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Preliminary Study of K* Uptake Kinetics of Cotton (Gossypium hirsutum L. )

and its Application
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Abstract:It has been a main problem in cotton production that transgenic insect-resistant cotton is
prone to premature senescence induced by K* deficiency, which makes it necessary to study K* up-
take characteristics and, on the basis of it, to screen cotton cultivars with high K* uptake efficiency.
This experiment studied the factors influencing K* uptake kinetic parameters of cotton, preliminarily
identified the conditions of K* uptake kinetic applied to cotton, and compared the K* uptake charac-
teristics of transgenic insect-resistant cotton cultivar, DP99B, and conventional cotton cultivar, CCRI
35, at seedling stage. The results showed that K* uptake kinetic parameters were significantly affect-
ed by seedling stage, initial K concentration in depleting solution and K* concentration in culturing
solution. Higher K, and C,,;, resulted from younger seedling (3~4 vs. 4~5 leaf stage), higher initial
K* concentration in culturing solution (0. 35 vs. 0.2 mmol » L) and higher K* concentration in cul-
turing solution (2.0 vs. 0. 5mmol « L"), but higher I,., was produced under the two former condi-
tions, and lower I, came into being under the last situation. Compared with CCRI 35, DP99B had
significantly lower 1., and higher K., and C.;,(0. 5 mmol « L? K* in culturing solution and 0. 2 mmol
o L'! initial K in depleting solution) at 5~6 leaf stage, which indicated that the ability of DP99B to
uptake limited K* was weaker than that of CCRI 35.
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1 Introduction

Since enzymatic reaction kinetics, by using
in vitro root and radio-labeled rubidium [ and/
or in vivo root and non-radio-labeled potassium,
named ‘ion depletion method’ ™}, was used to
study potassium uptake of plant roots, a lot of
studies have been carried out, including differ-
ences of intra-species and inter-species in K* up-
take parameters I, (K* maximum uptake rate) ,
K. (K" concentration in solution where K up-
take rate was half of I..,) and C,, (where K in-
flux equaled efflux)®™?, effects of seedling age™!,
internal K content of seedling!®® and external
environments!” etc. on L., K, and Cmin. I,
represented maximum absorbing rate, which
mattered when K* supply was abundant. K, re-
presented competitive capacity of plant for limit-
ed Kt source, which meant that the lower K,
was, the stronger the competitiveness for K*
was. C.. was the minimum K* concentration
below which K™ couldn’t be absorbed by root.
When K* available in medium was limited, K,
and C,;, greatly mattered. It has showed that
Iuexs K and C,. varied in a wide range among
varieties and species,and these K™ uptake kinet-
ic parameters could be effective tools to select
crop varieties with high potassium efficiency for
breeder and growers [,

Cotton had less root density than other
crops 7, which determined its relatively low K*
uptake efficiency. Recently, premature senes-
cence induced by potassium deficiency frequently
happened to cotton, especially to transgenic in-
sect-resistant cotton, Therefore, it was necessa-
ry to study the mechanisms of K* uptake of cot-
ton. But up to now, few studies of K uptake
kinetics of cotton were found.

The objectives of this experiment were to
investigate the effects of seedling age, initial K*
concentration in the depleting solution and K™
concentration in culturing solution, on the K*
uptake kinetic parameters, based on that, to an-

alyze the differences of K* uptake kinetic charac-

teristics between conventional variety CCRI 35
and transgenic insect-resistant cotton DP99B and
to identify the conditions of K* uptake kinetic
applied to cotton.

2 Materials and metheds
2.1 Solution culture

The experiments were conducted in a
growth chamber at 30'C day/25 'C night, 10 h
light/14 h dark condition using transgenic insect-
resistant cotton DP99B and conventional variety
CCRI 35. Photo-radiation at the canopy was 450

pmol « m? « s,

The seeds were surface steri-
lized by 9% H,O,, germinated and emerged in
1/4 modified Hoagland's solution described be-
low without K*. Five-day-old seedlings were
carefully transferred into 35 X 27 X 12 c¢cm® pots
rounded - with aluminum foil. The pots were
loaded with a modified Hoagland ‘s solution,
which contained 2. 5 mmol * L? Ca(NQO,;),, 1
mmol + L' MgSO;, 0. 5 mmol « L* (NH,)
H,PO,, 2 X 10* mmol » L? CuSO,, 1 X 107
mmol « L? ZnSO,, 0. 1 mmol « L' EDTA Fe
Na, 2X10% mmol « L H,BO;, 5X10® mmol »
L'(NH,)¢Mo0;0;,, 1X10® mmol « L MnSO,
and varied KC1 for different K* treatments, All
solutions were changed twice a week and de-ion-
ized water was added daily to replace the water
lost by evapo-transpiration. The pH was main-
tained close to 6. 5 by adding H;SO,. Air was
bubbled into the nutrient solution by air pump to
provide O, and mix solution homogeneously.
2.2 Determination of K* uptake kinetic parame-
ters and K* content in root

