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on wheat plants with FEndogome mycorrhizae and
phosphorus and nitrogen fertilization, and Gerd-

emann (1974) on Eriacese endonycorrhizal fungi.

Furthermore, data of all sampling dates disclosed
that plants inoculated with Glomus australe deve-
loped higher percentages of nycelia than that of
Llomus macrecarpus. This result agrees with +hat
reported by Menge et al., (1981) on citrus with

Glomus macrocarpus, Glomus microcarpus and Glomug

monosporus fungi.

Concerning vesicles formation (small spores)
data tabulated in Table (3-a) indicated that in both
rootstocks and seasons, vesicle percentages were
the highest (100%) in all treatments of all sampling
dates, In addition, control plants did not produce
any vesicles on their roots. Since these plants were

void from mycorrhizae.

Referring to arbuscules formation (big spores),
it is found that in both rootstocks and seasons
arbuscules were initiated with low bpercentages in
May and increased in July to reach the maximum
(100%) in September. This was true in all treatments

used in this study. 7This is in conjunction with
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findings of Burgeff (1961) who found that the inf-
was
ection of mycorrhizae/increased during the growing

Seasgon.

Considering the effect of mycorrhizse, data
clearly showed that in May, for both rootstocks and
Seasons, inoculated and uanfertilized plants were
generally higher in percentages of arbuscules as
compared to inoculated and fertilized ones. In
July, the same trend of May was observed. However,
sour orange seedlings inoculated with Glomus
australe and either fertilized or unfertilized
took the other way around. Beside, control plants
of both rootstocks did nct produce any
arbuscules on their roots since these plants were

free from mycorrhizae,.

Moreover, data of sampling dates indicated
that Glomug sustrale fungi were generally more
promising in its increment of arbuscules perce-
ntages than Glomus macrocarpus mycarhizae fungi.
Similar results were found by Menge gt &l., (1981)

on citrus with Glomug mac » Glomus micyecarpus,
and Glomus monosporus fungi.
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4.1.b., Intensity :

Table (3-b) showsthe intensity of infection of
citrus roots as affected by endomycorrhizal fungi
inoculation and phosphorus fertilization. It is
quite evident that intensity expressed as numﬁer
of mycelia , vesicles, and arbuscules were initiated
with lower number on roots in May followed by an
increase in July and with a sudden increase in
September, This was true in all treatments of both
rootstocks used. Meanwhile, in May and July, number
of mycelium on roots of inoculated and unfertilized
plants were ganerally higher in respect bi’ inoculated
and fertilized omes of both rootstocks. Revertheless,
in September values of different treatments were more
or less similar. On the other hand, control plants
did not develop any number of mycelia on their roots
in all sampling dates. Similar results were observed
by Burgeff (1961) who found that the intensity of
mycorrhizae;?;creased_during the growing season.
Moreover, Hayman (1970) reached the ssme findings
on wheat plants with Endegone mycorrhizae and fert-
ilized with nitrogen and phosphorus.

Referring to number of vesicles and arbuscules
on roots of both rootstocks of citrus in all Sampling
dates, 1t is obvious that inoculated and unfertilized
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Table (3-b): The intensity of infection of citrus roots as affected by endomycorrhizal fungi

inoculation and phosphorus fertilization,
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prlants generally surpassed in their values the
corresponding ones of inoculated and fertilized
ones, This was true in both rootstocks. Such
results are in close confirmmity with those obta-
ined by Hayman (19?0) on wheat plants with
Endogong mycorrhizae, Balyis (1971) on Leptos-
permum plants with Endogone mycorrhizae, Tucker
and Anderson (1972) on citrus seedlings with myc-—
orrhizae, and Daft and Nicolson (1972) on maize

plants with Endogone mycorrhizae.

Concerning mycorrhizae species used in this
study, it is found that in Cleopatra mandarin, number
of mycelia on roots of inoculated plants with
Glomus australe ssmpled in May and July was higher
as compared with the analogous ones inoculated with
Glomus macrocarpus. The pieture was changed to the
reverse when sour orange seedlings were put in consi-

deration.

Concerning number of vesicles, it is well noticed
~ that citrus seedlings inoculated with mycorrhizae and
unfertilized were higher in their values than the
corresponding onesof inoculated and fertilized plants
in all sampling dates. Moreover, mycorrhizee species
varied in their effect on number of vesicles according
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to citrus rootstock. In this concern, in all
sampling dates, Cleopatra mandarin seedlings ino-
culated with Glomus australe were superior in
their values as compared to the corresponding ones
of those treated with Glomus macrocarpus fungi.
The reverse was true when sour orange seedlings
were concerned. Such results are in agreement with
these of Hayman (1970) on wheat plants with
Endogone mycorrhizae, Balyis (1971) on Leptosper-—
mum with Endogone mycorrhizse, Tucker and Anderson
(1972) on citrus seedlings with mycorrhizae, and
Menge et al., (1981) on citrus with Glomus macroc=

arpus, Glomus microcarpus, and Glomus monosporug
fungi.

As for number of arbuscules on roots of citrus
seedlings, 1t is worthy to notice that in both root-
stocks used in this study, seedlings inoculated with
mycorrhizae and unfertilized had generally higher
number of arbuscules on their roots than the anal~
ogous plante inoculated and fertilized. Such result
was clearly noticed in all sampling dates. Similar
resdults were previously found by Balyis (1971),
Tucker and Anderson (1972), and Menge et al.,
(1981).
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Concerning mycorrhizae species effects on
number of arbuscules on roots, data obviously showed
that in all gampling dates citrus seedlings treated
with Glomus australe fungi were mostly superior in
their values than those of Glomus macrocarpus

mycorrhizae.

4.2. Mycorrhizsl dependency ratio (MDR):

Mycorrhizal dependency ratio of two citrus gseed-
ling rootstocks as influenced by endomycorrhizal
fungi inoculation and phosphorus fertilization is
presented in Table (4-a). It is clear that in both
rootstocks used in this study, plants inoculated
with the two species of mycorrhizae " and unfert-
1lized with phosphorus had higher values of MIDR than
the corresponding ones of inoculated seedlings and
fertilized with phosphorus. The difference, however,
was highly significant, This tendency is in close
agreement with the findings of Schenck amd Tucker
(1974) on sour orange, Cleopatra mandarin, Alemow and
rough lemon seedling rootstocks with endomycorrhizae,
and Mehraveran (1977) on the mycorrhizal dependency
of Keen and Brazilisn sour orange, rough lemon and
Alemow, and Carrizo citrange seedlings with different
P levels and mycorrhizae. Also, Menge et al., (1977)
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found similar results on Brazilian sour orange,
rough lemon, Alemow, Trifoliate orange, DBassie
sweet orange, and Troyer citrange with mycorrhizae

and phosphorus fertilization.

Generally, Cleopatra mandérin rootstock
depends on mycorrhizae more than sour orange,
hence the values of MDR of Cleopatra mandarin
were higher than sour orange. As expected,
control plants (non inoculated with mycorrhizae)
showed no MDR, Such findings go in line with those
obtained by Kleinschmidt and Gerdemann (1972) on
rough lemon, Cleopatra mandarin, Troyer citrange,
and keen sour orange with vesicular arbuscular
mycorrhizae, Tucker and Anderson (1972) on Cleop-
stra mandarin, sour orange, Carrizo citrange, and
Tough lemon with vesicular arbuscular mycorrhizae,
and Mosgsé (1973) onr flowering plents with endomy=-
oorrhizae. Beside, the same trends were reported
by Schenck and Tucker (1974) on rough lemon, sour
orange, and Cleopatra mandarin rootstocks with
endomycorrhigae, and Edrees (1982) on rough lemon,
gour orange, and Cleopatra mandarin with Glomuyg

fasciculatus fungi.
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Bpecific effect :
Concerning the specific effect of citrus species,
it is quite evident from Table (4~b) that altough
Cleopatra mandarin seedlines gave slightly higher
values of MDR than sour orange, differences, however,

were generally insignificant.

As mycorrhizae effect was concerned, it is
well noticed that in both seasons Glomus macrocarpug

was more promising in increasing MDR than Glomus
australe. The difference was so high to reach the
significant level.Similar results were found by Nemec
(1978) on sour orange, Cleopatra mandarin, sweet
orange, rough lemon, Rangpur lime, andCarrizo citransge

seedling rootstocks with Glomus etunicates, Glomusg
mosgeae, and Glomus fasciculatus fungi.

Considering phosphorus level, it is worthy to
notice that in both seasons applying phogphorus to seed-
lings caused a significant decrease in MDR as compared

to unfertilized ones.

The interaction 3
As regard to the interaction between rootstocks
and mycorrhizae, it is clear from Table (4=c) that

Glomus macrocarpus fungi with Cleopatra mandarin and

sour orange seedlings had higher values of MDR than
the analogous ones of Glomus australe mycorrhizae.

Concerning the interaction between rootstock

and phosphorus level, it is quite evident that in
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both seasons and rootstocks, the fertilized plants
had a lower MDR as compared with unfertilized

plants.

Moreover, the interaction between mycorrhizae
and phosphorus as indicated in Table (4=c) shows
that phosphorus fertilization to Seedlings inocul-
ated with any oneé of the two mycorrhizal fungi
caused a significant decrease in MIDR as compared
to unfertilized plants. Similar results were reported
by Menge et al., (1977) on Brazilian sour orange,
rough lemon, Alemow, Trifoliate orange, Bassie

sweet orange and Trbyer citrange with endomycorrhizae,

4.3. Dry weight :

Dry weight of different parta of both sour
orange and Cleopatra mandarin seedlings and top/root
ratio before transplanting are shown in Tablé'(B—a).
It is obvious that in both seasons dry weights of whole
Seedling, leaves, stem, and roots of sour ofange were
higher than those of Cleopatra
mandarin. The opposite was true for top/root ratio
hence Cleopatra mandarin had higher values in this

respect than sour orange.

4s regard to dry weight of different parts of
the two citrus seedling rootstocks as well as top/
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Table (5=b): Dry weight of different rarts of two citrus s
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root ratio as influenced by endomycorrhizal fungi
inoculation and phosphorus fertilization, it is
clear from Table (5-b) and Figs.(1, 2 and 3) that
in both rootstocks, fertilized plants with phosph-
ry weight
orus had higher/values of whole seedling, leaves,
stem, roots, and top/root ratio than these
of unfertilized seedlings (control). Moreover,
mycorrhizal plants of both rootstocks had higher
values of dry weights of whole plant, leaves,
stem, and roots and top/root ratio than thase of
non-inoculated plants. However, sour orange
plants were the highest in this respect. These
results coincided with the findings of Peuss(1958)
on Tobacco plants with vesicular arbuscular myco-
rrhizae, Maronek et al., (1981) on horticultural
plants with vesicular arbuscular mycorrhizae, and
Edrees (1982) on rough lemon, sour orange, and
Cleopatra mandarin seedlings with Glomus fasciculatus

fungi.

Meanwhile, both rootstock seedlings inoculated
with Glomus macrocarpus fungi developed higher

amounts of dry weight of whole seedling, leaves,

stem, and roots than the analogous ones of Glomug
strale. Similar results were revealed by Menge

and Zentmyer (1977) on avocado seedlings with Glomys
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fagciculatug and Glomus calgspora fungi, and
Edrees (1982) on Cleopatra mandarin seedlings
with Glomus fasciculatus, Glomus mosgeae, and

Glomus macrocarpus fungi.

Comparing inoculated seedlings with the two
mycorrhizae fungi and unfertilized with those
of unfertilized ones (control), it is quite evident
that mycorrhizese fungi increased profoundly dry
welghts of whole plant, leaves, stem and roots
than the corresponding ones of non-inoculated plants,
The same effect was noticed when plants?gg;tilized
and inoculated with either,glgggg‘ggggggggggg or
Glomug sustrale fungi in respect of fertilized plants .

Such resulis are in agreement with

these of Hattingh and Gerdemann (1975) on citrus
Seedlings with Endogone mycorrhizae, Menge et al.,
(1978) on sour orange and Troyer citrange with
Glomus fasciculatus fungi and phosphorus applied
a8 superphosphate, Nemec (1978) on sour orange,
Cleopatra mandarin, sweet orange, rough lemon, Rang-
pur lime, and Garrizo citrange with Glomug etunicatus,

Glomus mosseae, and Glomus fasciculatus fungi and

phosphorus fertilization. Also, Krikun and Levy
(1980) on citrus trees with Glomus mosseag fungi,




78

Menge et 8l., (1980) on avocado seedlings with
Glomus fasciculatus fungi.,

Considering top/root ratio, it is clear from
Table (5-b) that adding phosphorus for Cleopatra
mandarin seedlings increased generally top/root

ratio than that of the unfertilized ones, The

picture was changed to the reverse when sour orange

Seedlings were concerned. In both rootstocks,
inoculated seedlings with mycorrhizal fungi were
higher in their values of top/root ratio than that
of non inoculated plants. These findings confirm
those reported by Nemec (1978) on sour orange,
Cleopatra mandarin, sweet orange, rough lemon,

Rangpur lime, and Carrizo citrange with Glomug

gtunicatus, Glomus mogseae, and Glomus fasciculsastus

fungi and phosphorus fertilization.

Specific effect :

Referring to specific effect , Table (5-C)
clearly showsthat sour orange seedlings had the
highest values of dry weight of whole seedling,
leaves, stem, aﬁd roots as well as top/root ratio
ag compared to that of Cleopatra mandarin., These
results are in agreement with those reported by
Krikun and Levy (1980) on rough lemon and gsour
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C.m. = Cleopatra mandarin,

are not significantly different from orow other

Control

G.m.
G.a.

Means

No inoculation with mycorrhizae.

= Glomuy macrocarpus.

Glomus australe.

followed by/

at 1% level,

the

3.77¢c
12.66a
11.54b

f rootstock,

3.07¢
11.67a
7.32b

3.42¢
12.17a
9.43b

same letter, within each column,

mycorrhizal fungi, and
eedlings as well asg

l. Roetstock

2. Mycorrhizas

3. Phosphorus

us fertilization,
applied as 8uperphosphate,

2.57¢
Se49a
4.41b

llr|llil.._l|.....lllI...lllllll!llllllvlll lllllll

1.53¢
4,.2Ga
3.23b

top/root ratio,

2.05¢
4,.8%a
3.82b

3.%b

phosphorus level on

dxy weight

dmwxaomw ratic
85 86 Mean

2,58b 2.96b 2.77%
3.3% 3.68a 3.54a
2.05c 2.59¢ 2.32b
3.14b 3.98a 3.5a
3.76a 3.38b 3.57a
3.20a 5.66a 3.43a
.77 2.97v 2.87b
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orange with Glomus mosseae fungi, and Edrees (1982)

on rough lemon, sour orange, and Cleopatra mandarin

seedlings with Glomus fasciculatus fungi.

Moreover, data of mycorrhizae Specific effect
indicate that mycorrhizae fungi increased signific-—
antly dry weights of whole seedling, leaves, stem,
and roots beside top/root ratio than that of the
untreated seedlings. Similar results were obtained
by Klinschmidt and Gerdemann (1972) on citrus with
Glomug mogsseag fungi, and Edrees (1982) on rough
lemon, sour orangse, and Cleopatra mandarin with
Glomus fasc¢iculatus. Furthermore, Glomug macrocarpus
fungi gave the highest effect in this respect than
Glomus australe. Similar results Were obtained by
Menge and Zentmyer (1977) on avocado seedlings with

Glomys fagciculatus and Glomus calospora fungi.

Concerning specific effect of phosphorus, it
is clear that unfertilized Seedlings had higher dry
weight values of whole Seedling, leaves, gtem, and
top/root ratio and lower values of root dry weight,

simultaneously than that of fertilized plants. The
differepce, however was highly significant,
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The interaction :

As regard to the interaction (average of two
seasons) between rootstock and mycorrhizae, it is
clear from Table (5~d) that Glomus macrocarpus fungi
- with Cleopatra mandarin and sour orange seedlings
bhad higher values in dry weights of whole seed-
ling, leaves, stem, and roots as well as top/root
ratio as compared to the analogous ones of Glomus

gustrale fungi,

Concerning the interaction between rootstock
and phosphorus, it is quite evident that applying
phosphorus to sour orange aeedlings.caused a dec-
rease in dry weights of whole seedling, leaves and
8tem as well as top/root ratio and the reverse in
dry roots. Moreover, there is no significant diff-
erences between fertilized and unfertilized plants
of Cleopatra mandarin dry weights for whole seed-
ling, leaves, and stem and top/root ratio and
noticed that fertilized plants had higher values

of dry roots than the snalogous ones of unfertilized
plants.

