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ABSTRACT 



ABSTRACT 

The interrelated effect of NaCl stress (0,12.50,25and 

50. 0 meq/l .) and veslcular-aruuBcular mycorrizal inoculation 

waB evaluated for tomato (~ycoperulcon scul~ntum. Mill.) 

plants grown in pot so11 . The salient features studi ed w~re 

the nutrient avai labi lity, vegetative and repro duc ti ve growth. 

The data were recorded at four harves t stages ( 60, 70, 

100 and 130 days) 1n the absence or presence of natural inocul um . 

Invit ro, other than physical measurements were Flame photometery 

for Na and K contents, Spectro-photometery for P content in 

aer ial parts of plants an d in the 80il extracts. While invivo, 

microscopic observations were carried out to enumernte V.A.M. 

infection in roots and spores in soil. 

Vegetatively, semitnlerant tomato plants were well able 

to cope with salt stress in presence of inoculum. Salt stresA 

tolerance increased as plants grew old . Thp. increase in sodium 

content of stem and leaves (except fruits) was directly related 

+ to its conc ent ration 1n soil solution. K uptak e rRth p-r than thRt 

of phosphate ions th r ough mycorrhi zal roots was hampered by the 

excess of Na+ ions. There was insignificAnt i nc reas e in yield 

by the inoculation . 
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INTRODUCTION 

P.kistan is one of the d~veloplny egrerian countries. 

H~r pece of development is limited due to various factors. Her 

vest plains range mid the arid end semiarid climatic conditions. 

Precipitation rete i& not enough to meet the needs of irrigation. 

Upwmrd movement of moisture raises the salt level to th~ fertile 

furrow &lic~. Moreover, water BaepBge from unlined can.ls adds 

mor~ salts to the soil. HASSAN ~~. (1975) surveyed the t ote1 

area of 38416.6 thousand scre& of which 19546.0 thousand acres of 

land were salt aff~ct~d. In eddition, QURESHI (1978) pointed out 

that each year 0.2-0.4 p~rcent of the total ~rBble land i& going 

out of cultivation because of salinity. 

Wh~n soluble and/or exchBng ble selts of sodium ere in 

excess, soil structur~ deflocculates, tilth is impaired wnd 

anaerobic conditions pervail. Ultimately the BaIts interfere with 

the growth of most of th~ crop plants. The encroaching salinity has 

been tackl~d in the past for which following prac tices hBV~ been 

used: 

Physical methods. 

1. Application of exc~ss water for le.ching down sBlts. 

2. Provision of rtificial drainage both vertical end horizont.l. 

3. Scraping of surfac~ Bo il. 

4. Ridge sowing. 



Chemical treatments. 

Gypsum, waste 8ulphuric acid, crude sulphur etc. bring 

the soluble salts 8nd ~odicity well with in the Bafe limits. 

Biological mendments. 

1. Reclamation of s aline sodic soils by rice husk added 

with sulphuric acid yi~lded the hiqhest av~raqe of kallar grass 

(Diplachne fusca Aeauv ) ( HUSSA IN end HHMID, 1978). 
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2. Soil ameliorated by green manure j~ntar (Sesbania aculeate ~ntr.) 

or farm yard manure was recovered effectively (I~ISHAT, 1978). 

3. Plant breeding for salt tolerance . 

4. Use of tolerant crop plant species. 

5. My~orrhlzal and nitrifying microbes have commendable role in 

this regard. 

Mycorrhizae, that 1s the associ8tion of fungal mycelium 

with roots of higher plants, help to exchange the required nutrients . 

HIR I~ EL ( 981) has proposed that strains of various endogonaceous 

species may exist in salt affected 80ils, which are tolerant to h~h 

+ -concentrations of specific ions such a9 N. end Cl • Utilizing such 

strains would tend to increase the success of establishing mycorrh1zae 

on crops grown 1n saline soils. 

Role and importance of endomycorrhizae are well acclaimed 

yet only s few references are available regarding their Bdvanta~e to 

the crop plants in salt-affected soils. Th r t is why, an exppriment was 

performed to el~borate this impAct. 
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LITERATunE REVIEW 

Salinity 

Salinity is a common phenomenon of arid and semiarid regions. 

Although some of the salts reaching the crust of earth are derived from 

such sources as cosmic dust and volcanic act1vity however soluble salts can 

be added from three major sources: 

1. Morine source: 

A. CyclIc salts 

B. Infiltrating salts 

C. Fossil salts 

2. Lithogenic salts 

3. Anthropogenic salts 

SUTCLIFFE and ~AKER (1974) and KHAN (1978) were of the view thet qrowth 

is impaired if the concentration 1n the medium of either essential or 

non-essential elements exceeds a certain level. This strain could be the 

result of primary and secondary salt stress of either sppcif1c 10ns or 

salts present 1n the medium. The plants show some symptoms indicating the 

presence of specific salt excess in culture solution. Plants sensi ti ve to 

sodium show leaf burn symptoms (necrosis) when sodium over accumulates in 

leaves (HAYWAnD and BERNSTEIN, 1958). The leaves of salt sensitive and 

mode r ately tolerant plants become deep blue in color (B[RNSTEIN, 1960). 

Increase in concentration of NaCI salt results in the incrp8se of leaf 

succulence (NIEMAN, 1962 and nASHID, 1976 ) . JENNINGS (19f8) explained the 

leaf succulence and response to sodium depending both on species and 

composition of nutrient supply, especially on the level of potassium, 

Moreover, chlorophyll content of leaves decreosed and leaves baCHme pale 
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oreen (chlorosis) with increasing concentrations of N8~1 in beet 

and pea (NIEMAN, 1962). MASS et~. (1977) added thut the salt 

stressed plants have stunted growth, early defoliation and 

nutritional imbalances caused by the salinity which creats specific 

nutrient deficienc y symptoms. 

AHMED (1965) pointed out the importBnce of ionic ratios in 

t he soil solution. These have influence on ionic ratios ach ieved 

in the plants themselves which inturn would affect growth because 

only the sal ts with in the plants and stored in thei r cells have 

~n influence on the protoplasm and its life functions . Salt-stressed 

plants frequently resemble P-deficlent plants (HEWITT, 1963) in 

that they have smaller, darker green leaves, decreased shoot/root 

ratio, decreased tillerinq, prolonqed dormancy of lateral buds, 

delayed and decreased flowering and fewer and smaller fruits. 

BERNSTEIN and HAYWARD (1958) and STHUGONOV (1964) have 

postulated that salt tolerance of plants usually changes during 

ontogeny. There are several conflicting reports concerning the 

relative susceptibility of various stages of plant growth to salt 

stress. DELVALLC and BABE (1947) and KA~P (1947) 8S refered by 

BERNSTEIN and HAYWARD (1958) fo und a 11n~ar increase in salt tolerance 

and age of rice plants. Scientists with the same opinion were 
• 7 

STROCONDV (1964).iPEAHSON and BERNSTEIN (1959). MAAS pt 81. 

(1977) han cited thAt r ic e plants in four leaf stage were more 

sensitive durinq emergence and early seedling growth than during 

germination and later stages of growth and grain development. In 

contrast sugar beet and safflower were more sensitive during 

germination. OKUSANYA (1980) observed in salt-affected Lav3tpfA 
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a rborea. L. that shoot and root growth was influenced both at 

the seedling and the young plant stages. Conversely , KOVA~ SKAYA 

as referred by STROGONOV (1964) found that alfalfa, tomRto and 

rice were more sensitive to salt stress during flowering than at 

early vegetative stage. Similarly, []t~ EENWAY (1965 ) found no 

evidence for Bn increase in Balt tolerance durinQ development of 

barlpy. 

BERNSTEIN and AYERS (1953 ,a) stated thR t size of carrot 

plants decreased wit h increasing salinity. Percent decrease in 

5 

the average weigh t of roots was pronounced , dry weight inc reased 

progressively for tapa and roots. However , decrease in stem lenoth, 

reduction in dry weights, delay in flowering and fruiting due to 

increasing concentration of NaCl was obse r ved in cotton(W/~HHJ\S et. a1., 

1975). Similar were t he reports of BERNSTEIN and HIWWI-IHD (1958); 

MUHAMMAD and MAKHDOM (1971); ANSARI and AHMED (1976); CH~UUHI~I and 

WEIBE (1968). HOFFMAN ~~. (1978) inferred that increAsing salinity 

conSistently reduced the growth of all plant parte and total dry 

weight of the plant was affected. Although dry weiqht was not de­

creased markedly and same was t he c;=Jse wi th roots (BH~nT I et i!!.., 1975). 

Other tha n the veg etative orowth, productivity of plants 

was also affected when grown 1n saline conditions. The yield 

fluct uat ion may depend on the type of salt and its concen~rat10ns 

presence of apparently optimum supply of K the yield increased wi th 

t he increBsing concentrations of NaC l i n tomato (BAND, 1980). MAAS 

end HOFFMAN (1976) got no significant dec reas e in crop yield until 

a threshold salinity level was exceeded and then yield decreased 

almost linearly BS 8alinity increased beyond the threshold. 
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Compara tive sturl1es on t he effect of minor quan tit ies of 

NeCl and Na2S04 proved beneficial for the qrowth of 88sma variety 

of or iental tobbaco (~luri !-HW ~ &., 1980). In certain CRses avail­

able NaCl at lower concentrAtions in culture solutions proved to 

be useful for growth. It stimulated t he vegetative growth of tomat oes 

(HAYlLlAHD and LUNG, 1941; I"")U~HS[Jf\J and 8 t:HI~tJ TE IN, 1959). Tomato plants 

are moderat ely tole rant to hi~h Na cnncent~ations ( KLING , 1954 and 

U.S .S.L. STMFF,1954). Sodium increased the groLJth rate in suga r beet 

(UUHCH and OHKI, 1956; GlllJL:H ,1957). 

Growth of ~triplex halirnus. L. was bett er in presence of 

NeCl, but e xcess of salt inllibi ted the grohJt h ( 8LUME IHHI\L-G(JLD~)CHMlDT 

and POLJAKOFF-MAYGER, 1968) . Sodium is essentiAl micronu trl~nt for 

Atriplex vesicaris Heward ex 8enth . and incrpases ' the dry weiqht 

(GIWWNELL, 196H) Yet t his increase in dry weiC)ht which is a function 

of increas ed qrowth, does not siqnify an increased synthesis of dry 

matter. GATES et. &. (1966, 1970) studied th"t gycine javanica. L. 

can adapt to hiqh sodicity unaided by divalent ions , prov ided the 

increase 1n salinity is gradual . Increase 1n total carbohydrates in 

stem and leaves of rosella plants (Hibi scus sabdariffa L.) was due 

to increasing concentrations of NRCl (EI-SAIDI and HAWASH, 1971) . 

Diverse op inion has be Rn expressed regardinq t he competition 

between sodium and potass i um . EPSTEIN and HAGEN (1952) proclaimed 

that these two ions did not compe t e on th e attachment sites. WhereAS, 

WAISEL (1972) contradicted and was of the opinion th~~ Na+ and 1'1+ 

competed on the same sit e of metabolic uptake mechanism. 

As sodium increased with incrRBsP of NaCl, the other contents 
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like K, Fe, Ca and Mg decreased in different plant organs (GHEENWAY, 

1962, CHOHHN, 1974; ABDULLAH ~~., 1978; KHAN and HAW, 1978). 

Decrease in the uptak e of K and Mg in presence of high concentratjnns 

of NaCI and Na2S04 is followed by an increase in the levels of Ca 

and Na contents, before folowering in Brassics juncea L.(ANSARI,1972). 

Increase in ash, nitrogen, phosphorus, calcium and sodium content of 

wheat and sorghum was reported by ANSARI and AHMED (1976); however, 

enzyme activity decreased in wheat in the above mentioned conditions 

(ANSARI ~~., 1977). Further increase in the lp-vel of K alongwith 

Ca, Mg and CI with the increased uptake of Na in sodic conditione 

was reported in kallar grass (Qlplachne fusca.) by ASLAM et ale (1979) . 

The presence of Na
2
S04 alongwith NaCl helps in higher 

accumulation of Na ions in different parts of lea ~y~ L. When 

campared to NaCI alone (KHAN, 1978). While decrease in the upAtke of 

K+ ione in the presence of higher concentrations of NaCl and Na2504 

is due to the effect of anions (AHMED, 1967). The basic cause of the 

decrease in the uptake of K in pres ence of hl~h Na+ is competitive 

interrelationship between Na+ and K+ (EPSTEIN, 1961; HYDEH, 1970). 

TAL • .!?1 &. (1979) observed diminution of K level of NaCI treated 

plants of jojoba and by the rise in level of Na, the 

ratio declined to a value about 0.08 in the plants treated with 

1000 mmol/l NaCl. The plants deposit much Cl- and Na+ ions, while 

the level of K+ decreased as compared to control. Contrary to it, 

BLACK (1960) showed no fall of + K level under NaCl salinity in 

A. vesicaria. GATES et al. (1970) manifested thQt despite pxposinq 

plante to increRs ing NdLl st~tu9 in substrate the K content of all qlyclne~ 



remained higher than that of Na+ at any treatment level 

(0.5,35,70,140 meq/l). 0 increasing NaC} qrades NI~ZI (1982) 

has produced obvious inverse effects on the ~-uptake in tomato 

plants. Plants under sRlt stress show low level of K content. 

Potassium leakage from r oots takes place du e to NaCI stress 8S 

quoted by WAINwRIGHT (1980) . 

VAND ER HUN[I T AS re ferred by WAISLL (1~72) suggested 

that uptak e of phosphorus by plan t is far higher from alkaline 

soil, becaus e under such condition P is ava~ ahle a9 monovalent 

H2P04 i on and not as divalent and trivalent ions. GA TES ~~. 

(19?0) with resistant cultivars of glycine obs erved marked i ncre 3se 

in root P-content with increasing salinity. It may be that the 

increase in phosphorus waB associ ated wi th mechanism for cnntrollin~ 

the salt ente rin g t he roots and preventing it, especially the 

sodium, from passing to the tops. Such would re~uire energy 

expenditure and P is usually required for synthesis of metabolic 

intermediaries in the maint enanc e of disequilibr i um states. 

Vesi cular-arbuscular mycorr hi zae 

The members offamily Endog-onaceae exhib it a s ymb iotic 

biotrophy by assoicating themselves wi th roots of plants, wh ere 

aseptate hyphae form vesicul ar- Brbuscular mycorrhizae ( V.A.M) 

(LAMONT, 1982). TINKER (1980) elaborated the structure of 

Endomycorrhizae. He explained that they do not have an external 

sheath, but thpy form inter and intra-cellular hyphae within the 

host tissue which are de velo~ed by penetratinq the roots throuqh 

a hypha or apore germ tube. The V .~. M. pArtic ularly form 

extensive mvc ellium within the root cortex and at least two 

8 
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characteristic structures i.e. arbuscules and vesicles are 

formed. 

TINKER (1980) end LAMONT (1982) observed profusely branched 

arbuscul~6 originated from ~Trunk"hyphae which branches an inter-

cellular hyphae at early stage of infection. The arbuscules are 

farmed in the host cells And are surrounded by its cytoplasm prn-

viding an enormous interface for nutrient transfer. More fre~lJen tl y 

the old mycorrhizae develop bulbous, thick walled vesicles, 5~ wm in 
I 

diameter. They store the absorbed phosph8te taken through fun~al 

hyphae and function as store house for the mycorrhizae. 

~ finely divided root system with abundant root hairs i9 

a "Simple" but efficient device for incrp8sinq t he absorptive area. 

Fungal hyphae are even more finely divided than root hairs and 

substitute for them in special mode of nutriti on called mycorrhizas. 

These "Specialized" roots act by increasinq the effic8cy of uptAke 

of nutrients. (LAMONT, 1982). 

Mycorrhi zal maize plants grown by KH~N (1972) were taller 

wi th well developed roots And thicker stem. Whereas. inOClllated 

non-phosphate plants have symptoms of P-deficiency, stunted gro Ith 

with lower desiccated and greenish brawn 8m 11 le8veB. Mycorrhizal 

and non mycorrhizal plants grew alike before transplantinq 1n the 

field and there were insignificant differences between them fifteen 

days after transplanting. After 45 days the influence of infection 

was quite obvious. Dry weight of mycorrhizal non-phoSflh C1te pi Rnts 

was much greater than the con trols. MOn/\NOI ~~. ( 1979) 

propagated raspberry plants vegetntively in axenic culture. The 

plants showed better growth when inoculAted with myco rrhizRl fungus 
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at the time of transfer from culture tubes into the 90il, 

mycorrhizal infection level was high (80-90 per 100 roots 

infected) and the mycorrhizal ras pberries were more vigorous 

and more unifrom in size than N.M. contrnls. ~hnot rlry wp1rht 

production of variety «Bo is Blanc" of the rasPberry trAnsplan ted into 
") 

acid 80il was inc reas ed by 71%.OBP"!f,IJN ~ a1. ( 1980) found 

t hat all alfalfa c ul t i va rs grew more viqorousl y (P t:.... 0 05) in 

soil inoculated with V.A.M. fungi t han in non- inoculated so il . 

MOSSE (1973) reviewed that thp resnonses to inoculation 

were small or insignificant in non sterile soil if the inoculum 

was mixed with the soil at the time of planting. Responses were 

large or even larger with ro ugh lemon, trover citrAnQe and with 

onion, may be already mycorrhizal or pl?nted/sown on a cushion 

of inoculum than in "sterili z edl! soil. 

HOLEVAS (1966) and MOS~E (1973) have analysed thRt 

potas s ium concentrations were lower in mycorrhizal plants than 

in non-mycorrhizal plants. However, i nconsi stent were the results 

of few othe r workers in this regard. POWELL (1974) experimented 

with the test plant Gri selinia littoral is Raoul ( Corndceae) that 

mycorrhlzae Bugmented ~ uptake by 23% and totsl p12nt growt h by 

42% with K present in complete so l ution. There was a further 65% 

increase i n plant growth and 149% increase in K uptak e by non-

mycorrhizal plants. 

Significance of P-absorption by mycorrhizae was initially 

indicated by the work of BAYLIS (1959). Later on (1970), he 



emphasized that plants with poorly developed root hairs m3Y be 

obligatory mycotrophs in P deficient soil. The enhanced ability 

of mycorrhizal maize plants to take phosphorus in P-deficient 

80ils (KHAN, 1972) was akin to the results of previous invest 1-

gations carried out under controlle d green house conditions both 

by chemical ana l ysis an d by feeding 32p to mycorrhizae (GEROEMANN, 

1968). POWELL and DANIEL (1978) experimented with rye grass 

(Lol i um perenne L. Cv. Grass land Huanui) and white clover 

( Trifo l i um repens L. Cv. grassland Hula ) plants which w~re infested 

wit h Gl omus tenuis an d ot her i nd igenous mycorrhizal fungl recovered 

11 

10-27% of phosphate fertilizer supplied to soil, while non-mycorrhizal 

plants recovered only 0.4-13%. 

Salinity and V.A. mvcorrhizae 

The extramatrical hyphae and spores of V.A.M. species have 

been discovered 1n nutrient impoverished Boils of maritime sa~d 

dunes and in saline sodlcsoils of arid and semiarid areas(GERUlMANN 

and TRAPPE, 1974jNICOLSON and JOHNSTON , 1979). Endomvcorrhizal 

associ a tion with halophytes and other semi-salt tolerant crop plants 

is a ma tt er of great consideration (MASUN, 1928j 8UULAHD 1958; 

80ULAIW and DOMINIK, 1966; KHAN, 1976jHIHIH:.L ann GEHDlMANN, 1980). 

GHE EN ~&. (1976) attempted to germinnte endogonaceous 

spores of Gigsspora coralloidea, which have shown B small percentnge 

of germination at pH 8 in solI extr?ctsQar medium. While Glomus 

o mosseae germinated maximum at 15 C and at pH 8. The results were 

relevant with the environment from where the species were obtained 

as G. mosseae was obtained from a soil with moderate temperRtu~e and 
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neutral to alkaline pH. HmHEL (1981) germinated 25-30 washed 

azygospores and compared these in following ionic concentrations 

+ of Na and - 4 -2. 6 -2 -1 x 10- 1M Cl .30 x 10 M;8. 0 x 10 M; 1.28 x 10 M; 1.71 

and 2.14 x 10-1M• Preliminary work indicated that germination 

-1 does not occur in ionic concentrntinns of 3.4 x 10 M or greater. 

Vesicles formed on hyphae of branch~d germ tubes and were only found 

in ionic concentrntionsineffectlvetoBpore germinRtinn veqetotively. 

-2 -2 Spores germinated well in 4.3 x 10 M and 8.6 x 10 M concentrations. 

H - 1 -owever, at 1.28 x 10 M Cl germination beqan to decline. 

