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ABSTRACT 



ABST RA CT 

. + . 
St u d i es were co ndu c t e d to c haracteri se Na a nd 

Cl extru s ion by the l eave s o f ' Ka l lar ' grass subj e ct e d 

to various mo i stur e l eve ls a nd an a nti t ran s pir an t (P MA ) . 

PM A dec r eased t he t r ansp iration rates of 'Ka l lar' grass 

leaves substantially 24 hours after application . Seventy-

two hours af t er it s application some dec r ease in t h e 

tr a nspir ation rat es wa s ob served , thoug h diff ere nces 

between the treat e d a nd non - t reated pl a nts we r e s ma ll . 

Increasin g NaCl cau sed re du ction in tr a nspirat i on rat e at 

fie ld capaci t y, a nd wat er def i c i t both i n ( PMA) tr eat e d 

a nd no n -t r eat ed p l ants . How e v e r , r e d u c t ion in transp irat ion 

with inc reas in g NaC l in t he me d ium was no t appar e n t at 

f l o odin g . In ge neral , r e lative water content s wer e s u b s -

tantiall y de cr eased in NaCl tr e atme nts. At fl oo din g, 

application of a nt it r an s p irant (PMA) s li ghtl y d e c r e a s e d 

the dry we i ght s o f t o p s a t bo th s alt l evels . Th is dec r ease 



in dry weights was also observe d in plants at fie l d 

capacity and water deficit. Application of PMA did not 

+ seem to have s ubstanti al effect on the extrusion o f Na 

and Cl by the 'Kallar' g rass leaves. The absolute amounts 

+ of Na a nd Cl extruded by the leaves s ubstanti a ll y 

increased at hours 72 with increasing NaCl in the me dium 

at flooding and field c ap acity. However , this trend wa s 

reversed at water deficit. Low avail ab il·it~ of wa t er may 

have affected the tr a n sport of salt to the l eaves t hu s 

affecting extrusion. 

ii 



INTRODUCTION 



INTRODUCTION 

Lept oehloa 6uhe a ( Li nn. ) Kunth previousl y known 

as Viplaehne 6uhea and known in Pakistan as ' Kallar' g rass 

i s a highl y sal t toleran t pl a n t and grows well on salin e 

sodic soil in the countr y. It is an a nnual pl a nt which 

grows profusely during the period of July to September, 

which comprises Monsoon month s, charact er i zed by high 

rains and low transpiration. Work conducted on sal t r e lation 

of ' Kallar ' g r ass by th e P l ant Phys i o l ogy Group of NI AB 

s howed t hat the p l a n t absorbed subs t antial amounts of K+ 

compared with tho se of Na+ from s u bstrate c ont aining low 

+ + 
.amount of K , but hig h of Na (Bh a tti et al., 1983 ). Th i s 

h i g h K+ u ptake was relat e d to par t i a l replacement of Na+ 

a nd to t h e se l ective ab sorption of K+ . Over t he range of 

+ 
NaCl c on ce ntr a tions used, Na appear ed to have little or 

+ 
no interact i o n with K a nd no a ntago n ism was apparent 

+ + between Na a nd K 0 
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In time sequ ence studies on NaCl upt ake by 'Kallar' 

grass net uptake of NaCl over the range of conc e ntrations 

studies was not proport ionat e wi th the NaCl applied. Accor-

dingly the occurr e nce of growth suppression and toxic it y 

symptoms in the plants at moderately high NaCl may have been 

alleviated, in part at l east , by the s ubstantial extrusion 

of ions by the l eaves (Bhatti a nd Wieneke, 1984b). Satur a-

tion in cellular absorption in the roots may have been 

reached early, leading to th e restriction of salt uptak e : 

While tis sue concentrations increased progressive l y from 

+ -hours 6 to 144, the net t ransfer rates for Na and Cl were 

reduced in low salinit y f rom hours 6 onwards. Whereas , in 

high salinity they incr eased slightly till hours 24, then 

remained fairly constant. In ' Kall ar' grass the rate of 

+ 
uptake of Na and Cl may h ave been limited by certain 

factors e.g., saturation , root efflux, or in part, t o 

absorption of non - radio ac ti ve Na+ and Cl- durin g osmotic 

adjustment. 

In subs equent s tudi es on ' Kallar' "grass toleran ce 

of the plants to NaCl was r e lated to preventing the ti ssue 

from accumulatin g hi gh concentration by extrusion of both 

+ -Na . and Cl by the l eaves and their eff lux by the roots, in 

addition to an equiv a l ent r etention in the l eaf sheath. 
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To test the nature o f s alt deposits on t he l e av es , 

strips of cellulos e tap e wer e p ressed against the upper 

a nd lower surfaces o f the 4th leaves in 10Q "mM 22 NaCl and 

Na36Cl which were then autor a diographed. The autoradio graph 

of the ce llulose tape s used to coll e ct ~ salt d epos it s f r om 

the surface of 4th l eaf of plants grown in 100 mM 22NaCl 

36 or Na Cl sugges ted t hat excess sal t s were extruded both 

from the lower surface as "we ll as from the upp er sur f ace. 

Leaves of the plants grown in presence of low NaCl ext ru-

+ -ded Na and CI in much the same way as those in hi g h 

NaCl and the extrusion had already started aft er 6 hours 

of exposure to low salinity. Ex t rusion in 'Kallar' grass 

seemed, therefore, not to b e specific to high conc e ntration 

of Na+ and Cl- in the l eaf t i ssue (Bhatti and Wien e~e , 198 4 b). 

To defin e the nature o f extrusion it was , therefore, 

planned to follow salt absorpt ion by ' Kallar' grass and the 

extrusion of salt b y the l eaves in relation to e ff ec t s of 

phenylmercuric ac e tat e, a n a ntitranspirant on the l eaves" of 

p l ants grown in NaCI at various moistur e l eve l s in the soil. 



REV lEW 

OF 
LITERATURE 



REVIEW OF LITERATURE 

PLANT GROWTH AND SALT RELATIONS 

Ca) Effects of Substrate Sal inity 

Bhatti et a l . (1983 ) studied the e ffec t s of NaCl, 

KCl, and CaC1 2 alone, an d in c ombination of NaCl/KCl and 

NaCl/CaC1 2 on growth and ion uptake by ' Kallar' grass. 

They observed that NaCl a nd KCl had littl e effect on growt h 

while CaC1 2 depressed the growth strongly. Conc en tratio n 

of Na~ in the s hoot exce e ded those in the roots i ndi cating 

the absence of retention mechanism in the roots. There 

was no interaction between Na+ a nd K+ or Na+ andCa2 +. On 

the contrary NaCl in two s pecies of Agropyron d epressed 

2+ Ca uptake. Elzam a nd Epstein (1969) reported the salt 

relation oftwb grass sp ecies, fall wheat grass (Ag~opy~on 

eiongatum) and intermedi a te wheat grass CA. ~nte~med~um). 

