N N .“&l .d‘!..l

SALT PLANT TOLERANCE IN.RELATION T0 SPECIFKC -
1ON_ EFFECT AND NUTRIENT BALANCE
N \\ SR NN

By
FERIAL BAYOUMI MOUSTAFA
B. Sec. ( Agric. ) Ain Shams Uaiversity 1961
M. Sc. ( Agric. } Ain Shams University 1968

THESIS
Submitted in Partial Fulfilment of the
i Requirement for the Degree of
DOCTOR OF PHILOSOPHY

in Soil Science

Soils Department
Faculty of Agriculture

Aio Shums Unpiversity Caire

1978

R T ! -
i1 " - . W oy ke

Central Library - Ain Shams Univers'ity |



| APPROVAL SEELT

Haome H Ferial Bayoumi Moustafa

.

Title ¢ - Salt Plant TolcTarce amd T#e Relation fo

Specific Ton Effect and Nutrients Balances

Thesis submitted for the degree of PheDe
in

5531 Scierce

Tnis Thosis bas been approved bys

e M H e

.o .'s »

Dates 29/ /2./ 19 ??

__-'.-'-'-é.-entral L|brary - Ain Shams -Uniﬂvérsit'y“ N



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



CONTENTS

l‘ IMODUCTION tagpredvectrisssrnssneBprbetonee

2. BEVEW OF LIEB&TIJRE‘ sesa s e s emsr s sbase v s gUERS

De.1+ Salt Tolerance and Its Physiolpgical

MechanismSCQUAt-..-ll..o---oooncouloooajo
Ds2». Jon Transport in a Salire ravironuenbese.
2.201 Dual meChqﬂiqm---.-.-..-..s.-..-o.....

D+2+2« Dual meckanisms of ion trasnsport in
relation to qullnlty-------.--.-......

2+3e Interaction Letween Potassium and Other

Ions.---..---oclo-ooc.-.oooaooqoc.ooc-.-l

2+3.1. Pobassium-sofinum Telationsnipeessosssse

2+3.2. Pobassium-calcium gyelationshipese.ecas
Z+3+5. Pobtassivm-magnesjum relationshipeese,.

2+4+ Aniong Cabtions Lhelationshipe.-

CRC I S S B R N ]

3. MATFEIALE 4D T DS s er s aprsacaae ss o e seaw
el Materials--eu-------.--................,
5.2. Methods----.---our-.o.-n-oo-u ----- aesemsse

Ao RESULIS A.D DISCLSSIOS eresaensnvssonsanseens

Ll

The Relationsaip botuccn Pobassiun

Absorption by Barley and nlcc Seczdlings
a-d Potassium Chloride Concentrstions in
tﬂe Exterﬂal Media--o..-..-........-.....

Absorption awd Traaslocatics ¢l Pobes
by Intact Barley ard Lhice Bezdlings-e.

Central Library - Ain Shams University

siu

*

Page

1
3
3
22
22 .
25
28
2
37
41

45

49
49
50

52

52

59



Page

4e%e Effect of Osmotic Pressure on Tae Upsake

of Potassium by karley and Ekice Seedlings. 64

Loy Bffect of Sodium Ckloridé on Potassium and
Sodium uptake Abeexpsien by Larley and Rice
.Seedlijlgs-..oo-.o.al..-cgqho-----aoo-..c ceae 69

' 4'-:5.6 Effect of Sodium Sulphate on Potagssiuvm ard

Sodium Uptake by Barley and Rice Seedlingse 77
4+6e Effect of Calcium & dagresiua Chlorides on

Potassiumn—Czlcium and ilagnesium-Uptake by

BaIlE'y aﬂd }Lica Se&dli’ﬂgs---'----.....--o--o 83

4.7+ Anions$Cations Uptake b& Barley azd Ricsc
SeedliDgS"°"'.""""".".“"""".°° 91

5. SumRY .0.......-.00---.-0;-.--.l.lqc..cI..l.lO}

6. BEEEBEI'I@SQQ..Ql.....-c----o-qun-oo--co--l- 115

Central Library - Ain Shams Univ"ers“ity



LIST QF FIGURES

CEEEe o Page
Volccily of K—-absorption by Barley and Rice
Seedlings as a functioan of KCl concentration
(0‘01-25 .Lueq/L)Onvnnc.-'qﬂ -.--o---too.nco-o.l, 54

