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ABSTRACT

Water is a main factor in agriculture activities and almost 70 percent of world water resources are consumed in
agriculture. The present research has been done to investige response of Citrus rootstocks to drought as factorial test
based on randomized completely design with three replications. Factors included rootstocks in 10 levels [Poncirus
(PT), Troyer citrange (TC), Citrumello (CR), Sour orange (SO), Cleopatra mandarin (CM), Rough Lemon (RF),
Bakraii (B), Chang-sha (CH), Machrophylla (M) and Mexican Lime (ML)] and irrigation in two levels [optimum
irrigation (fixed in field capacity) and withholding irrigation]. Results showed that drought induced increament of ion
leackage percentage in all of the rootstocks and the root to shoot dry weight ratio in PT, M and B and decrease of
leaf water relative content in all of the rootstocks, leaf fresh weight in SO, stem fresh weight in CR, root fresh weight
in TC, SO, CR and M, shoot fresh weight in SO and CR, total fresh weight in SO, CR and M, root to shoot fresh
weight ratio in TC, CR, M and CM. Therefore, TC, CH and PT had good tolerance to drought because of lower ion
leackage in TC, higher water storage in CH leaves and the higher root to shoot dry weight ratio in PT.

Keywords: Citrus, lon leackage, Leaf water relative content, Water stress.
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Table 1. ANOVA of Leaf, Stem and Root Fresh weight in Citrus rootstocks

Mean of Squares

Source of Leaf fresh weight Stem fresh weight Root fresh weight
Rootstocks 9 212.02" 178.27" 200.78"
Irrigation levels 1 3000.44™ 975.12" 3704.24™
Rootstocks x Irrigation levels 9 74.76™ 47.84™ 86.66"
Error 40 26.63 0.06 37.59
CV% 32.85 215 33.72

Sl g BB 555 5 a0V Jletiz| mhaws jo lo gixe Bl s g s
** Significant difference at 1% of probability level and non-significant difference, respectively.
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Table 1. ANOVA of Shoot, Total, Root/Shoot and Leaf/Plant Fresh weight in rootstocks

Mean of Squares

Source df Shoot fresh weight  Total fresh weight  Root/Shoot fresh weight  Leaf/Plant fresh weight
Rootstocks 9 602.02 1376.137 0.105" 0.029™
Irrigation levels 1 7396.55™ 21569.53™ 0.151" 0.026™
Rootstocks x Irrigation levels 9 197.38" 496.03™ 0.021™ 0.003"™
Error 40 107.49 259.27 0.005 0.004
CV% 31.49 315 12.87 20.04

SIS sire BB 895 5 2oy V Jleix! mhaws jo jlo Jme BT g e
** Significant difference at 1% of probability level and non-significant difference, respectively.
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Table 3. ANOVA of leaf, stem and root dry weight in citrus rootstocks

Mean of Squares

Source df Leaf dry weight Stem dry weight Root dry weight
Rootstocks 9 38.36" 54,117 65.78"
Irrigation levels 1 15.32 "™ 19.3™ 2.506 ™
Rootstocks x Irrigation levels 9 7.34™ 12.01"™ 1293 ™
Error 40 0.046 0.053 0.046
CV% 28.75 26.13 24.44
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** Significant difference at 1% of probability level and non-significant difference, respectively.
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Table 4. ANOVA of shoot, total, root/shoot and leaf/plant dry weight in rootstocks

Mean of Squares

Source Shoot dry weight Total dry weight Root/Shoot dry weight Leaf/Plant dry weight
Rootstocks 9 143.82" 376.97" 0.066~ 0.026™
Irrigation levels 1 69.02™ 4522"™ 0.221" 0.005™
Rootstocks x Irrigation levels 9 33.01™ 82.02"™ 0.015™ 0.002™
Error 40 0.045 0.044 0.005 0.003
CV% 18.67 15.84 12.14 20.49
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** Significant difference at 1% of probability level and non-significant difference, respectively.

