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EFFICIENCY OF SOME CITRUS ROOTSTOCKS UNDER
CALCAREOUS SOILS CONDITION
[51]

Sayed', R.A.; S.K.M. Abd EI-Naby” and S.E. Salem’
ABSTRACT

The effect of various levels of soil calcium carbonate content representing some
newly reclaimed areas in Egypt on the performance of vegetative growth and leaves
content of chlorophyll as well as mineral compasition of sour orange; Rangpur lime
and Volkamer lemon rootstock scedlings was evaluated during two seasons 2001
and 2002. The results indicated that Volkamer lemon produced similar rate of the
increase in seedling and shoot growth and leaves number as compared with other
rootstocks in the first season. But, in the second season it was almost in an interme-
diate order. On the other side, Volkamer lemon had the bigger values of leai, shoot
and root dry weight and its leaves contaived remarkable chlorophyll “a and b” con-
tent, highest value of N, P, K, Fe, Zn and Mn and low values of Ca and Mg as com-
pared with other studied rootstocks. CaCO; level in the soil gave similar rate (with
few exceptions to the sandy soil) in seedling height, shoots and leaves number.
While, dry weights of leaf, shoot and root of rootstocks increased as CaCO; fevel in-
creased which was more prominent with 29.4% CaCQ; level. In addition, leaves of
seedling grown under sandy soil contained more chiorophyll “a, b”. Moreover. root-
stocks seedline uptake of Fe, Zn and Mn was decreased as CaCQ; level increased in
the soil, while 1.5 uptake of K, Ca and Mg was increased in the two sgasons, In addi-
tion, the uptake of N was increased significantly in the second season onfy. It is
worth mentioning. that planting of Volkamer lemon rootstock under calcareous soil
at 29.4% CaCQ; level conditions proved to be superior to the other rootstocks in its
growth and leaf nutrient content.

Key words: Citrus rootstocks, Growth. Leaf mineral, Chlorophyll, Calcareous soil.
INTRODUCTION wrong rootstock for a given soil type can

mean the difference between success and
Every citrus growers musi make a  failure of a grove operation. although any

concerted effort to fit the rootstock to a
specific scion variety. the planting layout
of his grove, the predominant soil type,
climate and disease¢ environments, The

citrus variety can be used as a rootstock,
some are better suited to specific condi-
tions than are other (Lawrence and
Bridges, 1974). Such, high carbonate
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soils are a typical soils of arid desert
regions “newly reclaimed regions™ and
are & serious limiting factor for citrus
grow:h because they limii the availability
of several micronutrient. (Castle and
Manthey, 1998), Furthermore, new citrus
rootsicks can be used instead of the local
sour orange rootstock such as, Volkamer
lemicr: and Rangpur lime which have re-
sistaroo o diseases, nematodes and foot
rot sl adaptaton to cerain soil condi-
tions {Javies and Albrige, 1994).

This investigation aimed 1o examine
the 2 formance of growth and nutritional
status »f some citrus rootstocks grown on
diffcrent calcium carbonate levels of soil.

MATERIAL AND METHODS
Plasnt maizrials

(m: year old seedlings of sour orange
(Citrus aurantium linn.), Rangpur lime
{Cigrus fimonia Osbeck) and Volkamer
lemon (Citrus Volkameriaina Ten.) were
chosen for the present work throught the
20G1 and 2002 seasons.

Uniform and healthy scedlings were
transpianted at the beginning of March
2005 on two different calcareous soil
tvpes in the greenhouse of the Horticul-
wre Research Institute at Giza. Calcare-
cus solls were collected from Ei-
Mouburia region(Behiera Governate) and
Burg El-Arab region (Alex. Governate)
representing of some newly reclaimed
areas in Egypt. In addition, sandy soil
was  got from khatatba area (Minufiya
Governate)  as control However, three
soils hed different calcium carbonate lev-
ols were experimented as follows 0.45%
fur sandy soil, 19.6% for El-Noubaria and
29.4% for Burg El-Arab. The mechanical
and chemical apalysis as well as hydro-

pirysical amalysis of soils were deter-
mined as shown in Table (1). The seed-
lings were wansplanted in black polveth-
vlene bags which were filled with the
three different types of soil with Skg/ bag
and arranged n a complete randomized
blocks designThus, the experiment co -
sisted of 3 soil types x 3 rootstocks kind
in threc replicates. Each replicate was
represented by 10 bags (5 bags/ season).