Regarding the interaction between mycorrhizae
and phosphorus, it is clear from Table (5~d) that
Glomus macrocarpus fungi with ¥ unfertilized plants
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Table (5=d): The interaction between rootst

level on dry weight of different parts and top/roect ratio of
8esdling rootstocks {dverage

ock, mycorrhizal fungi, and phosphorus

of tw0 seasons),

eitrus

~ - IrY matter_

(g.) peg plant

Woole ] T peers T ono=--
Treatmentsg seedling Leavea Stem ﬁ Roots .— eouﬂmuo* .
1. Rootstock x mycorrhizae
||-l||'|.lll'|'l..ll.|l-|l-|lull."lnlli'l"""lnﬁlllll-l
Rootstock e
s T T Ll RPN PR P
Control 4,85f 8.60e 2.34e 4,514 l.06f 1.52e | 1.%6e 2,664 2.3c 2 «3lc
G.u, 15.14c 27.29a 7.47c 16.87a{ 3,15¢ 5.18a | 4,53y - 5.25 | 2.46¢ 4,672
G,a, 12.60d 21.00b 6.79¢ 12.07b | 2.794 4.31b | 3.03%¢ 4.62b 3.52b 3.63b
2. Rootstock x Phosphorus
-mouaaam-o,--m-im-,-m---m---m-:m.“--m“-.ah--m“-
Nwwmmwmumml - “B“ _ '.IOII' N I-.mil - lu.lo.' - '.m.' - I.Ml' . Illll.' - l‘l'.- § ll.'ll- - ll.lll'
Ko P |10.79¢ 20,52a 5.67¢ Hm.mmm. 2.26¢ 4,068 | 2.874 5.85b 2.85b 4,.02a
P 10.93¢ 17.46b 5.39 9.68b 2.40¢ 3.28b 3.15¢ 4,508 | 2.70b 35.05b
3. Mycorrhizae x Pphosphorua
e T S Mt e
i e L S R P P
Control 5.85e 7,694 |2.804 3.9¢ |1.100 1.48Q 1.8%e 2.254 2.1%c - 2.45¢
G.m, 24.678 17.7%b 14,7%a 9,57b 5.04a 3.2% 4,878 4.,91a [ 4,122 3.01v
G.8. ‘wm.:mo 17.15b¢| 9.79b 9.08b .35 3.760 | 3.33¢ 4.31b | 3.99a 3.16)
Control = No inmocul No P/= No Phosphorua Tertilisation,

Sa - fhiaus aacrecury

ation with myc orrhizae,
us

Cum. = Clecpatra mandarin, :

Means followed uw same letter, within o-nr column, are not
other at 1% level,

Pe

B,o0, = Sour orange. . . oy

Phosphorus applied as superphosphate,

significantly differeat from esh




83

induced higher values of dry weights for whole
8eedling, leaves, stem, roots, and top/root ratio
than the analogous ones of fertilized plants with
the same fungi, Meanwhile, data clearly show

that, Glomus australe fungi with no bPhosphorus
fertilization had higher dry weight values of

whole seedling, leaves, and top/root ratio than

the fertilized plants. But the picture was changed
when Stem and roots were concerned in this respect.
These results agree with that reported by Menge et
al., (1978) on sour orange and Troyer Citrange with
Glomusg fasciculatus fungi and phosphorus fertilization

&8 superphosphate,

4.4 Root growth of citrus seedling rootstocka as
influenced by mycorrhizal fungi ineculatien
and phosphorus fertilizatiom

Root growth of cit;us rootstocks expressed as root
coefficient is shown in Table (6=a), It is clear in
Fig. (4) that in both Seasons, Cleopatra mandarin seed-
lings (control) fertilized with phosphorus had higher
values of root coefficient for first, second, third,
and fourth branches as compared to those of unfertilized
control seedlings. The differences were so high to
reach the significant level. Anyhow, neigher fertiliged
nor unfertilized control Seedlings developed the fifth
branching on their roots.




. two
Table (6=a): Root growth of/citrus seedling rootstocks as influenced by endomycorrhizal
: fungi inoculation and phosphorus fertilization,

Root growth "root coefficient™ *

Treatments ... T BIUMSH Troot coefficiemt™ e R TR
First branch Second branch Third branch Yourth branch Fifth brageh
wmm&:onr Mycorchizae Phosphorus g5 86 Mean 85 Bé Mean 85 86 Mean 85 um. -..-!o“...-:mm ..... mm..-...-,.,m“hq._..
q Control No P G.36e 0.,41h @,39% 1.28¢ 1.28h 1.28zh 2.63¢ 2.05% 235h 5,07 3,491 5.681 - 0.0 o0.0n O.Ou
.m Control P 1.00¢ 0,887 0.95g 2,59f 2,15f 2.37f 4,39 4,25¢ 4.328 6.61h 6.438 6,535 Oof 0.0h  0,0h
G.m. No P 1.18be 2,348b 1.774 4.51p 6.01b 5.26b 7.66b +6b 8.6
m m o 3 77 b 5 7 g 4b 15.87b 15,42 15.65b 18.90& 17.44 18,05
m G.m. P 0.55de 1.84d 1.20f 2,.59f 3.75¢ 3.18e 4.26ef 6.484 25372 11,306 B.45F 9.88f 13.59e 11,57 12,59
m. G.a. No P Po#mw H-WWG HQQWQ N-WWH. W-GWUO hamg U-b.b.& W-g ﬂoWNﬂ_ HW-NWﬂ Hb-#NO Puaaﬂ HmnmUﬂ HU.WO. Hmowmﬁ
g o i P%e 1.BE Lz 3.%0 7.0l 5,290 5.8% 947 7.66c 12.78 13604 13.238 18,574 16,37 15,476
Control  No P G.50cd 1.00e 0.%g 1.13¢ 1.26h 1.20n 2.22h 2.17¢g 2.20m .54 3421 3361 0.0f 0.00 o.0n
Control P 0.64cd 0,698 0.67h 1,24g 1.66g l.46g 2.27gh 2,45¢ 2.36h 5.314 4.70h 5.0k 0.0f 0.0b  0.0h
m_ G.m. No P d.,248 2,382 2,3la 4.838 6.95a 5,90 8.3la 10.43a 9.37e 16.45a 16.51a 16.48a 17.69b 20.51a 19.3a
m G.m. P 1.56b 2.27b 1,92¢ 2.93e 3.74e 3.34e 3.89f 6.344 s5,12¢ 8.81g 9.73¢ 9.288 23.61e 13.99¢ 13,818
g G.a. No P k.04 1,794 1,426 2.52f 5.624 4,074 4.42e 9.48b 6.9%¢ 1l.46e 14,45¢ 12,964 13.57¢ 18.740 16,164
Q
A G.a. P 1.56b 2.44a 2.01b 3,278 5.77c4 4.52¢ ©.15¢ _9.69b 7.-87¢ 10.67¢ 13,762 12,226 14.28d01%.25b 16,77
T No P = No phosvhorus fertilization. T
Control = No inoculation with mycorrhizae. P = Foosphorus applied &s Buperpheosphate,
G.m. = Glomus macrocarpus.
G.a. = Glomus australe. * Root coefficient = Woite ro x 100

the Erowxn root length

Means followed by/same letter, within each column, are not significantly different from
each other at 1% level,
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Fitj (4): Root SgsTem of CleOFa.T.l’a.
mandarin Seedlincjs in response
to PhosPhorU.S' fertilization .

- S‘cluare areas in Ecj..-: 5X5 crm .



Referreing to sour orange seedlings, 1t is obvious
in Fig. (5) that I fertilized control plants had
roots with less values of root coefficient for
first branch than those of unfertilized omes. The
picture was changed to the reverse as second, third,
and fourth branches were concerned. However, aig-
nificant differences were mostly observed. In add-
ition, fifth branchwere not develop on roots of

either tertilized or unfertilized control plants,

Concerning mycorrhizal fungi treatments, it is
duite evident from Figs.(6, 7, 8,and 9) that in both
rootstocks and seasons unfertilized and inoculated
seedlings with either Glomus macrocarpus or Glomus
8ugtrale fungi gave higher values of root coefficient
for first, second, third, and fourth branches ag
compared to the corresponding ones of unfertilized
and non inoculated control plants. &Such effect wag
more remarkable in both third and fourth branches
since the effect was twice or more. Fuarthermore,
‘mycorrhizal fungi treatments stimulated profoundly
the formation of the fifth branch on roots of both
rootstocks whereas non mycorrhizal fungi treatment
failed in this respect. These findings confirm those
reported by schenck and Tucker (1974) on citrus seed—

lings with Glomus ce&lospora and Zndogone macrocarps
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Fiq( 5): Root sasfem of sour Orange
seedlings in response to
PhosPhorus ferlilization .

. , 2
_Square areas in Eg.: 5X5 cm .




Fig( 6 ): Root System of C]eoPaTra
- mandarin Seedlings inoculated
with Glomus macrocarpus funqi

as inflyenced by FhosPhokus

fertilization .

- Scium areag in Fita.:: 5X5 cm® .

88




Fiq( 7 ): Rool s-jsTem of CIeoPaTra.
mandarin seeo“inqs’ inoculsted
with Qlomus australe f ungi as

influenced by PhoSphorus
fertilization .

- Square areas in Hg. = 5X5 sz .
— Honey Colour = GClomus australe .




Fit'a( 8):Root Stjstem of Sour orancje
seedlings inoculated with Glomus
macrocaI:PUS' funai as influenced
by Phothokus fertilization .

2
_Sciua!e- areas in f'irj..-;sXs cm .



Fig(9 ):Rool system of Sour orange
Seedlings inoculated with
Glomus avustrale fungi as

inflvenced by phosphorus

fertilization .

- SqUare areas in F'fcj. =5X5 sz .
- Honeg colour = Glomus australe .
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fungi, Menge et al., (1981) report on citrus with
many Glomus species. Beside, Edrees (1982) found
8imilar results on rough lemon, sour orange, and

Cleopatra mandarin with Glomus fasciculatus fungi.

Meanihila, the present study showsthat Glomug
Lacrocarpus fungi caused a higher effect on root
growth than the Glomus australe in this concern.
Such results are in agreement with those of Edrees
(1982) on rough lemoh, gour orange, and Cleopatra
mandarin with Glomug fasciculatus fungi.

Moreover, it is found from Table (6~a) and Figé.

(6, 7, 8,and 9) that Seedlings inoculated with myco-
rrhizal fungi and fertilized with phosphorus plants
surpassed in their root growth values those non
inoculated with mycorrhizae and Yertilized with
phosphorus. Similar results wers found by-ﬁoyer.gg
&ls, (1982) on blueberry with Ericoid endomycorrhizae,
lbreover, plants treated with Glomus austrele tungi
and received phosphorus were Superior in their values
of root coefficient of different studied branches

on roots than the analogous ones of Plants treated
with Glomus Zacrocarpus and fertilized with phosphorus
in both used rootstocks.
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Bpecific effect :

Data of specific effect of rootstock, mycorrhi-
zal fungi, and phosphorus level on root growth of

citrus seedlings are presented in Table (6-b).

Concerning rootstock it is worthy to notice
that roots of sour orange seedlings had lower values
of root coefficient for second, third, and fourth
branches than the analogous ones of Cleopatra mand-
arin seedlings. The picture was changed to the rev-

erse when first and fifth branches were concerned,

Regarding mycorrhizae effect it is found that
treated seedlings gave higher values of root coeff-
icient than those of non inoculated ones (control).
The obtained resulta agree with the findings of
Menge et al., (1981) on citrus with 7 Glemus species.
In addition, control plants failed entirely to prod-
uce the fifth branch on their roots. On the other
side, regdardless of first branch values, Glomug
Australe fungi surpassed in their values of root
coefficient of studied root branches the analogous
ones of plants inoculated with Glomus Racrocarpug
fungi. This result sgrees with that reported by
Birees (1982) on Cleopatra mandarin seedlings inocu~
lated with Glomug fasciculatys, Glemus Apgcrocarpyg,
and Glomus mosseae fungl.
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Table (6=b): Specific effect of citrus species, mycorrhizal fungi, and phosphorus level
on seedlings root growth,

Treatments Pirst branch Second branch Third branch Fourth branch Fifth branch -

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| > = m = ma .

1. Rootstock
C.m. 0.92b 1.%b  1.24b 2.85a 4,368 3.61a 5.04a 6€.81a 5.93a 30.66a 10.31a 10.49a 10.428 10,33b 10.38b
S.0. 1.33a 1.77a  1.55a 2.66b 4,17b 3.42b 4,548 6.7%a 5,65 9.34b 10.43a 9,89b 9.86b 12.08a 10.97a

2. Mycorrhizae

Control 0.73b  0.75 0.74¢  1.5%c  1,59¢  1.58¢  2.88c 2.73¢ 2.8le 4.B4¢  4.5lc  4.68  0.0c 0.0¢ 0.0c
G.m. i.38a  2.2la 1.80a  3.72s  5.11b  4.42b  6.038 8.21b  7.12b  33.1la  12.53b 12.82b 15.90a 15,87  15.80%
G.a. 1.26a  2.026  1.64b  2,97b  6.0Ba  4.53a  S.46b 9.,4la 7.44a 12.06b 14.08a 13.078 14.52b 17,7%s  16.138

3. Phosphorus

No P 1.98a 1.66a 1,82a 2.80a 4,51a 3.66a 5.2a8 7.12s8 6.,12a 10.75a 11.29a 11.,02a 10.93a 12,2la 11.57a

P 1,05 ~ 1.67a 1.36b 2.70b 4,020 3.760b 4.47b 6.45b 5,460 9.25b 9.46b 9,36b 9.34b 10.20b 9,7%b
¥o P = No phosphoraus fertilisstiom.  TTTTTTTTTTeeew

Control = No inoculation with mycorrhizae. P = Phosphorus applied as superphos-

G.m. = Glomus macrocarpus. hate, .

G.a = Blomus australe. 8.0. = Sour orange.

C.m., = Clesopatra mandarin,
* Root coefficient = white root lempth x 100
the Erown root lepgth :
Means followed by/seme letter, -within each column, are not significantly different from
each other at 1% level.
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As for phosphorus level was concerned, it is
well noticed that unfertilized plants had higher
valuea of root coefficient as compared to the
corresponding ones of fertilized plantswith phos-

phorus.

T™he interactions :

- As regard to the interactions (average of two
seasons) between rootstocks and mycorrhigzae fungi,
it is clear from Table (6=¢) that Cleopatra mand-
arin seedlings with Glomus sustrsle fungi had
higher velues of root coefficient for first, second,
third, fourth, and fifth branches than the analogous
ones of Glomus macrocarpus with the ssme rootstock.
The picture was changed when sour orange seedlings

were concerned.

'Concerning the interaction between rootstock
smd phosphorus level, it is well noticed from Table
(6=c) that phosphorus application to Cleopatra
mandarin and sour orange seedlings caused a sig-
nificant decrease in roots coefficient for first,
second, third, fourth, and fifth brenches as
compared to unfertiliged onmes,
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Table (6-c): The interaction between citrus species, mycorrhizal fungi, and phosphorus
level on seedlings root growth (Average of two sessons).

