3= HMATERIALS A¥D METHODS

The present study was conducted during the growing seasons of
1985 and 1986 in the greenhouse of El-Kanater Research Station
Kaliobia Governorate , to investigate 1f1'é'efrect of saline irrigation water
and sodium adsorption ratio (SAR) treaiments on growth , leaf and
fibrous roots minerals , chlorophyll (A & B) , carotene , leaf soluble and
nonsoluble carbohydrate , stem total carbohydrates and starch , bud
indoles and phenols contents as well as leaf osmotic pressure of
Washigton navel orange plants budded on four citrus rootstocks
Moreover , some histological studies were carried out on leaf and
fibrous roots of the plants under study . Lastly » an evaluation of citrus
rootstocks under salinity condition was conducted .

e

*

Preparotion of the exXperimental units =-

Sour orange (Citrus au;agt;‘ggh L), Rangpur lime (Citrus limonia .
Osbeck) Cleopatra mandarin (Citrus reticulata . Blanco) and Poorman
orange (Possibly of hybrid origin , Hodgson , 1967) seedlings , of one-
year- old and nearly similar in their vigor were chosen for this study .

These seedlings were planted in March 1983 in clay pots of 30 cm.
in diameter filled with clay loam soil and irrigated with tap water till
they became suvitable for budding with Washington navel orange scions
in September , 1983, In March , ¥985 homogenous plants about 70 cm.
height were irrigated with solutiog of various levels of salinity and SAR
as treatments containing sodium.};ulphate ., Calcium chloride , calcium
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nitrate and magnesium sulphate at a rate of one liter per each clay pot

three times weekly as shown in Table ( 1 ) :- ,

Table (1). Salinity treatments and there salt constituents

Salinity treatments|  Salts . 9. per 1 liter solution )

D.p.M. SAR |Na, SO, ‘Ca_"'Cli, Ca (NO5),| Mg S0,

Control Tap water
2000 6 1.154 | 0.406 - | 0.440
2000 12 1596 | 0.204 - 0.200
4000 6 1.787 | 0555 | 0548 | 1.110
4000 12 2773 | 0555 - 0.672

6000 6 . 2267 0.555 1.438 1.740
6000 12 0.555

T

’

At monthly intervals , salinity was leached' using the same saline
solution for each treatment while they were applied continuously for
two seasons . However , the budded treated rootstocks were grown
under partial shade in both seasons .

Mé‘reo’ver in 1986 season , another group of budded rootstocks
were grown under full sun light and irrigated with the same prevxous
treatments as presented in Tabie (I) .

Treatments were arranged in a complete randomized blocks
design and each treatment was replicated three times with two pots per
each replicate .

Y
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1 - Browkh MeaSUrements.

1 « 1 = Brwy wweligbht -

H
4

In october . 1986 plants of each treatment were gently removed
from the pots then root system was completely excavated . Each plant
top was further divided into leaves and_”'stem _‘These parts of each plant
were washed with tap water and rinsed in distilled water . Such
severed leaves , shools and roots were dried in an oven at 70" ¢ till
constant weight . The dry matter for each part was weighed in gms.
and consequently top/root ratio was calculated .In addition, fibrous
roots were weighed solely . Therefore, percentages of leaves to the top
as well as fibrous roots 1o root sysiem were also calculated .

I « 2= Leaf ore@ ==

In season of 1986 , as leaves of spring flush reached full
expanded stage (3 months old) , 10 leaves from the middle of shoots of
each plant for. each treatment were randomly picked for measuring leaf
~ area by using a planimeter . |
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1 . 9= Leaf speclflic wen@]nﬁtt g e

¢

Leaf samples which were used for measuring leaf area were also
used for the determination of leaf specific weight , via taking 100 cm?2
of leaf then washed with tap water , rinsed in distilled water and oven
dried in a furance at 70 c till constant weight . Leaf specific weight was

determined as g./100 cm? leaf area. ‘“r.

1= Chemical constituenES.

. 4= Leaf end root minerals contemk:

In both seasons of 1985 and 1986 as leaves of spring flush aged

3 months , 10 leaves from each plant of eég_h_ treatment were randomly

. sampled from the middle of the spring shoot . These leaves were wiped
free of dust with a damp cloth , washed , with 0.1 N Hcl to remove any

residues then with distilled water . The leaves were oven dried at 70 ¢
till constant weight . The dried leawfés were weighed and recorded .

Samples of dried leaves and fibrous roots were finely ground for
chemical determinations as follows :

0.2 g of ieach ground sample was digested using the procedure
suggested by Jackson (1958) . The digested solution was used for the
determinationlof N, P, K, Ca, Mg, Na, cl,Zn ,Fe and Mn nutrients.
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In this respect , total nitrogen Wwas estimated according 10
microkjeldaht method , as described by Pregl (1945} )

Total phospti}orus was determined using the mothed of Chapman
and Pratt , (19Q1) method .

Potassium qnd sodium were determined by flame photo meter
using the method\recommended by Brovn and liltetand (1946) .

Calcium anpd magnesium were esumated by titration against
disodium dmydrogen ethylenediamine tetra acetate {versinate)
according to A . 0. A.cC. (1970) method . '

Chloride w?s determined in a hot water extract then titrated with
sifver nitrate as employed by Higinbotham et al. .(1967).

Moreover ,in, Fe and Mn were determined directly in the diluted
digested soiuuoq using the atomic absorption spectrophotometer . (PYE
unicum SP 190013

»

‘Any how , N p . K,Ca,Mg,Na and Cl elements were calculated
as percentages in dry matter whilist Zn , Fe and Mn were esumated on
_ the basis of ppm . )

0. 2= mmmpres ond phenols I buds &

Samples total buds were collected randomly in October
cleaned , cut into small pieces apd extracted with 80% methanol at 0 c
for 72 hours . The methanol beiiﬂ changed every 24 hours as described
by Daniel and George (1972};.
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Total sol
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irating methanol at 30 ¢ 2" ¢ under vacum , then diluted
volume for the deter mination of soluble phenolic
{ the indolic compounds .

uble phenols were determined using the folin Dennis

colourimetric
concentration

Indolic ¢
dimethy! amis
1962) as mod
colourimetrica

IAA per 100
|

also calculated .

Lmpounds were determined by using
is benzaldhyde test (Ehrlich reagent , Larsen et. al.,
ified by Selim et. al (1978) . They were , estimated
1ty at 530 Mu , the concentration was calculated as mg .
» . dry weight . Furthermore , indoles/phenols ratio was

thed ( A.O. AC, 1970 ) a1 730 Mu wave length . The

e
zas calculated as mg."})'er. 100 g. dry weight .

the method of para

. 3 =-0Lea

¢ soluble and nersolible corbohydretes :

Soluble
extract of 0.2

~ The fiH
estimated .
after extract]
(6NHC!1) by ¢
clearified by
. The value
sugars as m

jon of soluble sugars .
yoiling under reflex for 3 hours . The hydrolyzaie was
charcoal and sugars were determined as mentioned before

h

sugars were assayed in one hour boiling distilled water
g. dry weight according to Mcilory (1948). |

irate was clearified by charcoal then colourimetrically
Non soluble sugars were. determined in the residue left

The residue was acid hydrolized

as multiplied by 0.9 to obtain the percentage of soluble
tioned by (A.0.AC, 1970).
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i . 4 = stemm starch @mnd total u:mrrlbnum@u'ml\;@s H

[}

After extracting the soluble sugars . starch was determined in the
residue on left the filter paper according to (AO.AC 1970) .

Total carohydrates were delermined colpurimetrically as 8-
glucose per 100 g. dry weight accordmg 10 Smith et. al. (1956) .

1

i

M.% = Lealf @.ﬁﬁﬂ@ﬁ’@@iﬁ]@]ﬂﬂ A , B and carctene cOntenEs s

In both seasons , four leaf samples were taken al 30 days interval
starting from April till July . Each sample composed of five leaves which
. were randomly picked from the middie of spring shoots . These leaves
were wiped {ree of dust with a damp cloth , washed with distilled water
to remove any residues for deter mining chlorophyll A . B and carotene
contents . It was conducted using the method of Wetlstein (1957) .

However ,chlorophyu A ,chlorophyll B and carolenoids were calculated
as mg./L. using the following equations . T

mg./L.

‘chl A . (9784xE663)- ( 099 x E644 )

chl. B =(21.426xE644)-‘( 4650 x E663 ) mg./L.

Carotenoids = ( 4.685 x E440 ) - (0.268 x chl. A+ Chl . B) = mg./L.
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101 = Sulinity hozard coefficienkt (4 S..[HI:.[E;. Va

In order to study the relation between carbohydrates and
pigments content in leaves of budded citrus plants grown under saline
conditions , relative ratios of total soluble sugars and chl. A+B/carotene
were carried outl according 10 Mog}'al'a and Seif (1979) . This was

done in a trial ro establish a relative coefficient for salinity hazard . This
coefficient 1s calculated using the fol‘lov'wing formula

P

Total soluble carbohydrate
x caroiene

chi. A + chl.B

¥ - NSmoklc Pressure ot citrus IRUVEs.

In both seasons , four leaf samples were picked at 30 days
interval starting from April up to July . Each sample was composed of
three leaves per plant taken from the middle of spring shoots of each
treatment . Leaves were wiped free of dust with a damp choth , washed
with distiued water to remove any residues . Osmotic pressure of citrus
leaves was carried out adopting the method of Gosov (1960) . |

v - [H]DSL‘:.@!]@@U(:G:H stuel@s.

samples of leaves of the same physiological age and fibrous roots
were taken in October , 1986 from each treatment and immediately
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4.1 Growkh 3

Growth of Washington navel orange plants budded on different
citrus rootstocks grown under various levels of salinity and SAR and
subjected to full sun light or partial shade conditions is shown in Tables
2and 3.

4 .1. a . Fuil sun light !

It is clear from Table(2) and Fig.(1) that salinity and SAR
treatments for different rootstocks used decreased plant dry weight as
compared to the control . Such decrease varied from 8.7 to 38.1 percent
for sour orange , 2.6 to 34.1 percent for Rangpur lime , 1.4 1o 34.2
percent for Cleopaira mandarin and 2.7 to 23.7 percent for Poorman
orange However , differences from the statistical point of view were
more clear in case of _sour orange . values whilist Rangpur lime and
Cleopatra mandarin showed less significant values . Poor man orange

rootstock , on the other hand , failed to give signicant values in this
respect . '

Referring to different salinity levels at SAR 6 , it is quite evident
that plant dry weight decreased with increasing level of salinity to 6000




Table(2) : Growth of Washington navel

LY
T e
=

orandé;pluttsbum on different rootstocks grown under

full sun light as affected by differént levels of salinity and SAR {season, 1986 ).
Salinity treatment Root D.w. Top D.w. [Plant D.w] Top/Root | Leaves Fibrous | D.w.of Leaf
Root ' roots [100 (cm2)] ares
stock | ppm.| SAR (1] ' {2] [3] leaves
(g.) | (g) | (q) | ratio . % (a) |(cm?
Control 64.60 | 74.90 {139.50] 1.15 27 34 1.0 35.40
Sour |"2000"| "6" 46.40 | 80.90 | 127.30 | 1.49 13 31 1.00 16.40
orange | “2000"; "12” 4550 | 58.20 | 103.70 | 1.44 27 41 0.92 19.20
“4000" | "6" 38.10 | 58.40 | 96.50 1.60 15 24 0.86 14.30
*4000"( _"12° 36.80 | 58.10_| 9490 1.57 24 31 0.99 18.50
“6000"|{ “6" 34.60 | 51.80 | 86.40 1.65 28 27 094 | 18.80
"6000"| “12" 3920 | 59.00 | 98.20 1.52 16 24 1.09 22.50
Control ©9.00 | 66.00 [125.00] 1.15 | 29 33 0.99 | 25.20
Rangpur { "2000"| "6" 5470 | 67.10 | 12180 1.28 27 43 0.94 17.60
lime [°2000°7 12" fi 3620 | $0.40 86.60 1.36 31 33 0.93 24.90
“4000"1 "6" 5090 | 65.80 ] 116701 133 23 34 1.01 22.20
“4000°} "12" 49.00 | 60.20 | 109.20] 1.23 25 24 0.95 20.80
"6000"| 6" 36.30 | 56.20 | 92.50 1.35 20 28 0.98 19.10
*6000"| 12" 3710 | 45.30 | 82.40 .26 17 24 0.98 16.20
Conirol T 61.10 | 71.30 [132.40] 1.32 24 29 1.02 26.40
Cleopatraj “2000"| "6" 5980 | 49.90 | 109.701 0094 30 35 1.00 23.60
mandarin| "2000" | 12" 5250 | 65.80 | 11830 | 1.32 20 38 0.94 19.60
“4000"] "6" 4650 | 6780 | 11430] 154 25 35 0.97 21.50
“4000"| "12° 56.60 | 74.00 | 130.60 1 1.39 20 21 0.98 24.40
*6000"] "6" 4450 | 51.40 | 9590 1.18 24 27 0.94 20,60
“6000"| “12° { 35.20 | 51.90 87.10 1.50 27 27 0.96 24.60
Control 48.60 | 52.90 [101.50] 1.09 35 36 0.91 25.80
Poorman | “2000” 6" 4380 | 55.00 | 98.80 1.24 |4 31 35 0.94 24.20
orange |°2000"| “12" § 39.10 46.80 | 85.90 1.16 40 32 0.97 23.60
*4000°] "6" 43.90-] 44.30 | 88.20 1.35 33 27 1.02 22.10
*4000"| “12" I 33.00 { 49.50 82.50 1.50 19 19 0.9] | 2330
*6000~1 6" | 3850 | 3890 | 77.40 | 099 30 20 1.06 24.10
*6000"] “12° 35.10 | 43.60 | 78.70 1.21 25 21 0.96 20.80
L.S.D. ot 1% 16.70 | 19.30 | 32.50 | 0.26 - - 0.08 | 3.50
[}
[1] = Leaves + Stem D.W. = Dry Weight

{2} = Leaves D.W. / Top D.W. x 100
[3] = Fibrous rookD.W. / Root system D.W. x 100
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Fig. (1) : Dry weight of washington navel orange plantsbudded
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by giffernt levels of salinity and S A R (season, 1986). :
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pom. in all rootstocks. However , significant difference was only
observed in the case of sour orange . | e
In the mean time , undep':'SAR 12 such trend was noticed hence
high level of salinity (6000 ppm ) caused a reduction in plant dry
weight as compared to those received low rate of salinity (2000) .

Comparing SAR 6 with SAR 12 under the same leve] of salinity , it
is well noticed that plants of different rootstocks treated with 2000
ppm. level and SAR 12 decreased plant dry weight as compared 1o the
analogous ones of those treated with SAR 6 . The same effect was
observed for plants of either sour orange or Rangpur lime treated with
salinity at the rate of 4000 ppm. However , the picture was changed
to the reverse when Cleopatra mandarin and Poorman orange rootstocks
were put in consideration . Under the rate of 6000 ppm at SAR 12
plant dry weight of Rangpur lime and Cleopatra mandarin decreased in
respeét of those of SAR 6 . However , in case of sour orange and
Poorman orange such trend was generally changed to the opposite
direction .

Generally , significant difference was observed only between
plants treated with 6000 ppm at SAR 6 and those received 2000 ppm
tevel at SAR 6 for sour orange , 6000 ppm at SAR 12 from one hand and
enther 2000 ppm at SAR 6 or 4000 p.p.m at SAR 6 for Rangpur lime and
between 6000 ppm at SAR 12 treatment and 4000 ppm at SAR 12
treatment for Cleopatra mandarm

No significant differences were noticed between different
treatments of salinity for Poorman orange .

.

Regarding to top dry weight , it is mterestms to notice that
salinity treatment generally decreased top dry wejght of all studied
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rootstocks as compared to the analogous ones of the control . The
percentage of decrease varied from 21.2 to 30 8 fof sour orange , 0 -
31.4 for Rangpur lime , 1.4 - 34.2 for Cleopatra mandarin and 6.4 - 26.3,
for Poorman orange . The stansuc‘al analyses indicated that sour orange
and Cleopatra mandarin plants received saline irrigation water at the
cate of 6000 ppm at SAR 6 gave significant values as compared to the
control .

Meanwhile , Rangpur lime and Cleopatra mandarin plants treated
with the same level of salinity but with SAR 12 rate had only
significant values in this concern . Differences between Poorman orange
values were significant .

IN the mean time , under SAR 6 top dry weight of all rootstocks
except Cleopatra mandarin decreased with increasing _levels of salinity
mainly 6000 ppm . However , significant difference was noticed only in
sour orange rootstock . '

As for SAR levels , it is found thét SAR 12 values decreased
insignificantly top dry weight of Rangpur lime below those of SAR 6 .
Such effect was not clear in the other rootstocks used .

, Nevertheless , a signifi 1cant difference was observed between SAR
6 and SAR 2 under low level of salxmty (2000 ppm) when apphed to
sour orange

Referring to root dry weight , it is quite evident that salinity
treatments dropped down root dry weight of different rootstocks as .
compared to the control. These decreases in Qercentases varied from
(28.2 - 43.0), (7.3 - 38.5), (2.1 - 42.4) and (9.7 - 32.1) for sour orange,
Rangpur lime , Cleopatra mandarin and Poorman orange , respéctively .
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Furthermore , differences between salinity, treatments for sour
orange plants and the control were so high to be statistically significant .
On the other hand , 2000 ppm at SAR 12 as well as 6000 ppm combined
with either SAR 6 or SAR 12 treatments gave significant differences for
Rangpur lime rootstock . In the mean time , salinity treatments for
Cleopatra mandarin plants indicated that 6000 ppm at SAR 12 was the
unique treatment which induced significant effect . Moreover , values
of Poorman orange were not significant .

As for salinity levels were concerned , it is obvious that root dry
weight decreased as different rates of salinily increased . However,
such effect was more clear under SAR 6 in all citrus rootstocks used .
Significant difference was observed in case of Rangpur lime rootstock .

Comparing the two SAR levels used , it is found that plants
received SAR 12 had generally low values of root dry weight than those
of SAR 6 . That was true in all citrus rootstocks under study.
Nevertheless ., a significant difference was observed only when
Rangpur lime plants treated with 2000 ppm.

Considering top/root ratio, it is quite evident from Table (2) and
Fig. (2) that in all rootstocks , salinity and SAR increased this ratio than
at of the mnu-ol Such increase varied between 25.2 % to 43.5 % for
sour orange 69 % -.18. 3 % for Rangpur lune 0 - 16.6 % for Cleopatra
mandarin and 6.4 % -'37.6 % for Poorman orange .

Nevertheless , as for statistical analyses were concerned , salinity
treatments had statistical effect in case of sour orange while they had
no effect in both Rangpur lime and Cleopatra+s mandarin , hence values
from the statistical point of view were more or less similar . In
addition, Poorman orange plants treated with the rate of 4000 ppm
beside either SAR 6 or SAR 12 levels had statistically the highest values.
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po/ Root Ratio under full sun light season, 1986.
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Fig. (2): Tep/root ratio of Washingtos navel orange plants budded on
different roststocks grown under full sun light as affected by different levels
of salinityand SAR (season, 1986 ).
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Regarding salinity levels under the same SAR 6 , it is found that
top/root ratio increased under the level of 4000 1;pmm all rootstocks
and extended toward the hight;é_s} concentration of salinity in case of
sour orange and Rangpur lime v.;hile. it decreased in case of Cleopatra
mandarin and Poorman orange . '

With respect to SAR 12, it is clear that top/root ratio increased
with increasing salinity up to 4000 p.p.m then decreased under the rate
of 6000 ppm .

Such result was true in case of sour orange and Poorman orange
rootstocks . The picture was changed in case of Cleopatra mandarin
where top/root ratio increased with increasing salinity . Considering
the two levels of SAR under the same concentration of salinity , it is
clear in both sour orange and Rangpur lime rootstocks that plants
received SAR 12 decreased top/root ratio below those of SAR 6 .

Moreover , top/root ratio for Cleopatra mandarin and Poorman
orange generally took the other way around . Any how , significant
differences were only observed in case of Cleopatra mandarin and
partially in case of Poorman orange' . As for Cleopatra mandarin ,
significant difference was noticed between 2000 ppm at SAR 6
treabment and the other treatments of salinity except 6000 ppm at SAR
6 treatment . Concerning Poorman orange roots’tock , 2000 ppm at SAR
12 treatment showed a; significant decrease as compared with plants
treated with 4000 ppm at either SAR 6 or SAR 12 treatments .

Concerning leaves percentage , it is interesting to notice that
salinity treaiments generally decreased leaves percentage as compared
to the analogous ones of the control . Such decrease varied from
(3-14%),(2-12%),(0-4% ), and ( 2-16 % ) for sour orange ,
Rangpur lime , Cleopatra mandarin and Poorman orange , respectively .
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Considering salinity treatments under the same SAR level it is
well noticed that under SAR 6 , leaves percentage: decreased with
increasing salinity in case of Rai;’g;gur lime and Cleopatra mandarin. =

On the contrary , leaves percentage increased towards the high
fevel of salinity in case of sour orange . On the other side , such effect
was not clear in case of Poorman orange rootstock .

Moreover , under SAR 12, high rate of salinity caused a reduction
in leaves percentage in respect with those of low level . That was true
in all rootstocks studied , except Cleopatra mandarin .

Considering SAR rates , it is found that the effect of SAR varied
according to the rootstock used . In other words , while SAR 12
generally decreased leaves percentage of Cleopatra mandarin and
Poorman orange , it induced a general increase in case of sour orange
and Rangpur lime as compared to the analogous ones of SAR 6 .

As for fibrous roots percentage , it is clear that regardless of
Cleopatra mandarin , salinity treatments decreased fibrous roots as
compared 1o the corresponding ones of the control . Such decrease
ranged form (3 - 10 %) for sour orange , (0 - 9 %) for Rangpur lime and
(1 -17 %) for Poorman orange .

. ' . 4

On the other hanq under SAR levels high level of salinity (6000
ppm) decreased remarkdbly fibrous roots percentage as compared with
those of low concentration of salinity . The same trend could be
observed when SAR 12 is put in consideration . '

: .

Concerning the two levels of SAR used , it is quite evident that

under the same rate of salinity , SAR 12 decreased mostly fibrous roots




percentage in respect to those of SAR 6 . This is nearly true in all
rootstocks studied but with few exceptions . v

As for dry weight of 100 (cm?) of leaves , it is found that salinity
treatments generally decreased these values below the control . The
picture was changed to the reverse with Poorman orange was concerned
. The percent of reduction ranged from (3.8 - 17.3) for sour orange,
(1 - 6.1) for Rangpur lime , (1.9 - 7.8 ) for: Cleopatra mandarin .

The statistical analysis indicated that sour orange treated with
4000 ppm salinity at SAR 6 was the unique treatment which induced a
significant decrease below the control . Similary , in case of Cleopatra
mandarin plants which treated with either 2000 ppm level at SAR 12 or
6000 ppm rate of salinity at SAR 6 caused sigm'ficant reduction below
the control .

