s 6.22 5.0 .60 607 seedlings died
" 1nc-knhandy 104 6.30 5.43 .25 232 3.8 . after 8-10 days.
elitlenne P 000 082 -0.B0 -0.20 -0.23  -0u2 The objective of
)} Nntes attributed to B deficiency symptoms for the gonutypes grown in the fleld, this experiment

i 8
131 Correlation covtfictents (r) obtained between nutes and total U content, and notes and total 0
dry matter, ’ was tO deflne the

best level for differentiation of sunflower genotypes. The results
indicated that the levels of 0.05 and 0.10 mgB/liter of nutrient
solution are adequate for screening purposes.Additional information
obtained from a field experiment confirmed the selected levels for
subsequent nutrient solution experiments: notes were attributed to

different degrees of B deficiency symptoms for these same
genotypes grown in the field; a correlation analysis between notes
and each of the variables measured in nutrient solution showed

high correlation.coefficients for both leves (B contents, r 0.05 = -
-0.83 and r 0.10 = =0.77; dry matter yields, r 0.05 = -0.92 and
r 0.10 = -0.80) (Table 3).

Experiment 3

The sixteen genotypes studied presented variation in the degree of
visval B deficiency symptoms, and a scale of notes from 0 to 6 was
stablished according to their severity (Table 4).

These symptoms, observed in 28 day-old plants grown in nutrient
solution, can be described as follows: a) Tops - shortened
internodes in direction of the apical part of the plant; smaller
and shrinkled leaves with characteristic brownish; leaf shrinkling
and brownish were more evident in the more severely B deficient
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T.hi. 4 - Degree of B deficiency, piunt, hicight and total dry matter of 16 sunfiower gunotypes )
grown n nutrient solulion during 28 days with tho levels of B (averaye of n\ur plants; the brown

. replications). ti ssue areas tended
to dry and die;. b)

Genotypes ::?::::3:17" ) Plant hegqn ‘2! Tots) :‘irx matter (9/2 plants) N ROOtS‘darker,thinner
Tevel 1 lavel 2 level 1 Level 2 Level ) Level 2° Heans and extens iVe_ly sué
foclolt,a a8 E T T 5 S o+ T s, divided roots,
BL0H B O OB OM OB EEH e e e,
TG ER 4R dw R e ST eriation
Bowew £ HOELOBD L BE O dE. HE deat e Ve ohts
B, 300 H B E5 0 EE o me hn inplant RelgRn
Bhow P F B3 @i w Em o ahiy showed laiy
mael, B HOBD G ER MR i slonHeat e et
met E B L B, M, WS coeffidlents A
. Corvelation : ) - the notesattributed
Euree - oo o to B deficiency
{1} Sotes attibuted to the deg of b detie Y sy in the Jeavest U= nonep 6= sevore, Symptoms (r= 0 ° 76) .
(2) F significant {0.01) tor diflerences amony i Tevels aml amony yenotypen,
(3 coetiicient corselations {r) between notcs and tho otler varishles iwiant hetght and ary The total dry matter
yield (leaf + stem + root) also varied among genotypes but were

not significantly correlated with the degree of B deficiency (Table
4). Neverthless, the dry matter distribution in +the plant was
affected by B deficiency and varied among genotypes.It was observed
a decreasing proportion.of stems and roots in relation to leaves,
as B deficiency symptoms increased. In this way,  the calculated
ratiocs leaf/total dry matter yields decreased as B levels increased
in the solution, and were significantly correlated with. the notes
(r = 0.45). The mean values for stem and root dry matter yields
were significantly higher for the level of 0.10 mgB/liter, while
leaf dry matter did not vary.Significant variations among genotypes
‘and among B levels were observed for B concentration in the. leaves
and stems. By the other hand, B contents varied significantly in
stems and roots, but not in the leaves. These data indicated that
‘B transport and distribution.in the plant may play an important
role in more efficient plants. B concentrations and contents in the
leaves were significantly correlated with the notes attributed to
- the symptoms (r= 0.76 and r= 0.71, respectively) (Table 5). The data
" suggests that genotypes may be evaluated by B concentrations in
leaves and by the degree of B deficiency symptoms.In the field, the
third leaf downwards is usually collected for chemical analysis,and
‘B deficiency symptoms are more evident in the sunflower heads. In
in the dry catter of plant p-r‘:: ©of 16 sunflover genotypes grovn the nutr'j_ent

