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Summary

Water stress effects are severe in semi-arid enviror.ments where droughts are
unpredictable and cause instability in ‘production’ EHonts are being made t¢ .m-
prove drought tolerance by plant breeding but it will be same time betore 3 sol-
ution is found.

Studies of the role of potassium in water uptake and the regulation of its loss
through stomatal control in controlled experiments and field studies of yield
response to potassium in limiting soil water environments indicate that it may
improve water relations of plants and water use eficiency and maintain yields un-
der water stress. Further study is needed of the effects of potassium in relation to
drought in field experiments under diverse agroclimatic conditions on soils de-
ficient and sufficient in potassium. Attention should be peid to the economics of
potassium response under drought conditions.

1. Introduction

Drought is a complex and variable phenomenon and progress in drcught re-
search has been slow, though, judging from the number of workshops and sym-
posia held and books published {Turner and Kramer, 1980; Paleg et al. 1981;
Mussell and Staples, 1979; Christiansen and Lewis, 1982; Irri, 1981), the sub-
ject has been receiving priority attention. Progress via plant breeding will be very
difficult (Arnon, 1980) and success is difficult in the near tuture.

Improved crop, soil and water management, by increasing root penetration,
regulating transpiration, and improving water use efficiency can increase and
stabilize yields under drought conditions.

The uptake of nutrients is one of the processes that is atfected by water stress.
Nutrient content in the leaf cell contributes to osmoregulation and is important in
drought tolerance (Pitman, 1981).

This paper does not pretend to be a comprehensive treatment of the role of
potassium, as there are a number of good reviews of the subject; it concentrates
on a few selected cases.
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in an early review, Achitov (1961) distinguished between direct effects of
potassium which either increase uptake of water or reduce its loss through plants
or create any other internal condition of drought resistance and indirect effects
when it increases yield without affecting water relations. It is the former which are
of the greater interest to plant physiologists and which are discussed here. The ef-
tects of deficiency and sufficiency of potassium on a number of plant processes
including stomatal movement and transpiration loss, translocation of metab-
olites, dry matter production and water use eftficiency have been extensively
studied. However, there are relatively few reports which deal with such etfects on
crops growing on sites where soil potassium is not at deficiency levels. Since soil
moisture content affects the mobility of potassium in the s0il and hence its avail-
ability to plants it is not easy to say whether responses to K fertilizer under dry
conditions are due to etfects on soil K availability or to improvement of drought
tolerance by the plant.

2. Effects on roots and uptake of water

Baker and Weatherley (1969) showed that water movement from the outer
cells of the root into the xylem is regulated by potassium. Mengel/ and Simic
(1973) showed that the quantity of water moved upward by root pressure in de-
capitated suntlowers was reduced as K concentration in the rooting medium was
lowered. Rogaler (1958) suggested that added K increased the permeability of
root cells to water The osmotic potential of root cells was lowered when K uptake
was high, thus increasing water uptake (Mengef and Kirkby, 1980).

Adequate nutrient supply encourages root proiiferation and deeper penetration
so that water can be taken up from depth which is obviously advantageous under
drought conditions. Edward (1981) in Itinois, found that maize roots penetrated
60 cm deeper when receiving K fertilizer, giving access tc an extra 10 cm of water.
Adequate nutrients decreased shoot/ root ratio as well as improving the water up-
take potential of plants (Beringer and Trolldenier, 1978), but Beag (1972) found
with wheat and peas a negligible effect of potassium content of leaves on shoot/
root ratios.

It has been suggested that efficient water uptake from the soil and its transport
upwards are more important than stomatal conductance in determining drought
resistance by sorghum and cotton (Ackerson and Krieg, 1977).

2.1 Loss of water by transpiration

Treatments which could reduce transpirational loss would be valuable in mais-
ture stress. Early work reviewed by Achitov (1961) suggests that K supply
reduces transpiration and increases water uptake and, further, improves water
use efficiency. A number of observations of reduced transpiration with potassium
were mentioried in a review by Hoefner (197 1). Wastermann (1942) found with
12 species in water culture that potassium increased transpiration whereas cal-
cium reduced it. In another experiment, he found that K reduced transpiration in
plants with a restricted water supply. Rogaler (1958) with sunflower, wheat, bar-
ley. maize and clover grown in water culture and in soil in pot experiments found
plants lacking K to transpire much water and that the addition of a small amount of
K greatly reduced transpiration. 8rag (1972) found transpiration reduced when
enough K was applied to increase tissue K content (fig. 1) and recently, Bo Larsen
(198 1) showed that K reduced both day and night transpiration in Douglas fir (fig.
2). On the other hand. Achitov (loc. cit.) quotes reports of the reverse effect and
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Christersen (19786) found that though K increased transpiration in pine, the plants
survived drought better due to efficient osmoregulation. It thus appears that there
is some uncertainty in these matters and that the results were affected by the initial
K level in the soil.