These were grown in nutr ient so lutions containin g NaCl 
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concentrations ranging from nil to 500 mM. It was observed 

that A. elonga~um suffered damage at 100 mMand A. in~ehmedium 

at 5 mM. They concluded that severe effect of NaCl on 

growth were correlated with extreme ly low level of Ca2 + 

in the roots. Tissue s of tops an d roots in ' Kallar ' grass 

+ + showed strong selectivity fo r Kover Na . Suggestion for 

selective K+ uptake by 'Kallar ' grass tops was also made 

by Sandhu et al. (19 81) who observed that the concentration 

of Na+ in the leaf washes of plant s in hi g h NaCl exceeded 

+ 2+ 2+ those of K , Ca and Mg . Thus they proposed that 

extrusion of Na+ was selective. However, the growth of the 

plant in the treatment was highly suppressed which renders 

the conclusion invalid. Presence of salt glands on the 

leaves of 'Kallar' grass was reported by Joshi et al. (1983) 

and the presence of pore in each gland suggested that 

salts are excreted through these pores. The excretion of 

salt was highly selective for Na+ and Cl- .. The glands 

+ 2+ 2+ a lso excreted K , Ca and Mg . The order of preference 

d · t' t . was found to be Na+ > K7 > Ca2 + M 2+ regar ln g ca lon excre lon > g 

Bhatti and Wieneke (1984a) studied leaf extrusion, 

retranslocation and root efflux in ViplaQhne 6u~Qa (Kall ar 

grass) grow~in NaCI. On t he basis of specific act i vity, 

the distribution of Na+ and Cl in the tissue was fo ll owed 
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during ahd after treatment. Sequential collection of l eaf 

washes showed that both Na+ and CI were extruded at a 

somewhat constant rate. They also r eported that the leaf 

+ sheaths accumul ated more Na Rnd CI than t he leaf blades. 

The concentration of various ions in the extruded salt 

' + - + 2+ 2+ were Na 4 0.5, CI 36.8, K 0 .7 2 , Ca 0.68 and Mg 

0 . 22 ~moles / plant. Clearly, Na+ ion s predominated other 

. - + ~+ M 2+. t . H ions l.e., CI , K , Ca a nd g In ex rUSlon. owever, 

+ in time sequence studies on uptake and distribution of Na 

in Viplachne 6u~ca grown in NaCI showed (Bhatti a nd 

Wieneke, 1984b) that increasing NaCI raised the concentra-

+ -tions of Na and CI in the tissues of tops and roots 

but had little or no effect on plant growth. Th~reported 

that young and old leaves extruded 30-60% and 30-70% 

respectively of their total Na+ and CI - absorbed. According 

+ -to their statement as the amounts of Na and CI in the 

tissue increased with time, their extrusion also iflcreased, 

however, as a proportion of the total Na+ and CI- it did 

not change much with time. They autoradiographically showed 

that the extruded salt s were distr ibut ed equall y on the 

upper and lower s urface of all ,l~aves, parallel to veins. 
+ I 

There seemed to be a mor e in tense distribution of Na and 

CI in the leaf s heaths as well as in the ap ic al region of 

roots . Although Na+ ions exceeded the concentrations of K+, 

. 
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Ca2+ and Mg2 +, the authors suggest that the extrusion 

process was not specific to high NaC l in t he substrate. 

Salt Secretion: Scholander et al. (19 62) studied 

the various parameters of the salt balance in several 

species of mangroves and concluded that the salt concen-

tration in the excreted fl uid was often higher than that 

of seawater and salt secret i on was a n active process and 

it was not related to t ranspiration stream . 

Pollak and Wa i se l ( 1970 ) worked on ecophysiology 

of salt tolerance in Aelu~opuh ll~o~allh and the effect of 

external NaCl concentrations on ion excretion was examined 

using detached leaves. Excretion was positively corre lat ed 

with the external NaCl concentration upto the concentration 

range of 0.2 - 0.4 M in which the leaves reac hed their 

highest excretion capacity. Excretion decreased beyond 

+ this range . On the other hand, Na cont e nt of th e le aves 

increased with the increase in external concentration upto 

concentration of 0.6 M. They a l so studied the effect of 

low and hig h humidit y on sal t excre tion process and found 

that when leaves we r e exposed to dry atmo sp here, sa l t 

excretion was reduced by t he high external NaCl co nc e nt ra-

tion . But und er humid condition s absolute excretion ·increased . 



Such enhancement is attributed to the increase of salt 

transport via tr anspiration stream. 

8 

Characteri st ic s of salt secreted b y Tama~~ x aphyffa 

were studied by Berry (1 970). He determined the c omposition 

and concentration of sal ts s ecreted by the salt g land s of 

Tama~~x aphyffa (Linn.) grown under controlled nutrient 

conditions. Eight ions, Na, K, Mg , Ca, Cl , N03 , HC03 and 

S04' constituted 99% of th e dry weight of salt s s ecret e d 

by plants grown on half- st ren gth Hogland's solution. The 

bivalent cations Mg and Ca accou nted for most of the 

cations; HC03 comprised about 60% of the a nion s . Th e mi cro­

nutrients B, Mn, Cu, Zn and Mo were present in enriched 

concentrat~ons in the secretion. The composition of the 

secretion s was hi gh l y dependent on the compos ition of the 

root environment . The predominating cation in the saline 

culture solut ion s was also the predomin ant ~ation secr e t e d. 

The accompanying anion in the culture solution influenced 

the cation comp6S1tion of the secreted salt. The concentra­

tion of the salt g l a nd secr e tion averaged 0.5N, a 50-fold 

increase in concentration ov e r the nutrient solution in 

which the plants were grown. 

The secretion of ions fr om salt glands a nd th e 
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salt content of Spo~obolu~ a~ena~iu ~ leaves were i nvest i -

gated by Ramati et al. (1976). They observed that the NaCl 

c on cent rat ion o f t he t est s o l ution wa s positive l y cor r e l a t ed 

with that of the secr e t ed flu i d and of th e le a ves . Elec t r on 

probe analysis reve aled diff e rent contents of s odium 

potassium and chlor ide in me sophyll and g land ce lls. The y 

have also proved that the se c r e tion of s alts by s alt gland s 

is an active proce s s. 

Bennert et a l. (1 983) i nv estigat e d s a lt secret i on 

o f At~iplex hym e n elyt~a an d es t i ma t e d the fracti o n of secreted 

sal ts . They a l s o observed t h at 1 / 3 - 3 / 4 of osmotical l y 

acti ve compou nds were deposited as a salt on the outer leaf 

surface depending on season and leaf age. Analysis of 

. . ( N + K+ lnorgan lc a , , Cl-) and organ i c ( oxa l a t e ) ions in the 

total leaf materi a l a nd secr eted s al t l aye r s howed Na + as 

dominatin g cation a nd Cl wa s present in much l ess than 

equiomolar concentration. 

Wa lker et a l . ( 1984) st udied a n a tomy , u ltra st ru c -

t ur e and ass imil ate concentr a ti o n of roots of citru s ge no -

types differing in abilit y for s alt e xclusion. Seedlin gs of 

Cit~u~ ~etiQulata and C. mediQa treated in water cultur e wi t h 

O~ 25, 50 and 100 mol m- 3 Na Cl and in sand culture with 



10 

-3 o and 100 mol m NaCl, leaf analysis for Cl indicated 

that C. medica accumulated the most chloride at all levels 

of salinity. Chloride concentration increased with salt 

treatments. 