All seedlings were irrigated with tap
water periodically in sufficient quantities
to ensure normal growth pattern and they
had  received ammonium  nitrate
{NH4NO3) at 0.4 gm/L. every two
weeks as a fertilizer solution,

Physico-chemical analysis

1- The initial seedling height and leaves
number of the seedlings at transplant-
ing date (Maich 2001) and March
2002 were recorded as well as growth
rate measurements including “final
seedling height, shoots number and
feaves number per seedling at the end
of the two seasons (November 2001
and 2002) were recorded. Then, growth
rate was calculated as a percentage

Average final measure — Average initial measure

X 100

Aoverape initial measure

2- At the end of every sgason, the ex-
perimented seedlings (5 seedling /
replicate/ season) were carefully har-
vested from the bags, washed with tap
warer followed by distilled water sev-
eral times and they were divided to
vegetative top and root system. then
they were dried until a constant
weight and their dry weight were re-
corded.

Annals Agric. Sci., 48(2), 2003
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Table 1. Analyticat data of the studied soils.

Mechanical analysis Hydrophysical analysis Chermicat analysis
Sand Available nutriert
Y - Silt 20 Clay Wy - Pedd “witvg *Avaable CEC {ppmy)
Sail Sal hoklig : e PH EC oM a0,
Comc  Fre 2 B Walix 125 den o, (o .
IS o % % " = l
A0u 2002 Yo “ "% ° Yo ke™) N P K
% %
L

Khatatha ™40 38 08 14 Sady 186 s42 084 456 786 75 006 285 045 19 6 40
El
Nouberia sy

633 80 108 i79 266 136 39 97 7% 70 o2 1133 196 43 12 8
Bug
El-Amb™ Clay

172 130 388 00 337 219 8l 138 520 40 032 i8ol 2940 s1 2 s
* On weight basis

44 Burg El-Arab soil was planted with some green crops belore collected it for use in this trial, therefore organic matter and butrients were high in level
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3- The muneral content of leaf samples
(the third up to the fifth leaves from
the seedling top in November) were
determined in the drv matter as fol-
lows: Nitrogen was determtined by the
micro-kjeldahl method (Chapman
and Pratt, 1978). Analysis of other
clements (phosphorus. potassium, cal-
clum, magnesium, iron, zine and
manganese) were conducted as men-
tioned by {Carter, 1993). After wet-
digestion of leaf samples with H;SO.-
H-0, digest (Cottenie, 1980) using
atomic absorption.

4- Three mature fresh leaves freplicate
were  taken in November from the
middle of spring shoots and they
were cleaned from the dust, washed
with distilled water and extracted by
85% aceton, then cholorphyll “a &
b”  contents were determined as
mg./gm. using Wettslein method
(1957).

Statistical analysis

All data of the present investigation
were tabulated and statistically analysed
according to Snedecor and Cochran
(1982). Means were compared using
Duncan’s multiple range test (Duncan,
1955) at the 5% level of probability.

RESULTS AND DISCUSSION
1-Vegetative growth parameters

The results obtained from those pa-
rameters are summarized in Tables (2 &
3). Volkamer lemon produced the largest
rate of increase in seedling height during
the first season, but sour orange gave the
greatest rate of increase in seedling height

during the second one. On the other hand,
there were no significant differences be-
tween all rootstocks kind in the rate of
increase in shoots and leaves number in
the first season. While, Rangpur lime
produced the highest rates in this respect
in the second season. The relativfe differ-
ence in growth features is assumed to be
due 1o species charactenistics. In this con-
nection, Aso {(1974) and Montaser
(1975) found that sour orange grow well
under high calcareous soils, while, Vol-
kamer lemon was preferable due to it
produced vigour orange trees (Eid, ef al
2000 a), also surpassed all other root-
stocks in plant height under two different
soil types. (Abou Rawash, ef al 1995},
Concerning CaCO; level in the soil,
there were no significant differences
among all soil types in the rate of in-
crease in seedling height and leaves num-
ber, except leaves no. in the first season
which increased as CaCO: level in-
creased. On the other hand, sandy soil
gave the least rate of increase in shoots
number, while the presence of CaCQ, in
the soil increased shoots number per
scedling. Those facts were hold in the
two seasons. Similar results were re-
ported by El-Gazzar, et al (1979);
Rokba (1985) and Assal, et al (1994).
Concerning the interaction between
soil type and rootstock kind, irrigular
behavipur was found among various root-
stocks and Ca CO, levels of soil.
Volkamer lemon had the greatest
leaf, shoot and root dry weights through-
out the two studied seasons. A similar
trend was found throughout the work of
Montaser (1975); El-Shazly (1976) and
Assal, et al (1994),
Regarding CaCO; level of soil, an
increase in leaf, shoot and root dry
weights were recorded as CaC(s level of
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Table 2. Rate of increase* in scedling height, shoots number/scedling, leaves number/seedling lcaves,shoots and roots dry
weight and leaf chlorophyli a&b contents of some citrus rootstocks scedlings as affected by different calcareous
soils in the first scason (2001).