2.2 Stomatal regulation

Mengel and Kirkby (1981) say that K plays a specific role in most plant species
in opening and closing of stomata — a role which cannot be played by any other
cation This has been investigated and discussed by many workers. Fisher and
Hsia (1968); Humble and Raschke (1971); Trolldenier (1971) Skogley (1976)
showed that barley well supplied with K closed its stomata in § minutes and so
reduced water loss while K deficient barley required 45 minutes (tig 3)

3. Effect on plant turgor

Using Phaseolus vulgaris in solution culture Arneke (1981) showed the ettect
of K on various aspects of water regulation (fig 4) He found that total water
potential of upper and lower leaves reacted diferent!y to K. plants well supplied
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Fig. 1 The transpiration rate (A) and stomatal opening (B) of Triticum aestivum
and peas. grown in a nutrient solution of different potassium concentrations. The
stomatal opening is expressed as the width of the broadest part of the guard cells
minus the same width of closed stomata. Abscissa: concentrations of potassium
in the shoot (mg per g fresh weight). Each dot represents the transpiration per leaf
area of ten plants in one growth vessel or the mean value of ten stomata (after Srag
etal., 1962).
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Fig. 2 Therate of transpiration (mg/ g needle dry matter and hour) in relation to
the N and K level (mg/ 100 g needle dry matter) (after Bo Larsen. 1981).

having a higher water potential in the upper leaves than deficient plants, while the
reverse held for the lower leaves. The mean osmotic potential of upper and lower
leaves was lowered from —7.62to —9.11 bar by increased K concentration. The
turgor potential of lower leaves was not affected by K but that of younger leaves
changed from 5.05 to 7.17 bar.

In his work quoted above Bo Larsen found that overall drought resistance (the
sum of avoidance and tolerance) increased with increasing K level.
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Fig. 3 K deficiency on barley results in a high and prolonged transpiration loss
under hot, windy conditions (after Skogley. 1976).

4. Effects of dry matter production

Menge! and von Braunschweig (197 2) found that at low soil moisture tension,
about 17 mg/ 100 g exchangeable K was needed to produce 6 g dry matter com-
pared with 46 mg at high soil moisture tension, concluding that higher levels of
exchangeable K are needed under stress conditions. The effect is explained by the
greater mobility of soil K under maist conditions (fig. 5) However, it appears that
there was a large response to K even at field capacity. suggesting that the sai! was
actually deficient in K.

5. Effects on maturity

Early maturation is advantageous in drought avoidance In a review by Darst
(1980) it is stated that application of K to potassium deficient maize hastened
sitking and lengthened the grain filling period. Effects on soybean were incon-
sistent. :

6. Effects on yield

There are many reports of yield response to K fertilizer on soils low in K but there
are few reports of response under dry conditions. Indeed. Menge! and Kirkby
(1980) suggest that such responses occur when N and water are not limiting. If
the main effect of water shortage is to reduce availability of K in the soil, then K
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Fig. 42 Mean osmotic potential (& y,) of leaves with two levels of potassium
nutrition (lower and upper leaves combined) (after Arneke, 1981)
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Fig. 4b Mean turgor potential (3 y,) of leaves with two levels of potassium
nutrition (lower and upper leaves combined) (after Arneke, 1981).
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Fig. 5 Importance of soil moisture and exchangeable potassium in soil for the
growth of maize seedlings (atter Menge/ und Braunschwe:g. 1972)

tertilizer would be expected 1o ameliorate the apparent shortage of soil K and 10
increase yield. Response to K would vary with the year, depending on raintall and
this is seen in results reported by van der Paauw (1958).

Van der Paauw compiled a report on fertilizer response by potato, wheat, grass
and beans over the 15 years from 1935 10 1949 Crops differed in their respon-
siveness to K and the optimum level differed with crop If there were more than
46 rainless days after planting, potato yield declined in proportion to the number
of rainless days on the Ko treatment but was maintained if the K supply was good
(fig. 6 and 7). K uptake was reduced in dry years. Wheat was much less respon-
sive than potatoes and here K increased yield only in dry years (fig. 8). Such
effects were not evident with grass and beans.
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Fig. 6 Relation between the number of rainless days (May—July) and the yield
of potato tubers in the presence and absence of heavy applications of potast. (480
and O kg K,0 per ha) (after van der Paauw. 1958).

