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Abstract

The current experiment was conducted to study the effect of proline and glycine
betaine at two concentrations for each; 50 and 100 mM in addition to control and two
salts; sodium chloride and calcium chloride at 25 and 50 mM for each in addition to
control, in vegetative characters of Washington navel orange (Citrus sinensis L.)
grafted on volkamer lemon or swingle citrumelo rootstocks. Salts were added to the
irrigation water and seedlings were irrigated with saline water three times at three
month interval. After one week of the irrigation with saline water, seedlings were
sprayed with the osmoprotectants (three sprays). Treatments were arranged in RCBD
design as a factorial experiment(2*5*5)with three replications.

The results revealed that the two rootstocks had no effect on the content of the
leaves from Auxin , Gibberellic Acid and some antioxidants on swingle citrumelo
rootstocks. The use of the two protectants at all concentrations caused significant
increase in content of the leaves from Auxin , Gibberellic Acid. Glycine betaine was
superior in its effect compare to proline. Also, the two salts had inhibitory effects on
most of the parameters measured. The combination between rootstocks and
osmoprotectants had significant effect on most growth parameters. In general, most
of the two combinations had pronounced effects. In addition, the combination of the
three factors also effect the parameters significantly. From the above results, we can
conclude that the two salts had an inhibitory effect on the leaves content of Auxin ,
Gibberellic Acid and some antioxidants which can be improved by the addition of
glycine betaine and proline.

Key word: Washington Navel Orange, proline, glycine betaine, calcium chloride, CAT, POX,
SOD and APX.

part of Ph.D. Dissertation of the first author.
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4.24 3.82 | CaCl, 50 | 4.38 | 4.49 4.48 3.90 | 3.52 | Gly. 100
1.07 NS LSD 0.05

asteall (g Cun YL dlaleall vie Bagale (S0 oljl 8 Galg il (gsime of kel 8 ola Lae ey
2o Al Y 3 4SOy - (13) bl led ey ) slea) g lal dlatid Sl ol ) o
b€ 83k o oiall) Gan Gu Ay +(27) Al Sl Apbid lads e Cangll LS 4l
LSyl Jsats dga (e lig ) a2 () aga (geaadl) algal) gk s Galg ) eVl (aelad)
¢l Calg il alaing (36) 03 Agn e Ol el (B WDIAN cilllad A8 dais Cudg s () Lt 5l
G Alsal) o S Jansg Byglaall LAY (e slal) aliaial o Ll (o 2wy G Blal (53903Y)
(28 520) il den (e alal) Jasmally 3} g dga (e p Dbl Byl
Grina & 58 8L ) (53 agageall 25l Ciligine 8313 O e (1) Jeasi Lo e il o328 G3iig
daglel) Glgiss uh ie (11 36) oo IS 4l Jiasi Lo g 3l o3a 3455 Yy - 3hsY) (e Gl sl
0 3hsl (& Oalgoal (ssimae (ol el Al auiially o gandlSlly gaageall gl Sl dslals

Gualall Gilly daslall Cagyla ciat Laail) sauSY) Chlias e GheY) Gsiner Gl Lady
Jslan) sginall b ggina il (5l Slaag sally Ulije Wsall s (S ol 4l peiliall iy 38 ¢ (yygay)
die Lagady 50SY) Cliliae 15 8als) b galy 80 Lagd OIS S8 cuyead¥) Gaalall Wl (74
o BhsY) (gsine 8 (spine Ll 13 il A DY) Wil L lsade 50 3K e DSl Al
By les lgte il im0y CaneSaly Sfigsend 2uSsl g ¢ SN ¢y pull Silasy
(17) kel alga¥l Cigyha ot 52O sobiaal) claiiV) Jalis dale) ) @lld ey