, 
(b) Transpiration Effects 

Oertli (1965) observed the effect of external salt 

concentrations on water relations in plants and concluded 

that under saline conditions an osmotic ad justme nt of the 

root xylem sap is unlikely and consequent l ~ the rate o f 

water uptake should be reduced. Under saline conditions 

and under non-osmotic soil moisture stress, a higher 

osmotic differentitl between leaf vacuoles and immediate 

surroundings is required for turgidity. Growth reduction 

may result, if leaves cannot fully cope with this requirement. 

Influence of wate r and salt stress on water 

relationships and CO2 exchange of tops and roots in beans 

was observed by Jensen (1981). He suggested that when low -

salt plants grown in nutrien t solution, were exposed to 

osmotic potential s in th e root med ium of -2.7 and -4 .7 bar 

due to the addition of KN0
3

, osmotic a djustment occurr e d. 

The leaf o s motic potential COP) decreased, leaf turgor 

potential and leaf water cont ent were maintained, n o wilting 
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took place, stomatal conduct anc e was partially r e gained and 

net photosynethsis was only moderately depressed. When low­

salt plants were exposed to osmot ic potential -2.7 and 

-4.7 bar due to the addition of polyethyleneglycol 1500, 

no adjustment to water stress was observed. As the turgor 

potential decreased, the leaves became dehydrated and high 

percentage wilted. Stomatal conductanc e , net photosynthesis, 

top dark respiration and root respiration were depressed, 

Nitrate uptake cease d comple te l y at -4.7 bar. When low 

salt plants were exposed to osmotdc potential -4.7 bar, 

due to both polyethleneglycol (-2 bar) and KN03 (-2 bar) 

osmotic adjustment took place: osmotic potential of the 

leaves decreased, leaf water contents, turgor potential 

stomatal conductance, net photosynthesis, top dark respira­

tion and root respiration recovered to some extent, but 

the proportion of wilted leaves was high. When medium and 

high salt plants, osmotically ad justed to osmotic potential 

-2.7 and -4.7 bar due to KN03 , which were exposed to water 

stress due to polyethyleneglycol (-2 and -4 b ar) , turgor 

potential and leaf water content were maintained, none or 

few l eaves wilted and stomatal condu ctance was depressed 

less than in low-salt plants. These responses are attributed 

to influence of pre-osmotic adjustment on turgor maintenance 

and hydration of the plant. It is concluded that osmotic 
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adjustment by inorganic solute uptake, before or durin g 

exposure to water and salt stress, can reduce the severe 

effect of low water and salt stress a nd can redu ce the 

severe effects of l ow water potent ial s in the root medium. 

Growth of At~ipl ex halimu~ in NaCl salinized cultur e 

solution as affected by the relative humidity of the air , was 

studied by Gale et a l. ( 197 0). They found that small amount s 

of NaCl were needed by A. halimu~ in orde r to overcome t he 

stress caused by l ow relative hu midit y of the air . Th ey 

a lso observed that salini ty was harmful to growth at a l l 

concentration s under low evaporative conditions. 

Malash and Flowers (1984) elucidated the effect 

of antitranspirant phenylmercuric acetate (PMA) on salt 

tolerance in wheat and observed that PMA reduced the growth 

under non-saline condit i ons, this was reflected in a reduced 

leaf area. However, l ow (50 uM) a nd medium ( 100 uM) co ncen­

trations of PMA under saline cond ition in creased plant dry 

weights and lea f area per p lant whe n compare~ with the 

saline contro l ( no PMA ). PMA tr eat me nt l owere d shoot sodium 

a nd chloride content. Se l ect ivit y for K+ over Na+ was 

consequently enhanced by PMA . So PMA application s at a 

s uitabl e concentration can improve growth unde r stressed 
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conditions ( s alinity) via its ef fect on the pl ant water 

balance, decreased salt content a nd increased leaf area 

for photosynthesis. However, continued PMA application s 

to the plant had an accumulativ e toxic effect, a nd und e r 

non-stressed conditions decr e a se d growth of plants by 

reducing photosynthesis, because plants did not benefit 

from stomatal closure enough to offset the injur y cau sed 

by PMA. 

Boobathi and Singh (1984) worked on transpiration 

suppressants on spring sorghum (Sohghum biQo~Oh) in relat ion 

to soil moisture r egime, a nd effect on growth and nutri e nt 

uptake. The y observed that in crop growth, measured by 

plant height, leaf area index, dry matter production and 

uptake of Na, P and K increased with more frequent irriga-

tion and response to spr ay in g o f transpirat ion s uppre ssant. 

Foliar application of atraz ine at 200 g /ha and c hloromequat 

chloride (CCC) at 300 ml/ha gave the best results. 

Biddulph e t al . (1960) studied ascension of calcium 

in relation to transpiratio n st ream and reported the time 

45 course curve for Ca ent ry into specific s t em sections a nd 

concluded that entrance co n sisted of two p0.ases : a reversible 

exchange phase and an irrev er sible accumulation p hase. The 
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exchange phase wa s c ompl e te i n 3 hour s a nd the exch a ng e ab le 

fraction constituted less tha n 10% of the total c alcium. 

But in contrast Hill (1 9 67 ) s tudied the ion a nd wat er 

transport in Lim onium vuiga~ e and found that the application 

of Nern st equlibrium equat io n to the transport of i o n s in 

the leaf gland cell s of Limoni um vuiga~e indicat e d that Na +, 

+ -K and Cl were actively t r anspor t e d out of th e ce ll s . In 

contrast two diff erent variations in the cultur e solutions 

of Tama~ix aphyiia were u s ed by Berry a nd Thomson ( 1967). 

The salt obtained from th e glands of plants growi ng i n the 

culture so lution in which the sodium concentration was 

increased to 16 meq Na+/ £ showed an increase in s odium and 

decrease in potassium in the secreted salt. The c omposition 

of the secreted salt wa s app arently a function o f th e 

composition of the root environment, and no apparent 

selectivity for sodium over potass ium was noted. 
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MATERIALS AND METHODS 

Nodes of Le.ptoc. h.loa nlL6c.a (Linn.) Kunth (' Kallar ' 

grass stems were co ll ected from the experimental field of 

Biosaline Research Sub Station (BSRS), Lahore of Nuclear 

Institute for Agricultur e and Biology (NIAB), Faisalabad, 

for studies on evapotranspiration effects on salt relations 

of 'Kallar' grass. 

PLANT CULTURE AND TREATMENTS 

The experime nt wa s co nducted in the Pl ant Physiology 

Laboratory of Soil Science Divis ion of NIAB, Faisalabad. 