- ——

Root growth “root coefficient”™ *

Treatments |~w— — = = = = 4 m e e - e e e e m mm e M e e . - ——— -
First branch Second branch T™ird branch Fourth branch Fifth branch
1. Rootstock x Mycorrhirae .
|||||l.|.I.|l.ll.l|1|I.ll'll--l-l-I']l!,lg-l'lll-lllﬁl.lullllanllllgl
weoprhigeg O3 _S:0- | Gme . | Gm. £ |om. s | 0w B
Control 0.67f 0.82e | 1.83d 1.33e | 3.34c m.mma, 5.164 4,20e 0,04 Q.04
G.m, 1.494 2,128 | 4.22¢ 4,62b | ?2.01b 7.25a | 12.77b 12.88b 15.32¢ 16.46a
G.8. 1.57¢ 1.72b | 4.76a  4.30c 7.448  7.44a | 13.54a 12.5% | 15.80b 16,.47a
2. Rootstock x phosphorus
" Rootstock|. . « I P P I A
Poosphorys_|S-2-_ _ 52 | Ceme S0 | Com,  Bio. {Cm.  S.o. | Cm.  Bion
No P 1.20b 1.5%7a 3.60b 3.728 6.0%a 6,17a 11,108 10,94b| 11.39b 11.76a
P 1.1% 1.53a 3.62ab 3,10c¢c 5.78b 4,63b 9,88¢c 8.844 9.364 10.19c¢
3. Mycorrhizae x phosphorus )
 Bhosphorad v » v e o Jew o T]ITTTITTYCTTTommTmss
Mycorrhizee| 0L P N0 P P[NP P  |HP P NP P
Control 0.68¢ 0.8l |1l.24f 1.92e 2.27f 3.34e | 3.59f 5,77e 0,04 0.0d
G.m, 2.04a l.56¢ 5.58a 3,204 9.0la G.254 15.878 9,584 18.58a 13.20c
G.a. 13.41b 1l2.,72c | 16.14b 16.12b

1.57¢ 1.71b

4.,16¢ 4,91b 7.0%  7.79

* Root coefficient = i

Ko inoculation with mycorrhizae,
MacTOCarpus.
Glomus austirale,

Cleopatra mandarin,

Control
G.m,
G,a,

C.m,

nmnn

I

Glomusg
i

the

¥hite root Hmmmmw
own root leng

M.HHOO

No P = No phosphorus fertilization,
P = Fhodphorus applied. as
«superphosphsate,

8.0. = Sour orange.

Means followed by/same letter, within each column, are nmot significantly different from
sach other at 1% level. '
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Referring to the interaction between mycorr-
hizee and phosphorus level, it is quite evident
that the inoculation with Glomus macrocarpus
fungi and no phosphorus fertilization of citrus
seedlings had higher values of root coefficient
for first, second, third, fourth, and fifth
branches than the analogous ones of fertilized
plants. However, the picture was changed when
Glomus australe fungi and phosphorus level were
concerned as it appears in the root coefficient
for first, second, and third branches, but not in
the fourth and fifth branches. Similar results were
found.by Boyer et al,, (1982) on blueberry plants
with Epicoid endomycorrhizae.

4.5 Root distribution of citrus seedling rootstocks
as influenced by endomycorrhizel faungi inoculat-
ion and phosphorus fertilization @

Root distribution expressed as number of roots
for plant is shown in Table (7-a) and graphically
illustrated in Figs. (10, 1l,and 12). It is clear
that for both rootstocks and seasons, seedlings fert-
ilized with phosphorus gave higher number of roots
of various diameteraras conpared to the unfertilized
ones. The same result was obtained for total number

of roots. However, the difference was more obvious
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Number of roots af differ

Treatments 5-5 n.m.”
& % wew e

Rootstock Mycorehiras Phosphorss | 1TTTTTTTTImoeees
A Control No P 8.6fg 6,08 7,74
.m Control P 12.3c4d 8.0fg 10.3c
m G.m. No P 12.6c 23,68 18.0a
m G.m. P 12.6c 20.0bc 1€ .7
mr.. G.a. No P T4.3b 22,08b 18.3a
8 G.a. P 10.6cd 15.%¢ 13,7
Control No P 7238 8.7tg 8,33
Control P 765 9.3¢ 8.7cd
m G.m. No P i6.0a  16,6d¢ 16.7a
m G.m. P .08 18.,6ca 17.7a
5 G.a. No P 9.6ef  20.3bc 15.3p
% g P 12.6c  20.3bc 16.7a

Control No inoculation with mycorrhizae,

G.m. = Glomus macrocarpus.
= 8To

G.a. mus awstrale.

the
Means followed by/same letter,
each other at 1% level,

129.0de 145,34

143,64
213.6b
119.6e
277.3b
211.6c

209.0c
282,3b
279.6b
505.0a
307.0a

185.3g
380.0b
284,80
277.6e
316,34

14€ ,6h
206,3g
392.6b
492,3a

No phosphorys fTortilization,
osphorus applied ag Superphoschate,

*R.n. = Root dismeter in m,.n,

within each column,

2=3 m.m,* i
Iy
107.3¢f 79.38 93,7
213.3ef 111.0f 112,3¢
188.3b 210.6bc 200be
142,04 179.0d4 160,74
209.6a 258,38 234,3,
163.3c 219.0be 191,7¢
68.6g 80.08 74.7b
102.6f 53.0bh  78.0n
165.3c 231.3b 198.3c
122,3¢ 155.3¢ 139,00
168.0bc 254.0a 211,3b
1680.3b 202.6c 191.%¢ 308,
No, P=x

Pau

ent diameters

277.74
264,34

178.0g
244,79
336.3b
399.0a
273.74

||||||||||||||||||||||||

Total
45,0 250.6g 238,03
2639.362 404,34 287.0p
4l4.3cd 614.0b 514,3¢
274.30f 417,00 346,0p
501 .2a 558.0¢ 530 bo
385.64 551,00 48,79
285.08 235,3¢ Ro._uw

A20.6c 268,61 345,00
842, 300 640,681 541.7ab
A42,6bc 666,24 554,%
%69,0b 514,04 491 .74

ére not significantly different from




99

in roots with dismeters2 to 3 and 1 to 2 mm.
Furthermore, seedlings treated with mycorrhizae
fungi and received no phosphorus had visually more
roots than the corresponding ones of unfertilized
plants (control). Such effect was more remarkable
in 2 to 3 and 1 to 2 m.m. roots since the increase

was about twice or more.

Concerning mycorrhizae species, it is qQuite
evident that root number of Cleopatra mandarin
seedlings treated with Glomus austrgle was gener-
ally higher than those treated with Glomus
macrocarpus fungi. This result confirmsearlier
report by Bdrees (1982) who foundasimilar trend
for Gleopatra mandarin seedlings with Glomug
fasciculstus, Glomus macrocarpus, and Glomug
mosseae fungi. The picture was nearly changed

when sour orange plants were concerned.

Comparing fertilﬁzed plants and non inoculated
with mycorrhizae fungﬁ with those fertilized and
inoculated, it is quiie evident that mycorrhisae
trestments enhanced n#ticeably the number of roots
per plant than untrea%ed ones. Moreover, Glomus
gustrale fungi were g%nerally most promising in

this respect than g%gg macrocarpys in case of
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= Corttral

[ Control + P
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£) G. macrocarpus + £
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Cleopstrs mandarin
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Cleopatra mandarin seedlings. The reverse was

true wher sour orange plants were conslidered.

Regarding total number of roots, it is found
that adding phosphorus to control plants caused a
significant increase in total number of roots
in both rootstocks used. Meanwhile, inoculating
citrus seedlings of both rootatocks with mycorr-
hizee fungl increased total number of roots sig~
nificantly than the analogous ones of non inoc-
ulated plants. Such results are in agreement with
those of Schenck and Tucker (1974) on citrus seed-
lings with Glomus calospora and Endogone macrocarps
fungi, and Edrees (1982) on rough lemon, sour
orange, and Cleopatra mandarin seedlings with

Glomus fasciculatus fungi.

Specific effeot :

A8 for specific effect it is intersting to
notice from Table (7-b) that sour ornage seedlings
had the highest number of roots of 1-2 m.m. in
diameter as well as total number of roots per Beed-
ling than the corresponding ones of Cleopatra mand-
arin. The opposite was true whean 3~5 and 2-3 m.m.

roots were considered.
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Number of roots af different diametery

Teaments  BSmasTT e 0 P TI0N 8f ditters 1z aage T T Tovay T
85 86 Mean 85 86 Mean 85 86 Mean  "poToToe- g " Mean
1. Rootatook .
C.m. 11.94 15.9a 13.9a 154 ,0a 176.2s 165.1a 182.5b 2649 223,7b 348,3b 445, 8b 397.1»
S.0. 11.6a 15.%7a 13.7a 134 .61 162.7b 148,738 28]1,8a 304, 3 293.1a 426 ,8a 482,78 454,84
2, Nycorrhisage
Control 9.0c 8.0b 8.5¢ 98.0c 80.8¢ 89.4c 191.0c  190,9. 181,0¢ 305,00 259,.8¢ 282 4¢
G.m. 14,38 19.8a 17.31a 154.5b 194,11 174.3v 229,51 387.4a  308,5a 393.4b 584,58  489,0n
G.a. 11.8b 19.6a 15.7b 18G¢,3a 233,59 206,9a 276,08 295,5n 285,.8b 464,38 548.6b 506,54 ,
3. Phosphorug
No P ll.4a 36,28 13.8a 151,24 185.6a 168,42 235.9a 263,79 249.8b 392,82 495,04 433,9 i
P 12,08 15,3, 13.78  137.3 153.3b 145,36 228.4a 505.6a 267,0a 382.3y 463.1b 422,
. : . Ko P x= No Phosphorua han.ﬂ_.uu,uun.»on. ........
Control = Ngo inoculation with mycorrhizae. P = Pho horag lied ag g
G.m. = Glomus Racrocarpys : : 5.0, = monnhvou-hmowbb “perphosphate,
G.a. = Slomus australe. C.m. = Cleopatra mandarin,
the *n.m,= Root dismeter in m,m,

Means followed by/same letter, within each column, are not mwmb»w»ombﬁ.._.ﬁ different
from each other at 1% level, _,
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Regarding specific effect of mycorrhizae, it
is found that inoculated.seedlings with the two
gpeciesa of mycorrhizae had the higheat number of
roots as compared to the non inoculated ones
(control). Meanwhile, the data also disclosed
that Glomus macrocarpus fungi surpassed aignif-
icantly Glemus australe in the number of both 3-5
and 1-2 m.m., roots. lhe reverse was true when
2=3 m,m. rootsa and total number of roots were
concerned. Similar results were found by Edrees
(1982) on Cleopatra mandarin seedlings with Glomus

fasciculatus, Glomus macrocarpus, and Glomus mosseae

fungi.

Considering specific effect of phosphorus level
it is quite evident that unfertilized plants gave
higher number of 2~3 m.m. roots as well as total number
of roots in respect of fertilized ones. The difference
between them was significant. In contrast, fertilized
Plants gave a slight increase in number of 3-5 m.m.
- roots than the unfertilized onesv Such incresse was
more renirkablo when 1-2 m.m, roots were considered

(a8 average of two seasons).
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The interaction :

As regard to the interaction (average of two
seasons) between rootstock and mycorrhizae, it is
obvious from Table (7?-c) that Cleopatra mandarin
feedlings with Glomus australe fungi had higher
number of 2«3 m.,m.,, 1~2 m.m., and total number of -
roots than the analogous ones of Glomus macrocarpus
fungi with the same rootstock and the reverse with
the number of 3-5 m.m, roots. Moreover, sour orange
seedlings with Glomus macrocarpus fungi had the
highest number of 3-5 m.m., 1=2 m.m., and total
roots as compared with the same rootstock with
Glomus austraie ftfungli in this respect and the
picture mas changed when number of the 2-3 m.m.,

roots was concerned.

Concerning the interaction between rootstock
and phoéphorus level, it is clear that Cleopatra
mandarin seedlings with no puosphorus fertilization
gave & significant increase in the number of 3=5
m.,R.,, =3 m.m., l1-2 m.m., and total roots as comp~-
ared to tertilized plants. ‘the opposite was true
when 3-5 m.m,, 1-2m.m,, and total number of roots

of sour orange seedlings were considered.

Moreover, the interaction (average of two seasons)

between mycorrhizae and phosphorus level, as presented
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Table (7=c)i

The interaction between rootstock, mycorrhizal fuogi, and phoavhorus
level on root distribution of citrus seedlings (Average of two

seasons).

Treatments

e e e Y g e S S

m.mn*

=3 mom,® ____

o m Em owm m w m o=

OOBQ m-o.

102.8¢ 76.1f
180.0c 168,64
2l2.6a 201.3b

-2 m.m, *

_Number of roots_ef differgnt dismeterg§ _ . _ . . o v - «=

Total

1. Rootstock X

O-Bc th-

150.8f cll.le

249,54 367.4%a
270.8¢c 300.8b

nycorrhizas
C.m. B.0.

264.4f 302.40
429,94 548.0s
499,0c 513.9b

C.m. 8.0,

175.6a 161.2b
154.7b 136.1c

2. Rootstock Xx

O-B. m.o.

237.2c 262.5b
210.24 373.7a

phosphorus

C.m, 5.0,

- eam am wr em e s S W am e s W S W

427.3b 431.1b
367.0c 478,58

S G G E Ay & @ o W A W
-

Rootstock
Mycorrhizse| OB i _
Control 8.8 B.3e
G.m. 17.3a 16.9bc
G,a,. 15.74 16.0cd
Rootstock
phosphorus_|S+Be_ _ 5:0¢_
Ko F l4.6a 13.1c
F 15.3bc 1l4.1b
" Phosphorel
ospkorus
Mycogrhizae| MO ¥ _F _ _ _
Centrol 7.74 9.4c
G.m, 17.3a 1l6,8a
mow. Hm.m” Ph—v.@d

No P P

83.9¢ 95.0d
198.9b 149.7c
220.8a 191.3b

No P P

157.5¢ 204.4d
316.5a 300.4b
275.5¢ 296.1b

3.Mycorrhizae x phosphorus

- e B EE e m *m Eny R SR ER G s A W W

No P ) 3

- ar s e e e W i o e ae Ew e S e

249.0e 315.84
527.8a #465,1c
510.6b 502.3b

* m.m, = Root dimeter in m.nm.
Controls No inoculation with mycorrhizae.

G.m. = Glomus pacrocarpus.
mo”. = -

Cm. = dwoovnammvlnb arin,
Means followed by/ same woﬁeoumu:»«vpu each colwmmn, are not

different from each other at

level.

No P = No uﬁe-uwowsu fertilization,

P = Phoavhorus applied as

* Sour orange.

5.0. superphosvhate.

significently
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in ‘lable (7-c) showed that the inoculation with
either Glomus macrocarpus or Glomus australe fungi

and unfertilization of citrus seedlings caused
higher values of the number 3-5 m.m., 2-3 m.m.,
1-2 m.m., and total roots as compared with the

analogous ones of fertilized mycorrhizal plants.

4.6.'ieaf minerals content of citrus seedling
rootstocks :

Leaf minerals conbent of citrus seedling
rootstocks betore transplanting are shown in “able
(8~a). It is obvious that in both seasons leaf
N, Ca, and Zn contents of sour orange seedlings
were higher than thost of Cleopatra mandarin., On
the contrary, leaf K and Mg contents of Cleopatra
mandarin seedlings took the other way around hence,
higher amounts of K and Mg generally existed in
leaves of CleOpatra mandarin than those of sour
orange. Nevertheless, leaf P content of both

citrus rootstocks was nearly the same.

Furthermore, leaf minerals content of the two
citrus seedling rootstocks as influenced by endomyce
orrhizal fungi inoculation and phosphorus rertilization

are presented in ‘able (8-b).
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emcwm (8-b): Leaf minerals content of two citrus seedling rootstocks as th_.nmnomn by obmosqoonuﬂ.mﬂ_.
fungi inoculation and phosphorus fertilization, .

lllllll N T e

Table (B-a) : Leaf minerals conteat of citrus seedlings before

Nooﬁu.«oor ¥ P K ta
8 & T o |8 %
Uleopatra
Bour
Orangs 2.53 2.48]0.11 0.11}0.98 0.97]2.78 3.60[0.51 0.34 [}68 " 182

Elezents concentration in dry leaf as (%) . . .

