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Leaf Phosphorus Concentration in Young Rootstocks
and Scion Cultivars of Citrus
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ABSTRACT

This investigation was undertaken to study the leaf phosphorus level in five seedling
rootstocks and in their twenty two combinations with certain citrus cultivars, all grown
in the field for three years under uniform cultural practices. Data obtained showed
highly significant interactions between specific scions and rootstocks. Increase in scion
leaf phosphorus was evident in ‘Clementine’ mandarin on ‘“Troyer’ citrange, ‘Hamlin’
and ‘Washington’ navel oranges on ‘Cleopatra’ mandarin, and ‘“Washington’ navel on
sour orange. In general, ‘Cleopatra’ mandarin and ‘Troyer’ citrange supplied their scion
leaves with more phosphorus than ‘Rangpur’ lime, rough lemon or sour orange. Regard-
less of the rootstock used, ‘Clementine’ mandarin, ‘Prior Lisbon’ lemon and ‘Washing-
ton’ navel orange were able to accumulate more phosphorus in their leaves than
*Valencia’ or ‘Hamlin’ oranges. Differences in leaf phosphorus content were detected
only between two seedling stocks, being higher in rough lemon compared to ‘Rangpur’
lime.

INTRODUCTION

Accumulated evidence in the literature indicatesthat the rootstock, the scion and their
combination influence the mineral composition of the citrus tree. However, it is not
clear whether any variation in leaf mineral composition among citrus scion/stock
combinations reflects differences in nutrient requirements or simply differences in
efficiencies of securing nutrients unrelated to their requirements (1,7). In 1961, De
Villiers and Beyers (3) used separate leaf composition standards to evaluate the nutri-
tional status of certain elements for each of the ‘Valencia’ and the navel oranges.

In Libya, published information is lacking on the effects of citrus rootstocks on phos-
phorus nutrition except for a recent report (5) which indicated that ‘Cleopatra’
mandarin supplied considerably more phosphorus to the leaves of lemon than sour
orange rootstock. In Florida, Smith er al. (8) showed small but significant effects of
various rootstocks on the phosphorus concentration in leaves of ‘Valencia® oranges.
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Wautscher and Olson (9) in comparing the effects of sixteen rootstocks on leaf composi-
tion of CES No. 3 Redblush grapefruit, reported that Troyer citrange resulted in
relatively low phosphorus in the scion leaves.

This report summarizes the results of leaf phosphorus determinations in five different
seedling rootstocks and in their combinations with five citrus cultivars.

MATERIALS AND METHODS

The sweet oranges Citrus sinensis (L.) Osbeck, ‘Washington’ navel, “Valencia’ and
‘Hamlin’, the ‘Prior Lisbon’ lemon C. /limon (L.) Burm. f. and the ‘Clementine’ mandarin
C. reticulata Blanco budded on five different rootstocks, namely, sour orange C. auran-
tium L., rough lemon C. jambhiri Lush., ‘Rangpur’ lime C. limonia Osbeck, ‘Cleopatra’
mandarin C reshni Hort. ex. Tan. and ‘Troyer’ citrange [ Poncirus trifoliata (L.) Raf.
X C sinensis (L.) Osbeck] were transplanted to the field in late February 1972. The soil
in the permanent place is a deep sandy loam known to be high in calcium carbonate and
of a pH 7.9 or slightly higher.

For the three orange cultivars, a randomized block design with three replications
was adopted. Each of the main blocks was divided in three sub-blocks. The sub-block
represented one orange cultivar on the five rootstocks under test. Every scion/rootstock
combination was planted in a single four-tree row which constituted one replication.
The scion/rootstock combinations of the ‘Clementine’ mandarin and the ‘Prior Lisbon’
lemon consisted of three trees lined in a straight row; replicated twice. The seedling
rootstocks were planted in a single-tree plots; replicated three times.

All plants were subjected to the same cultural practices and maintained under a
uniform elemental N:P:K fertilizer with a ratio of 1:0.22:0.42, respectively. During the
first three years in the field, each plant received a total of 150, 210 and 400 grams of pure
nitrogen, split in five applications during each growing season successively. All the
phosphate and potash fertilizers were applied once a year.

Composite leaf samples from each replication were collected during early October,
1974, from 7-month old spring cycle growth. Sample preparation for chemical analysis
and phosphorus determinations were carried out on dry-ashed leaves according to
Chapman and Pratt (2).

RESULTS AND DISCUSSION

Under the growing conditions of this study, it is worthy to report that all scion culti-
vars on ‘Troyer’ citrange rootstocks showed relatively the least growth and vigor when
compared with the same cultivar on the other rootstocks tested. Leaf analyses of
oranges on ‘Troyer’ citrange were excluded due to their inadequate vegetative growth
within replicates.