HII<REL and GEfWEMANN (1980)worked on bell pepper (Capsicum 

Bnnuum L.) and onion (Allium cepa L.) These plants, even inocillated 

with Gigaspora marr]raita Beck and Hall did not grow as well and 

were not extensively colonized 8S plants inor·ulated with Glomus 

fesciculatu9 (Thaxt sensu Gerd) Gerd and Trappe. ThouQh both 

mycorrhizal plants grew better than lion-mycorrhizal controls. Since 

the soil in this study was artificially sodlfied with Na~l, the 

+ -effect of NB and Cl on qerminatlon of G. margarita was studied 

to determine if the low illfection obtained in 8illine soils mi~ht be 

attr ibuted to eithEr or both of these ions. 
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MATlHIALSAND METHODS 

MATEHIAL USED: 

Seeds. 

Tomato (Lycopersicon esculentum Mill.) seeds were obtained 

from Agricul ture Department Rawelpindl. These were Bown in earthen 

pots on 13.6.1981 and they germinated after 12 days of sowing. 

Pots and Soil. 

In this experiment one hundred and twenty plastic pots 

were used, as these were durable, portabl~ Rnd there was almost 

no ionic adsorption on the walls (HEWITT, 1966). Each pot was 

~pproximately 20 cm and 14 cm at brim and base respectively and 

20 cm deep. To avoid the 10s9 of leachate, no drainage hole was 

made in the pate, how~ver, quantity of wat e r applied was always 

kept in mind, not to apply in excess. To fill in the pots,mineral 

content of the soil was brought from the fields of Agricultural 

Res earch Station for Wheat , Hawalpindi, organic matter used was 

farm yard manure obtained from Nurpur Shahan. Sand fetched from 

the course of river Swan was also added to keep the solI well porous. 

Mixture was prepared in the proDortions of one part sand, one part 

organiC matter and two parts mineral content of the solI. 

Sterilization of Boil and inoculation. 

Mineral content of the soil used for 60 pots was autoclaved 

o 2 at temperature 110 C and pressure 1.6 kg/cm for half an hour to 

kill the indigenous flora and fauna of the soil. Whereas, mineral 

content of ottler 60 pots was kept unsterilized which contained 
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indigenous population of 45 endoqonaceous spores per 100 grams of 80il. 

This was used as natural inoculum to qet th _ mycorrhizal infection in 

roots. 

Chemical treatment and genpral care. 

All pots were given fertilizer treatment on 6.7.1981. Four 

sodium chloride l~vels at the rat~ of 0.0, 12.5, 25.0 And 50 me~/l 

were added to the Boil twice . First dose w~s Qiv~n with the fertilizer 

appl i cation on 6.7.1981, whereas the second dose split by half w~s 

given on 27.7. 1981 and 8.8.1981.Soil was fertilized to maintain the 

optimum fertility level wi t h N.P.K in th~ ratio of 3:2:2. Salts of 

KH2P04 and NH4N0 3 were used to pr@pare nutrient solutions of 10 and 

15 meq/l concentration respectively. The pots were kept in a sunfacing 

corridor of Department of Biological Sciences, WUnid-l-Azam University 

and its over extended roof intercepted heavy rain showers. Six seedlings 

per pot were transplanted on 8.7. 981. Weak plants were r eplaced with 

flourishing ones from the seedling stock. Later on, plants were thlnned to 

four in each pot. 

METHUDS USED: 

PhysiCAl analysiS 

Plants were first harvested when budning initiated and 

were sixty days old from the date of sowlnq. Second harvest was 

made when plants were In full blossom and were seventy days old. 

Third harvest was made at the beginning of the fruiting st8ge, when 

plants were hundred deys old. Final harv~st ltl;!8 after olle hundred and thi rty 

days, wherl all fruits wer~ ripe. During eAch harvest six pots from each 

salt level were taken at random for morpholoqicRl an(j chp.micul analysis, 
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three having the inoculum and the other three sterilized. Various 

features of pl.nta were record~d. Height, numb~r Df nud~8, fresh 

and dry weights of shoots were obtalned. Numbpr of leaves and 

their fresh and dry weights were recorded. Absence and presence 

of flowers was noted. Number of fruits and thpir fresh and dry 

weights was an-other parameter studied. Photographs for visual 

differences 1n vegetative qrowth w~re made as follows: 

1. Chlorosis in mycorrhizal and non-mycorrhizal plants. 

2. Foliar necrosis. 

Chemical analysis. 

Plant material was dried at 700 C for 48 hrs and then 

ground to fine powder. From this 0.5 g powdered material was 

processed for digestion following mixed acid deqestion procedure 

(ALLEN, 1974) . Volume of the digest was raised to 50 ml with 

distilled water. After filtering through Whatman fllter pap~r 

No.44,filterate was stored in plastic bottles. Two blanks were 

prepared for each batch of samples in the same way. Sodium and 

potassium content was estimated with Flame Photometer (Gallen 

Kemp No.19/FH. 500 ) , while pprcent phosphorus content hla8 assayed 

with Molybdenum blue method (ALLCN, 1974), using the Spectrophoto-

meter (DU-2.Beckman) at 660 n.m. 

400 g. soil taken from each representative pot with 

different salt concent-ration and at each harvest stage was 

saturated with distilled water to prepare soil paste. Wuantitv of 

the water absorbed for each sample WAS recorded for wBter holding 

capac! ty (CHAPMAN fmd PH 1-\ TT, 1961). Insoluble thymol crystals were 

used as biocide in soil saturation extrActs. Extracts were analysed 

+ 3-for the soluble content of Na,K+ and for extr8ctabl~ phosphat~(P04 ). 



Microscopic observations. 

90 grams of so11 WElB ssmpled from ,-nch pot. Wet sieving 

and decanting technique was used (GEfWEMANN end NICULUSUN, 1963). 

Spores collected on filter paper w~re counted under stereoscopic 

microscore ( make Olympus) with 10 and 40 magnifications 8S described 

by KHAN (1971). Three observations for each pot soil were carried 

out. To assess fungal coloni za tion , rrl'!sh rOl'tA wl'!re t;ollected And 

preserved in F.A.A. solution (5 mI. formaldehyde solution,S mI. 

acetic acid and 90 ml 70% alcohol). These roots were cleared in 5% 

KOH solution in water bnth and stained in lac tophenol blue stain 

(0.05 g trypan blue + 20 ml lactic acid + 20 ml glycerol + 20 ml 

phenol) (PHILLIPS nd HAYMAN, 1970). Then ten root ~ieces each one 

cm long per sample were mounted in lactoph nol and examined under 

microscope for the following cytological studies: 

1. Number of arbuscules and vesicles. 

2. Percent infected roots. 

3. Length of infected roots. 

Occular micrometer was used for abov e me asurements. 

Inferrential statistics. 

Data were subjected to analysis of variance (ANUVA) on 

computer sys tem of the Quaid-i-Azam Un iversit y using the S.S.P 

package. 

Least significant diffe,ence (L.S.D) for all possible 

comparisons of the means of a certain aspect of nrowth or ionic 

16 

contents of experimental plants affected by inoculation, sodium chloride 

treatments and ~qe were calculet,.d BS follows: 



Inoculum Mean = 

Salinity Mean ::: 

Age Mean = 

t value at 0.05~2 x M.SE (.) 
/ \ 

d.r.E (.) / B X C X R. 

t value at 0.05 / 2 x M.SE (b) 

d.f.E (b) / 
J\ X e X R. 

t value at 0.05 2 x H.SE (c) 

\ 
d.f.E (c) A X 8 X R. 

Where, A,a,e and H stand for inocululII (2 levels), sodium 

chloride (4 concentrations), age (4 intervals) and replicates 

(3 in number)respectively. 
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RESULTS AND DISCU~SION 

Th~ growth of plant is aff~ct~d du~ to various factors. 

On~ of th~se is the pr~s~nc~ of salt content in th~ soil. It has 

generally b~~n se~n that 8 S th~ conc~n tration of salts incr~as~s 

growth of many plants dec r ~ ases, f or ~xampl~, growth Df Pisum sRtivum 

Lev . Alaska hAd d~cim8t ~d wh~n it w~s qrnwn in pr ~g~nc ~ of 100mM 

NaCI (FLOWL KS and YEO, 1977) a nd examples of many oth~r plants are 

ther~. 

On th e other hand , b3rl~y plants when llfawn i n th ~ pres~nc~ 

of mycorrhiz a l association gr~w tall~r with w~ll d~v~loped root 

system in comparison to the non- mycorrhizal an~s (SAIF and KHAN , 

1977). Simil~r w~r~ the results of SH UJA (1974) with v~n~tabl~ plants 

and SHEHRIF O. SANNI (1976) with rice plants. 

Ther~for~, to caunt~ract the str~ss of NaCI upon th~ 

nutritional imbalanc~ of tomato plants rol~ of V.A.mycorrh izBe 

in th~ nutrien ts availability and eff~ct on morphological charact~rs 

w~re Btudl~d. In additi on cytological sttJdles of roots and ch emical 

.nalysis of soil s were also csrried . Th ~ r~sult8 of all th~s~ para­

m~ters 8r~ discU9B~d under the follo wing heading s: 

parts. 

Morphological observations and ch~micAl anal ysis of a~rial 

Cytolog ical stud i~s of roots . 

An~l ysi9 of soil and extracts. 



MORPHOLOGICAL OBSEHVI-ITIONS lIND CHt:.MIC?IL ANALYSIS [JF AE f?Ii-IL 11, \dTS 

STEM 

Stem length. 

Stem length as shown in Table NO.1 is significantly affected 

with the presence of inoculum, NaCl tre.tmenta and aqf'!(P <:'0.01) 

The lowest stem l enqth ie recorrif'!d at the highest NeCl level 

and it diff ers from me an stem If'!n9th obtained in all other cases of 

NaCI levels ( P <'0.05). TAL n~. (1979) expres s ed the qrowth of 

young jojoba plants (Simmondsia chinensis.C.K. Schnf'!ld .) oy the 

If'!ngth of main shoot which ff'!ll by the addition of 100- 200 mmoles 

-1 1 NaCl to the water culture solution. In oth~r experiments, TAL 

(1971) and ~USH and EPSTEIN (1976) showed that wild tomato species 
/ 

which were originated in orid Br~as and thHt of xerophytic species 

Htrlplex Vf'!sicaria (BLACK, 1960) beh8ve more or less in the same way 

as the young jojoba plants. 

In addition , there is alsn siqnificant interaction between 

NaCl levels Bnd aqe of the plant (P~O.05 ) as significantly hi~her 

mean stem lengths have been recorded at each increasing age interval. 

This increase in the ~tem length is self explanatory as it is a nRtu ral 

physiological process. here ar@! insignificant interactions between 

inoculum and NaCl levels and inocul um and age intervals. 

Numb er of nodes 

Data anal ys ed in ta~ le No.2 for the number of nodes shows 

t hat NaCl l~ve19 and age factors Br~ more siqnificant than inoculum. 



Table No.1 (8) 

~NOV ~\ for stem length alongwith levelB of sianificance for the 

factors and their interactions. 

r- " " 

il 
, 

I; , 
I; Source of Sum of Df!qn"Pb of r'l~c.Jq~, of f- q V;:lu~~, 

I: " Sf1U3r~g Fr ~pL!om ~~qlj;:jrp.E.l 
VarlF3t in,i 

( S • ~:i • ) CU.F.) (1.11. ~;. ) 
1 

\~" 
Inoculum 432.35 I 1 432.35 67.89" 

! ( A) , 
I 

Ii 
Replication 50.06 2 25.03 3.93n • s 

(R) 

Error (8) 12.74 2 6.37 
i 

[(ia) 
I: 
1 

Ii 661.08 •• Salt Strf!S8 3 220.36 7.14 
" 

eG) 
i, 

" 
, 
, < 

58n• e • 1 A X Eli I 238.89 3 79.63 2 
II )' 
I' lj 
I! [rroT (lJ ) ') 

~, 370.60 12 30.88 i. E(b) '\ 
L, I: h II ,: •• 

I: Agr! (C) 19245.12 3 6415.04 227.31 , 
" 

I! 
,: 

Ii A X Ctl ; ~ 205.62 3 68.54 2.43n • e • il 
I! I: ,I 

Clf • 8 X " 619.05 9 6~ . ',e 2 . 44 II , 

II 

Ii 
'} 

'i :1 482.83 1.90n• e • A X B X C" g 53.65 
ij 

II 
Error (c) !I 

1354.61 48 ,I 28.22 
E(c) d 

" -_ .. -- -- il . - ._._--. - ~ . 

(\.:0 ~;lq 11 1 Ol dn t ill. r' ~ (1. rl 'j • 
~ Sl~lni f lcant rlt fl < l J~[J'jo 

n.s. Ins 19ni fic811tl y dll f~'l't:: ;lt ,j t bOi 11 lev"l~;. 
-4 Inter3ct:lon of !'el' 'j,'r)-!; ,-. ~ i r. t. Ii 1- '-j 0 

" 
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TaDle No.1 (b) 

Si gnificance of difference in the mean val ue of s t em length at 

different NaCl trea t ment1 age in t erva ls and i n the absence or 

presence of inoculum. 

NiJil- I n IJ:U 1 ~ -~ PC 
I il :-J Co U 1 U:i1 

:-, ~ rJ!13 

I, 55. 41 

:IlD L.: '..:: 5 ce:l 

59.55 
" 1 

- -.. ---~-----

~:· alt St:es 3 

~' (!a;,5 

----If 

:1 
'I 
" 

J. OO 
m~q/ l 

-1 2 ~ 50 
m~~:- ,.1 

')- -,'" 
L. :J (> l..:U 

:T: !~ ;::' ~ 

-----,1 

5G . OCJ 
l1::!q/ l 

1 

11 

:. ______ ., __ .. - _____ .. __ . _... ." .. ___ . __ . - .". ~ __ ". _. ___ -- II 
I: [; 
" I , :i 60.24

B 
57.56

B 
_ 58.98

a 
53.15 ii 

!~ __ , _ _ ___________ ll _________ -' ____ .. _______________ L ___________________________ JI 
:'----- --- --------1-- - - --- ---- --T--- - -- ---- ----1'-- .. -- -------, ------------1' 

II ! ! ! II 
! 60 da y3 70 d OllS I 100 d C1 yS i 130 daVs : 

I I: I l' 

I, AIJ e M851nl;l 1; _ _ _ _____ __ .:.__ _ ________ ______ _ _ _________ ____ -.+ ______ .-11 
Ii I: 'I' 

I: 39.1 48 . 6 1 68.85 I' 73.41 I: 
1 I,' II h ' , ' , --- -=~- ---:- - .. ~--::---:-- ----:-:JL==-===--=,,::.-=='-----:.::-_ -=-- _-==:::._== = __ -_c-_L_-='-c--=_=--c-:.--:--=-==--=-.!c ~_=_---_--J 

All the mean values showing com~Dn lett ~rs are 
insignificantly differento Otherwise ther8 i8 9 
s i gn i f icant difference at P <0.05 . 
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Table No .2 ( 8 ) 

ANOVA for number of nodes alongwith levels of significance for 

the factors and their interactions . 

' 11 , 
p 

" , 
I 

I 
Sourc !"! o f ', S um of 

:' 
, D!"!qr ~!,,!!3 (If 

Fr!!!!!d om 
(D . F. ) 

M!,,!L.;llr; of 

SquclrE8 
(M .S. ) 

F . IJal u l'!s " 
:1 Squarl'!s 

Varia tion I,' (S.~;.) 

r 
I 

i I 
['f--.=.=-=~~""','=~==-=~ .=-.c...~·===-;.,-c.·.,·~,-,~ C.C.'.C •• ~ .= .. '_",-
i i • I no c ulum !1 396 . 09 1 

(A) ;: 
396. 09 

H !!! P 1 1 c a t1 0 n I! 

I 
I 
I 

I 

(R) 

Erro r ( a) 
E(a) 

: SBl t St.r~9 8 
I (8) 

1\ 

!, 

I 
I Error (b ) 

E( b) 

.j 

il 

9 . 89 

20.81 

1067 . 78 

289.70 

309.96 

2 4 . 95 

2 10.41 

3 355.93 

3 96.57 

12 25.83 

Age ( C) ~I 38497.86 3 12832.62 

I 
A X C# I 424.78 3 141.59 

II 
8 X C# II 

II 
1444.51 9 160.50 

I 

AX8Xd/ ! 1142.93 9 126.99 

I Erro r (c) 
E( c ) 

48 81.01 

~j i q III fie <J n t d f I <, I . [, • , 
Siqn lf1 ::ant 111; f·1 .ll :",. 

38.06 

•• 

, 
I 
I 

13. 78 

• 3.74 

158. 40 
•• 

I n.B . 
I 1.57 

I 
! 

Insignificantly di t r l ';'::?rl 1, ;;{, C',"il lf~\I.'ic... 

" 

I 

" 

j 

I: 
I· 
I 

J) 
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Tab l e No . 2 ( b) 

Si gni fic ance of di ff er ence in the me3n values of number of nodes at 

different NaCl tre a t ments , age intervals and in the ab sence or 

pr esence of inoc ul um. 

r.:::. ===- - ::.. :- - -l;-

I' 
- .-.-~- _.- ----- .- - -- --.--- .. =.--r 

r~ on- I nac u 1 a t!!d :ncculC'ltea 
Ino cu l um 

Me ans 
j, 

78. 75 " II 73.23 
~ - ___ _________ LL._____ ___ _ _ ____________________ JJ 
~- -------1,-------- --- -- - - - ----I - - --- - - :l 

1 0. 00 ' 12.50 25 . 00 50 .00 ; 
,- , t r t I! me q 11 rr! q /~. m P. 'Ill rr .? q 11 'II 

I :J8 ~:J r ess I: i I 
I, 11 - - ,-------- -------- I' 

!! Me ans 1'1 II 
i' i eO .71 74.798 75 . 338 73 . 128 

I 
I ,t I :' 
I, Ii 1\ 
~_.lL- ----L-. 
I, ,. 
I 
I' 

!I 
II 
II 
H 
\: 

Age Mo ans 

II I-.. ---r---~I 
: 60 days 70 days i 10C day s ~_ 130 days 'I 
I! !! ~ 

Ii 51.50 -~-1.16 -- -r-:-J . 2 1 98.08 II 
II . I 

i _-==-=--=1 ---1 I 

All the mean va lues showing common lett ers are 
i nsignificantl y dif fere nt. Otherwi s e there i8 a 
s i gn i f i c ant di ffe r enc e at P ~ 0 . 0 5 . 
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However, all possible interactions but between inoculum and NaCl 

levels (P~O.OS), are insignificant. The meAn value for mycorrhizal 

plants is higher and significantly different. The mean value is 

significantly highest when NaCl level 1s minimum. It has also been 

shown by TAL ~~. (1979) that 8S the amount of NaCl increases in 

the water culture solution, there is decrease in the total number of 

nodee and branches alongwith the reduction in stem lenqth in jojoba 

plants. 

Fresh weight 

24 

As shown in Tabl e No.3 the freah weight of stem 1s inf luenced 

by all th~ three factors signi ficantl y (P .( 0.01). All possible inter­

actions are significant (P< O.OS). The interaction between NaCl levels 

and age is even more significant (P<O.01). 

The mean values ere significantly different and higher in 

the presence of inoculum. The lean values for stem fresh weight are 

directly related to the increase in age and at each interval a 

significantly different value is obtained. The maximum and significantly 

different mean value is noted at the 2S.0 meq/l NaCl level. It has 

been observed by RHOZEMA nd BLOM (1977) that in Agrostis stolonifera.L. 

the biomass production, stolon lenqth and internode length were 

stimulated by the presence of NaCl. 

Drv weight 

SHERIFF O. SANNI (197S) found t hc t dr y weight of root, shoot 

and total phosphorus content showed 8 pos itive relation with infection 
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of V. A.M. in tomato plants . GHAHAM ~~. (1976) tested the different 

strains of V. A.M . fungus (Glomus fasciculatus ~. mosseae) which 

augmented the dry weigt,ts of tops, roots and total mycorrhizal potato 

plant as compared to those of non-mycorrhizal ones. SAIF (1977) in hie 

two field experiments of winter grown vegetable crops viz: carrot 

(Daucus carota L.) coriander (Cori andr um Sativum L.) onion (Allium 

cepa L.) and fenugreek (Trigonell a foe numgraecum L. ) and summer 

grown vegetable crops vi z: musk melon (Cucu r bita moch Ata L.) t omato 

(Lyeopersieon eseulen t um Miller Goed. ) and brinQal (So lanum ~g~ L.) 

showed that the mycorrhizal pl ants produced more dry matter through 

maximum utili zation of available nutrients. LAMBERT et ale (1979) referred 

t o an i nc rease in dry matter of s hoot. MI\NJlIN/\TH and B ~\ llYAHI \ J (1980) 

worked ou t thBt V.A.M. i noculum influenced th e onion plant dry matter 

and growth positively . However, dAta analysed for our experim~nt showed 

(Table No.4) that inoculation had hardly any significHnt contribution 

to the dry weight of tomato stems. 