R T

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| - T A
........... . wnoxsﬁe
Rootstock Wycorrbizse Phosphorus 85 86 Mean 65 80 Wew 85 86 Mew 85 s e 85 86 M 85 8 e
g Control Ne P 1.92¢g 2.06g 1.99g 0.1l4f 0.118c 0.116g 1l.46g 2.38c 1.93gh J.56a 3.19bc 3.38b 0.33g 0.37ef .0.35¢ 63. 15 Eo_
g Control P 1.9% 2.80de 2.39f 0.132e 0.129% 0.131f 1.88e 2.06de 1,97fg 3.64a 3.52ab 3.58ab O.44ef 0,534 0.49s 52 286 169
s G.m. No P 3.82e 3,808 3.8ls 0.1704 0.1626b0.176d 1.40 g 2.30c 1.85h 3.12b 2.86cd 2.99¢ 0.7%cd 1.06ab 0.91bc 70 52 61 |
m G.m. P 2,69ef 3.43b 3.06cd 0.225a 0.1858b0.206a 1,376 1.95¢ 1,661 2.76bc 2.64de 2.704 0.704 0.85¢ 0,786 155 38 97 i
m. G.a. No P 3.14bcd3.50sh 3.32b 0,222a 0.173b 0.198b 1.9%6de 2.26c 2.l12de 2.32de 2.42ef 2.37¢ 0.97a 1.12a 1,03a 197 100 149
3 G.a. P 3.16bc 3.23bc 3.20bc 0.194bc0.1846b0.18%c 2,0lcd 2.35¢ 2.194 2.64cd 2.86cd 2.75cd 0,84bc 0.85c 0.85¢d 116 139 129
Control No P 2,008 2.20fg 2.108 0.126ef0,123c 0.125¢ 1,692 2,61b 2.16de 2.64cd 2.64de 2,664 0.38f 0.32f 0,35¢ 336 &2 378
Control P 2.45¢ 2.55¢f 2.50f 0.13le O.134c 0.133f 2.10bc 2.0lde 2.06ef 3.60a 3.85a 3.73a 0.47e 0.48de O.48e 221 410 316
w G.m. No P 3.40b 3.20bc 3.30b 0.153d 0.170b 0.164e 1.93de 2.76ab 2.36c 2.12¢f 2.47442.30e 0.98a 1.06eb 1.03a 106 64 85
g G.m. P 2.74e 2.73de 2.74e 0,182 0.182850.182642.02cd 2.18cd 2.11de 2.040f 2,422 2.23ef 0.81bc 0.85c 0.83¢ 74 60 67
§  ca No P 2.92cd03.05cd 2,964 0.206b 0.198s 0.202sb2,18b 2,838 2.51b 1.847 2.08f 1.9f 1.03a 1.01b 1.03a # 32 39
@ G.a P 2.88de 3.03cd 2.%de 0,190c 0,1848b0,188c 2.62a 2.65ab 2.64a 2.56cd 2.86cd 2,71d 0.87b 0.%bc 0.98b 72 3 5a
............................................................ No P » No phosphorus fertilisation,  TTTTTITIITInmmmassssesoee
Controel = No inoculation with mycorrhizae. k
G.m. = Glomus macrocarpus. P '= Phosphorus spplied as super—
G.a. = Glomus -:.:-_o.wﬁn phosphate.
Means followed by/same letter, within each column, are not m»mbnwuonb.«wq different from each oe_pou.. at

1% level,
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Regarding leaf N content, it is quite evident
that in both rbotstocks control plants fertilized
with phosphorus had statistically higher values of
leaf N content than those of unfertilized oOnes.
Moreover, mycorrhizal plants of both rootstocks
had higher values of leaf N content than the corr—
esponding onas of control plants. These results.
confirm earlier reports by Finn (1942) on ectomy-
corrhizae, Read and Stribley (1973) on blueberry
plants with Ericoid endomycorrhizae, Menge et al.,
(1980) on avocade seedlings with Glomus fasciculatus,
and Edrees (1982) on rough lemon,-sour orange, and

Cleopatra mandarin seedlings with Glomus fasciculatusg
fungi.

In addition, under no P fertilization for both
rootstocks inoculated plants with Glomus macrocarpus
fungi were higher in leaf N content as compared
with those trested with Glomus australe fungi. The
difference was generally significant. However, the
picture was changed to the reverse when inocudated
plants with Glomus australe fungi were fertilized
with phosphorus. In other words, seedlings treated

with Glomus sustrale and fertilized with P contained

higher leaf N than the analogous ones of those inoc—

ulated with Glomus macrocarpug fungi. Similax




Meanwhile, mycorrhizsl seedlings of both rootstocks
had higher levels of leaf P compared with nonmyco-
rrhizal ones. Such results are in agreement with
those of Finn (1942) on ectomycorrbizae, Gerdemann
(1968) on vesicular arbuscular mycorrhizae, Read
and Stribley (1973) report on Blueberry plants with
Ericoid endomycorrhizae fungi, Lembert et al., (1979
a, b) on soybean, corn and peach seedlings with
mycorrhizae, Erikun and Levy (1980) on rough lemon
and sour orange With Glomus mosseae fungi, Menge
et al., (1980) on avocado seedlings and Edrees (1982)
on rough lemon, sour 6range, and Cleopatra msndarin

seedlings with Glomus fasciculatug fungi.

By all mecans, in both rootstocks, Glomus
australe fungi for unfertilized seedlings were more
promising than Glomus macrocarpyg Zfungi in this

respect. The same result was obtained when fertilized
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seedlings of Cleopatra mandarin were concerned.

Referring to leaf K content, it is obvious
that control Cleopatra mandarin seedlings and
fertilized with P developed leaves with higher
amounts of K than those of unfertilized ones. Sour
orange plants showed an opposite trend in this
concern, At all events, the differencea were
insignificent. Moreover, mycorrhizal seedlings
of both citrus rootstocks surpessed nommycorrhizal
ones in leaf K content. Such results wes noticed
in both fertilized and unfertilized seedlings.
Similar results were found by Finn (1942) with
ectomycorrhizae., Anyway, in both rootstocks, either
unfertilized or fertilized seedlings and inoculated
with Glomus australe fungi had leaves with higher
levels of X content than the corresponding ones
treated with Glomus macrecarpus fungi. These diff-

erences were significant.

So far as leaf Ca content was concemned, it
is interesting to notice that in both rootstocks
control seedlings received P were higher in leaf
Ca content than the analogous ones of unfertilized
control plants, The significant increase was

noticed only in sour orange seedlings. Meanwhile,
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inoculating seedlings with mycorrhizae fungi caused

a aignificant decrease in leaf Ca content as comp-
ared with the corresponding ones of non-inoculated
seedlings., Such result was true in both fertilized
and unfertilized plants. These findings confirm those
reported by Lambért et al., (1979 b) on peach seed-
lings with mycorrhizae, Krikun and Levy (1980) on
rough lemon and sour orange with Glomus mosseae
fungi, and Edrees (1982) on rough lemon, sour orange,
and Cleopatra mandarin seedlings with Glomus
fasciculatus fungi.

Beside, data indicated also that unfertilized
plants received Glomus australe depressed profoundly
leaf Ca content than those received Glomus macrocarpus
fungi. The reverse was true when fertilized seedlings
were considered. That was ciear in both rootstocks

used in this study.

As for leaf Mg content, it is interesting to
notice from Table (8-b) that adding phosphorus to
control plants of both stocks raised up leaf Mg
content significantly over unfertilized omes. On
the .other hand, inoculating seedlings with mycorrhizae
species resulted in a remarkable increase in leaf
Mg content than mem—inoculated plants. 8imilar res-
ults were found by Edrees (1982) on rough lemon,
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sour orange, and Cleopatra mandarin seedlings with

Glomus fasciculatus fungi.

In this sphere, higher levels of leaf Mg
content were observed in plants inoculated with
Glomug gustrale fungi as compared with those treated
with Glomus macrocarpus fungi. Moreover, data
jndicated that applying phosphorus to inoculated
plants decreased 1eaf Mg content than those of
unfertilized ones, Such decrease was statistically

gignificant.

In regard to leaf Zn content , it is clear
that the effect of phosphorus on leaf 2n content of
control plants varied according to the rootstocks
used. In this respect, while phosphorus increased
1eaf Zn content of Cleopatra mandarin plants over
unrertilized control ones, it had}%ppoaite effect
in sour orange seedlings. On the other side, myc-—
orrhizae treatments decreased leaf Zn content of
both rooctstocks when compared with untreated planta,.
Similar findings were obtained by Lambert et al.,
(1979a) working on soybean and corn plants with
mycorrhizae, Lambert et al., (1979b) on peach seed-
lings with mycorrhizae, and Edrees (1982) on rough

lemon, sour orange, and Cleopatra mandarin seedlings
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with Glomus fasciculatus fungi. The contrary to
these results were reported by Mosse (197%) on plant
growth response to vesicular arbuscular mycorrhizae
in goil with additional phosphate, and Menge et al.,
(1480) on avocsdo Beedlings with Glomug ZLasciculatug
fungi. The differences in these results could be
attributed to the possible interaction between myc-
orrhizae fungi and the physical and chemical soil
factors much as temperature (Harely, 1969, and Marx
et 81.,1970) or soil moisture (Muttiah, 1972) on
ectomycorrhizae, or soil fertility (Hayman, 1982)

or organic matter, cation exchange capacity, and
soil P, Cu, Mn, and Zn contents (Menge ot 8l.,1982)
on Troyer citrange seedlings with Glomus fasciculatus
fungi.

Concerning mycorrhizae species, while Glomus
australe fungl surpassed Glomus macrocarpuf in thelr
effect on leaf Zn content of Cleopatra mandarin, it
took the other way around in case of sour orange
seedlings. Moreover, applying phogphorus to ino-
culated plants did not give a clear effect on leaf
7n content since there wert fluctuated results.
Similar results were found by Menge et al., (1978)
working on Brazillan sour orange and Troyer citrange
seedlings with Glomus fasciculatus fungi.
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Speciflic effect :

Specific effect of rootstock, mycorrhizal fungi,
and phosphorus level on leaf minerals content of
citrus seedling rootstocks is presented in Table

(8=c).

Concerning specific effect of rootstock it 1is
quite evident that leaves of sour orange stock
contained lower amounts of N and Ca and higher
levels of K and Zn, than Cleopatra mandarin leaves.
On the other hand, leaf P and Mg contents were simi-
lar between the two used atocks.

In regard to specific effect of mycorrhizae
species, it is found that mycorrhizae increased
leaf X, P, K, and Mg contents and decreased leafl
Ca and Zn contents secompared with the control.
By all means, Glomus austirale fungi were more
effective in increasing leaf P, K, and Mg contents
than Glomys macpocarpug mnycorrhisae. Such effect
was not statistically signiﬁcant;:ase of leaf N and

Ca contents,

Considering specific effect of phosphorus, it
is obvious that applying phosphorus to citrus root-—
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Means followed by/same letter, within

level.,

(8=c): Specific effect of rootstock, mycorrhizal fungi, and phosphorus level on leaf minerale

the

Table
content of citrus seedling rootstocks,
e Elemento concentration in dry leaf as (%) ..o es (ppn)
Treatment;s K P K Ca ...m. .......................... Nu. ...........
85 86 Mean 85 86 Mean 85 B6 Mean &5 86 :.-.“ ..... 3 ....... m_..--.--..-m:._..:,. ..... mW--..-.--Mw-. ..... _,.._?,:uh
1. Bootstock ‘ . .
C.m. 2.76a  3.l4a  2.968  0.17%a 0.162a 0©.169s 1.68b 2,22b 1,95 35-0la 2,92 2.97%a  o0.68p 0.80  0.74a 109 128 19
5.0 2.73a 2,796 2.7%b 0.166L 0,166 C.166a 2.10a 2.51a 2.3la 247 2.72v  2.6m 0.76a  0.78s 0.77a 142 171 157
2. Mycorrhizas
Control 2.08b  2.40b  2.24d  0.126c  0.,126c  G.126c  1,79b  2,27b  2,0%b 3.378  3.30a  3,34a O.8le  0.83b  O.42¢ 167 319 243
G.o. 3.l16a  3.29a 3.25a  0.184b 0,180a <C.182b 1.68c 2,30b 1.99b 2.51b 2.60b 2,5b 0.82b 0.9 0.89b 102 54 78
G.a, 3.03a  3.20s  3.l12a  0.2038 0,185a C.1%a 2.20a 2.53a 2.37a 2.34b 2.36b 2,45  0.93a 0,99 0.9%a 108 2% 52
3. Phesphorus
No P 2.87a  2.97a 2.92q4  0.166d 0.16la GC.164b 1.72b 2.23a 1.98b 2.61b  2.61b  2.61p O.74a  0.33a 0,798 140 138 139
P 2.65b  2.%a 2.81b  0.17a 0.167a C.172a 2.00a 2,20b 2.10a 2.87a 3,034 2.952  0.69b  0.7%b 0,73 115 116 116
: ion wi Fo P = No phosphorus fertilization. T
= 1 h hi . :
mﬁ.v_...mni = mﬂ_,o.wuunn.ﬂw””qw““. mycorrhizae 5. oa., = mwmwuwmuﬁaugﬁan ag superphosphate.
G.a. = Glomus australe. t.z, = Cleopatra mandarin,

each column, are not significantly different from each other at 1%
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stocks used in this study increased leaf P, K, and
Ca contents and decreased leaf N, Mg, and Zn cont-
ents as coapared with unfertilized plants. The

difference, however, was so0 high to be significant.

4,7, Root minerala content :

Root minerals content before transplanting of
citrus rootstock seedlings is presented in Table
(9-a)., It is found that sour orange seedlings had
roots with higher levels of N, Ca, and Zn as comp—
ared with those of Cleopatra mandarin, On the other
hand, root K, and Mg contents took the other way
around. However, Cleopatra mandarin and sour orange
seedlings were nearly more or less similar in their

values of root P content.

Concerning root minerals content of the two
citrus seedling rootatocks as influenced by mycorr-
hizal fungi inoculation and phosphorus fertilization
it is Rhown in Table (9-b) that in both rootstocks

control plants fertilized with phosphorus surpassed
slightly in their values of root nitrogen the corr-

esponding ones of unfertilized seedlings. Such 4diff-
erences were insignificant. On the other hand,

mycorrhizae fungli treatments obviously increased




Table (9-4) t Root minersls content of citrus #eedlings before

transplant
Klements concentretion roots as (X) as{ppa)
woonmnonm 8 I L QI_D HHW-D...NIL” Hmllﬂ..l&b‘
Tleopatra o =

manderin 1.25 1.44/0.08 0.08[1.06 1.03|1.70 2.29|0.66 0.54l62 &2

Sour
Orange l.41 1.78| 0.08 0.08|0.62 0.63}3.09 2.52]0,73 0.40]|80 &0
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emawo@ldv“wooﬁawnmu&moogmnﬁowﬁsoo.ﬂuusm Seedling rootstocks as influenced by onnoswoouuu..._.us.._.
fungi inoculation and phosphorus fertiligatio . .

. R e e A E e et a s i e mm e ma. o i|l||||||t||l..|||||||l|||...l|l|||l|l-.r||||l!|ll!|ln!||..|l|l|I|ll||u|I [P

Elements concentration in dry roots as (%)

Treatments R i R E Pyt B T L o.m -n.mﬁﬁ
e . S F BT Ca g R
Sl ety @ m e o e wen s s e TR e e
Control No P i.21  1.30d  1.26e 0.112¢ 0.128ab 0,120b 1.13¢ 1.15de 1.08ef 2.25¢d 2.57a 2.41b 1.24b 1.38b 1.32a 1% 62 109
_m Control - 1.25¢  1.3led 1.28e 0.1174e 0.1328 0,1268b 0.85¢ 0.91f 0.896 2.29b¢ 2,632 2.468b 1.15¢cd 1.17¢d 1.16bc 285 52 169
m G.m. No P l.33cd 1.56bed l.45¢cd (.126bc 0.095¢  0.1llc 1.294 1.l6de l.23d  1.%6h 1.%c 1.66f 1.03e 1.0lde 1.03de 52 70 61
m G.m. P i.660h 1.75ab  1.7labc 0,128bed 0,118k 0.121b 0.858 1.3Bab  1.12ef 2,00ef 2.09b 2.0%d 1,114 1.060del.09%4d 38 154 96
m G.a. Ko P 1.65b 1.%6bed 1.61bed Q.118cde 0.091cd C.105¢c 1.294 1,28cd 1,29¢ 1.88f 1.98b 1,93de 0.70h O0.80f C.75g 100 1% 4B
2 G.a. P 1.65b 1.86a 1.76ab 0,132ab 0,118b 0.1258b 0.98f 1.10e 1.04f 1.84fg 1.98b 1.9le 0.89g 1.01de 0.,93f 136 116 126
s
° Control No P 1.28d  1.304 1.2% 0.116de 0.125ab 0,121d> 1.08e 1.18de 1.13e  2.48a 2.64a 2.56a 1.308 1.49a 1.408 420 334 399

Control P 1.49bcd 1.33cd 1.41de 0,122cd 0.126ab C.1248b 1.48bc 1,20cd 1.34bc 2.44sb 2.64a 2.54a 1.19bc 1.22be 1.21b 409 220 315
m G.m. No P 1.,57bc  1.60abc 1.59bed Q.l02f 0.087cd 0.095d 1l.,44¢ 1.35abc  1.40b 1l.88f 1.87bc 1.80e O.%47fg 0.9%ef Q.95¢f 65 106 &% |
m G.m. P 1.76b 1.80ab 1,78ab 0,1388 0.121ab 0.130a 0.153b 1.45a 1.29 2.084e 2,09 2.0% 0.89g 0,80f 0.85¢g 61 24 68
4 G.a. No P i.62b 1.53bcd 1.58bed 0.120cde 0.083d 0.102cd 1.286 1.25cde 1.27cd 2.12de 2.09b 2.1lc 0.9%1 0.90ef 0.93fr 33 46 40
3 G.a. P e 163eb 1.93a  0.d2lcde 0.098c  0.110c_ 1.73a  1,30bcd1,52a 1.68¢b 1.75¢ 1.72f 1.21b 1.22bc 1.22b 36 72 54

. No Px Ko phoshorus fertilisatiom, ~ TTTTTTrmereseoeeeoeeeeee Dl D0
Control = No incculation with mycotrhizae. Pe Phosphorus spplied as superphosphate.