o LSl al g i p8 YRIFO L owels
509 e SRl el b Sle 5 sleg
A basly plo jo ol vals b awglie jo ads,
i CaS et e @dly o ais bl (gl g
Tieensy sbal jo ad, o5 b ad cely
dnglie ;o 5 b 2alS MdgSle g glog o @)l
BUITIEYA & SPYRYA & SIFEVA 1L BPEYA o A SRV L FVRR AR
sl oy Sas gl el mels i e
MedgSle by po s (nyieS 9 @i ng )
(O Jguz) ol oy
2 okl ghe 5l Bl S nSilke anglie
G5 9 Gt pS OVIVO L i wals
reS oS VT L S Camdg 0 (g smdsy
5 @b sleal o (Sas aasls | asls 5 (5
3 s o5 logee sels el glogyiw
DAL bal ple o ab sels L awlie
A CESLIT S P ¥ | PRI AR E 3 R KO O
5 @b slal o Bl 5 05 b oab el
e sl b alie o 5wl (halS gleg e

& adyy o JS @Sl e, wile Sy 5 o
ol a4 S aslls
039 2 Sl s 5 a4l e Sl i Sike i
(ald) (s (e Comdg )3 @l sl plas S 5
G Caxdg )3 g pdny 9 2y )5 TVITY L
L Sr 5 09 =S )5 VIBOY b (ke ohad)
Sogime als cel b Al o Sas ol
sl plo jo ab sals b awlae j0 S 5 o9
cadS Glei oo adly o aid oloul (gl pxe LS
el @bl 0 S 5 o5 b el el (Sas
(0 Jgoz) 0gd ply +/FY vald b aslie ;o g0l

2 el e 5l e T (Sl amgli
Sondy 3 ghegrew al o las aBle 5 (5
5 LSl laal 5 cestir o) TYIAA L sals
5 YIFPY b b jay (5 Samdg )0 (wg sy
S ol |y 4l 5 g opeyieS pyS FIFAY
P s g el Sl gleg e aly o Laid
AU sl plo jo 0l sals b awlis o adle
i S leice &l o aid ol (gl S
Wl (B8l sleg s iy jo 4Bl 5 559 b ad ey
(O Jgaz) 098wl <107 vals b awslas 4o 4

2 Skl gl g aly Bl 1 5eSlos anylie
Sandg 53 gl aly oS ol plas Az, 50



w9 N3P0 o Sy il (B S j0 (SiS i gole 5 Jlas oY

ol 4 S paslls
09 2 Skl w5 al Jlie Sl anylie
L sals cansg jo m)l al o ol las §p Sis
5 ol Caxdg )3 (wgymaisy aly g (i )5 )
O35 S 5 VYAV g VXYY L s ey o5
S0 gl o S i ) 8, S
P Sy S g 0 Gl S iles]
le aolie (F Jgaz) 8,55 sl sals b awslis
ol Bl Sas 59 » sokel maw g 4l Jlite
S VPIAR L sals Cuxdg jo glog i aly a5 olo
PS5 VN T b A5 Samdg o LS by g o e
sl o Sas ol |, ddle Sis (59 S
ale Sid 59 50 &)l gme S (iulejl 550
5 Jyir) 8,5 sl 30l | aolie 5

2 kel e 5wl blie Bl ke anslis
3 O5eddly wl s ol lad any, SiS )
YOS50 (S aSSls ol g op i 05
039 S p,5 YA0 4 Y/AY Y/AY (Y/AY L
S50 ol o Sas acib 1) sy, Sis
5 Ay, Sl g 40 ()l Gre B ‘u«;iuﬂ
Y Jg9z) 0,55 sls) valis b anslae

2 bl mhaw g ab Jline 51 (Sl alie
QyJJ‘) b als olis (axl) b_;‘\}a: 'a|.\3\ S 058
Gl g cpyiie o5 YVIFF L o Camsg o
033 DS 05 YIAA b (35 Comdg 50 wg sy
O S aaab 1) (@l gl pll Sis
039 2 Glosme Bl (el 9j5e laal,
(Y Jg92) 5,55 oloul salis b auslie jo axls S