Pota551um uptake QueK /g-D-J ) by Barley and
kice Seedlings Trom ECL sclutionsescecscscsen 62

Potassium ard sodium uptake by Barlcy and
Rice seedlings under Different concantrations
of NaCl added to KCl SOlLt.&.OﬂS_‘UO---a--no-qo. 71

Potassium and sodiua uptake by Barley and
Rice seedlings (e/g-Dew.)under different con=-
cenbtratiocs of ﬂ22804 added %o KCl solutionse.s 78

1.7 ard

Rice under differcrt comeuntretions of 63012

aqded tOKCl SOltthﬂE----o--... .o......Q-.-.. 84

FPotassiulm a.d calcium uplbake by s

=~

H

Pctassium ard Dagnesiul upbtaze by Barley and
Rice scedlings weder different concentrations
Df 1\58012 aidﬁd tD K(Jl SOlutiOﬁS-.-..-.-..-..-. 85

Chlorides upSake oy birley and nics seedlings
under differert conceatrsticas of _.aCl or CeCl2
or MgCl, adaed to KOl scluticusecsecinnerenee 94
Cations uptake by barley snd Zice sszdlings

uader different concentrations of xall ox

CaCl, or gCl, added %o ECl soluticicessassses 99

Central Library - Ain Shams University



4
 LIST _OF TABIES

Tables

o le

2.

5.&-

5ebs

-Absorption wslogity of potassium (uer[ggthu__

by Barley and Rice Seedlings as. Influenced
by potassium chloride concentratioans in the
External Media""!"ﬂc"'voacco-ccoaccccocl 53

The parameters K and ¥ foxr -~ ., .
mechanism fof K absor pt%@ﬁb’. bokey sosd XiCA, . 57

Potassini uptake MeK'/g.D.W.) from KC1 by
Barley and Lkice Seedlingse-<+... csescsssesas Bl

‘The katio Between Potassivm in Shoots and in

Boots of Barley and Kice Secdlings zs Influ-
enced by Exterral EKCl cocccntraticonessceeses 63

Effect of sanitol with Isosmotic concentra—
tions of IfaCl on the uptake of potassium
(uefg-) by Barley and kice SeedlingSe-cecsss 65

Effect of Manitol with Isosmotic concentrati-
ons of CaCla, MgClZ, and EaESQ4 on the uptake
of potassium (ue/g-)by Barley a_3 Riceessess &8

The ratio of Ha shoots /Ha roots in Iarley
and Rice seedlingSess-ss-- B eresse 75

Chloride-uptaike by baxrlsy and kice ceedlings
under different coaceatration of KCl, JaCl,

03012+KC:L and .mSClzi'KCl wee s e e s sn e s s 95

Cations uptake by Barley sad iiee scedlings
under different coancsatrations of KCl, NaCl+4kCl,
CaCla+K01 a:;d Jﬂgcl2+Kcl‘OOI ..... LAC I R BN BRI Y %

Central Library - Ain Shams University



~ Appendix (1):

Appendix (2):

Appendix (3):

Appendix (4):

Page
Effect of NaCl addition on the uptake
of K% and Na+@ue/g-D-W9]yBaIlay-and

Rice SecedlingSecseesrseccccscscnssness 111

Effect of 1¢a2s04 addition o2 Potassium
arxé Sodium uvptake by Barley and Rice

SeédliﬂgSl-ﬂtﬂlonao--.-cooou-.o--ooooo 112

Effect of Calcium Cinloride =ddition
on Potassium and Calcium ﬁptake by

Barley Eﬂd Rice Seedlings----f.....,.. 113

Effect of rﬂgCle addition on the uptake
of potassiua and msga.siuva by Barley

a_._'_Ld Rice Se@dlm‘s--lo.ooo..o.o...'-... 114.