G.m. = @lomus macrocarpus.
= @lomus ausirale. the

Means followed by/same letter, with each column, are not significantly different from each other o&; 1% level,
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root N content ass compared with control plants

of both rootstocks., Similar results were found

by Finn (1942) who found that plants with ectomy-
corrhizae contain more nitrogen than nonmycorrhi-
zal plants, as well as Read and Stribly (1973),
they reached the same result working on Blueberry
roots with Ericoid mycorrhizal fungi. Moreover,
geedlings inoculated with either Glomus macrocarpus
or Glomus australe and fertilized with phosphorus
were highest in root N content in respect of ino-
culated plants and unfertilized. Generally, seed-
lings inoculated with Glomus australe had roots with
higher amounts of N than those treated with Glomus

macrocarpus mycorrhizae.

As for root P content of both citrus rootstocke
used in this study, it is well noticed from Table
(9=b) and Fig.(13) that fertilized control seedlings
jncreased P level slightly in their roots than unf-
ertilized ones. Treating seedlings of both citrus
rootatocks with mycorrhizae speciea caused a general
decrease in root P content as compared with contrel
plants. These results agree with that reported by
Read and Stribly (1973) on Blueberry roots with
Ericoid mycorrhizal fungi. Furthermore, seedlings
inoculated with mycorrhizae and fertilized with
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phosphorus developed roots with higher amounts of
root P content than those treated with mycorrhizae
and unfertilized. This result confirm that reported
by Lambert et al., (1979a) who found similar results
with bean and corn mycorrhizal plants and fertilized

with different phosphorus levels.

Comparing mycorrhizae species and their effect
on root P content, it is obvious that seedlings
treated with Glomug macrocarpus were mostly higher
in root P content as compared with the analogous

ones of those inoculated with Glomus australg.

A glance to data of root K content show that
roots of Cleopatra mandarin seedlings fertilized
with phosphorus contained lower smounts of K than
unfertilized control plants., The picture was
changed to the reverse when sour orange seedlings
were ﬁut in consideration. Moreover, seedlings of
" both rootstocks inoculated with mycorrhizae fungi
were higher in their values of root K content
than the analogous ones of control plants. Applying
phosphorus to inoculated plants caused a reduction
in root K content of Cleopatra mandarin as compared
with those inoculated with the same specie of myco-

rrhizae and unfertilized. The reverse was noticed
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when sour ornage seedlings were concerned. Such
results indicate the differences between citrus

rootstocks in this respect. Similar results were
found by Finn (1942) who reached the same results

with ectomycorrhizae.

Furthermore, Gl@mus macrocarpus fungi was
more effective in increasing root K content than
Glomus australe. Such result was clear in the

case of sour orange rootstock.

Considering root Ca content, it is quite
evident that in controul plants, adding phosphorus
to seedlings had no effect on root Ca content
aince the difference between unfertilized control
plants and those only fertilized with pheosphorus
was so small to reach the significant level. On
the other side, plants inoculated with mycorrhizsae
_fungi had roots with lower amounts of root Ca as
compared with the corresponding ones of control
plants., Meanwhile, applying phoaphorus to inoc-
ulated plants with Glomus macrocarpul fungi sign-
ificantly increased root Ca content in respect of
jinoculated and unfertilized seedlings. The opposite
was true when Glomus sustrale treatments were

concerned. This tendency is in close agreement
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with the findings of Lambert gt al., (1979b) wheo
showed that calcium content was lowex in peach myc-—

orrhizal seedlings than the nommycorrhizal seedlings.

Referring to root Mg content, it is found that
in both rootstocks, phosphorus fertilization to
citrus seedlings decreased root Mg content of
control plants than those of unfertilized control
ones. In addition, mycorrhizae treatments decreased
markedly root Mg content as compared with control
plants. Applying phosphorus to inoculated plants
with Glomus australe fungi caused an increase in
root Mg level than those of inoculated with the
game species of mycorrhizae and unfertilized seed-
lings. Such effect was not clear in case of
Glomus macrocarpus fungi. Similar results were
obtsined by Menge et al., (1978) when applied phos—
phorus as superphosphate to Brazilian sour orange
and Troyer citrenge seedlings inoculated with
Glomus fasciculatus fungi. Also Lambert et al.,
(1979b) showed that mycorrhizal peach seedlings
gave lower values of Mg content than nommycorrh-

izal plants.

Considering root Zn content, data clearly

showed that control Cleopatra mandarin seedlings
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fertilized with phosphorus were higher in their
values than the unfertilized ones. However, sour
orange seedlings took the other way around in
this respect. On the other hand, mycorrhizae
treatments decreased root Zn content as cempared
with control plants. Moreover, phosphorus fort—
ilization combined with mycorrhizae fungi caused
oscillation results in root Zn content. Therefore,
while Cleopatra mandarin seedlings inoculated
with Glomus macrocarpug and fertilized had roots
with highest levels of Zn as compared with inocu~
lated and unfertilized plants, the opposite was
noticed in sour orange rootstock. The reverse
was true in case of Glomus austraie fungi. In
other wordsa, Glomus macrocarpus fungi when added
together with phosphorus induced a decrease in
root Zn content of sour orange seedlings in res-
pect of inoculated and unfertilized ones whereas
Glomug ghgﬁ;g;g gave opposite picture in this
regpect,) This finding is in sgreement with that
of Menge et al., (1978) when they appliedrphosphr
orus as puperphosphate to Brazilian sour orange

and Troyer citrange seedlings inoculated with

Glomus ciculatug fungi. Moreover, Lambert et
al., (1979a) found that phosphorus fertilization
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reduced Zn and Cu concentrationsin mycorrhizal

bean and corn plants than nonmycorrhizal plants.

Similarly Lambert et la., (1979b) showed simi-

leT result on mycorrhizal peach seedlings.

Speciftic effect :

Specific effect of rootstock, mycorrhizal
fungi and phosphorus level is presented in Table

(9=c).

It is clear that roots of socur orange seedlings
contained higher amounts of N, K, Ca, Mg, arnd Zn
as compared with those of Cleopatra mandarin, How-
ever, the significance in case of root N content
was lacking. On the other hand, Cleopatra mandarin
gcedlings had roots with higher amounts of P than
roots of sour orange seedlings. The difference was

significant.

In regard to specific effect of mycorrhizase,
it is obvious that mycorrhizae fungi decreased
root P, Ca, Mg, and Zn contents and increased N,
and K contents when compared with uninoculated
Seediings (contrel). In addition, Glomus sustrale
fungi resulted in highest effect on root N and Zn
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em.owsﬁolo:mm.mou.wu.omw%modo& uoo«mdoow.BonH.uE.nP._.H:un“_.ma pPhosvhorus lsevel on root mineralgs content
o.ﬂ c¢itrus mmmawuumm. _

Menents concentration in &y reota er (%) TTTTTTIIToerneeseeses o o wiopn)
Treatments N P e ——— Ca w Tt w T
¥ B¢ Yern LY bod e S e s . Mesn a3 " " . lea
1. Rootatock
G.m. 1,460 1.5a 1,.51a 0.122e 0,114 0.118a 1.05b 1.17» 1.11b 1.97b 2.17a 2,07%  1.02b 1,082 1.05b 128 108 118
8.0. },66a 1.53a 1.,60a 0.120a 0.107b 0.114b 1.82a 1.29a 1,%a 2.lla 2.18a 2.15a . 1.09% 1.lCe 1.10a 171 162 157
2, Mycorrhiszae
Control 1.51c 1,31 1.31b 0.117b 0,128z G.123a 1.11b l.alle  1.11% 2.37e 2.62a 2,50a l.22a 1,32 1.27n 318 167 243
G.m. 1.568b 1.68a 1,632 ° 0.123a 0,106b 0.115b 1,.28a 1.34a 1,3la 1.88b 1.8 1,93b 1.00b  0.%b 0.98% 5 10 78
G.a. 1.79 l1.65a 1.72a 0.123a 0.098¢ 0,111b 1,32 1,23 1l.28a 1.88b 1.98b 1.93b 0.9%¢  0.99b .97 % 108 92
3. Phosphorus
.-. P 1.45b 1.48b 1.470 0.116b 0.102b 0,109 1.23a 1.238 1l.23a 2.03a 2.15a 2.0% 1.03p 1.0% 1.08a 138 1% 137
P 1.67a 1.62a 1.65a 0.126a 0,}19a 0,123a 1.24a l.23a 1l.,2% 2.05a 2.20m 2.13a 1,088 1,08a 1,08a 161 115 138
................................................... Ne w" ¥o phosphorus fertilization, -I..-.-----..-------,------..-.-.--..-..------...------------..--.-..-.-.--
Control = Mo inoculation with wrcorrhizae. Phoschorus applied ad superpboss|
G.m. = Glomus Mmacrocacpus. 8.0 Eﬂ“.mngo
= &1 . «Q,m -
G.a. offus austra nEﬂ ] oaa B.OOBE. s .

Means followed by/same letter, within each column, are not n»mnwﬂwownaww different from each other at 1% level.
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contents and lowest effect on root P, K, Ca, and
Mg. Nevertheless, the difference between the two
species of mycorrhizae in relation to root minerals
content was statistically insignificant. Similar
results were obtained by Menge and Zeatmyer (1977)
who mentioned that Glomus fasciculatus enhanced
the uptake of P, Zn, Cu, and N more than did Glomus

calospora of Avocado geedlings.

Considering specific effect of phosphorus,
data obviously showed that phosphorus fertilization
increased root N and P contents whereas it had no
effect on the other studied minerals i.e. K, Ca,
Mg, and Zn where values of thesse nutrients were

more or less statistically similar.

4,8, Leaf chlorophyll and carotene contents of
citrus seedlings :

Leaf chlorophyll and carotené contents of
Cleopatra mandarin and sour orange seedlings before
transplanting are disclosed in Table (10-a), It is
clear that in both seasons leaf chlorophyll A, B,
and total as well as carotene contents of sour ormnge
were higher than that of the corresponding ones of
Cleopatra mandarin seedlings.
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Tgble (10-a) 3 Leaf chlorophyll and carotene contents of two citrus
soedling rootstocks before transplanting.

orop

Rootstock t})
3 TR SN ) SO : -
c1 tra . . . «0
m.nmmmpn g3.0 82.5 |35.9 36.7 [218,9 119.2 |73.5 Mw
L] - N. L]
Sour  143.3 150.5 |79.9 €2.0 223.2  232.5 |162.9 135.9

Table (10-b): Leaf chlorophyll and carotene contents of two citrus seedling rootatocks as
influenced by endomycorrhizal fungi jnoculation and phosphorus fertilization.

Ohloropbydl (&) Chlorophyll (B) ________._ Total CAsB) __._____.__..___ Cavatens
Treatments e ieiimmneoaesd (mg./100g leaf fresh welight) .. _____ ... ..- ...............
................................. L - O SN O S
S Wveorhines Bhowpherss LT
m Control No P 6l1.55 62.6g 61,8lh 35.0n 69.04 51.99e 96.5¢ 131.5f 114.00e 6&l.3¢ 57.af 59.15¢f
.m Contcol P 63.1g B8l.3e 72.21g 40.98 B84.0c 62.44d 103,97 165.3de 134.654 63.5de 79.€e 71,55
m G.m. No P 99.9bc 92,7b 96.30c 6l.lab 94,2b 77.63b 161.0b 186.8ab 173.90b 98.6a 95.4bkc 97,00ab
m. G.m. P 97.2c  83.5de 90.354 S5l.de 93.3b 72.19c 148.3c 176.8bcd162.550 95.58 87.54  91.50cd
m G.a. No P 103.1b 95.5b 99.30eb 62.4a. 101,22 81.83a 165.58b 196.8a 181,158 95.3a 101.8s 98,552
(33 G.a. P €2.5¢ 85,0cd 83.72e 52,58 95,0b 73.73c 134.94 1B0.Obc 157.45¢ #%.6c  90.%4 88.454
Control No P 95.52  75.5¢ 75.58f 50.le 78.3¢c 64.224 125.7e 153.9e 139.804 67.2d 79.3e 73,25
Control P 59,8 63.5g 61.66h 44,9f 62,94 53.90e 104,7f 126.4f 115.55¢ 53.0f 51.1f 52.05g
w G.m. No P 92.84 103,0a 97.91abc%6.64 93.4b  75.36bc 150.1c 19%.4a 173.25b 80.lc  91.5¢c4 85,804
5 G.m. P 92,24 101.1 96.65bc 57.2cd 93.3b 75.22bc lag.4c 194.4a 171.90b 95.9a 98.4ad 9715ab
5y G.s No P 311.8a 88.0c 99.90a 59.l1bc 85.1c 7%.1le 170.9a 173.1cd 172.00b 89.6b 78.4e 84,004
B S P 98.0c  87.8c  92.894 62,08 101.2a 681,598 160,00 169.0sb 174.5% 6.0 92,6504 94, 50be
NO P = No phosphorus fertiligstion, iy
Sontol L B e asrsnepees F = Fuosphorus sprlied as swerphosphate.
G.a. = &Tomus australe. )

the
Means followed by/same letter, within each column, are not significantly different from

each other at 1% level.
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Moreover, Leaf chlorophyll and carotene cont—
ents of the two citrus seedling rootstocks as infl-
uenced by endoﬁycorrhizal fungi inoculation and
phosphorus fertilization are shown in Table (10=b)
and graphically i11ustrated in Fig. (14).

It is found that fertilized control seedlings
of Cleopatra mandarin had leaves with higher amounts
of chlorophyll and carotene a8 compared with unfert—
41ized check plants. The differences were generally
significant. The picture was changed to the opposite

as sour orange rootatock was considered.

In addition, mycorrbizal fungi treatments inc-
reaged visually leaf chlorophyll and cérotene conte=
ents of both citrus rootstocks in respect of the
analogous ones of control plants. The difference
between inoculated and unferﬁilized plants and unf-

ertilized control seedlings, in most cases, were

' obviously significant. Similar results were found

by Edrees (1982) on rough lemon, SOur Orange, and
Cleopatra mandarin seedlings with Glomus fasciculatug
fl.l.ﬂgio |

Moreover, data also clearly showed that applying

phosphorus to inoculated mycorrhizal Cleopatra mandarin
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seedlings resulted a remarkable reduction in leaf
chlorophyll and carotene contents below those seed=-
lings treated with mycorrhizae solely. Such result
was slightly noticed in leaf chlorophyll (4) of
sour orange plants., Nevertheless, sour orange
sSeedlings inoculated and fertilized developed
leaves with higher amourts of chlorophyll (B)

and carotene when compared with those ones inocu-—
lated with mycorrhizae and deprived of phosphorus

fertilizer,

Meanwhile, Glomus australe fungi increased
leaf chiorophyll (B) and total chlorophyll levels
as compared with Glomus macrocarpus fungi and in
the same time decreased leaf éhlorophyll (4) and

carotene contents for both citrus rootstocks usged.

Specific effect :

Bpecific effect of rootstock, mycorrhizel fungi,
and phosphorus level on leaf chlorophyll and carotene
contents of citrus seedlings is presented in Table
(10=c).