K™ uptake kinetic parameters were deter-
mined by using ion-depletion method'™®. Three
uniform seedlings were selected as a unit, and
put into 500 ml beakers loaded with 300 ml a-
bove described nutrient solution without K*,
which was hereby defined as K* starvation of
seedlings. After 48 hours, the seedlings were
taken out from the solution. Their roots were
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washed with 0.5 mmol « L CaSO, three times.
Then the seedlings were again put into the beak-
ers with 300 ml uptake solution (hereon called
depleting solution) comprised of different initial
KCl content and 0.5 mmol + L CaSO,, where
Ca’" can guarantee integrity of membranes and
minimize ions efflux!®, At 10~ 30 min inter-
vals, 1. 5 ml solution was taken out. At inter-
vals of 30 minutes, 5 ml ionized water was added
against evapo-transpiration. After some dura-
tion, the procedure was stopped. Seedlings were
taken out and weighed for fresh root weight,
Root was oven-dried at 75°C, grounded, and K*
was extracted from root with 1 mmol « L' am-
monium acetate (pH = 7. 0). Extracted K* of
root and K* in taken-out solution were deter-
mined by atomic absorption spectroscopy(Varian
SpectrAA). During depletion, K* concentration
in solution decreased as a binomial function of
time, so I..., K, and C,, were calculated ac-
cording to the following formulae:

Conc. =A*t*+ Bxt +C

I= -d Conc. /dt=-2xAx*xt-B

Lx= | B | * V/FRW

K.= B?/16A - B®/4A + C

Cuin=B?/4A-B?/2A +C

Note: Conc. : K* concentration in the de-
pleting solution; t: time; A, B: coefficients; C.
constant; I. K* influx rate; I,.,: maximum in-
flux rate; K. s Cun: K™ concentration in the de-
pleting solution where I was a half of I, and
tended to zero, respectively; V: the volume of
the depleting solution; FRW ; fresh root weight.
2.3 Experiment designs and statistical analysis

In this experiment, effects of seedling age
(sub-experiment 1), K* concentration in cultu-
ring solution (sub-experiment 2) and initial K*
concentration in depleting solution (sub-experi-
ment 3) on parameters of K* uptake kinetics
were investigated, Further, K* uptake kinetic
parameters of CCRI 35 and DP99B were com-
pared (sub-experiment 4), At seedling age, K"
concentration in culturing solution and initial K*
. concentration in depleting solution of each sub-
experiment were detailed in table 1.

A completely randomized design with three

replications was used for each of four experi-
ments. All data were subject to ANOVA test
and means were compared using the Fisher’s pro-
tected LSD (P < 0. 05).

3 Results

3.1 Factors influencing K* uptake kinetic pa-
rameters
3.1.1
from 3-4 leaf to 4-5 leaf, fresh root weight in-

Seedling age. When seedlings growing

creased by 70. 8%, K™ concentration in root de-
creased by 19, 1%, and Il.., K. and Cun. de-
creased by 41. 4%, 17. 7% and 72. 7%, respec-
tively. The decrease of K., and C,,;, indicated the
competitive uptake on limited K*, which should
result mainly from the decrease of K* concentra-

tion in root (Table 2 and Figure 1).
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Diamond symbol ( 4 ) : seedlings at 3-4 leaf stage;
Foursquare symbol { ll ) : The seedlings at 4-5 leaf stage.
(Error bars signified £ S. E of means. The same for the
following figures)
Fig.1 K* uptake kinetics corve of seedlings
at different growth stages.