ASLAM et al. (1979) noted t hat dry matter yi eld in kalla r grass 

grown in Bodie soil s r emains unaffectp.d which indicates that the plant 

sbmehow can adapt to salinity . This experiment manifests that NaCl level s 

have signif icant effect upon stem dry weiqht (p < 0.01) and minimu m me8n 

value is obtained at the highest NaCl level inter8ctions of inoculum and 

NaCl level and between salinity and age have pronounced contribution 

(P<0 . 01) contrary to the effects of interac tions between inocul um and 

age and among inoculum , aQe and NaCl levels. 

The mean values are also significantly different at all Age 

intervals and the stem dry weight increases as plnntgrows mnre and 



Table No.3 (a) 

ANOVA for fresh weight of stem alongwith levels of significance 

for the factors and their interactiona. 

I 
I Sourc~ of 

I Var iat ion 

Ii 
1 

Sum or 
Squares 
(5.5 . ) 

Deqrl"p.o of 
I F reedorn 

(U.F.) 'I 
11 r -- --C--~1 - ------------·-1 

II ' 
Inocu lum II 22.20 I 1 

I 
11 

(A ) ,I 

I' 

11epli cat ion :! 
(R) ij 

Error (8) 
E(a) 

5.65 2 

0.08 2 

t'll'!.:mu 0 f 
Squares 
(M.S.) 

22.20 

2.82 

0.04 

•• 541.7 1 

• 68.93 

Ii S 81 t Stress " I' 
•• 125.86 3 41.95 

I (8) ,I 
18.97 

I 

I 
i , 

II , 
I 
I 

I 
I 

A X Sir II 

I Error (b) '1 
E(b) l! 

29.69 3 

26.54 12 

9.90 

2.21 
Ii 

f! 
'I 2608.68 
II 

Age (C) 3 869.56 

j; 
A X C# :; 

" Ii 
B X ell II 

21.60 3 

90.68 9 

7.20 

10.08 

I I 
X 8 X ell I 46.61 1 

1 

I 

; I 
Error (Cjl) I 110.71 II 

E(c) , 
.. __ . .. =:;.-_-===--.....::= _'-- J . ____ . _ 

9 

48 

5.18 

2. 31 

•• 
• 

5iqnifirant ut P ~O.U1 • 
Significant ut J-l <n~U:5 • 

• 
4.47 

377.00 

• 3.12 

•• 
4.37 

• 2.24 

n.s. 
il 

Insignificantly d f fr:rP fl t nt uotl) l~\jp.L .• 
Interaction of relpvHllt factnI'G. 

•• 

I, 
I 

I, 

, 
1 

I , 
I' 

i 

I' 
L 
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Table No.3 (b) 

Signifi cance of difference in the mean values of fresh weight of 

~tem at diff erent ~ aC I treatments,age intervals and in the 

absence or presence of inoculum. 

r-=--=-·- - -~ __ " • .. __ -==-t 

I.!..-
0-, 

I, 
Ii 

l: 
r 
I' ,I 

I· II 

I, 

[ 

r~D n - I nocLlI Z1 -: e'd Inoculated 
Incr:ullj~ 

------- , 
M e8'lS 

I 
12.31 14.57 I; 

_ _ ____ LL ____ _ _______________________ JJ 

Sal: Stress 

t·1eans 

AQ(!! Mesns 

1f 
0.00 
'11!'?q/l 

12, 50 
;':'l!:,~ /1 -, -

------ - -- -- -- I 

25 .00 
meq/l 

50 .00 
meq/l 

--" 
i, 
jl 

Ii 
-_._-.' - --. --~ ----

1/ 

II 
I' 
Ii 
II 

13.428 
I 

13.238 I , 

, 11-__ _ ----- --- ._-----
If 

II 
---------1 - - ------1 

60 days 
" 11----
II 
Ii ,. 7.14 

70 days 

--+ 
I 

9.51 

14.42 12 .69 

10C days r 130 days ! 
I ~ I I 

I 19.32 I 17.79 

il ___ L____ _,_ _____ _ __ _ I ~ - _ .. . -- .. ---------------.-------------

All the mean values showing common l ett ers are 
insignificantly different. Otherwise there is 8 

signifi c ant diff erence at P<0.05. 
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Table No.4 (a ) 

ANOVA for dry weight of stem alongwith levels of significance 

for t he factors and their interactions. 

-- -- ----

r-- !I 

I 
Sourc e of :: 

I' 
Vari ation I' 

Sum of 
Squares 
(5 .S.) 

, ()t'!f]r~~ !3 of 

F r!'!f! c1om 
(U .F.) I ': 

I I! , r H ul'-c---.. - ~- ==c--r-'=- ~ --

I 
Inoculum il 1. 11 ' 1 

(A) Ii 

l1epl1cation 
(R) 

Error (9) 
E(8 ) 

Erro r ( c) 
E(c) 

,I 

I 

0.02 

0.88 

2.25 

1.14 

0.76 

160.43 

1. 03 

3.77 

2. 00 

6.18 

==-=-=-- - - J
I. 

-= j -.-- -

2 

2 

3 

3 

12 

3 

3 

9 

9 

48 

M~jJns of 
Squares 
( r-1. ~;. ) 

1.11 

0. 01 

0.44 

0.75 

0.38 

0 .06 

53.48 

0.34 

0.42 

0 .22 

0. 13 

• 
Signif'ic()nt ill, r <IJ.O'1. 
5 igni f' lean t at P < flu U';; • 

!'. VAlul'!s 

•• 
11 . 89 

•• 6.01 

•• 
415.36 

•• 
3.26 

n.9. 
# 

Insignificnntly r11ffr'1'('nt r:t 1-:: (JUl Ip!v"'i:.. 
Inter'1ction of r e l"v ,lflt roiLLlll H 

" I' 
i 

, , 
I 
I 
I' 
, , 

" 

i 
1. 
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Table No. 4 (b) 

Significance of difference in the mean val ues of dry we i ght of 

stem at different NaC l t re At ment s , age in terv al s and in t he 

absence or presence of inoc ulum. 

r-;:-.-

Ir o ::ulufT' 

~'1 1:: ens 

, 
G.. __ 
1-

Selt Stres s 

~~e ans 

lL _ 
- ,f 

:1 
, 

r.,; on- Ino cu.LOJte'd 

1 .841!! 

Q.OI] 
m!'q/l 

12. 50 
:'".~q/l 

;!----._--
2. 05B 

2.03B 

i ' I 1 II _ . ______ .-...ll _____ . _ _ . ___ '_. ______ . __ . __ .----1-

:-: . -=~ 

hOC!...:nt2d 

25. 00 
n !'! f"] /l 

2. 08 I!! 

2 . 08
B 

. _ _ ._.-1. 
- - --, , 

50.00 
meoq / l 

I 
--- _~I' , 

1.68 ,: 
:1 
~ ; , ------If------ ----- .---- r--

Ii I; 60 days 70 day s : 10[ 
I' 

130 da vs II 
I 

I, 

I' Ag ! Moans 

da ys 
- ;1 

,I _ . ____ ._ .. _ 

I' ,I 

2 .86 3.58 

:1 
I 

!I 
I II !: 0.52 0.88 i 

H 11 . I 
,--:-::._=-.-=_-=-_-::-:.---::--:-:-:-=-:-~~-.::::..:-.-=-.. : .. : =::.:":'::::'-""=:":= -_-• .=....~. -:.=-..7-'.-:..::... .. ::-- -==:::=!====~ 

All the me an val ues showing commo n l~tt2rs are 
insignificantly di ff e r ent. Otherwise there 1s 8 

significant dif fe r enc e at P<0.05. 
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more (P < O.OS). At highest NaCl status the mean value for stem 

dry weight decreases and is significantly different (P£0.D5). There 

is an inverse relationship between NaCl and this attribute. 

Percent water content 

Inoculum affects percent water held in stem insignificantly, 

crable No.5.).Dn the other hand, NaCI treatments affect this parameter 

in plants significantly (P<O.D5) and age affects it more significanlty 

(P <O. 01). However, all possible interactions are insignificant. 

The mean value of the percent water content in stem is 

inaignificantly different and higher in mycorrhizal plants. The 
~~ 

results of t test vary greatly from those of analysis of variance, it 

is mainly due to different assumptions involved in undertaking these 

tests. ANOVA involves the assumptions that different treatments add 
~~ 

different components of variation in total variance, whereas t test 

assumes that the means being tested come from the samples with equal 

variance. The mean percent water content is highest and significantly 

different when plants are growing in soil solution without NaCl treat-

mente Further more, all mean values significantly differ at various age 

intervals. 

Sodium content 

Uptak e of sodium is related to the quanti tv of Na available 

in the culture solution. Accumulation of Na increased in the presence 

of high NaCI concentrations both in tops 8S well as in onion roots 

(BERNSTEIN and AYERS, 195~b~In halophytes like Suaeda maritima Dum. 

the accumulation was maximllm 1n the tops (fLOWERS and YEO, 1977). 



Table No.5 (~) 

ANOVA for percent water content in stem alongw i th levels of 

significance for the factors and their interactions. 

I;:==~ T" Source of .. 
II I Variati on ii 

I II 
~ -- '--. ~.~ -... i - .-

I 
I noculum :1 

(A ) , 

I

I Iieplicat ion 
(R) 

I 
i Error ( a) 

E(a) ! 
I' ,I 
I: Salt Stressi 
d (s) I 

II :11 

A X S# 

I. 
Error ( b) 

E(b) 
[I 
tl 
Ii 

Sum of 
Squares 
( S.S. ) 

7. 03 

6.92 

41.02 

61.07 

8.07 

46.63 

Age (C) il 
I, 

1940.42 

i: 
d 

!i 
'/ 

Ii 
/ 
I 

A X B X ell i , 

5.62 

23.18 

13.53 
I, 

Error (c) 11' 239 . 71 
E(c) I 

I. 

-====-_:-_-:- .. -_= 1-0--=-"-- _ _._ 

l)eg rp'~8 of 
F r f~e dorn 

CD . F.) 

·- - - - 1· 

1 

2 

2 

3 

3 

12 

3 

3 

9 

9 

48 

t~l"!ans of 
Squares 
(M.S.) 

7.03 

3.46 

20.51 

20.36 

2.69 

3.88 

646.81 

1.87 

2.57 

1.50 

4.99 

• 
Significant ,It f1 .(0 . 0'1. 
Significant at P <n . us . 

F. Va lu es 

• 5. 23 

•• 
129.51 

n.s . 
# 

I uignificontly rEf fpnn t ut ~I u:h If.~ 'v li s . 
IntRractlon of r ~ l~ v~ n , f 2 r t nrs. 

Ii 

, 
I' 

! 

I, 

:1 
I 

I 
i 

I, 

: 
I' 
I 
I 
I' 
I 

J.I 

3 



Table No.5 (b) 

Significance of dif fe rence in the mean values of percent 

water content in s tem at different ~aCl treatments, age 

intervals and in the absence or presence of inoculum. 

: --~ 

~J 0 n - I no c: U 1 :. t n c.l InocL~ :;i:ei.1 

, 
c..!.... __ ___ .1.._. ___ _ . ____ .-J.. 

., --. 

" Ii 

I; 
! 
I 

If 
I 

il 

Age Ml!ans 

, 

0 .00 
m!!q/l 

97.83 

~ . .ll ________ _ 

-,1---- --
.! 

60 days 

92.59 

i;'\.50 
I 

".~ ~1 i / L, 

25 ~ OJ 

mf!q/l 

.- ----.---., 
50.[1'] 
meq/l 

- .. - ...... _-... - - -------. ------- ii 
'I 

87.98
8 I: 

'I 

.. _ •. _ .. _1 ____ .• ___ ~ J, - -. _ ... --_.- ----_. :--. ---_._ .. _ q 
I I 

70 days 10C dav s ! 130 days :1 

--.. ----T', - I 
Ii 

I !i 
I I 

90.68 I 83.86 81.85 ; 
\. 11 

~_- .-=====--.---::c-IL -==-.=-=::=::=:.-:=. --=! 'I 
_ .. 7..:-.:o=.- •.. -.I.-.==--=~:--==--~' =. ===='.Jlj 

All the mean values showing common l~tters are 
insignificantly differ ent. Otherwise there 1s a 
significant differenc e at P ..(0.05. 
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In th e present experiment sodium content of stem is 

significantly affected (p ,.(0.01) by the higher concentration of 

NaCl in the culture medium (Table No.6). The plants harvested at 

budding stage contain maximum Na content in stem than the later stages 

of growth. This res ult significantly differs with other age levels 

(P < 0.05). The possible reas on could be that it was the most active 

age of the plants , later pl ant became more resietant. The InoculBtl on 

affects significantly in this regard (P<0 . 05 l. NaCI statuB an d age 

contributed significantly (P<0.01). All poss ibl e interactions are 

insignificant . 

Po tassium content 

looking at Table No.7. it is very clear that the amount of 

K is minimum in stem at hiqhest NaCl level and it is signlfic~ntlv 

different from the mean values obtained at all other NaCI levels 

(P <. 0.05). Hge is also a significant factor for this parameter (P < 0.01) 

and all mean valuea differ at each age interval (P < O. OS). K content i6 

highest in stem at budding stage than the later stages of arowth. 

Inoculum is an insignificant factor , 88 it did not contribute 

in the uptak e of K by the plant as its mpan values are insiqnifir.antly 

di ff erent. These results agree with the conclusions of CHAMU U-<S -.:1. .. .§.!.. (1980). 

Where NaND) addition increased the concentration of Na+ ions in the 

shoots of mycorrhizal plants Trifolium 6ubterraneum. l., while K 

content dec reased In those plants . Addition of (NH4)2SD 4 had li ttle 

affect on the Na+ concentration but it decreased the K+concentration 

+ and Na transport to the shoota waa greatly increased at the expense 

+ of K • 



Table No.6 (a) 

ANOVA for sodium content in stem alongwlth levels of significance 

for the factors and their interactions. 

r --'--­
I 

,I , Sourc~ of 
i 

I Variati on 
I 

11 
'i , 

Sum of 
Squares 
( S.!J. ) 

Deg rc:!t! !3 o f 
F r~er1om 
(o . r.) 

fJ1(~ans of 

~qU(]rI!8 

0-1 . ~ ; . ) 

F 0 'Jl:llues 

I r- .~-'--=--.. ---

I 
,I , 

. i! . -- - .. i . , _____ .t 

'I Inoculum 
I ! (A) 
I 

I R~plica tion 
I (R) 

Ii 
Ii 
Ii 

11 

Ii 
II 

II 

II 

'I 
II 

Error (13 ) 
E( 8) 

Salt Strt'!8o 
( 8) 

Ag e (C ) 

il :, 

i 
Ii 

A X C# il 
I , 

A X B X c# ii 
!i 
II 

Error (c ) i'l 

'!::=== E ( c) .1 

35.67 1 35.67 

0.36 2 0.17 

1.38 2 0.69 

65.97 3 21.99 

4.60 3 1.53 

6.64 12 0 .55 

12.26 3 4. 09 

0.74 3 0. 25 

5.56 9 0.62 

5.55 9 0.62 

25.62 48 0.53 

Significant i tt. r .([J.01. 
S ignif icant at tJ < (1. rJS" 

,. 
51.69 

•• 39.73 

•• 
7.66 

Insignificantl y dif f rEnt at both lpv~15. 
Intp.ractl o11 of l'.-.lp \/'J[,t f'r-ict!;r:,. 

" 

, 
I, 

I 
I 
I 

i 
I 

I' 
I .I 

3~ 



Tsble No.6 (b) 

Signi f icsnce of difference in the mea vBlues of sodium 

content i n stem at differen t NaCl tr eatments , age intervals 

and in the absence or pr esence of inoculum. 
r;:-_-=. -=----- - -

I n :::= ul um 

-- -
I 

, 

_____ lL-. 
. Tf 

fl O n - I n a c u L . : "? r.~ 

_. ____ ._.J.. 
- _. - - --, , 

C.OO 12.50 2 5.0'::: 50 .0;.) i 

meq/l ,.~,'_. ~ ;;t,:.r/l rr:~q/l : 
! Sal t Str !!! ss . _____ __ __ __ ___ ___ ___ __II 
;, t-1e ans II 
!' 0.53 1.31 1. 73 3.38 II 
L ____ . __ . ____ .ll.. __ . _________ : ___ . _ _ _ _~___ __ J: 

2 . 31 
I', I ~ .. _'=-':-=:.-=_ !! --=--==,_-::-:-=: '-=--=-..:;- __ .:0=--=:=:..1=:-=-===,=.=1=.-, J 

All the me an va lues showing common letters are 
ins ign i ficantly di ff erent. Otherwise there 1s 8 

significant diff erence at P <0.05. 
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Table No.7 (a) 

ANOVA for potassium content in stem Blongwlth levels of significance 

for the factorB and their interactions. 

r----­
I 
I 
i Sourc e o f l Va ri Ation 

, 

Inoculum 
(A) 

I H ~ plic at ion 
: (R) 

II 
I 

I. 
II 
.1 
II 

Ii 

Ii 
I! 

I! 
I 
I 
I 
I 

Error (8) 
E( a) 

Salt Str~s9 
(8) 

Error (b) 
E ( b ) 

II 
I 
" I, 

Sum of 
SfjuBr1!9 
OJ. S. ) 

i 
~-'- I 

I 

28 .38 I 

8.44 

10.42 

131.5 

18.05 

129.83 

D1!gr~ e(j cf 
Freedom 
(O . F. ) 

1 

2 

2 

3 

3 

12 

I~e!:<lns of 
Squ8rl!8 
0·1. ~j. ) 

28 . 38 

4.22 

5. 21 

43.68 

6.02 

10.82 

F. VCJlues 

• 4.04 

•• 
Ag~ (C) i! 9104.16 3 3034.72 4.07.20 

, 
,i 
II 
II 

II 

A X Cfl Ii 
I', 
" I' 
I! , 

I 
II A X 8 

" it ct
,' :1 

1\ 

II Error (c) 
II E ( c) 
!h ---=- -:-.:::, - ~ - -,~ 

;1 

;1 

il 
]1-

n.s. 
i/ 

45.04 3 15.01 

117 .11 9 13.01 

33.46 9 3.72 0.50n • s • 

357.73 48 7.45 

:11 Ij III r i r:; lin. . i f" ":,1: 
:i1qnlfic,Jnt ilL" )_~i'j 

In ~lignificL!lltJ'1 nji ~".1', "", 'JU ,'il,: l 1"",0" a 

Intpl',ll tinn ni ,',' 1 "" ,r f:.['; "r:'. 
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Table No.7 (b) 

Significance of difference in the mean values of potassium 

content in stem at different NaCl treatments age intervals 

in the absence Dr presence of inoculum. 
f~_ ~-- - -.:---- _. ----- -, - -- - - -- .. - - -- --_. ----=--'----:-:=~ 

'I 
!, 

iJon-lilo c L!l ci :I!d InocL!lCltred 
Inoculum 

M~8!lS 
17.958 18.788 

I 
;..,_ _ __ _ _ _. ___ . __ .L __ ... ____ L_ ,- _. _. ________ JJ 
1,---. -... - . - -.---- ---.-"1[--

DoGe 
meqF:. 

1~)., 50 
..... ~:, I I 

i, 
J! 

Means 
, :1 ___ 2..._ 

:.Ja1.t 3tres9 

19. 42 I:'! 18.378 i, 
I 

II .! _ : .;....... _____________ 1.1. _________ .__ __-L-

23.00 
mp.q/l 

18.48 

Ii 
I Ii 

- --"---- - - --',- -. -- ---

" 
I 
I, 
I 
I, 
II 
11 
II 

Ag~ MIJ6Inl'3 

~--::-:::===---=-

;1 60 da 'is 
11 ___ -

I' 
I 

i: 31.73 

70 days 10C days 

-- ----___ 0---, 

10.18 _ . II 23.94 
____ -______ -=-,,- .=..:. =---=--= L_..:_ 

-;~.oo - 1 
Ii 

meq/l I 
--- ---i! 

17.27 !I 
_Jl 

days II 
,I 

:......-. ___ ~I 
II 

130 

" 'I 
:1 I. 

Il 
8.01 

All the m~an values showing common l~tters are 
insigni ficantly different. Otherwise ther~ is a 
significant differ~nce at P<O.05. 
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Percent phosphorus content 

LAMBERT !.1&. (1979) found a percent Ilhosphorus increRse 

in shoots of mycorrhizal plants. 5HHBLEY ~.!!,.. (1980) reported 

that several scientists have shawn that plants infected with V.A.M. 

contain gener~llV high~r internsl phosphorus concentration than do 

non-mycorrhizal plants of the same size. The effect occurs 1n a 

number of hosts and an sterilized or fresh soils. In B few instances 

i nfection increased percent phosphorus but did not alter dry weight 

even though added fertilizer did increase plant growth. 