=

Central Library - Ain Shams University



ACKNOWLELCYANTS

The authoress wishes to express her gratefu1~

ness to Profe Dre H+ se. HADI, Foxrmer Dean of

- Faculty of Agriculture, Ain Skews University, ‘for

his supervision, his splendid c¢o-opsration and

constructive helprul criticism throughout this work.

Iy gratitude is 21s0 owed to Hrse Dre Ko S
ABDEI~FATTAH, Asse Profs, Scils and Water use ILabora-

tory, National Kesearch Centre , for her interest,

valuable guidance, and coaitiauous gssistz..coe

Thanks are due to zll members of Soil and Water
- L
Institute, :Hnistry of Agriculture fo%zall facilities
to carry out tais study, end for their holp during

this researcis

Central Library - Ain Shams University



The problem of soil saliaity is =shered by agricu-
lturists throughout toe world éve to the fact that large
tracts of arable land are rendered unproductive as a
result of excessive accumulasion Of esalfts in the ThiZOw
sphere of crop plants. The amendas-ot of 531 ig the
ultimate remedy, but crop culture on such laré is equ=

differe~t stages

cf

ally importvant for tueir utiiizasion &
of reclamation. an understanding of tae Telative btole—
Tauce of crops and thelir varleties, tLherefore, assumes

immenee significarce.

Cu

Toe »ineral aputrition azd ealt tocleraunce of plants

Fh

as re€lated to selimity of their grouth -~.lia is usually

»

an interestlsig subject ¢

H.
=
lq
o
(]
jurl
e
@]
I
.
w
j3b}
[
(=N
E
[y
<k
e
'
3
A8}
mn
[sh)

<Teat role 11 t.e definitiocn of t.e cLZCoistics plreno-

mesnon of plaict roots wiich snoild be reliscted con the
behaviour oI auy zarticulal ciop Witk 1sEpect to phys—

iological and metatolic activities.

Higher p:a-.ts heve cCeveloped +ario.s nechanisms

@1
™

for regulating uptake z.. istrioatic. of oiperal sle-
meatse Uptake rate 1s gecerally i-71.: .- :4 ¥y a nurtber

of facvorss the wost importvart is t-e icter.al coacsntration
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stress, some plant species develop special regulating
meGhanism for the uptake of an essential eleuwent. These
-~ - meohanisms are still not fully understood. Salts affect
plant’s growth by asmotic pressure, toxicity of certain
elements, and its effect on so0il physical Propertieses
Specific ion effects (deicities and nutrisional dist-
rubances) may be superimposed on the general asmotic

effects 'depressing the yie.d further.

The present work has been designed to evaluafe the
variability in salt balance of bota barley ard rice as
affected by specific ion a:d nutrieats balai:ce in rela-
tion to potassium uptake by plazis under Gifferert ECl -
¢oncentrationse As it is a well known Tact Femt potassium

plays an importact roie in nutrients Lalarce.

Four salts (wa C1, Nay SC,, CeCl, and “§ C1,) -
comnonly found in soils under ar.d a.d semi arid condi~
tions—-are used in tae curre~t study. DThe snscific effect
of each ion at giffereat concentrations on s—uptaie by
barley and rice seealings 1s investigated. The uptake
of major ious as influenced by taeir exteznal concent-
rations in the aedia in tre rleseace of different KC1

concentration is also. inclided.
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2. BUVIEW OF LITERATLEE

'gfit'SéIt tolerarce and itS’QhI§iolggng}'mecﬁaﬁism;

Salt tolerarce refers bto the ability of plants

to tolerate concentrabtions of soluble =alits in the root
mediums

Inforimation on salt tolerance of crops is rathex
essential from different aspecits; namely, in diagnosing
suspected salt injury in the field, in selecting tole-
raat crop for saline soils, in deverminiag tiae suitable
irrigation water, the drairage reguirere.ss, ad mana-
gement practicese

Salt toleratcce of zrny crop hes Lee: aprreised, and
the data were initially reportec in terzs of salinity
level (Ece) that would be exprecced to give a 50 percent
reduction in yield, kicisxds (1G34).