CaCO,; level
Rootstack 0.45% [2.6% 29 4% Meun 045% 19.6% 29.4% Mean 0.45% 15.6% 19.4% Mean 015% 19 6%% 29.4% Mean
Seedling helght shoots number/seedlig Leaves number/scedlig Leaves dry weight %

Volkamer lemon r;56 bc 279w 1366bc 2006A | 0R9DL  2133ab 18934b 1638A | 326bc  449ab b452a 4758 A 459h 6123a 63%5a 37030A
Rangpur hme 1.273 ¢ 1.200¢ GE33¢c 11028 1.14%b  2216ab 29864 21I3A | dolab  S46ub 624a 5433 A 9 4358b  4746Db  34750C
Snur arange 23304 1S533be 1 5Bdbe 1v2sAB | 1igb  1.370b  1.996ab MSITA [ 221c 420ab Sab  3932A [ 4redb d10BD 4728b  44335B
Moeun 1820 18141 126} 1673 1906 2292 1356 4716 6.046 33413 49299 52903

A A A B A A B B A B A A

Shoots dry weight % Koois dry weight % Leai chlorophyll “a” mg./ gm. Leal chlorophyll “b™ mg./gm.

Voikamer lemon S864bc 6271 T6la 63BFA (6926bc 7IVbL 797a T4087A '72 189 2103c¢ 1 8550de 198GH [ Go6d40sb 0650ab 0.533bc DGDE AR
Rangpur lime 38.09bc  5501c¢  STHZbc 3687 B ) 6253d  6111d 663lcd 6332IR | L39S L522e 13561  1424C Y OoBlab O5l6bc 0400c  0532B
Sour orange 55.11¢c 557¢ s857be  50.49B 6066d 60454 61.79d o6D96BC | 26472 2300b 1746d 2231A | 0797a 0740ab 0572bc  0.703 A
Alean 57281 57809 62334 64,157 65096 69.126 2077 t.97% 1584 0.706 0.635 0.501

B B A B B A A B c A A B
Means with the zame Jefters are not significantly different 2t 5 % level

Mnal figure in Nov.- injtial Ngure in Mar.
*Rate of increase = X160

Injtial figure in Mar,

SY00)51001 S
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Table 3. Rate of increase® in scedling height, shoots number/scedling, leaves number/seedling, leaves, shoots and roots
drv weight and leaf chiorophyll a&b contents of some citrus rootstocks seedlings as affecied by different cal-

carcous soils in the sccond scason (2002)

CaC; level

0.45% 19.6% 29 4% Mean | 0.45% 19.6% 29.4% Mean | 045%  19.6% 29.4% Mean G .A5% 196%  29.4% Mean

Rootstock
Seedling height shovts number/seedlig Leaves number/seedlig Leaves dry weight %

Volkamer lemon 1706b  218%Jab 13130 17330R 3 0B93 a 1533b  ).7B0b 14028 | sasebc 3Ll0c  5366bc  A624B | S10Bbc 96da  598BGa  56BA0A
Rangpur lime 2073ab LE33b 1426 1TIIB L1800V 3733k 3323a 2952A | s236ab BdAd6a  TT0usb  TATTA J L1616 47866c  S4656b  3BMIC
Sour orange 3303a  3250a 1953ab 2BI5A | 1.423b 17600 1.003b  I39SBE j B5%u  3903c¢  7046bc 5502H | 45706¢ aBiléc  51.060bc 482948

1364 2354 1.564 13712 1342 1035 6.770 5.160 5674 3616 S1873 5520
Mean A A A B A A A A A c 8 A

Shoots dry weight % Roots dry weight % Leal chiorop hyll “a™ mg. / gm. Leat chiorophyll *b* mgJgm.

