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A New Approach for Controlling Low Boron Concentration in Nutrient Solutions
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Abstract: It has always been a problem for research workers to control low external boron concentrations in the nutrient

solutions to study the boron deficiency effects on plant growth. Limitation of conventional solution cult
led to a range alternatives for the controlled study of plant nutrition including flowing culture, program,
addition and chelated-buffered nutrient solution. From a literature review it was found that a range of substa.
chelates with boron including poly hydric alcohols like mannitol, sugars and phenolic compounds. However
from hydrofluoric acid formed chelates with formation constant comparable to iron chelates like DTP . or EDu
Moreover, most chelating substances had deleterious side effects which reduced their suitability for use in
many of the compounds are substrates for bacterial growth, some were toxic or harmful to handle, and ot
to plants. Current investigations center around the use of the Boron-specific resin, IRA 743 whick “-ang,
H3BO, on its N-methy| glucamine functional groups. The boron sorption capacity of the resirf vari ‘s wi
from 2.2 to 5.0 mg B/mL resin. Boron saturated resin maintains an aquilibrium boron concer ratio:
mg B/L when added at the ratg of 2 ml. of resin to 1L of boron free triple deionised water. Cur " 1n
study loading and unloading techniques of resin with boron, lowering the boron cone atrati,
excharige resin is used as a boron source and comparing the plant growth when the * 4

ways ie. boron exchange resin and 0.1 mg boron solution.
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Introduction

Water culture has been used for experimental purposes for many
decades, several criticism have been levelled at conventional water
culture {Asher and Edwards, 1983). The primary drawback with
conventional water culture is the unrealistically high' nutrient
concentrations to which plant roots are exposed. Generally the
concentration in conventional solution culture exceed thos:
normally found in soil solutions by one to th orders
magnitude, raising serious concerns over the relevance of the plan.
responses measured. For example, phosphorus, bor and
manganese concentrations found in the commonly used Hra, Ad's
formulation are toxic for some plants (Asher and Edw- ds, 15,
The reason for using high initial concentrations ' ~anvention.
solution culture is to ensure adequate supply o/ nutri. through
an experiment. This in turn is because nut snt solu ns lack
nutrient buffering capacity and have a limited «  ume.

The need to ensure that nutrient concentratior. ealis
comparable to soil solution concentrat: nas been re tor Led for
some time and varioys strategies' deven 1 to co, with th
problem of nutrient sur Each p -edu'e 1. ts lisad anta-
Large volume recircula. system.. ca: mail low, _aStic
solution concentrations bu.  ~ very ex; nsive to install and have
been used in o’ w labo, ries (A
Frequent rep’ ceme:. solutior.. used burt is rather wasteful of
time and ¢ ‘mical salt. ‘requent ir. meatal nutrient additions to
pots kruv. s "Prog .mmed nutrie . addition” depends on an
accurate pric awldge of plant growth rate (Asher & Blamey,
1987} and bes. 's unsuitable when the response of plants to
solution concenti. - is the object of primary concern. An
alternative approach \ = twiin problems of nutrient concentration
and supply in solution ¢ res is to increase the nutrient buffering
capacity of the solutior. so that it simulates a soil system. When
combined with models of ionic specitication in solutions, buffered
nutrient solutions open up several new possibilities for water culture
studies. Not only should it be possible to maintain realistic solution
concentrations, and to estimate the capacity of nutrients in solution,
but the system in principle should be relatively low cost and capable
of use in most laboratories. For micronutrient, the buffered systems
should also minimise the ever present concern of contamination