2 6okl e g 4l blie 51 Sl anlio
30 O5ddly Gl as olo flis oS S S 3
Al g ook pS YT L A Cemdy
PS5 VNNA L 55 Camdy 0 (g s
sl o Sas a1 oS IS Sas i
JS Sz 59 50 5ylo sime S ilesl 5550
Y Jg9z) 0,50 slsol vl b awslas 4o oS

b o phals (eS g )bl yo (Sas b
(O Jgo2) o 0y ghog yins

2 &l w5 b blite S1 5 Sile anylie
3 osedl al &5 sl plas olS S 50
Gl 5 i oS APNY L oasls Conss
b codia 5 Sandy )3 gmedn 9 LKLY
b oS U5 5 Gy oS o VENE 5 1YV
2 oS IS 5 Gie slgie (RalS el DLds Sl
Sl bl ple s oAb asls L dwlie
aS CaS ol adly o ais sbel (glo s
A sloay 53 oS S 5 55 b 0 el S
aald b duolie ;o 5wl (2als Sdg Sle g slag e
Wl ) S s @b Al o (Sas 5l LG els
(O Jgoz) ol 00s0 Mdg ,Sle

2l g 5 aly Bl 5l :Sike anlis
Gl o5 ol plad all @ ady, § 05 Cad
b s Gryide VooV L 8 Candy )0 (g sy
0 S il 1) sl 4 ads; 50 Ced
9 shegym @i gy (olulelilhedls slaaly
aSls @ aiy; § 5 o g Gals cel M8y S
O asl plo o ol sels L oawlas o
i a8 lei e @Bl o ais sbul (g)lo s
clal o asls @ ady, o5 b ool cel
G2 lel 5l g2lS 9 Madg Sl cghog s S s 295
iy b s (Sas l LAU palS o i
Al oasd o llel SLeslS” il yo ralS p eS g
(5 Jguz)

2 kel gl 5wl i 1 5:Sihe anlis
o LSl aly a5 ol flias ol as S 5 59 S
winlesl 950 slaal o Sas a1, olS
P olS 4 Sy s Cad j (Gl g B
(F Jg2) 8,55 oloul vald b auslas



100 VWA (liee; oF 5L FA 800 o)l 5Ll pole

plo ool sals b awslas o csl‘ﬁ""’ r:L.\.;\ 4 A,
Slese &y yo s bl (g)lo e DS eyl
AJM)MQ)SMbMuLLém?MGf
5 Wby Sle cwgymminy ol o ol plul
coi 4 sald boawlie jo g b Rl oS0
DS g 2wl e (Sas b el

AV J992) b 0ad (g remin b )3 2l

2 6ol a9 b blite 5l .Sl anlio

aS ol plid asls 4 ady, Sas )y Cawd
2 by She g salds Cundy o e, slaaly
i JADEY g < [AYEY L o s (il Camdg
SIAYEY L osals Camdg 0 wgpedy 4l g
L @l plal 4 asy) Sis 035 Comd S
5 @SN (eain gloaly o (Sas aol
S )y Cemd Jlosre Gl Sel Mdy SLe

LS o sl o el 5 05 kel il 5 Al Blite i1 (eSilis aylin O oo

Table 5. Means comparison of interaction between rootstock and irrigation levels on organs fresh weight in Citrus