Scion and rootstock influences

It was found that rough lemon roots were able to supply its own leaves with
significantly higher amounts of phosphorus (0.178%) than ‘Rangpur’ lime (0.152%,).
Otherwise, no differences in leaf phosphorus concentrations were detected between
‘Cleopatra’ mandarin, ‘Troyer’ citrange, sour orange or ‘Rangpur’ lime (Table 3). This
corresponds with the results reported earlier (6), where the analysis of the whole
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Table 1 Influence of rootstock on scion leaf phosphorus in three-year-old,
field-grown®, lemon and mandarin cultivars

Scion

‘Prior Lisbon’ ‘Clementine’ Mean
Rootstock lemon mandarin for stock

Mean per cent phosphorus in dry leaves®

Sour orange 0.142a 0.158b 0.150
Rough lemon 0.158a 0.160b 0.159
‘Rangpur’ lime 0.161a 0.153b 0.157
*Cleopatra’ mandarin 0.166a 0.159b 0.163
‘Troyer’ citrange 0.167a 0.183a 0.175
Mean for scion 0.159 0.163

9N:P:K in fertilizer was maintained at a constant ratio of 1:0.22:0.42.
To convert P to P,O, multiply by 2.3.

To convert K to K, O multiply by 1.2.

bValues followed by same letter, within any one column, are not significantly
different at P = 0.01, according to Duncan’s Multiple Range Test.

seedling tops of the same kind of stocks were compared. However, in the same report
root phosphorus concentrations of these stocks varied considerably.

In ‘Prior Lisbon’ lemon trees, differences in leaf phosphorus percentages ranging
between 0.167%, on ‘“Troyer’ citrange and 0.142%, on sour orange could be attributed to
chance variations. Leaves of ‘Clementine’ mandarin on ‘Troyer’ citrange contained
appreciably higher phosphorus content (0.183%,) compared to the other four rootstocks
(Table 1).

In general, Table 2 shows that ‘Cleopatra’ mandarin was able to supply its orange tops
with more phosphorus than ‘Rangpur’ lime or rough lemon. Regardless of any of the top
cultivars used, ‘Cleopatra’ mandarin and ‘Troyer’ citrange were superior to the other
three rootstocks in supplying phosphorus to the leaves of their scion tops (Table 3). In

Table 2 Interaction between scion and rootstock on leaf phosphorus in three-year-old, field-grown®,
orange cultivars in comparison with the seedling rootstocks

Tree top

‘Washington’ Seedling Mean af

Rootstock navel ‘Valencia’ ‘Hamlin’ rootstock stock
Mean per cent phosphorus in dry leaves”

Sour orange 0.169abc 0.145¢cdefg 0.128efg 0.157bede 0.150ab
Rough lemon 0.118g 0.149bedef 0.125fg 0.178ab 0.143bc
‘Rangpur’ lime 0.136defg 0.128¢fg 0.123fg 0.152bcde 0.135¢
‘Cleopatra’ mandarin 0.191a 0.135defg 0.163abed 0.159bcd 0.162a
Mean for top 0.153a 0.139b 0.135b 0.161a

N:P:K in fertilizer was maintained at a constant ratio of 1:0.22:0.42.

To convert P to P,O, multiply by 2.3.

To convert K to K,O multiply by 1.2.

bvalues followed by same letter, are not significantly different at P = 0.01. Stock means should be
compared vertically; and those for tops horizontally.
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Table 3 Mean effect of the rootstock on leaf
phosphorus of citrus trees

Tree top
Rootstock Seedling? Scion®
Mean per cent phosphorus
in dry leaves
Sour orange 0.157ab 0.148
Rough lemon 0.178a 0.142
‘Rangpur’ lime 0.152b 0.140
‘Cleopatra’ mandarin  0.159ab 0.163
‘Troyer’ citrange 0.159ab 0.175¢

9Values followed by same letter are not signific-
antly different at P = 0.01.

bMean for 5 different citrus cultivars.

“Mean for only lemon and mandarin cultivars.

this respect, Embleton et al. (4) indicated that sour orange and rough lemon rootstocks
were associated with less phosphorus in their scion leaves than grapefruit or trifoliate
orange. It should be noted that such generalizations are usually offset by different kinds
of interactions, such as between scions and stocks, stocks and soil or other factors.

As shown in Table 2, ‘Washington’ navel orange was able to accumulate more
phosphorus in its leaves than ‘Hamlin’ or ‘Valencia’ irrespective of rootstock. By com-
paring results in Tables 1 and 2, it could be deduced that both *Prior Lisbon’ lemon and
‘Cleopatra’ mandarin were similar to “Washington’ navel.