agie 53y ) 63 Ll w500 55 ol nll alelas o (38 5 35) ) Jeay Lo aa 138 (3l
G JUE SeaaSypm CuyeSaly isaand 3uSl igu IS ¢ aaunull 58] Claliae b
LOpadl) eDas 5k claliaal L) dagld) 536 e s s s
Ssade 1005 50 4035 b GaedS) Jaws 38 coualally dal) gn Jalall 535 Gagadss
Uat . paliaial 5355 29.87 5 30.31 &l silly Maagsiaad) Joal e pubil€lly 300y pull (ggine e
Sl e T aaas e Jgag ile 25.01 525.45 5 Syl daalls Il e )b G
Solpgns @y daailly (5 5 4 Jslaa) el dlales o Ligies labia) cpdlly ¢ bl Al
Adg S Jalal) dagms et L paliaial sag 15.33 5 15.80 4l (ssine el S8 ¢ e
3 S gl (Ao (Blpe Weds Saag i) al Ao jsale 500 5850 b GaudSD) aladsnly
DS hadid Jasg Jea¥) ae GV ualal) Jah) A Sl CannysSul il 35 30
bl el Shag pull dhal Ao 43S0 Gl
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Grina B (syma il 13 S Al perdina) Cuiisad¥) Cualall 385 ae gaalall 05 JANs gy
e Asasle 0 an Sloadde S0 5850 a5l Sl 26l il ael i B duallyy & 50305yl a3l
50 35S oded) dals e s TR et Jses Sile 25.95 &l ggine el il
L e Jgeg il 22,41 a1y ssine i) 2O Al) 050 lsae
L, 4iS ey (Glycine betain (Proline) ¢ujgai¥) Gumalall (e ddlida 585 48l 4 Joan
Peroxidase POX, juaSgmll syl ¢y @hs¥) (Ssina B agialiy agaudlsl 1) 5l<y agaaguall
Saag sieally Uliya 18sal) Al Ao Lualil) By g JUEl) COSA ((Gha OJ9 | p paluaial Bang)

L | e | dalw (Ulsal) el 815 G | day
il Ll S RAAN
Omelall | sV O (Aseae)
Jdaa¥!
Omaladly
caCl, | caCl, | Nacl | Naci | 9
50 | 25 | 50 | 25
28.08 | 28.88 | 27.85 | 27.86 | 27.95 | 27.54 | 27.04 | 28.85 | 0
28.54 28.30 | 27.93 | 27.84 | 28.61 | 28.11 | 29.03 | Pro. 50
29.25 29.02 | 29.36 | 28.27 | 28.77 | 29.08 | 29.17 | Pro. 100
<t
30.07 29.84 | 30.03 | 29.88 | 29.55 | 29.73 | 30.00 | Gly. 50 | L,
29.63 29.39 | 28.76 | 28.76 | 29.60 | 29.81 | 30.60 | Gly. 100
29.35 | 28.32 | 3328. | 28.42 | 28.01 | 27.51 [ 29.33 | 0
28.77 | 28.39 | 28.31 | 29.08 | 28.58 | 29.50 | Pro. 50 | Stassiw
29.49 | 29.83 | 1929. | 29.24 | 29.55 | 29.64 | Pro. 100
30.31 | 30.50 | 30.35 | 30.02 | 30.20 | 30.47 | Gly. 50
8729. | 29.23 | 2329. | 5329. | 30.28 | 31.07 | Gly. 100
29.02 | 28.86 | 28.94 | 28.99 | 29.77 | cualdl 55 il busie
020 | NS | 1.20 0.20 LSD 0.05
1.95 R
Sl 351555 Gl 305 G ) ol
Jal) Caladl 305 cpalall 3805
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Sta g i (NPt BYN Gly. Gly. Pro. Pro. 0
Ll e Caalal) 100 50 100 50
30.00 | 29.53 0 28.09 | 28.18 | 27.77 | 27.27 | 29.09 0

29.22 | 28.75 | NaCl 25 | 28.16 | 28.08 | 28.84 | 28.34 | 29.26 | NaCl 25
29.17 | 7128. | NaCl 50 | 29.59 | 28.95 | 29.01 | 29.31 | 29.41 NaCl 50
29.10 | 28.63 | CaCl,25 | 2730. | 30.12 | 29.79 | 29.96 | 2430. | CaCl,25
29.26 | 28.78 | CaCl, 50 | 28.99 | 28.99 | 29.29 | 30.04 | 30.84 | CaCl, 50
NS Ns LSD 0.05