Table 5 -~ B and B i o S R v
in nurraent solution durang 28 dsys, with two levels of boron of four . Solutlon, all
B content leaves Of 35
F -zoncentration (1) ; - day ld pl ts
Genotype Leaves Stens - Roc:s Leal B total B {3) . leat B/total Bwere sampled
2 12 Leveld Level2 Levell Level2 Levell Level2 B
Level) Level2 Levell level2 Levell Leve e Luget hex f B
. PpE — 3912 plants —— . ‘t‘imox,
V e.52 0.5
. 26.0 16.0 36,5  16.8  1E.0 1ns 208 226 38 Cetermina
mose BROEDOBDOGED HZOBED o om @ B oGy end B
BELBDemi B3 oM o3 omb B of o om o B deficiency
wiw¢ 065-56 13.0 9. . . . .5 & o5 0.3
. 1.3 158 1903 17 380 22t ) .
e F A TR S 22 L OO o oss o symptoms were
% . . 8.0 233 . . .
g'is;"'hmﬂy na 3{3 §§8 I :f.g i {g: 2 HH 8‘35 g.g: evaluated on
3 36,6 16.3  22.8 1. 4 . .
Conts 711 ] $e 1.0 0. 122 3 01 1 ;;g o.50 8.3 the aerial
] 20. 4.5 12.¢ 16. 28, . o -
Conis 621 e s 1k :2.; 21.0 1.3 1o ;stz 208 B 0.5 g.g; part(leaves ’
-0 33.0 . 22.9 . . N N N
Prosasol . B o0 e i 00 e ] a7 o o ow apix, inter=—
i R 3188 19, 8. . o o
’ S::g;’?;‘ gg:g 2 g;,g A 14.38 17.2 A 1%.8B 20.0A 1388 195 A 8] g Gg‘& Ly 0.53535 35’56 A ngdes ) o
corrat.ecedirt (3 - R - 0.45 - 0.4 - a.gé - 008 .
. B - - . .
EZZ;ﬁ%;:ﬁ:g;:g B i 939 005 0.63 .60

11} Test F sicmificans €0.01* gop diiserences arong B Jevels end among geNOTYpes. Beans followed by the came
letrexrs do mos Siffer by buncan's test (0.05). b

§21 Total P o lecf B - stem E © goot E tnon ngnihenns 3 lgr ‘gt»g:ypeg ner verienies

(3: Cozrelation eccefizgrent {zv betveer. degree o E defacaensy anc m: e'. ':}:1 ¥ .

14} Correlation coedfztient (- berweern total dry matzer and the other varjables,

(% Corzeiaztaon cosifztrent izs beruees pilant hazights and the otner variabies,
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Although differences were small among the sixteen genotypes studied
at least one fourth could be selected for subsequent genetic
improvement, based on the lowest degrees of deficiency and, or on
the highest B concentrations on the leaves. Additional information
on the selected genotypes should be get in the field, to know their
response potential to B levels and also the genetic hexitability of
this characteristic.

Another important discussion point is arisen £rom the fact that
variety competition trials usually are not B fertilized. In this
situation, some of the genotypes with different abilities on B
uptake and .use may have their yields lowered due to a non-detected .
B deficiency. In such experiments, adequate B fertilization assumes
an important role.

CONCLUSIONS

The results permit to conclude that:

The nutrient solution technique, using the B levels of 0.05 and
0,10 mgB/liter, may be of great help on the screening for more
efficient sunflower genotypes in B uptake and use.

B concentrations in the leaves and the visual symptoms of B
deficiency are sufficient to differentiate genotypes in the field
and in the nutrient solution. The selection of more efficient
genotypes in.the uptake and use of B seems, feasible, however,
additional information on genetic variability and heretability are
necessary.

On variety competition experiments an adequate B fertilization
assumes an important role. :
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