Scion/Rbotstock interactions

Statistical analysis revealed highly significant interaction effects between specific
scions and rootstocks as far as phosphorus determinations were concerned. Among
the orange combinations with the different four rootstocks tested, Table 2 indicates
that ‘Washington’ navel on ‘Cleopatra’ mandarin scored the highest leaf phosphorus
percentage (0.191%). This level is considered within the high phosphorus range as
presented by Smith (7) and Embleton ez al. (4). On the other hand, the same *“Washing-
ton’ navel top on rough lemon yielded the lowest leaf phosphorus concentration
(0.118%,) among the twelve orange/rootstock combinations. This again, showed to be
at the upper limit of the low phosphorus range (4,7). None of the twenty two scion/root-
stock combinations reported in this work appeared in the low range except probably the
‘Washington’ navel on rough lemon, that is, if those standard phosphorus ranges
(4,7) are accepted without qualifications. This condition, if persisted, may indicate the
need for a higher phosphorus level in the fertilizer ratio for ‘Washington’ navel orange
on rough lemon to attain the suggested optimum leaf phosphorus level. A critical evalu-
ation of the results presented in Table 2 reveals considerable variability in leaf
phosphorus concentrations among the orange scion cultivars. For example, “Washing-
ton’ navel and ‘Hamlin’ oranges on ‘Cleopatra’ mandarin and *‘Washington’ navel on
sour orange had the highest leaf phosphorus percentages. On the contrary,
‘Washington’ navel on rough lemon showed the lowest level obtained among the twelve
orange combinations.



LEAF PHOSPHORUS CONCENTRATION OF CITRUS 99
LITERATURE CITED

. Chapman, H. D. 1968. The mineral nutrition of citrus, p. 127-289. In W. Reuther,
L. D. Batchelor, and H. J. Webber (eds.), The Citrus Industry. Vol. 11. Univ.
Calif. Div. Agric. Sci., Berkeley, Calif.

. Chapman, H. D., and P. F. Pratt. 1961. Methods of Analysis for Soils, Plants and
Waters. Univ. Calif. Div. Agric. Sci., Berkeley, Calif.

. De Villiers, J. I., and C. J. Beyers. 1961. Leaf analysis as a guide to fertilization in
commercial orange growing, p. 107-119. In W. Reuther(ed.), Plant Analysis and
Fertilizer Problems. Amer. Inst. Biol. Sci., Publ. 8, Washington, D.C.

. Embleton, T. W., W. W. Jones, C. K. Labanauskas, and W. Reuther. 1973. Leaf
analysis as a diagnostic tool and guide to fertilization, p. 183-210. /n W. Reuther
(ed.), The Citrus Industry. Vol. II1. Univ. Calif. Div. Agric. Sci., Berkeley, Calif.
. Fahmy, 1., and I. A. Hassaballa. 1976. The effect of different rootstocks and super-
phosphate fertilizer on growth and leaf phosphorus in young ‘Lisbon’ lemon
trees. Libyan J. Agric. 5:89-94.

. Hassaballa, 1. A. 1975. Growth and mineral composition of twelve different kinds of
Citrus seedlings used as rootstocks. Libyan J. Agr. 4: 91-100.

. Smith, P. F. 1966. Leaf analysis of citrus, p. 208-228. In N. F. Childers (ed.), Nutri-
tion of Fruit Crops. Horticultural Publ., Rutgers State University, New Bruns-
wick, New Jersey.

. Smith, P. F., W. Reuther, and A. W. Specht. 1949. The influence of rootstock on
the mineral composition of ‘Valencia’ orange leaves. Plant Physiol. 24:455—
461.

. Wutscher, H. K., and E. O. Olson. 1970. Leaf nutrient levels, chlorosis, and
growth of young grapefruit trees on 16 rootstocks grown on calcareous soil.
Jour. Amer. Soc. Hort. Sci. 95:259-261.

ol ¥ s lpiad GBliasl 5 galo o J gl 31551 (3 ) pis pdl) 90 5

cpalliictical}

LS 5o oloar Oliol Lt Gyld sie il paie yuid o lia 5o
Slalas wf Dl B die cutil) OKLL Io )5 Las ¢ bz J ol L e
. Pl l:‘-',u'




100 ISSAM A. HASSABALLA AND IBRAHIM FAHMY

JooVls abllin 48 5 vy £ 0# o lide Jramil] L2 Jlas ¥ Jlndl

@ Sl QU ol p 24 aisill Ls,;Aléoﬂlrl{..U\dluYé”.‘,.,moT&

oy il i 3Ky € 25,21 0yl Jool Jo 5y B it b L) G

&;ﬂxdwﬂt,.{,g,ww_@u;.o_c.L.:K.L_,a.,,:nL,'n,,T(_j,u,
.Gs)ut,n;u_,:g.ub,gtdj

bl 1 €570 bl €178 e g Y R ST
3ty O sl B b2l 10 gal sl i il pa ST Sl Lgde k-S.:“
ol ¢ B 3 (e G5l ¢ JW g Bl Gansy g ]
LJL—-IU"“L,‘*‘"U‘JJ o8 s sill g ol D138 5 e iy JB A €03
ceddalay 5 LG

2 i 3l (5 yrmn ¢ 5| ..aLr.....JS,LI SN 0K ¢ Raakil) p& J gl Tkl 0
gt sl Gl & wie g, O el Sl sl it