Pots (60) were fill e d with 1500 gm Thikriwala (Faisalabad) 

soil (clay = 6.8%, silt = 10. 50%,~and = 82.7%, Ec = 2.2 mScm- 1 
e 

Bhatti et al. , 1983). Th e soil was divided into two portions , 

500 and 1000 g . A plastic sheet was placed between the 

500 upper and 1000 gm the lo wer soil in pots . Plants were 
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raised from sets of nodes of 'Kallar' grass sown in the 

upper 500 gm soil which was moistened to field capacity 

with deionized water. Nitrogen and phosphorus were added 

to the soil as basal nutrients in the form of solution at 

> 

At 55th day of sowing the number of plant per pot was 

thinned to five. On 63rd day. the leaves we re washed with 

distilled water to remov e dust a nd sa l t particles and the 

salt treatments were applied in triplicate as 300 ml 

solution containing 10 and 300 mM NaCl/l to the main body 

of th e soi l (1000 gm). The plants were expose d to the 

treated soi l by removing the intervening plastic sheet. 

In soil different moisture leve ls i. e., flooding, fie l d 

capacity and water deficit were maintained with deionized 

water. Thereafter, the soil moisture was kept constant by 

adding the amount of water l ost. Plant s in hal f of the 

pots were treated with phenylmercuric acetate (PMA) by 

sparying both surfaces of th e l eaves with solution containin g 

0.1 mM PMA in 0.2% aqueous solu t ion of Ola (wetting agent). 

TRANSPIRATION RATES 

After 72 hours of treatment with PMA, transpiration 

rate of the plants in 1 2 pots from all the treatme nt s (of 
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which 6 were sprayed with antitranspirant, PMA) was 

measured by rapid weighing method (Franco and Magalhaes, 

1965). F ive leaves one from each plant w~ye excised from 

each pot a nd their cut e nd s were covered with parafilm 

in order to avoid wa~er loss . The leav es we re hung wit h 
, 

the hook of a bal a nce (Mettl er Mo del H- 300) from the end 

covered with paraf ilm a nd wer e immed i ately weighed for 

fresh weight with the windows of balance closed. Th e 

windows were then opened to a ll ow the a ir to cross. Two 

minutes after, the le aves were we ighed again bu t with the 

windows closed. In all, fi ve observations were made eac h 

after two minutes interval u sin g the above procedure. 

RELATIVE WATER CONTENT 

Immediat e l y after weigh ing the lea ve s from a ll 

the treatments wer e kept a t room temp erature (3 4°C ) for 

three hours with cut ends submerged in witer in beakers 

includ in g one hou r in cold water (5°C). The l eaves we r e 

removed from the beaker, d r ied between t he folds of t i ssue 

paper and weighed for fres h weights when they wer e f ull y 

turgid. Finally, the leaves were dried in oven at 7 2 °C f o r 

24 hours and their dr y we ight s determined. 
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LEAF WASHING 

At 24 hour s aft er salt treatme nt of pl a nt s , the 

leaves of plants in 24 pots which were subjected to high 

salt treatment (300 mM NaC l) we re was hed with e qual qu a n -

tities of distill ed water and wa shes (W l ) of th e leaf 

bl ades ' and the leaf sheaths were collected. Similarly a t 

72 hours a nd 144 hou r s after salt treatment th e leaves of 

the plant s were washed and the was hes (W2 , 36 pots ) a nd 

W3 ( 12 pots ) respect ivel y were co llected. Washin g of th e 

intact growing leave s wa s don e by enclosi ng th e tops car e -

fully in polythene bag and b y spraying the leaves in the 

bag with atomized water. The pots were tilted t o ke e p th e 

plant top s somewhat downward du r ing th e s prayin g pro c edu re . 

Th e pl a nt s we r e fin a ll y s haken t o r e move drop lets from the 

l e aves. 

HARVEST 

The plants in 4 8 pots were harvested and fresh 

we i ghts of the abov e ground parts we re taken. At harv est 

the roots were given a quick r inse under the running tap 

water a nd washed in deionized water each for thr e e minutes 

to remove any ion adsorb e d a t r oot surfaces. Th e clu s t e r 

of roots were the n dried bet wee n the folds of ti s sue pap e r s 
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each for one minute in order to remove s urplu s wa ter and 

fresh weights wer e taken. Th e roots and tops were the n 

dried in oven at 72°C for 24 hours. After that, the leaf 

blades were separated from the leaf sheath and dry wei ghts 

of all the parts of plants we re taken separately. 

DRY ASHING AND ANALYSIS 

All the parts of pl a nt s were cut into fine pieces 

separately. Parts of plant ma terial were taken a nd CaO was 

added at the rate of ith of p lant material (Ch apman and 

Pratt, 1961) to avoid lo sses of ions during dry .as hin g . 

Then little amount of dist il led water was added to wet 

the plant material and put into Karl Kolb muffl e furnace 

o 
(Model L-47 - T) at 500 C for three hours. The dry ashed 

plant materials were dis s olved in 0 . 5 N HN03 (Jack son, 

+ 1958) . The dissolved mat er ials were analysed for Na and 

K+ using flamephotometer Model 69 Karl Kolb add f of Cl-

using Corning chloride meter Model 920. 



RESULTS 



RESULTS 

( A) TRANSPIRATION AND RELA1IVE WA TER CONTENT 

PMA app lication to the leaves of 'Kallar' grass 

decreased the transpiration rates substantially at 24 hour s 

after its application in the field (BSRS, Appendix I). 

Seventy two hours after application of anti-transpi r ant 

(PMA) to the leaves of experimental plants grown in the 

laboratory, caused some decrease in transpiration rates 

(Table 1): the differences between treated and non-treated 

plants were however, small. In creasin g salinity of the 

medium caused reduction in transpiration ~t field capacity 

and water deficit both in the PMA treated, and non-treated 

leaves. However, reduction in transp irat ion with increasing 

NaCl of the medium was not apparent at flood in g . Relat i ve 

water contents were higher at f l oodin g than tho se at field 

capacity and water deficit. I n general, relat ive wa te r 
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TABLE 1 

Effect of PMA on transpiration rates and relative water 

contents of excised leaves of 'Kallar' grass grown at the 

two concentrations of NaCl a t var iou s levels of mo i sture 

in so i1. 

( 72 hours af ter treatments ) 

- PMA + P MA 

Treatmen ts NaCl 
:rra ns p i r a t ion Rela t ive water Tr anspirat i on Relat i ve water 

(mM ) 
ra t e content ra t e con tent 

\19., 1 min/~ (%) \1 9.,!-mi n l g (%) 

Flooding 10 5 . 7427 94 . 16 5.4275 8 9.72 

300 5.6789 98.88 5.5191 87.92 

Field 10 4.9696 88.32 4.5397 80.80 
capaci t y 

300 3.3946 82.82 3.1923 73.64 

Water 10 4.9460 81.89 4 . 8397 70.65 
deficit 

300 3.1656 8 5.16 3.01 21 83 .11 
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c ontent s we r e s ub stant ially dec r eased in NaCl treatme nts . 

( B ) GR OWTH 

Dry We i ght 

~pplicati on o f a n t itran spira n t (PMA) slightly 

d e c reased the dr y we i gh ts o f the tops a t both salt leve l s 

at floodin g (Tabl e 2). Th i s de c re a se i n dr y we i ght s was 

also observ e d in p lan ts at f i e ld c apacit y a nd water 

deficit, a t low salt l ev e l ( 1 0 mM NaCl/l). PM A app licatio n 

a l so decreased the dry we i g ht s o f the ro o t s gen e rally, 

thoug h, the diff e r e nce s between plus a nd minu s PMA wer e 

s mall . 