38 

Although the mean values for percent phosphorus content of 

stem are higher in mycorrhizal plants (P~0.05). yet inoculum itself 

1s insignificant. In the pasture plant, when given an increasing dose 

of salinity, phosphorus vslues for tops were at.ble but these rose by 

100-160 percent in roote, althouqh salinity restricted growth, the 

nutritive value of these pasture plants as reflected bV the nitrogen 

and phosphorus concentration was little affected (GATES ~ al., 1966) 

In this experiment tomato plants shaw that NaCl stAtus affects 

the phosphorus content of the plant at P ,.(0.05 II nd age at P <. 0.01 

(Table No .S) while the interactions between inoc ulum and NaCl l~vels 

and inoculum and age are nat much significant. However , the interactions 

between salinity and age and among inoculum, aqe and NaCI status are 

significantly effective (P~ 0.01 end ~0.05 respectively). The mean 

value for percent phos phorus content is significantly different at 

mature fruit stage a9 well (P <. O. 05). 



Table No . 8 ( a ) 

ANOVA f or perc ent phosphorus cont en t in stem alongwith levels 

of significanc e fo r the f actor s and t he ir interactions . 

Ir--- - --­
Ii i Source o f 
i 
I 
I 
I 

Var iat ion 

l===~ 

I Inoculum 
(A) 

I 
Ii 

I
:, Replication 

(R) 

Ii 
r 
I: 
i' 

Er r or (s) 
E(I] ) 

,. 
" ~ ! 

Ill. Sa l t S tr ess , 

II (8) :! 

il A X 8# :1 

I ! 

I:, !,' Error (b) [ 
ii E (b) ~ 

II Ag o ee) fi 

I, I! 

A X ctJ 
! 

II 
I 

I' 
Ii 
I 

AXB Xd/ ! 

Erro r ( c ) 
E(c) 

II 

II 
,I 
1 

• 

Sum of 
Squ ares 
(5 . S.) 

0 . 0000649 

0.0000134 

0 . 0008358 

0 . 0003417 

0.000707 

0 . 001996 

0.0000137 

0. 001979 

0.0011179 

0 . 0026778 

Degr p.e6 of' 
Freedom 
(D . F. ) 

1 

2 

2 

3 

3 

12 

3 

3 

9 

9 

48 

~fl,~8 n s of 
S qu a r ~B 

U" . ~~. ) 

0.00000013 

0.00003248 

0.0000067 

0 . 0002786 

0 . 000 1139 

0.0000589 

0.000665 

0 . 00000458 : 

0 . 0002199 

0 . 000124 

0.0000557 

~jlflnlfl (' (l rl t <It. P <.'.II . [J 'I • 
SlgnHi c il ll t iJt P <"\l . U'J. 

F. '.i2 1ues 

0.0149n • B • 

4 . 8955 
n.B. 

• 
4. 73 

•• 
11. 94 

•• 3.94 

• 2. 22 

n . g . 1l1s1~plif1 c antly (1if"f~rp-llt. ilt !j U Ll l lr? vt! _!_ " . 
Intf~rd(;tlL) n \If r "l "'\); I) " L 1 1. 11, ' 13 0 /I 
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Table No.8 (b) 

Significance of difference in the mean va lues of percent 

phospharus content in s tem at different NaC l treatments , 

age intervals and in the absence or presence of inoculum • 

• -=:-: - - = --=---
- - -=-=:r 

~-

~noculum 

M~an5 

5al t 5tress 

~-1e a!1 s 

!.L- ____ _ 

tL_ 
]f 
.1 ., 

NOi1-Inocul.:::tl"d 

0 .005 2416 

CJ .o[' 
m!'.'q /l 

12.50 
r. " "! ~~ i 

I 

.inocL: l '"~ ted 

0.0111156 

- ~ ----, 
25.CO 
:ilPrj/: 

50.0J 
lTi@!o/l " 

i'-- ' ---- ------.-- -.----------. ----.--.-. 
I • Ii 
!: 0.0067145 0.0091125

8 
0 . 0095687

a ! 0.0073187
8 !I 

:r . Ii 

" 'I 
i "\ lL ____________ , ____ . __ . _ . _l _______ ----" __ . ________ !. 

:' ------:1------ -. -,- - _ .- - - ,-----. ------. --,---- .-----.-----r 
I II ,I 

i! 
'I 60 da y9 70 d ays 10[ days ' 130 days ii 

! \1 

~! Age t-Illiln s I' 
1! ---_ ____ . ___ _ 

I: 
i i' 0.0054758 0.0053875

8 
0.00 57791

8
! 0.0160729 ~! 

. 1\ _ ' I ,I 
b.--:==-=--.:~_~-.:_::o.:.:_.- -JJ==---==-= . .:.::-:::.:-==,=:-= _- -: _-;-cc, -c 1- _-,._=-=.,-_=_ ' __ -,. U 

Al l th~ m~an values 9ho~ing common l ~tters are 
ins ignificantly differ~n t. O t herwis~ the re is a 
sign ificant difference at P <0 . 05. 
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LEAVES 

Chlorosis 

POLJAKOFF -MAVBER and GALE (1975) hav~ mention~d that under 

saline conditions th~ balance of photosynthetic pigment was upset. 

In more sensitive plants chlorophyll was d~stroyed due to salinity, 

in more tolerant plants chlorophyll content increas~d. Actually salinity 

affected the strength of forces binding the compl~x of pigm~nt-protein-

lipid in chloroplast structure. As a result, structural changes in 

chloroplast were induced by salinity and led to the yellowing of leaf. 

In Plate No.1 non mycorrhizal plants s~chlorosis. It can be assumed 

that mycorrhizae hav~ positively 8har~d to withstand salt-stress in the 

inoculated plants even at maximum NaCl regime (50.0 meq/l) 

Necrosis 

Necrosis is the death of foliar tissue pertaining to salt 

induced stress. This plastic strain was caused by direct primRry salt 

str~ss i.e. over accumulation of NaCI or indirect primar y salt stress, 

+ + where NB antagonised K and it became deficient thuB nitrog~n metabolism 

was perturbed.Diamines lik~ putrescine [NH2(CH2)4NH2] could not be 

processed to proline etc., resulting in toxiCity (STRDGONDV , 1964).BERNSTEIN 

and HAVWARD (1958) singled out thRt plants which were more sensitive to 

sodium and exhibit~d characteristic leaf burn symptom when sodium 

accumulation in leaves became excessive, leaves might have been injured 

at still lower concentrations of exchangeable sodium ev~n before th~ 

unfavourable physical condition of the Boil become evident. Bleaching of 

chlorophyll near tips of okra (Abelmoschus esculentus (L) Moench.) at 



Plate No.1 

Comparison of leaf color of mycorrhizal (Riqht) 

and non-mycorrhizal (Left) tomato plants in 

presence of NaCI regime (50 meq/l). 
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Plate No.2 

Foliar necrosis . 1n one of the 

BaIt-affected toma to plantS 
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four davs age continued in the presence of e~ual concentrntions of 

NaCI and Na2S04 ( ) until leaves became completelv brown KHAN, 1978 • 

Plate No.2 very clearly manifest$ obvious strain of NaCI stress and 

browning and curling of the leaf tissue. 

Number of leavee 

For this parameter the NaCI treatments and age factors are 

most significant (P<0.01). While presence of inoculum affects 

significantly (P~0.05). Interactions of inoculum and NaCI levels 

and NaCI and age influence significantly (P <0.05) Table No.9. 

However , the interactions of age and inoculum and inoculum x NaCI 

levels x age intervals are insignificant. 

The mean value for the number of leaves in the absence of 

NaCI 1s maximum and significantly different from the values at other 

three NaCI levels. The mean value for the number of leaves increases 

directly 8S age interval incresses. The effect of inoculum is 

significant and its mean value is significantlv different and higher 

for inoculated plants (PzO.OS). This result coincides with that of 

SMITH and SMITH (1981). Where mycorrhizal plants s howed positive 

response on the bases of both leaf numbers and weight. 

Fresh Weight 

Inoculated plants when grown in the absence of NaCI and in the 

presence of 50.00 meq/l. NaCI show significantly different mean values 

for the fresh weight of leaves, (P<0.U5) Table No.10. These results 

ere at varianc e with those of KHAN (1972), Who has shown that mycorrhizal 

plants hav~ mor~ leaf area increase rBte at ~8rlier stages of development 



Table No.9 (a) 

ANOVA for number of l~~vee alongwith Ip' vel of significance for 

the facto rs and their interactions. 

,-
I 
I Sourc~ o f 
I 

i Variation 
I 

~-==~t---
I I noc ulum 
I (A) 
! 

I Repl i cation 
I ( R) 

I 
I Error (B) 
i 
i E(8) 
I 

II 
I: S 81 t St rEsS 
! (0) 

Error (b) 
E(b) 

Age (C) 

A X cll 

Error (c) 
E(c) 

Ii 

'; 

~ I 

~ ! 

,I 
It 
I!. 

_11--- _-

.... 
• 

~; urn of 
Squ(]r~s 

u.; . s. ) 

677.34 

20.68 

18.81 

1016.53 

458.36 

483.17 

45289.83 : 

567,86 

1957.93 

1659.59 

4731.99 

[)~qr""t:! f; o f 
Frt'!edom 
(U.F.) 

1 

2 

2 

3 

3 

12 

3 

3 

9 

9 

48 

i~eam; of 
SquCJrps 
cr·,. S. ) 

677.34 

10.34 

9.41 

338.84 

152.78 

40.26 

15096.61 

189.29 

217.55 

184.40 

98.58 

!ji LJ n 1 f 1 r: ,111 t. iJ:. I J '. U • Ll I • 
Slqniflc~nt el t II < ll wi !'l • 

• 72.01 

8.41 •• 

• 3.79 

153.13 

• 2.21 

I1 . S. IlIsi~lnificnntJIj rlilfr l'!?1 11-, ;.1 1; 1,1'1 , I l ,_J Pl.':; . 

•• 
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Table No.9 (b) 

Significance of difference in the me an values of number of 

leaves at different NaCl treatments, age intervals and in 

th e absence or presence of inoculum. 
r:---:. _- - -.=-. 

'-

I 
" 

~-----::-.-- -_._-_. 

J 

i~ on-Irosu ~ T: ed Inoculnted 

80 . 66 85.52 
I 

J ~ _ _ _ _ __ . __ ._. __ . _ J. 

I 

" 

, 

~.co 

:neq/l 

89.29 

'12.::[ 25.00 
f:lPIl/l 

i----' ----,i 
:,o,.o~ I 
rr.eo/l I 

_____ . _ .. _I ' 

82.21
B I 79.87

a II 
J. __ : I !I 

_ _ ___ ---1-______ . --L. _ -=:-=======~_~J 
Tf , 

GO days 

-----r---- --- -r- -- 'I 

70_ ~:~S_ ~_'0cda~~ 130 days~1 

57.00 66.87 I 106.50a 
, 

_1 ______ • _-.-:..::.....== __ t_-:-_..:=~_ 

MI l the mean value3 showing common letters are 
insignificantly different . Ot herw i se the re is a 
significant difference at P<0.05. 

iJ 
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Table f\Jo.10 (8) 

ANOVA for fresh weight of leaves alongwlth levels of significRnce 

for the factors and their interactions. 

I 
I I Source of 

I Va riation 
I , 
I 

l-=-=-=~~ .. ,; 
II 

Ii Ino~~~ um 
I: 
I' 
I Replicat ion 

( R) 

Error ( a) 
E(a ) 

Error (b) 
ECb) 

Age eC) 

.1/ 
A XCi' 

A X B X Ci'i 

Error (c) 
E(c) 

I; , 
, 

I; 
it 
"I 

II 
I 

I 
I 

n.s. 
/I 

S um of 
Squarp-s 
(5 .5. ) 

18.06 

2.01 

0.68 

, [) egrr-E8 of 
Fr E!euorFI 
(D.F. ) 

1<l eans of 
S quar !'"u 
(t~. S. ) 

1 18. 06 

2 1.00 

2 0.34 

•• 
218.49 3 72.83 

36.02 3 12.01 

75.15 12 6.26 

3123.22 3 1041.07 

33.35 3 11.12 

486.13 9 54.01 

136.03 9 15.11 

26 1.91 48 5.46 

Significc:mt ,it P <U.U1. 
Slqnificl.lnt LIt :1 -:(l.ll:\. 

11.63 

190.79 

•• 
I 9.90 

• 
1 2.77 

In8i~1I1ificfjfltl~1 Ulf '·L'!·t~nr. ~' V i:.rJLh ; "'\I{~l~-,e 

Intpral'tlon 01 l'f'll'\/Jlilt t dL 1:ilfC., 

•• 

! 

I." 



Table No.10 (b) 

Significanc e of differ ence in the mean values of~esh weight 

of leaves at different NaCl tr8atments, age intervals and in 

the absence or presence of inoculum 

r=- -:-:---=-::--
- I .- -: - --~ 

fJon-Inocu13t ~c ::lo::ulated 
Inoc ulum 

t-l!! ans 

, 14.84 17.01 
1_ - lL ----- - ~.; -lr ---- r - -----~ 

Salt Str~ss 

I! 
" ,I ., 0.00 

mr.1/1 
12.50 
r' .. '::::/ 

250[0 
rilP-f1 i l 

50.00 
meq/l 

1--- ---- - --- .. _-.- -------- --:-------

i Ml!'!ans 
I a a 

I
" i! 14.73 15.29 16.28 

, ·1 1 ___________ .n_lI ________ , ____________ , . _______ _ 
17.42 

.1-

I 

--,. 
, 

I' 
I' 

_:1 
j--------- -------rr----- -- --. -------- -. ----- -- - --- 1-- -----.- ': 
I. , I I I 
j: I I I . 

I
, II 60 days 70 days ; 10C days II 130 days i l 
1.1 I 
Ii Age M£!ans !, ----- --- -f-. -----------~ ~ I 
1/ 'II I I I 

i\; I 
I i l 8.93 12.03 23.16 19.62 
I!" I 

~ ._ -----==L===-=-_-:-:=::='-=-= _ =---===--,--= _L-=~-=::.:: L -!J 

All the mean values showi ng common l~tt~rs are 
insignificantly differl!'!nt. Oth~rw1se there is 8 

s i gnificant diffl!'!rence at P<0.05. 
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and later on both mycorrhizal and non-mycorrhizal plnnts qrew alike. 

In the present cas~ inoculum affecte this attribute 8i~nificantlv 

(P < 0.05). While age and inoculum affect more significantly (P < 0.0 1). 

Interactions between NsCl levels and a is significant at P 0.01. 

While interaction among all three fa c tors is significant at P (0.05. 

Dry weight 

Sodium chloride and age affect the dry weight of leaves 

Significantly (P < 0.01) Table No.11. This result is not in accordanc!! 

with that of HAYWARD and LONG (1941). Where perc~nt dry matt!!r 1n 

leaves of tomato plant increased ei ther very slightlty or not at all 
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with the increasing concentrations of sodium chloride (20, 54, 90 and 

120 mmoles NaCl in base nutrient solution). Howev!!r, BLACK (1958) has 

shown that addition of NaCl to the culture medium did increase the dry 

weight of Atriplex hastata L. over control values as this salt catalysed 

the rate of thickening and also extended the period of leaf thickening 

in this cas!!. 

Inoculum affects the increase in ciry weight insiglli f icantl y 

but the mean valu es of leaf dry weight for mycorrhizal plants are 

higher and significi:mtly different. The results of HUWLEH ~~. (1979) 

lire in favour that the youngest fully expanded leaf blade of cassaVB 

(Manlhot esculenta Crantz.) and their leaf dry matter increased as a 

result of mycorrhizal infection. However, MENGE !!~. (1978) found no 

increase in the dry matter of leaves of troyer citranqe (Poncirus spp 

when it waa infested with Glomus fasciculatus. The mean values in our 

experiment, at all salinity l~v~la Br~ insignificantly different 

(Table No.11.b), whil~ 1ncr~8B~ 1n dry wei~ht of l~av~s lA directly 



Table NO.11 (a) 

ANOVA for dry weight of leaves alongwith levels of s ignif icance 

for the factors and their interactions. 

;;::=====-- .. _--- -- --_. 

I Ii 
I S ou rc~ of 
I II 

I 
Variat i on I: 

!I , " 
F - -" 

I 
I, 

Inoc ulum I, 
I ( A) 
! 

I
, i1 ~ p li cat i on 

(R) 

ill. Erro r ( s ) 

I: E( a ) 

I I i Salt Str~sg t 

I (8) ,I 

I' A X 8
t1 

Error Cb ) 
ECb) 

A9 ~ (C ) 

~ 
.1 
·1 
fl 
1.1 

fl 

11 
'I 
il 
1 

I 

Ii 

I 
AX8Xdi i 

I 

Error (c) 
E(c) 

t:= 

• 
l1.s. 
i! 

Sum of 
Squa r!!s 
(5 .5.) 

0 . 03 

0.07 

0.04 

1.77 

0 . 55 

0 .82 

94 . 78 

0 .03 

5.09 

D !! qrt~t!!-3 of 
Fr ~ edom 

CD . F. ) 

1 

2 

2 

3 

3 

12 

3 

3 

9 

9 

48 

Mealls of 
S [jU;U!!8 
(M.S.) 

0 . 0 3 

£l .. 03 

0 .02 

0. 59 

0 . 18 

0 . 07 

31 . 59 

0.01 

0.056 

0 . 24 

0 . 12 

Signi ficant ~ t P ~U .U~. 
Signif iciJflt ;J i. [.1 < ll . !iS • 

• Vnlu l!s 

•• B. 59 

• • 
' 257.90 

0 . 08n • s • 

1 , , .. 
, 4.62 

I 
i n.e. 
; 1.94 

Insigni f ic antly dif ff.' l'Ult At b.JUI I f! ve J .. : . 
In t eraction ut' ' eJ PVfJ!11. I'· ct c !;itrb. 

, 
I 

I; 

i. 
I 

1 
1 

U 
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Table r~o.11 ( b ) 

Significance of difference in the mean values of dry weight 

of leav es at different NaCl treatments, age intervals and in 

the abs ence or presence of inocu l um. 
r;:=.o-::-..:::,-- "::::'.--::-:"'l 

Incculum 

1<1 e 8" 5 

'L_ 
1"\ " --

;1 

Sa l t: 5tr f:! ss 

rJDn -I nc~::u::'3t E! d 

_ JL 1.91 
- -' i j 

" 

O.O~ 

f.1~1!1 

12 . 5J 
f .... ~c:/ ~ 

l noc:ul :i ted 

25.00 
mr'? 'l/l 

2 .17 
- - -" ----, 

:0.[:: 
/ , 

mr!O! . 

" 
; 

,~~eans i: 
I
i' '! 2 .058 2.01

B 
2 .0?8 2.04

8
" 
:' 

'I ' ,: U _______ ._._. __ ._ ._ 1'-_ ... .. _. __ ______ -"-_ .. _._. ______ ._-1. _ ______ -l _ ____ cl 
~ ----- .- -- --- ----n--- -- -.---.- -. - . -. - --- - - -1'-'---' -. ·-- --·1-- ------- ,' 
I " I ' I 

I' ;i 60 days 70 days 10C days I 130 days .1 
" , I 
I, Age Mlf!anlS ------- - -. - ---.-- --- -------- ... --------L--- ----l i 
ii' I. i 1 :1 
I ' 1 

II i: 0.85 1.28 i 2.89 , 3.14 ;: 

~-===-__:.___==_.-- . --=__"_l==_:-'_ '- ,:.c, ..;=.1:="-:-':-'= ,,-" -:'--=:'_ .... j==.= --=-=l-.=--=--=-_~ 
All the me an values showing common letters are 
insignificantly different. Otherwise there 18 a 
significan t diffe r en ce at P<0.05. 
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proportional to the increase in age intervals. 