(e,
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d Edwards, 1983). .
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Bufferec ' trient solution systems have been
arus a.d micronutrient including Fe, Mn, Zn,
1389). However there are no published
ar boron chel: + systems. .
's stable cyclic anionic borate diesters with diol and
dlyol cov. unds (Loomis and Durst, 1992), suggesting that
nounds v« this configuratian could be used as chelators for
by > chilator buffered solution. The most stable borate diesters
ire fo. with cis-diols on a furanoid ring as in erythritan and
nethy mannofuranoside. Other compounds with the cis-diol
%" Jration that form borate diesters include mannitol, duicitol and
Su witol {Loomis and Durst, 1992). The only biological compounds
with this configuration are apiose, which is common in cell walls of
most plants, and ribose which is one of the sugars in nucteic acids.
These compounds, and related ones such as polyethylglycol, are
potential chelators for use in water culture to buffer boron activity
in solution. Another possible buffer is the Boron-specific resin, IRA
743.
The objective of the present study is to develop a boron chelator-
buffered nutrient solution system for plant nutrition studies on
boron. It has two main aims: firstly a range of possible boron
chelators or substances which could release boron slowly into
solution will be tested to evaluate their effectiveness in maintaining
a range solution boron concentrations. Secondiy, the boron buffered
system will be used to study the growth of boron sensitive plants
with conventional nutrient solution.

(¥

H

Materials and Methods

Plant culture: The full-strength basal nutrient solution used in this
experiment contains macronutrients (LM): NH,NO,, 2000; KNO,,
2800; CaiNO,),4H,0, 1600; MgS0,.7H,0, 1000; KH,PO,, 100; and
K:HPO,, 100; and micronutrient (except for boron) (uM}:
Zn50,.7H,0, 2; MnSQ,.H,0. 2; Cu50,5H,0, 0.5; Na,Mo0,2H,0,
0.08; NaCl, 8; and FeEDTA, 40. Only analytical grade chemicals
were used to make up the nutrient solution. Triple deionised water
used through out the study and for making up the solutions, which
was further purified and make free from boron by passing through
the boron-specific resin column drop wise {Sigma Chemical Co.,
1980} The macronutrient stock solutions were also purified with
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boron-specific resin {IRA-743, Sigma Chemical Co.).

Canola piants were grown by water culture in a glasshouse, Canola
seeds (cv Hyola 42) were germinated in paper towels moistened
with 1.0 mM CaiNO,}, in the dark at 25 °C for 48 hours. Selected
seedlings were transferred to 5-L plastic pots lined with polythene
bags containing full strength of nutrient solution with exchange
resin in cotton bags. The pots were randomly distributed in cooling
tanks with constant temperature 18 °C. Solution pH was adjusted
to 6.0x0.3 every other day with 4 per cent H,50, or 2 per cent
NaCOH (both were analytical grade chemicats). Nutrient solutions in
all the pots were continuously aerated with filtered air through out
the experiment. Nutrient solution changed after 7 days of interval
with boron loaded exchange resin in case of experiment 1, while for
experiment 2 it changed once after 10 days. The plants were
allowed to grow for 20 days and the nutrient solution samples were
collected after 5, 10 ,15 and 20 days from each pot for boron
analysis.

The number of plants per pot was thinned to 8 on day 2 after
transplanting. Four plants were harvested after 10 days of
transplanting (harvest 1) and rest of the four plants were harvested
after 20 days of transplanting (harvest 2}, Each plant was divided
intc upper shoot (consisting of new growth of leaves and stems),
lower shoot (consisting of seedling leaves which were present at
the time of transplanting and lower stem} and root. Plants samples
were dried at 70 °C to constant weight, The dried plant samples
were finely ground and digested in concentrated nitric acid at 130
“C for boron determination by Inductively Coupled Plasma - atomic
emission spectrometry (Zarcinas et al., 1987).

Preparation of exchange resin:

Boron-spacific resin (IRA-743, Sigma Chemical Co.) lot 127F 0546
was used for this study. Before loading with boron, the exchange
resin was cleaned with the following procedure: A column of 500
mL was made with resin. One litre of boron free tripte deionised
water was passed through the column drop wise. After Issing all
the boron free TDI water through the column one litre of 10 per
cent H,S0, solution passed through the column drop wise. V'hen
all H;50, was drained out the column, 4% solution of NaOH (o o
through the column in the same way as H,SO, solution. Finai wa.
to the resin was given with two litre of boron free TDI w 2r, which
also allowed to pass through the eolumn drop wi... ‘er this
procedure the exchange resin transferred to a clean d (acid = shed)
plastic bottle.