The dry we ight s of the tops and t he root s o f 

' Kallar ' g r ass p l a nts i n 10 a nd 300 mM NaCl we r e h i ghe r a t 

flooding than at field c a pacit y and water deficit . Thi s 

increase i n dr y we i ght s was more pronoun c ed in the r oots 

than in the top s ( Tabl e 2 ). I ncre asin g con cent r a t i on of 

NaCl i n the me d i u m from 10 t o 3 0 0 mM dep r es s ed t he d r y 

we i ght s at f i e l d cap acit y an d wa t er defic it but t h e 

we i g hts were li ttl e a f fec ted at f l o odin g . 
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TABLE 2 

Effect of Phenylmercuric a cet ate (PMA) on dry wei ghts o f 

tops and roots of 'Kallar' gras s grown at two concentration s 

of NaCl at var iou s levels of moisture in the soil 

(dry weight: mg/plant) 

-PMA 

I 
+PMA 

Treatments NaCl 

I I 
(ruM) Tops Roots . I Tops Roots 

I 

Flooding 10 260.68 ± 57.5 182.86 ± 21.6 232 .38±62.99 121. 24±22 . 9 

300 260.32±57.5 97 .08 ± 1. 7 200.72 ± 15.9 2 97 .42±9.2 

Field 10 232.74±56.5 95.4±27.4 229.82 ± 1.55 89.46±19. 6 
capacity 

300 202.74 ± 44.5 94.42±7.4 173.46 ± 37.87 79.06 ± 8.3 

Water 10 231.40 ± 11.4 92.72 ±2 .4 192.68 ± 12.55 69.66 ± 4.7 
deficit 

300 200.72 ± 15.4 87.40±3.4 202.42±55.79 n.22±8.0 
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(C) EXTRUSION BY LEAVES 

+ - + Na ,Cl and K 

+ The amounts of Na an d Cl extruded as percentage 

of total plant contents in l eaves treat ed with PMA, were, 

in general, similar to those in the leaves that we re not 

treated with PMA, both at 72 a nd 144 hours following 

treatment (Table 4 and 5). Th e amounts extrude d at 72 and 

144 hours were, however, s ignificantl y higher than those 

at 24 hours (Table 3) . The amounts of K+ extruded by PMA 

treated, and non-treated leaves varied slightly from each 

ot her both at 72 and 144 hours , but the values showed fair 

resemblance (Table 6). However, K+ extrusion bo~h at 72 

+ and 144 hours was much below that of Na and Cl - . 

+ + The amounts of Na , K , and Cl extruded by ' Kallar' 

grass l eaves at 24 hour s following treatment with 300 mM 

NaCl were more or less simi l ar at all moisture l eve l s i . e. 

flooding, field capacity an d wate r deficit (Table 3). 

+ At 10 mM NaCl , absolute amounts of Na and Cl 

extruded by the plant l eaves were general ly similar at 

field capacity and water deficit, but they were substantiall y 

lower at flooding. 
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TABLE 3 

+ + 
Concentration of Na , K and Cl in the leaf washes 

of 'Kallar' grass 24 hours a fter treatment with 

300 mM NaCl at various leve l s of moisture in the soil. 

(concent:rations: mM/plant) 

Na + 
I K+ I 

Treatments 
I I 

Cl 

Flooding 5.84 2.34 5.22 

Field capacity 6.86 2.78 5.36 

Water deficit 5.98 2.67 6 .85 



Treatments NaCl 
(roM) 

Flooding 10 

300 

Field 10 
capacity 

300 

Water 10 
defic it 

300 

Flood i ng 10 

300 

TABLE 4 

Effect of Pheny l mercuri c acetate (PMA) on the concentr at ion of Na+ 
in the leaf washes, the blades, the s heaths and the roots of 'Kallar ' 
grass plants grown at two concentrations of NaCl a t various moisture 
levels in the soil. 

(Na+ in mM/plant) 

- Phenylmercuric acetate +Pheny1mercuric acetate 

Tops Extrusion Tops Leaf Leaf 
washing Bl ades ISheaths 

Roots Total as % total 
washing Blades ISheaths 

Roo t s Total 
cont ents 

At 72 hours 

7 . 4 25 . 9 14 . 3 25.5 73 . 0 10 . 1 6 . 8 24 .0 16 .4 14 . 9 62.0 

15 . 2 32.9 18.0 24.2 75. 2 20 .2 9 .6 21. 7 13 .4 21. 2 65 .9 

19 .0 33.0 22.3 14 .9 89.1 21.3 22 .4 35.7 17 .8 14.0 89.9 

29 .2 40.5 24.9 28.4 93.7 31.1 39.0 32 .4 21. 9 26 .7 120.0 

13.7 24.2 16.9 12.2 66. 9 20 .5 11.5 13 .7 12.9 9.0 47 .0 

5. 5 25.0 21.7 24.5 
\ 

75. 8 7.2 8.2 22.7 25.5 23.8 80.2 

At 144 hours 

12.7 27.2 11.2 11.3 62.4 20 .3 10 . 8 30. 2 14 .6 16.5 72 .1 

27.4 47.0 21.5 16.5 112 .4 24 . 5 32.0 48.7 23 .5 18 .7 123.7 

Extrusion 
as % total 
contents 

10.9 

14.6 

24.9 

32.5 

24.4 

10.2 

15 .0 

26 . 5 
I\) 
()) 



Treatments 

Flood ing 

Field 
capacity 

Water 
deficit 

. Flooding 

NaC1 

TABLE 5 

Effect of Phenylmercuric ace t ate (PMA) on the concentration of Cl in 
the leaf washes, the blades, the sheaths and the roots of 'Kallar' 
grass pl ants grown at two concentrations of NaCl at various l evels of 
moisture in the soil. 

(C l mMjp lant) 

- Phenylmercuric acetate +Phenylmercuric acetate 

(roM) Leaf Tops 

l~aShing Blades ISheat~~ Roo ts Total 
Extrus i on ' L f Tops " ea 
as % total ' h' 1 Roots Total 

-~ .--

~~ntents was lng Bl ades Sheaths 
- --

At 72 hours 

10 10 . 4 34 . 9 16.4 26 . 4 88 . 0 11.8 8 . 4 26 . 0 32.0 17. 3 83.8 

300 15.8 48.8 39.4 15.5 119.5 13.0 15.5 27 .1 35. 3 17.5 95.3 

10 18.4 31. 7 27.1 9 . 0 86.2 21. 3 20.1 20 . 0 36.1 18.9 95.1 

300 22 . 4 50.0 36 . 4 31.3 140.0 16.0 43.9 51.6 58.2 22.8 176.4 

10 13.4 38.6 26.2 11. 2 89.4 15.0 12.3 27.4 24.0 15.5 79.2 

300 4 . 8 28.3 41. 4 20 . 9 95.4 5.0 7.4 34.2 40. 0 16.7 98.4 

At 1(+4 hours 

10 15.0 19.2 34.4 26 . 2 94.8 15.8 14.4 27 . 6 32.7 11.4 86 . 0 

300 27.1 91. 7 37.3 14.1 170.2 15.9 34 .0 99 . 6 29. 3 20.9 183.9 

Extrusion 
a s % total 
contents 

10.0 

16 .3 

21. 2 

-24:8 

15.6 

7.6 

16.7 

18 .5 

N 
-.:J 



Treatment s 

Flooding 

Field 
capacity 

Water 
deficit 

Flooding 

TABLE 6 

Effect of Phenylmercuri c acetate (PMA) on the concentration of K+ 
in the leaf wa shes, the blades, the sheaths and the roots of 'Kallar' 
grass grown at two concentrations of NaCl at various moisture levels 
in the soil. 