Concerning specific effect of rootstock it is
clear that sour orange rootstock had leaves with
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Table (10-c)s: Specific effect of rootstock, mycorrhizal &:bhwm and bwomww“u:-.wodow
r |

on leaf chlorophyll and carotene contents of citrus seed] n,
.................. mmm_ﬁwm-.o.v.-------.&mu..m@.w@.-------,---.gy.__.p-.?y.------------------.-mh..d..m.......--.-..--.-
Treainents ~ (mg./100g Hou.H-Hn.onw weight) T e el
85 86 Mean 85 86 Mean 85 86 Mean 85 g Moan
1. Rootatock )
C.m. 84.5b 83.4b  B83.95% 50,5 89.5a 70,08 135.00 172,9a 153.95b #82.6a 85:3a 83,95
5.0. 88.4a &%.58 B7.45a 55,1, 85,7b 70.408 143,40 172.2a 157.808 80.3b 8l.9b &1.,10p
2. Mycorrhizae
Control €5:0c  70.7c 67.65c 42.7c  73.6b  58.15c 107.7c 144.3b 126.0b  61.3b 66,8 64.,05¢
G.m. 95.50 95.1a  95.30a 6,7 93.5a 75.100  152,2b 188.6a 170,4a 92,55 93.28 92,85
G.a. . 98.8a -83.1b  93.95v 59,0a 95.6a 77.30a  157.8a 184.%a 171.258 80.6a 90.8a 90,7
3. Phosphorus
No P wo.g 86.2a g-moﬂ Wu—.nmb 3‘-@. QOQWWD Pgnmﬂ F.NU-H‘- HWWQO- &2.0a . DW.W. go““..
P 82.1b 83.7b  82.90b 51.4p 88.3a 69.85a 133.5b 172.0a 152,75 80.9a 83,34 82.10a
.................................................... %o E '« Ho phosphorus ferbiliseties, T TTTTTI T e,
Control = No inoculation with mycorrhizae. P = Phosphorus applied as superphosphate,
G.m. = Glomus macrocarpus. B.0, = Bour orange,
G.a. = Tlomus Fustrale. C.n, = Cleopatra mandarin,

Means followed ywmwrso letter, within each column, are not significantly different
from each other at 1% Hodoww
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higher amounts of chlorophyll (A) and total chioroph-
yll and lowest level of carotene as compared with
analogous ones of Cleopatra mandarin. Significant
differences were obvious, However, leaf chlorophyll
(B) was not statistically affected with rootstock

g8ince the values were more or less similar.

As for specific effect of mycorrhizae, it 1ia
quite evident that mycorrhizae species increased
significantly leaf chlorophyll and carotene contents,
On the other hand, Glomus macrocarpus fungli surpassed
Glomus australe in its effect on leaf chlorophyil
(A) and carotene on one hand and decreased leaf
chlorophyll (B) and total chlorophyll on the other.
For all that, no significant dlfference was noticed
between the two speciea of mycorrhizae used 4n leaf
totel chlorophyll. Similar results were found by
Edrees (1982).

Referring to the specific effect of phosphorus,
it is found that adding phosphorus to citrus seed-
lings failed to increase leaf chlorophyll and cartt—
ene contents over the control. Nevertheless, signi-
ficant differences were lacking in leaf chorophyll

(B) and carotene,
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4,9, Lesf sugars and stem total carbohydrates

contents of citrus seedlings 3

Leaf sugars snd stem total carbohydrates of
citrus seedlings before transplanting are tabula=—-
ted in Table (11-a) . It is clear that sour orange
seedlings contained higher leaf reducing, non-
reducing and total sugars as well as stem total
carbohydrates as compared with those of Cleopatra

mandarin seedlings.

In addition, leaf sugars and stem total carbo-
hydrates contents of two citrus seedling rootstocks
as influenced by mycorrhizal fungi inoculation and
phosphorus fertilization are shown in Table (11-b).
and Fig. (15) . It is obvious that control Cleopatra
mandarin seedlings and unfertilized had leaves with
higher smounts of reducing sugars and lower percente
ages of non-reducing and total sugars as compared

with control and fertilized ones. On the other haad,
-control sour orange seedlings showed that adding
phosphorus to these seedlings'resulted in an incresse
in leaf reducing sugars as well as a reduction in

leaf non reducing and total sugars.

Purthermore, mycorrhizae fungi treatments for

Cleopatra mandarin decreased only reducing sugars in




136

Table (1l=a) i1 Lear Sugars and stem total carbohydrates of citrus
geedlings before transplanting, i

_ Leaf sugars Stea

Redusiog T Non~reducing 1 0 [ o noaup- 1
Rootatock % of dry materisl

L S - S - —
Cleopatra
zandarin 0,51 0,57 1.19 1.23 1.70 1.80 19.90 21,58
8 '
Pt 0.8l 0,83 | 1.37 1.3 2.18 2.19 | 25.08 26.6%

Table (11-b)s Leaf sugars and stem total carbohydrates of two citrus seedling rootstocks

as influenced by endomycorrhizal fungi inoculation and Phosphorus fertilization.

............................ Ha&.u_aﬂ.m .. stem total
Treatments - souiies SO Yon-reducing ki SO | Sarbolydrates
: % of dry nateriai
B B s T e o v T
s Control No P 1.178  0,95abc 1.07ab 0.30 0.32¢ 0,314 1.47de 1,278 1.37 28.88cd 33.758 31,32anc
.m Control P 0.8 afg 0.73¢ 0.80de 0.91bc¢ 0.89bc 0.%0c 1l.77¢ 1,62cdé 1.70b 19.90f 32.41a 26 ,25cd
m G.m. Ne P 0.7%h 0.8%bc  0.79%e 0.77d 0.76¢d 0,77de 1.53de 1,58cd 1,5%bed 19.90f 31.,08a 26,4604
8 G.m. P 1.000d 1.00sb 1.008bc 0.56f - 0.78bcd 0.66%g 1.56de 1.78%¢ 1.67b 27.61cde30,258 28,93bcd
m. G.a. No P 1.02¢  0.99ab 1.0labc 0.39g 0.5le Ou45k 1.4 1,508 1.46de 25.04e 21.58s 23,314
g G.a. P 0.93de 0.87abc 0.90cde 0.54f  0,65de 0.595  1.4%de 1.524 1,50cde 36.59a 31.91a 34.264
Contrel . No P 0.78h  0.79bc 0.79de 1.21a 1.258 1.23a 1.99ad 2,048 2,02a 30.17bc 33.91a 32.05ab
Control P 1.1l1sb 1.07a 1.10a 0.7%6de 0.84bc¢ 0.80cde 1.78bc 1,91ab 1.89a 30.@1bcd25.08a  28.05bce
m G.m. No P 1:.05%c 0.84bc 0.95bc 0.985 1,168 1.07b 2.03a 2.00a 2.02a 29.85bcd31.568a  30.72alx
5 G.m. P '©.84gh 0,776 0,80de 0.79cd 0.89bc 0.81cde 1.63a 1.66cd 1,64bc  26.68de 33.91a 30,28ahc
m G.a. No P 0-806h 0.74c  0.77¢  0.73def 0.95b  0.83cd 1.53de 1.67cd 1.60be 32,300 29.91a 31,1labe
.......... P ©:8802 _0.938bc 0.91cd 0.61ef --mumwm_-m..mmm:m..w.mm..-.p....#ﬂ- 1.62bed -m_”w..w.u..w.p_.-: .uw..uu.d_w.------
Control No ;on::nwou with mycorrhizae. ¥o. P = Ho Phosphorus fortilisation, .

P = Phosphorus applied ss -ﬂoudrﬁmrlmo.

G.m. =. Glomus macrocarpus,
=

G.a. CTomus australe,
the

Eomnn&owposong\nmao Hmedoa.ﬂgwbomou column, are not significantly different from
each other at 1% level, -
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leaves as compared with corresponding plants dep-
rived from phosphorus fertilization whereas in
control P fertilized plants they increased only
lesf reducing sugars. However, mycorrhizae treat-
ments for sour orange seedlings caused & general
reduction in leaf reducing, non reducing and total
sugars in respect of the corresponding ones of

either unfertilized or fertilized control plants,

In regard to the effect of mycorrhizae species
on leaf sugars of both citrus rootstocks used, it is

found that Glomus macrocarpus fungi were more prom-

ising in increasing leaf non reduclng and total sugars
than Glomus gustrale fungi. That was true in both

P fertilized and unfertilized plants. Unfortunately,
in both stocks, no clear trend was noticed in expla-
ining the effect of mycorrhizae species on leaf

reducing sugar since fluctuated results were obtained.

Referring to stem total carbohydrates, it iz
quite evident that applying phosphorus to control
plants of both citrus rootstocks used influced a
decrease in stem total carbohydrates as compared
with unfertilized control seedlings. Moreover,
inoculating fertilized seedlings with mycorrhizae
increased stem carbohydrates as compared with the
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analogous ones of fertilized and non-inoculated
plants. Such results were observed by Edrees

(1982) on rough lemon, sour orange, and Cleopatra
mandarin seedlings with Glomus fasciculatus fungi.

On the contrary, incoculating mycorrhizae for P
unfertilized plants caused a decrease in stem

total carbohydrates when compared with unfertilized
check seedlings. Similar results were found by
Peuss (1958) working on tabacco plants with vesicular
arbuscular mycorrhizae, Harley (1969) on Endogone

and Ectotrophic mycorrhizae in axenic culture, and

Furlan and Fortin (1973) on onion plants with
Endogone calospora fungi.

Specific effect :

Specific effect of rootstock, mycorrhizal fungi,
and phosphorus level on leaf sugars and stem total
carbohydrates of citrus seedlings is disclosed in
Table (1ll=c).

Considering rootstock, it is found that sour
orange seedlings had higher percentages of leaf non
reducing and total sugars as well as stem total car—
bobhydrates in comparison with those of Cleopatra

mandarin, However, a slight decrease in leaf reducing




Table (1l-c): Specific effect of rootstock, mycorrhizal fungi, and vhosphorus
level on leaf sugars and stem total carbohydrates of citrus

seedlings.
........................ Leal sugars Stea total
Treatments Reducing Non~reducing Total Carbobydrates
85 86 Mean 85 86 Mean BS 86 Mean 85 ss r.-“ “h-:-

1. Roostatook

C.m. 0.%a 0.90a 0,9% Q. 58b 0,65b 0.62b 1.54b  1.55b 1.550 26,32b 30.17a 28.25p

S.0. ©.91b 0.856a Q.89 0.85a  0.982 0,928  1.76a 1.84a 1.80m 31.42a 30.47a 30.95a
2. Mycorrhizae ,

Control 0.99s 0.8% 0.94a 0.79a C.82ab 0.8la 1.78a 1.71a 1.758 27.50b 31.29a 29.40a

G.m. £.91b 0.86a  0.89% 0.78a 0.90a 0.84a  1.69a 1.76a 1.73a 26.00b 31.71a 28,06a

G.a. 0.91b 0.86a 0.89s 0.57b 0.75b 0.,66b 1.48b 1,61b 1.55b 33.12a 27,96a 30,548
3, Phosphorus

No P 9.95a  0.%6a 0.,%0a  0.73a 0.,82a 0.78a 1.66a 1.68a 1.67a 27.6%9b  30.,3la 29.00s

P 0,%a 0.90a 0,92a 0.,69a 0.73b 0.71b ' 1.63a 1.71a 1.67a 30.05a 30.33a 30,19a

- T LTI Hmm .m-w-m..u-m_wenvuou_._m fertilization, o TTTttoee

Contrel = No imeculation with mycorrhizae., P = Phosphorus applied sa superphosphate,

G.m. = Glomus macrocatpus. 8.0. = Sour orange.

G.a. = Glomus ausirale. the C.a, = Cleopatra mandarin,

Means followed by/ same letter, within each column, are not significantly
different from each other at 1% level.
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sugars of sour orange seedlings was noticed when
compared with those of Cleopatra mandarin, In

this respect, the significant difference was lack-
ing. Similar results were found by Edrees (1982)
on rough lemon, sour orange, 8and Cleopatra mandarin

seedlings with Glomus fasciculatus.

In regard to mycorrhizae, it is clear that
Glomug gustrale fungi decreased visually leaf non—
reducing and total sugars and slightly reducing sugars
than the coatrol. Moreovar,‘such fungi species
increased insignificantly stem total carbohydrates
over the control. On the other hand, Glomus ggg;g-
gg;njg treatments decreased slightly leaf reducing
and total sugars as well as stem total carbohydratea

as compared with the control,

Concerning specific effect of phosphorus, it
is clear that although phosphorus application dec-
reased significeantly leaf non-reducing sugars, it
had no statistical effect on leaf redudng and total

sugars as well as stem total carbohydrates.
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4,10. Leaf nitrogen fraotions :

Leaf nitrogen fractions content before trans-
planting of citrus seedling rootstocks are presented
in Table (12-a). It is clear that sour orange
leaf contained higher amounts of crystalloid —= N
and smmonium — N and lower levels of soluble -N ,
rest — N and nitrates than those of Cleopatra mand-

arin.

Meanwhile, leaf nitrogen fractions coantent
of both citrus seedliny rootstocks as affecﬁed by
mycorrhizal fungi inoculation and phosphorus fert-
ilization are shown in Table (12-b). It is obvious
that control plants of Cleopatra mandarin fertilized
with phosphorus had leaves with higher amounts of
soluble nitrogen, crystalloid nitrogen and ammonium
nitrogen and lower level of rest nitrogen and nit-
rates than the corresponding ones of unfertilized
control seedlings, On the other hand, data of sour
orange indicated that fertilized control plants as
compared with unfertilized control ones had leaves
containing higher amounts of soluble nitrogen and
crystalloid nitrogen and lower contents of rest

nitrogen, ammonium nitrogen and nitrates,
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Table (12-a) s Leaf ﬂp,«nonou fractions content before transplanting

Rootstock solub ryatallolds E

“

Clecpatra :

mandarin 0.533 0.53010.258 O,

Bour

0.537 2.02 |

Ro”—o.su 0.269 [ 0.117 0.118 | 0.077

493 . 0.15%10.051

0.080
0.050

Table (12-b): Leaf nitrogen fractions content of two citrus moo&m.mpm rootstocks as affected
o © . by endomycorrhizal fungi inoculation and wromvrouamHmaﬂwﬁ.umﬂ.on..

e - mmE mme W= W o Rm - - ll.'lllllll‘-lllltilllllIlll.-llIllIlllltllllll'!lllllllilllllllIll lllllllllllllllllllllllllllllllllllllllllllll

Troatments  -memeemesmememossesmesseoesrioasnesntemeoniioestes e © P SRS
i Soluble nitrogea Crystalloid nitrogen -Rest nitrogen Aamonium mitrogen Nitrate
_..,M_mmmm-pwm...mmHm-mmwmmmm”_“ 0 o0 Mesa 85 2:.:.:”::.:.--“3., ..... Mean 85 86 Mesm
Control No P 8.550d 0.3954 0.473d 0.309¢£0.240e 0.275¢ 0.241b 0.154b 0.198b. ©.088d 0.0ASc 0.069s 0.068¢ 0.04%A 0.058¢ .
8  Control P 6.613a 0.4150 0.5158 0,373abed266d 0.320b 020b 0,149t 0.195b  ©.116a 0.058b 0.088a 0.040s 0.015§ 0.030k
d G No P 0.561040.427¢ 0,495b¢0,317¢ 0.269d 0.2944 0.283b 0.157b 0.201b  8.098c 0.069¢ 0.083b 0.020k 0.03% 0.0308
m G.m. P 0.518020.338¢ 0,429¢ 0,258 0.152§ 0.2058 0.260a 0.186a 0.224a '6.049g 0.058b 0,055b 0.098b 0.0292 0,064b
g ca. No P 0.5501 0,427 0.489c 0.379% 0.304b 0.3A2a 0,2004¢0.123d¢0.162ef 8.097¢ 0.059b 0.07% 0.0584 0.0590 0.05%
m. G.a- P 0.5500 0.387080.4694 0.35203 0,249 0.301630.1974¢0.137cd0.1684¢ ©.085d 0.058b 0,073 0,0584 0.065b 0.064d
| 8 Coatral N ? 0.430g 0.378¢ O.4344 0289 0.220f 0.255¢ 0.200460.157b 0,179  ©:0b%e 0.08Gc 0,059 0.103a 0.078a 0.031a
Control P 0.556040.449b 0.503b 0.356050.3408 0.3498 0.198420.109¢10.154¢ 08,0884 0.019750.054h 0.0584 0.030f 0.ONSe
e Gm _ NeP 0.570160,478a 0.524a 03444 0.301b 0,323b 0.2260 0.177a 0,202b ©.058f 0.029¢ 0.0441 0.038f 0.055¢ 0,049
m cm P 0.527e 0.34b 0.437£0.318e 0.212f 0.2656£0.2004 0.1344 0.17204 ©.096c 0.03%4 0.03% 0.033e70.03%e 0.033
m G-a- ) No 0.562b 0.AL50 0.499b50.390a 0.3CLb 0.347a 0.152¢ 0.114e70.154¢ . 0.10b 0.0L5g 0.064¢ 0.029 0.038¢ 0,034
. ST AL 0.496£50.58308 0,480 0.3350¢ 0,263 0.3 10,1831 0.1082 0.12%% 0.108b 0,020 0.04F 0.0205 0.0AMM 0.039f
cotee = ¢ smenlatizn sty mparehsnes B0 ¥ Bo phomberns furitietion.
G.s. = Clomud ausizale. P = Phosphorus spplisd sa superphosphate.