For boron loading, 30 mL exchange resin shook 72, <inine l
100 per cent boron saturated solution on 8 —~chanical s ker er
shaking the exchange resin transferrer’ in « anef havi filter
paper and it washaed w Y 100 ml boron . TDl wa er for
removing the surface e.. ~ad borc fror the =1, W 0 >
divided into three parts ie. 3. . each tim

When all the water draingd out  mwthers - O 4,0.2,1and &
mi of resin tran- acid we  °d cotte ags (as treatment
T1, T2, T3, T4 espectiv.  for glass:  =e experiment 1. While for
glasshouse - riment 2, mL boron lo. . resin mixed separately
with 0.5/ 1.6, 9 and/ + mL fresh resin {same batch} in acid
washed cotton bu_  ’o'creatment T1, T2, T3, T4 respectively). For
T5, 0.1 mg {9.2 1 “eron concentration was maintained with
H3BO; solution in case . ath the experiments. The purpose of the
above division of boron lu.  *esin and the addition of frash resin
to boron-loaded resin was t. nave different boron concentrations in
nutrient solutions.

Data analysis: Both the experiments replicated four times. The
results are analysed by standard analysis of variance techniques by
using accessible general linear modeling package {Gagnon er af.,
1984}, Significant main effects were saparate with Fisher's
Protected LSD Test at P < 0.05. .
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Results

Initial work with exchange resin; From a literature study it was
found that a range of substances including Mannitof, Sorbitol,
Glycerol, Ethane-1, 2-Diol, D Tartaric Acid, Catechol, Sulphonic
acid, Gallic acid, Pyrogallol, D - Dulgitol form stable chelates with
beron. Aithough these substances form chelates with beron, they
could not be used for further research because of their
detrimental/side effects,

For buffering the boron concentration in the solution culture boron
exchange resin "Amberlite IRA - 743" was selected for further
studies.

A series of following laboratory experime its
study how the exchange resin can be used to aqu
concentration in the nutrient solution:

ve conducted to
-ate the boron

- Absorption of boron by the exchange resin
- Absorption of boron with the passage of tir.
- Release of boron from 'the loaded ex~"~~qe |

The absorption of boron by the ex: nang. resin: The purpose of the
experiment was to observe the abs trlon of bof 'n by the different
batches of resin. For this ¢ erim. . two lo? of exchange resin
were selected: 127 FQ547 ¢ 23 F #ir boron absorption
capacities are 2.162 274 5 /mL, respecuvely {Sigma Chemical
Co., 1980 3olutions’ aving | -on corl~entrations of 5, 10, 20, 30,
40, 60, 80, 100, 200, 400, \d 500 mg/L were prepared. After

adding 2 mL {¥ * weight 2| am or dry weight 0.6 gram) of
exchange resin in h solutiol "Ly were shaken on a mechanicat
shaker for ! hour. The sai .ples were analysed for boron by
Inductiy»ly Coupled Pla. - Atomic Emission Spectrometry (Brown
& Hu, 3} (Table 1).
T “'a 1: Bor. “bsorbed by two diffarent lots of exchange resin
Boir.  added Boron Absorbed (mg/g)
{me L,
_ Lot 127 F 0546 Lot 23 £ Q056
5 2.26 5.00
1" 2.27 5.06
20 2.27 5.1
30 2.27 5.23
J 2.27 5.23
860 2.27 5.23
80 2.29 5.30
100 2.3 5.35
200 2.31 5.35
400 2.3 5.35
500 2.31 5.35