3.1.2 K™ concentration in the culturing solu-
tion. Seedlings with 2 mmol « L K* had signifi-
cantly 68% higher fresh root weight and 191. 8%
higher K* concentration in root, on the other
hand, had 40% lower I, and 55. 9% higher K,
and 896 % higher C,.., compared with seedlings
cultured with 0. 5 mmol « L' K* in solution.
This indicated that the K* uptake ability reduced
as a result of K¥ concentration increment in root
(Table 2 and Figure 2), which was accordant
with the above result.
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Table 1 Seedling age, K* concentration in culturing solution and initial K™ concentration in

depleting solution of each sub-experiment

seedling age K* in culturing initial K* in
solution depleting solution
true leaf /(mmol » L") /(mmol « L")
sub-experiment 1 3~4 and 4~5 0.5 0. 25
sub-experiment 2 5~6 0.5and 2.0 0. 20
sub-experiment 3 5~6 0.5 0. 20 and 0. 35
sub-experiment 4 5~6 0.5 0. 20

255.6%, respectively. This suggested that

en 400
s higher exterior K* raised the initial rate and ac-
. . . . .
- 300 cumulation of K% influx into root during deple-
£~ tion, which further inhibited the K™ uptake, and
E "'] 200 produced higher K, and C,;,(Table 2 and Figure
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Diamond symbol ( @ ): seedlings cultured with 0. 5§ 5 g
mmol « L* K ; Foursquare symbol (il ) : The seedling cul- %‘ 2 00 *
~
tured with 2 mmol + L* K* § 8 1
Fig. 2 K* uptake kinetics curve of seedlings cultured {; ;g'
with different K* concentration in culturing solution @ 0 0 100 200 300
3.1.3 Initial K* concentrations in depleting o _
. . . . . Depleting time/min
solution. With seedlings cultured in same condi-
) ; . + . Diamond symbel(4) : 0. 2mmol « L' K* ; Foursquare
tions, higher initial K™ concentration (0. 35 vs. -
L. Lt . leti do K+ symbol(lll) : 0.35mmol - L K
0.2 mmol « L") during depletion made K™ con- Fig. 3 K* uptake kinetics curve of seedlings with
centration in root, Inu, Kn and Cyi, elevated sig- different initial K* concentration in depleting solution

nificantly by 84. 3%, 20. 0%, 24. 4% and
Table 2 Effects of seedling stage, K* concentration in culturing solution and initial
K* concentration in depleting solution on K* uptake Kinetic characteristics;

K™ concentration in dry root and fresh root weight

factors of affecting K K* uptake kinetics parameters K’L content Fresl.\ root
.. S Kn Cein in dry root weight
uptake kinetics /1. (g~ min)” (FRW) (umol * L") /(umol « L) /% /g
seedling age
3-4 leaf 0.29A 85.25A 26.85A 3.03A 0.79B
4-5 leaf 0.17B 70.17B 7.32B 2.45B 1. 35A
K* concentration in
culturing solution
0.5 mmol « L 0.10A 40. 32B 2.50B 1.47B 2.49B
2.0 mmol ¢ L! 0.06B 62.86A 24.90A 4.29A 4. 20A
initial K* concentration
in depleting solution
0. 20 mmol » L 0.10B 40. 32B 2.50B 1.47B 2.49A
0. 35 mmol » L! 0.12A 138. 72A 66.41A 2.71A 2.56A

Note: Values in each column followed the upper-case letters for comparisons within factors affecting K* uptake kinetics at

P<C0. 05 by LSD test.
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Table 3 Comparisons of Kt uptake kinetic characteristics, fresh root weight and

K* concentration in root between two cotton cultivars

~ K* uptake kinetics parameters K* content in dry fresh root
varieties Inax (FW) Kn Conin root weight
/pmol ¢ (g « min™) /(umol « L) /(umol » L) /% /8
CCRI 35 0.10A 40. 32B 2.50B 1.47B 2.49A
DP99B 0.07B 61.72A 27.50A 1.96A 2.92A

Note: Values in each column followed the upper-case letters for comparison between two cultivars at P<C0. 05by LSD test.