Gisad¥) Guelall 3S05 maes mas Dlsade 25 5K aadlSl apglS o) A il cuaiagly
shle o Jalall W Sl sy Hoigrens Wl poull (ggiaa Aol ac) 8 dardiil)
cyin) A 8auSY) el e GBhsY) (sine o (ssine Ll 15 0K Al cdeatiudll Jeallg 2 OY)
25 S clin GeedSD Aadiad el a8 ale (S DU Jalsal) Gu Jalal) ad Ladg
saladll L;‘ILQ:D-I‘X.\ @Aal &;11:1}'.'\;.43\ <! U:\:w-y\ﬂ Caelall 3SIn > rag cebal) DUSly Jgails
aally (b O35 T atepaliaial Bang 31.7 caly 8 Glgiadl o) culy Llguld 5 5auSU
Uz palaidl saag 15.99 CAT ap¥ dall daén' a2 Jseg Sile 26.21 POX any
e DSall Al die Aldg APX ariY Aoy ' az (aliaial sy 14.54 5 « SOD a4l
5 POXA daaly Do i) dual (eg jsaide 0 3850 23V Hlsadde 100 3850 Galiy GanedS
50 385 sl 2)5lS mlas Jsarde SO S5 Cbin GaudSl) (e &35Sl Aadsilly AAPX 5 CAT
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L, 4iS alag (Glycine betain (Proline) ¢ujgai¥) Gumalall (e ddlida 5815 L8l .5 Joan
Catalase — CAT julicl ajil ¢ jgdal) (Goina A agialNGg agllSl) &) 4S9 agaaguall
Shoag siaally Ulpa €ghl) s e Aualil Bpow g JUETL cnad (ARSI pE. JsagS00)

bugie | hugie | dalal (Asasde) Caadall 585 SR JuaY!
Ll L8l S Craalall
Oelall | dual) O (sde)
Ja¥!
Calall
0

CaCl, | CaCl, | NaCl | NaCl

50 25 50 25

23.22 | 24.02 | 00.32 | 23.00 | 23.09 | 22.68 | 22.18 | 24.00 0

23.67 23.44 | 0723. | 22.98 | 23.75 | 23.25 | 24.17 | Pro. 50
24.39 24.16 | 24.50 | 8623. | 23.91 | 24.22 | 24.31 | Pro. 100 | s
225.2 24.98 | 25.17 | 25.02 | 24.69 | 24.87 | 25.14 | Gly. 50 | "
24.77 24.53 | 23.90 | 23.90 | 2024. | 24.95 | 25.74 | Gly. 100
24.49 | 23.46 | 4723. | 5623. | 23.15 | 22.65 | 4724.| 0
S g s

23.91 | 23.54 | 23.45 | 24.22 | 23.72 | 24.64 | Pro. 50
24.63 | 24.97 | 24.33 | 24.38 | 6924. | 24.78 | Pro. 100
25.45 | 25.64 | 5025. | 25.16 | 25.34 | 25.61 | Gly. 50
0125. | 3724. | 24.37 | 6724. | 25.42 | 26.21 | Gly. 100

24.16 | 24.00 | 24.08 | 24.13 [ 9124. | 385 ,ab L sia

cpalal

0.27 | Ns | 1.05 0.27 LSD 0.05
1.40 A el

Omalall 385 il 505 o LD J31)

Jal) cpalad) €05
Mang i | Wlgd B Gly. Gly. Pro. Pro. 0 | omlall 5805
iy Cealdll 100 50 100 50
25.14 | 24.67 0 23.23 | 23.32 | 22.91 |22.41 | 24.23 0
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24.36 | 23.89 | NaCl 25 | 23.30 | 23.22 | 23.98 | 23.48 | 24.40 | NaCl 25
24.31 | 23.84 | NaCl 50 | 24.73 | 24.09 | 24.15 | 24.45| 24.55 | NaCl 50
24.24 | 23.77 | CaCl 525 | 25. 41 | 25.26 | 24.93 | 25.10 | 3825. | CaCl ;25
24.39 | 23.92 | CaCl, | 24.13 | 24.13 | 24.43 | 25.18 | 25.98 | CaCl , 50
50
NS 1.33 LSD 0.05

1,5 ,alag (Glycine betain (Proline) ¢ujsai¥) cmsalald) (e ddlisa 505 480 .6 Jgas
Superoxide dismutase — il (s jgial) (Ggina A 8 gAY agadlSl Ay 5lS5 a3 gual)
Sha g sieally Uliya 181081 el Ao dalil) By g3l JUiT cDndd (. paliale) 51ag) SOD

b | e | dala (lsal) el S| oy
Craladl
cacl, | cacl, | Nacl | Nacl | O

50 25 50 25

13.57 | 14.37 | 13.34 | 513.3 | 13.44 | 13.03 | 12.53 | 514.3 0

314.0 13.79 | 13.42 | 13.33 | 1014. | 13.60 | 14.52 | Pro. 50
14.74 14.51 14.85 | 114.2 | 14.26 | 14.56 | 14.66 | Pro. 100
15.56 15.33 | 15.52 | 15.37 | 15.04 | 15.22 | 15.49 | Gly. 50 Kl
14.11 914.8 | 514.2 | 14.25 | 14.55 | 15.30 | 16.09 | Gly. 100 e