Tabie 2: Effect of time on boron {mg/g) adsorbed by two lots of
resin (Amberlite IRA-743) form the solutions of 0.925 and
9.25 mM B. Data are presented as mean +S.E., n=2

replicates
Time Lot 1 Lot 2
{h) -
0.925 mMB 9.25mMB 0.925 mMB  9.25mMB

.25 0.3210.05 0.33+0.08 0.72+0.05 0,73x0.08
1 0.80+0.07 0.92+0.07 2.00+017 2.06+0.15
8 1.90x0.11 2.01+£0.16 4.20+0.34 4.27+0.44
24 2.21+0.33 2.24+0.24 4.84+046 4.9210.83
48 2.26+0.21 2.29+0.15 602+£0.71 5.12+0.52
72 2.27+0.18 2.31x0.16 5.021+0.55 6.12+0.41
96 2.27+0.22 _2.31+0.24 5.02+0.48 5.12+0.43

The results of the experiments indicate that in 6 mg B/L solution the
absorption of boron is the same as described by the manufacturer
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Table 3: Boron eluted and retained by the exchange resin after 40m|
increments of boron free water were passed through the
resin Data are presented as mean + S.E., n=2 replicates

'Vol. of B-free Boron Boron in resin
water eluted concentration {mg/6 g resin)
{mil) in eluent (M)

40 80+5.3 12.31£0.2
80 57+3.2 11.7+0.2
120 56+3.0 11.1+£0.2
160 64+6.5 10.4x0.1
200 62+5.0 89.7+0.1
240 61121 9.0+0.2
280 61+2.8 8.4+0.5
320 60+4.2 7.7+£0.3
360 58+2.1 7.2+0.3
400 56+3.5 8.5+0.7
440 54145 6.0+0.5
480 52+1.5 5.4+0.3
520 51+3.5 4.8+0.1
560 48+4.5 - 4.3x+0.2
600 46+ 2.2 38101
640 43+4.86 3.3x0.2
680 42+5.2 2.9+0.1
720 40+ 3.0 2.4+0.3
760 38+2.1 2.0+0.2
800 36+3.2 1.6+£0.3
840 35+1.6 1.56+0.1
880 35+1.5 0.91£0.04

of the exchange resin {Sigma Chemical Co., 1980) Abs.orption of
boran by both the lots of resin was slightly higher from the higher
boron concentration solutions. Increased boron adsorption may
represent the surface absorption of boron by resin. This ~xcess
amount of boron can easily be removed by simple washiny, of the
resin with boron free triple deionized.

Table 5: Dry weight of plants, after 10 days and 20 days 4rowth i

Rate of boron absorption by sxchange resin : The purpose of the
experiment was to study the time during which the exchange resin
absorbs the maximum boron. For this experiment, 2 mL [wet weight
2 grams or dry weight 0.6 gram) resin of two different lots (127 F
0546 and 23 F 005 with boron absorption capacity of 2,182 and
5 mg B/mL resin} were shaken in the solutions of 10 mg and 100
mg B/L for 98 hours on a mechanical shaker. Solution samples were
coilected after 16 minutes, 1, 6, 24, 48, 72, and 96 hours {Table
2), -

These results indicate that both the batches ° exchange resin
adsorbs most of boron during the first six/ .. s of contact.
Adsorbed boron reached a maximum st 24 hours. . 4t changes
are observed in absorption between 24 to 96 ho shaking.

Absorption was slightly higher with both batches « excha, rasin,

where thay were loaded in 100 mg B/L solution t cause of s e

absorption (Table 2).