+ (K mM[plant) 

- Phenylmercuri c acetate +Pheny1mercuric acetate 
NaC1 . 
(ruM) I Leaf 1 . Tops . I Extrusion I T 

I washing-' Blades I Sheaths I Roots 
Total a s % to t 4 Leaf 0 s 

contents washingrBlades Sheaths'Roots 'Total 

j\t 72 hours 

10 3 . 0 48 .0 17.3 70.2 138.6 2.2 3.2 36 .7 19 . 6 35.7 95 . 2 

300 3.6 58.2 30.9 31.7 124.6 2.9 3.3 32.9 18. 7 34 .4 89.4 

10 6 . 2 40. 1 21.1 24 . 7 92 . 2 6 . 8 6 .1 37 . 9 21.4 27.3 92 . 6 

300 4.1 38.0 18.0 27.7 87 .9 4. 7 6 . 6 30.3 16.4 21.8 75.0 -, 

10 4.3 43.1 21.5 27. 1 96 . 0 4.5 3.7 30.6 19 . 4 16.5 70.3 

300 3.3 39. 3 19.8 28.6 91. 0 3.6 1.3 38.3 19.5 27 .6 86.7 

At 144 hours 

10 4.7 54.1 19 .8 31.3 109. 9 4.3 4.4 59.1 23.1 31.6 118.2 

300 4 . 6 41.6 14. 9 22. 9 84.0 5.5 5.9 53.4 17.0 31.1 107.5 

Extrusion 
a s % total 
contents 

3.32 

3.71 

6 . 6 

8 . 8 

5.3 

1.5 

3 . 7 

5 .5 

t\J 
Cf.l 
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+ The amounts of Na and Cl extruded by the leaves 

of 'Kallar' grass increased at hours 72 when the salinity 

of the root medium was increased from 10 to 300 mM NaCl 

and the water level was maintained at flood.in g and fie ld 

capacit y (Tables 4 a nd 5). Howeve r, this trend was reversed 

when plants were kept at water def icit. Thus, the amount s 

+ -of Na and Cl extruded by the leaves decreased with an 

increase in the salinit y of t he medium. Low ava il ability 

of water may h ave af fect e d the transport of salt t o the 

leaves, thus affecting extrusion. 

Amount of Na+ and Cl- extruded during 72 hours 

of exposure to NaCl was generally higher at field capacity 

than at flooding and water deficit both urider low and high 

salt lev~ls (Tabl es 4 and 5). 

With the increase in time int erval from 72 to 144 

hours the amount of Na+ an d Cl - were substantially incr eased . 

Potassium extrusion fr om 'Kal lar ' grass leave s also increasd 

with time (from 7 2 to 144 hours) which was however , Ij5th 

that of Na+ extrusion. 

(D) + Na , Cl- AND K+ AS PERCENT TOTAL P LANT CONTENTS 

Na+ extrusion as percentage of the total plant 
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con tents also incr eased with in c reasing levels of NaCl in 

the me dium at flooding and f i eld capacity (~abl e 4). However, 

at water deficit and hi gh sal t leve l (300 mM), NaCl extru-

sian capacity of the l eaves was ~educed tb les s t ha n half 

of that at low salt level (1 0 mM ). 

Application of PMA apparently did not se em to 

affect Na+ in the leaf washes, the leaf blades, the le af 

. + 
sheaths and the roots at both levels of NaCl. Na extrusion 

(%) apparently remained unaffected by the application of 

PMA. 

Chloride ext rusion ( %) from leaves rem a ined simi l ar 

both at low (10 mM) a nd h igh (300 mM) NaC l levels at f looding 

and field capacity (Tabl e 5). But at water deficit, salt 

extrusion capacity of th e leaves decreased strongly with 

increase in the salinity of the medium. Cl extrusion percen -

tage was similar at hour s 144 both at low and high salt 

levels. Chloride contents in the leaf washes, the l eaf blades 

the sheaths and the roots were little affected by the appli-

cation of PMA. 

K+ extrusion ( %) from the leaves was hi gher at 

field capacity than a t fl oodin g and water defi cit a t 10 mM 
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NaCl (Table 6 ) . Po t as sium extru s ion r e ma in e d ge ne rally 

simi l ar at low ( 10 mM) and h igh (300 mM) Na Cl a t fl oodin g 

but decr eased with increas in g salt leve l at fi eld capa c i ty 
, 

. + 
and at wa t e r d e fi cit ( 72 hours) . At f l ooding, K extru s i on 

(%) increased with time ( 144 hou rs). Wh e n s al t l e vel i n 

the root me dium was raised f rom 10 to 300 mM , th e app l ic a ti o n 

. + of PMA gave s ma ll in c rease In K con t e n t of th e leaf washes 

while in the blades the c on cent r ation s in the t r e at ed 

p lant s were lower than those in the non-tr eat e d on es. 

Howe ver, the conc entratio n s of K+ in th e leaf she ath s in 

both treat e d and no n - t re a ted plant s we r e · s i~i lar . 

( E ) TISSUE CONCENTRATIONS 

Sodium 

The concentr a t i on of Na+ in v a rious p art s of P~A 

t reated 'Kallar' g r ass plan ts we r e in gen e ral, simil a r t o 

those plants which were not treated with PMA (Ta bl e 4) . 

The amount of Na + in t he l eaf bl a d es i n c r eased 

when the salinity of the ro o t me dium was incr e a sed from 10 

to 300 mM and the plant s were kept at floodin g a nd fi e l d 

capacit y (Table 4 ) . Ho weve r, a t wat e r d e ficit, t he Na + 

contents remaine d s imil ar I3.t bot h l ow a nd high Na CI c oncen t rat i< 
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At floodin g , Na+ contents in the leave s at various 

times (72 and 144 hours after treatment) remain ed s imil ar 

at 10 mM NaCl but increased at 30 0 mM NaCl (Tabl e 4). 

In the leaf sheath, Na+ content incr eased with t he 

in crease in NaCl l eve l in the root medium at fl oo din g , field 

+ capacity and water deficit. At f loodin g , the amount of Na 

in the roots remained simi l ar at low and high NaC l levels 

but incr eased at field capacity and water defici t with 

increasing level of NaCl in the medium. Total amount of Na+ 

per plant was hi gh e r at f ield capacity than at flood in g a nd 

water deficit both at 1 0 a n d 300 mM NaCl treatmen t s. At 

+ 72 hour s af ter treatment, t otal Na per plant incr ease d 

slightl y with incre as i ng leve l of NaCl in the med ium. 