It 18 woxtry toc ~ote trat clizmetic conditions as

well as the stage cf aevelopment may iafluence plant

ot

sensitivity Goc salinity ia hot dry areas t.azz ia eool

g
[
I

ng cerdain

and humid ones, wazgistad et als (1443 1T

stages of developuent, some plants are sencitive to

salinity but toleract at otaier stagzs, Zernstein =and
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Bhyland {1958) and Bernstein (1961). Pearson and Ayers

.(1958) found tThat Tice can gexmlnate &% Sallﬂltles up
to 10-15 ;mmhas/cm-, but the plahus ustally die it the
galinity exceeds S5aor 6 mmhos/cm- thlEg toe seedlings
Vstageo- Baxley Iesembles rlce 1n belng nore sensitive
'to salinity during the seedling stage than at earlier
or later growth stages. Rice is quite tolerait during
peedling stage, and again rather folerant during the
fertilization of the florets, Pearson and Berastein
(1959) -

Successful agriculture on saliipne and alkali soils
requires the se ofacrop capable of producing a satis-—
factory yield under moderate iatensities of salt or
alkali accunulation. The question ariscs i.unediately
as to what constitutes the physiological capacity of

a plant to tolsrate salt or algalie

In discussing tue physiclogical basis for the
various degrees of salt tolerance which prevall among
crop plants, it anay be kelpful to consider the chara-
cteristics of the natural halophytes. Halophytes could

he described as those plarts which have led to their
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survival under saline conditions, and the capacity to

deveiop :éﬁher high oémofic greséures of tne tissue
fluid to counteract the incressed osmotic Dressure of
the substrates - They have tze capacity to accumu~-
late considerable gquantities of salts in the tissue
fluids and %o Tregulate that accumulatione LOTEOVer,
Hayward and Wadleigh (1949) stated that plants whose
Protoplosm is resistart to relatively high accumul-
ation of sodium ions in the cell sap showld be consi-

dered halophytese

They conciuded that earlier investi: stiorns showed
that halophytism is essentially xerophaytism as both
halophytes zi:d xXerophytes are physioclogically and anate
omically adapted toMe scarcity of watere d.atomical
studies recvealed, however, tnat the two grcurce of plants
should be physiologically re.arded. whea tey used an
indirect method to 2easure t.e oszctic pizssure of the
cell contents of differect species of sla.ts in North
Africen Desert, the highest osmotic pressares, 10C
atmospheres or above, were fourd in plaats srowing on
dry or highly saline soils. Those growing oa moist non-

saline soils showed osmotic pressures of 1C-20 atme
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The osmotic pressure of the different species, however,

- tended to vary with the physiological scarcity of water
in the environment. They stated that there were vari-
abions in the osmobic pressure of the tissue fluids of

the leaves of Atriplex confertifolia <from 31e2 to 153

atme, in Alleanrolfea occidentalis from 22.5 to 61.8 atm.,

in Sacrobatus vermiculstus from 22.7 to 3946 stm., and
Saligornia nlabeénsis frxom 358 to 51«8 atme+ .uch of the
variations in t.e osmotic pressure of
were found %o be associzted with_the chlexrice contents.
They ®bsorved that some halophytes ugy regulate the
salt content of thelr tissus Iluias independertly of
the salinity of tThe eavironmert. Salicorpis =27 contain
& lower concenbtration of sodaiurm chlocride t..ax that

in toe soll, or 1% ay accurulete nighsr 2Cl concentr-
ation than that 1n tae soile rerward awnd atleigh(1949)
pointed out tiaet salt tolera.ce oi a givza s.ecies of
crop depcixds ¢n the sawe bthrs¢ attrasutes tzet were sti-
pulated as esgential for ralor.ytisze I% iz a.parent,
however, tnal the =ain defficicncy of economlc crops
which lack salt tolerance ies taue¢ inhibitory benaviour

to regulate adequately the intake of sals, ard the
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