Table 4:  Boron concentration in nut ont . Jtion, suse
experiment 1, Data are pre enter’ as meins +S.E.,n=4
replicates. . N

Treatments Roron C' centration in

Solution {(uM)

B-specific re: 5Dg ; 1 Days 156 Days 20 Days

{g9/5L solution)

0.04 +0.8 3. .02 4.0+x0.2 3.1x0.3

0.20 . ‘0 1L 5 13.0+06 10.0:0.6

1.0 34+ = 29.C 40 35.0+3.0 29.0x2.0

5.0 95+4.. 870:8.0 102010 92.0+10

Control 9+0.1 4.0+0.2 83+0.3 7.51+0.2

Rels~~a of bor..  “om the loaded exchange resin (column study):
T p. nseof th, ariment was to study the release characters
f abs,. 1 boror from the loaded exchange resin. For this
aeri neny,  +cange resin of lot no. 127 F 0546 was salected
{(with horon /. _rption capacity 2,162 mg B/mL resin). A column of
6 mL wvet + ight 6 grams or dry weight 1.83 grams) was made

>lutions treated with boron loaded resin or conventional nutrient

solution {9.2.MB) as control. Glasshouse expsr 1. Values - ieans of four replications
Treatments Upper shoot Lo .ver shoot Roots
10 days 200 = “J der 20 days 10 days 20 days
Dr' weight (grams)
0.04 g resin 0.15 . U112 0.26 0.02 0.27
0.2 g resin 0.17 3.. 02 0.30 0.02 0.30
1.0 g resin 0.18 35 Ove 0.37 0.03 0.32
5.0 g resin 0.18 3.7 0.14 0.32 0.03 0.31
Control* ) 0.18. 0.32 0.03 0.35
£SD {0.05) U.15 ns 0.025 ns ns ng
* No resin

Table 6: Boron conc

atic« in upper and lower shoots and roots of plants, glass house experiment 1, grown in solutions treated with boron

loaded excha,

“@sin or in conventional nutrient solution (9.2 4MB) as control. Values are means of four replications_

Treatments Upper shoot Lower shoot Roots
10 days 20 days 10 days 20 days 10 days 20 days
Dry weight {grams)
0.04 g resin 21 23 K 26 18 16
0.2 g resin 30 35 3s 32 18 19
1.0 g resin 38 38 49 a6 21 22
5.0 g resin 43 40 64 60 24 25
Control* 28 34 36 36 25 18
LSD {0.05) 7 ns 3 4 ns 2
*No resin
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Table 7: Boran concentration in nutrient solution. Glass house experiment 2, Data are presanted as mean + S.E., n=4 replicates

Treatments Boron concentration in solution (M)
{gram resin /5L salution} 5 Days 10 Days 15 Days 20 Days
4.0 g B-free + 6 g B loaded resir 33 +£3 30 £2 v 35 +4 31 x4
2.0 g B-free + 5 g B loaded resir 41 +3 39 +4 40 +2 38 7
1.0 g B-free + 5 g B loaded resir 76 £1 73 2 77 x4 75 =6
0.5 g B-free + 5 g B loaded resir 82 +3 82 +3 84 +4 74 +8
Control* 9 +2 8 +4 9 £2 8 +1
* No resin
Table 8: Dry Weight of plants, after 10 days and 20 days growth in solutions treated with increasing amounts of boron gre ~esin added
with 6 g of boron loaded resin or conventional nutrient solution {9.2 zMB) as control. Glasshouse experiment 2. V= & means
of four replication. - _
Treatments Upper shoot Lower shoot Root
B loaded resin -
mixed with 10 days 20 days 10 days 20 days 10 days 207 ys
fresh t
Dry weight igrams) _
0.5 g resin 0.1 - 3.0 0.08 0.26 0.04 0.3
1.0 g resin 0.12 3.0 0.08 0.25 0.r 0.32
2.0 g raesin 0.12 3.0 0.08 0.27 7.0¢ 0.32
4.0 g resin 0.15 3.0 0.08 0.28 0.05 0.33
Control* 0.05 1.0 0.04 .16 0.03 0.25
LSD {0.05) 0.02 0.52 °  0.01 0.071 001 0.025
* No resin

Table 9: Boron concentration in upper and lowar shoots and roots of dry plant mat er, glassho.
exchange resin or in conventional nutrient solution (9.2 uMB} as contro!