rootstocks
Rootstock Irrigation  Leaf fresh weight  Stem fresh weight  Root fresh weight  Shoot fresh weight ~ Total fresh weight
Chang-sha Control 10.66 ™" 5.673" 9.4™k 16.33™ 25.73 %
Chang-sha Stress 5.477 '™ 3.677) 464" 9.123™ 13.76 ¢
Poncirus Control 357™ 12.4 ¢ 15.43 &« 15.97 '™ 31.4 %
Poncirus Stress 2.557" 4483 7.103 Kk 7.04" 14.14 %
Rough lemon  Control 23.18 " 29.57%® 33.37%® 52.75 ¢ 86.12
Rough lemon Stress 12.95 m 23.57 %9 22.65 "9 36.51 ¢ 59.16
Cleopatra Control 11.03 13.99 % 15.33 ** 25.02 " 40.35
Cleopatra Stress 9.753 ™ 14.89 ¢ 13.4 ™ 24.65 1" 38.05 "«
Backraii Control 8.56 1" 10.61 1 9.177 ™ 19.17 % 28.35
Backraii Stress 9.957 ™" 14.98 ©1 13.77 24,94 38.71 9%
Sour orange Control 27.27°%¢ 18.94 ™ 24.66 *f 46.21 " 70.87 9
Sour orange Stress 11.2™ 10.09 ¥ 9.667 " 21.291" 30.96
Troyer citrang  Control 7.837 " 20.23 " 209" 28.07 M 48.97 4
Troyer citrang  Stress 7.247 %" 13.21 7.923 20.46 <" 28.38
Citrumello Control 14.49 ™ 33.882 3429 48.37 %" 82.67
Citrumello Stress 8.36 " 19.11 " 14.4 ™ 27.47 9" 41.87 ™
Macrophylla Control 13.71"" 24.45 ¢ 33.39® 38.16 "* 71.55 %"
Macrophylla Stress 8.163 1" 13.6 % 14,73 ¥ 21.76 " 36.49 "«
Mexican lime ~ Control 11.29 8.433 M 7.85 19.72 " 27.57 'k
Mexican lime Stress 9.94 " 12.25 % 8.433 "« 22191 30.63

il oy Y s (ol cee BB (gt o 40 S ine By )l Gl Kl
Means with similar letter in each column didn’t have significant difference at 1% level.
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Table 6. Means comparison of interaction between rootstock and irrigation levels on organs fresh and dry weight in
Citrus rootstocks

Rootstock Irrigation Root/Shoot fresh weight Leaf/Plantfresh weight Leaf dry weight Stem dry weight
Chang-sha Control 0.5733 " 0.4233 % 3.29™F 2393 %
Chang-sha Stress 0.5033 " 0.4233%® 2.733 ' 2.103 %
Poncirus Control 0.9833 ® 0.1233™ 1.327*% 6.477 **
Poncirus Stress 1.007° 0.1833 K™ 1.287* 2.693 '
Rough lemon Control 0.6333 °" 0.2667 ! 6.737 ™ 1457 %®
Rough lemon Stress 0.6267 ¢ 0.22"m 8.95 % 13.49 *¢
Cleopatra Control 0.7033 @ 0.27¢ 4.393 ™ 7.343 b
Cleopatra Stress 0.5467 * 0.26 ¢ 5.637 ¥ 9.313 "
Backraii Control 0.481" 0.3033 >« 1.973 % 4583
Backraii Stress 0.5467 * 0.2667 ! 4.68 %% 8.543 &
Sour orange Control 0.53 94 0.3867 ** 1* 9.78 *
Sour orange Stress 0.4433 ' 0.3733 %" 7.13" 6.44 °*
Troyer citrang Control 0.7233°¢ 0.1733'm 2.75 9.12 b«
Troyer citrang Stress 0.3867 " 0.2567 M 3.25 " 7.423 %
Citrumello Control 071« 0.1733'™ 463K 16.892
Citrumello Stress 0.5167 9" 0.2133 '™ 3.963 9% 11.08 %9
Macrophylla Control 0.8767 " 0.19 KM 5.633 ** 12.11%¢
Macrophylla Stress 0.6733 ¢ 0.2267 "™ 4747 & 8.323 ™k
Mexican lime Control 0.4033 ¥° 0.4167 ** 3.58 9% 3.38 "
Mexican lime Stress 0.38" 0.33% 5.483 7.377 "

WSS By ) s (o lo e M (gt 12 50 S e By sl sla . Sl
Means with similar letter in each column didn’t have significant difference at 1% level.
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Table 7. Means comparison of interaction between rootstock and irrigation levels on organs dry weight in Citrus rootstocks