However, + total Na per plan t increased s ubstanti a ll y wit h 

increased level of NaCl in the medium at : hour s 144 (Table 4). 

Chlorides 

The concentration of Cl in the various parts of 

PMA treated ' Kallar' gr ass plant s was somewhat s imilar to 

that in the non-treated p lan ts (Table 5). 

The chl~ride contents i n the l eaf bl a d es s ignifi -

cantly increased when the NaCl level was i n creased f rom 10 
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to 300 mM at flooding a nd fi e l d capacit y . But a t wat e r 

deficit amount of Cl d ecreased at high e r s alt l e v e l in 

the medium. At flooding Cl conte nt s in the l eaf bl ades 

increased with time from 72 to 144 hours following treat­

ments at high NaCl level but this trend was not observed 

at low salt level (10 mM). 

In t h e l e af sheath, chloride contents increased 

with the increase ~n NaCl l evel in the root med ium at 

flooding, field capacity and water deficit at 72 hours 

following treatments. At f looding, Cl contents i n the 

leaf sheaths at 144 hours following treatment we re s imilar 

at low and high salt leve l (Table 5). 

At 72 and 144 hours after treatments the amount 

of Cl in roots substantiall y decreased at 300 mM than at 

10 mM NaCl level when the plant s were kept at fl ooding. 

Significant increase in Cl c ontents was observed at high 

NaCl treatment both at fie ld capacity and water defic i t . 

~otal amount of Cl per plant was higher at field capac i ty 

than at f looding and wat er defic it when the plants were 

grown at 300 mM NaCl. At 10 mM NaCljl , total Cl per plant 

remained generall y, similar at a ll water l evel s. However, 

at water deficit total Cl per p lant was more or less s imil ar 
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at both salt levels. Total chlor ide cont e nts per pl ant 

increased substantially with time (from 72 to 144 hours) 

at high salt level in the mediu m. 

Potassium 

+ . K concentratlon in various parts of PMA treated 

'Kallar ' grass pl a nts were, in ge neral, similar to those in 

the non-treated plants (Tabl e 6). 

The K+ content s in the leaf blades slightl y inc re a sed 

wheb the NaCl lev el was i ncr e ased from 10 to 300 mM a t 

flooding a fter 72 hours fo l lowing treatme nt. Ho we v er, at 144 

+ hours K contents decreas ed at h i gh NaCl level . 

At field capacit y and water d ef icit, K+ content s 

in the leave s were similar at both low and hi gh NaCl treat ­

ments. In the leaf s he aths, K+ content s increased with incr ease 

in NaCl level in the medium at f loodin g (72 hour s following 

+ treatments). However , K con t ents slightly decr eased (at 

144 hours) when sal i nit y of the medium was rai sed . 

+ At field capacity and water deficit, K content s 

in the leaf sheaths were gene r a lly similar at low and high 

NaCl in the medium (Tabl e 6). 



At flooding , the K+ contents in the roots decreased 

s ubstantiall y at high than at low NaCl level. This decrease 

in K+ contents at f loodi ng was a lso observed at hour s 144 . 

+ At field cap a city and water defic it, K contents of the 

roots generally remained unaffected by increase in the 

+ salt level. Total K content s pe r plant were hi gher at bot h 

salt levels than those at fi e ld capacity and water deficit 

(72 hours after treatment) . However, it remained littl e 

affected by increase in salt level both at field capacit y 

+ and water deficit . Th e total K cont ents per pl ant decreased 

at hour s 144 with incr ease in the salt level at f l ood i ng . 



DISCUSSION 



DISCUSSI ON 

(A) GROWTH 

In growth respo ns e to NaCl and flooding , 'Kal l ar' 

grass resembled the salt marsh p l a nt, Salico~nia eu~opa 

which produced more dry we i ghts at floodi n g in the presence 

of NaCl (Cooper , 1982 ) . In Salico~nia eu~opa the positive 

respon se to the treatmen t wa s s uggested to indi cate that 

the plant requir ed sa l ts o n waterlo gged soil. In ' Kallar ' 

grass water-logging a l one also produced more g rowth than 

obtained at the fie ld capacity i n ot her experiments ( Bhatti 

unpublishe d data). Rozeman an d Bl om (1 977 ) demonst r ated 

t hat in upper marsh species Func u~ ge~a~dii and Ag~o~ti~ 

~toloni6e~a water-logg ing c a us ed a st imulation in iron and 

manganese uptake. Such an effect of sa l inity and fl oodi n g 

on the absorpt ion of el eme nts s uch as Zn, Cu a n d iron was 

not, ho wever, s hown in studi es o n 'Kall ar' g ras s (Bhntti , 



37 

unpublished data). A positiv e salin ity-trace elements 

effect on growth has, however, been shown in corn elsewhere 

(Bhatti and Sarwar, 1977 ) . Whether, the positive r esponse 

to jron and manganese ( Safic.oIlVlia e.u.1l0pa: Cooper, 1982), 

or Zn, and Cu (Corn: Bhatti and Sarwar, 1977) has a 

parallel in the growth of 'KQl lar' grass is not kno wn . 

The depress i on cau sed by PMA on the dr y weights 

of ' Kal l ar ' grass in the presence of NaCl in the present 

experiment, however, i s in c o ntrast with t h e b e n e fi c ial 

effects of PMA r eported on wheat under saline conditio n s 

(Malash and Flowers, 1984). Th ameliorative effect was 

attributed to increased photosynt hetic area du e to decreased 

NaCl uptake in the s hoot , and to leaf longevity . Under 

condition of low water s upplies , th e ameliorativ e effects 

of PMA in increasing growt h , and yi e ld in o ther p l a nt s are 

also known (Daven port et a l. , 19 72; Fuehring, 1973) . 

Conversely, in some plant s species (e . g . , sprin g wheat: 

Breng l e, 1968; Tomato: Mishr Q and Pradhan, 19 72) PMA had 

adverse effects. However, th e ameliorative effects of PMA 

+ -were related to r e duced Na a nd Cl uptake, which may have 

ar i sen f r om s uppress i on of t he rate of uptake of ion s 

carried by the transpiration s tream. 

Higher amounts of water lo st from ' Kallar' grass 
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under flooding tha n under fi el d capacity or wat er de f i c it s , 

a nd the rate of loss wer e re l at e d to the high wat er s t a tu s 

of the plants i . e., high rel at ive water co nt ent . Thu s , th e 

effect of waterloggi ng on gr o wth could be relat e d to the 

re lative water contents (or tu r gor) in much t he s ame way 

as the increased plant height of A~~~plex hal~muh under humid 

conditions (Gale et al., 1970) . Addition of NaCl, however, 

decreased growth of At~~plex hal~muh under these conditions . 

While PMA decreas e d growth in 'Kallar' g rass , it also 

decreased rate of transpiration as well as relative water 

co nt e nts (Table 1) . The e f fe c t o f PMA however, diminished 

24 hours after it s 'appli c ati o n and the subsequ e n t effec t s 

on growth could n o t b e re lated t o th e initial effect of 

treatme nt on tran s pirati on a nd r e lativ e wat e r con t e n ts . 