'Although salinity treatments decreased leaf specific weight of
Rangpur lime below that of the control , but such decreases were so
small to be significant . On the other hand , salinity treatments
increased leaf specific weight of Poorman oranse but such. increases
were not sxgmncant '

[

Referring 10 SAR 6 , it is found that applying high level of salinity
to Washmgton navel orange plants budded on either sour orange or
Cleopatra mandarin rootstocks caused a decrease in specific weight of
leaves as compared with those treated with low level . Such trend was
ndt clear in case of the other rootstocks under the study since the
picture was changed to the reverse. As for SAR 12, it is quite evident
that dry weight of 100 (cm?) of leaves increased with increasing levels
of salinity .
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As regard to SAR levels , data indicated that the results were
fluctuated . Thus , while SAR 12 decreased specificf"We@ght of leaves in
some cases than those treated with SAR 6 . it took slightly the other

. te
way around in other ones .

Furthermore , it is interesting to notice that salinity treatmenis
decreased leaf area below the control . In this sphere , such decreases
ranged from (36.4 - 59.6 %) for sour orange , (1.2 - 35.7 %) for Rangpur
lime , (6.8 - 25.8 %) for Cleopatra mandarin and (6.2 - 19.4 %) for
Poorman orange .

The differences between treatments and the control were
significant as sour orange plants were concerned . Such significant
differences were less with the other rootstocks used which could be
arranged in descending order as follows , Rangpur lime , Cleopatra
mandarin and Poorman orange ..

In other words , two treatments for Rangpur lime ie. 2000 ppm
salinity at SAR 12 as well as 4000 ppm level at SAR 6 failed to give
significant effect . The same was true with Cleopatra mandarin in
treatments 2000 ppm beside SAR 6, 4000 ppm at SAR 12 and 6000
ppm combined with SAR 12 .

d - -

Referting to Poorman orange , significant’differences were lacking
in 2000 ppm either with SAR 6 or 12, 4000 ppm at SAR 12 and 6000
ppm combined with SAR 6 treatments .

Meanwhile , under SAR 6 , high level of salinity caused an-

increase in leaf area over those of low level , Such result was true in
case of sour orange and Rangpur lime rootstocks . The opposite was
noticed when the re mained rootstocks were concerned . As for SAR 12,
high rate of salinity (6000 ppm) induced an increase in leaf area of both

- 42 - .




sour orange and Cleopatra mandarin as compared with those of low
level . In case of Rangpur lime and Poorman orange "such trend took the

other way around .

" Comparing SAR 6 with SAR 12 under the same level of salinity , it
is found that SAR 12 generally increased leafl area over those of SAR 6

Lr

with few exceptions . ly

4 .1. b . Partlal shade :

»

. Table (3) and Fig. (3) show that salinity treatments for different
rootstocks used decreased plant dry weight as compared to the
analogous ones of the control. Such decreases ranged from
(27.3-44.7 % ), (3.4 - 61.2 %) , (0 - 41.8 X) and (0 - 48.3 %) for sour
or'ange . Rangpur lime , Cleopatra mandarin and Poorman orange
rootstocks , respectively . However , significant differences were clear
with sour orange rootstock whereas they were appreciable less with
other rootstoks used. : -

»

| Considering SAR 6 under various levels of salinity , it is clear that
plant dry weight increased up to the level of 4000 pf)m then decreased
with increasing salinity (6000 ppm ). However , differences between
treatments were insignificant .

In addition , the effect of SAR 12 on plant dry weight took the
same trend of SAR 6 in all rootstocks studied except with Rangpur lime .

Any how , no significant difference was noticed except with

Poorman orange plants that received 2000 ppm level as compared with
those treated with 4000 ppm .
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Table(:’q : Growth of Waéhington navel oranﬁgeip_lnnls budded on different rootstocks grown uader
| partial shade as affected by different levels of salinity and SAR ( season, 1986 ).

Salinity treatment] Root D.w.| Top D.w. |Plant D.w.] Top/Root} Leaves Fibrous | D.w.of Leafl
Root roots [100 (cm2)] ares
stock ppm.| SAR [t] [2] [3] leaves
(g) | (a) | (q) | ratio % z (a.) |(cm2)
Control 68.80 [114.50{183.30; 1.66 29 28 0.7 29.90
Sour "2000"] "6" 39.80 | 61.50 | 101.30 1.54 25 38 0.68 23.70
orange | | "2000"] "12" 51.80 | 75.80 | 127.60 1.54 14 17 0.71 23.30
11 °4000"} """ 46.10 84,20 { 130.40 1.84 24 33 0.76 30.90
'174000"| 12" || 46.10 | 85.10 | 13320 1.73 22 23 0.78__| 27.60
1“6000" "6" 4720 | 6850 | 115.70 1.48 20 22 092 |- 21.20
"6000"] "12° 40.80 64.90 | 105.70 1.59 14 21 0.87 17.20
Contirol 44,40 | 69.70 [114.10] 1.70 24 21 0.92 27.70
Rangpur! | "2000"| "6° 40.50 59.40 |1 99.90 1.49 25 22 0.82 21.40
lime *2000"] "12* 26.60 | 46.10 | 72.70 1.63 17 .16 0.75 18.50
*4000" "6" 45.10 { 65.10 | 110.20 1.45 23 21 0.87 24.30
*4000"| "12" 27.20 30.40 £7.60 1.09 14 13 0.68 17.20
“6000"] "6” 36.80 | 48.20 | 85.00 1.32 10 17 0.93 21,90
S 6000 12 2060 | 23.70 | 44.30 1,14 7 10 0.80 14.70
I'|Control 57.10 | 86.60 | 143.70] 1.53 24 25 0.77 36.50
cwopatr'p “2000"] "6" 5400 | 8350 | 13750 152 | 25 21 0.83 25.30
mandarin | "2000" 12" 31.40 | 52.30 | 83.70 .64 33 25 0.76 31.30
" 1"4000"f "6" 54.00 | 8360 | 143601 1.53 11 22 0.84 | 20.40
4000} “12* 4690 | 66,60 | 113.50 1.43 10 20 0.83 23.90
“6000°] "6 5240 | 78.30 | 130.70 1.46 t6 17 0.86 18.50
“6000"{ "i12° 5750 | 54.80 {11230 0.94 13 1] 0.85 25.50
Control 79.40 | 57.10 |136.50] 0.72 17 23 0.66 23.00
Poorman | “2000"{ ."6" 41.80 | 61.40 | 103.20 1.47 | ; 30 22 0.79 25.10
orange |"2000"; 12" 27.80 | 42.50 | 70.30 1.69 34 16 0.76 24.40
40006 "6" 42.80.] 7290 | 11570 1.55 30 23 0.78 24.10
*4000" "12° 52.90 | 83.40 | 136.30 1.65 31 16 0.82 | 29.40
“6000"| "6 § 3220 | 38.20 | 70.40 1.23 26 18 0.86 25.10
“6000"{ "12" 5440 | 57.20 | 111.60 1.08 18 19 (.81 21.00
L.S5.D. at % N.S. N.S. | 53.00 | 0.24 - - 0.09 3.40
’
~ [1] = Leaves + Stem . D.W.=DryWeight
[2] = LeavesD.W. / Top D.W. x 100 - SAR = Sodium adsorption ratio

[3] = Fibrous rootsD.¥Y. / Root system D.W. x 100
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Comparing the two levels of SAR used in this study under the same
level of salinity it is quite evident that SAR 12 dgcreased plant dry
weight below the analogous ones of SAR 6 . That was true in case of
Rangpur lime and Cleopatra mandarin rootstocks . Nevertheless , no
significant differences were observed belween treaitments except
Cleopatra mandarin plants treated with 2000 ppm level .

Regarding top weight , it is found_-’ from Table (3) that salinity
treatments , for various rootstocks induced a reduction in this respect
below the control with few exceptions . ch_h decrease was
insignificant. However , percentages of decrease varied between 25.7 -
46.3 for sour orange , 6.6 - 66.0 for Rangpur lime , 3.6 -39.6 for

Cleopatra mandarin and 25.6 - 33.1 for Poorman orange .

Nevertheless , such effect of decrease was not clear in Poorman
orange as in the other rootstocks . Furthermore ., under SAR 6 while
high level of salinity ( 6000 ppm ) caused a decrease in top dry weight
as compared to plants received low rate in case of both sour orange and
Poorman orange , it had a reverse effect for Rangpur {ime and Cleopatra
mandarin. However , significant differences wef,e' lacking.

On the other hand , SAR 12 under the high concentration of
salinity stimulated insignificantly top dry weight over those ones of low
level . That was true in all rootstocks used discarding sour orange and
Rangpur lime values .

Meanwhile , SAR 12 mostly gave lower values of top dry weight

than those of SAR 6 . That was obvious in case of Rangpur lime and
Cleopatra mandarin .
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Generally , one can conclude that neither salinity treatments nor

SAR levels from the statistical point of view , had any effect on top dry
weight . ' | '

Aglance to values of root dry weight , it is well noticed that
salinity treatments decreased root dry weight insignificantly as
compared to the control . That was true in most cases . Such
decreases differed from (24.7 - 42.2%) , (8.8 - 536 %) , (5.4 - 45.0
%) and (47.4 - 649 %) for sour orapge., Rangpur lime , Cleopatra
mandarin and Poorman orange , respectii}ely . )

Comparing high level of salinity (6000 ppm) with low rate
(2000 ppm) under SAR 6 , it is noticed that root dry weight decreased
insignificantly with increasing salinity . However , such trend was not
obvious for sour orange rootstock . The same trend was only noticed
for sour orange and Rangpur lime when SAR 12 was put in
consideration. | |

With respect to SAR levels , data declared that SAR 12 mostly
decreased root dry weight as compared 1o the corresponding ones of
SAR 6 . Nevertheless , such effect was not dominent in both sour
orange and Poorm'an orange . -

-

As for top/root ratio , disclosed data in Table (3) and Fig. (4)
~ showed that salinity treatments dropped down top/root ratio below the
control . ‘Such decrease from the statistical point of view , was clear in
case of Rangpur lime . On the other side , Poorman orange gave
éignit‘icantly the opposite trend .

Comparing various concentrations of salinity under SAR 6 , it is
interesting to notice that plants treated with level (6000 ppm) gave
lower and insignificant values' than those of low level (2000 ppm).
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Fig. (4): Tep / root ratio of Washington navel omgemuuad on
different rootstecks grown under partial shade as affacted by different levels
of salinity and SARB ( season, 1986 ).
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That was true in all rootstocks used . The same effect was oblained
significantly when SAR 12 was noticed . However , such picture was not
clear in case of sour orange .

As for SAR level , no clear trend was noticed . Thus , while SAR
12 caused a general decrease in top/root ratio of both Rangpur lime and
Cleopatra mandarin below SAR 6 at the same treatment of salinity , it
took the other way around in other rootét,‘ocks in this respect .

Regarding leaves percentage , it is obvious from Table (3) that
salinity treatments generally decreased leaves percentage as compared
to the control . That was true in all rootstocks studied except Poorman
orange . Such decreases were (4 - 15 %),(1 - 17 %),and (8 - 14 %) for
sour orange , Rangpur lime and Cleopatra mandarin , respectively.

, Moreover , plants received SAR 6 beside different levels of
salinity showed that plants treated with high concentration of salinity
were inferior in leaves percentage than irrigated with low level of
saline water. The same effect was noticed when SAR 12 was
concerned. '

" Furthermore , under different levels of salinity SAR 12 treatment
was generally lower in its value than those of SAR 6 in this respect.
Such conclusion was not clear in case of Poorman orange .

Referring to fibrous roots percentage , data disclosed that salinity
in general decreased fibrous roots percentage in respect to the
analogous ones of the control . Moreover , under SAR 6 high level of
salinity induced a reduction in this concern below the rate under the
same level of SAR.
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On the other hand , plants received SAR 12 showed that high level
of isaﬁnity dropped down fibrous roots perce'ntage below low
con¢entrations . Such trend was clearly true with sour orange and
Poofrman orange rootstocks .

. Comparing the two levels of SAR used under the same level of
sahmty it is obvious that SAR 12 generaily decreased values of fibrous
roons percentage as compared to the correspondmg ones of SAR 6 . That
wag true in all rootstocks studied except Cleopatra mandarin which had
no dlear trend . | ;-

. Considering specific weight of leaves (dry weight of 100 cm?) | it
is i.bteresting to notice that salinity treatments generally increased
vahipes in respect of the analogous ones of the control . However,
Rar\kpur lime gave a reverse picture in this sphere. Significant
dit‘fkrences were clear with Poorman orange and Rangpur lime stocks.
Anyfkhow , such increase ranged from 0 to 29.6 % for sour orange , 1.8 -
11.‘* % for Cleopatra mandarin , and 5.2 - 30.3 % for Poorman orange.
Thel reduction occurred with Rangpur lime vari‘ed from 5.4 - 26 % .

" As far as salinity concentrations were concerned , it is found that
under SAR 6 high level of salinity raised up values of leaf specific
weight over those of low saline water . That_was statistically clear in
both sour orange and Rangpur lime . The same effect was noticed
when SAR. 12 level was concerned. Nevertheless , significant
differences were noticed in case of sour orange and Cleopatra mandarin.

Meanwhile , SAR 12 under the same level of salinity , caused a
general decrease in leal specific weight as compared with the
corresponding ones of SAR 6. However , significant difference was only
observed in case of Rangpur lime .
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Regarding leaf area, it is found that salinity treatments showed a

~general decrease in leaf area . However , differences were so high to be

statistically significant . The picture was changed 10 the reverse as
Poorman orange rootstock was put in oonsid.graf.:i_'on:__, Nevertheless ,
significant differences were gererally lacking . SRR

t .

For all that , percentages of decrease were (7.7 - 42.5), (12.3 -
46.9) , (14.7 - 49.3) for sour orange , Rangpur lime , and Cleopatra
mandarin , respectively . On the contrary , percentage of increase for
Poorman orange was 4.8 - 27.8 . '

Regarding SAR 6 under different rates of salinity , data of both
sour orange and Cleopatra mandarin rootstocks showed that high
concentration of salinity decreased leaf area below the low level. 3uch
effect was more or less similar in their values oonce:;n.ing Rangpur lime
and Poorman orange plants . However , significant differences were
anly observed in case of Cleopatra mandarin . On the other hand , as
SAR 12 level was concerned it is found that , in all citrus rootstocks
used , high level of salinity caused significant decrement in leaf area as
‘compared 1o plants irrigated with low level .

Concerning the two leveis of SAR , it is clear that discarding the
values of Cleopatra mandarin , SAR 12 mostly decreased feaf area as
compared to the analogous ones of plants received SAR 6 under the
same concentration of salinity . Such conclusion was more statistically
clear in Raingpur lime. !

>
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.2. ChemMICa]l CoNSEIETVENES.

f

d.2.1= Leelf ond Fbrous reocks nutrients contemk:

I
.'f

4244~ Effect of selinity treatmente on (ea?
nUErlent® content of Washington navel
erangs plants budded on different
clitrus roobtostochs grouwn wundosr Full sswn
llght esnd peartlal shede | condlGlons.

4.2.1.1.a- Full sun light -

rJ

Table (4) show the effect of different rates of salinity and SAR
on leaf nutrients.content of Wash:inston navel orange plants budded on
different citrus rootstocks grown under full sun light condition.

It is quite evident that leaf nitrogen content of saline plants
increased as compared to those of the untreated ones. Such effect was

.more statistically observed in Rangpur lime stock. Moreover , citrus

rootstocks irrigated with high level of salinity developed leaves of
Washington navel orange with higher percentages of nitrogen in respect
of the corrésponding ones received low rate of salinity. That was true
under both levels of SAR as well as in all rootstocks used. Such finding
was more statistically clear in Rangpur lime. '
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Meanwhile , as far as SAR levels were concerned , it is obvious

- that in the majority of cases , plants treated with SAR 12 were less in

leaf nitrogen content as compared to those ones recelved SAR 6 level
In spite of that , differences Were mostly insignificant.

C
AL
¥ "

i

Respecting leaf phosphorus content , data presented in Table (4)
showed that in all rootstocks , plants irrigated with saline irrigation
water were lower significantly in their lealf phosphorus content than
those of check plants. '

Concerning different levels of salinity used , it is well noticed that
plants irrigated with high level of salinity combined with SAR 6 rate
had leaves with higher levels of phosphorus as compared with the
analogous ones received low level of salinity and under the same rate of
SAR 6. However , the picture was not clear in case of Poorman orange.
Reverse results were obtained when SAR 12 was used . Nevertheless,
the average of the two levels of SAR under the same concentration of |
salinity indicated that in most citrus rootsiocks used in this study,
plants treated with high concentration of salinity slightly raised up leaf
phosphorus values over those received low level of salinity. |

Referring to SAR treatments , it is clear that uander tow level of
salinity (2000 ppm) piants received SAR 12 developed leaves with
higher percentages of phosphorué comparing with the corresponding
ones but treated with SAR 6 level . Such finding was changed to the
opposite when high om;gentration of salinity (6000 ppm) was used.

Concerning leaf pdtassium content , it is found that plants
irrigated with saline water were mostly poor in leafl potassium content
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Table(4) : Leaf nutrient contents of Washinglon navel erange plontsbudded on different rootstocks
grown under salinity, SA R and full sun light conditions { season 1986 ).

Root |Salinity treatment Elements concentration _
stock
ppom] SARL N | P | K | Ca | Mg | Ne [ CL § Zn [ Fe | Mn
(%) , | (PP.m)
Control 2.15[0.310] 1.99] 3.30[0.137/ 0.231 0.78] 6.70 | 505.0 | 50.00

sour [-2000"] "6 § 258 |0.260] 1.75 | 3.00 [0.270f 0.29 | 0.90 § 12.00 } 429.7 | 37.30
orange {"2000"| “12" 1 2.4510.280| 2.05 | 2.53 10.350{ 0.18 | 0.76 § 12.00 | 420.0 | 39.00 |
. "4000"| 6" 267 10290} 2.18 | 1.77 10.220] 0.33 | 0.59 § 15.30 | 337.0 | 66.70
*4000"| “12* } 223102701 1.89 | 2.60 10.280] 0.34-] 0.85 || 10.00 | 344.0 | 33.00
"6000"! "6" 306102907 1.61 ] 220 10.287]| 050 0.73 )| 6.00 | S64.3 j 105.70
*6000"§ “12" ¥ 258 10.260} 1.64 | 253 [0.100] 055 | 1.t4 § 300 | 534.7 | 80.30

Control 2.0610.360 1.74| 2.3310.093|.0.17 [ 0.4864 3.00 | 434.0| 83.00
Rangpur | "2000"| “6" 2.62 |0.240] 1.58 | 2.20 |0.113] 0.28 | 0.71 § 3.00 | 475.3 32.00
lime ["2000"] “12" ]| 2.56 |0.340] 2.19 ] 2.07 |0.183] 0.29 ) 0.48 § 13.00 | 432.3 | 36.00
"4000"| "6" 3.21 10320 1571 1.5310.177] 050} 052 } 3.30 } 499.3 | 21.70
*4000"] "12* 258 [0.320f 162 ] 193 [0.230] 0.60 { 0.61 | 800 i 359.7 | 126.70
 "6000"1 "6" 327 10310] 1.55] 19310.160] 084 | 0.78 | 12.70 j 523.3 ] 108.30
*6000"1 “12* } 3.44 10.290| 1.19 ]| 0.93 10.403{ 1.256 1 099 § 3.70 | 443.7 | 75.00

Control 2.15[0.360] 1.84 | 3.0010.050 0.17] 1.02] 2.70 | 346.3 | 40.00

Cleopatral “2000“! "6" { 241 10230} 1.94! 28010.140]| 0.21 | 069 )i 3.00 | 641.0 | 31.00
mandarin| "2000°{ “12° ¥ 223 10270] 2.15 | 2.47 [0.097] 0.27 | 0.59 | 12,70 | 448.0 | 29.00
‘40007 6" 3.18 10.240| 1.54 | 3.00 |0.267| 0.37 | 048 )| 400 | 431.7 | 38.30
“4000"| “12* | 2,67 10.250] 1.31 | 3.27 {0210} 0.78 | 0.76 4 4.00 | 438.7 | 105.30
"6000"| "6 W 2.82 10.320| 1.61 | 193 10.227| 050 | 048 § 3.00 | 3923 | 115.00
"6000"| 12" | 261 [0.260]| 1.44 | 3.00 {0.065] 065 | 0.94 8 2.30 | 439.3 | 86.00

Control| 12.3210.350| 1.60] 2.67|0.240/ 0.20; 0.92] 3.00 | 498.7 | 53.70
Poormen | “2000"] "6" § 25410.250] 2.19] 220]0.137} G.19} 080 ¢ 330 | 5343 [ 36.30 |
orange |"2000"| "12" § 2.32 }0.280| 187 | 327 [0.133] 0.25} 0.71 }§ 18.00 | 523.7 | 28.00
"4000"} “6" ¥ 2.49 10.220] 1.61 | 2.60 {0.140{ 0.35 | 0.83 § 4.30 | 410.7 | 37.70
"4000"] "12" | 267 10.280| 143} 2470280} 040 | 0.78 § 1.70 | 464.3 | 93.00
"6000"} "6~ } 3.03 10.240} 144} 3.20:0.127] 045 | 083 § 230 ! 401.3 |102.70

"6000°| “12" | 2.60 {0.2501 1.10 | 2.80 {0.050] 0.51 | 0.78 [ 19.70 551.7 | 84.00
L.S5.D. stix |

0.47 ]0.040 0.211 0.61 |0.054 (!lg 060§ 1.20 | 11.5 5;62
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as compared with those of untreated ~ones, However , significant
differences were more clear in the case of Cleopatra mandarin stock.
Moreover , high level of salinity induced a decre;lse in leaf potassium
content in respect of those received low rate of salinity. Meanwhile ,
under high level of salinity , plants treated with SAR 12 rate were
generally lower in their leaf potassium content as compared with the
analogous ones received SAR 6 treatment. The picture was generally
changed to the reverse when low coficentration was concerned.

As for leaf Ca content , it is quite evident from Table (4) that
treating citrus plants with different levels of salinity decreased
obviously leaf Ca content in respect of those plants deprived of salinity
(control). Such effect from the statistical point of view was mostly
observed in case of sour orange stock. Moreover , plants received high
concentration of salinity generally dropped down leaf Ca content as
compared to the analogous ones of those treated with low rate of
- salinity.

As far as SAR treatments were coigg:erned » it is clear that in both
Rangpur lime and Poorman orange , plants’ treated with SAR 12 were
less in their values than the corresponding oﬁes received SAR 6 level.
Such conclusion was mainly observed in case of high concentration of
salinity. However , such result was less in'case of both sour orange and
Cleopatra mandarin.