axpariment 2, grown in boron loaded

‘lues are mear. f four replications

Treatments Upper shoot ¢ Lower shoot Roots
B loaded resin snmaee
mixed with 10 days 20 days 10 days 20 s 10 days 20 days
fresh e

Dry waeight . _ am s}
4.0 g resin 33 N 4F 35 17 17
2.0 g resin 30 36 4z 40 23 18
1.0 g resin 34 35 55 54 19 22
0.5 g resin 40 40 66 65 20 22
Control* - 30 35 5 36 22 18
LSD (0.05) ns 6 5 2.27 ns
* No resin

Table 10: Elemental composition of nu’lern.
" without boron sp’ ~ific resina 2 g/l .
as mean + S.E‘,_ 9 replice. ;

NMution w0 ad
are prese ted

Elements No Resin Wit 1 .esin

Day * Nay 10 Da, . Day 10

e oncentratior. .ng/L}

Nitrogen 107.¢ 0 108.0+1 714,01 124.0+£2.0
Phosphorus  5.0%. 5.0+0.1 5.0+0.1 6.0+0.1
Potassium 70.0+2.. 72.0x1 73.0+1 74.0+2.0
Sulfur 34.0+1.0 U0+ 1 36.0+2 38.0+2.0
Magnesium 25.0+0.1 O£ 27.0+2 28.0x2.0
Calcium 65.0+2.0 a5.0x2 67.0+3 68.0+3.0
Boron - - 0.8x0 0.9 £0.1
Copper 0.03+0 0.03+0 0.0310 0.03+0
Zinc 0.14 10 0.15 #0 0.14 +0 0.14x0
Iron 1.3+0.1 1.1 +0.1 1.0+£0.3 1.0 £0.2
Manganese 0.12x0 0.12 £0 0.1+0 0.12 +0
Sodium 2.5+0.1 2.7+0.2 2.6 +0.2

2.6 +0

»ith boron loaded exchange resin, Boron free triple deionised water
w~as passed through the column drop wise at the flow rate of 0.5
mL per minute. Samples were collected at the interval of 40 mL,
which analysed on ICP for boron determinations (Table 3}.
Results of the experiment indicate that release of boron from the
loaded exchange resin is quite low and boron-holding capacity of
the exchange resin is high because even after passing 880 mL
boron free triple deionised water, it contained 0.9 mg boron out of
12.97 myg. which was loaded on it.

Atter conducting the above basic studies with exchange resin, the
system has been tested on oil seed rape crop {canocla, Brassica
napus L. cultivar Hyola 42). The oil seed rape crop was selected for
this study because of its sensitivity te boron deficiency as
compared to other plant species.

B} To study the plant growth in boron buffered nutrient solution
culture system

Glasshouse experiment 1: Mean boron concentrations in nutrient
solutions increased from 3.7, 12, 31.5 and 94 4M B with increasing
amounts of B-saturated resin from 0.04, 0.2, 1 and 5 g (Table 4],
However, dry weight of plants growing on these solutions did not
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respond to changes in solution boron concentration induced by tha
resin treatments (Table 5} and vialds were the same as the control
solutions with 9.2 .M B,

In lower shoots, boron concentrations increased at harvests 1 and
2 with increasing amounts of resin (P < 0.05) but were unchanged
in the upper shoots, and roots {Cutting, 1971). At 9.2 uM B, the
control treatment, boron concentrations in the lower shoots but not
in upper shoots or roots were lower than with the highest addition
of boron saturated resin. Mean boron concentrations in shoots were
always above 20 mg B/kg dry weight and in roots above 15 mg
B/kg dry weight. ’

Glagshouse axperiment 2: Increasing emounts of boron free resin
decreased ths solution boron concentration provided by the & g of
boron saturated resin from 80.5 to 31.5 uM B (Table 7). Solution
boron concentration was nevertheless still much higher with 4 g ot
boron free resin mixed with 5 g of boron-saturated resin than with
the lowest addition of boron-saturated resin in glasshouse
experiment 1. As in glasshouse experiment 1, the dry weight of
upper shoots, lower shoots and roots at both harvests were
unaffectsad by the change in solution Boron concentrations induced
by resin treatment (Table 8). Plants growing in control treatments
of 9.2 uM B had significant]
shoots, lower shoots and roots at both harvest 1 and harvest 2
than those in solutions supplied with resin (Table 8).