.IcmhnHo.._.woaoad«\mmaowmgou. sw«w»n“o.uowoou.ﬁb.
-@ach other at 1% level. - .

_are not ..n».an

jficantly different from
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As for mycorrhizae fungil treatments were con-
cerned, it is clear that jnoculated and P fertili—
zed plants developed leaves with higher amounts
of soluble nitrogen, crystalloid nitrogen and
smmonium nitrogen as well as lower levels of nitrates
in respect of those of unfertilized control ones.
Concerning leaf rest nitrogen, 1t is obvious that
the effect of mycorrhizae depend upon the species

ijtself used. In this rcspect, while Glomus macro-—
carpug fungi increased leaf rest nitrogen of unfer—
tilized plants, Glomus sustrale on the other
gside, decreased leaf rest nitrogen than non inocula-
ted and P unfertilized plamts. Such results were

clear in both rootstocks used.

Tnoculating fertilized plants of Cleopatra
mandarin with mycorrhizae resulted in a decrease
jn leaf soluble nitrogen, crystalloid nitrogen and
ammonium nitrogen and an increase in leaf nitrate
am compard with the analogous ones of fertilized

control plants.,

Regarding sour orange, it is found that treat-—
ing P fertilized seedlings with mycorrhizae fungi
decreased leaf contents of soluble nitrogen, cryst—

alloid nitrogen and nitrates and increased leaf
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ammonium nitrogen as compared with the analogous
fertilized control ones. The effect of mycurrh—
izae fungi species combined with phosphorus fer-
tilizer on leaf rest nitrogen did not give a
clear trend. In this sphere, while Glomus macro-—
carpus fungi increased leaf rest niirogen,
Glomus sustragle took the other way around. Gene-
rally, similar results were found by Mac-Donald
and Lewis (1978) regarding the role of Glomus
mosseae fungi in N uptake and metabolism in plants,
Pate (1980) concerning the inorganic N transported
from root to shoots by xylem sap in the woody
plants. Also Nemec and Meridith (1981) reported
that endomycorrhizae fungi caused increased amino
acids levels in leaves of citrus rootstocks which
indicate an involvement in N metabolism comparing
with non-mycorrhizal plants, and Edrees (1982),

on rough lemon, sour orange, and Cleopatra mand-

arin seedlings with Glomus fasciculatusg fungi.

Specific effect :

Table (12-c) involved the specific effect of
rootstock, mycorrhizal fungi, and phosphorus level
on leaf nitrogen fractions content of citrus seed-

lingB-
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Table (12=-c): Specific effect of rootstock, mycorrhizal fungi, and phosphorus level on loeaf
nitroeen fractions content of citrus seedlings.

Treatments -
_Boluble nitrogen .  ___Crystalloid nitrogen _. __ . __. Rest pitrogen .. _ . __ ‘Wammmﬁ- e .. fammmm- b SRR e

85 86 Mean 85 86 Mean 85 8é Mean 85 86 Mean 85 . 1} Mean

1, Rootstock
C.m. 0.568 0.40a 0Q.480a 0.33%a C.25b 0.29b 0.238 0O.l5a8  0.190a Q.090a O,06a 0.075a 0,06a 0.,04b 0.05a
5.0, G.54b 0.4la 0.475b 0.34a  0.28a  0.3la  0.20b 0.13b 0,165p ©:088b  0.03b  0.05%b 0.056 0,03 0.05a

2. Mycorrhizsae

Gontrol 0.55a  O.4la O.48a  0.33b  0.27b  0.300b 0,22 0Q.14b 0,180 Q.09 0.04b  0.065p 0,07a  0.04b  0.055a
G.m. G.54a  0.408 0.47a  0.51c  0.23¢  0.270c 0.24a 0,16a 0.200a ©-.08c  0.05a 0.065b  0.05b 0.08b  0,045b
G.a. 0.558 0.4l O.48s 0.36a  0.298  0.325a 0.19% 0.12c 0,155¢ ©.10a  0.04b  0.070a 0.0c  0,05a 0,045

3, Phosphorus

No P 0.55a O.428 O.4858 O.34a  0.27a  0.305a 0.22a 0.15a 0,185a 0.087b  0.05a 0,069 0.05a  0.058 0.050a

P 0.548  0.39b 0.865b 0,33a  C,25b  0.290a 0.2la O.l4a 0.175b ©.092a 0.05a 0.071a 0.05a 0.082  0.045b
...... No P = Fo phosphorus fertilization. .

Control = No inoculation with mycorrhizae. P = Phosphorus spplied as superphosphate.

G.m. = Glomus macrocarpus. 5,0, = Sour orange.

G.a. = Glomus australe. the C.m. & Cleopatrs mandarin.

Means followed by/same letter, within each column, &are not significantly different from °
each other at 1% level,
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Regarding specific effect of rootstock it is
interesting to notice that higher amounts of
soluble nitrogen, rest nitrogen, and ammonium
nitrogen existed in leaves of Cleopatra mandarin
seedlings than those of sour orange. The reverse
was true as leaf crystalloid nitrogen was
concerned, In addition, no statistical effect
of rootstock on leaf nitrate content was observed

since values were more or less similar.

Furthermore, data of specific effect of mycorr—-
hizae indicated that Glomus macrocarpus fungi as
compared with the control significantly decreased
leaf cyystalloid nitrogen and nitrate contents as
well a8 increased leaf rest nitrogen, simultaneously.
Moreover, the obtained results Bhowed that Glomms
macrocarpus fungi had no statistical effect on leaf
soluble nitrogen and ammonium nitrogen when compared
with the control., Meanwhile, Glomus australe
significantly increased leaf crystalloid nitrogen
and ammonium nitrogen whereas it decreased leaf
rest nitrogen and nitrate contents, For all that,

Glomug australe fungi had no effect on leaf soluble

nitrogen ) content .

Furthermore, specific effect of phosphorus
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clearly showed that seedlings redeived phosphorus
failed significantly to produce leaves with higher
contents of soluble nitrogen, rest nitrogen, and
nitrate. Nevertheless, the picture was completely
changed to the reverse when leaf ammonium nitrogen
was concerned. DBeside, the values of crystalloid
nitrogen of P fertilized and unfertilized plants

were statistically simillar.

4,11. Root nitrogen fractions :

Root nitrogen fractions content before trans-
planting of citrus seedling rootstocks are presented
in Table (13-a). It is clear that roots of sour
orange seedlings ag compared with those of Cleopatra
mandarin contained higher amounts of soluble ~ N,
Crystalloid — N, and nitrate as well as lower levels

of rest - N, and ammonium nitrogen.

Moreover, roots nitrogen fractions of two
citrus seedling rootstocks as influenced by endomy-
corrhigal fupngi inoculation and phosphorus fortili-
gation are disclosed in Table (13-b). It is found
that in Cleopatra mandarin, control seedlings fert-
ilized with phosphorus gave higher amounts of root
soluble nitrogen, rest nitrogen and nitrate and
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Bolublo-N Cryetallold~N [Eest-¥ — Immonlie-N itTate
Bootstock8) & B & I} S -
Cleopatra
mapdarin 0.427 0.40210.172 0.180}0.2550.229(0.107 0.108[0.029 0.042
5
Oergg O+518 0,50110.318 0.321 o.mopo.pmo_o.om.... 0.07% |o.oM 0,058
Table (13-b): Root nitrogen fractions content of two citrus geedling rootstocks as affected
-.o% endomycorrhizal fungi inoculation and phosphorus fertilization., T
feeveecccceeeceee.......ROCE Ditrogen frectices (&) 7 e
Treatments ..Soluble nitrogen _ _ Crystalloid nitrogen _ _ Red nitrogen dmnoniun nitrogen Mtrave
e 8 .8 . Mem 85 8  Men 8 8 _ Mean___ 85 85  Memn 85 8 N
Rootstock Mycorchizae Phosphorus TR m s T e m e e TR e R e
5 Comtrel  No P 0.481fg 0.858¢ 0.470fg 0.347cd 0.392a 0.370d 0.134f 0.066g O.loor O-18a 0.137a 0.162a 0.39g 0.0384 0.030h
.m Control P 0.498e 0.473bc O.486e 0.329de 0.353c 0.34le 0.1698 0.120d 0.145¢ ©.1084 0.1080 0.109e 0.49¢ 0.039¢d 0.044g
g G.m. No P 0.498¢ 0.459de 0.479ef 0.295fg 0.309de 0.303g ©.203a 0.146b 0.175a 0.088e 0.117c 0.103f 0.89t 0.041c 0.065¢
@«
m G.m. P 0.495ef 0.381h 0.5391 0.312ef 0,246f 0.280hi 0.183¢ O0.134c 0,159b 0.078f 0.1084 0,093g 0.088b O.0kSb 0.059b
m. G.a. No P 0.642a 0.510s 0.57%a 0.436a 0.378b 0.4072 0.206a 0,13lcd 0.169a 0.087¢ 0.119b 0.103¢ 0.088b 0.038a 0.063d
g G.a. P 0.490ef 0.418g 0.4552 0.335de 0,298e 0,317f 0.155¢ 0.120d 0.138cd 0.088e 0,087f 0.086h 0.109a 0.Okdcd 0.075a
Control No P 0.559¢c 0.47bcd 0.516c  0.390b 0.380ab 0.385bc 0.169d4 0.092f O.131de 0.137b 0.117¢ 0.127b Q.048¢ o,.o._? 0.0u45f
. Control P 0.470gh 0.384h 0.427§ 0.284g 0.261f 0.2731 0.18bc 0,123 0.155b 0.117%c 0.098e 0.108e 0.058e 0.025e 0. O4isg
m G.m. No P 0.867h 0.464cde0.466g 0.278g 0.306e 0.292gh 0,189b¢ 0.157a 0.173a 0.0782 0.098¢ 0.089gh 0.070c 0.077a 0.074a
H
m G.m. P 0.530d 0.5780 0.5044 0.372bc 0.376b 0.375¢d 0.157¢ 0.100ef 0.129¢ O.118c 0,138 0,128b 0.0674 0.040cd 0,054e
2 G.a. No P 0.621b 0.881b 0.552b 0.424a 0.378b 0.391b 0.197ab 0.123d 0,160b C.117c 0,108 0.113d 0.02lb 0.03%d 0.0301
.......... St ..D...0.558 0.a35f 0.4974 0.378b 03224 0.35le_ 0.180cd 0.106c 0.143¢ OullBc 0.118bc 0.11& 0.087b 0,03%d 0.05d4cd
Contrel = No :.onc—-:ou with mycorrhizae. No P = Ko phosphorus fertilization.
G.m. = Glomus macrocarpus. P = Fhosphorus applied as superphosphate,
G.a. = OTomus australe.

Means followed by/same letter,

the

other at 1% level,

Teble (13-a) : Root nitrogen fractioms content

of citrus meedlings

before transpl
Mocm ol nonan.un-oewob-Awu

within each column, are not significantly different from each
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lower amounts of crystalloid nitrogen and ammonium
nitrogen contents as compared with unfertilized
ones. The differences were almost statistically
significant. Regarding sour orange seedlings, it
is quite evident that adding phosphorus to control
plants in respect of unfertilized ones caused a
reduction in root soluble nitrogen, crystalloid
nitrogen, ammonium nitrogen, and nitrate contents
and an increase in rest nitrogen. The significant

difference was observed in all nitrogen fractions,

Referring to inoculated seedlings of Cleopatra
mandarin and unfertilized, it is obvious that myco-
rrhizae treatments increased root soluble - N, rest¥
- N, and nitrate values over the analogous ones of
non inoculated plants, Such results confirmed the
findings of Baltruschat and Schonbeck (1975) on

vesicular arbuscular mycorrhizae,

On other point of view, mycorrhizae decreased
root ammonium nitrogen in respect of non-inoculated
plants, MFurthermore, the effect of mycorrhizae
on root crystalloid nitrogen varied according to
the species used. In this respect, while Glomug
macrocarpus fungi decreased root crystalloid nit-
rogen, Glomus australe fungli gave an opposite
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effect. This result may be reterieved that some
nitrogen fractions were transported from roots
to shoots by xylem sap in plants according to

Pate (1980).

Concerning sour orange seedlings, it is quite
evident that control F fertilized plants as compared
with control unfertilized ones produced roots with
Jower levels of soluble nitrogen, crystalloid nit-
rogen, ammonium nitrogen, and nitrate as well &g
higher amounts of rest nitrogen. The differences were

significant.

Furthermore, inoculated plants showed that
treating seedlings with Glomus macrocarpus and
deprivéd of phosphorus fertilizer gave roots with
lower amounts of soluble nitrogen, crystalloid nit-
rogen and ammonium nitrogen and higher level of
rest nitrogen. The same seedlings but inoculated
with Glomus gustrale gave another results. In this
respect, those treated plants produced roots with higher
contents of soluble nitrogen, crystalloid nitrogen,
and rest nitrogen. Root ammonium niirogen and nitrate
levels showed the apposite trend. Moreover, applying
phoasphorus to inoculated plants increased markedly

root soluble nitrogen, crystalloid nitrogen, ammonium
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nitrogen, and nitrate contents and decreased root
rest nitrogen level in respect of the corresponding
ones of non-inoculated and fertilized plants.
Similar results were found by Coxwell and Johnaon

(1985) on Pittasporum tobira plants with Glomup

mosseae fungi.

Specific effeot

As shown in Table (13=c) specific effect of
rootstock indicated that roots of sour orange were
higher in soluble nitrogen and lower in nitrate
content when compared with those of Cleopatra mand-
arin, However, rootstock had no effect on root
crystalloid nitrogen, and ammonium nitrogen. The
significant differences between the two rootstocks

used were nil.

Moreover, specific effect of mycorrhizae
showed that Glomus australe fungi raised up the
values of root soluble nitrogen, crystalloid nit—
rogen, rest nitrogen, and nitrate contents and
dropped down ammonium nitrogen values in compar-

ison with the control.

On the other hand, Glomus macrocgrpus fungi
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Table (13-c)s: Specific effect of rootstock, mycorrhizal funei, and phosphorus level on
root nitrogen fractions content of citrus seedlings,

............................................. w%.«-w.ﬁ.n.om%:nn.%.ﬁ.pﬁ-@:,--.:----:-:--.-.----.:.--.-.--:-.-:.-.--
Treatmentg Soluble aitrogen Crystalloid nitrogen Rest nitrogen Amnonioe nitrogen Nitrate
a:z ..... 55 8 Mean a5 86 Mean 85 88 Mean . 85 s e
1. Rootstock
C.m. 0.52b Q.45a  0.4850  0.34a 0.%3e 0.335a - 0.18a 0.12a 0,1%0a G.lla O.l1l1» 0.110a 0,08 0.04b 0.060a
S.0. 9.53a 0.45a  0.4908 0,35a 0. 348 0.345a 0.18a 0.12a 0.1508 0,11a O.lls  0,110a 0.06b Q.05 0.055b

2. Mycorrhizae
Control €.50b  0.45b  0.475b  0.34b 0,352  0.345b 0.17b  0.10c 0.135% 0.148  0.12a 0.130a 0.055 0.0ub 0.045¢
G.m. 9.50b  0.45b  0.475b  0.32¢  0.31b 0,315 0.18a 0.lka 0.160a 0.09¢ 0.12a 0.1050 0.08a 0.05a  0.065a
G.a. Q.58a O.468  0.520a 0.39a 0.40a 0.395a 0.18a 0.12b 0,150b 0.10b 0.11db  0.105b 0,08a 0.04b 0.0600

5. Phosphorus

No P @.558 0.47a 00,5108 0.36s 0,35a 0.355a 0.18a 0.l2a 0.150a ©.12a O.12a 0,120 @.06b 0.05a 0.055b
P 0.51b 0.43b  0,470b  0,34b 0.21b 0.325b  0.17bv  0.l2e 0,1455 ©.11b 0.11b 0.110b 0.12a 0.04b 0.080m
Control = No inoculation with mycorrhizae. Ko P = No phosphorus fertilization.