Volkamer lemon 61080b 657132 GBSS0a 65247A [ 6902b  79lla  TRTIa  75.624A 1 2.021b 1BBSbe  1825¢ 1944 A | 066Th 0s28de 0431{ 05478
Rangpur hme BUIe  S68l6c 61006L MR | 5T00cd S5¥S4cd 6717bc 60OSTIB (15494 1.37Re 1.392e L4400 | 0590 cd  O4e2ed 0 416F O0489C
Sour orange 56.050¢c $7.500c 605T3b SROMLB | 51.24¢  60.97c¢  6326bc 6LB27B | 24024 1977 b 1727cd 2035A 1 09472 0653t 0.530de OTIOA

SR.48) 60010 63.510 62.423 65378 69.723 2.024 1.747 1.648 0.73% 0.548 0.459
Mean B B 4 B B A A B B A B c
Means with the same letters are siof significamly different at 5 % level

inal fgure in Nov.- initial figure in Mar.
L 11Ti]

“Raie of increase =
initial fipure in Mar.

yel
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soil increased, which were more signifi-
cant under 29.4% CaCOs; throughout the
two seasons. On the contrary, Montaser
(1975) and Assal, et af (1994) found that
dry weight of vegetative growth and root
systemn decreased by increasing calcium
carbonate level.

Regarding the interaction between the
two studied variables, Volkamer lemon
seedlings grown in soil which contained
CaCO; gave the greatest dry weight of
leaves, shoots and roots in the two sea-
sons compared with other rootstocks and
soils.

Leaves of sour orange seedlings
contained more chlorophyll “a &b dur-
ing the two seasons, while Volkamer
lemon leaves was on the parin chloro-
phyll “b” in the first season and chloro-
phyli “a” in the second season.

Concerning CaCO; level of soil, leaf
chlorophyll “a &b” contents decreased as
CaCO; level in the soil increased. This
was bold in the two seasons. Thisisin
agreement with E-Gazzar, ef al (1977);
Shaked, et of (1988) and Sagee, etal
(1993) who indicated that under calcare-
ous soil conditions, severe chlorosis de-
veloped in the leaves of rootstacks.

Concerrung the interaction, Rangpur
lime seedlings leaves grown under differ-
ent soil types almost contained the least
value of chlorophyll “a&b” in the two
scasons compared with other rootstocks
and soils.

2-Leaf macro-nutrients content

The results in Tables (4 & 3)indi-
cated that sour orange had the lowest
value of N, P and K while Volkamer
lemon foilowed with Rangpur lime
showed the Iughest vaiue This was sig-
nificant during the two season except P

value in the first season where the differ-
ences among the rootstocks were insig-
nificant. In contrast, sour orange leaf had
greater Ca and Mg contents compared
with the other rootstocks. This was hold
in the two seasons. Citrus rootstocks
varied in their uptake of nutrients, since
some rootstocks (Volkamer) can absorb
more macronutrients. [Abou-Rawash, er
al (1995); Shawky, ef al (1980) and Eid,
et al (2000b)]). These results are i har-
mony with those reported by Montaser
(1975); El-Gazzar, et al (1977} and As-
sal, et al (1994),

Concerning the effect of calcium car-
bonate levels, there were no significant
differences in N and P leaf contents of
rootstock  scedlings grown on all soils
during the two studied seasons except N
leaf in the second season where N leaf
increased as calcium carbonate level
increased in the soil. This fact was related
to K, Ca and Mg contents of all root-
stocks throught the two seasons. These
results are confirmed by those of
Chandra and Yamdagni (1985) and
Assal, et al (1994).

Concerning the interaction effect, sour
orange leaves contained the least values
of N and K under all soil types, While,
there were no significant differences in P
content between all rootstocks grown on
such soil. Incontrast, Volkamer lemon
grown on sandy soil produced leaves
contained the least values of Ca & Mg
compared with other rootstocks or other
soils during the two seasons.

3- leafl micro-nutrients content

The Fe, Znand Mn values in Tables
(4 & 5)reveal that Volkamer lemon leaf
contained mere Fe, Zn and Mn foilowed
by Rangpur lime then sour orange. This

Annals Agric. Sci., 48(2), 2003
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Table 4. Leal mineral conlent of some citrus rootstock scedlings as allected by different calcareous solls in the first seison