Boulay (1976) found that drought resistance in vines was increased by a heav,
preplanting application of K. Beringer and Trolldenier {1978) state that crops
liberally treated with K remain turgid and green for a longer time

Water stress also occurs if soil water is excessive and Barber (1967) recorded
responses by maize to K under both dry and wet canditions in a 3 year experiment
(table 1) Later (1971) he found that K response by soybean depended on raintall
in the 12 weeks following planting (fig. 9). if rainfall was below 380 mm,
response to K was nearly linear.

On soils of medium K availability in Qhio, response by maize in dry years was as
much as 2700 kg/ha compared with only 198 kg/ha in years with optimum
rainfall (Johnson, 1979). Hernando and Orihuel (1977) tound tomatoes to be
more K responsive with drier watering schedules.

7. Water use efficiency

Transpiration coefficient (water consumed/D.M. produced) can be reduced
either because yield is increased or because water consumption is reduced or
both. The former seems to be the case in work reported by Blanchet et al. (1962)
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Fig. 7 Relation between the number of rainiess days (May—July) and the maxi-
mum increases in yields of potato tubers obtained after applications of potash
(after van der Paauw, 1958)

who found water use efficiency to be high in lucerne when tissue K content was
1.3% K but low when it was 0.8% or less. but this may have been due to restric-
tion of D.M. production by K deficiency (tig. 10).

In Herwig's (1970) work quoted by Hoefner (1871) increasing K increased
water consumption in the early stages of growth of oats but the greater accumu-
lation of dry matter resulted in lower transpiration coeticients (table 2). However
at harvest. transpiration coetficients were similar in both treatments. Lower tran-
spiration coefficients in flax well supplied with K were observed by Linser and
Herwig (1968) but this was due to greater D.M. accumulation rather than reduced
water consumption (table 3). On the other hand, high K plants at low soil moisture
consumed less water giving lower transpiration coetficients High K plants (2. 6%
K in tissue) at 40% field capacity produced much the same D.M as low K plants
(0.4%) at 80% F.C. The former also consumed less water. This, showing that
high tissue K may reduce water consumption, is interesting evidence
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Fig. 10 Relationship between K content in lucerne leaves and transpiration/g
dry matter produced (after Blanchet et al., 1962).

1"



LL6L Wuon Ny ,

Aivede) Ritm 08 = iddns wiew  10d 0y Bozely  10d/00N B ygmty
0L weus 7 gyl {0t (meis | gg)
on {swie g opl 6l {sureid 6 9f) fiswey)
£6¢ 697 0 |18 £6€ 484 06t -ieas-ge
605 s 10t Ley ey 801t £ ug-(2
o 60¢€ § £or 16¢ €68 v 891 g
il e 8¢ 86¢ SEv 9 9L 6109~
00 fw) (B) B 30) () i
VONRAGSULI)  uONdwntuo Kiep Pk Iy vonesdsuer|  uondwuod iep pioid 1y pored Buimoig

,[eiep paysigndun “c.a_ Bimay) s1e0 J0 Juariyeod uonedsues) ay) uo y 40 eouenjyu| 2 9qe)

12



N 182102

Tabls 3 Influence of K nutrition on the transpiration coefficient of flax at two
weter regimes {Linser and Herwig, 1968)

40% heid capecrty B80% fisld capecity

-K +K -K +K
Ory maner @) 585 656 648 80.4
Last-K (% dry maner) 04 26 0.4 29
Wigter consumed !/ pot 340 301 403 405
Transpurstron costficent 581 459 624 504

8. Looking shead

it seems well established that potassium is important in stomatal regulaticn and
has effects on water potential but mast of the data come from short term expen
ments in pots or nutrnent solutien and as Beringer and Trolldenier (1978) say
relationships established under controlled conditions may have hittle relevance to
field conditions Effects are difficult to interpret because crops are more sensitive
to water stress at certa:n stages than at others |t does seem to be important to col
lect more data from field exper:ments and 1t 1s important that such experiments
should cover soils with low, medium and high K Further work should include tull
growth analysis and assessment of the economics of treatment

Looking ahead: sum up
[

* Results ‘rom comtrolted pot and nutrient culture expernments are moatly not appixcable to held

condihons
* Further experumentation in the heid 1s necessary on

@ ditferent sod types _

@ soiis low and high 1n exchangeable K
* Clase monitonng of soil and climate essennal

] 1]
T T A

1 Roots and root growth LAl 'AD CGR
2 Water uptake Dry matter praduction
3 Transpiraton Water use and waler use etficiency

4 Maintenance of turgor
5 Stomatal conductance

Maturnity
Yield and yield components

e wWwN -

v

° Corelating resutts from 1 and 11t
° Companson of responses 10 K with other factors aHfecting water relations
° Economics of response to K
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