Percent water content 

SL ATYER (1961) concluded that the internal leaf osmotic 

pressure in case of tomato plants, grow ing on osmotic substrates made up 

of diffusible ions paralleled the osmotic pressure of the growth medium 

and was generally hig her than that of the growth medium. Aft er an 

initial period of adjustmen t th e luster uptak e by plants is res t ored to 

normal. Growth depression was explained by him on the basis that aft er 

the initial ion accumulation t he degree of hyd rat ion of plasma was 

affected which in turn affected the growth of t he plant . WAISEL (1972) 

quoted th [~t hi gher w~ter content per unit of l eaf surface ar ea was th~ 

product of salt induced succulence. Oamotic stress waB rna t deleterious 

to tomato plan ts when ~pplied during early qro .uth and recovery wae slow 

as compared to the condition when plants were exposed during their later 

grmwth period (DUMBHOFF and COOPEH, 1974). Salt stress increased the 

concentration of harmone abscissic acid, this inducea stomatal closure 

thue reducing t ranspiration and passive uptak e of salts. The lowered 

rate of transpiration res ults in an increase of the water content of the 

tissue wh ich reduces the ionic concentration within the plant (POLJAK[)FF­

MAYBER and GALE , 1975). The effect of salt treatment on water balance 

in jojoba leaves was not appreciable While relative water content was 

practically not affected by salt treatments. A great increase in the 

-1 succulence wae found only in plante exposed to 400-450 or more mmol 1 

NaCI. The i ncrease of succulence in salt treated plants was suggested 8S 

an adaptive response to salinity by JENNINGS(1968). 
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In our ~xp~rim~nt, ~ll the thr~~ factors i.e_, inoculum NaCl ~nd 

ag~ matter significantly (P.( 0.01) Be shown in Table No.12 _ The Int~r" 

action betwe~n inoculum and NaCl St~tUB Br~ 8S significant 8S among 

inoculum, NaCl r~gim~ and Bg~. While the interactions of both betwe~n 

inoculum and age and NaCl levels and ag~ intervals are significant 

reapectively (p <. 0.05 lind L.. 0.01). The mean values are signi ficantl y 

different at all age intervals and ar~ the high~8t and differ~nt at 

maximum NIICl status (P <:. 0.05). 

Sodium cont~nt 

Chlorid~ and aodium were accumulated in high amounts in leaves 

of jojoba plants grown in saline media. The accumulation was Bugmented 

by increasing salt concentration in root medium (TAL ~~_, 1979). 

Na content of leav~6 and stem increas~d with increasinq 5011 Bodicity. 

The probable reaBon waB that at higher Bodiclty the dominant ion in 90il 

+ solution waB Ne which resulted in itB high~r uptake by the plante 

(SALIM et al., 1978). Thes~ reports support this ~xperiment wh~re inoculum --
and sodium chloride levels affect d the Na content of leaves Significantly 

(P 0.01). Whil e the interactions such as NaCl treatments and age 8~d 

among age, inoculum levels and NaCl levels also influenced significantly 

at p ~ 0.01 and (.0.05 respectively, (Table No.13). However, there is 

insignificant effect of interactions b~tween inoculum and sodium chloride 

lev~ls and inocul um and ag~. The me8n values show significant difference 

at highest and low~st (50.00 and 0.0 meq/l. ) NaCl levels and the amoullt 

of Na content is ~nhanced 8S th~ NaCl concentra tions increase. There is no 

significant differ~nt mean value at all age intervals. 



Table NO.12 (a) 

ANOVA for percent water content 1n leaves alongwith levels of 

significance for the factors and t heir interact ions. 

T ~-· --------
Ii Source of , Sum or 
I: Squarl!s 

I Var ia tion Ii (S . 5.) , 

~----- .-- i! ---- --I 
I 

Ino culum 1' 1 25.05 I 
, ( A) I 
I " I 

I 
Re plicat ion II 0.25 ! 

(R) 

I 
I Erro r ( a ) 
i E( a ) 

I 
I 

I 

ii 
!i 

S 81 t Stress ,I 
(8) 

Error (b) 
E( b) 

Age (C) 

8 X cll 

fl.x8xdl 

II 
1 

I 

,I 

E(c) i 

0.43 

32.24 

3.86 

11.08 

630.74 

15.14 

31.56 

23.29 

I 

I 
I 
i 

Degr~e8 of 
Freedom 
(D.F . ) 

1 

2 

2 

3 

3 

12 

3 

3 

9 

9 

48 Error ( c) ~I 76. 89 II 

1===-=-===- ___ ~c - __ =:_- 7,-0--=_ --=--:.-- ___ 

M(!ans of 
Squares 
(M.S. ) 

25.05 

0.13 

0.21 

10.75 

1.28 

G. 92 

210.25 

5. 05 

3.51 

2.59 

1.60 

•• Siqn1ficant ut P .(1). 01 • 
Significant Elt jJ ,, (l . U'S. 

F. V slues 

•• 
117.26 

•• 
11.64 

•• 
131.25 

• 
3.15 

•• 
2.19 

1.62 
n. 8. 

n . s. 
# 

lnslgnlflcuntl y d iff~ I' E nt a t both l evels . 
Inter3ction ( jf re l Ij, n t f ... c hll'R. 

Ii 
Ii 
rI 
!i 
!: 
it 
I I, 
I' 
'I _J 

--;i 
'i 

I' 
" 

I 
I; 
I 

I 
II 
1 

I 
I. 
!, 

I: 
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Table No.12 (b) 

Significanc e of difference in the mean values of percent water 

co .. tent in leaves at different NaCl treatm ents , age i ntervals 

and in the absence or pre~ence of inoculum. 

r;:;:. ==~-==---=-- ~-....,. 

r~ an- I n 0 cu 1 (J ted Ino;:L.l:=t ed 
Inoc:ulum 

Me ans 

L ___lL __ 87.688 
87 . 76 8 

_ ___ J. 
r ------- -- -- ---- -If - - r --,' 

I, 

l 
r 
i 
!I 
!' 
II 

!r 
'I t 

" 0 . 00 12.5rJ 
rr:~~/ .. Salt Stl"C!S9 

I meq/l 

I!- ----
I: M!!ans 
:) 86.66 87.64 8 

II _ 

25.00 
mp.1/ l 
-----

87.768 

5C . CO :1 
meal:!. 

- - - _--~I, 

i: 

:1 
I 

88.82 
_____ 11. ____________ __----L-___ _--1 _______ c 

Age Mllane 

---n---- -- -. - -1- - -- ---.------. --~ 

ii I 1 ,I 
,I 60 days 70 days I 10C days 130 da ys i! 
i' i ---
!I 
I[ 

I 

+------ -jl -r----· 
I 
I 

! 

----~-

,i 90.47 117.18 

-=-=-'"'= lL _=-::-.:-=-.-=--=--=-=-. .:--::!':-_-:=-..:.; =- =0 =..:~=- J=-=- ~~ ._~o 83. 72 .il 
All the m~an values showing common lett~rs are 
insignificantly dif f~r~nt. Otherwise there is 8 

significan t diff~renc~ at P<0.05. 
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Table NO.13 (a) 

ANOVA for sodium content in leaves Blongwith levels of significance 

for the factors and their interactions . 

--- _.- --- - --- - ~ ~ 

-Ii I I[ ~- -

I ! 
1 Ii " I Sourc e of Sum of Degr f'!!!s of t~(!~ns of F. VAlues I ' , 

i Ii Squarl!8 Frl!euom Squares I 

Variation 
" I II (S.5 . ) (D.F.) ("1.5.) 

II~o:;um 
II , 
I' -- - -- . , 

•• 11 
'i ;, 

:1 
21.06 1 21.06 120.96 

I (A ) 

6 n.e. I Repli ca t ion 0.56 2 0.28 1. 1 
I (R) I 
1 

I 
I Error (a) 0.35 2 0.17 I 

E(8) 
II 
II •• Ii Salt Stress I 36.17 3 12.06 36.26 Ii (8) :1 I 

,! 

A X Of! ;1 3.24 3 1.08 3.24n• B • 

I! Error (b) i 3.99 12 0.33 
E(b) I Ag e (e) 1.48 3 0.49 1.62n• s 

,I 
1 A X e# 1.98 3 0.66 2.16n• s • 

eli •• I 8 X 11.15 9 1.24 36.47 I 
I 

I I 
e# I .. 

A X B X 7.20 9 0.80 2.62 
I 

Error (c) II 14.67 48 0.30 
E(c) 

I. 

.Ii c.=:::. 1 - -- -

. '" Siflnlficcmt i! L f1 <:'U Ll1 , . 
.0 S l~lni ficnnt ut f.J ,,-(] .[J~; • 

n.B. Insignificantly rJiffl!:! i'p: 1C <:t tw th l.!"IIl'ls. 
# Interaction of l' l""Jdflt fm;LrIT!3. 
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Table NO.13 (b) 

Significance of difference in the me?n val ues of sodi um 

content in leaves at different NaCl treatment s , age i ntervals 

and in the absence or presenc e of inoculum. 
PI . --=-:-:- i ' 

!I , 
i' 

Ino::ulum 

M!!:!8:1S 

I 
IL .. _ _ . 

'I 
!! 

Salt 5tr~s9 
, 
i: M!!!ans 
Ii 

l: 

[Jon-· I noeL; 1. ~i ";; en 

iL ______ _ 1.398 

If 

I 
,i 
I 

" 

O.QJ 
m~q/l 

0.52 

1
....., ~.--. 

.;: • :," 1-

".,: -: .. -

1.098 

.i _ _ ._ 

In.Jcu l 2ted 

25,OG 
~p.q/l 

1.45 8 
__ . ___________ . __ • __ U 

-.-- - ----" 

50.C:: 
meq/l " 

I 

- .--.-- - -------.-. ·--- '1 
I Ii 
! II 
I 2.68 I, 
I Ii 

_--,-1_ __2l 

1.38a 

-- - .---- -- -,-' - - ----1- ----l 
I , I 

I , 

70 days 10C days ! 130 da'!s! 
IT 
Ii 
I ' 

I' 

_ lL_===-._.:.:-==- _. 

----If· 60 daV' 

" - - -,I 

I! 
1\ 

~. 

Age Moami I' 
', --
!I 

I II 
I I I 
I ,: 

i 1.39
sb i 1.63

b 
Ii 

-. 1-- - - -- - ~c=:=-..J.=---==.=U 
.L 1.34

8 

----__ _ _ I 

-:--:::. .-~ 

1.318 

All the m!!!an val ues showing common l!!!tters are 
insignificant ly differ!!!nt. Oth~rwise ther!!! i8 8 

significan t d1ff !!! r !!!n c!!! at P<O.05. 
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Potassium content 

Presence of inoculum affects the ~ crJntent in leaves 

significantly (P<O.05) (Table Na.14). Even more significant ie 

the influence of NeCl treatments and age (P<OQ01)for this para-

meter. The interaction of inoculum and age 1s effective too (P<O.05). 

Mean value of this attribute is Significantly different and maxium in 

the absence of NaGl treatment. This indicates the competion between 

+ + A Na and K 10ns. 11 mean values at different age intervals are 

obviously differing. However, K content decreases ss plant grows old 

snd mean value is highest at the time of first harvest. 

Percent phosphorus content 

MENGE et al.'1978) and HOWLER et ~.(1979) tested the leavee 

of troyer citrange and cassava respectively and observed an increase 

in percent phoephoruD content of leaf as a JesuIt of mycorrhizal 

infection. MAAS AND NIEMAN (1978) revl~~ed that salinity affects the 

concentration and utilization of orthophosprate (Pi) in plants. The 

total P-content may be affected. The effect varies with th2 plant 

speCies snd in some cases with the root medium. For pxample, with low 

concentration of nu trient Pi (0.1 mM) but still higher t .an in most 

soils. Salinity (-4 bars Na and Ca chlorides) decreased the Pi 

concentration in mature photo8vnthesising corn (lea mays L. ). The 

ATP concentration and the adenylate energy charge decreased with Pi 

indicating B Pi deficit at Posphorylation sites. When nutrient 

Pi was higher (2mM), salinity increased leaf Pi to toxic 

concentration, so that greater injury rather than benefit resulted 

from the increased supply of Pi. This phenowenon was named salinity 

P-toxicity. ~ith moderate nutrient Pi (o.2m ) salllnlty decreased 



Table r~o.14 (b) 

Signifi c ance of difference in the mean values of potassium 

Cuntent in leaves at different NaCl treatments, age intervals 

and in the absence or presence of i noc ul um. 

t _. _-_-===-=-=--:. -==---=.::..;,.- __ -_-- - .----- -.: __ . _=- -:::-:--. ::..... -,- ----- _ .::-:-,.:-. 

Non-Inoculat ed I ' loculated 
InO::Lllum 

M r!3 'l S 

>L n ._~-_:: __ - - _ - _ ':'_ =-. __ J.L 12. 39
8 

--I r-'-::::- ----- ... -

'I 

I 
___ . __ .1 

- -----T -
12.598 , 

II ___ . ___ . __ J.i 
- r ------ ---q 

" 

I 

r 
I' 
i 

::' 61t 5tress 

Means 

0.00 
/. neq,J. 

12. 50 
r-:¥>j -- /'" _f..!/ ,j. 

2S .. Q:J 50 . 0c] 
meq/l , meo/l " 'J 

I, 
I ! \: 1, - - '. ----- .. ---.---- -- ----------- ~- -----. - --1 ; 

i! ab I b I a /1 
14.14 I 12.06 : 12.43 , 11.34 Ij 

I' I I I __ ~ ________ J ______ .-1._____ JI 

II : I 
II _1 _____ ----- -T---- --- ------~---~ 

!i 60 days ' 70 days I 10C days 130 days I 
II ; l 

! : f\ n e .~ t! n ' . I' ~' 61 e I ---1------ -, ----~ I 

~ . ;i 16. 96 ~~_~,~~~:~:.~~L ~:71 J 7.73 _II 
Al l t he mean values showing common let t ers ar~ 
i ns i gn ificantly different. Ot herwi s e there is a 
s i gn i fi c ant difference at P < 0.05. 

60 



Tabl e No .15 (a ) 

ANOVA f or percent pho~phoruscontent in leaves alongwith levels of 

s ign i f icance f or the fac tors and their interactions. 

r'" -- -.--
,I I 

I SOUTC !"! of Sum of 
Sq uBr l! s 
(S .S. ) 

D !!! g r~ct; of 
rr l'".f'! uom 
(O . F.) 

1"1 E' :::ms 0 f 
~~q u 3r~a 

(M . ~j. ) 

F. Values 

I Variation :: 

I II 
r-==-=~-~'-ii -- -_. ... -. - ! 
I I noculum ~ 0.0001261 ! 
i (A) !I 
I 

I Ii!!!plicat ion 
I (R) 

0 . 00000565 !I 

I
I!: Error ( B) 

E( a ) 
II 

\

11 ~ Sal t St rl'".!38 I 0. 0007864 

I

I (B) ;1 

\ 
i 

I #1 
A X B II 0.00099 

0.0000716 

I: 
~ [rr~~b~b ) I' 0 .0004946 

Ag E! ( C) 'I 0 . 0003765 

I 0. 00008286 ! 

Error (c) 
E(c) 

I 

II 0.000749 1 

0.000249 

I 
II 0. 001231 

I!· 
_dl-:...-:_ ;.-====-"- -- -- - - -

1 0 . 0001261 

2 , 0 . 00000282 

2 0 . 0000358 

3 0.0002621 

3 0.000033 

12 0.0000412 

3 0. 000 1255 

3 0. 00002762 

9 0. 00008324 

9 0. 00002766 

48 ! 0.0000257 

... Siqnlfic<Jnt at P ~l,.(l1 • 
Significant 8t P ~ll.U'j. 

n. s. 
0 . 08 

•• 
6.36 

n.s. 
0.80 

•• 4.88 

n.e 
1.07 

•• 
3.23 

n.8. 
# 

I n 8i~lliflcantly di I ferent ut: ,Juth levels. 
Interaction of l'Rl 'v;.:.nt f:1L. tl Jrd~ 
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Table No.15 (b) 

Significance of difference in the mean values of percent 

phosphorus content in leaves at di fferent NaCl trestments, 

age intervals and in the absence or presence of inoculum. 

/ __ ::----=-'-:::_- .---:-=:-:: "-"c .. -- •. --- -. =. 
---:=-'" 

,; 

r ~ D n- I n o cuL=: : .'!C- Inocu15ted 
~'loculum 

M !! 8n S 

IL ___ ____ _ 
n ­
~ ! 

II 
! 
U 

Salt Stress 

M!!ans 

lL 
Ii 

" 

0.005929 1 

o;;~ o 

~ :? lJ l ., 

ab 
0.0082041 

li__ _ ___ _ ____ .-L.. 

'-' --lr-
H " 60 days 11 " 

/: 
I 
i' 
II 

i\ 

Age MeGns 

'I 

~ ~ 

1-'-- " 

ii 0.0064904 
I 

- -= .. _I !::==~=::::.: -

.~fJ :. :=)~: 

,""! 'j # 

0.0058375b 

0.0 10275 
- --- - ,- - --- -~ 

--'1 

25 . 00 
l71 p.(J / l 

I ----- -.-- _ .... _ . 

-----, 
50 . 0'] 
mea/l 

" 

I 

, 
'--1: 

I Bb Ii 
0.0102916a , 0.008077 II 

I' ___ .. __ 1 ______ _ e I 
----- --------~-~I I I, , Ii 

70 days ' 10C days 130 days d 
I " 
\ II 

I
I ------11 

01 
, II 

0.0070625
a i 0.007375e 0.0114687 'i 

___ ;"_=...c::._= ..-.1= .. =.::;-""-_ L U 

All the mean valu es s howing ~ommon l~t:~rs ar~ 
insignificantly di f f erent. Otherwise t~ere is B 
s ignificant diff e r enc e at P<0.05. 
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inorganic phosphat~ (Pi) in tiBBU~S ~specially matur~ photosynth~8islng 

l~av~B of to ato (Lycop~rsicon ~scul~ntum Mill.) Kl dn~y b~an, safflDw~r 

(Carthamus tincotorlus L.) and mustnrd (Brasslca sPpJ. But ~v~n with this 

mod~rat~ nutri~nt Pi salinity increased Pi in Soyab~an (Gly~ ~ (L) 

Merr.) to lethal conc~ntr8tionB. All these effects indicate that salinity 

damagea mechanism controlling interacellular Pi conc~ntration. 

In this ~xperiment (T8bl~ No.15) perr.ent phosphorus content of 

leaves is influ~nced by NaCl levels and age significantly (P~O.01) but 

not with inoculum, except the interaction between NaCl regime and age 

(significant at P~O.01) all other possible interactions are insignificAnt. 

The mean value of this parameter i8 signi fic anlty higher and dif ferent 

for the mycorrhi za plants. Ther~ is no significantly different mean v8lu~ 

at any NaCl level. However, at maximum maturity, leaves show 

and significantly different m~an v.lue (PzO 05). 

FLOWERS AND FRUITS 

Number of flowers 

highest 

MOSSE ~~. (1969) ~xperimented with wheat and KHAN (1972) 

with maiz~ plants; almost all mycorrhizal plants with or without 

phosphat fertilizer and non-mycorrhizal plus phosphate plants grew 

well reproductively as well as vegetatively. Number of grain per ear 

and grain weight were incre8s~d almost twelv~ times by the inoculation. 

But in t his experiment inoculation affect8d flowerin g insignificantly. 

ELGIBALY and GOUMAH (1969) proposed that sprouting of the buds 

was significantly affected by the 80il salinization in sugarcane. Numbp.r 

of buds increased with the age but sprouting was retarded. DUMBROFF and 



Table No.16 (a) 

ANOVA for number of flowers alongwith levels of slqnificance for 

the factors and their interactions. 

Ii 

i 
So urc ~ o f 

lo :8r~B:n :' 
!I 

II Inoc u lum :1 
(1\) 

, 
Ii 
I' II 

Replicat ion 
(R) 

Error (0) 
E(a) 

Ii II 581 t Stress 
I' (8) 
I: 
I 

1 

II 
II 
'I 
II I, 

!I 
I 

Error (b) 
E(b) 

Age (C) 

11 

A X B X rtf 1 
... ;1 

;1 
il 

Sum () f 
Squ lJr l'! s 
(5.5.) 

18.38 

4.77 

6.94 

4.79 

~7.46 

34.12 

491.21 

34.71 

66.29 

88.46 

I' Error (c) ;1 170.83 
I E( c) 11 

'i:==---=..c~=-_,l· - - -- --- -

l)eqr r~t"'!3 LJf 
fr~~dom 

(D.F . ) 

1 

2 

2 

3 

12 

3 

3 

9 

9 

48 

r'1ean~ of 
~ qlJlJ rf!B 

(M.S. ) 

18.38 

2.39 

3.47 

1.60 

15.87 

2.84 

163.74 

11.57 

7.37 

9.83 

3. 56 

.. Sign ificdn t ;jl P ZlJ .. l;'t., 
~..; i q n if i can t <'J t P q 1, :,.' 5 • 

n.B. 
0.56 

• 5.56 

•• 
46.00 

• 3.25 

• 2.76 

naG. 
J' 
f! 

I ntl lgnifir":unt1v !;Jl ,'('.'_,.:t l'~' "UPI !l:',/f'':_ '. 

Interar:tjrJll of ",.,'j :"/; '1- r ,c'(-!" ',., 

, , 
I , 



Table No.16 (b) 

Significance of difference in the me an values of number of 

flowers at different NaCl treatments, age intervals and in 

the absence or presence of inoculum. 