(2001)
CaCO, level
045% 19.6% 294% Mean | 045% 196% 29.4% Mean | 045% 19.6% 294% Mean | 0.45% 196% 294% Mean
Rootstock
N% P% K% Ca%
Volkamer lemon | 256a 260a 243a 23531 A[0156a 0.150a 01522 01524 10999b 0690d 1.480a 106A) 171 20¢ 24b 203C
Rangpur lime | 2284 240ab 2608 24264} 01542 0154a 01582 04554 !0704d 09410 14382 LG7A] 23bc 21de 22cd 2208
Sour orange 1.8Cc 216bc 228bc 20801 {0146a 01502 0.140a 01454 | 04T 0463 0417f 04328 20e 23bc 51a 313A
Mcan 2213 2386 2437 0152 0151 0180 0706 0698 111 2000 2133 3233
A A A A A A 1 B A c B A
Mg% e (ppm) Zn (ppm) Mn {(ppm}
Volkamer lemon ] 0.198d p244b ©0220c 02208 | 1152  35cd  62b  708A [ 75b 20c  85ab 6000 A 825b  50f s6016A
Rzmgpur lime lo2lled ozow 6215c 02128 | 1208 25ce 15ef 35333 93a 2le 18 c 443B] B75b 675c 22%e¢ 35160
Sow orange 02i2¢d om0 03012 024LA 7 106 W2Za  42c S466B | 12¢c 7h Te WO 5254 57%«d 525d 54168
Mean 0207 0221 0245 81.667 57333 39.889 60333 32333 40.000 BG 66T 69167 20.667
C B A A B C A B C A B C J

Means with the same lefters are not significantly different at 5 % level

9L
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Table 5. Leal mincral content of some citrus rootstock seedlings as affected by different caicareous soils in the second season

(2002)
CaCO, levet
045%  196%  294%  Mean | 045% 196%  29.4%  Mean | 045  196%  204% Mean | 045%  196%  204%  Mean
Rootstock
N% P4 K% Ca%
Volkamer lemon 248a 251 a 232b 2436 4 0150 4 0,140 ab 0.147a 0145 A 1010 0.750¢ | 540 a 1100 A 180 220d 250 b 2o C
Rangpur lime 22lcd 23 be 254 2358 | 01494 0447a 01503 CI48A | 0800e 0952b  150la 1084A | 24¥b  225c¢d  246bec  237B
Sour orange L7af 205 2204 1983¢C [ 6133 b 0.1408d  0130b 0134B | 0523d o0sud 0520d 05268 | 2204 245b 155z 271
Mean 2130 2.2%0 2,354 0.144 0,142 0.142 0777 QM7 1187 2160 2300 2Bl e
ea o B A A A A B B A c B A S
7]
Mg% Fe (ppm) “n (ppm) Mn (ppm) a
[+}
N Lo
Voikamer lemon 01%e, 0232b 0210 021008 il a 32d 50¢ 04.16 A b 12d 74b 52.00A 1055a T0¢ 140h 6316 A ﬂ
Rangpur lime 02Mod  0200d  0208cd  0204C | 113a We 12¢f  5000B | B0a 8¢ 12d  3666B | 790b 600d 260g 5500B é
Sour orange 02004 0200d 0290a 0230A 10f 100b 0d  4666B | i0d 7 b 12¢  3066C | 450f $35e  460f 4816C
0.198 0.210 0236 79.333 50833 30667 53333 331333 32667 76.500 61 167 28.667
Mean
c B A B L € A B B A I c

Meanis with the samie kiters ar¢ not sigmaficantly different at 5% level

LEL
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was hold in the two seasons. However,
Volkamer lemon is the least susceptible
rootstock  in calcareous soils as shown
by Sagee, et al (1994). This is in accor-
dance with those recorded by El-Gazzar,
et al (1979); Assal, & al (1994);
Azab (1998) and Castle and Manthey
(1998).

Regarding  calcium carbonate level of
soils. the results showed that Fe, Zn and
Mn concentrations of the studied citrus
roatstocks leaves decreased as CaCO,
level of the soil increased, except Zn leaf
conc  under 19.6 and 29.4% CaCOj soils
where there were no significant differ-
ences were recorded. These results are in
line with those obtained by El-Gazzar,
et al{1979); Rokba (1985) and Assal, et
al (1994,

With respect to the interaction effect,
sour orange leaves of scedlings grown in
sandy soil contained the lowest Fe value
as on the par was Fe value in Rangpur
lime leaves of seedlings grown in 29.4%
CaCO; soil, but Volkamer lemon leaves
of seedlings grown in 29.4% CaCQO;
soil contained the lowest Mn value
While, the least Zn value was varied be-
tween the studied rootstocks and CaCO,
soil levels. Those were hold inthe two
scasons. The correlation between soil
tvpe and leaf mineral composition varied
according to rootstocks and their ability
to cope with lime conditions (Rokba,
1985).

In general, all rootstocks leaves under
all soil types in the second season ap-
peared either decrease in N, P, Mg, Fe,
Zn and Mn contents {except Mn in 29.4%
CaCO; soil) or increase in K and Ca
contents (except Ca of sour orange leaves
or Ca in 29.4% CaCO; soil) compared
with the first season.
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