14.44 | 13.81 | 13.82 | 113.9 | 13.50 | 13.00 | 14.82 0
14.26 | 913.8 | 13.80 | 714.5 | 14.07 | 14.99 | Pro. 50 | sy
14.98 | 15.32 | 14.68 | 14.73 | 15.04 | 15.13 | Pro. 100
15.80 | 15.99 | 15.84 | 15.51 | 15.69 | 15.96 | Gly. 50
413.3 | 13.35 | 413.4 | 13.03 | 12.53 | 514.3 | Gly. 100

1437 | 1423 | 14.23 | 1415 ] 15.03 | 5905 o6 lsie
cpaldl
0.28 Ns 0.90 0.28 LSD 0.05
1.00 DA DAl
Jea¥ly cpalall 315 o 1 Jasl Omalal) 385 cbal) 3815 o L J3sl
JaV) Cpmalal) 3805
Ma g ins (NP OShp Gly. Gly. Pro. Pro. 0 Y
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U | el | 100 | S50 | 100 | 50 il

15.05 | 15.02 0 13.58 | 13.67 | 13.26 | 12.76 | 14.58 0

14.06 | 14.24 | NaCl 25| 13.65 | 13.57 | 14.33 | 13.83 | 14.75 | NaCl 25

14.27 | 14.19 | NaCl 50 | 15.08 | 14.44 | 14.50 | 14.80 | 9014. | NaCl 50

14.33 | 14.12 | caCl, | 15.76 | 15.61 | 15.28 | 15.45 | 315.7 | CaCl,25

25

14.47 | 14.27 | CaCl,50 | 113.7 | 13.84 | 13.79 | 13.91 | 15.22 | CaCl, 50

NS 0.95 LSD 0.05

1,5 Al (Glycine betain (Proline) ¢ujsai¥) cmasalald) ¢ ddlida 5805 il .7 Jgaa
Ascorbate peroxidase — ail G Jgdall (G5ina @ ARy 2 gaallsl) ) 5lS5 0 gad pul)
Sha g sially Ulije 1162l sl Ao daalil) By ool JUEH ) D& (l}ﬁ..ualm:.a\ saag) APX

bege | s | gal (sadd) coaldl 35 35| day
Ll Y- I Vgt il Cpalall
cuaall | Ay | dy (Jsacde)
Caalally
CaCl, | CaCl, | NaCl | NacCl 0
50 50 25
11.55 | 12.35 | 11.32 | 11.33 | 11.42 | 11.01 | 10.51 [ 1233 ] 0
112.0 11.77 | 4011. | 11.31 | 812.0 | 11.58 | 12.50 | Pro. 50
12.72 12.49 | 12.83 | 912.1 | 12.24 | 12.55 | 12.64 | Pro. 100
13.54 13.31 | 13.50 | 13.35 | 13.02 | 13.20 | 13.47 | Gly. 50 | S 'S
13.10 712.8 | 12.23 | 12.23 | 312.5 | 13.28 | 14.07 | Gly. 100
12.82 | 11.79 | 8011. | 911.8 | 11.48 | 10.98 | 12.80 | 0
12.24 | 11.87 | 11.78 | 512.5 | 12.05 | 12.97 | Pro.50 | Suassu
12.96 | 13.30 | 12.66 | 12.71 | 13.02 | 13.11 | Pro. 100
13.78 | 13.97 | 13.82 | 13.49 | 13.67 | 13.94 | aly. 50
4133 | 7012. | 7012. | 13.00 | 13.75 | 14.54 | Gly. 100
12.49 | 12.33 ] 12.41 | 12.46 | 4132 | ool sip ok Lge
022 | Ns 1.10 0.22 LSD 0.05
1.35 A el
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Ja¥ly bl 3805 G S Jala)

ilelall 58155 cunlall 3815 G S sl

daY) Omalall 5805 BV
e g s [EIPRISP BEy Gly. Gly. Pro. Pro. 0 Cealdll
Ol 100 50 100 50
13.47 13.00 0 11.56 11.65 | 11.24 | 10.74 | 12.56 0

12.69 12.22 NaCl 25 11.63 11.55 | 12.31 | 11.81 | 12.73 NaCl 25
12.64 12.17 NaCl 50 13.06 12.42 | 812.4 | 12.78 | 812.8 NaCl 50
12.5 12.10 CaCl,25 13.74 13.59 | 13.26 | 13.43 | 13.71 CaCl,25
12.72 12.25 CaCl, 50 12.46 12.46 | 12.76 | 13.51 | 14.31 | CaCl, 50
Ns 0.85 LSD 0.05
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