Rootstock Irrigation  Root dry weight Shoot dry weight Total dry weight Root/Shoot dry weight Leaf/Plant dry weight
Chang-sha Control 2.82% 5.683™ 8.503™ 0.5033 ™ 0.3933°
Chang-sha Stress 2.947" 4.837" 7.783" 0.6“" 0.3733 "
Poncirus Control 4.787 9 7.803Y" 1259 0.62°" 0.11674
Poncirus Stress 32" 3.981 7.18' 0.81* 0.1733"
Rough lemon Control 17.94° 21.31* 39.25% 0.8367° 0.17™
Rough lemon Stress 17.59¢ 22.44%° 40.03° 0.8067 ** 0.21*4
Cleopatra Control 7.003 1174 18.74 " 0.6667 ™' 0.22"
Cleopatra Stress 9.853 " 14.95 % 24.8% 0.66 Y 0.23339*
Backraii Control 292" 6.557 " 9.477™ 0.4467" 0.2167 ™
Backraii Stress 9.233 "¢ 13.22" 22.46"" 0.6967 ** 022"
Sour orange Control 11.53"" 20.78*¢ 3231 0.5533 "™ 0.3433*Y
Sour orange Stress 6.533 " 1357 20.1“ 047" 0.3667 **
Troyer citrang Control 5.603 ™ 1187 17.47 0.4667 " 0.17™
Troyer citrang Stress 4.327™ 10.67 159" 0.4067 *° 0.2267 "
Citrumello Control 12.8" 2152 34.32%¢ 0.5967 " 0.1333™
Citrumello Stress 8.62"" 15.04 “* 23.66 " 0.5667 ¥ 0.1833 "
Macrophylla Control 10.98 " 17.74%9 2872 0.6167 ¢! 0.1967 "
Macrophylla Stress 11.28"9 13.07 " 2435 0.8567 * 0.2"4
Mexican lime Control 292" 6.96 " 9.88" 0.4233"° 0.3733%
Mexican lime Stress 6.167 “* 12.86 " 19.03"" 0.4767" 0.29“™
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Means with similar letter in each column didn’t have significant difference at 1% level.
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Table 8. ANOVA of Leaf water relative content and lon leakage percent in Citrus rootstocks

Mean of Squares

Source df Leaf water relative content lon leakage percent
Rootstock 9 196.737 89152
Irrigation levels 1 66385.4™ 115892.08"
Rootstock x Irrigation levels 9 122517 598.44"
Error 40 34.83 35.13
CV% 9.23 13.54

**: Significant difference at 1% of probability level.
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Table 9. Means comparison of interaction between rootstock and irrigation levels on Leaf water relative content and
lon leakage percent in rootstocks

Rootstock Irrigation Leaf water relative content lon leakage percent

Chang-sha Control 90.59 ® 12.77™
Chang-sha Stress 65.4 ¢ 34,96 ¢
Poncirus Control 81.07 ™ 9.773°

Poncirus Stress 4217 31.85'™
Rough lemon Control 85.13 ¢ 14.7 "
Rough lemon Stress 49.42 %1 69.43 oM
Cleopatra Control 90.23 % 15.98 "®
Cleopatra Stress 4228 ™ 82.76 °f
Backraii Control 82.88 ™ 20.97 "
Backraii Stress 42.28m 68.83 "
Sour orange Control 87.38 14.82 "
Sour orange Stress 51.52 9" 64.02'

Troyer citrang Control 75.58 @ 15.21 "
Troyer citrang Stress 46.17 " 32.69'™m
Citrumello Control 82.2% 11.87 %
Citrumello Stress 58.58 48.721

Macrophylla Control 84.34 % 22.5 M
Macrophylla Stress 39.86 ™ 87.32%*¢
Mexican lime Control 87.26 *° 43.69 &
Mexican lime Stress 46.6 "~ 94.23%®
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