Considering leaf Mg content , data in Table (4) declared that
. regardless the values of Poorman orange rootstock , salinity treatments -
increased lealf Mg content significantly over the control in most cases.
Meanwhile , fluctuated results were obtained as salinity levels were
concerned. Thus , while high level of salinity increased leaf Mg content
over those received low level in case of Rangpur lime and Cleopatra
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mandarin , it took the other way around in case of sour orange and

Poorman orange.
: 4

Concerning the SAR lreatments used in this study , it is found
that SAR 12 level generally raised up leaf Mg content over those -
tréated with SAR 6 in case of sour orange and Rangpur lime rootstocks.
The picture was completely changed to the other side as Cleopatra
mandarin and Poorman orange stocks Were concerned.

Referring to leaf Na content . it is quite evident from Table (4)
that salinity treatments , as predicted , raised up remarkably leaf Na
content in respect of the analogous ones of the control. Significant
dif.ferences were observed in most rootstocks used.

Moreover , high_ leve! of salinity surpassed remarkably all other
treatments of saline water in increasing leaf Na content. Furthermore ,
comparing the two levels of SAR used in this study , it is well noticed

‘that in most cases , SAR 12 increased leaf Na content than those treated

with SAR 6 level under the same concentration of salinity. That was
statistically true in Cleopatra mandarin stock only. '

Regarding leaf CI content | tabulated data , indicated that salinity
lreatments varied in their effect ‘on leaf Cl content according to the
rootstock used. Thus , while salinity treatments generally increased
leaf CI content in respect of those deprived of salinity (control) in case
of sour orange and Rangpur lime rootstocks , the opposite was noticed _
when both Cleopatra mandarin and Poorman orange plants were
concerned. However , significant differences were noticed in the
majority of treatments.
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Moreover high concentration of salinity for citrus plants raised
upi, in general , leaf Cl content as compared to the corresponding ones
re¢e1ved low level of salinity. , A

| Considering the two levels of SAR used in this study , it is noticed
frqm Table (4) that neglecting vatues of Poorman orange , plants ‘
trgated with SAR 12 combined with high concentrations of salinity gave
significantly higher values of leaf Cl content than those treated with the
sape level of salinity but received SAR 6 level ,

. Concerning leaf Zn content , it is clear from Table (4) that control
plants had generally leaves with low amounts of Zn as compared with
thci)se treated with saline irrigation water.  Any how , significant
diﬁ‘erences were observed with large numbers in case of sour orange
angd less numbers in case of the remained rootstocks used. Moreover ,
plants received low level of salinity had generally leaves with higher
amounts of Zn than those treated with high concentration of salinity.
Furthermore , under high rate of salinity combined with SAR 12 level ,
citrus rootstocks , irrespective of Poorman orange developed scion
leaves with lower amounts of Zn than those received SAR 6 and under
the same level of salinity (high rate). However , the picture was
changed to the reverse under low level of salinity.

. Considering leaf Fe content , it is quite evident that citrus plants
irrigated with different saline water treatments were mostly higher
sngmfxcantly in their leaf Fe content in respect of those of the control.
That was true in all rootstocks studied  except sour orange where
salimty in general significantly decreased leaf Fe content.

Moreover , high level of salinity treatment for both sour orange |

anq Rangpur lime rootstocks raised up feaf Fe content over the
esponding ones received low rate of salinity. Such effect was
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~ partially noticed in case of Poorman orange stocks. Also a reverse

effect was ob served for Cleopatra mandarin rootstogk.

Referring to SAR rates ﬂ. is clear that in general , SAR 12
treatment , under different ooncentrauons of salinity , decreased leaf Fe
content as compared to those ones received SAR 6 level under the same
rate of salinity. That was true in case of sour orange and Rangpur lime
plants , while the reverse was noticed when Cleopatra mandarin and
Poorman orange stocks were taken in account. '

Concerning leal Mn content , Table (4) disclosed that salinity
concentrations varied in their effect. Thus , while low level of salinity
decreased leaf Mn content in respect of the corresponding ones of the
control , the high rate of salinity values tdok the other way around.
That was true in all citrus rootstocks used. Moreover , leaves of plants'
treated with high level of salinity were more rich in their values than ,
the analogous ones received low level.

Furthermore , SAR 12 level generally decreased leal Mn content
as compared to those of SAR 6 . Such conclusion was clear in all citrus
rootstocks used in this study except ranpgur lime where it gave mostly
opposite picture.

4.2.1.1.b- Partial shade:

Tables (5 and 6) showed that leaf niu'ogen content rluctuated |
frof one season to another. Thus, the average of two seasons was put '
in ideration (Table 7). It is clear that regasdless of Poorman orange

- valges, 4000 ppm treatment mostly decreased leaf mtrogen contenl

beldw the control. Nevertheless difference betwéen this treatment an
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Table(5) : Leaf nutrient contents of Washinoton navel oranoeplum budded on different roeistocks
grmnm under salinity, SAR and pﬁrtml shade conditions ( season 1985 ).

Salinity trestment; Elements concentration

Root
stock | ppm| SAR N [ P | K [ Ca [ Mg | Na T ¢ I Zn | Fe | Mn
: (2) {P.P.m)
LControl 2.5210.230{ 1.74] 4.13(0.167 0.35 0.53161.00; 920.31 82.00

Sour {°2000"| "6~ 24310190] 100 | 413 |0.163} 0.28 | 0.67 § 48.00 | 495.7 | 78.30

orange {"2000"| “12" | 1.96 |0.140! 1.10 | 3.07 10.1231 0.23 | 0.60 § 53.00 | 520.3 | 63.30

"4000"| "6" 243 102104 1.26 ] 4.13 {0.160f 0.28 | 0.67 { 48.30 | 479.3 | 41.00

"4000"| "12° ) 2.26 10.200) 155 ]| 4.13 10.163] 0.34 | 0.82 § 58.00 | 651.7 | 58.00

*6000"| “6" 1 2.69 0.160] 1.50 | 3.80 {0.153{ 0.29 | 0.57 | 45.00 { 645.7 | 78.00

"6000"| "12" ¥ 258 10.220] 157} 373 {0.150] 0.30 | 0.53 § 34.70 | 977.7 | 64.00

ntrol 2.5210.240] 1.63} 3.53 |0.140] 0.20 | 0.52 } 55.00| 725.3 | 64.70

Rangpur ["2000"| "6 i 3.10 10.190] 1.26 { 293 10.116] 0.30 | 0.36 § 64.00 | 750.7 | 50.30

lime ["20007] "12° | 294 0.150] 1.19 | 3.00 10.120] 0.29 | 046 | 352.00 | 652.0 | 72.00

*4000"| 6" 264 10.1901 1.25 1 3.67 10.150} 0.28 | 0.53 | 42.00 | 755.7 | 82.00

"4000"] 12" § 2.30 |0.200{ 1.18 | 4.07 }10.150| 0.25 045d4700 872.7 1. 71.00 |

“6000"] "6" § 2.65 ]0.160; 1.451 3.00 |0.120] 0.22 | 0.60 | 44.70 | 831.3 | 49.00

"6000°| 12" || 2.60 [0.290] 1.78 | 3.07 10.123] 0.24 | 0.66 § 41.00 | 854.3 | 97.70

trol| 2.1310.220] 1.19{ 4.00:0.160; 0.20 ] 0.54 l_37.70 975.7 ‘64.?3._
Cleopatra| “2000"| "6" f 2.54 10.120! 1.15 ] 4.00 }10.1601 0.19 | 0.53 § 24.00 | 609.3 | 92.00

mandarin WOOO" "12° § 227102101 0.96 § 3.40 10.140] 0.17 | 0.50 § 31.00 | 641.3 | 42.00

1"4000"] “6" 251 [0.200] 1.25] 3.80 |0.147] 0.20 | 0.66 } 58.00 | 565.0 | 38.30

"4000"; "12" § 222 10.230} 1.39 ] 3.53 10.143| 0.23 | 0.58 § 55.00 | 732.3 | 54.00

“6000"! "6 § 2.43 10.150% 1.30 | 3.93 ]0.157] 0.23 | 0.44 ¥ 46.00 | 551.7 | 63.30

"6000"{ “12" § 2.32 [0.260} 1.57 | 3.07 }0.123] 0.33 | 0.65 } 49.00 | 760.0 | 69.00

JControl} | 2.§710.3101 1.781 3.1310.127/1 0.15] 0.36 } 57.00! 702.3{ 67.30

Poorman | "2000"] “6" ! 239 10.170] 0971 287 10.117] 0.13] 0.39 F 49.70 | 562.7 | 66.70

-

orange | “2000"| "12" § 243 10.200] 1.28 } 3.87 {0.153} 0.19 ] 0.44 | 66.00 | 630.0 [ 57.30

"4000"} “6" 265 10:200¢ 153 ) 340 :0.137) 0.18 | 0.44 | 62.00 | 605.3 } 62.30

40007 "12” § 2.90 10.220) 1.44 | 340 {0.130§ 0.20 | 0.67 | 53.00 { 622.7 | 68.70

"6000": "6 f 23410170} 1.42} 340101331 0.19 1 0.39 } 33.00 { 511.7 | 57.70

"6000° ! “12° | 2.43 |0.240] 1.38 | 3.00 [0.120} 0.24 | 0.52 | 45.00 | 826.7 | 87.00

L.S.D. st1% 0.480.020{ 0.13 | 0.67 [0.029] 0.06 | 0.09] 3.90 | 15.2 | 430
_ - _ [ i
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Table(6) : Leaf nutrient contents of Washinqton navel oranaeplmts budded on different rootstocks

grown under salinity, SAR and partmi shade conditions

|

( season 1986 ).

Root I‘Sallmty treatment Elements concentration
stock
ppm | SARJ] N J P [ K Ca [ Mg | Na | cCL In Fe_ | Mn
' ( %) (PPm)
Contraol 2.6410.290] 1.49] 3.07]0.123/ 0.19] 0.43 ]| 25.00] 498.7[ 55.00
' Sour |["2000"| “6" 297 10310 169 | 273 10.207] 0.25 ] 0.70 I 13.00 | 535.3 | 75.00
orange [["2000"| “i12" 269 10.260) 2.01 1 240 10.1831 0.19 1 035 | 1270 | 458.7 | 45.00
"4000"| “6" 245 10.250] 1.77 | 2.47 |0.097] 0.25 | 0.45 [ 13.30 | 428.7 | 36.00
4000"F "12" § 2.7310.290! 1.67 | 240 | 0.0971 045 043 1| 16.30 [ 378.7 52.00
"6000"{ “6" 3.51 10.190) 159 ] 240 {0.097{ 0.61 | 063 § 19.00 422.0 | 68.00
"6000"!1 12" |f 266 [0.2401 1.48 1247 10.097] 0.93 0.82 I 29.00 | 435.3 | 58.00
.|Control 3.16 10.260] 1.36 | 2.80 [0.117/ 0.23] 0.63f 12.30] 342.7 | 54.70
Rangpur {["2000*] *“&" 273 10230] 129 { 240 10.097; 0.3t | 0.75 || 17.00 | 449.7 | 73.00 |
lime "200071 12" I 234 {0.270] 1.40 [ 267 J0.1431 054 ] 050 [ 17.00 311.7 [ 43.00
"4000"| “6" 2.45 10.230] 1.19 | 340 [0.137] 0.49 | 0.87 | 11.30 | 343.7 | 43.00
"4000"1 “12" 2.72 10230} 1.46 | 2.47 10.0971 0.41 1 0.74 | 10.00 | 549.0 | 49.00
"6000"{ “6" 31210210} 1.40 | 1.67 |0.067] 1.10 1 0.39 | 17.00 | 458.7 | 38.00
760007 "12" | 2.82 [0.240( 1.61] 1.7310.067] 1.19 | 0.60 % 12.30 | 447.3 | 46.00
Control 2.69 10.240] 1.21] 3.00]0.123; 0.19 0.43 | 43.50 | 478.7} 74.00
clm{rasﬁm@' 6" 2.1710.2301 094 | 340 |0.137] 0.41 | 0.68 3;00 634.7 | 94.30
mandarin | | r2000" i 2.00 10.220] 1.29 | 340 [0.137] 0.33 | 0.74 § 32.00 | 424.3 | 62.00
4000° "6” 2.1310.170] 1.17 | 3.53 10.143] 0.50 | 0.44 27.00 | 486.3 | 64.00
"4000™] 12" I 2.69 10.190] 1.46 253 10.097) 0.77 | 042 § 32.00 | 471.7 | 6200
'6000°| 6" 299 10.180] 148 | 247 [0.097] 069 0.49 § 35.00 | 603.7 | 54.70
(60007 | 12" § 2.90 [0.220] 1.39 | 2.47 [0.100] 0.80 | 060 | 31.70 482.3 | 50.00
) {Gontrol| . 2.64(0.240{ 1.78 | 3.10(0.123]/ 0.14] 0.43 [ 31.00 281.0 33.30
Poorman | [2000"] "6" 2.52.10.2001 1.04 ] 3.27 10.140] 0.45] 096 | 45.00 | 330.7 | 41.70
orange |12000°7 “12° # 2.17 {0.210] 1.46 3.27 [0.133] 0.34 | 0.31 I 49.00 | 502.7 | 46.00
t4000°| "6 2.5310.270] 1.18 | 3.40 [0.143] 0.55 | 0.55 § 45.00 | 318.0 66.00
400071 "12° ¥ 256 |0.180] 1.33 | 3.40 [0.140] 0.53 | 0.60 1 62.00 | 430.0 | 61,70
160007 “6° | 3.25 |0.200] 1.60 [ 2.47 [0.097] 0.72 | 0.72 46.00 | 395.0 | 66.00
60007] "12" ¥ 3.05 [0.300] 1.63 | 1.87 10.077] 0.91 ] 0.62 | 44.70 427.3 | 54.70
, L.s.p'. st 18 0.49 (0.020]| 0.13 | 0.58 [0.024 (_).06 0.0BI 9.43 [ 14.43] 3.64




Table(7)
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Leaf nuirient contents of Washinoton navel orange plants | budded on different rootstocks
grown under salinity, SAR and partial shade conditions ( Average of two seasons ).

Root |Salinity treatment Elements concentration
stock
ppom] SAR | N P ] Ca | Mg [ Na | Cq_Zn [ Fe
' ‘ (%) (P.P.m)
trol 2.58[0.260 3.60[0.145[ 0.2710.48] 43.00] 7245
Sour |[72000°] "6~ | 270 [0.250 343 10.185] 0.27 o.qu (5155
orange |[2000"] “12* | 2.33 |0.200 274 10.153] 0.21 ] 0.48 | 32.90 | 4895
'4000" | 6" I 2.44 | 0.230 3.30 10.129] 0.27 [ 0.56 || 30.80 | 454.0
14000"] “12* 1 250 [ 0.250 327 10.1301 0.40 | 0.63 | 37.20 | 515.2
16000"| "6 1 3.10 [0.180 310 10.125] 045 | 0.60 § 32.00 | 533.
160001 “12° ¥ 262 {0.230 3.1010.124] 0.62 | 0.68 || 31.90 | 706.5
ntro} 2.84 |0.250 3.170.129] 0.22[ 0.58 33.70| 534.0
Rangpur | 12000"] "6 I 262 [0.210 267 10.107] 0.31 ] 0.56 || 40.50 | 600.2
lime |72000°] “12° {1 264 [0.210 | 284 10.132| 042 | 0.48 | 2450 | 481.9
14000°! “6" [ 255 [0.210 3.5410.144] 039 | 0.70 1| 26.70 | 549.7
14000 12" 1 251 [0.220 32710.124] 033 ] 6.60 || 2850 | 710.9
16000*] *6" 1 2.8910.190 2.34 10.094} 0.66 | 0.50 ]| 30.90 | 645.0
6000"| “12* 1 2.71 [0.270 240 10.095] 0.72 | 0.63 § 26.70 | 650.8
trol 2.4110.230 3.50/0.142] 0.20] 0.49] 40.60 527.2
Cleopatra| 2000*| “6" || 2.36 | 0.180 3.70 10.149] 0.30 ] 0.61 | 28.00 | 622.0
mandarin) 000" | “12° [ 2.14 [0.220 340 {0.139}1 0.25 ] 0.62 [ 31.50 | 532.8
"4000"| "6~ I 232 [0.190 3.67 10.145] 0.35 | 0.55 | 42.50 | 525.7
"4000"| *12* "} 246 ] 0.210 3.0510.120] 0.50 | 0.50 [ 43.50 [ 602.0
%000"] *6" § 2.71 [0.170 3.20 10.127] 0.46 | 0.47f 4050 | 577.7
"6000"! . *12* 1 2.61 | 0.240 277 10.112] 0.57 | 0.63 1 40.40 | 621.2
_ |Cpatrol 2.41 0.280 3.1210.125/ 0.15| 0.40 | 44.00] 491.7
Poorman | 2000°1 " "6~ I 2.46 10.190 3.07 10.129] 0.29 | 0.68 | 47.00 | 446.7
orange | “2000°| “12* [ 2.30°[0.210 3.57 |10.143] 0.27 1 0.38 § 57.50 | 566.3
*4000"] “6* | 259 Fp.240 3.40 10.140] 0.37 | 050 | 5350 | 4615
~4000°] 12" § 273 |0.200 3.40 | 0.135] 0.40 526.4 ]
"6000"1 6" { 2.80 [0.190 294 [0.115] 0.46 4534 | 61.
"6000"| "12° 1 274 [0.270 2.44 [0.099] 0.58 627.0 | 70.
L.S.D. otix 0.49| ,02 {0.13]0.63[0.027} 0.06 1 0. 15.5




the controt was insignificant, Moreover, high concentration of salinijty
for citrus plants increased insignificantly leaf nitrogen content over
those ones received low level of saline irrigation water. In addition,
under the same level of salinity, plants treated with SAR 12 level were
mostly poorer in leaf nitrogen content than those received SAR6 rate.
However, differences were so small to reach the significant level .

- Concerning leaf phosphorus content, data of Tables (5,6 and 7)
disclosed that in both seasons as well ay the average of two seasons,
salinjty treatments dropped down leaf pﬂbsphorus cgr;tent in respect of
those ones of the control . Beside » differences between treatments and
the gontrol were mostly significant. However, the effect of salinity
oonoentr_ations varied from one season to another. It is clear thai
under SAR 12 level » high concentration of salinity increased
aigniﬁcantiy leaf phosphorus content as oompired 10 the corresponding
- ones of -low concentration of salinity. Such conclusion was not obvious
' under SAR 6 treatment. Furthermore , comparing the two levels of SAR
" under the same fevel of salinity, data presented in Table (7) disclosed,
- that values of SAR 12 ireatment were gégerally higher than those of

- SAR 6 in all studied citrus rootstocks. Beside, significant differences
were mostly observed in this respect. . ”

Considering fedf potassium cbntent, the average of two seasons
Was concerned since the effect of salinity on leal potassium content
- vafriecl from one season to other. Consequently, it is interesting to notice
from Table (7) that discarding values of Cleopatra mandarin, plants
irrigated with different levels of saline water decreased leaf potassium
~ content in respect of those ones of the control. However, significant
dil!erences were more clear in case of Rangpur lime and Poorman
orange rootstocks. Meanwhile, high concentration of salinity as
. compared to low level significantly raised up potassium in leaves of all
- citrus rootstocks used in this study. Similarly, under the different
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levels of salinity, higher values of leaf potassium content was obtained
thn SAR 12 level was used. However , significant differences were
T

notidominent in this concern.

Referring to data of leaf calcium content as presented in Table (7),
it ig found that the trend of the effect of salinity treatments in respect
of unireated plants tended to decrease genera.lly leaf calcium content in
all ditrus stocks used. In the mean ume . high level of salinity caused a
~ redyction in leaf calcium content as com.pared to those irrigated with
low|rate of salinity. Concerning SAR rates used in this study, data
clearly showed that SAR 12 values were lowered insignificanuy in leaf
calcjum content than those of SAR 6 in most cases .

Furthermore , values of leaf Mg content presented in Tables (5.6
and|7) indicated that in both seasons , salinity treatments caused a
general decrease in leaf Mg content as compared to the conirol. Such
usion was not clear in case of Poorman orange rootstock. The same
trend was noticed when the average of two seasons was concerned.
However , few significant differences-. were observed between
treajments and the control . In addition , in 1985 no consistent effect of
i salinity concentration on leal Mg content .was noticed. In this
respect, while high level of salinity combined with SAR 12 increased
leaf ‘Mg content over those of low salinity level and the same level of
SAR';in case of both sour orange and Rangpur lime , the picture was
chaqged to the reverse for Cleopatra mandarin and Poorman orange. In
1986 as well as the average of two seasons, the picture of effect was
more clear, hence high level of salinity for all rootstocks used mostly
decreased significantly values of leaf Mg content in respect of those
recejved low concentration of salinity.
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_ Referring to the two levels of SAR used in this study, data
disciosed that plants treated with SAR 12 level genegally decreased leaf
Mg ‘content as compared with those of SAR 6 under the same
congentration of salinity. However, significant differences were lacking
in most cases .

- As far as leaf sodium content was concerned, it is well noticed that
saline treated plants were higher in thelir leaf sodium values than those
of the control (Table 7). In this respeci; significant differences were
mostly observed between salinityl treatments ,and the control.
Moreover, increasing level of salinity increased profoundly leaf sodium
content. Furthermore , citrus plants received SAR 12 leve! increased
significantly leaf sodium content in the majority of cases when
compared with the corresponding ones of SAR 6 level under the same
treatment of salinity.

‘Considering leaf chloride content, data presented in Table (7)
showpd that application of different concentrations of saline irrigation
wates generally increased leaf chloride. content over the control
However , significant differences were mosi:ly. observed in case of
Poorman orange and sour orange rootstocks '

Moreover, citrus plants treated with the high concentration of
salinity beside SAR 12 rate raised up leaf chloride content remarkably-
in respect of the corresponding ones received the same level of SAR and
irrigated with low level of saline water: Meanwhile, under the high
level of salinity, higher amounts of leaf chloride content was noticed as
plants treated with SAR 12 fevel . Such conclusion was true when
compared with the ahalogous ones of those treated with the same
concentration of salinity but received SAR 6 level Table (7).
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Concerning leaf micronutrients content, it is clear that the effect of

. salinity treatments on leaf Zn content fluctuated from one season to

another. Thus, the average of two seasons was taken in account. It is
found from Table (7) that salinity treatments generally decreased leaf
In content in respect of those leaves of the control plants. That was
true in all citrus rootstocks used except Poorman orange stock. Beside,
suc¢h decrease was observed significantly in both sour orange and
Raggpur lime rootstocks.