Increasing amounts of baron free resin depressed boron
concentrations in lower shoots but not in upper shoots and roots
(Table 9}, Even with the addition of increasing amounts of boron
free resin, mean boron concentrations in shoots were never below
30 mg B/kg dry weight {Table 9). Boron concentrations in plant
material of the control treatments {9.2 .M B) were comparable to
those with the lowest concentrations in plants grown in solutions
with boron free resin. This clearly indicates that the plants received
more or less the same amount of boroan from the resin and 2 uM
B solutions and plant growth in control solutions (Table &) were
depressed for some reason other than the boron supply.

Discussion .
The boren specific resin appeared to be very promising as -~ "tion
buffer to regulate boron concentration in solution’ Labo. vy
experiments on the boron specific resin indicate t t maxin m
absorption of boron by the resin ranged from 2 to 5. B/g re.in,
The maximum boron adsorption values varied between . _ es ¢
resin and were very similar to those indicatr -~ Ye manufi -+

(Sigma Chemical Co., 1980). Most of the adsor 1~ of borug by
the resin took place during th st to 2« ourd of . Vip 311(Ta 'a
2). The results of laboratory  meriment c nfirmi. _hat ..
adsorption of boron by resin is sti. {Table =

boron trom the resin : * proces
Since solution bore concer.  ons of 9. «M B are relatively high
for most plants < sren & Bi iam, 1986, -4 approaches were

deveioped to 'owe
amount of boron sat.
solution boron concenti.

™ solutic . boron concer _ration: decreasing the
d risin from 1 g/L to 0.008 g/L, decreased

~ from 92.5 to 3.7 uM B. At about 0.04
9 of boron saturated res. or litre, boron concentrations were
maintained at 8.2 .M B, whic. ~ummonly used in solution culture
for adequate boron supply (Kl and Loneragan, 1988; Bell et af.,
1990). Thus relatively small ariounts of boren saturated resin were
sufficient to raise solution boron concentrations to levels which are
adequate for most plants, and to maintain those concentrations for

y (P < 0.05) less dry weight of upper

and t ie release of

up to 10 days. Further testing is required to determine the )

maximum length of time for
concentrations in solution can be ach
amount of resin.