(B) SALT RELATIONS 

Althoug h the growth of ' Kallar' grass plants 

treated with phen ylme r curic a c e tate (PMA) was markedly 

depressed 72 hour s following its app lic a tion , t he re was no 

+ -effect on the absorption of Na and Cl in the tissue , or 

on extru sion of Na+ and Cl by t he l eaf blade. That th e 

effect of PMA persisted fo r a period of 24 hours i s ~~ported 

by data on rate of transpiration and relative wate r co nt e nt , 
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for effects to continue f urther, the plant could be sprayed 

intermittently as was dOtl e by Malash and Flowers (1984) . 

One wo ul d, the n expect that fo llowing prolonged treatment 

there ml ght be a strong depr ess ion in growth (B~eng]e, 1 9G8; 

+ Mi s hr a a nd Pradh am, 1 97 2) and Na and C] uptal<e (Malash 

and Fl owers, 1984) . Although no effect was demonstrated on 

. + uptake a nd on ex t r u s lon of Na a nd Cl by l eaf bl ad e 

f ollowing initial treatme nt o f p lant s with PMA , t h e e f fectS 

on othe r paramet e r s wer e howe ver , confin e d onl y to the fir st 

24 hours o f its ap p l i catio n. + -In a bso r pt ion o f Na and Cl , 

'Ka ll a r' g r ass r esemb l ed h'~ me. rc -ea mall,l;t-'-ema ( Ba umeister and 

Zi ff us, 198 1 ) since increas i ng app l ication of NaCl increased 

uptake and extrusion. Whereas the effect of incr ea sin g 

app l ication of NaCl o n uptak e and extru s i o n was obvious 

o nl y at f l oodin g a nd f i eld capacit y , the t r eatments, appeared, 

the r e f ore, to be comp l emen t ary in t heir effects i . e . , increased 

mo i s tu re was requi re d t o affect uptake a nd extrus i on . 

An inc r eased a pplication of NaC l may have an 

a c ce l e r at in g e f fect o n extru sion cou ld be inferred from the 

observation that i n ' Kall a r' grass l eav es exposed t o hig h er 

NaCl (100 mM) in so lution , t he s a lt g l a nd s r uptured ear lier 

than tho se in the l ow NaC1 (10 mM ) t r ea tme nt ( Bhat t i et a l. , 

1 98 5 ) . I not h e r s t u di e s (S a nd hu e t a 1 ., 198 1 ; J 0 s h i et a 1 , 
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+ of K+ 1983) where Na and Cl exceeded the concentration 

in the leaf washes (Joshi et al., 1983) it was suggested 

that Na+ and Cl were selectively extruded . Although, Na+ 

d . td th' . K+, Ca2 +aI1d"1 2+ . . pre omlna e over 0 er lo n s V1Z . wg ln varlOUS 

studies (Bhatti and Wieneke, 1984b; Bhatti et al., 1983) 

includin g the pre sent one, + the extrusion of Na a nd Cl 

by the l eaves of plants in the low NaCl (10 mM) t r eatment 

(Bhatti and Wieneke, 1 984b) does no t seem to be in keep ing 

with the thought (Sandhu et a l . , 1981; Joshi et al ., 1983) 

that Na+ and Cl were selectively extruded. That th e 

increased extrusion of Na+ and Cl seems to be re l ated to 

the amounts of moisture in the substrate asks for further 

investigations. Possibly K+ and Cl- are accumulated in the 

+ vacuoles of the leaf cells vis-a-vis the bulk of Na that 

may have been retained in the ex tracellular regions (and 

possibly cytopla sm: cf. Wa i sel and Eshel, 1971; Suaeda 

mOVlo-i.c.a) due partly to the low permeabili t y of Na+ to;tbe 

tonoplast . That the tonoplast may act as a strong barrier 

+ + against the movement o f Na than that of K to the vacuoles 

has already been demonstrated (Sa uaeda ma~itima: Yeo, 1974; 

Cerea l s: Jeshke, 1979 ) . That a low Na+/K+ rati o might 

+ result from a hi gh ret ent ion of K in the leaf cell s is 

probably a general feature of t he G~am-i.Vleae (Al bert and 

Kinzel, 1973) and has also been observed in Avic.eVlVl~a , 8 

salt secreti ng plant (Rains and Epstein, 1967) . 
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. + On the cont r ary, where hlg h Na and Cl in t h e 

exc r etion was as c r i bed to active ext r usion, t he suggestion 

has b een b ased on measu reme nts of e l ectro-c h e mica l poten -

t i a l s ( e . g . , A-tl!.-lpfe.x :). Whi le a di rect evi d e nce showing 

extrusion in ' Ka l lar ' g r as s to b e an ac t iv e pr ocess, h as 

no t yet been brou g h t for th by a ny wo rke r so f ar (e . g ., 

Sa ndhu e t al . , 19 8 1; Jo shi et a l., 1983), t he p r es en t , a nd 

t he othe r s tudie s in ou r l a boratori es (Bh at ti et al., 198 5) 

s howed a c l ose re sembl a nce o f the ruptur e o f sa l t ' g l and s ' 

of ' Ka l l ar' gras s wit h the d eve lopme nt of toxici t y symp t oms 

in a vo c ado (Cl ; Bingh am e t al., 1968 ) a n d wh eat ( P; Bhatti 

a nd Lo n e r aga n , 1 970 ) . In wh e at a nd avocado l eav es , the 

n ec r otic symptoms appeared a s a resu l t of h i gh concentration 

of P and Cl in the cell walls. According to Oert l i's 

hypot h es i s" h ig h i o n co ncent ratio n s i n ce l l wall s of leaves 

wou l d a ff ect the water re lat io n s o f t h e individua l cell s 

but no t t h e t r a n spi ration fl ow f r o m the Xy lem throu gh t h e 

ce l l walls . Co n sequ e ntl y an in c r e as e i n the 1[ wall wil l 

reduce t u rgor a nd/or c e l l vo l um e ( assumin g th at t h er e a r e 

n o c ha n ge s i n r a tes o f transpi r a tion a nd in r esis t a nces 

between l eaves and t h e exte r nal so lu tion ". 

Th e presen t d at a c all, therefo r e, for mo r e e l a borate 

s tudies i nvolving comp ar t men ta l a n a l ysis of Na+ a nd CI in 
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the tissue of leaf blade and those of the salt glands to 

understand the distribution of Na+ and CI at the cellular 

level. 
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APPENDIX I 

Effect of Phenylmercuric acetate (PMA) on fresh weights 

of excised leaves of field (Bio-Saline Research Sub­

Station, Lahore) sample of ' Kal lar' grass at various 

times ~fter treatment. 

(2 Ll h ours after treatment) 

Time 
(minu tes) 

0 

2 

4 

6 

8 

10 

-PMA 

1. 0125 

0.930 9 

0.9284 

0.9171 

0.9107 

0.9049 

Rate of transpiration 

]1£/min/g 

+PMA 

Fres h we ights ( g) 

0.8123 

0.8075 

0.8035 

0.7984 

0.7943 

0 . 7899 

-PMA 

3.66 

+PMA 

2.76 