Comparmg hxgh level of salinity with low ones, it is clear that high
concentration of sahmty varied in its effect according to the rootstock
usgd. Thus, while high rate of salinity decreased leaf Zn content of
Rangpur lime and Poorman orange, it increased leaf Zn content of
Cleppatra mandarin and in part in case of sour orange. Moreover,
regprdless values of Rangpur lime, data of SAR levels showed that SAR
12 Jevel gnerally increased leaf Zn content over those of SAR 6 under
the|same level of salinity. |

Regarding leaf Fe content, data presented in Table (7) mdxcated
that salinity treatments increased significantly leaf Fe content of
'Rangpur lime and Cleopatra mandarin and partially in case of Poorman

: orange as compared with those of the control. The opposite was true in

casq of sour orange. Furthermore, cm-us plants irrigated with high level
pahmty generally surpassed significantly in their values the
sponding ones of those received low leve; of salinity. Meanwhile,
r the high level of salinity, SAR 12 treatment was higher in leaf Fe
ent than those of SAR 6. On the contrary, under low level of
ity. SAR 12 treatment gave opposite effect where it decreased leaf

Fe content more than those of SAR 6 rate. That conclusion was not true -

in cgse of Poorman orange.
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As for leaf Mn content , it is remarkable from Tables (5,6 and 7)
that salinity treatments as compared with the contr'o}, increased leaf Mn
content of Rangpur lime and Poor man orange while gave opposite effect
in case of sour orange and Cleopatra mandarin. Such effect from the
statistical point of view was noticed significantly in all rootstocks used
except Rangpur lime.

Comparing high level of salinity with those of low rate, data
clearly showed that leaf Mn content under high concentration of salinity
and SAR 12 increased significantly over those received the same level
of SAR but under tow rate of salinity. That was noticed in all rootstocks.
The opposite was generally noticed when SAR 6 rate was concerned in
this TeSpect.

Moreover, the effect of SAR levels on leaf Mn content varied
a ing to the rootstock used. In this sphere, while SAR 12 treatment
genefally caused an increase in leaf Mn content than those of SAR 6
rate of both Cleopatra mandarin and Poorman orange, it gave the other
Way | around in case of sour oﬁa_nge and Rangpur lime.
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4.2.1.2- Effect of salinlty ConcEntrations
SAA rotes on flbrous rosts nwtrients |
content of Washington navel oronge
plants budd@d AIfferent rootstocks
grown under Full Sun lght and partial

shode conditlonss:

Fibrous roots nutrient contents of Washington navel orange plants
budded on different citrus rootstocks grown under various levels of
salinity and SAR as well as full sun light and partial shade conditions
are presented in Tables (8 and 9).

4.2.1.2.a- Full sun light:

It is clear from Table (8) that fibrous roots nitrogen content of all
studied rootstocks increased when salinity treatments were ai)plied to
the plants and in the mean time compared to the control. Anyhow,
significant differences between treatments and the control were
observed in most of ci";fi"us rootstocks. Moreovef, high concentration of
salinity gave higher values of root nitrogen content than those of plants

received low level of sahmty Also, SAR 12 level for sour orange and -

Rangpur lime rootstocks ransed up, in general, root nitrogen content.
However, such finding was not clear in case of Cleopatra mandarm and
Poorman orange.
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Table(8) : Fibrous roots nutrient contents Qt'i\vashinuton navel orange plants budded on different

¥

rootstocks grown under salinity, 5A R and full sun light conditions (seasen 1986).

Root [Salinity treatment Elements concentration
stock
p.p.m. | SAR N 1 P | KT CT Mg Ne ] & In | fFe | Mn
(%) , (PPm)
Control 0.80 10.047{ 0.52] 2.04]0.187] 0.32] 0.36 [[230.00] 425.0 |243.70
Sour |°2000°f “&" 085 10.040]| 0301 193 10.113] 0.72] 060 | 169.70] 302.0 175.30
orange | “2000"1 *12* i 0.88 [0.035] 048 | 198 [0.117] 061 | 056 253.00] 392.0 { 196.00
. “4000"] “6” 0.95 0.028| 0.51 | 3.27 [0.180] 0.61 | 0.67 J| 150.70| 161.3 175.30
~4000"; "12* % 0.8510.040] 0.37 1 1.63 {01301 0.75 | 0.70 109.30| 400.8 | 140.30
"6000"| "6“ 1.03 10.047f 0451 426 {0.163 0.64 | 0.53 § 332.00] 203.7 41.00
"6000"| "12" 1.20_10.038| 0.36 | 3.44 10.130] 0.81 | 0.54 | 145.70 310.0 [ 201.70
Control 0.6510.047| 0.60/ 1.88 [0.123] 0.23 0.271131.60] 416.7 |303.30
Rangpur | “2000"] “6" 082 10.023] 0.36 | 1.52 10.137] 0.49 | 0.46 | 214.30] 3750 25.30 |
Hme |[°2000"| “12" | 062 ]0.035] 0.61 | 1.52 10.133 0.62 | 0.496 || 233.00] 366.7 | 164.00
“4000"1 “6" 1.05 10.030! 0.48 | 2.92 [0.147] 0.57 | 0.50 § 128.70 276.7 | 224.30
400071 "12" ¥ 0.92 |0.043] 0.45 | 2.98 |0.163| 073 0.53 11200.30| 4075 | 264.70
“6000°}1 “6" 1.02 10.030) 0.32 | 457 [0.1271 056 | 053 f 171.70 187.1 | 260.30
"6000"| “12" 1.05 10.037] 0.31 | 442 10.163] 0.60 { 0.45 I 142 30 3625 [ 272.70
€Cantrol 0.62 0.033] 0.40 [ 1.63]0.133 0.24] 0.36 1133.00 ©83.3 310.001
Cleopatral “2000"{ “6" 0.83 100381 0.22 1 1521013721 053 | 055 141.70] 437.2 | 230.70
mandorin{ “2000"] -12" 1.02 10.038] 0.46 | 1.40 10.140] 0.53 { 0.56 § 100.00 1454 | 125.70
“4000"] “6" 0.98 10.028| 0.44 | 3.2710.130] 058 | 0.75 146.30] 324.2 | 161.00
*4000"] 12" | 0.97 10.038] 042 | 2. 12 10.153] 0.69 | 0.67 § 126.00] 340.8 [ 233.70
*6000"{ "6~ 0.97 10.048}1 0.33 | 2.47 10.133] 0.56 | 0.54 [ 90.20 358.3 § 233.70
*6000"| “12" 1 0.96 [0.047] 0.56 385 10.230] 0.61 | 0.51 ¥ 99.00 | 208.3 | 173.30
1Control| .- 0.7310.047/ 0.50] 1.63]0.223 Q.26 149.70| 416.7 |261.30
Poorman | 120001 "6" 0.85.10.028] 0.40 I 2.1010.200] 0.52 654.2 ! 263.00
orange 000°] "12* § 0.83 10.035] 0.72 | 157 0.127] 0.64 | 2125 | 136.70
000" “6" 0.95 10.033] 0.37]1 268 [0.137] 0.70 303.3 | 120.30
007 “12" ¢ 0.93 10.030] 0.70 | 3.65 |0.340 0.61 . 291.7 | 190.70
000"{ "6" 0.98 10.0501 0.43 | 2.16 10.123] 0.73 0.82 1 123.30] 316.7 | 188.30
000*] -12° 1.00 ] 0.043] 0.37 | 350 10.243] 0.97 | 0.60 146.00] 4458 | 182.30 |
L.S.p. atig . 0.19[0.010{ 0.09 0.42{0.031 9.08 0.073 12.20| 105 | 9.90

- e
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Concerning root phosphorus content, it is well noticed from
Tab (8) that regardless values of Cleopatra mandarin, irrigating citrus
plans with different treatments of salinity induced ‘a reduction in root
phogphorus content as compared to those of the control. For all that,
signi¥icant differences were commonly observed in case of Rangpur lime
and rman orange stocks. However, high level of salinity increased
root phosphorus content in respect 9{‘ the corresponding ones of low
level; '

Moreover, root phosphorus content of both Rangpur lime and
Cleopmira manadarin treated with SAR 12 level we;'é more rich than
those-‘ones received SAR 6 under the same level of salinity. Such
finding was not obvious in case of either sour orange or Poorman

orange.

?With respect 1o root potassium content, data remarkably indicated
that discarding values of Cleopatra mandarin, salinity treatments
generally decreased root potassium content comparing with those of the
contral. By all means, significant differences were observed in case of
Rangpyr lime and Poorman orange rootstocks, . Beside, high level of
salinity decreased visually root potassium content of Rangpur lime and
in par{ both sour ofange and Poormhan orange as oom::;ared with those of
low leyel. On the other hand, opposite result was obtained in case of
a mandarin. Moreover, data pointed out that roots of either
nge or Rangpur lime plants treated with SAR 12 leve! contained
generally lower amounts of potassium as compared to the analogous
ones SAR 6 rate under the same concentration of salinity. Such
finding| in case of Cleopatra mandarin and Poorman orange was
seher disappeared.

) |
: R+garding root calcium content, data clearly showed that salinity .
trgatm*nts generally increased root calcium content as compared with

!
i
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the control. In this respect, differences in case of Rangpur lime,
Cleq:patra mandarin and Poorman orange were S0 high to reach the
mgmncant level. Beside, citrus plants received hlgn level of salinjty
developed significant roots Wllh mgher amounts of calcium as compared
to the analogous ones ireated wun low level. Moreover, SAR levels
var_ned in their effect on root calcium content. Thus, while SAR 12 level
generally decreased root calcium content of both sour orange and
Cle¢patra mandarin stocks, it took the other way around in case of
Rangpur lime and Poor man orange.

As for root Mg content, data clearly showed that salinity
~ treatments differed in their effect on root Mg content according to the
rooistock used. Any way, while salinity treatments abated root Mg
conktent of both sour orange and Poorman orange plants, they gave
revjerse effect in case of Rangpur lime and Cleopatra mandarin stocks as
con:@pared to the untreated plants. At all events, significancy between
tre#tments and the control was mostly observed in case of sour orange
sto¢?k. Meanwhile, applying high concentration of salinity to plants of
citrbs rootstocks used in this study gave generauy higher values of root
Mgicontent than those treated with low level. Also, excluding values of
souﬁ' orange, data disclosed that SAR 12 treatment generally developed
plams with roots more rich in Mg content comparing with those ones
reo+1ved SAR 6 fevel.

- In relation to .root sodium content, ii’ is found that salinity
trestments increased profound!ty root sodium content in respect of those
of the control. In this concern, differences were statistically significant.
In addition, high concentration of salinity generally raised up root
sodjum content over those received low level. Furthermore, SAR 12 k
lev@l when applied to citrus plants induced an increment in root sodium
oon_ient as compared to the corresponding ones treated with SAR 6 level
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under the same concentration of salinity. Such finding was true with

the majority of cases.
. !

Regarding root chloride content, data obViosly indicated that citrus
plants, treated with different levels of salinity, gave roots with higher
values of chloride as compared to the analogous plants deprived of
salinity (control). In all studied rootstocks, differences were so high to
reach the significant level. Nevertheless in case of Rangpur hme and
Poorman orange , high level of sahmty combined with SAR 6 rate
increased noticeably root chloride content in respect of those value of
low level of salinity and the same rate of SAR .

Referring to SAR levels used in this study, it is remarkable that in’
case of Cleopatra mandarin and Poorman orange, plants irrigated with
high concentrations of salinity as well as SAR 12 rate gave roots with
lower amounts of chloride as compared with those received the same
level of salinity and SAR 6 rate. In the other two rootstocks used i.e.
sour orange and Cleopatra mandarin such effect was not clear.

-

'Furthermore, data presented in Table (8) clearly showed that
sa:iinity treatments varied in their effect on Zn’ content as compared
with the control according to the rootstock used. In.this respect, while
salinity treatments increased root In content of both Rangpur lime and
Poorman orange over the control, they gave opposite results in case of
sour orange and Cleopatra mandarin. In addition, most of treatments
showed significant effect in this sphere. Moreover, citrus plants
irrigated with high concentration of salinity gave roots with lower
an_iounts of Zn in respect of those ones received low level of salinity.
Beside, SAR rates varied in their effect according to the rootstock used.
In this concern, while SAR 12 generally decreased root Zn content as
compared with those of SAR 6 of sour orange and Cleopaira mandarin,
the opposite was true in case of Rangpur lime and Poorman orange .
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Considering root Fe content, data disclosed in Table (8) showed
that in all citrus rbotstocks, salinity treatments dropped ‘down
significantly root Fe content below the control. Morebver. applying high
concentration of salinity to sour orange and Rangpur lime decreased
root Fe content as compared with the analogous ones received low level.
However, the high concentration of salinity for Cleopatra mandarin and
Poorman orange partially decreased root Fe content below those of low
level e

Regarding SAR levels, it is found that SAR lg_mosﬂy increased
root Fe content of sour orange and Rangpur lime and generally
decreased values of root Fe content of Cleopatra mandarin and Poorman
orange as compared 1o analogous ones of SAR 6 under the same fevel of
salinity.

Considering root Mn content, it is clear from Table (8) that the
majority of salinity treatments decreased significantly root Mn content
as compared with the corresponding ones of the control. Moreover, high
concentration of salinity generally increased root Mn content over those
plants received low level. ’ '

Concerning SAR levels used in this study, data clearly showed that
plants treated with SAR 12 gave lower values of root Mn content than
those received SAR 6 level under the same concentration of salinity.
Such conclusion was true in afl citrus rootstocks used except Rangpur
lime.
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4.p.1.2.b- Partial shade :

- Data presented in Table (9) clearly showed tl;at neglecting values
of Rangpur lime, salinity treatments increased root nitrogen content as
comgpared with those of the control of different rootstocks used.
However, significancy was few in this concern. Furthermore, high level
of salinity decreased markedly root --pitrogen content of Rangpur lime
and in part for Cleopatra mandarin anhd Poorman orange plants as
comypared with the analogous ones received low level of salinity. Such
effact was lacking in case of sour orange. ‘o

Comparing the two levels of SAR, it is clear that Rangpur lime and
Cleopatra mandarin plants treated with SAR 12 were mostly inferior in
root nitrogen content as compared with those ones received SAR 6 level
under the same concentration of salinity. Such conclusion took the
other way around in case of Poorman orange and in part for sour orange
rpotétocks.

Considering root phosphorus contert, Table (9) pointed out that
salipity treatments decreased root phosphoru’;a content of different
citrys rootstocks in the majority of cases as compared with plants of
che¢k ones. Anyhow, significant differences were dominant in case of
Clegpatra mandarin and partially in Poorman orange. Moreover, high
oontbentration, of salinity for citrus plants generally decreased root
pho#phorus content in respect of those treated with low level. However
, su#h finding was not clear in Poorman orange, hence values of both
low and high levels were more or less similar. Nevertheless . significant
difference was only observed for Rangpur lime.

- In addition, the effect of SAR levels used in this study on root
phosphorus content varied according to the rootstock used . Thus, in
case: of Rangpur lime and Poorman orange, SAR 12 level generally
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_ Table(9) : Fibrous roots nutrient co
rootstocks grown under sa

¢

ntents of Washington navel orangeplants budded on different
linity, SAR and partial shode conditions (season, 1986).

Root |Salinity treatment Elements concentration
stock :
ppm.| SAR N P T K | Ca] Mg | Ne [ CL I Zn | Fe I Mn
(%) (P.P.m)
Control 0.83]0.032] 0.57] 2.90[0.513] 0.29 0.50 {|125.00{ 958.3 |1251.00
Sour |°2000"} "6° 0.65 100281 0.70 | 255 10.250} 0.62 | 0.96 59.00 | 291.6 | 208.60
orange |°2000°) “12" | 0.88 00251 044 | 1.93 [0.240} 0.57 | 0.78 | 79.00 400.0 ] 115.00
"4000"] _"6" 1.05 10.035] 054 | 4.01 [0.187] 0.52 | 0.89 143.00] 316.6 | 173.30
“4000"| "12° 100 10.030] 0.43 | 2.10 {0.243] 085§ 095 ) 1 35.00! 316.6 | 149.60
"6000"] "6" 0.90 10.025] 0.44 | 420 |0.570] 0.60 | 0.96 | 93.00 308.3 | 184.30
“6000"1 12" 1 0,90 10.032| 0.36 | 2.57 10.360] 0.68 | 0.85 62.00 | 641.6 | 276.00
Control 1.02 10.035] 0.58 | 2.92 [0.437/ 0.17 | 0.45 166.00|1041.6|364.60;
Rangpur | “2000"| 6" 103 10.042] 062 | 4.74 10.6801 0.40 { 0.71 || 148.00 616.6 { 253.60
lime . |72000°] "12° || 0.93 10.045] 0.62 235 | 0.263] 0.42 | 0.65 § 143.00} 450.0 | 190.30
*4000"| 6" 082.10.027] 0.39 | 595 10.170] 0.52 | 0.75  110.00| 416.6 196.30
000" ] “12" § 0.80 |0.032! 0.64 | 5.02 |0.150| 0.59 1.06 § 203.00} 291.6 | 113.60
"6000"| 6" 0.78 10.025] 0.44 | 7.82 [0.260] 0.33 | 0.50 § 139.00 458.3 | | 44.30
“6000" | “12° 1§ 0.88 10.025] 0.30 | 5.98 {0.237{ Q.53 0.6t | 142.00] 591.6 |1 171.00
' Control 0.8710.035] 0.55| 2.4510.280] 0.17 0.46 | 97.00 {1291.6/429.30
Cloopatrai "2000"{ "6" 105 10020] 057 | 2.71 10.180] 0.51 | 0.92 £ 152.00] 587.1 | 163.60
menderin|[“2000°| “12° I 0.78 [0.032} 0.55 | 4.15 0.153] 0.52.] 0.78 § 132.00] 3625 | 188.30
"4000"| 6" 0.77 10.032] 0.47 | 4.16 [0.243] 051 | 096 § 40.00 | 441.6 | | 67.00
*4000"} "12° 105100251 052 | 265 102571 0.51 | 0.77 § 63.00 | 550.0 | 133.60
“6000" | 6" 0.95 10.025] 0.46 | 4.34 10.207] 0.59 ] 0.74 | 31.00 ; 3750 ; 47.00
1"6000"] "12" } 0.87 {0.025]| 0.34 | 4.20 0.340] 0.65 | 0.70 § 62.00 | 375.0 | 121.00
Control 170.83 [0.040{ 0.58 | 2.53 [0.427/ 0.13 | 0.52 ] 186.00/1024.5/520.00
Pesrman | "2000° ] 6" 1 078 10.025] 0.70.] 4.90 | 0.350] 0.45 | 0.85 § 223.00 300.0 | 133.60
orenge | 20007 "12° || 1.02 10.032] 0.52 | 2.55 0.123] 0.29 | 0.82 § 123.00( 433.3 | 136.00
"4000"{ "6" 0.82 10.035] 0.57 1 4.24 10.280} 0.50 | 0.96 L251.00 616.6 | 285.00
*4000"| “12° | 0.92 10.025] 0.67 | 4.01 |0.480] 0.63 | 0.91 § 267.00 541.0 1199.30
*6000"| 6" 0.92 10.025] 0.52 [ 3.03 [0.300] 0.51 | 0.84 § 187.00} 800.0 | 261.30
~6000"] 12~ | 0.88 0.032] 0.35 | 5.25 [0.300] 0.57 [ 0.7S § 146.00] 550.0 167.60
_L.S.D. st1X 0.17 (0.009] 0.07} 0.67 [0.058] 0.07 | 0.06 ]| 15.80| 11.5 | 15.00
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increased root phosphorus content as compared with the corresponding

ones of SAR 6 under the same concentration of salumy A reverse
result was noticed when values of sour orange and Cleopau'a mandarin
were concerned. Though, it could be concluded that no consistent trend
was noticed as SAR levels were concerned.

Respecting to root potassmm content it is obvious that roots of
plants treated with high leve! of sahmty contained significantly lower
amounts of potassium as compared wnth values of either the control or
plants treated with low level of sahmty Furthermore as for SAR
levels, it is quite evident that applying SAR 12 level for citrus plants
mostly decreased root potassium content in respect of those received
SAR 6 rate under the same level of salinity. Such difference was
mostly significant in both sour orange and Poorman orange rootstocks.

Referring to root calcium content, it is well noticed that discarding
values of sour orange, salinity treatments increased markedly root
calcium content as compared with those of the control. By all means,
significant differences were mostly obser-ved in all rootstocks used.
Moreover, high level of salinity caused an mcrease in root calcmm
content in respect of the corresponding ones of those treated with low
level of salinity. - Difference from the stausucal point of view was
mostly significant. Beside, data presented in Table (9) indicated that
SAR 12 rate caused a general reduction in root calcium content as
compared with plants treated with SAR 6 level. Significant differences,
were more clear in sour orange and Rangpur lime in this concern.

In relation to root magnesium content, it is clear from Table (9)
that salinity treatments generally decreased root magnesium content as
compared 1o the analogous ones of the control. Any way, significant
differences were generally observed in all citrus rootstocks used in this
concern. Moreover, regardiess of values of Rangpur lime plants, data

-75 -




disclosed that high level of salinity stimulated the accumulation of
magnesium nutrient significantly in roots of the different rootstocks
used in respect of those of low level. In addition.' under low level of
salinity, plants received SAR 12 treatment developed roots contained
fower amounts of magnesium than those treated with SAR 6 level
However, the picture was not clear under the high level of salinity in

this respect.

Concerning root sodium content, it 13 found that control plants had
significantly roots with lower amouﬁts,'of sodium ,as compared with
those of plants treated with various treatments of salinity. That was
true in all studied rootstocks. On the other hand, high level of saline
water mostly caused an increase in root sodium content in respect of
the corresponding ones of those received low level of salinity. For all
that, in the majority of cases SAR 12 treatment surpassed SAR 6 rate
under the same level of salinity, in their values of root sodium content.

In addition , date of root chloride content as presented in Table
(9) showed that application of salinity't‘,_reatments to various citrus
rootstocks used in this study raised up toot chloride content as
compared to the values of the control of each rooi.stock. Such effect was
almost statistically significant. However, high level of salinity for most
citrus rootstocks used failed to incfease chloride in roots than roots of
plants treated with low level of saline water. Furthermore, excluding
values of Rangpur lime, data indicated that citrus plants received SAR
12 level were generally lower in root chloride value in respect of those
treated with SAR 6 rate under the same level of salinity.

Moreover, Table (9) also indicated that values of root Zn content of
rt.reated stocks with salinity concentrations , were in general lower than
those of the control. That was true in all citrus rootstocks under study
except Poorman orange stock . However, the majority of salinity
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treatments gave significancy as compared to the control. Beside , high
concentration of salinity as compared with low level caused a reduction
in root In content of Rangpur lime and Cleopatra manadarin and
partially in roots of sour orange and Poorman orange.

Furthermore, comparing SAR 12 with SAR 6 under the same level
of salinity it is clear that SAR 12 level mostly increased root In content
in most rootstocks. However, Poormaa, orange and sour orange mostly
gave reverse results in this respect. :;‘

]

Referring to root Fe content it is quite evident that in all citrus
rootstocks used, plants irrigated with various treatments of salinity had
roots with lower amounts of Fe in respect of the control. These
treatments, however, were highly significant in all rootstocks under
study. Moreover, high concentration of salinity as compared with low
one increased root Fe content of both sour orange and Poorman orange
and partialy of Rangpur lime and Cleopatra mandarin. As for SAR rates,
it is clear that in case of Rangpur lime and Poorman orange values of
SAR 12 level were generally lower than those of SAR6 under the same
fevel of salinity. However, values of sour orange gave nearly reverse
results.