I ~ -:-...:-= 7""'"_._- _ -=- - -:-. 

iJon- I no su lo"': ~ .::i I nuc:..: 12:cd 

~nOC: L.:lum 

r~1!!3n5 

1.92a 2.13
a 

, I L .... _ _ _ _ _ _________ iL __ _ _ _ _ _ .. _.. J; 
" --- - -- ---1 1--- - - -- r -- - ---'1 

0,,00 -E .::-u 
OBit Str~s9 

rn~q/l ;'~'.: f 

Me ans 
1.29 2.382! 

?5.0D 
: i~f' q/ 1 

1.88
8 

50.CJ 
:.1~o/l 

2.54!!1 

" 

!.L--_____ ______ .,___ ~ __ . ___ .. ____ . _.....-!.. _ .__ __. ______ 1 ______ _____ ._ ! Ji 
~: -----rr-- -- --.- I" -- - ----T --- - ------- I----------;! 

ii it 6G da ys 70 days : 10[ da'y'B I 130 days :1 

~ lJe ~I!ans -' --------.. ---------·-------~----------- i- ~ , 
I i' ,I I I ; I 

I I a _ I !!I 
!i ;~ 0.58 1.71 i 5.79 : 0.0 _ 

~______ ~ ________ l___ _ _______ L .. ___ J ~ 
-- -_.- .- - ... .- ---- -- ------------ -

All the mean values showing common letters are 
insignificantly differ~nt. Otherwise there 1s 8 

significan t difference at P<0.05. 
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COOPER (1974) found almost a d~18V in flow~rin q of tomato plants, 

when str~ss was applied during th~ early st~ges of d~velopm~nt. 

However, repraductiv~ process indicat~d no eff~ct on it, wh~n salt 

strl!ss was applied durillg the time of anth~sis or when flower buds 

were visinle. 

66 

In this experiment NaCI lpvels applied have insiqnificant 

effect upon flowering. However, except the interaction of NBCl levels 

and age, all other possible interactions are significant (P<O.OS) as 

shown in Table No.16. The mean numbpr of flowers is lowest and 

significantly different when NaCl level 1s lowest . It indica tes that 

NaCl has no negative effect for flowering, at le6st at this maximum 

NaCl dose applied. 

Number of fruits 

MOSSE (1973) quoting the results of HUSS (1971) said that 

mycorrhizal plants of soyabeans weighed more at harvest and yielded 

more seeds than non-mycorrhizal plants. However, in this experiment 

inoculum affect the increase in number of fruita insignificantly, 

Table NO .17. 

Sometimes productivity is reduced more than vegetative growth 

of plants due to salt stress (HOFFMAN ~ &. ,1'l·J8). l:iraln Vield of rice 

(PEARSor~ .& BEHNSTEIN ,1959)&coI'n (KADDAH and GHOWt-IIL, 1964) were diminished 

without having any appreciable affect on straw yield. The only agronomically 

significant criterion for establishing BaIt tolerance is the commerical 

crop yield. Too often, vegetat i ve growth response to salinity is not 8 

reliable guide for predicting fruit or seed production (MAAS ~~., 1977). 

The mean values for this attribute f8l1 88 NaCI concentrAtion incresses 

1n the culture medium (80il) and these results Rre sustained by the above 



Table No.17 (a) 

ANDVA for number of fruits alongwith levels of significance for 

the factors and their interactions. 

So urce of 

Va riation 

Sum of 
Squares 
(5 .5.) 

De!)r ~e3 of 
i F reeLlufll 

(D.F . ) 

r-~~a nG of 
Squar~8 

(I~ . ~j. ) 

r. Values 

Inoculum 
(A) 

, 
/1 

,I 
Ii 
! , 
I 
I 
I' 

1-1 e plication I 
(R) 

Error ( 8) 
E(Ii) 

Salt Stress 
(8) 

Error (b) 
E(b) 

Age (C) 

'I 

ii ,I 
I: 

II 
I, 
ii 

i' 

II 

Ii 
1/ 
II 

Ii 
! 

I 

0.26 

4.19 

8.89 

42.28 

1.11 

24.42 

1633.11 

0.95 

109.84 

21.18 

- -I 

1 0.26 0.06n • s • 

2 2.D9 0.47n • e • 

2 4.45 

•• 
14.09 6.93 

3 D.37 0.18n• e • 

12 2.03 

•• 
3 544.37 202.29 

3 0.31 

•• 
9 12.20 4.54 

9 2.35 

Error (c:J 129.17 
E(c) 

~=-=_-=-__ l-~_" 0:.::---==-=-_'- _ 

48 2.69 

n.s. 
# 

Significant ~t P ~O.01. 
Significant at P <0.05. 
In8ignl ficontl y di ff~1 en t at buH, 1 ~v~ls. 
Interaction of re!pv8nt factnrs. 

h7 

11 
I' 

" 

, 
" 

L 
! , 

I 

I , 
.-JJ 



Table No .17 (b) 

Significance of difference in the mean values of number of 

fruits at different NaCl treatments , age intervals and in 

the absence or presence of inoculum. 
rr=-=== .:=-...:...~-- M --:;-:-= - ~ '-. - f-- -=--- -,j 

, 
lc.. __ 

Inoculum 

r~eans 

Non··I no cul a: ed Inoculat~d 
Ii 

" 

I 
-l, 

)1 a d 

I, 4.42 3.94 8 ;, 
'I _ ___ . ___ ~ ____ .. _ _ _ __ !. ________ _____________ ._...\J 

~---- --- --- ir-- --- .-- - - - -- -- I ----- ---- -: - --- --:; 

O.OQ -~2.5::J 25.00 50000 d 

5 1 
,- mea/l r· ~1/1 meq/l r;:2c/ l I' 

a~t :Jtress : : I i, ',- - .-----.-- -- -- ---}-- ---- __ I 
P ~1!! ans t: I , 

II I I 
I' :! 5.58

b 
4.428b , 3.87ab 3.83a : 

L- rI I I JI 

r II 60 days : ~Q da:s -1 1 0~ days I 130 days i 

I!I' Ag. M •• ne j! • --------a -t------ 1 
II I: 0.0 . 0.79 6.29 10.10 I 

~-====-==-c:==::,:!:II== I- ~ 
All the me an values showing common l!!tters Bre 
insignificantl y different. Otherwi s e ther e is a 
significant differenc e at P~0.05. 

68 



69 

cited reports. The mean number offruits is hiqhest at minimum NaCl 

level (P<0.05). While NaCl treatments significantly affect the yield 

at P ..(0.01. 

Fresh weight 

In the present study inoculum, NaCl levels snd their inter­

sctions produce no significant impact on fresh weight of fruits 

(Table No.18). 

Drv weight 

Table No.19 depicts that dry weight of fruit increases in the 

non-inocul ated plants significanlty (P <0.05). However, NaCl treatments 

and all possible interactions are insignificant. These result differ 

with the following reports. Weight of wheat qrain decreased in presence 

of high concentration of NaCl and Na2S04 (ANSARI.1972). Same results were 

obtained in corn in presence of NaCl by KAODAH and GHOWAIL (1964) 

MUHAMMAD and MAKHOOM (1971) and STROGONOV (196 ) have recorded 50% 

inhibition of growth in tomatoes grown in soil containing 0.1% (dry 

weight) chloride. The weight of fruit per plant was rpduced by 90%. 

Percent water content 

Sodium chloride concetrations affect the percent water held in 

fruit signiflcanlty (P ~ 0.05) .ln addition th~re iA siQnificant interaction 

between NaCl levels and age (P"::::0.01), 8S shown 1n Table No.20. 

SOdium content 

All factors and their interactions are void of significant 

effect on the sodium content of fruits. However, mean value is significanlty 

different at highest NaCl concentration. Sodium content of fruit increases 



Table No.18 (a) 

ANOVA for fresh weight of fruits alongwith levels of significance 

for the factors and their interactions. 

----------- ._- -ji 

I~c. of 
II 

- . 

i, 
'I 

: ,I 
oj Sum of Degr f!e8 of Means of F . Val ues I I 

" Ii Squares Freedom Squares , 

l~V:~l~tlon 
I I, (S.S.) CD.F . ) (M.S.) 

!, 

Inoculum 4.77 1 4.77 1.95n • 8 • 
(A) 

Flepli cat ion 22 . 21 2 11.11 4.54n• s • 
(R) 

, Error (0) 4.88 2 2.44 
I E(8) 
I 

II " I " 
Salt ~;tr!!98 

il 
1. 62n • 8 • 

I 
II 60.34 3 20.11 

( 8) ~ I 
I II 

B# 
II d , 0.87n • 9 • A X 
I 32.53 3 10.84 
, 
I 

Error (b) 148.68 12 12.39 
E(b) 

II •• Age (C) 
II 3800.53 3 1266.84 :1 11.65 
I 

A X C# I 25.73 3 0.58 0.75n • s • , 
II 

ell I' 0. 87n• 8 • 8 X II 88.48 9 9.83 
, 
I 

c# II 
I. 

0.88n• s • 
I 

A X B X 89.96 9 9.99 
'I 
I 

Erro r (c) 
I 544.63 48 11.35 

E(c) I 
I. 

I _li L-=c-=-,-.c..-==",,- ----.~---. 

•• Signi f icnnt Llt II ~li. U 1. 
• Signif icant ilt t-' <fl.OS. 
n.8. Insignificantly di f f!!1'21 I t ElL butll ll'!vels. 
# Intp.raction Df l',.lpvdnt f'Jr: tnl's. 
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Table No.18 (b) 

Significance of difference in the mean values of fresh weight 

of fruits at different NaCl treatments , age intervals and in 

the absence or presence of inoculum. 

rl =---- ----=-=-=. --c-· - -:- --1 

:! 

I 

I 
I 
I I~ Ci il-::: nGCU 1 c -: e C 

i :":.-.:::-
I noc~~a-t~d ~---- il 

,I 

Inoc :...: lum 
- _.-: ., 

Means 
Ii 8 8 ii l ,6.05 i 6 .14 i! 

- _ _ _ ____ iL ___ ,__ _ _ __ _ ____ J ________ , __ _ _ _______ JJ r----------- ---li ----- -r ---- -- - r --- ---n 
i , 0.00 12.50 ' 25.00 50.0C il 
!: 581 t 5 trl!ss i: ml:!q/l !- " c:/~ . mefl/l meq/l II 

/1 i - ·- - ----,-----" 

L~ _____ J __ ~:_~~_: __ 6.20· ' 6.55
8 

6.43" I, 
1 r 60 da:: - -:--7~--d~:~ -r_ 1~~- ~8YS 130 dBVS

l
" 

! Age Moans !i -t-
II Ii 0.0 0.19 9.39 14.78 

~===~~ = ,- IJ 

All the mean values showing common ll!ttl!rs a re 
ins i gnificantly different. Othl!r wise there 1s a 
s ignificant difference at P<O.05. 
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Table NO.19 (a) 

ANOVA for dry weight of fruits alongwith levels of significance 

for the factors and their interactions. 

-- II~- - -
II r Source of 

Variation 

Sum Dr Degr~es of 
Squares I Freedom 

I 

I noculum 
(A) 

Ii 
II 
I; 

~ (S:S.) .1 (D.F.) 

I 
---- --_. r 

lieplicati on 
(R) 

Error (8) 
E ( ~ ) 

\ 
I 

I 
I 

II 
Ii 
:1 
i: 

I: 
Ii s 81 t S t r e 8 9 ,I 

(8) i1 
I' I! 
II 
I , 

Error (b) 

E(b) ~ 
Age (C ) 1\ 

II 
i 

0.42 

0.06 

0.03 

0.39 

0.71 

2.17 

47.90 

1.13 

1.03 

A X 8 X C# 2.62 

Error (c) 6.84 
E( c) 

I 
I 
I 
I 
I 

1 

2 

2 

3 

12 

3 

3 

9 

9 

48 

Means of 
Squarp-B 
(1".5.) 

0.42 

0.03 

0.01 

0. 13 

0.24 

0.18 

15.97 

0.37 

0.12 

0.29 

.014 

•• 
• 

Significant at P ~U.01 • 
S ign1 f icant ot P < D. [15 • 

F. Valul!s 

• 28.56 

•• 112.10 

0.80n • s • 

I 2.05n • s • 
I 
I 

\ 

I 

n.8. 
# 

Insignificl:mtly c1iffLl'ent <.it buUI J.,..vf"ls. 
Interaction of rt'!lpvant factnr8 . 

-l 
I 

Ii 
I 

, 
" II 

I' 
" 

I· 
I 

i 
I· 

I· 

I: 

I 
II 

_J 
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Table NO. 19 (b) 

Sign i fican c e of diff e r ence in the mean values of dry weig ht 

of frui t s a t d i f fe rent NaCl trea tmen t s, age in t erva l s an d in 

th e abse nce or presence of i noc ulum. 
r --=--====-=---.:~=:::. -----=::;. - - -- --:--=.. -==- __ _ 

n:-= __ . -Ii 

Ino ::ul um 

Me3:l S 
jl 

Non- Inoc ulat ed I il oc 11 1c t e d 
1 , 

I 
.--~~:.. -~. -~--------

0.68 "---- _ __ _ _ ________ L_._. __ . _ 
" II 
I 0.60 -1: 

n-- -.- - --- ----------W----- -
II I 0.00 

,- --r -- -- ---n 
'I 

12. 50 25000 50 . 00 
, " meq/l 

Salt S:ress ,; mp. q/l ine q/l ii 
_ -.--,---- -- II 

m(~G/ L 
1:- --··----

i 
! 

M@!!ans 

L 
II 

Ii ., O.ssa 
II 

0 .67a 0.60a 0.74 a Ii 
~ ------r-II 

ii 60 da ys 70 days 10[ days 1 30 
I, I 

!i Ag e ~aan s 1,1 -------r---- i 
1\ Ii I 

I, ~ 0. 0 0 . 02" j 0.83 ! 1.61 ~ 
~ ---

Al l the me an va lues s howing common l et ters a re 
i ns i gnificantl y differ ent. Oth erwi s e ther e 1s 8 

s i gnif i c ant dif feren c e a t P < 0 . 05 . 
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Table No.20 (a) 

ANO VA for percent water content in fruits alongwith levels of 

significance for the factors and their interactions. 

I 
Source of 

Variation 

Inoculum 
(A) 

Replicat ion 

Ii 
'I 
I: 
II 
I, 
I' 
'I 
II 
Ii 

I
II 

(R) II 

Error ( a ) II 
E( a ) 

5 a1 t Stress 
(8) 

Error (b ) 
E( b) 

II 
I 

Sum or 
Squares 
(5 . 5 . ) 

219.48 

2111.36 

939.38 

4233.37 

337.31 

3284.33 

Degr~es of Me~ns of 
Freedom Squares 
CD .F. ) ( M.S. ) 

- - 1 

1 219.48 

2 1055 .68 

2 469 . 69 

3 1411.12 

3 112.44 

12 273.69 

F. Values 

I 
; 2.25n • 8 • 

• 5.16 

i •• 
Ag e (C) I 138557.06 3 46185.69 1118.95 

Error ( c) 
E(c) 

1026.35 3 342.12 

14444.57 9 1604.95 

1577.90 9 

18636.75 48 

----- -- --_._-------_._-- ---

•• 
• 

Significant nt P t..:[J.01 • 
Significant at ~I <ll oD5 • 

175.32 

388.27 

I 

i n.B. 
10.88 

! •• 

I 
I 

I 

4.13 

0.45n • 8
• 

n.B. 
II 

InSignificantly diff~rent at bath levels. 
Interaction of relF'vrlllt fac t n n 3. 

11 
.1 
I. , 
" , 
I' 
Ii 
I 

I: 
'j 
II 
I' 
I 
i: 
il 

I, 

I 

i 
I 
I 
! 

I: 
I, 

I. 
I' 
I: 
I 

I' 
I 
! 
!, 
i: 
I , 

I, 
I 

I 
I 

-ll 



Table No.20 (b) 

Significance of difference in the mean values of percen t wa t er 

content 1n fruits at different NaCl treatments, age intervals 

and in the absence or presence of i noculum. 

r;:=====--' -,'-- - - -- -------- . - -j-
I 

--:--. ::.:-::..-..:~ 

, , 
" fJon- I no cuI a ~ ed Iiloculated 

Inoc...:lum 

Means 

L __ _ _ 
~--. ----

__ ,.:...:: __ --l 59. 73!! 
-lr--=-:'--- -Ii - ---=-: . - --,-'-

iI 0 . 00 
I 

. L ______ . __ ,_ .. ____ .. . _____ .Jl 
-. -- .. '--'T-- ---. - --'! .---- '-'--n 

12 . Sr:J 25 . 00 : 50.00 ;! 
!1"'o!;::/l mp.q/l 'I' m2q/ l II 

48 . 61a " 

Ii 
i! 

Salt 5trl!ss ; m~q/ l , 'I 
~---- --: d ' II Means 

, 
I' 
I, 

I 'I I' i' 
U ~ 

52.158 B : 8 B ji 
55 . ~~ _ _ 53. 17 55.85 11 

, -- ·-----T--- /' 
70 days j 10C days I 130 days :j 

, --JI 
II , 

=-=-==-= I --1 88.39

B 

11 

r '/ Ii I 60 days 

'I' Age Means 1:--- ---I 'i . 

'( II 

~ ~C~ 37.06 91.248 

All the ml!an values showing common 11!tters are 
insignificantly different. Otherwise there is a 
s i gnifican t difference a t P<O.05. 
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Table IIlo .21 (a) 

ANOVA for sodium content in fruits alongwith levels of significance 

fo r t he factors and t heir interactions. 

Source of 
Var iation 

I noculum 
( A) 

Sum of 
Squi3l' es 
(5 . 5 . ) 

2 . 2083 

Degrees of 
, f reed um 

(D . F. ) 

---=--~=-~-=I=:=--o-o-=-==-r 

I \ 

M!!G ns of 
~qu;]r I! 8 

(M . S. ) 
t 
t 
I 

F. V 0 1UI!8 
I 

, " 

r - -="-'=-- :--===-----=-= --.:- ---- -"1--==--=-occ=--c::-.- -==,~ 

I, 
I 

i 
1 2 . 2083 

I 

Replication I 0.0112 2 0.0056 

( R ) II 

Error (Ii) 
E(a ) 

II 

Ii 
II 
II 
Ii 

I 
5 a l t 5 trl!8B I1 I11 

(8) 

Erro r (b) 
E(b) 

•• 
• 

0.2949 2 0.1475 

4.167 3 1.389 

0. 854 1 3 0 .2847 

10.3906 12 0.8659 

Significant a t P < 0 . 0 1 • 
Signif icant at P <0 . 0 5 • 

n.s. 
0.32 

n.6. Insigni fic ant lv different at bot h l eve l s. 
I nteraction of relevant factors. # 
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TAble No.21 (b) 

S i gnificance of difference in the me an values of sodium 

content in f ruits at different NaCl treatments and 1n the 

absence or presence of inocu lum. 

-F=--=- --::-_-_-...:o==~= = -:-;:-:- -:-=-., ~ 
I: 11 
I' , 
!i 

l' 

i, 
I 

Inoculum 

Mei'! ns 

Ii 

'I j, 

Non -Inocula:!!d r nacul :;:;l'!;ed 

0.7868 
0.9138 

, 
,! 

" 

j. 
, 
i 
! 
! 

lL,. il i' -.-JI 

II II 0.00 12.50 25 . 00 50.00 
I' II meq/ l meq/l meq/l meq/l I 
I 

Sal t Stress I tf-.- ----------+-------+---- -

Means i . II 
I 0.32 0.57

B 
I 0.77B 

I 1.7.3 ,I 

II __ J ~ 1 II 

Hll the mean va lues showing common letters are 
insignifi cantly differ~nt. Otherwise there is a 
signi ficant di ff eren c e at P <.. 0.05. 
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with the increase in the level of NaCl in the growth medium Table No.21. 

Potassium content 

There is neither any factor nor the interaction of any factor 

which has contributed significantly in the uptake of potassium in the 

fruit, however, it is highest when the ~lants are subjected to 50.0 meq/l 

sodium chloride stress through root growth medium (Table No.22)and their 

mean value is also significanlty different. 

Percent phosphorus content 

Sodium c·hloricE concentrations influence the percent phos phorus 

content in fruits significanlty (P( 0.01). Contrary to it inoculum and 

its interaction with NaCl levels are not much significant. The mean 

values are significantly different when inoculum is present and NaCl is 

absent in soil (Table No.23). 

GVTOLOGICAL STUDIES OF ROOTS. 

Number of arbuscules 

Only age factor is significantly effective (P (0.01), Table No.24. 

Rest of the factors i.e., inoculation and NaCl levels or the possible 

interactions of three factors are, however, insignificant. The highest mean 

value for the number of arbuscules is recorded at 100 days interval. The 

mean value for number of arbusculea decreases as NaCl level increases in 

the rhizosphere. Plate No.3 displays the extramatrical infecting hypha 

passing through the entry point to the arbuscules. 