3.2 Comparisons of K* uptake Kinetic charac-
teristics between CCRI 35 and DP99B

Compared with transgenic insect-resistant
cotton DP99B, conventional variety CCRI 35 had
similar fresh root weight, 25% lower K% con-
centration in root, but significantly 42. 8% high-
er I, and 34. 7% lower K_ and 90. 9% lower
Cmin. As mentioned above, lower K' concentra-
tion in root maybe contributed to the higher I,
and lower K, and lower C,;,(Table 3 and Figure
4). Furthermore, this result implied that con-
ventional variety CCRI 35 could use limited K*
more efficiently than transgenic insect-resistant
cotton DP99B.
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Fig. 4. K* uptake kinetics curve of cotton
cultivars, DP99B and CCRI 35

4 Discussions
4.1 Conditions of K* uptake kinetics applied to
cotton

In order to obtain desirable kinetic curve, it

was necessary to get the absorption rate varied grad-

ually from rapidly to slowly. Factors influencing K*
uptake kinetic should contain seedling age, seedling
number as a unit, volume and initial K™ concentra-
tion of depleting solution, K* concentration in cul-
turing solution (this resulted in K™ concentration
variation in root) and certain starvation time (this
guaranteed I, available). The results of this exper-
iment indicated that relatively appropriate K* uptake
kinetic curves of cotton was obtained with 3-6 leaf
seedling under conditions as follows: 450 ymol * m™
» 5! of photo-radiation, 0.5 or 2 mmol « L? K* of
culturing solution, 48 hours of seedlings starvation,
3 plants as a unit, 300 ml K' depleting solution
with 0. 2, 0.25 or 0. 35 mmol * L of initial K*.
K™* concentration in root decreased with seed-
ling age, which might be a dilution of rapid root
growth, a growth from 0. 79 g « plant” at 3~4 leaf
stage to 1, 35 g * plant’ at 4~5 leaf sfage. But the
difference of K* concentration in root between two
seedling stages couldn’t completely account for the
bigger differences in I, K. and C... They all sig-
nificantly decreased with seedling growing, which

didn't completely accord with the results from Peng

U1 who suggested that there was a small reduction

in I, and a slow ascension in K, with plant age in-
creasing.

There was a positive correlation between. incre-
ment of K* influx and reduction of Kt concentration
in roots [ %1, To some extent, irternal K* of root
increased, K. increased [, In this experiment,
while K™ concentration in culturing solution in-
creased from 0. 5 mmol » L? to 2 mmol « L*, the
fresh root weight and Kt concentration in root of
seedlings got significantly enhanced, which led to

significant increment of K,, and C,;,, and significant

decrease of I..,. It was manifested that K* uptake
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efficiency was regulated strongly by feed back of in-
ternal K of root.

With initial K* enhanced from 0. 2 mmol « L
to 0. 35 mmol » L! during depletion, I, was im-
proved significantly, while K, and C,, were in-
creased significantly and strongly. Those changes
may attribute partly to significant disparity of K*
concentration among seedlings in different initial K*
concentrations during depletion, which provided an-
other evidence for the feed back regulation of inter-
nal K* of root on K™ uptake.

Considering the K' concentration in natural
soil solution and obvious effects of higher initial K*
in depleting solution on K, and C., it may be ap-
propriate to select cotton varieties with high potassi-
um efficiency under the following conditions: 5~6
leaf seedlings, 0. 5mmol * L? K" in culturing solu-
tion and 0. 2 mmol » L7 initial K in depleting solu-
tion.
4.2 Comparison of K* uptake kinetic character-
istics between CCRI 35 and DP99B

Taking seedlings grown in Hoagland's solu-
tion with 0. 5 mmol » L' K* for comparisons,
great gaps existed between CCRI 35 and DP99B
in K* uptake kinetic characteristics. Compared
with Bt cotton DP99B, conventional variety
CCRI 35, depending on its significantly lower
K. and C.., might have a competitive edge on
using limited K* source. But it is yet testified if
susceptibility of premature senescence of DP99B
was highly related to low K* uptake efficiency in
seedling stage. Although high internal K* of
root could affect I, , K, and C.in» 0.49% incre-
ment of K* concentration in root from 1. 47%
(for CCRI 35) to 1. 96% (for DP99B) could not
sufficiently account for bigger disparity of K,
and C,. between two varieties, which resulted
from the facts that K™ uptake dynamic of differ-
ent varieties may vary with seedling age, and ap-
propriate initial K* concentration during deple-
tion for different varieties may be distinct.
4.3 Evaluation and prospect of K* uptake kinet-
ics suitable to cotton

K% uptake kinetics by root has played a great

role in selecting high K* efficient species and varie-
tiest®?, but few applications on cotton were found.
Above results showed that K* uptake kinetics may-
be suitable to select cotton varieties with high potas-
sium efficiency, but it needs to investigate whether
K" uptake efficiency difference among cotton varie-
ties in seedling stage could be applied to other
growth and development stages, especially to matu-

ration stage,
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