As for root Mn content , it is-remarkable noticed that salinity for
citrus plants decreased significantly root Mn content as compared 10 the
control. In addition, high concentration of salinity as compared with
low level induced a significant reduction in root Mn content of Rangpur
lime and Cleopatra mandarin. Such conclusion was noticed in part in
case of sour orange in this respect. However, the opposite was true in
case of Poorman orange. Considering SAR ireatments, it is noticed
that SAR 12 gave' mostly a significant lower values of root Mn content in
respect of the analogous ones of SAR 6 for all studied rootstocks .
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d.2.2- Effmek 5f sallnity @and SAR Erecktmankts on
hud Indeles oehd PpheRolS fz[t@[ts @
washinnton novel orenne plonts budded

different roetstocks grown under Full sum]

Mghk anad partle] shode condlEions 2

Bud indoles and phenols contentsf‘ of Washington navel orange
plants budded on different rootstocks grown unde'i"salinity and SAR
treatments as well as fu!l sun light and partial shade conditions are
presented in Table (10).

4.2.2.a~- Full! sun lilght :

Data of bud indoles indicated that salinity treatments generally
decreased bud indoles as compared to the control. That was true in
most studied rootstocks. Such decrease was moré statistically observed
in case of Cleopatra mandarin and Poorman orange rootstocks.
Moreover, salinity treatments under the same level of SAR showed that
high level of salinity (6000 ppm.) caused a significant reduction in bud
indoles as compared to the corresponding ones of low level (2000 ppm).
Comparing SAR 6 with SAR 12 under the same level of salinity, it is
quite evident that under medium and high levels of salinity, SAR 12
treatment decreased generally bud indoles content in respect of plants
treated with SAR 6. However, the picture was changed to the reverse
when low level of salinity (2000 ppm.) was concerned. That was true in
all rootstocks used .
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Table (10) : Effact of different rates of salinity and SAR on bud indoles, phenols and indoles /
phenols contents of Washington navel orange plonts budded on various rootstocks
grown under full sun light and partial shade conditions

( season, 1986 ).

Salinity treatment Full sun ‘FHight Partial shade
Root -
stock | Indoles | Phenols | ‘indoles/ | Indoles | Phenols | Indoles/
p.p.M. SAR | + 1 'Phenols I Phenols
mq./ 100 q. buds I mqg./100 g buds
Control 71.60 150.00 0.051 3.60 190.10 0.019
s Sour "Z2000” 6" f 430 7270 0.059 6.80 176.80 0.038
orange “2000" “12* v 15.80 192.30 0.082 1.70 143.40 0.054
"4000" "6 13.80 77.40 0.178 8.90 213.50 0.042
“4000" 12" 4.40 163.00 0.027 6.60 316.70 0.021
“6000" "6 8.00 190.20 0.042 5.90 23130 0.026
"6000" ‘12" 4.40 172.10 0.026 4.20 228.60 0.018
Control 8.50 141.90 | 0.063 12.90 | 207.90 | 0.062
Rangpur "2000" 6" 8.10 123.70 0.065 7.50 159.40 0.047
lime "2000” "1z 12.40 154.80 0.080 9.90 155.50 0.064
“4000" "6 7.00 77.10 0.091 4.10 111.30 0.037
"q4000" 1 12" 8.00 155.30 - 0.052 8.40 I31.50 0.02%
“6000" 6" 2.40 140.50 0.038 6.60 284.40 0.023
"6000" "2 2.60 161 40 0.014 6.60 242.30 0.027
Control , 11.40 143.70 i 0.079 7.30 131.20 [ 0.056
Cleopatra | "2000" "6 7.10 144.20 0.049 5.20 147.90 0.035
meandarin "2000" 12" 10.10 133.10 0.076 10.00 172.50 0.058
"400Q0" i 8.90 105.00 0.085 5.10 141.90 0.036
I R 9.20 114.20 0.046 5.80 215.10 0.027
"6000" "6" 6.20 176.60 0.635 6.00 224.90 0.027
“6000" "12" 3.50 221.20 0.016 2.10 246.50 0.021
Control 11.80 177.30 0.067 9.70 146.20 0.066
Poorman "2000" 6" 18.50 248.70 0.074 5.80 155.60 0.037
orange "2000" 12" 19.70 1952.60 0.129 10.80 174,90 0.062
“4000" 6" 6.40 125.20 0.051 7.20 236.80 0.030
“4000" "1Z2" 6.80 129.20 0.053 4.60 258.90 0018
"o000" "6" 7.50 221.20 0.033 4.70 199.60 0.024
"6000" "12" 4.80 259.10 0.019 6.50 260.90 0.025 .
L.S.D. at!Z% i 1.35 18.20 0.009 0.63 12.20 0.003
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Concerning bud phenols content, it is clear from Table (10) that
salinity treatments for sour orange and Rangpur lime plants generally
increased bud pheno!s as compared to their controls. Such effect was
not clear in case of the other two rootstocks used ie. Cleopatra
mandarin and Poorman orange. However, significant differences were
observed in the majority of treatments.

Comparing high leve! of salinitywith low ones it is well noticed
that in al! rootstocks used, plants receiv}'éd high rate of salinity (6000
ppm.) gave higher values of bud phernols than those ones treated with
ifow concentration of saline water. Moreover, under the same
concentration of salinity, SAR 12 level generally increased bud phenols
as compared with SAR 6 level. That was true in all rootstocks used.

Referring 1o indoles/phenofs ratio it is found that salinity
treatments for Cleopatra mandarin and Poorman orange plants mostiy
decreased indoles/phenols ratio below the control. Such effect was only
noticed in case of sour orange and Rangpur lime rootstocks when plants
were treated with high level of salinity . Meanwhile, disclosed data
showed that high rate of salinity (6000 ppm).decreased remarkably
bud indoles/phenoils ratio than those received low concentration. In
addition, citrus rootstocks either treated with medium or high
concentration, showed that SAR 12 decreased the ratic of indoles to
phenols in respect of values of SAR 6. The picture was changed 1o the
reverse when 2000 ppm concentration was used.
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4.2.2. - Partial shade :

¥

It is clear from Tabte (10) that excluding values of sour orange
rootstock, data indicated that salinity treatments for the remained
stocks used in this study decreased generally bud indoles content as
compared with the control. Such decrease was mostly significant.
Concerning levels of salinity used, it is.quite evident that plants treated
with high concentration of salinity had lb'\:ver values of bud indoles than
those received low level of saline water. Such result was not only true
under SAR 6 leve! but also under SAR 12 rate. The effect of SAR levels
under the same rate of salinity indicated that SAR 12 increased bud
indoles under low leve!l of salinity when compared with the
corresponding ones of those of SAR 6. That was well noticed in all
rootstocks under this study. Nevertheless, under the medium and high
level of salinity such trend of effect was fluctuated.

Regarding bud phenols content it is obvious from Table (10) that
salinity treatments generally increased bud phenols content over the
control. Differences from the statistical point.of view were significant.
That effect was more true for both Cleopatra ﬂ;andarn and Poorman
orange rootstocks. Moreover, high concentration of saline water
increased bud phehols content as compared .10 the corresponding ones
of low level. That was obvious in both rates of SAR as well as all
studied rootstocks . Furthermore , data of both Cleopatra mandarin and
Poorman orange showed that SAR 12 level increased visually bud
phenols content as compared with the analogous ones of SAR 6 level
Such effect was not clear in case of sour orange and Rangpur lime.

Referring to bud indoles/phenols ratio, data indicated that salinity
treatments decreased indoles phenols ratio below the control in all
studied rootstocks except sour orange. Differences were so high to
reach the significant level .
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Regarding salinity concentrations under the same level of SAR. it
is interesting to notice that high level of salinity decireased visualiy bud
indoles phenols ratio in respect of the corresponding values of low level.
Such result was well noticed in all rootstocks under study .

Moreover, comparing the two levels of SAR under the medium
and high level of salinity, it is obvious that SAR 12 generally decreased
bud indoles phenols ratio helow SA_’!;"(;_ values. However, under low
concentration of salinity the picture wasfr. changed to the reverse in this
respect . |
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4.2.9- Effeet 0f sallnity on leelf soluble
ande nonsoluble cearbohydroies

comrtenlks B

1

4.2.3.a~ Full sun light: |-

Leaf soluble and nonsoluble carSonydrates contents are shown in
Table (11). It is clear that salinity treatments in most cases decreased
leaf soluble carbohydrates content as compared to the analogous ones of
the control .

Moreover , plants of both sour orange and Poorman orange
rootstocks treated with high concentrations of salinity gave lower
values of leal soluble carbohydrates in respect of the corresponding
ones of those received low level of salinity. However , significant
differences between salinity treaiments were remarkable in both sour
orange and Cleopaira mandarin rootstocks m(;re. than in 'Rangpur lime
and Poorman orange rootstocks . Such effect wis noticed when plants
were ‘reated with -high concentration of salinity combined with either
SAR 12 or 6 for Cleopatra mandarin and Rang'pur lime , respectively.

Comparing SAR 12 with SAR 6 under the same concentration of
salinity it is clear that in both sour orange and Rangpur lime, SAR 12
leve!l was the dominant in increasing leaf ‘soluble carbohydrate as
compared to those of SAR 6. Such effect was not noticed as Cleopatra
mandarin and Poorman orange plants were concerend .

Referring to leaf nonsoluble carbohydrates, data presented in
Table {11} indicated that salinity treatments fluctuated in their effect
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Table (11) : Effect of different rates of salinity sad SA R on leaf sgluble and non soluble
carbohydrates contents of Washington navel orange plants bugltlad onh different
rootstocks grown under full sun light and partial shade conditions.

j
Salinity treatment| Full sun light Partial_shade
Root “1986" "7ty 985" "1986" “1985 - 1986"
stock o] .
p.p.m. SAR $C. iNonSC.{ S.C. :[NnSC. ] SC [NnSC] SC |Non3.C.
(%) (%) (%) (%)
. Control 378 | 6.70 || 200 | 3.72 | 3.95 | 5.60 | 2.98 | 4.66
Sour "2000" 6" 277 | 383 § 259 [ 365 | 274 | 345 | 267 | 3.55
orange 2000" "12° 5.08 | 4.02 1.98 | 3.72 | 437 | 379 | 3.18 | 3.76
“4000" 6" 390 | 5.00 || 235 | 467 | 452 | 580 | 344 | 524
“4000" "12" 289 | 5.1 221 | 315 ] 458 | 453 | 340 | 384
“6000" 6" 1.95 | 5.69 385 | 219 | 335 | 605 | 360 | 4.12
"6000" "12" 2.23 | 5.83 447 | 248 | 423 | 592 | 435 | 420
Control 793 | 438 | 3.2Y | 3.33 ] 3.20 | 6.18 | 3.21 | 4.76
Rangpur *2000" 6" 526 | 673 f 248 | 293 | 282 | 588 | 2.65 1 44|
lime 2000" "12" 583 | 680 | 382 | 348 | 311 ]| 378 | 347 | 3.63
"4000" 6" 550 | 683 h 345 ; 3.11 440 | 6.08 | 393 | 460
"4000" “i2" 554 | 517 ) 378 | 324 | 423 ] S60 1 4.01 | 442
"6000" 6" 4.28 | -390 1.63 =302 | 362 | 420 1 263 | 3.61
“6000" | - "12" 758 | 465 || 228 | 383 | 408 | 583 | 3.18 | 483
| _Control 5.60 | 467 || 425 | 452 | 2.87 | 6.22 | 3.56 | 5.37
Cleopatra { "2000" 6" 482 | 525 | 393 | 333 ] 238 } 578 | 3.16 | 456
mandarin | "2000" "12" 595 | 382 § 355 | 323 | 268 | 642 | 3.12 | 483
“4000™ 6" 580 | 500 4 358 | 428 ] 259 | 695 | 309 | 562 |
"4000" "12" 3.97 | 4.45 373 | 573 | 284 | 657 | 329 | 6.15
“6000" 6" 6.18 | 445 f 362 | 507 | 243 | 597 | 3.03 | 552 |
"6000" "12" 5.15 | 462 | 397 | 455 | 282 | 658 } 340 | 557
‘Control 473 | 3.23 1 358 | 3.80 | 1.45 | 3.52 | 252 | 3.66
Poormen | "2000" 6" 437 | 6.05 I 308 | 311 255 | 692 | 282 | 5.02
orange *2000" “12" 5.77 | 400 319-]1 348 | 271 | 650 | 295 | 499
- *4000" 6" 407 | 398 J 430 | 497 | 290 | 585 | 360 | 5.41
“4000" “12- 408 | 435 | 347 | 390 | 268 | 692 | 308 | 541
"6000" 6" 445 | 445 ) 385 | 340 1 3.13 | 683 | 349 | 5.12 |
“6000" "§2° 442 | 327 ] 338 | 345 | 238 | 352 | 288 | 349
L.S5.D. at1% 0.41 | 0.6} l 0.27 | 025 ] 0.27 | 0.41 | 0.27 | 0.33
S.C. = Soluble carbotvydrates.

Non S.C. = Non soluble carbotvwdrates.
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according to the rootstock used . For instance, while salinity decreased
leaf nonsoluble carbohydrates of sour orange and Cleopatra mandarin as
compared to the control, it had a reverse effect in case of Rangpur lime
and Poorman orange. Any how , differences between most treatments
were stmsticauy nil in all rootstocks used .

Moreover , comparing high lev,g!l of salinity with the analogous
ones of low concentration for each rootst'(_;ck,L it is well noticed that high
concentration of salinity caused a significam reduction in nonsoluble
carbohydrates of both Rangpur lime and Poorman ,orange . On the
other hand , a general significant increase was observed for both sour
orange and Cleopatra mandarin rootstocks .

Regarding SAR levels it is clear from Table (11) that SAR 12
surpassed SAR 6 in increasing leaf nonsoluble carbohydrates of sour
orange and mostly in Rangpur lime. On the contrary , SAR 12 treatment
mostly decreased leaf nonsoluble carbohydrates as compared to SAR 6
level for Cleopatra mandarin and Poorman orange .

1 . . .

L]

4.2.3.b- Partial shade :

It is found from Table (11) that discarding values of Cleopatra
mandarin , salinity treatments generally increased sigaificantly leaf
soluble carbohydrates over the control (as average of the two seasons) .

Moreover , high concentrations of saline water generally raised up
leaf soluble sugars in respect of values of low level. That was true in all
studied rootstocks except Rangpur lime plants where the reverse was
noticed .

v
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Comparing SAR levels it is clear that SAR 12 treatment surpassed

in its value those of SAR 6 with some exoepuons
v

Regarding leaf nonsoluble carbohydrates it is quite evident that
salinity treatments as compared to the check (untreated) plants
decreased significantly leaf nonsoluble carbohydrates content of sour
orange and Rangpur lime rootstocks. On the contrary, a reverse effect
was noticed in case of Cleopatra mandédrin and Poorman orange .

In addition , plants received high éonoentr'ations of saline water
developed leaves with higher amounts of nonsoluble carbohydrates
than those treated with low level

Furthermore , with respect to SAR levels it is clear that no
consistent trend was observed. |

4.2.49= Stem  starch ond total

corbohydrotes tr:mgnn:mn: 5

L

'Stem starch and total carbohydrates peroéntages of Washington
navel orange plants budded on different citrus rootstocks grown under
salinity treatments and either full sun light or partial shade conditions
are presented in Table (12).




4.2.4.a- Full sun tight

: ’

"1t is clear from Table (12) that stem starch percentages of
Washington navel orange plants budded on different citrus rootstocks
and treated with different concentrations of salinity were generally
lower than those of the control. Such finding was not clear when values
of Cleopatra mandarin were oonsidered,..‘ Nevertheless, such conclusion
from the statistical point of view was not dominant in Poorman orange
as in both sour orange and Rangpur lime . Moreover, high level of
salinity applied to different rootstocks under the study increased stem
starch content as compared to those of low level. Such increase was
lacking when sour orange values were concerned .

On the other hand , ldata disclosed also that under the same
.salinity concentration , plants treated with SAR 12 were mostly lower
in their values in respect of the corresponding ones of those received
SAR 6 treatment . Nevertheless, this conclusion was not clearly noticed
in case of Poorman orange rootstock . -

r's

- As for stem total carbohydrates , it is well hoticed that discarding
values of Cleopatra mandarin, lower amounts of total carbohydrates
were existed in stems of rootstocks treated with different levels of
salinity as compared to those of the control. Such finding statistically
was more clear in case of Rangpur lime stock . Furthermore, high rate
of saliniw caused mostly a decrease in stem total carbohydrates content
of most rootstocks used than those received low level of satinity .

As far as SAR levels were concerned, it is found that plants
received SAR 12 treatment had mostly lower values of stem total
carbohydrates than the analogous ones of SAR 6 level .

TN
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Table ( 125

L

. Stem starch and total carbohydrates contents of Washington navel orange plants
budded on different rootstocks grown under full sun light, partial shade and

various levels of salinity and SAR (season, 1986).

Salinity trestment Full sun !igilt T Portial shade
Root | Starch Total - Starch Total
stock p.p.m. SAR chrbohy drates chrbohy drates
(%) (%) (%) (%)
Control 16.74 21.70 13.86 19.33
Sour ~2000" 6" 16.48 24.82 15.47 21.55
orange “2000" 12" 15.14 20.78 16.18 20.97
“4000" 6" 14.15 19.65 15.76 21.48
~4000" 12" 14.48 20.25 12.62 17.50
“6000" "6" 16.50 21.50 14.83 19.00
"6000" 12" 14.04 18.60 13.25 19.24
Control 15.79 21.63 12.75 19.74
Rengpur | "2000° "6 16.93 24.24 16.14 21.00
lime ~2000" 12" 14.50 19.48 16.96 21.55
"4000" 6" . 14.50 20.18 14.93 21.04-
“4000" 12" 12.97 19.27 13.97 18.93
“6000" 6" 17.46 2201 _ 14.44; 18.88
"6000" "12" 15.21 19.68 12.63 17.96
Control 14.92 20.61 14.64 21.24
Cleopatra | 2000 "6 15.77 - 23.32 15.88 21.12
mandarin | ~2000" 12" 14.49 20.37 16.72 21.89
~4000" 6" 14,60 19.22 14.44 20.61
“4000" 12" 1598 F__ 21.90 . 13.57 19.09
"6000" S 17.96 22.76 14,22 19.36
"6000" “12" 1658 1 2104 11.43 18.35
Control 15.08 | 21.79 11.73 18.00
Poorman | 2000 "6 14.27 20.48_ 15.83 20.93
orenge “2000" 12" 14.64 20.09 17.21 22.11_
*4000" 5" 12.87 842§ 13.21 19.33
“4000" 12" 15.04 21.36 9.87 17.04
*6000" "6" 16.42 20.71 14.21 19.85
6000~ 12" 14.54 18.75 15.75 19.75
L.S.D. st1% 0.96 1.47 0.58 0.64
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4.2.4.b- Partial shade :

Stem starch and total carbohydrates percentages of Washington
navel orange plants buddded on different citrus rootstocks , treated
with various levels of salinity and SAR and grown under partial shade
condition are tabulated in Table (12). '

Concerning stem starch percentages , it is quite evident that
salinity treatments generally increased stem starch content signif icantly
over the control . . However, such finding was not clear in case of
Cleopatra mandarin stock . a |

Meanwhile . high concentration of water salinity for budded
rootstocks used decréased stem starch content as compared to those
ones of low level . That was true under both SAR 6 and SAR 12 levels.

With respect 10 SAR levels , it is clear that under high level of
salinity, plants received SAR 12 decreased stem starch content as
compared to the corresponding ones of SAR 6 level . The picture was
changed to the reverse when low level of salinity was concerned .

Referring to total carbohydrates percentages , it is obvious that
high concentration of salinity treatments mostly dropped down stem
total carbohydrates in E;t_zspect of those of low level and the control .

Meanwhile , as far as SAR levels were concerned , it is found that
in each rootstock used in this study, plants received SAR 12 leve!l was
generally the dominent treatment in decreasing stem total

carbohydrates as compared to those ones treated with SAR 6 .
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@.2.9=- Effect ®f sSallnity oand SAR

treatments on Ie®f chilioremhyll

(R , B) end carcten® coOnREeRES 3

Leaf chlorophyll (A ., B} and carotene contents of Washington
navel orange plants budded on dif!‘er;ﬁt'citrus rootstocks grown under
full sun light and partial shade condition$ and their relation to salinity
and SAR treatments are shown in 'I'aibles (13, 14 , 15 and 16) and
iltustrated graphically in Figs. (5.6,7.8,9 and 10) . ’

4.2.5.4a- Full sun light : |

It is clear from Table (13) and Fig. (5) that leaf chlorophylt A
started with low value (after 30days from the initiation of treatments)
followed with a sudden increase {after 60 days) in all studied rootstocks
except Poorman orange where values were more or less similar. Such
increase was extended till 120 days in case of Rangpur lime and
Cleopatra mandarin and up to 90 days in case of Poorman orange
rooistock then decreased suddenly at 120 days. Hdwever, leaf
chiorophyll A of Washington navel orange plants budded on sour orange
decreased slightly towards 120 days from starting of the treatments.
On the other hand, feaf chiorophyll A of Poorman orange increased
smoothly till 90 days then dropped down at 120 days .

Anyhow , the general trend of leaf chlorophyll A increased greatly

at 60 days and resumed its increase till 90 days which followed with a
decrease at 120 days.
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By all means, for studying the effect of salinity treatments on leaf
chiorophyll A , the sample of 120 days from the initiation of treatments
L)
was put in consideration .

It is clear thal salinity treatments generally decreased leaf
chlorophyll A as compared to the control. That was true in all
rootstocks used . However , such decrease was generally observed
statistically in Poorman orange. In the ipean time, data disclosed that
under SAR 6, increasing salinity level' caused an increase in leaf
chlorophyll A. On the other side, no consistent trend was observed
when SAR 12 was concerned in this respect .

Comparing the two levels of SAR used, no clear trend was
observed. In this sphere , while SAR 12 decreased sometimes leaf
chlorophyll A in respect of values of SAR 6 , it increased values of leaf
chlorophyll A specistly Poorman orange .

With respect to leaf chiorophy!l B, it is clear from Table (13) and
Fig. (6) that leaf chlorophyll B values were low at 30 days from the
beginning of the treatments then increased strongly at 60 days followed
with a very slight increase or a decrease toward the last leaf sample
(120 days) . ' .

Regarding the effect of salinity treatments on leaf chlorophyll B at
120 days , it is found that salinity generally increased leaf chiorophyll B
as compared to the control . That'was mostly obvious in all studied
rOOLSLOCKS. '

-g91 -




. L4
Table (13) : Effect of salinity and SA R levels on leaf chlorophyll A, B and carotene contents of
Washington navel orange plants budded on different rootstocks grown under full sun

light (season 86).