which buffering of boron
ieved with the relatively small
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At the lowest amount of boron saturated resin added, the solution
contgined 3.7 M B which was stilt adequate for growth. Not only
was plant dry weight squivalent to that of plants in solutions
containing >13.8 M B, but boron concentrations in shoots were
more than adequate with > 20 mg B/kg (Huang et a/,, unpublished
data}. Indeed, 3.7 uM B was also equivalent to soil solution boron
concentrations in boron adequate soils {Loneragan, 1975). ‘
As an alternative to decreasing the amount of boron saturated rasin
added to thé Soiution, which inevitably decreases its long term
boron buffering capacity, the present study showed that mixing
increasing amounts of boron free resin to the b saturated resin
decreased solution boron concentration, Mixing 4  f boran free
resin with 5 g of boron saturated resin decreased * Auilibrium
solution boran concentration from 83 to 33 UM F. Highe  “tios of
boron free : boron saturated resin would ur loubtedly  ‘her
decrease solution boron concentrations,
In glass house experiment 1, plant growth in resin = sted sol ions
and in solutions supplied with HBO; at ., 3we P =
0.05} at both harvest 1 and 2. The | oron ~.oncentrations in plant
material were also similar for the two | ste Lf plants  Cutting, 1971}
providing further evidence that <\ UL %e of bore by plants was
sirnilar wheather boron was sy by by H;B0,. This
indicates that plants had .10 | ficulty in v.wining boron from
solutions eq’ rated w1 borg speciftc. resin and there was no
detrimental etfect of the rusin o1 tant gr w~th.
In glass house expe ment 2, boro  :onrLntrations in plant material,
were similar in plar .. wing in . r'.reated and control solutions
at9.2 uMBr  tion. . “the lov or shoots of plants at 80.5 and
75 M B/LAT ble 9) cont.. kigher concentrations of boron can
be attribur 1 their higher & srage boron concentration in nutrient
solution thar. - those in control solutions. Again it is quite clear
tha* " -orption . “ron from solutions treated with boron specific
risin . othose v untrol solutions 9.2 uM B, were a direct
spon e =olutio’s boron concentration, By contrast with shoot
L /0N conce lions, biomass in the resin treated solutions was
signif antly /jreater than those in the control solutions with 9.2 .M
Bana " ets of plants had lower dry weight than the equivalent
“lants in experiment 1. Since the solutions were changed once after
davs in experiment 2, and once every 7 days in experiment 1,
the ower plant growth in experiment 2 may be due to lowsr basal
nutrient supply. However, lower basal nutrient supply does not
‘mediately explain the superior growth of plants in the resin
tre ated solutions.
In' order to resolve the cause of poor growth of control plants in
<periment 2, a small laboratary experiment was carried out to
determine which nutrients were released by the resin. Two sets of
the same nutrient solution as used for glass house experiments 1
and 2 were prepared. In one set, 2 g of boron loaded resin was
added while in other set no resin was added. These soiutions wers
aerated as in the glasshouse experiments but no plants were grown
in them. The solution samples were collected after O and 10 days
in the case where no resin was added and after 5§ and 10 days
where resin was added. Apart from boron and nitrogen, the
concentrations of all the other nutrient elements were more or less
the same with or without resin in solution (Table 10). The resin
released up to 20 mg nitrogen per gram resin. Acid digestion of
resin confirmed that it contained 24 mg N per gram of rasin but
negligible or undetectable amounts of the remaining elements
reported in Table 10.
Thus in glass house experiment 2, the release of 20 mg N per gram
of resin, in resin treated solutions, significantly (P < 0.05)
increased the growth of oil seed rape plants, which have high
internal requirements for nitrogen (Hocking, 1993). In glass house
experiment 1, no response to nitrogen release from the resin was
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found because the nutrient solution was renewed after 7 days, so
all the plants already received adequate nitrogen. Thus in.solutions
containing a low supply of nitrogen, nitrogen supplied by the resin
may stimulate plant growth for reasons unrelated to boron supply.
To reconfirm the results, another glasshouse experiment was
conducted {data not shown) in which plants were suppled with
1/3rd, full and triple strength basal nutrient solutions. Plant growth
of resin treated solutions were similar to those of control {9.2 uM
B} solutions only in case of triple strength basal nutrient solutions.
Triple strength basal nutrient solutions also increased leat nitrogen
concentrations in canola to values above the critical nitrogen level
for deficiency (Hocking, 1993}, Thus, both shoot growth and lesf
nitrogen responses 1o increasing the nutrient concentrations in the
basal solution used in the present studies suggest that the basal
solution was deficient in nitrogen for canola. [n such a solution, the
nitrogen released by the boron specific resin and increased
frequency of solution replacement were sufficient causes to explain
the stimulation in plant growth in resin treated solutions in
experiments 1 and 2.

The present research demonstrated that boron specific resin can be
used to buffer boron in solution cultures for plant growth for periods
of up to 10 days. Different concentrations of boron in the nutrient
solution can be established with the resin either by changing the
amount of boron loaded exchange resin added to solutions or by
mixing boron free resin with boron loaded resin.
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