Number of vesicles 

It is sifted from Table No.25 that age is a significant factor 

for influencing number of vesicles (P < 0.05). Factors 1. e., inoculation 



Table No.22 (a) 

ANOVA for potasium content in fruits alongwith levels of 

significance for the facto r s and their interactions . 

r 
Source of 
Variation 

Rcapltcetlon 
(R) 

Error (i?,I) 
E(8) 

II 
I,! 

1\ , 
,i 

\1 

II 
i; 
II 
I' Salt Strl!Be .1 

(8) I 

Error ( b) 
E(b) 

I 

•• 
• 
n.6. 
# 

5um of 
Squ3rl!o 
(5.5.) 

0.0485 

6.8399 

12.9999 

2.9333 

6.3466 

7.9999 

r
'·_· . . :=-.:..; c=. -'1'.: "-=--=-=-=o--~=':=r-""'=---.:.='~== --. r 

I i I· 
I I I 

1 Degrees of ~1eB n 8 of ' F . Values j' 
r r!!! !'! r1(Jm ~jqu;jrl!r:l 

, (D .F.) (M .S.) 

1 0 .0485 

2 3.4199 

2 6.4999 

3 0.9777 

3 2.1155 

12 0 .6666 

0.01 
n.s. 

1.46n• 8
• 

'. 

-~ 

., 
I, 

I, , 

,. , 
l' 

i 
I 
I: 
1\ 

i 

J 
Significant at P ~O.01 • 
Significant at P < 0. 05 • 
Insignificantlv diffe rent at both lev~18. 
Interaction of relevant factors . 
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Table Na.22 (b) 

Significance of difference in the me an values of potassium 

content in fruits at different NaCl treatments and in the 

absence or presence of inoculum . 

r=-~~cc ~=c~ = ii .~.~. .. ... . .. ·- ~i 

III . iwn- I n:Jcu12 :f.'d I n o cul at2d ,! 
, I, 

" I ' I' 
I! nOC~.Lum - - - ---- -- ___ I: 

I
, Mean _ ; 

I, 
: I 

II 'I' B II l ;! 16.2 16. 68
: L. 1\ ____ ____ .~___ ---11 

Salt Stress 

Means 

II 0.00 ----12. 5~--!--:-';.00 50.00·1 
Ii ml!q/ l meq/l I meq/l meq/l I 
tI -----.--41------+----------
Ir i ; 
I 

I I 
I I 

I
I a I f!I I B I 1 16.53 ' 15.8 I 16.26 17.00 II 

_ _____ -.. _ . __ '. _-_____ -~l-___ -____ J 
Hil the mean values showing common letters 
insignificantly different~ Otherwi s e there 
signi ficant di ffl!!r!"!ncl!! at P <.. o. 05 . 

are 
i s a 
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Table No.23 (a) 

ANOVA for percent phosphorus content in fruits alongwith 

levels of significance for the factors and their interactions. 

Sourc e of 
Variation 

Inoculum 
(A) 

Repltcation 
'R) 

Error ( a) 
E( a) 

, 

I 

I 
I 

I 

II 
II 

Ii 
II 
Ii 
I' 

Sal t S t r e 99 Ii 
(B) II 

Error ( b ) 
E(b) 

II 

•• 
• 

SquiJre8 
(5 .S. ) 

0.3149E-06 

0.129E- 04 

0.309£-04 

0.443E-03 

0.112E-04 

0. 000145 

- -- -1=---=---=-=---=-~=-7r.:.- '" - -==--=-=-- 'l1 

1 I I· 
Degrees of 
Freedom 

, (D .F. ) 

1 

2 

2 

3 

3 

12 

I F VI :,' M~ans of • a UI'!S 

~~JIlU;JrI'!8 

(M . S.) 
I L 
I 
I 
I 
j 

~ ~-=":'-7:'~ -= - .=.~---=r--====:-.:. ~=-= - -; 
I , 
I 

0.3749E- 06 I 0. 02n • 8
• 

I 
i 

0.0949E-05 0.41 
n.8. 

0.0000155 

•• 
0.1479E-03 12.32 

0 .237E-04 

0. 000012 

I· 
I , 
I: 
Ii 

Ii 
I' I 

I 
Sign ificant at P ~O.D1 • 
Significant at P < O. 05 • 

n.s. Insigni ficant ly diff erent ~ t bnth levels. 
Interaction of relev8nl factDrs . # 
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Table No.23 (b) 

Significance of difference 1n t he mean values of percen t 

phosphorus content in frui t s at di f feren t N8Cl trea t ments 

and in t he absence or presence of inoc ulum. 

0 - - - ======-. ..=:======-:-=~--:-=== 
1/ Ii 

T ---­
I 

=;1 
·1 

, ;1 Ii 
I ' 

I, Non-In oc ula":!!d Inoculated !I 
'I 

II 
I 

Inoculum 

"' eans 

Ii 
1 

j, 
I 

! 
I 

I Ii 0.00109583 0.0 1 8nt. 1 ~ 1 

L I ! ~I 
0.001 n-n 1804 16 

I r--
I 0.00 12 .50 25 . 00 50.00 
I meq/ l meq/l meq/l I meq/l 

5al t Stress If I 

l
l, Means j' ll I I 

I i 0.114166 0. 0135
8 

0.0178338 1' 0.01525a 
Ij 

L !I 
-~.-- - .-- .-- -=.:--::--- . - -

Hll the mean values showing common letters are 
insignificantly different. Otherwise there is a 
signi fic ant di ff!!r!!nce at P <. 0.05. 
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Plate No.3 

Arbuscules and entry paint of infecting 

hypha irto the root of mycorrhizal tomato 

plant. (400magniflcBtior 
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Table No.24 (a ) 

AND VA for number of arbuBcules alongwith levelB of significance 

for the factors and their interactions. 

I 
I 
I 

I
II Source of 

Vari at ion 
I 

ri - _0 ---- -,,---. - --

, Illocul um 
: (A) 
i 

I: lieplicat i on 
Ii (R) 

Ii 
I; Error (I]) 
I: E( d) 

II I, 
i; 

Ii 
" 
" :i 

I: Sol t St.r P.!09 'I 

Ii ( B) .J 

A X 811 

t.:rror (tJ) 
E(b) 

Age (C) 

If 
J~ X C 

Sum or 
Sllu art!8 
( S. S. ) 

1785.37 

2445.25 

48956.22 

59100.25 

22057.37 

81661.94 

729575.31 

166 12 .37 

155907.50 
1 
! 

11180B.37! 

D egr~~8 of 
Freedom 
(D . F.) 

1 

2 

2 

3 

3 

12 

3 

3 

9 

9 

f-\ 81lS of 
Squar~8 

(MoS.) 

1785.37 

1222 .63 

24478.11 

19700.0B 

7352.46 

6805.16 

243191 .75 ' 

5537.46 

17323. 05 

12423.15 

F. Values 

n.B. 
0.07 

n.s. 
2.89 

1.08 
n.9 . 

•• 
16.34 

1.16:11 ·6. 

0.83n • 9
• 

7142720111 48 14880.67 

n.s. 
# 

I 

SigniFicant ut r ~O 01. 
S1qntfic.mt at P < [l .U'). 
In8i~lflificnntly riir f'r'l'l: llt ;it huttl l '-!vpl~-;. 

Int~rdc tion of rl'! l""Jf-Jllt fe:'-.t II T H . 

" ;; 
I 

,I 

" , 
i ' 

J 

J4 



Table No .24 (b) 

Significance of difference in t he me an values of number or 

8rbuscul es at diff er ent NaC l treatment s , ag e intervals and 

in the absenc e or pres ence of inoc ul um. 
'-'=::'=:-=~ ---:-.:.--- ---- _. -

I noc ulu m 

r1~ 8:l S 

l ____ . ___ _ 

Salt 5tr 1! S3 

'-1'-! ans 

-- i' 

.lL. _._ . 
---·w 

- 1 

rJon - I no cul a ~ ~d 

152.60
8 

Ii1 Gcul"lte d 

15 1. 72 8 

-=-. -:.': '0''1 , 

, 
.. __ . _____________ .. __ JJ 

···-- - - -- n 
ri ,- ,.., c;; r '? 1"'1 I: n , ,1 ~.u O 1~.__ GS. OU ~u . co 

mt"~q/l j"'~:::,' '\ rIlp.q/l me a l I :1 
:1. ___ . ___ ~ ___ . ________ ._. ______ .. _ ______ i 

I 

I' 
" 186 . 37

b 
Ii 

163 . 9S
Bb 

128. 66 8 129 . 668 II , 
II , I' l.I._. __ ._. __ . _____ . __ LI_._ _ . ____ . ____ .. -.1_ .. _______ __ . __ . _ _ _ c l 

f: '---r- --- -- _n __ .. _ ----.- ~---------•• - r-' ----.. - , 

I, ii 6 0 ja ys 7 0 days I 10C day s I 130 days I 
: Age ~' ~Elms 1, ---, ______________ .~ _ .. ___ . ___ --1-- ___ I, 
I' !' : 'I 1 \ 
:( ;: b b , B I 8 !; 
II j, 46 . 42 9 2. 79 I 269. 66 I 199 .79 ,i 

b:---:===.c:=-:---_ - --:=--_.,.!L.- __ .:==---==c:--=..::= ~=-_--=.===-"_, .-" "" i..::." .., -:c-,-".-_=:--L ~ 
All the m~an va lues showi ng commo n l~t ters are 
i ns i gn ifi c antly different. Ot h~rw i se t h e r~ is a 
s i gnif i cant d i f f er~n c e a t P <0 . 05 . 
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Plate No.4 

Vesicles and intercellular hypha in matrix of 

infected root of t oma to plant (400magnific'l t lon). 
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Table No .25 (a) 

ANOVA for number of vesicles Blongwith levels of siqn ificance 

for the factors and their interactions. 

1---
I 
: 

I; Sourc r! of 

:; Variation 
II 
I~~- -~-------
I: I nocu l urn 
I: (A) 
i 
i R~ p licatlol1 

Ii (R) 

Er ro r ( El) 
[(u) 

A X atl 

[rror (b ) 
E(b) 

Agf! (C) 

Ii 

., 

jl 
" 

fl 
I: 
i' 
~ I , 
I 

I, 
I 
I , 
I' 

'I 
I, 

!I L: Ii Er r or (c) II 
E(c) i' 

li-
_.:=. =-=_,- .1-

. .:. . ' 

II 

~llim of 
~1 IjulJrl"'g 

(50S.) 

822.51 

72.15 

192.77 

1053 . 70 

1470.61 

4921.25 

3244.70 

2398.95 

3319.34 

3875.09 

14~97.13 

D ~lJI'f>[~n o f 
1-- r~~f!LJr] " 

(U.~ ~) 

1 

2 

2 

3 

3 

12 

3 

9 

9 

48 

"iF~<'iTlS of 
~qu(jrr:8 

( i.., ~ ~j • / 

822.51 

36. 07 

96.38 

351.23 

490.20 

410.10 

1081.57 

799.65 

368 . 81 

430.56 

304.11 

Stgnificant iJi.. P <O.W!o 
~:; 1 gnif icant At I' < n. 05 • 

0 . 37 
n.s. 

1.20 
n.s. 

• 3.56 

n.B. 
2.63 

n.8. 
1.21 

1.41 
n.B. 

Inn1.~pli fic;!n tJ.y (iiI fr ;PoIt "t hc;iii lPVPL;o 

Intpral'ti on of rp"l'" Itr1fll ,';J[ 1,rlJ'fJo 
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Table No.25 (b) 

Significance of difference in the mean values of number of 

vesicles at different NaCl trea tments, age intervals and in 

the absence Dr presence of inoculum. 

r=- "-=-. -.:':-:.::- -- ---:-- ----~-

r --,: --
Ino..:;ulum 

1.'\1!!8nS 

~- -. . 
1 -

::elt S:ress 

Means 

I 

__ lL _ 
- --11 

1- ­
i 

I, 

Non-Inoc ulated 

6.06 8 

- --. .1 
T 

'1 2. :,0 0.00 
f'!1!!q/l ~:2yil 

Ino C: 1-I1 3ted 

2500C 
mp.q/l 

7.338 

- i 
______ JJ 
-------., 

-'"'" ,......~ 

~Li. L;_' 

~2c/l 

... ------ - ----------------- ----.-~----------j 

12.58 7.12 B 6.668 0.42B Ii 
il lJ __ _ 

---- ---..:.. -=-rr---I ---- - .. ---.- 'I 1 

.' ________ " _____ 1 ________________ 1 _. __________ . ~l 

---'i ------- --.- ._- r 
AI)e! MI!8r.S 

I' 

" 01 
:; 

I, 
60 days 

" 

70 days I 10[ days i 130 da ~1 9 
I , ---~-------- t-- ------! 

I J: ! I :; 
'I i! 1.46

b 
, 0.63

b 
: 14. 21

B 
10.50B 'j' 

II ' J I I 

~__::_::=__=_=__·-----·_::_=lh==_=__=_.=~, ~::.'_'==_-,-;-_==,-'_I=:_=::_=:=~-:_::._=-_=-- I. L 

All the mean values showing common letters are 
insignificantl y different. Otherwise there is B 
s ignificant differ enc~ at P<O.05. 
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and NaCl levels and all possible interactions of the three factors 

influence this parameter insignificantly. The mean valueg decrease 88 

the NaCl level increases and the only significanlty different mean 

value is obtained at the lowest level of NaCl. Maximum mean value is 

calculated at 100 days age interval. Plate No.4 exhibits the vesicles 

and intercellular hyphae in mycorrhizal plant roots. 

Infected length 

It has been observed that except the salinity factor (fl~O.01) 

(Table No.26) no other factor i nfluences the infection of roots 

significantly. All possible interactions are also insignificant. 

The mean value is higher for mycorrhizal plants and significantly 

different. The mean value for the infected root length is highest at 

maximum NaC l concentration and significanlty different. At the aqe o~ 

60 days maximum root length is infected. 

Percent infection 

I\ge and sodium chloride levels have noteworthy effect upon the 

percent infection of root (P<O.01) (Table No.2?) . Whereas inoculum 

contributes insignificantly. All possible interactions of factors are 

insignificant. The mean value is higller and significantly different at 

lower level 12.5 meq/l of NaCI or even in the absence of ~aCl (P<O.OS) . 

The Table No.26.b, shows that the mean percent infected root increases 

as the plant grows old. 

SAIF (197~1~ has also pointed out the influence of stages of host 

development on V.A. mycorrhizae. Myc orrhizal crop plants have shown 

that after four weeks from sowing and transplanting, infection of root 



Table No.26 (8) 

ANO VA for infected lenqth of roots alonqwlth levels of 

significance for the factors and their interactions. 

If-­
II 
" Source! of 
1\ 

I Variation 
I , 
~~- -- - -",.---

I 
: Inoculum 
i (A) 
I 
1 

j' 
'I I, 
i. 

II R"Pl~~)tion 

Ii Error (8) 
i: E(~) 
I' 
I' 
I' Salt Strt'!ss 

(B) 

Error (b: 
E(b) 

Age (C] 

A X ell 

d 

II 

! 
t' 
" 
\' 

i! 
I, 

" 

!i 
,I 

A X 8 X 
' I :/ 'I 

eN 'I 

Error (c) 
ECc) 

II 

II 
" :i 
II 
I' 
Jt 

Sum or 
Squ(3r~s 

U) .~;. ) 

35519936 

35048000 

15655573 

228310176 

38721968 

150482832 

43051888 

45853456 

106251936 

116105744 

337163776 

Dt;:gr~CE) of 
F r!!!!d(J1i1 

(LJ.F.) 

1 

2 

3 

3 

12 

3 

3 

9 

9 

48 

' ~~O:ln s ot' 
~;q U(1r"B 

(M "S. ) 

35519936 

17524000 

7827786 

76103392 

12907322 

12540236 

14350629 

15284485 

11805770 

12900638 

7024245 

Siqnif'jcClnt LJt I' t'U.U1 .. 
:ilgnHicant lit 1-) <[I,e:), 

n.s 
4.54 

n.s. 
2.24 

•• 
6.07 

0.59 
n.s. 

0.54n • 8 • 

n.~. In8iqilific.;ntJ~' IJ.i.! r f:: ' i'I"l'.. cr, hj<.!! 1."); ~t. 
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Table No.26 (b) 

Significance of difference in the mean values of infected 

length of roots at different NaLl treatment s , age intervals 

and in the absence or presence of inoculum. 

I'J 0 !I - I Ii 0 C U 1 Q t i! d Iil Dcul ?lted 

885.06 3653.04 

" 

" I 

___ __ lL_ 
- Ii 

-- -- - -- - -------- -- -~ -- -- , -- -- - ---, 

Salt StreS:=: ,-
" 

C,CJ 
Tol:!o / l 

25.00 50.0J 
-- - :- :' ji m P. q /1 m 2 a I 1 : ! 
-.- ----------1- ------- --- -- --- ------il 

Means ; I, 
, ,i 760.11 • 2679.52 8 2519.78a , 3116.81 Ii 
L-_______ . ____ lL ,__ _ ___ . ___ c _________ ...J __________ . _ _ . ___ Ji 
.,------·--·----11- -,--,,--- -.- - ,- -,- -- --- -. --i --''' -'- .-- --r -----!I 
'" II 60 day s 70 d::3ys I 10C days I 130 days '.! 

,I 1;1 
I ! --- .-.-- - - -- - . ---- ,- -------- >---------i l Age ~~ans 

I 
I 'I 

: 3186.23b 2488.50ab I 1374.45a 
I 194 3.66ab

:1 
I 'I 

( ~---:-=_-=-=.-=-_-:=-:-~-_ -_. ::--..::: IL.==-. --:.-';: -_=---=-~ '." -'::=--:.:::-: -_::-;-::-.0 =..;.. -L -=.:.o.=o.-=-=.-=_-:--J- ---------J 
All th~ mean value9 showing common l~tters are 
insignificantl y diff~rent. Oth~rwise there is B 
significant differ~nce at P < O.05. 
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Table No.27 (a) 

ANOVA for percent infection of roots 8longwith levels of 

significance for the factors and their interactions. 

I 

I 
i So urce of 

Vari ation 

Inocu lum 
(A) 

li e pl iC Ht ion 
(R ) 

Ii Error (8) 
I [(.d 
I, 

I: 

II 

1
:
1 Salt Stre88 " 

II (8 ) ;! 

I! A X a/Ii 
II I 
'I tl I, Error (b) II 
! E (b ) ~! 

Ii ',;,', Age (C) 

I
, p 

I' 
II v c# 1\ 

I
II A A Ii 

I: I B X C# 

I :1 

II A X B X c
fi :! 

Sum of 
Squar !'!~ 

Uj . !;. ) 

522. 62 

197.31 

1070.17 

2134.88 

773.13 

1008.46 

19261.55 

866.16 

1383.20 

1390.10 

il'l 'I 
Erro r (c) 1\ 20880.55 

II E( c) ii 
k-=-,-=--::-=:-c-c-7_- .. ;1'":,,,_ ,:-:c_, _ 

Dl'!qrF' t>~:; llf 

f" r ~ E'l; flr. ' 
(IJ . I-~) 

1 

2 

2 

3 

3 

12 

3 

3 

9 

9 

48 

i-ie .mE.. of 
~)qu;:jr J 1 

(M.S.) 

522.62 

98.66 

535.08 

711.63 

257.71 

84.04 

6420.51 

288.72 

153.68 

154.45 

435.01 

Ol" 
• 

Significant ut fJ Z[J.L -i. 
Significant ot fJ <D.US • 

F 0 I-; lu~s 

n.e 
0.98 

O 
n.8. 

.18 

•• 
8.47 

n.9. 
3.07 

•• 
14.76 

0.35n • s • 

In u 1 ~111 i fie i] n t 1 y rl i r f r! l ' e 11 t [I t but h 1 r~ \. f' IS. 

Interaction Df rel"'lJ dolt Id e!.. IIJ/; . 

9? 

" 
I 

I 



TAbl e No.27 (b) 

Si~nificance of difference in the mean values of perc ent 

infection of roots at different NaCl treatments. age intervals 

8nd in the absence or presence of inoculum. 

r ___ -

~'ocL!lL:n 

" !"'t'!3n3 

~-- _ ~L_ 

i: 

S~lt ~t:"~S 8 1---
i'1E::lnS 

;1 

rJOil-llioc...:la-;cd 

40.68a 

U.C8 
ne~/l 

39.14 

'12 g 50 
! ...... '~r.;/ 

47.21 

I :1: ,~L! 1.. n t e [j 

37.018 

250 i.2C :,u.ClJ 
17"!~~ 11 "'20/1 

33.88B 
35.148 

-" 

I, 

" 

!..l.-___ ._ __ _. _. __ .. !L ____ . _ _ __ . __ .-'. __ . _-1__ _ ________ . .l __________ ~ 

,;----. ---. - -IT - -. - r-- '-- r- ----------rl 
" I' 

,1 60 days 7f1 dav~ 10[ dg-js I 130 da vs 
,I 

i'\g~ ~~ans r ------- -- ~ 

b b 
54.30B 

51.52B ,I 
~ II 22.91 26.63 I 
l..:.--:.:=-o----------- ::--=-...:.l~:::_===-- =-_-. ______ = _ _ __ __ ._ co.! 