Salinity treatment Chlorophyll A e Chlorophyll B Carotene
Root 30 6090 | 120 30-] 60| 90 [f20] 30T 60 | 90 [ 120
stock p.p.m.| SAR | Days | Days | Days | Days || Days:| Days | Days | Days Days | Days | Days | Days
UERUENNENIERUENOERIIEND [l] grifg1m
Contro! 2.111487/4.31/3.7311.93/4.40 3.68!3.01/266]3.38/2.54]1.70

Sour |°2000"1 "6" | 2112571269284 1.26] 2.31 126412960 229] 2501 1 .7010.88
orange | "2000"| "12" | 255[276] 3.17| 358 2.36| 2.36] 2.98| 3.64 § 2.34]| 262 2271 1.86
40007 "6 1 404]1491[426] 361 308[383[363]337 2.89]1351)240]1.28
“4000") "12" 1260 2.94|327]362)1254]204]|2.78| 350) 264| 2421 2.17 1.87
6000"| 6" 1239422390387 229]347]3.42(3.4008 2.77] 3.60 2241 0.88
6000" | 12" | 2.03|3.42]1280]247] 1.79] 3.41] 296 2.50 267]1261)228]1.85
Control 1.09/4.29/4.26/4.31]/0.60/4.38]/3.37(2.36/ 1.85/2.98[ 1.80(0.60
Rangpur | "2000"; "6" | 087 3.161 3.08] 3221 1.14] 2.76 | 2.89 3014 1.64]251]1621072

lime ' "2000"| "12" 1 0.89[4.95;5.79(6.65] 146] 417] 3.35] 253 2.271357]2.24] 092
"4000" | “"e" 1.55] 3.731493/6.14] 0.82] 358 | 457|557 4§ 1.78] 2.38| 153 0.66
4000™] 12" 1 1.08.4.03 ] 342|274 0.65] 3.41 ] 3.15 28211721264 1.70] 0.76
6000" ) "6" |1 0.98]3.5013.89]428) 0.79] 3.09] 32113236 136 242)1.42] 0.38
6000 | "12" 1 1.21 | 264] 326388 0.78]2.76] 3.25] 3.72 4§ 200 2.16 1.36 | 0.56
Control 2.6013.45/3.48)/3.473.763.98|3.62] 3.27 2.2212.50/1.64{0.78
Cleopatral "2000"| "6" | 2111259 319]3.76 2.74| 3.60° 363137511 223]1208]1.38] 068
mandarin "2000” | "12" | 1.811270]2.76] 281 3.0113.67] 318] 273 2061224} 1.56] 087
40007 6" 1209|341 ]328]311)249]429]3.70] 3.09 2391246 1.43] 0.40
"4000") "12" 1 1981240286 333) 2571 2931 3.19] 345§ 1861 1 9211251 0.56
"6000"1 " 1.721 3.151 354137611 2.22] 3431358 3.70 1 206] 251 1.721 0.94
6000"] "12" 1 1.5512.86]3.04] 218 1.80] 456 | 2.98 | 3.49 1941 3.19]2.10] 1.02
Contral 3.04/3.39/3.28|3.17(2.87/3.73/2.69/1.69] 3.1611.97 1.69]1.43
Poorman | "2000"] "6" ! 419]3.52] 3.01] 2461 3.03] 3.43] 267 1958 3.12]1265] 2.021 1.30
orange | "2000"| "12" §1444}381]329]274]334]356]3.28]2.99 3.56]287]11.79{0.70
4000"| "6" 1266|3101 260[ 211454 26312791 297012541254 1.39]1.23
4000”1 "12" 1353]13.35]279]2.191 4531 294255 2.21 3.64|284]200] 1.20
6000"} 6" 1} 3511354[325] 3071 4.22] 3.46] 2.72| 2.01 257)289]218] 1.47
"6000"] 12" 1286|3.52{360]|3671229]3.67]313 2850264]274]191] 1.10

L.S5.D. ati% 0.51/0.73/0.51/0.38]0.58)0.63]/0.54] 0.42 0.54/0.40/0.23(0.16

N.B. = Chlorophyl1 A, B and carotene were calculated as my/L.
[ 11 = Days from the initiation of trestments.

-92-




Chlorophyll A’ under full sun light (season, 1986)

50 ‘Sour Orange
4.50
g.oo =5 =
5 = =
- 3.0 = =
~ 2.5G % =
@ 2.0 g =
05 i ekl | B =
© .90 days 120 days

7.00y | Rangpur Lime

A

Rl | 90 days 120 '
m

Cleopatra Mandarin

Poorman Orange

30 days 60 days _90 days 1 20 days
I Control 2000/6 []2000/12 [3 4000/6 [J 4000/128 6000/6 [ 6000/12

Fig. (5) : Effect of salinity and S A B levels on leaf chiorephyll & contents

of Washington navel oronge plants:.budded on different rootstocks grown
under full sun light (seuason, 1986 ).
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However , such increase was statistically most observed in case of

Rangpur lime and Poorman orange . ,

Referring to the effect of salinity levels on leaf chlorophyll B, it is
well noticed that under SAR 6 , high level of salinity increased leaf
chiorophyll B content as compared with those received low level. Under
SAR 12 oscillation trend was noticed -, In respect 1o SAR levels under
the same concentration of salinity, no mevxtable effect was noticed in
this respect .

Regarding leaf carotene content , it is noticed tixat leal carotene of
Washington nave! orange plants budded on both sour orange and
Poorman orange started with higher values after 30 days from the
starting of treatments then decreased toward the last leaf sample at
120 days . However , seasonal trend of leaf carotene content of plantg
budded on Rangpur lime and Cleopatra mandarin varied somewhat
since they increased up 1o 60 days then decreased afterwards Fig. (7) .

Anyhow , the general seasonal trehd (as average of the four
rootstocks) showed that leaf carotene content increased slightly up to
60 days followed with a sudden decrease at 90 days and afterwards .

-

Referring to salinity treatments and their relation to leaf carotene
content, it is clear that excluding values of Rangpur lime , salinity
treatments in most cases decreased leaf carotene content at 120 days as
compared 1o the control .

In regard to salinity concentrations under the same level of SAR,
no clear effect was noticed . Thus , while high level of salinity caused an
increase in leaf carotene content in case of Cleopatra mandarin and
Poorman orange as compared to low concentration , it induced a
decrease or none in case of Rangpur lime and sour orange, respectively.

P




‘Chlorophyﬂ 'B' under full sun light (season, 1986)

4.50
4,001

30 days

60
ik

Sour I_Jrunae

AR MR

120 days
Rangpur Lime

90 days

120 days

I Controt 2000/6 {332000/12 4000/6 [] 4000/12 B 600076 [ 6000/12

Fig. (6) :  Effect of salinity and $ R R levels on leaf chierephyll B content
of Washington navel orange planis budded on different reotstocks grown

under full sun light ( season, 1986 ).
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With respect to SAR levels under the same concentration of
salinity, data indicated that regardless values of Poorman orange , SAR
12 caused an increase in leaf carotene content as compared to the
analogous ones of SAR 6.

4.2.5.b~- Partial shade':

Leaf chiorophyll A , B and carotene contents of Washington navel
orange plants budded on different citrus rootstocks , grown under
partial shade condition and affected by different levels of salinity and
SAR are presented in Tables (14, 15 and 16) and illustrated graphically
in Fig. (8). It is ciear that chlorophyll A started with low values at 30
days from the initiation of salinity treatments and reached the -
maximum after 60 days from the beginning of treatments followed with
a decrease till 90 days . At 120 days no consistent trend was observed.

Moreover , data tabulated in Tables.(14 , 15 and 16) indicated
that regardless of Poorman orange values . sal.inity treatments
decreased {eaf chlorophy!l A below the control . Anyhow , significant
differences were observed in Rangpur lime stock . '

With respect to salinity rates, no consistent effect was noticed . In
this respect , while high leve!l of salinity caused a slight decrease as
compared with low leve! of salinity for Rangpur lime and Cleopatra
mandarin rootstocks, it gave a slight opposite effect in case of the
remained citrus rootstocks under the study.
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Carotene under full sun light {season, 1986)

4.00,

3.501
3.00

2.50
= 200

30 days | 60 days | 90 days

A

B Control [§ 2000/6 F32000/12 ] 4000/6 [J 4000/12E} 6000/6 ] 6000/12

Sour Orange

Rangpur Lime

|

S
Fig. (?) : Effect of salinity and S A R levels on leaf carotene content of
Washington navel oroenge plants bpdded on different rootstocks grown

under full sun light ( season, 1986 ).
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Considering SAR levels under the same concentration of salinity ,
it is obvious that SAR 12 level generally decreased leaf chlorophyll' A as
compared to the analogous ones of SAR 6 . However dﬂ'rerences were ,
so small to be significant in most cases .

Aglance to values of chlorophyll B as presented in Tables (14, 15
and 16) and Fig. (9) indicated that leaf chlorophyll B was highest at feaf
sample picked after 60 days from the étarting of salinity treatments
followed with a decrease toward the, last leal sample in most citrus
rootstocks used .

i

Meanwhile , plants treated with different treatments of salinity
generally had leaves with low values of chlorophyll B in respect of the
corresponding ones of the control. That trend was true in all studied
rootstocks except Poorman orange . However , significant differences
were more noticed in Rangpur lime stock .

Regarding salinity concenirations, it is clear that high rate of
salinity caused mostly an increase in leat"ch,lorophyu B as compared
with the analogous ones of low level . '

Concerning sour orange, Rangpur lime and Cleopatra mandarin
plants , SAR 12 leve! raised up leaf chlorophyll B content over SAR 6
level . The plcwre was completely changed to the reverse with
Poorman orange values were concerned .

Considering leaf carotene content , it is clear from Tables (14 , 15
and 16) and Fig. (10) that highest amounts of carotene were existed in
leaves of Washington navel orange plants budded on different
rootstocks up to 60 days from the initiation of salinity treatments then
decreased profoundly towards the last leaf sample at 120 days from the
starting of treatments . :
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Table ( 14) : Leaf chiorophy!l A, 8 and carotene contents of Wnshington'navel orange plants budded
on different rootstocks grown under partia! shade as affected by various levels of
salinity and SA R (season, 1985).

Salinity treatment! Chlorophy!l A Chlorophyll 8 Carotene
Root | 30 ] 60 | 90 [ 120 1-A0 [ 60 | 90 [ 120 30 | 60 | 90 | 120
stock | ppm.| SAR ! Days | Days ! Days | Days Days | Days | Days | Days || Days | Days | Days | Days
i Pty e g ey VR e e g ey 0y [0
Contro!; (5.27.5.083.48/3.675.4716.1313.30/3.34(3.96/4.61{1.05;0.92
Sgur | 20007 A" 1 60715951347,371]642,5131344|342}3.46]{3.32]0.51/0.52
orange | 20007 M12° 1955179572481 265 8311621({287]268)28413.75{0.35]0.45
. 400071 6T 1547 538141314204 488[458[447]405]1206]3.05[061}093
"4000" 0 127 540 6341290813131 7.191710{3011399] 347[502[0.81}1.03
TLI00 T et L 464 459 ] 30312421 5971499[348[36443241425[(0791079
"ROOCTT T12% 1835153213981 4150 57115151438]/418)374]|398!0.44] 0.67
Control 15.05:/0.26!5.55(5.614.104.35/4.84/5.07(3.19{3.15/0.73{0.67
Rangpur | 2000 "6" 15741582 |347(3.761570]538]296]3511335/3.17]0.88]0.95
lime | 720001 “12" 551 519 383|414} 4331450]3.17[366} 303]282[072]0.54
40007 6" 15415561 4.1714.26]1404139214.14]3831292{3.10[0.52[0.39
40007 12" 15501 55514.53]454) 4801449]436] 4411 3.03]{3.111060]072
50007 6" I 552 554142114431 4981{456!407]41113571304[0.74] 1.09
"GO00"] 12" 1575754171441 144315001455{4.82]550]3.16]2.77]10.69]0.70
Contrg! 1402:4653.40/4.29/15.63,4.35]3.68/3.83]0.64/0.86!0.85(1.01
Cleopatra "2000" | "6 | 4.08 45712081234 68! :374]22211.77)11.76]3.58]|0651 1.13
mandarini "2000" 1 12" 1479468 28313141 479:14911206|27501 248|307 1.00!0.55
"4000" ] "6" 1 5.091 51914141419/ 5517561]404]409[265]257]0.66[0.38
400377 "12" 4134141388 409)383]495!3.31][340]265][3.67][0.71[0.73
F"6000" L "6 1 570 46414.15: 3801 47015741389 ! 347} 265[3.67]0.79]0.93
L6000" 1 12" 1579054714021 3.941542(6.22}347({344§0.2310.38]0.83]0.85
‘Con:ral 1 2.69:2.17/3.13:3.02/3.08/2.06/2.09/2.1470.53/0.42}0.99 0.92
Poorman "2000"! "6 1 454,468 313130914.15]447]198(2244§074}0.76]0.71]0.42]
orange  "2000"{ "12" .1 4737465 29, 3131 540]4351226|2.070070}028]0.58]0.66
740007 "6 5.8 1456 39713931 455]447]331132900411070!0.71]0.60
{"4000" T M2 ¥ 57515691 3.36[357)1557]4481265]29700.82]1.60]0.69] 0.65
"6000" | "6" 14901366 378|376 359{377.]261[289f 126]14470.82]0.69
17600071 "127 ¢ 506 318 X87]395¢0 3.05] 360 3.23 g.?gl‘l.sa 1.76 { 0.66 | 0.90
L.S.D. at12 11.02/1.06/0.89/0.72] 1.66{1.19(0.95/0.71{0.69{0.65/0.22]|0.11

N.B. = Chlorophy!l A, B and carotene were calculated as mg/L.
[1] = Days from the initiation of treatments.
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Tabte ( 15) : Leaf chlorophy'll A, B and carotene contents of Washingion navel orange plants budded
on different rootstocks grown under partial shade as affected by various levels of
salinity and SAR (season, 1986).

A
4
Salinity treaiment Chilorophyll A Chloropiyil B Carotene ‘
Root 30 { 60 | 90 [ 120 30 | 60 | 90 { 120 30 | 60 | 90 | 120
stock pp.m.i SAR i Days | Days | Days | Days | Days | Days | Day Daysg Days | Days | Days | Days:
HENIIEEUEEIESNEEHEENERUERIERI BRI RN
Control 4.10/5.62:5.79(5.9112.53,4.75/5.24/5.72,3.68/3.16[2.51] 1.87
Sour |"2000"| 6" 1 382}566)582;6012381541 1509|483 3933241 1.91]0.59
orange | “2000"] 12" 12361471 (479490 1.84 466! 526 595§ 3.49| 2.95| 1.82 | 0.66
"4000"] "6" [ 2.13[ 45715291601 163442 460, 470" 3.38] 2721 1.67} 0.59
“4000"| 12" [ 259 4431466! 490! 1861412 4831562 360] 253 1.82] 1.11
"6000"| "6" J 1.61[ 4241497566 1.12| 477 494 5.07 | 327 2.70| 1.84] 0.97
"6000"| “"12" | 1782843694551 1062743351393 1321122212071 1.78
Control 2.60/5.82/6.14/6.40] 3.98/550 5.76/6.1211.69/3.60/2.22{0.84
Rangpur | “2000"| "6" J 474(5.14{486[455; 5601414123981 383120202191 1.98]0.78
lime |["2000" "i12" /i 369 459{5 11575 4271445; 498|553/ 301|280 1.89] 0.98
"4000"] "6" ] 3.30]4.00}4.26] 4522221391 38413811268 22| 1.65]0.72
"4000"| "12" | 352|456 (48215071268 4221 432,441 0337, , 21 148{03:
"6000“| "6 1 2.26] 436|454 4751292 3624091446 171,308 1.79] 037
"6000"| "12" 1228|318 | 358398 26914.11[ 3831377241215/ 1.47] 0.79 |
_ Control 4.09[6.23{5.41/454/1401!6.17/491{3.64"2.79/2.20{1.89]0.75!
ICleopatral "2000"] "6 |}l 3.59{509{5.16| 530} 3.33| 464|444 4301 252|264} 1.58] 057
mandarin{ "2000"; "12" 1390522584640 | 3.48] 46445114594 25:1256] 1.62]0.6%
"4000"] "6" 13.091479|484|487365!/476]441'4044205]212]11.41]069
"4000"| "12" 2861428 456477288427 412,396 255]215] 1.73}1 0.56
“60007] 6" N 1.1912871 37614640} 1.111284;330i378)163]212119110.75
"6000"[ "12" 206} 4991 453]4.11)]229!] 466|454 4435} 22712901] 1.42{0.25
Control 4.60/6.23/4.74!3.30]5.40[4.76|3.40:2.102.83/3.11* 1.88{0.65
Poorman| “2000"| "6" || 4641 480[435[397] 523460 4521363 2611293] 1.7910.64
orange | “2000"] "12" 1316|476 3662571 3.47; 404!/ 320{ 2341230 284! 180 0.78
"4000"! "6" [i391[528[459!389394]4569132801298289[289{202]1.13
"4000"| "12" 1407491431369 4141427331 243) 226305 193|081
"6000"f "6 || 3.60] 444|384 324 451 | 444{430] 2321 226|260 1911123
"6000"] "12” | 301 3.77'-342 | 308 3.23]|345]262 179 294, 322] 211} 1.02]
L.S.D. at12 0.67;0.69/0.30/0.43/0.71/0.54,0.40/0.44;0.31,0.81/0.22/0.18

N.B. = Chlorophyl1 A, B and carotene were caiculated as mg/L.
[{] = Days from the initiation of treatments.

F
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Table (16) : Leaf chlorophy!l A, B and carotene contents of Washington navel orange plants budded
on different rootstocks grown under partial shade as affected by various levels of
salinity and S A R (Average of seasons 1985, 1966).

Salinity treatmen! Chlorophyll A ' Chlorophyll B Carotene
Root ; 0 o388 i 90 120 .30 60 90 t 120 20 60 90 | 120
stock | ppm | SAR | Daysi Days | Days | Days | Days | Days | Days | Days || Days | Days | Days | Days

1 EOREOERUERIIE NI NN

Contro! "4.695.35]4.64, 4.79]4.00]5.44 4.27|4.53 3.82|3.89] 1.78] 1.40

Sour |"2000"1 6" 1 495:581 465! 48614401527 427/413}]370]328]1.21][056

orange | 2000", 12" | 596 | 6.33 | .64 | 3.78 | 5.06 | 5.44 | 4.07 | 4.31 || 3.17{ 3.35] 1.09 | 0.56

!
. “4000"1 "6 131734984741 5111 326 450|454,438)2721289]1.14{0.76
"40007 ) 12" 1 4.00153913.82]4027453/5611392]48111354]378] 1.31]1.07

600071 6" ¢ 3131 4421400] 454} 355] 4634214361 326|348} 132} 0.88

"6000" [ 127 13671406 384;43513391395]13871409) 348131611261 1.23

Control 3.8315.54/5.85/6.01:14.04/4.9315.30(5.6012.44(3.38/1.48;0.76

Reagpur | "2000" ! "6" 1 574.548[417[4.1615651476|347:367§319}3.18]|143]0.87

Clime [ 7200071 "12" 440014831447 4951 43014481408} 4601 3.02]281}11.31]0.76

"4000"{  "6" 422147814221 43913.13130921399;382)1275]284]109]0.56

“4000° | 177 1451 1506 46814810 3.741436]434;441 ) 320[288} 1.04]0.52

CROQ0T "6t 3891495 43814591 3954094081430 264}13.06)1.221073

"6000" | “12" 1 3.821430/29914211385[433{433/465)1265][246}1.08]0.75

i

Contro! 1 4.06/5.44/4.41 14421482526, 4.30|3.7481.72(12.05/1.3710.88

Cleopatra 2000"| "6" E4.24 4831 36213821507{469,]333/3042141311114.1210.83

mandarin{ 20007 "12" 435 50543414771 414[478;329 3.6/ 2:50 28211311062

E
"G500")  "6" 1 4.091 4994494531 45815201423]407)235]|235]1.04{0.54

90007 12" 1 350142114221 44313361461]3.72] 368 i 260]1291]1.2210.65
10600070 6" 1 345 376, 396,422 2911429]360[3637214]290]1.35]0.84
"6000" "12" 13.931523]426|4.03386]|544!401]394]125] 154} 1.13]0.55
Cantrol ES.BS 420 3.94{3.16/4.24/3.38(2.75/2.1241.74]|1.82|1.55/0.97

Poorman| "2000": "6" ©459;474)3.74)3531469!454]305]294)11.79]1194]130}0.54

-orspge | "2000"; 12" 1 39514711331128513441420§273]1221F166]161]1.19]0.65

"4000"; 6" 455:492:428]3911425]1458]3.56 3.14] 136 ] 1.77]11.26] 0.69

“4000"1 "12" 1 4911530384 36311 484143812981270186]225]1.36]0.89

‘600071 "6 9.25:4051381§1350#405|41113011261%F176}225]1.38]0.75

"6000"; "12" 404,348} 365|352 3.14]3.53[2931229]1821218}1.2%9]1.07

L.S.D. at1% 10.85/0.8810.60{0.5811.19/0.78/0.68,0.58(0.50/0.73{0.22!0.15

N.B. = Chlorophyll A, B and carotene were calculated as mg/L.
[1] = Days from the initiation of treatments.
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Chlorophyll A’ Iunder pa.rﬁal shade (Avg., 85, 86)
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Fig. (8) : Leaf chlorophyll ft contest of Washington navel orange plants

budded on different rootstocks geewn under partial shade as affected
Dy various tevels of salinity and S A R (Average of seasons 1985, 1986).
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Moreover , salinity treatments generally deqreased leal carotene
content as compared to those of the control . Significant differences
were observed in all rootstocks used except Rangp{u' lime where few
treatments showed significancy. However, salinity concentrations
showed no steady effect in this concern. Thus , while high level of
salinity caused a reduction in {eaf carotene content in some rootstocks
used i.e. Rangpur lime and Cleopatra mandarin , it increased leaf
carotene content in case of sour gfal_lge and Poorman orange as
compared with those of low concent‘ratioﬁ. Furthermore, it is found that
SAR 12 increased leaf carotene conten‘t in respect of the analogous ones
of SAR6 when sour orange and Poorman orange were used. The yice
versa was generally noticed when Rangpur lime and Cleopatra
mandarin stocks were concerned .
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Chlorephyll ‘B’ under partial shade (Avg., 85, 86)
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Fig. (9) : Leaf chierophyll B content of Washington navel erange planis

budded on different rootstocks grotwn under partial shade as affected

by various levels of salinity and S A B (Average of seasons 1985, 1986). _
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Carotene under partial shade (Avg., 1985, 1986)
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Fig. (10) : Leaf carotene content of Washington navel orange pilants

budded on different rootstocks grewn under partial shade os affected
by various levels of salinity and S AR (Average of seasons 1985, 1986).
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4.9~ Effect of sallmikty and Sﬁl[?ﬂ rates
leatf sollnlty hezord coefflclent oF
Washingtomn movel Drun@g® plants
hudded en OIfferent clirus rookstocks,

grown under Fwll s'ug i@k parktial

shaede con@itions

4.3.a- Full sun light:

Leaf salinity hazard coefficient is presented in Table (17) and

~graphically illustrated in Fig. (11).

It is clear from Fig. (11) that salinity hazard coefficient of all
citrus rootstocks used in this study started with hlghest values at 30
days from the initiation of treatments and decreased stoutly towards 90
days then resumed its decrease smoothly till 120 days. Such trend was
observed in most salinity treatments used for different citrus
rootstocks. Moreover, it is noticed that in sour orange, salinity hazard
coefficient was the least when 6000 ppm at SAR 6 treatment was used,
whilist 2000 ppm salinity beside SAR 12 treatment gave the other way

“around in this respect . Other treatments were in between . - Regarding

Rangpur lime it is clear that 6000 ppm at SAR 6 treatment caused the
lowest effect on salinity hazard coefficient in all sampling dates. On the
other hand , plants deprived of salinity (Control) gave the highest
values in this concern as compared with other treatments .
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Table (17) : Effect of different levels of salinity and SA R on loaf salinity hazerd coefficiont
of Washington navel orange plantshudded on different rootstocks grown under full
sun light and partial shade coditions ( season, 1986 ).

I
Salinity treatment Full sun light Partial shade ‘
Root 30 60 90 | 120 30 60 90 120
stock p.p.m. SAR Days Days Days Days Days Days Days Days
[1] (1) vy 1.1 [1] 1 [1] {1l
Control 20701 11.30( 490 | 3.90 | 12.60] 8.70 | 3.30 | 2.50
Sour “2000" “H" 1450 [ 13.40 | 420 { 200 || 11,30 | 5.20 1.60 | 050
orange "2000" "12° " 1830 ] 1980 720 { 500 | 26.70 | 1010} 290 1.00
"4000" 6" i 1230 | 12.20 | 460 2.80 2690 | 9.10 2.50 0.90
“4000" “12° % 930 | 890 { 330 ! 240 f 25201 G20 | 3.00 1.70
"HULLT 6" 10.00 | 7.80 | 260 1,00 4 25301 6.70 | 2.00 1.00
"6000" 127 14001 760 ! 400 | 370 | 3230 1190 ] 420 | 3.00
Control 71.80122.10} 7.60 | 290 | 5.60 | 6.90 | 200 | 0.70
Rangpur "2000" ‘6" 38.60 { 20.20 1 650  2.80 550 | 640 | 2.10 | 090
lime "2000" "12" 3290 { 17701 560 | 230§ 7.80 | 6.30 1.90 | 0.90
: "4000" "6 35.20 | 1400 350 1.20 § 1310 9.10 | 290 1.20
“4000" "12" 31.80 1 1140 420 | 220 ) 1430 780 1 210 | 0.40
"6000" "6 .P__?_S.'IO 11.30 4 3.20 0.80 6.50 7.60 1.90 1 0.40
1 _"6000" 12 L7401 2300 610 ¢ 210 10701 740 | 250 |-1.30
Control . 14.70[14.20] 370 { 240 || 7.40 | 550 | 1.30 | 1.00
.Cleopatra | "2000" " 19.20 | 16,40 | 500 | 220 §. 720 | 530 1.60 | 050
mandarin "2000" "2t 2010 1 16301 6.10 3.70 6.50 4.90 1.50 0.60
' “4000" ‘6" 2380 1460 | 470 150 §-520 | 380 1.30 | 0.70
"4000" "12" 12104 930 | 280 1.10 8.30 | 470 1.90 | 0.60
*6000" 6" 21,10 ] 15.80 [ 5.00 | 260 | 11.30] 590 ; 220 | 070
"6000" “12" 24701 1820 | 640 | 320 950 | 550 1.40 [ 0.30
Control 19.70 ] 11.00! 560 ] 6.20 || 3.50 | 3.50 } 1.60 | 1.10
-Poormen | "2000" 6" 15.10 [ 13.40 | 620 | 530 580 | 660 { 220 | G990
orange "2000" "12" 1830 | 1650 | 580 | 260 830 | 610 | 2.80 1.40
“4000" ‘6" 10.50 [ 1350} 390 | 0.70 580 | 560 | 210 1.10
“4000" [ 12" 13.80 | 1360 | 560 | 410 | 6.70 | 6.00 | 250 | 170
"6000" 6" 11.30 | 1470} 6.50 | 5.10 650 | 790 | 3.10 1.70
"6000" “i2" 1740 | 1280 ) 480 | 2.80 520 | 590 | 260 § 210

[1) = Days from the initiation of treatments.
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Salinity hazard coefficient, Full sun light, (1986)
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Fig. (11) : Effect of different IeQels of salinity and S R R on leal salinity
hazard coefficient of Washingtah navel orange plants budded on different
rooistocks grown under Tull sun light condition { season, 1986 ).
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Concerning Cleopaira mandarin rootstock it is obvious that plants
treated with 4000 ppm together with SAR 12 treétment were poor in
teaf salinity hazard coefficient value in all sampling' dates. Adversely,
plants received 2000 ppm combined with SAR 12 treatment attacked
strongly with salinity hazard as compared with other treatments .

Respecting Poorman orange rootstock , it is clear that 4000 ppm at
SAR 6 treatment had the lowest effect dn leaf salinity hazard coefficient
in all sampling dates . On the other side 2000 ppm combined with SAR
12 treatment surpassed all other treatments in the deterioration effect
on leaf salinity hazard coefficient till 90 days then failed afterwards .

Furthermore, during the period between 90 and 120 days ,
salinity treatments varied in their effect in this sphere. Such conclusion
was true in all citrus rootstocks used except Rangpur lime where
differences between treatments were little .

Concisely, it is easy 1o conclude that citrus plants suffered much
from salinity early after 30 days from the initiation of treatments , then
adapted 10 salinity afterwards till 120 days (last sampling date) .

Furthermore , Fig. (11) also indicated that ‘under different levels
of salinily, plants treated with SAR 12 suffered much from salinity than
those received SAR 6 rate . That finding was true in all concentrations
of salinity except 4000 ppm level. .
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4.3.b- Partial ehade :

Leaf salinity hazard coefficient of citrus plants treated with
different treatments of salinity and grown under partial shade is
presented in Table (17) and demonstrated in Fig. (12).

It is quite evident that citrus plants suffered much from salinity
after 30 days from the starting of Lreé;tments with few exceptions in
some treatments for Rangpur lime and Poorman orange where salinity
hazard coefficient reached the peak after 60 days . For all that , salinity
hazard coefficient values strongly decreased after 60 days in all citrus
rootstocks and extended subsequently towards 120 days. Thus , it is
safe to say that salinity hazard coefficient for citrus rootstocks was high
after 30 days then declined towards the termination of leaf samples at
120 days . Moreover , data illustrated in Fig. (12) showed that satinity
treatments varied in their effect on leaf salinity hazard coefficient at
the beginning of leaf samples (30 days). However. such variance was
decreased at the last leaf sample (120 days) Such finding was more
clear in all rootstocks except Poorman orange s

On the other hand , Fig. (12) also indicated that in both sour
orange and Poorman orange , SAR 12 treatment of all sampling dates
generally increased values of salinity hazard coefficient as compared 1o
the corresponding ones of those of SAR 6 rate .

However, the picture was changed (o0 the reverse as Cleopatra
mandarin and Rangpur lime rootstocks were concerned, hence SAR 6
level mostly surpassed those of SAR 12 rate in increasing values of leaf
salinity hazard. coefficient .
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Salinity hazard coefficient, partial shade, (1986)
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Fig. (12) : Effect of different lepls of salinity and S AR on leaf salinity
hazard coefficient of Washingtslh navel orange plants budded on different
rootstocks grown under partial shade condition ( season, 1986 ).
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q.9= Effect of various rates of salinlty
and SAR oR eef esmoklic pressure ofF

UWeshingkton navel EFrong® plankts

Far
A

budded dIfferent. ronksStOcksS @rown
under full sun llght end pertiol shoada

condikioms 3

4.4.a- Full sun light :

It is clear from Table (18) and Fig. (13) that in all studied
rbbtstocks leaf osmotic pressure increased as leaves age go by.
However , a drop wés occurred in leaf osmotic pressure of both sour
orange and Cleopatra mandarin after 60 days from starting of
treatments. | ’ |

For studying the effect of salinity treatments on leal osmotic
pressure , the last leaf sample was taken in account. Consequently . it is

well noticed that salinity treatments fluctuated in their effect on leafl

osmotic pressure . In other words , while they increased leaf osmotic
pressure of both Rangpur lime and Cleopatra mandarin as compared
with the control , they generally took the other way around in case of
sour orange and Poorman orange stocks. However , differences from
the statistical point of view were commonly noticed in sour orange.
Cleopatra mandarin , and Poorman orange rootstocks .
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Comparing the different levels of salinity, disclosed data showed
that high concentration of salinity raised up leaf dsmotic pressure of
sour orange and Rangpur lime rootstocks and in part Poorman orange
when compared to those of low level treatments . The picture was
changed to the reverse when Cleopatra mandarin rootstock was
concerned . In regard to SAR levels, it is interesting 1o notice that
discarding Poorman orange values’+SAR 12 treatment generally
decreased leaf osmotic pressure as compa'i'ed to those of SAR 6 .
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Table (18) :i:’ﬂeet of different rates of salinity and SAR on leaf osmotic pressure
(At.p.) [2] of Washington navel orange plonts budded on different
rootstocks grown under full sun light ( season, 1986 ).

‘ Salinity trestment 30 60 90 120

Root Days *=, Days Days Days
stock Cp.p.m. SAR g

[ F1) [1] [1]
‘ Control 20.21 1 16.92 19.36 21.83
Sour “2000" | " 12.18 14.67 16.46 18.33
orange “2000" “12" 16.82 16.35 18.02 19.62
- 4000~ 6" 15.70 18.25 18.85 20.01
| "4000" "12" 21.49 17.70 18.53 19.35
6000~ "6" 19.95 19.17 2255 26.16
"6000" 12" 20.74 _18.33 21.82 25.59
~ Control 13.96 17.17 17.2% 17.54
Rangpur "2000" 6" 16.26 18.36 17.29 16.36
" lime "2000* “12" 18.82 - 18.33 17.82 17.24
"4000" 6" 17.18 16.82 18.84 20.63
_"4000" "12° 19.45 16.78 17.70 18.23
*6000" 6" 15.82 19.99 22.56 24.24
' *6000" 12" 18.71 19.59 18.95 18.02
‘ Control _15.80 16.33 16.57 17.11
| | Cleopatra *2000" 6" 16.48 16.62 . 18.95 21.02
manderin [ “2000" 12" 15.88 18.72 . 1957 20.33
“4000" “6" 24.71 19.09 . 19.57 19.76
*4000" “12" 17.50 20.80 - 20.41 19.89
*6000" 6" 19.71 18.03 19.16 19.94
“6000" 12" 18.93 16.67 17.82 18.84
i Caontrol 18.31 19.57 21.85 24.09
Poorman ~2000" 6" 11.21 _20.57 20.32 20.21
orangs *2000" 12" 19.64 22.10 23.24 24.08
*4000" “6" _20.84 21.18 20.52 19.59
*4000" “12" 26.32 23.47 24.34 24.71
*6000" "6" 22.98 24.22 25.46 26.91
*6000" "12° 22.51 21.51 20.20 18.72
L.S.D. at1X 1.60 1.66 1.68 2.11

{1] = Days from the initietion of treatments.
[2] = Atmospheric pressure ( ALp. )
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Leaf osmotic préssure, full sun l_ight-(season,lQSG)
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Fig. (13) : Effect of different roteg of salinity sad S AR on leaf osmotic
pressure (At.p.) of Washington nawll orenge plants budded on different
rootstocks grown under full sun Hight (seoason 1985).
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4.4.b- Partial shada :

Data presented in Table (19) indi. . ...d that in 1985 leal osmotic
pressure of Washington nave! orangc , . .is budded on both sour
orange and Rangpur lime rootstocks and icvated with various salinity
levels started with low values at’ 30 duys from the beginning of
treatments to reach the maximum at 9¢ duys followed with a smooth
decrease in the last leaf sample. Furthe nwiore, seasonal changes in leaf
osmotic pressure of either Cleopatra man.du: in or Poorman orange gave
similar trend with a drop in osmotic pressui e at 90 days .

On the other hand , in 1986 scasi.al changes in leaf osmotic
pressure showed that values generaliy .lccreased at 60 days then
increased towards the last leaf sample at v days .

Moreover, data of the average ol .w. seasons clearly disclosed
that seasonal changes in leal osmotic inussure of sour orange and
Rangpur lime plants started with low valu.:, dnd increased as leaves age
g0 by (Fig. 14}. On the contrary, values ol u..uin Cleopatra mandarin and
Poorman orange showed opposite pictur. l-lovéeve'r, generai irend of
leaf osmotic pressure (as mean of diffe; . ., rootsiocks used) gave the
same trend of both sour orange and Kang;,u+r Lime rootstocks.

Concerning the last leaf sample at |24 Jays, data disclosed that in
both seasons, plants received different . .uuiy treatments had mostly
leaves with high values as compared v the control. Any way,
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Table (19) : Effect of different rates of salinity and SA R un leaf osmotic pressure (At.p.) [2}
of Washington navel orangeplants budded on diflerent rootstocks grown under partial

shade ( seasons1985, 1986 ).

Salinity treatment " 1985 " “ 1986 ° = 1985, 1986 -
Root 30 ] 60 | 90 | 12030 1 00 | 90 [ 120 30 | 60 | 90 | 120
stock p.p.m. | SAR | Days | Days | Days | Days || Days | 1.uy5 | Days | Days || Days | Days | Days | Days
SEENEEDEROE RN R NI NI ERLIN NI}
Contro! 16.9(15.9/16.8[ 159012711 8]12.7(13.5114.8/13.9/14.8] 14.7
Sour | "2000": “"6" [15.67i17.55(20.25|20.29811.771 +18]10686][12.31413.72]13.37{15.56]16.30
orange | 2000 "12" 110.67]12.93/19.15/19.0611.67i10 36{12.02[13.52[11.17[12.16{15.59]116.29
. “4000"; 6" 17.18{18.82{22.13121.94 9.90+!H 46]11.34]11.88113.54[14.64116.74116.91
“4000" 1 “12" [118.02117.52120.46/20.61J111.591 1. 44]13.15]13.68)14.81115.03[16.81]17.15
"6000" ¢  "6" 118.74/19.06|22.64|22.89112.97]11 19]15.67/16.57}15.86[16.78[19.16{19.73
"6000" 1 12" [15.00116.56121.27120.64011 66111 13/]1325[13.52)13.34[14.22[17.26117.08
Control 13.0{13.0{13.9/14.7012.4{154|13.5{14.0§12.7/13.2{13.7]14.3
Rangpur | “2000" “"6" 11557/15.38{16.56[16.65014.401140[14.13114.771114.99114.22115.35]15.67
lime | "2000"] "12" [17.91117.49|15.60{13.96013.42{1% +|1467]15.41}115.67[15.73]/15.14|14.69
“4000" "6" 14.2614.84119.05{18.53412.18]1: ».][14.39[14.41§13.22]14.40{16.72{16.47
"4000": “127 £13.59i13.87]16.07)16.34011.85]1° 13 17111.95§12.72113.92114.62]14.15
"6000" ) "6 112.391'13.27|18.74{18.42112.85( 11 44]11.43111.27012.64]12.31]15.09}14.85
60007 "12" 115.29115.29/18.84/19.52811.76/ 10 21311.59]12.89113.53|12.75/15.22]16.2}
Control 17.1)175(13.21 127813 11y 1111.2/11.4515.1/14.3{12.2112.0
Cleopatral "2000" | - "6" 16.89117.29111.03{11.59414.39] 9 15.]12.19]14.85015.64{13.24|11.61]13.22
mandarin) "2000" [ "12" 1[16.46/15.36[11.84]11.77417.09it5 <-1]12.46]11.18016.78[14.35]12.15]11.48
"4000" | - "6" 113.60/18.04[12.64]12.36012.361+ 1 13114.22|14.13812.98]16.09/13.43[13.25
"4000" ] "12° 1118.02]19.95/13.70;13.87§14.49]1447]15:65]1.7.43116.2616.96:14.68]15.65
"6000"] 6" 15.62]16.27116.06/15.88813.24{1 71[13.78{14.66]] 14.58]14.49/14.92}15.27
"6000" 1 "12" [115.76]16.55(14.39[14.05012.36{1i »%.[12.53]12.71§14.06]14.20[13.46[13.38
Contral 13.3/113.5/140/11.63109|11o6;11.4/108112.1112.6][12.7[11.2
Poorman| "2000"! "6" 114.49114.77:10.46 11.42]16.24 1911422115 37015.37]13.84112.34]13.40
orange | “2000™| "12" -13.60/13.78/{13.34{12.28J15.67(11.57]14.04]12.98]114.64]14.18][13.69]12.63
"4000"1 "6 w17.11116.91114.22|10.70§814.39(11 37114.69]17.78§15.75114.14/14.46[14.24
"4000" 1 "12" 116.92(17.82(12.54{13.96}12.63(1-105[14.58{15.11014.78{15.98]13.52]14.54
"60007) "6" 115.62115.04{12.89114.49f13.34119]12.98{12.89014.48]{14.02[12.94]13.69
"60007| "127 120.53119.86/19.95/18.53]14.33] 14 12(14.22 14.04317.43117.14]17.09]16.29
L.S.D. at!X 2.07{2561.48/1.2110.89[1 v5/0.98|1.47] 1.52|{1.95/1.25]1.35

{1] = Days from the initiation of treatments.
{2] = Atmospheric pressure ( At.p. )
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Leaf osmotic ]préssure, Partial shade (Avg., 85, §86)

(=]

Sour Orange

—— s s N)

ON bR ON A 0O

At.p

60 days o kay's 120 days
I Control 200076 []2000/12 4000/6 0 +v0/12 ] 6000/6 [ 6000/12
Fig. (14) : Effect of different rates of saluuty and SR R on leaf osmotic
pressure (At.p.) of Washington nawel orange plants budded on different

rootstocks grown under partial shade (Rveraye of seasons 1983, 1986).
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differences between treatments and Lhe contirol showed that
significancy was more noticed in sour oruuge and Poorman orange and
partially in case of Rangpur lime and Cleopulra mandarin. '

Anyhow , comparing control plants with those treated with
different treatments of salinity (as average of two seasons) it is quite
evident that salinized plants were generalay migher in their values than
those of the untreated ones (controt). “«

Moreover, in 1989, leaf osmotic pressure of Washington navel
orange plants budded on different citrus ruvoistocks and irrigated with
high concentration of salinily increased values in this concern over
those received low level . The picture wus somewhat changed in the
season of 1986 where such increment was only observed in case of sour
orange and in part for Cleopatra manda«in and Poorman orange and
failed for Rangpur lime. Meanwhile , the average of Lwo seasons
indicated that plants received high levc¢i oI salinity had leaves with
higher values of osmotic pressure than L.se treated with low rate of
saline water (Fig. 14) .

-

Respecting SAR , levels used in uus btUd‘y, it is found that no
steady results was observed in the two scasons. In 1985 , while SAR 12
treatment for sour orange and KRangpur lime mostly decreased leaf
osmotic pressure as compared to those vaiues of SAR 6 it took the other
way around when both Cleopatra maudarin and Poorman orange
rootstocks were used. However , the revuise was concerned in 1986
season. The average of two seasons indicatcd the same trend of season
1985 where no clear trend was noticed. |u this respect , wh.ilé SAR 12
rate increased leafl osmotic pressure over those ones of SAR 6 in some
cases, the picture was changed to the reve: e 1n others .
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4.5 = EfF@RER @0 munuunw'm Eh@

ghnatomical Skrucedr® af cltrus

plonkEs 8

’
s

Some obbreviations were used 0 ¢apress the different parts of
leaf and root tissues in the photos: ‘

UEp - Upper epidermis | OGl =~ Oi! (“‘,‘_‘?‘_d En - Endodermis
LEp = Lower .epidermis Cu. = cm_.qg | Hy =~ Hypodermis
Pt = Palisade tissue Xy. = Xylem Per = Pericycle
S1 = Spongy tissue Ph. = Pmu_.m: m‘ Ep = Epidermis
1d. = ldioplast Cor. = Cortcax “ ‘C.S. = Cross section[

4.%.1- Anotomical Ffeotures of (eauves Oof

Washington navel arvwye PIAREs budded

en differemt c€lEru.  rootstocks :

Leaf blade thickness of Washingti..i. navel orange piants budded
on different citrus rootstocks and grown under normal conditions
reached about 395-440 microns and cousisis of three differentiated
tissues :
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1- The epidermis .

In the transection, Fig.(15) the outer epidermal walls were
covered by a smooth cuticle layer. The ¢pidermal cells had nearly a
quadrate shape. Their radial walls were arranged between 11 - 13
microns, while the tangential one reached |, - 16 microns. These cells
became narrow above both the oil glands and the idioplasts. The
epidermal cells had large central vacuoics. No chloroplasts were
observed. The stomata were sometimes {ound on the upper epidermis
of the midvein.

The cells of the lower epidermis were simifar in shape to those of
the upper ones, although they were smallcr. The chloroplast cells were
observed only in the guard cells Fig. (15).

2- The mesophyll :

The mesophyll was differentiated 1o palisade tissue, which was
restricted to the adaxial side, beneath inc upper epidermis. On the
other hand, the spongy tissue was found on’ tiie adaxial side Fig. (15).

The palisade parenchyma was arraogud in 1wo regular compaclt
cell layers. The length of the palisade celis varied from 47 - 52 microns
in the first layer and reached 42 microns i the second layer.

In' the ﬁrst palisade layer, large 1min-walled cells containing
different shape crystals or idioplasts had beun observed. Usually one
crystal occurred in each cell Pigs. (15 ana 16).

The spongy tissue as mentioned earlicr occurred on the lower
epidermis. It took about 220 - 250 micruns and consisted of 10 - 15
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Fig. (16) : CS. in navel orange leaf, midrib control ( x 25 ) -
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cell layers. The lower values of length and high values of cell layers

were found near the midrib. .

In the transection, the spongy paranchyma cells had nearly an
isodiametric shape and foosely arranged with relatively wide
intercellular spaces. The size of the spongy cells and the intercellujar
spaces decreased towards the lower, gpidermis, while the density of
chloroplasts increased in the same directjon. | n contact with the lower
epidermis, there were two compact raws ;n small cells Figs.(15and16).

The mesophyll layers were interrupted by the oil glands. The
majority of these glands were found in Lhe leaf blade developed
adaxially and acquired a spherical shape F g (iS)

A slight depression in the epidermal suiiace was detected in front
of the outer side of the glaﬁd. The cells surrounding the gland were
érranged in two or three rows and had tlucker walls Fig. (15). The
chioroplasts content and its size in these cells were less than those of
the other mesophy!l cells.

Ltbs_zgssulquummﬁ_;

The adaxial length of the midrib wus 780 - 790 microns. It
consisted of the vascular bundles beside the ussues mentioned above.

L

The vascular tissues were arranged in vascular bundles embeded
in the ground tissue of the veins. The largest bundle was located in the
midrib. The lateral viens protruded slightiy on both lower and upper
surfaces of the blade.
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The vascular tissues were arranged in the form of two unequal
bundles. The larger bundle was located downward apd the smaller ones
were located upward Fig. (16).