·i 
"-==-=-= _-= ::-=---=::==..:...J_-:-:.....--==-=-..== .. :.::.lJ 

All the rn~an values showing common l~tt~rs are 
insignificantl y diff~r~nt. Oth~rwlse there 1s a 
significant diff ~rence at P<0 . 05. 
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system by mycorrhizae waS generally lO~J and ranged from 12% in 

fenugreek to 21% in pea. Mycorrhizal infection subsequently increased 

progressively to maximum between 58% in fenugreek to 88% in lettuce. 

In most cases 58 to 88% of root system t~as infected until the fruitinq 

stage of the host plant. 

ANALYSIS OF SOIL AND EXTRA~TS 

Spore count 

In this experiment~late Nos. 5 and 6.) number of spores In soil 

hBS been Significantly affec ted by Na~l level (P <0.01) and increase in 

the mean values of number of spores obtained at different levels of 

salin1 ty though highest and significanl ty di fferent (P < 0.05) at the 

highest NaCl regime shows some-whst irregul~r increasing trend on rest 

of the salinity levels. HIHREL (1981) concluded thClt spores could germinate 

-1 upto a Ifvel of 1.28 x 10 M or lower amounts of sodium chloride. Whereas 

1n this experiment the highest quantity of NeCl used (50.0 meq/l) is much 

below than thAt used by him. 

Howe ver, mycorrhizal plants show a hi~h~~ mean value for this 

parameter and result is supported by D/IFT and IIJ.lCULSON (1972). He established 

that the spore number was the measure of infection most closely related to 

the plant weight. Large tomato plants produced more spores than small ones. 

On the other hand, ~EDHEAD (1971) thouqht that number of Sp:Jr'OB in soil 

was not clearly related with root infection. In this case , inoculation 

interacted with NeCl insignificantly, Table No~28& 

Potsssium content 

Plants exposed to salt stress exhibit massive reduction for 



Plate No .5 

Endogonaceous spore from inoculoted soil 333 ~m 

diameter (40 1mBgnlficatlon). 
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Plate No.6 

Endogonaceous spore from inoculated Boil. 

250 x 292 ~m diameter (400magnlfic ntLan). 
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Table No.28 (a) 

ANOVA for spore count in 90il alongwith levels of significance 

for the factors and their interactions. 

Ir 
il 
II I' Source of 
il Variatio n 

!I 

Sum of 
Squar l!5 
(S .S. ) 

D gre!~s of 
Fr~eclom 
(O J., ) 

r-1!!'i'lnS of 
Squ,l r l'!8 
(M.~.) 

. '==--==---=-=-c: ' .. _ -~k---::= .. =..00= .­
I 

T --. 

! 
! 

Ii 

II Ii 
'I II 
il 

Inocul um 
(A) 

Age (C) 

Error (Q) 
E(8) 

Salt StreB9 
(8) 

A X 8 # 

Error (b) 
E(b) 

----=~-===::-:..-=:.:::=.:....-::::::-::::~ --

120.125 1 120.125 

I 936.625 3 312.208 
" 

I. 218.125 3 72.7083 
JI I, 
" 

4168.375 3 1389.4582 

" il 

Ii 
II 712.375 3 : 237.458 

I 
I 
I' I! 

2311.25 18 128.4027 

-. ----- -
.1) Significcmt ,1 t P .(U.O·L 
to SignificAnt lJt IJ < D.W>. 
\" " I "" o..:l. Ins i l:p,i ficE1nt tv Ii i f r j..' ;- I ' i I t J '~ 'J r, .11 

I,' Intt:~rt.,ction of r'c.~ ,- " , , l' " 't.t J' - , 

r-" ValU ES 

1.65 
n.B. 

4.29 
n.8. 

•• 
10.82 

1.84n • 9
• 

I" . . , , . 

'37 

. I' 
I 
\ 
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Table l\!o.28 (b) 

Significance of diFfererce in the mean values of 5~ore ccunt 

in soil at different NaCl treatments, age intervals and in 

the absence or presence of inoculum. 

29.25 

..... '" - , 

-. , 

49.12 

49.5 

39.5ab 

.-11 the 17:~El r. values shot-inq COf71m':Jn ~~-,_. '~~'S 
InslgniFicantl\ di~fer~':. Ot~~~W1S2 t~~~~ 
B1qnificant jlffer~ns~ ~t P <D .US. 
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Table No.29 (8) 

ANOVA for potassium content in 80 i 1 extrcw tB slonqwl th 1 evel!'! 

of Si gn ificance for the fact ors and their interactions. 

11=-" =-- -- ~ 

!I Source of 

\1 
Va r iation 

I , 

1. _______ 
1-- ----
I 
I 
I 

I 
I 

i 
I 
I 

I, 
II 

Inoculum 
(j~ ) 

Age (C) 

Error ( 11l) 
E(a) 

Sal t Stress 
(B ) 

A X B# 

Error (b) 
E(b) 

-- ell - -

:1 

I. 

I 

II 
'1 
i 

j: 

\: 
" 
II 
I' 
.1 
I, 

I 
I 
I 

# 

= r - --
I 

S um of DI'!~l nc", 017
' i .. ~ (-"t .~. i 1 ~) 0, 

S qu .irf.!~~ f re~,·t ::.1 ~ I ;:":;j 1 r;D 

(S.~j . ) (DJ ~) .' r1 ~ j. ) 

1.0153 1 1. 0153 

1.3043 3 0.4347 

0.2815 3 0.0938 

6.7243 3 2.2414 

3.4278 3 1.1426 

4.9503 18 0.2750 

Significant at P <O.Ul . 
S ignifican t at P <rJ.Of). 

I- V'] .1_ L:" :.i 

• 
10.81 

4.63-!i:··~ 

•• 
8.15 

• 
4.15 

Insignificantlv diffr?i.l:f1t;;;t IJr;th ;.r'\ff.l·l~j. 

Intel'uction of relt:'vimt f'L'ctlJf". 
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Tabl e No . 29 (b) 

Signif icanc e of difference in thE~ ml!!an values of potass i um 

content i n so i l ex t rac ts a t different NaCl treatments , age 

interva l s and i n th e absence or presence of inoculum. 

,-- -­
r - --

1.39 1.82 

... 
-'-"--- - .. 

"'--._---- 1; _ • 
. _-- -- ". -~ -

I 

J~::;Q 

",~C]n 

60 daV9 

1.94 

• I 

'" 

70 days 

"'<:: .-.~ 

~ ~,J ~ L! ... :.:[1 ,I '" _--:Il':L.. _ 

rn~!l /~ 

2.27 

i]G days 

_. __ •• __ J 

Al l the m~an values showing common letters are 
insign ificantly differ~nt. Otherwise there 18 a 
si gn ific ant dHfl!!rl!!ncl! at P <0.05. 
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the levels of potassium in the roots. It has been quoted bV 

WAINWRIGHT (1980) that NaCI can cause po tassi um leakAge from plAnt 

r oots. The potassium leakage from bArley and bean roots i5 salt induced 

rather than osmotically induced. SMITH (unpublished) found that NaCl 

treatment can induce potassium leakage at conentrations which cause 

substantial reduction of root growth . At this stage it is n~p08sible 

to know whether the observed leakage represent s memb r8ne damage or a 

process of exchange of cellulAr potassium for sodium . It is possible 

however , that the salt induced potass ium leakage is of si~nificance 

for salt toxicity or tolerance. In the present experiment i noculat ion 

influences the extractable potassium content of soil significantly and mean 

value is significanlty different (P <0.05) as has been shown in the 

Table No .29, NaCI status influences this parameter significantly (P <0.01). 

The mean value is significantly different At the hiqhest Na[l st~tus . These 

results are in favour of the WAINWRI[JHT·s desc ription . However, the inter-

action between NaCI level and inoculum is effective only at P .( 0. 05 , 

Extractable phosphate (PO~-) content 

Sodium chloride concentrations have also influenced the 

3-extractable phosphate (PO 4 ) of soil extracts s1gnificanltv (P ZO.01), 

Table No.30 . Inoculation and its interaction with NaCl levels isfhowever, 

insignificant. There is a trend of increase in mean values of this pBra-

meter as NaCI status increases and the significanlty different values 

are noted at higher NaCI levels. 

The mean extractable phosphate level 1s highe r and significantly 

different for the extracts of s01 l where mycorrhiz al plants have grown, 

Table No. 3D. b. 



Tabl e No .30 . ( a ) 

3-ANOVA for extractab l e phosphate (P04 ) content i n Bo il a longwith 

l evels of significance fo r the factors and t heir interactions. 

Ir=-~~'=~~='-r= 
- - - . __ ._.- · ... r :-" -" -c .. 

I 
! 

.. 1 

Source of 
Variation 

I Sum o f 
Sq ua r !! s 
( s . ~ .i. ) 

D ~ g re!:'! t, Df 
F r ~~~ c1 n !n 

( D. F .) 

f-1:.-.at m Df 
~;r:;u8rF-8 

(r1 . ~~ . ) 

F 0 Va lues 

i , 
I ~=--=-=.=-...:.... -=-=..:. -,~ .. C:' _-~ 
1 :i 
I I, 

II 
'I I nocul um ~I 0.32E-05 

(A ) 

Age (C~ 0.00446 

Error ( El ) " 0.0016 
E( a ) I 

Salt S t r ee ~ 
(8) 

" 
'I 
" , 

0. 1029 

0.0072 i , 
I 
I 
I 

Error (b) 0.0423 I 
I E(b) I 
L --=-=== __ J-=- __ 0_" __ -0-_=·"-_ ._ 

'1 32E- 05 

3 0.00 149 

3 0.00054 

3 ,0 . 0343 

3 0. 00240 

18 0. 00235 

•• 
• 

Si gnific Cl nt at I) ..cn. ll"l • 
Si gnif i cBn t at P <D . US . 

n.s. 
0 . 0 1 

2.775n• s • 

•• 14.60 

1. 02 
n. s . 

n.B. 
# 

Ins 1 9 n i f ie a nt 1 V r. i f r P i' r~ n t ;J t tJ n t h 1 C 'J P J :3 " 

In t e rFJ c t iD n (; .. r E' 1 ,,~v (! il l. f.] L.: t U r f) 
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Table No . 3o (b) 

Significance of difference in the mean values of extractable 

phosphate (PO~-) content in so il at different NaCl treatments, 

age int ervals and in the absence or presence of inoculum. 

0.0881562 0.1546 

...!., 
, -_. - ---1 

' '':: 5C 

r·1eans 

0.0884 0.01022 8 

25.QO 
fiiE!n/l 

0.1549 

5:.00 
~='C /1 

0.13998 

L __ . ... __ ___ 1, 
- - - --~I 

.- " _ ___ • _ • J. 

SO days "ie dal,'s 100 days 

0.1184a 

130 days I 

,I 
- - --------l 

I· 
f 

, I 
t!.- -:-:==-----... _ . ".,:-_"._~ _ 

0.1326
B i 

__o J. _-==-'-=- I) 

All the m~an values showing common letters ar~ 
insignificantl y different . Otherwise ther~ is a 
significant difference at P <0.05. 
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3-Here more extractable PO 4 1s not mer el y due to the fast turn 

over of nutrient in pot Boil but soil samples alongwith fixed P of 

plant endomycorrhizal roots when digested showed more available P to 

the plants and consequently there would be more nutrient release . 

FOGGEl (1979) appreciated the nutrient cycling through mycorrhizal and 

fine roots of mycorrhizal plants; BB their die back)senescence and 

decomposition increase the nutrient release to the soil. 

Water holding capacity 

In the present case (Table No.31), not a single factor or their 

interaction is effective. The mean values for this attribute are also 

insigificanltv different. It would be just to concluded that W.H.C. is 

not affected by that much amount of salt present in pot soil. 
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Table No .31 ( 8 ) 

ANO VA for water holding capacity of 80i1 8longwith levels 

of s ignificance f or t he factors snd their interactions. 

Ir--- --=-==--='=-=t;---c~'-.C-",,-- ~ -==.-"---r--"--'-=-=---- -- ----- I - ,,-- -'------~---= --f' 
I :1 

I ; ! 

II ! Sum of D!!! gret!s uf 

I Sou re!!! of i Squ3 r !!S F rl"E'1nm 
t'tI'!i-1nS of 
~i fiUr1r!!!E, 
0,1. ~ i . ) 

Vari a tion ': , ( s . f;. ) (f) • F " ) 
! 'I 
, 'I 

I ,I I =----==-==----- -,----~,t_== =--- =-- --=-:::=---- - ;-, -== ___ ,_0.0---

i 
i 
I 
II 

\ 
I 
I 

I 
I 
I 

I nocu lum 
(A) 

Age (C) 

Erro r (~) 
E( a ) 

Sal t StreB!:! 
( 8 ) 

A X 0# 

Er r or (0) 
E(b) 

- =::-:~='.-=----==- =-::..:-:::-- ---

I' , 
/I 
i' I: 
n 
II 
II 
I' il 
I 

I , 
I 

I 
II 
II 

• .:a 

co-

n.8. 
tI 

511.200 1 

779.358 3 

453.187 3 

1630.963 3 

464.2077 3 

3290 .084 18 

S i gnif ieant at 
Signif icant CIt 
Ins 1.gni f i r.f1l1tl V 
Intersrtion of 

511 . 200 

259.786 

151.0625 

543. 654 

154 . 7359 

182. 782 

P ..(lJ.1} j, 

f-J <0. [15. 
Lli fffo;H:'flt ~ '..: iJn L! I 

rr~le\,ftl;~ L f dC ':.Cll "j-. 

F. ValU!!Ci 

n.s. 
2.97 

0.84n • 8 • 

.:..e\, ~·.L '~-!. 
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Table No.31 (b) 

Significance of difference in the mean values of water 

holding capacity of soil a t diffe rent NaCl treatments, age 

intervals and in the absence or presence of inoculum. 

~- 7- --=-- - - .---

r~on-Inoculat~d :' -~ n .-. I l ... ~ ~ 'Zt "'" - , , _ ..... • _ _ \. 1,,-:.- 1 ... 

InOC L.: 2...J iTl 

M!!sn s 

90 .988 01.66B 
iL ___ _ __ _ - -- ___ 1l_ 

- - -._-- -
, 

--~ l -- -- --- -,: - -
---~ 

i' 0 . 00 -1 2.50 25 . 00 50.DO 
~alt S:res9 m!!q/l ~eq/l men/l m!!o / l 

• - ._- - -> - ,-

"-- _.- ---- -
I M!! sns , 

96.33B 93.18B 89 .258 86.548 

I " , I, 
___ u ___ - -- - ------'----------..1 - _________ _____ ---1-_________ "' r T ----.. -- ------ T - __ . -- - r----- -- : I 

I: II 60 days 70 days I 100 days I 130 days I, 
,',I ' " 

i Age Maane :: -- --- -- -- -----------,- -----_ __ -1!-----------1 f 
I ,! I' II i a ! a ,' il i: 90.45

B 
; 90.56

B 
i 91.81 I 92.46 Ii 

~ --- II ----_==_-_-:0_. ='-- -.::--:==:=-=-_ 1-=~=-:-_"_ -_"-7 - 7_ :=-::L-,~_=--==-~ 
Al l the mean values showing common lett!!rs are 
inSignificantly different. Otherwise there is a 
significant difference at P <0.05 . 
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CONCLUSIONS 



CONCLUSIONS 

Inoculation regarding 8 few aspects was effective in the 

tomato plants experiment. Mycorrhizal plants have higher meBn 

values, especially for most of the vegetative Qrowth p3rameters, 

leaves hardly show any cholorosis(Plate No.1). 

Mycorrhizal hyphae as nutrient conduit have taken part 

effeciently, inturn, higher mean values of infected root length,and 

spore count in soil corroborate the resultA. Through increased ront 

absorbing area mycorrhizal plants seem to have enjoyed the privilage 

3-to acqulsit more P04 from such salt affected soils. Higher mean 

values of percent phosphorus content in stem, leaves and fruits of 

+ inoculated plants favour the fact, simultaneously, higher soluble K 

3-and extractable P04 content in soil signifies thp higher nutrient 

turn over by the mycorrhizal rlants. Inocul~tion h~s il fluenced invague 

the K+ uptake or its content in erial parts of plants. May it be 

the antagonistic effect of excessive Na~ ions at CAtion eXChange 

comrlex around hyphae or fine roots. 

Inoculation increased percent water content in stem and 

leaves. The mean values of this attribute are insignificantly 

higher than those of non-mycorrhizal rlan ts. Contrary to it in-

significantly higher values were in the fruits of non-inoculQted 

ones. This opposing result is correlated with that of dry matter 

content in fruits. Which Is signiflcantly hi~her (p(O . OS) in 

fruits of non-mycmrrhizal plAnts. 

Sodium chloride treatments have inverse effect on 

vegetative growth and food synthesising area of the tomato plants. 
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However leaves dry weigh t number of fr ui ts, f resh and dry 

weigh ts of f ruits, have not been affected bV NaCI regimp. In 

addition, sod i um chloride has Dosit i vel y cOlltri but e d t o increase 

the fresh and dr y weights of stem bu t t h is incr eas e ~ on ly at 

25.0 me q/l. NaCl level. 

Fruits seem to be leRst resnonsive towa r ds inoculum and 

NeCI stimuli, whether it is due to the screelling sygtems of plants 

t o save their seeds for further propagation or through developm Ent 

of resis t anc e. Howe ver, this fact places the tomato plant in semi-

t ole r ant catagor y , at least to this much salt stress condition and 

ins i gnif i c antly responding to inoculation. Jlgronomically, no 

i ncrease in yield means little positive contribution of these 

factors. 

Number of arbuscul es is insiqnificantly affect ed a t 

law levels of NaCI. However , arbuscul ar development has been 

deranged at 50.0 meq/l. NaCl level . 

+ It is a well known fact that Na content of stem , leaves 

and fruits is directly related to the incr~ ase of NaCI level i n 

t he soil which ma y cause imbalance in the nutrient upt ke, such as 

+ K and percent phosphorus content have decreased in stem and fruit 

respec tively. However, percent phosphorus content of stem and leaves 

does not seem to be affected by thesalt used in this experimpnt. 

Stem has highest water content when NaCI is absent in the 

pot soil. Whereas, stem and fruits of salt- stressed plants visu ~lize d 

insignificantly different means values for this pArampter . The r i s i ng 

NaCl level in plant growth medium may have increased th e wa ter content 

of leaves. 



Potassium content in the soil B~tur~tion extracts is 

directly related to NaCl concentrationSe Thi9 ~+ possibly was 

1 Na+ i h disp aced by at the cat on exc angp in the 

soil and was dissolved in water. 

As plant age increased , there was increase in stem 

height , numbers of nodes, fresh weight of stem, number of 

leaves and their fresh and dry wei~htst fresh and dry weiqhts 

of fruits. Conversel y, stem dry wei~ht diminished wh en plants 

borne ripe fruits as compared to p18nts harvested ~t buddi ng 

stage. 

Percent phosphorus content in stem and leaves increased 

at ~+ content of the stem increased. This increase shows the 

synthesis of organic compounds containing P as basic constituent 

in their skelet cn. Pot ass ium content in 1 eAves has decreased 

as plants grow old. Consequently, fall in rate of photosvnthat~ 

metabolism has also been observed. 

Na content of leaves and number of flowers are the main 

attributes which do not seem to be affected by the a~e factor. Ht 

the same time more or less all chAracters of roots viz~number of 

vesicles, length of infected ro ot and spore count are also un-

affected. However, number of arbuscu1es increased in the infected 

r oo ts. 

Water translocation is a physiolog ical process ann it is 

109 

age dependent . Therefore, plants hav e hi q ~'e8t water conten t 1n stem 

and leaves when they were at the youngest stage of development. 

Water content decreased as p18nt becomes old . A~e insigniflC~f tly 
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affected the water content of fruits except at 70 days aqe, Rt 

that time the mean value was lowest and significantly diffprent 

(P ,(0.05). 

Except the K content, rest of the attributes i.e., 

extractable 3-P04 ' number of spores and water holding capacity of 

soil have been insignificantly affected at various harvest intervals. 

Soil extracts showed t~highest and significRntly different mean 

values of potassium from plants harvested at onset of the budding 

stage. 
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