The larger bundle consisted of nearly 23 - 25 radial rows of
tracheary elements, while the smaller bundle contained 12 - 14 rows.

b
'

‘Two rows of the primary phloem Iibers were observed. One of
these layers was towards the lower surface of the midrib, while the
other layer occurred toward the upper surluce.
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4o3.1.1~ Aneteomical chenges ift) leaues @fF
Woshingtor navel @range budded
OR SOUF OrER@ge reoistock os @ffected

by salinity (G000 ppm. ot SR & ond 12):

Some changes were observed in the icaf tissue of navel orange
budded on sour orange rootstock and treated by salinity (6000 ppm at
SAR 6 apd 12) as-compared to the normul leaves (controt) can be
mentioned as follows :

It decreased under 6000 ppm at SAK 6 treatment than the
control, hence it showed values from 247 ° 265 microns, However, the
observation showed no clear differences under Lhis treatment and 6000
ppm at SAR 12 treatment where its values reached 257 - 278 microns.
~ (Figs. 17 and 18).

— i [ o] a -

A marked reduction in the thickness of the cuticle could be
observed in the leaves of the plants under the 1wo treatments than the
control plants. The size of the epidermis cells became smalier in both
treaiments of salinity as compared with the control. Thus, it could be
observed that the cells were more turgid.
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Fig. (17) : CS. in navel orange leal blade budded on sour

orange rootstock and treated with saline solution conlaining
6000 ppm at SAR6 (X 63 ).

Fig. (18) : CS. in navel orange leaf blade budded on
Sour orange rootstock and treated with saline
solution containing 6000 ppm at SAR 12 (X63).

- 126 -
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6000 ppm at SAR 12 treatment 11 was -nearly 930 microns
Figs.(19 and 20).

Furthermore, the size of the vascular bundle increased in the
number of archs. Thus, it reached 32 - 34 , 40 - 42 archs in the large
bundle for 6000 ppm at SAR 6 and 6000 ppm at SAR 12 treatments,
respectively (Figs. 19 and 20) instead ot 23 - 25 for the control Fig.
(16). The number of archs increased al.u in the small bundies, where
it reached about 22 - 24 archs in the Wo high salinity treatments while
such value reached about 12 - 14 archs 1n Lhe control. However, the
number of vessels in the archs was not aftecied by neither total salinity
nor SAR treatments.

In addition, the phloem fibers were clearly observed in the two
high salinity trantments in respect of the control.
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4.5.1.2- Anogtomical chanRges (A [eaves of
Washington RAYVE GFrange budded

orn Rengpur lme rowkistock oS affected

‘e
[}

by solinity (GE00 ppm wt SRR 6 ond 12) =

The following differences were obscived between the oomrol and
salinity treatments i.e. (6000 ppm at SAK 6 and 12) in their anatomical
features as follows :

- leaf b i z :

- It decreased with increasing total saluuty (6000 ppm treatment),
also a marked decrease in leaf blade thickncss can be observed under
SAR 12 than SAR 6 treatments. Thus, the values of leaf blade thickness
ranged from 395 - 440, 257 - 309 and 233 - 257 microns for the
control , 6000 ppm at SAR 6 and SAR 12 trcaiments, successively.

The cuticle of the leaves of the treaicd plants was reduced in its
thickness as compared to the cogtrol Figs. (21 and 22). Beside , the
size of the epidermis cells becgme smaller in both two high salinity
treatments (6000 ppm at SAR 6 #nd SAR 12) as compared with those of
the control :
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' The length of the palisade cells was decreased than the control as
the high salinity treatment (6000 ppm) was used. This decrease was
more clear under SAR 12 than in SAR 6 treatment. Thus, the length of
the tangential walls might reach 47 - 52, 38 - 42 and 33 - 38 microns in
the first layer and 42, 33 and 28 microns in the second layer for the
control, 6000 ppm at SAR 6-and SAR 12 lreatments, respectively Figs.
(21 and 22). Moreover, we can observe that the cell walls of
mesophyll became rather thin and the number of green plastids in this
tissue as well as the spongy tissue were noticeably reduced. The cells
which contain the idioplasts increased and ook different sait crystals
shape. The idioplasts observed were also in the spongy tissue above the
lower epidermis cells in both 6000 ppm at SAR 6 and 6000 ppm at SAR
12 treatments Figs. (23 and 24). The lengih of the spongy tissue celi
layers decreased in both two high salinily treatments used, this
decrease was more clear in 6000 ppm at SAR 12 treatment than in
6000 ppm at SAR 6, hence their values were about 133 - 142 mzcrons
for the first treatment while it was about’ 195 - 209 microns for the
second one . Yet, the area occupied by this tissue was reduced by
treating with high total salinity and SAK The interceliular spaces
decreases noticeably in the spongy tissue which takes an isodiametric
shape Figs. (21 and 22).

No clear differences were detected between 6000 ppm at SAR 6
treatment and the control. Thus, the adaxial length of the midrib for
the first treatment was 766 microns whiie it reached 780 microns for
the second one (conmtrol). In this concern, 6000 ppm at SAR 12
treatment showed a high increase in the adaxial length of the midrib,
hence it was about 986 microns Fige. (23 and 24). Furthermore, the
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at SAR 12 treatments as compared with (he conigol.  Moreover, the
scond treatment showed g greal phloem area than in the first one.
Figs. (23 and 24)

’
In addition , the number of archs in the large bundle was
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Cell walls of the mesophyil became rather thin and the palisade
cells became smalfer than the control in both high salinity treatments.

palisade cell walls became the highest for 6000 PPm at SAR 12
treatment 30 it rached 21 - 24 microns in the first layer and 16 - 19
microns in the second layer. The number of green plastide was
noticeably reduced in the palisade and Spongy parenchyma. The cells
containing the different shapes of salt Crysials or the idioplasts were

lreatments. Thijs decrease was more cleur 1n 6000 Ppm at SAR |2
treatment than jn 6000 ppm at SAR 6 since their values were between
133 - 143 microns for the first lreatment while |t ranged from 180 -

190 microns for the second one. Yet the area occupied by this tissye

Was reduced. Figs. (25 and 27).




of 6000 ppm at SAR 12 lreatment, where it was 858 microns
Fig. (28).
’ ’

The phloem oocupied more area in the above two salinity
treatments than the control. The number of archs in the large bundle
was increased to be 30 - 32 and 40 - 42 f(or 6000 ppm at SAR 6 and
6000 ppm at SAR 12 treatments, respectively instead of 23 - 25 for the
control Figs. (26 and 28). "

In addition. the number of archs m the small bundle was also
increased to be 16 - 18 and 21 - 23 archs tor 6000 ppm at SAR 6 and
6000 ppm at SAR 12 treatments, respecuvely instead of 12 - 14 archs
for the control. Moreover, the number of vessels in each arch was not
affected by neither total salinity nor SAR treaiments.
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Qnsnﬂnﬂu RAnatomical changes jn lraves pf Naovel

oramnge budded oi Freoermamn W'Wlﬁ

rootstock as affected by total sallnity
BOOE PRMm @t SAR & eny 12

The following anatomical changes have been observed as
oompared 1o the control plants:

i-le :

It decreased under 6000 ppin at SAR 6 treatment than the
control, where it had values from 305 - 309 microns. The
- measurements showed a high deerease in leaf blade thickness under
6000 ppm at SAR 12, where it took values from 224 - 238 microns. In
the same time, the control had values from 395 - 44p n:ucrons
Figs.(29 and 30). -

In the transections Pﬁs. (29 and 30) the observations
showed that the thickness of the cuticic was reduced in both high
salinity treatments. Under 6000 ppm at SAR 6 the size of the epidermis
cells became smaller than the control, while it was the smallest under
6000 ppm at SAR 12 treatment. It could be also observed that the cells
- are more turgid and the nucleus in‘these cells was enlarged.
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The palisade cells became émaller than the control in both high
salinity treatments, so that the tangential walls might reach 33 - 42
microns inthe first layer and 28 - 3£ microns in the second layer for
6600 ppm at SAR 6 treatment, while‘it. was highly decreased in the
tangéntial length of the palisade cell wafls under 6000 ppm at SAR 12
tre-a_tmeni SO their values rached 28 - 33 mtcrons in the first layer and
19 - 24 microns in the second layer. The cell walls of mesophyli
became rather thin, also the number of green plastids are noticeably
reduced in the palisade and spongy tissues. The idioplasts or the cells
which containing different shape of salt crysials were observed in a
great number in the first palisade layer Figs. (29 and 30). The cells
of the spongy tissue took the isodiametric shape and the interceillular
épacses between it decreased than the control.

Also the area which occupied by the- spongy tissue is reducedl in
both, high- salinity treatménts than the control. This reduction in
sSpongy tissue area was higher under 6000 Ppm at SAR 12 treatment
than 6000 ppm at SAR 6 treatment,

~ In this concern, it is suitable to notice that the length of spongy

tissue cell layefs took values abogt 228 - 233 microns for 6000 ppm at

SAR 6 and 152 - 161 microns for 6000 ppm at SAR 12 treatments.

The adaxially length of the Midrib was increased under 6000 ppm

4L SAR 6 than the control. Thus, their values took about 882 microns,

while under the treatment which received 6000 ppm at SAR 12 the
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Qrenge ,
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solinity ( OO

_ ‘ _
1.3.2- Anetemical chapges n the roets of seur

Renppur Hme , Cleopakra
meandarin ana Poormamn Orang®

’
"

PR @ SRR amd 12 )

Ffeciwd by bigh level wof

4:.3.2.1- Sour oronge r

1otstwclk 3

4.5.2.1.a- Sour orange root (

Inatomical fFeatures (control):'

The examination of the tr:
orange revealed that it consists of

The epidermis consisted of
thick suberized walls and may con

t.ex
. The cortex consisted of 12 -
was 210 - 215 microns. The firs
. hypodermal layer had different ch:
“celis had large size and outer sub
slightly extended on the radial

- 14

the following layers:

lain dark meterials Fig. (33).

Insver sesection in the root of sour

one layer of cells. These cells had

16 layers. The length of this layer
b cortical cell layer which called the
aracteristic feature. The hypodermal
orized Lhick walls. The suberization
walls 10 form a peglike structure




~ Its outermost layer was the peric
" 'xylem archs. These cells resembl

- parenchyma. The innermost tis:

" intercellular spaces Fig. (33).

between each two neighbc

+ The cortex consisted of |
gradually decreased inwards.
interce_llular spaces with differe:

The innermost cortical
endodermis with casparian st
endodermis. cells are longer than

3= Vascular cyling:

The vascular cylinder radia

uring cells Fig. (33).

14
parenchymatous cells which their size
The cortical cells were interveind by
it sizes and shapes.

layer was differentiated into the
rips.”' The 1angential walls of the

the radial wall Fig. (33).

! lengih was about 570 - 600 microns.
ycle which consists of two to three cell

‘laYers of different sizes. The siele had & - 10 Xylem strands. Each

xylem strand included 5 to 1
triangular shape Fig. (33). Thicl

The phlcem differentiated i
xylem. The phloem consisted

pith. This tissue consists of thick

2 tracheary elements arranged in a

[ walled cells are prese_nted beside the
2 fibers.

ato 8 strands’ alternating with those of
f  sieve Lubes,.compgnion cells and
ue of the vascular cylinder was the
walled parenchymatous cells without
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d.5.2.1.0~ Anotomicel
erenge ros!
saoliinity Erec
6 and 12)s

FhoRges observed IR SQUF

r @s wivreckeg by high

fmenkts (OO0 pprm ok SRR

The following differences
The root diameter w:
either salinity or SAR. Thus,
treatments took values about 1]

control.

microns for the control, 6000 pr
treatments, respectively. The
irrigular Figs. (34 and 35).

Moreover, the epidermal la
at SAR 12, and the hypodermal
hypodermal cells became subert
not affected under 6000 ppm at
6000 ppm at SAR (2 than in eit
treatments. Thus, it consists of
length of the cortex radial walls
SAR levels. It tooks values from
6000 ppm at SAR 6 and 6000 py
while its values for the control
endodermis is pressed in the t
tissue became more disapparer
radial length reduced with increa
values about 570 - 600, 276 - 29
at SAR 6 and 6000 ppm at SA
observed that the vascular bunc

salinity treatments than the

-

wer;e'oh:m ved as compared to the
s noticeal:ly reduced with 'increasing
the root diameter of the different
20 - 1170, 696 - 742 and 596 - 688
m at SAK o and 6000 ppm at SAR 12
root shape, on the other hand, was

er disupypuaed only under 6000 ppm
layer replaced it. The walls of these
red. The number of cortex layers was
SAR 6 treatment, but it reduced under
her the contvol or 6000 ppm at SAR 6
8 - 10 luyer QOn the other hand, the
reduced with increasing salinity and
232 - 275 and 199 - 241 microns for
bm at SAR |2 Lrealments, respectively,
reached to 270 - 315 microns. The
angential wirection and the pericycle
. Moreover, the vascular cylinder,
3ing total salinity and SAR, thus it took
D and 262 277 for control, 6000 ppm
R 12, respecuvely. It could also be
le having Icwer vessels in both high

control Figs. (34 and 39).
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d.5.2.2- Rengpur lime

FOOES el

4.5.2.2.0- Rangpur 1i

Features |

me root anaoatomical

contrul):

Root structure of this roots
the foliowing aspects:

The epidermal cell wal! ar
layers and its length increased ai
The hypodermal cells became re;
had less suberization Pig. (36).
suberized cells which took its
Moreover. the intercellular sp
pressed. On the other hand, the
increased and took values from
layers were more than of sour or
strands. Also, the pith cells in
“intercellular spaces Fig. (36).

*

lock diftees teom that of sour orange in

» thicker 1he cortex consists of much
nd took values from 291 - 333 microns.
rular and jn essed, while its thick walls
It could uhserve a great cycle from the
place 1n middle of the cortex.

The endodermis is
radial iviih of the vascular cylindar
D98 - 10410 microns and the pericycle
| e Stele had 10 - 12 xylem

creased ... became smaller without

L

aces ded c.ased.

ange roout

-

20 -




Ph
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ime root, contfol ( X 16 ).
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4o3e2.D=-RAR@tomice]l chang
root os affected

C GOOD ppm at SE)

s Obswrved In Rengpur lme
By hown salinity Creatments

R ® @mol iz )2

The following changes were

High salinity and SAR tre¢

diameter. Thus, it took values ab

770 microns for the controf, 600{
12 treatments, respectively. Be

surface. Moreover,

about 291 - 333, 185 - 290 and 1

ppm at SAR 6 and 6000 ppm at S.

The endodermis and pericy
diameter of the vascular bundle is
and SAR since it took values about
6000 ppm at SAR 6 and 6000 Pp
On the other hand, this value fo
microns. The vascular bundle ha
in this vesse! walls was not norn

pressed in the radial direction.

became of very thin walls and ver

-1

the epic
hypodermal layer replaced it un
but the suberization on this layer
6 than 6000 ppm at SAR 12 treat
was a clear decrease in the lengt.
of using either high salinity or S

observed as compared Lo the control:

atments caused a reduction in root
put 1789 - 1872, 730 - 974 and 676 -
) pp'm alt SAR 6 and 6000 ppm at SAR
side, the roots had an irrigular outer
ermal disappeared and the
der the 1wo highy salinity treatments
became cicar under 6000 ppm at SAR
mentis Figs (37 and 38). Also there
N of the «.ni1ex radial walls as a result
AR rates I'hus, their values reached
78 - 272 wicrons for the control, 6000
AR 12 treasiments, respéctively.

fuyer

cle layers necame pressed. Also the
reduced wilh increasing both salinity
267 - 315 and 215 - 264 microns for
m at SAR 12 treatments, respectively.
* the coutrol was about 998 - 1040
re fewer \uessels and the lignification
al, so Lhut they were subjeted to be
Pith arca was reduced, and its cells
y early rupiured Figs. (37 and 38).
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d.5.2.3=- Cleecpakra

f
MmMenhtdwrin Fookstoek

4.5.2.3.0- Cleopatra

gnatomical

)

mandarin root

Features (contraol):

It differs from root of sour «
appears in transverse sections :

The epidermal cell walls wa
same number of layers and its !
orange. The hypodermal cells wer
shape. Thick walls had much sube
we can observe a suberized cells
place around the vascular bundle,
cortex cells took different shapes
However, the vascular cylinder rac
orange root to reach a values of 1|
strands in the xylem was small (;
walled cells without intercellular S|

- ]5‘

E

prange routstock in the following as it

thicker  The cortex consists of the
ngith 1ok the same values as sour
e not pressed and had an isodiametric
rization ¥i1g. (39). On the other side,
on the cortex iayers which took its
and the uiercellular spaces between
The vndudermis was not pressed .
ial lengih ncreased than that of sour
D60 - 1102 microns. The number of
8 - 10 struands). The pith had thick
paces Fig (39).




H i:{ o

P Ep
Hy

En | Cor

Per a

: I-‘ig.'(39) :CS. jin Cleopﬁura-mandarin rof)t. controt (X 16).

Fb
KPS
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4.3:2.3.0~ Anatomical
Cleopakre m
by high solin
@t SRR G enc

chafyes observed it}

ondearin rook as ffected

Ity trewtments (BOB0 pom
129z

Thé following differences
control.

Irrigation with saline solutic
while increasing SAR values took
Thus, the root diameter of Cleoy
1747 - 1934, 575 - 646 and 84¢
pPpm at SAR 6 and 6000 ppm at
the other hand, the root took the i

Concerning 6000 ppm at SA
epidermal layer disappeared and

while under 6000 Ppm at SAR |

some places and the suberization v
hypodermal cells, Figs. (40 and

cortex radial walls length under
microns) as compared with the «
decrease under 6000 ppm at SAR
6000 ppm at SAR 6 lreatment , w
273 microns). The cortex layers d
treatment (8 - 10 layers) than th:

layers). In addition, the endodermi

Considering the diameter of the

= 15¢

were observed as compared to the

Pl Caused u reduction in root diameter,
the other way around in this respect.
palra mandarin took values of about
- 865 microns for the control, 6000
SAR 12 ireatments, respectively. On
podiameiric shape as the control.

R6 t.renum;m,- it is observed that the
the hypudermal layer replaced it ,
? the epidermal layer disappered in
as noticed in both the epidermal and
['41). Moreover, high decrease in
6000 ppm at SAR 6 (156 - 206
fontrol (312 - 353 microns).. Such
12 treatment was less than that of
here 1t took values of about (23S -
PCreased under 6000 ppm at SAR 6
Ltof 6000 ppm at SAR 12 (12 - 14

and pericycle layers were pressed.
Vascular bundle, the observations

1l




showed a decrease under 6000 ppm at SAR |2 (282 - 301 microns)
than the control (1060 - 1102 ficrons). Furlhern.more, such decrease
took the highest value under 6000 ppm at SAR 6 (178 - 227 microns).
On the other hand, the vascular |bundle have fewer vessels (5 Xylem
strands) and the tracheary elements reduced than the control. Beside,
the lignification in these vessel ‘walls became lesser than those of the
control . Under the two high sa.linj;y treatments the pith area was
reduced Figs. (40 and 41)- '
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4d.%.2.4d=- Poormen qroenge rooktstock @

1.5.2.4.0- Poorman |Erunge root anatomical

features [control) :

It differs from roots of sour orange rootstock in the following as
appears in transverse sections :

The epidermal celf wall wag thicker. The cortex consists the same
number of layers but the cells befame smaller and pressed . It had also
the isodiametric shape and the intercellular spaces between cortex cells
were depressed. In the same lime , it touk the same length. The
hypodermal cells did not differ from roots of sour orange Fig. (42).
The endodermis is pressed and tte casparian strip is evident also . The
vascular cylinder radial length |ncreased than sour orange root and
tooks values about 1040 - 1081 inicrons. While the number of strands
in the xylem is smaller (8 - 10 sufands) . An increase in the number of
tracheary elements in each stranc was opserved and it i'eached 16 - 20
elements . The pi'th had thick wialled cells without intercellular spaces
Fig. (42).




i
I
il

' Fig. (42); CS. in Poorman yrange root, control (X 16 )
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4.5.7.4.b- Anatemical chahges vbserved In POorman

@ffecied DY High sSelilniiy

trestments ¢ G000 ppuwn ot SRR 6 ond 12 )

F]
]

The following changes were pbserved as compared to the control :

The high salinity treatment [6000 ppmn) caused a reduction in root

diameter , but the high SAR 12

shape , since it acquired the
Figs. (43 and 44). Both high
disappear the epidermal layer anc
a suberization to the radial and ta;

vel had no effect, but affected root

root un irregular outer surface
salinity and SAR treatments led to
| the hypodermal layer replace it with

ngential ceil walls .

'The reduction ‘in cortex r:Ldial walls length was equal ur._lder

salinity treatments, thus it tooks I
compadarison to 282 - 312 microns
pericyle layers were pressed with

Moreover, it is evident to no
bundle diameter was equa!l under
ppm at SAR 12 treatments , sii
microns. The vascular bundle ha
SAR 12 treatment while the numt
at SAR 6 treatment was not cle
treatments of salinity the lignifi
normal , so that they were sub
direction. Under salinity treatmer
thin ceil walls and very early dete:

- 1€

ss values about 198 - 213 microns.in
for the control . The endodermis and
a decreases in their numbers .

lice that the reduction in the vasculiar
both 6000 ppm at SAR 6 and 6000

e they took values of 156 - 170
r:fewer vessels under 6000 ppm at
yer of these vessels under 6000 ppm
ar . On Lhe other hand , in both
cation in this vessel walls was not
jected Lo be pressed in the radial
its , pith area was reduced with very
iorated Figs. (43 and 44).




4= Evaluakien @f :sm cltrus rooktstocks:

From Table (20) it is quit ¢vident that sour orange rootstock was
the most tolerant citrus rootstodk lo salinity under full sun light and |
other experimental conditions sit it o.blamed the highest score (68.3) .
It had the highest total plant dry weight and leaf osmotic pressure
values . On the contrary , Poorman orange rootstock was inferior ,
hence it ranked the last in evaluation due it had the lowest score (16.5)

. On the other hand , Rangpur limhe and Cleopatra mandarin rank_ed the
second and third since they had scores of 47.9 and 420 , respectively .

Under partial shade condition, Table (21) the picture was
some'what changed where Cleopatra mandarin surpassed all other
rootstocks used in its salt tolerance as it obtained the highest score
(78.3) because it had the highest total plant dry weight, top/root ratio
and lowest salinity hazard coefllicient - In contrast , Rangpurlime
rootstock failed to tolerate salinity under this condition because it had
the lowest score (40.8) . Moreover , Poor man oéange and sour orange
rootstocks took the second and third grade , since they had scores of
76.5 and 55.2, respectively .

‘An'yhow , it s useful to potice that the tolerance of these

rootstocks was evaluated under saline irrigation water containing not
more than 10 millequivalent Ci- /liter. o
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