G.m. = Glomus macrocarpus. P = Phosphorus applied as auperphosphate,

G.a. = Glomus asustrale. S.0. = Sour orange,

C.n. = Cieopatra mandarin,

9 . ,
smmbmwowwoson ww\mrsm Hmwdmu,Swﬂcwnmmou oop:sn.mhmnoa significantly different from each.
other at 1% level, _ .
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as compared with the control caused an increment
in root rest nitrogen and nitrate contents whereas
it induced a negative effect on root crystalloid
nitrogen, and ammonium nitrogen. Such fungi
species did not affect root goluble nitrogen
content, hence no significant difference was not=

jced between treated seedlings and the control,

Furthermore, specific effect of phosphorus
clearly showed that applying phosphorus to citrus
seedlings decreased their root solble nitrogen,
crystalloid nitrogen, rest nitrogen, and ammonium
nitrogen contents. Beside, phosphorus fertilizer
increased root nitrate content over the control,

The difference between fertilized and unfertilized
plants in all root nitrogen fractiens were obviously

significant.

4,12. Plant amino aclds content 3

4,12.,8a. Leaf amino acids

Leaf amino acids content of two citrus
gseedling rootstocks as affected by endomyc-
orrhizal fungi inoculation and phosphorus
fortilization during 1986 season is sbown in

Table (l4—a). It is obvious that in both
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Table (li4=a):

Leaf amino acids co
endomycorrhizal fu

ntent of two citrus seedli
ngi inoculation

ng rootstocks as influenced by
and phosphorus fertiligation during 1986

Seagon, .
faigo aclds content (mg./100K,dry lesves)
o | .
Treatments 48 < ' o . g
85 32 3 & % 3 3 7 3 &S 3 3 3
o b} A — @ o - -] - m q
83 §% g E§ & 3 de: §3F ¢ 4 g g Total
Root- Mycorrhizse Fhos~ 2@ g = o I ~ & =2
stogk M phorug H— A& = & R 24 _® 1 m. =
A
u Control No P 20.2 M..w 1.9 5,5 2.3 9.5 2.6 1.0 HN-.._: 1.4 5.1 1.0 1.1 0.0 68,6
g Control P02 5.0 .24 8.8 2.9 131 3.6 1.7 13.8 |4 6.8 1.7 1.2 0.0 84.0
g ﬁ..-oE- No P NW-O m-o 2ol ﬂot. How N.._.-F W-@ Ho._V H.an H-m F-m H.tw Q-O Ooo WF.W
m G.m. P 28.6 5,2 2.0 1.6 1.0 14.3 0.7 0.3 3,6 0.5 1.7 0.3 0.0 0.0 54,8
g G fod Sl 22 2160 Lo 1l 45 19 155 o 5.5 1.7 Lo 0.0 87.9
m G.a, P 2l.4 5,2 l.2 B6.6 2.1 14,3 3.6 l.2 10.5 1.4 4.8 1.4 0.8 3,1 97 .6
©
Control No P 17.9 4.5 1.4 5,4 1.8 15.5 2.5 0.7 7.1 1.0 3.3 1.0 1.7 0.0 63.8
° QD—DﬂH.QH m NW-C WQN H-ﬂ m.m m-c H;.U W-m H..m m.m H.W WGH ..—.IN Hou o.o ﬂu—.im
m G.m, No P 25.5 4.5 2.1 8.8 2,1 21.1 2.5 1.4 1.2 2.1 2.0 0.0 0.0 % .7
5  G.m, P m.wwwo M.m .um..o m.“._. o..wv uM.w M.o 1.0 9,6 0.7 3.3 1.0 0.0 0.0 62.3
m G.a, No P Hg.@ p.w H.M 7. M.p wow m.u 1.4 11,2 1.4 7.1 1.7 2.0 0.0 88.5
a G Biia 4 e 27 L. 2 25 0.7 88, 2.6 1.0 0.0 0.0 73,2
Control = no inmoculation with mycorrhizae. No P = No phosphorus fertilization,
G.n. = Glomus macro¢arpus. F a2 Fhosphorus applied as superphosphate.
G.a, = Glomus australe.
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rootstocks, fertilized control seedlings as compared
with those of unfertilized control ones had leaves
with bigher amounts of the different amino acids
under study except leucine and Isoleucine for Cleop=

atra mandarin and Histidine for sour orange. How=

ever, Lysine amino acid in leaves of both F fertilized

and unfertilized control séedlings was nil. More—
over, leaf total amino acids of fertilized control
plants was higher than the analogous ones of unfer—

tilized control.

Concerning mycorrhizae treatments, data clearly
showed that in plants of both citrus rootstocks
inoculated and unfertilized in respect of unfert-
ilized control ones were more rich in leaf amino

and Serine
acids content except Tyrosine/in leaves of Cleopatra
mandarin., Moreover, leaves of plants inoculated
with Glomus macrocarpus fungi and unfertilized of
both rootstocks were completely void of Lysine and
Histidine. Generally, mycorrhizase treatments inc-
reased profoundly emino acids content than the
control. These results confirm those reported by
Mac-Donald and Lewis (1978) working on the role
of Glomus mossegae fungi in N uptake or metobolism in
prlants, and Nemec and Meridith (1981) on citrug

rootstocks with vesicular arbuscular mycorrhigae,
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Comparing the two species of mycorrhizae under

study, it is found that Glomus macrocarpul fungi

increased leaf Leucine and Isoleucine, Phenyl Alan-
ine, Methionine, and Proline amino acids than

Glomus australg. The vice versa was obtained when
jeaf Alanine + Glutamic , Threonine, Hydroxy Proline,
Glysine, Serine, Arginine, and Histidine amino
acids of Cleopatra mandarin rootstock were congid-
ered. Meanwhile, Glomus australe fungi for sour
orange plants surpassed Glomus macrocarpus in inc-
reasing leaf content of Valine, Tyrosine, Alanine +

Glutamic, and serine amino acids.

Referring to inoculated and P fertilized seed-
lings as well as non-inoculated and fertilized ones,
it ig well noticed that in Cleopatra mandarin mycorr-
hizae increased leaf Leucine and Isoleucine, and
Proline amino acids whereas in sour orange such
effect was only observed in case of leaf Froline and
Hydroxy Proline smino acids. The picture was comp-—
letely changed to the reverse when other amino
acids studied were put in consideration. Beside,
data showed also that applying phosphorus to ino-
culated plants decreased leaf total amino acids as
compared with the analogous ones of inoculated but
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deprived of phosphorus. In the same time, the
present study disclosed that leucine and Isoleu~
cine, Proline, and Hydroxy Proline amino acids
were dominent in leaves of citrus rootstocks

than the other amino acids studied. On the other
hand, leaf Valine, lyrosine, Threonine, Glysine,
Arginine, and Histidine amino acids took the other
way around in this respect., Other amino acids
were in between in their values. Similar results
were found by Bowen and Theodorou (1973) onr Finug
radiata seedlings with ectomycorrhizae, Nemec and
Meridith (1981) working on citrus rootstocks with
endomycorrhizal fungus, and Coxwell and Johnson
(1985) report on Pittasporum tobira plants with

Glomus mosseae fungi.

4.,12,b Root amino acids content :

Root amino acids content of two citrus seedling
rootstocks as affected by endomycorrhizal fungi ino-
culation and phosphorus fertilization are presented
in Table (l4-b). It is quite evident that in
Cleopatra mandarin, fertilized control seedlings
as comapared with unfertilized control ones had
higher values of root Valine, Methionine, Tyrosine,
Proline, Alanine + Glutamic acid, and Glysine. On




Table (li4=b): Root amino acids content of two citrus seedling rootstocks as influenced by endom=—
ycorrhizal fungi inoculation and phosphorus fertilization during 1986 season.

Maing acids content (mg,/100g.dry roota)

o 1
Treatments 3q = ‘ © 2 o
IR T - B T B L
A ® Wi = A w =] rt o o - .m 3 .m
g3 &° a s a 3 8% £ 89 2 t k - Total
Root— Mycorrhizee Phos- @ m £ @ & ~ [ ] -
stock i poorus_-3 a = & & 33 m 2 --.W a m m ¢
i) Contrel No.P 21.4 5,2 1,2 6.7 1.2 38.3 3.1 1.7 10.5 1,2 4.8 1.2 1.2 0.0 08.4
m Control P 14,3 5.2 1.7 8,8 3.1 429 4.0 1.7 10.5 1.4 4.8 1.2 0.0 0.0 99.6
°q G No P 24,5 6.0 1.7 8.8 2.1 38.3 3.6 1.0 11.9 ;.9 4.8 1.7 0.0 0.0 16,1
mu G.3. P 28,6 6.0 7.4 11,0 11,2 47,6 6.9 1.7 10,5 1.7 6.4 1.9 1.7 0.0 142.6
B Mm zow w#.p 4,5 1.7 8.8 2.1 42.9 3.6 0.7 11.9 1. 4.8 1.7 0.0 0.0 108.0
Y- Y . . . . » . . . .
g 1460 24 8.8 31 383 K5 L4 105 14 57 L9 0.0 0.0 105.2
Control No P 2l.4 h.om Hoﬂ W-W Ncu. P@oﬂ WoH Hoﬂ HO-W 1.4 4,8 o) 0 0.0 °|° .NW 4
~ . - ]
@ GControl P mH.: m-o H-N mo_N N.u. Hmoﬂ WOH .._.-_N H.O.m H-N _F-m 1.0 0.0 o o R 4
m G, Fo P 24.5 6.0 1.9 8.8 3.1 14,3 2.6 1.0 11.9 1.8 5.5 1.0 0.0 0.0 82 4
5 G.m. P 3.2 6.0 2.4 8,8 4,5 23.8 3.1 1.7 13.8 1,9 4.8 1.7 1.7 0.0 0.4
M le.o No P 2l.4 W-P No# 8.8 Nom HF-@N W.m H..N H.Olm H..-N W.W H.!N . OIO o.o ?Cm
unﬂu ﬁunm.- P NHIF m-o H.ﬂ mn_w Nnu- H.mi_ﬂ .F-C OOQ HOUW H.h. :.m H.-m H.N o.o qw.&.
Control = no incculation with mycorrhizae, No P a No phosphorus fertilization.
G.m. = Glomus mAcTocATLusS, P = Phosphorus applied aa superphcsphats.

G.a. = Glomus australe.
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the contrary, such seedlings had lowest value of
root Leucine and Isoleucine content. However,
other studied amino acids in roots of both fert-—
ilized and unfertilized control plants were more or
less similar in their values. Generallyyhnhwj;;z

in roots of these seedlings was lacking.

On the other hand, fertilized control plants
of sour orange were higher in their root values
of Phenyl Alanine, Methionine, and Arginine in
respect of unfertilized ones. The vice Versa
Valine, and
was noticed when/Glysine were concerned. The other

amino acids under study were at comparable values.

Purthermore, in both rootstocks inoculated.
seedlings with mycorrhizae and unfertilized deve-
loped rootsrgﬁ;:ﬁulﬁiher amounts of Leucine and
Isoleucine,/Valine, Methionine, Tyrosine, Alanine
and Glutamic, Hydroxy Proline, Glysine and Arginine
as compared with the corresponding ones of non
inoculated plants. The reverse was true in case
of Threonine acid, In addition, such seedlings
failed completely to build up Histidine and Lysine
in their roots. Generally, mycorrhigae treatments

increased profoundly root total smino acids content

than the nonmycorrhizal seedlings. Similar results
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were obtained by Krupa et al., (1973) and the same

author and Brénstron (1974) on Pinug sylvestrig

with gsuillus variegatus fungi, and Baltruschat and

Schonbeck (1975) findings on vesicular arbuscular

mycorrhizal fungi studies.

In both rootstocks, inoculated and phosphorus
fertilized seedlings were more rich in root Leucine
and Isoleucine, Valine, Methionine, Glysine, and
Arginine, OSuch seedlings, mainly those inoculated
with Glomus australe fungi, had roots with lower
amounts of Proline and hremnine amino acids for

Cleopatra mandarin and Threonine for sour orange.

Furthermore, values of Hydroxy Proline for
Cleopatra mandarin as well as Phenyl Alanine and

Serine for sour orange were more or less similar.

Concerning total amino acids, it is clear that
applying phosphorus for control plents of both
citrus rootstocks increased root total amino acids
over unfertilized control ones, Moreover, mycorrh=
izae treatments for both rootstocks greatly increased
root total amino acids over the corresponding ones

of the control. Similar results were found by
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Hacskeylo (1971) report on ectomycorrhizas, Bowen
and Theodorou (1973) on Pinus radiata seedlings

with ectomycorrhizase, and Coxwell and Johnson
(1985) on Pittosporum tobira plants with Glomus

mosseae fungi.

In this sphere, seedlings inoculated with
Glomus macrocarpus fungi were higher in their values
of root total amino acids as compared with those

ones treated with Glomus australe mycorrhizae.

Purthermore, data disclosed also that Leucine
and Isoleucine, Proline, and Hydroxy Proline existed
in roots of citrus seedlings with higher amounts
whereas Valine, Threonine, Glysine, Arginine, and
Histidine amino acida were the least in roots., The

other ﬂﬁino acids lied in between.,

4,13 Leaf Cytokinins content :

The leaf cytokinins content of two citrus seed=—
ling rootstocks as affected by endomycorrhizal fungi
inoculation and phosphorus fertilization are shown
in Table (15) and graphically illustrated in Figs,
(16, 17, 18,and 19)., It is interesting to notice
that in June, Cleopatra mandarin unfertilized
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Table (15): Leaf cytokinins content of two seedli
endomycorrhizal fungi inocula

ng rootstocks o
tion and phosphorus fer

f citrus as affected by
tilization during 1986

Se&ason.
Lesf Cytokinins content (ppm./25z. fresh walght) .
June _ __September
. E i )
snoey ‘oorrhisae Phos~ o) 05 s 04 0us 0.6 07 0.8 0.5 1.0 Totall0.l 0.2 0.5 0.4 0.5 0.6 0.7 0.8 09 1,0. Total
_m Control Ro P 6.6 9.6 9.2 8.5 7.1 9,5 12.1 9.6 5.9 4.8 829 {25 46 3.7 246 5.¢  Fuue m.m.. p¢ﬂ. 1.8 3.4 3.6
o Control P 6.2 7.2 5.8 8.9 6.5 8.4 6.8 6.3 7.7 3.0 63.8 5.8 6.1 5.3 4,7 4,5 3.8 2.9 5.2 3.8 4.3 46,2
m G.m. No P 14.0 13.5 14,3 11.8 11.2 14,2 12.8 13.4 14.7 15.1 145.0| 7.1 447 5.7 5.9 6,5 4.0 4.0 4,2 43 7.1 53.2
o G.nm, P 10.7 12.2 12,6 12,6 20,0 10.7 15.1 12.0 10.5 10.5 124,9i8.8 8.9 10.1 6,0 5.8 24 6.1 9.1 7,3 9,4 96,9
m G.a. Ko P 12,7 11,7 12.8 13.8 11.0 9.3 9,6 13.8 14.1 14.9 123.7|6.8 745 8.2 7.1 7.7 6.1 7+3 8.0 1.3 7.2 77.2
B G.a. P 9.4 13.4 12,9 14,0 12.7 11,5 10.7 12.3 10.4 10,5 117.8[8.8 10.0 7.5 9.0 8.1 9.9 8.2 11.3 10.4 3.5 89,7
@
ot
Q@
Control Be P 7.2 7.0 2.7 6.0 6.3 7.5 12.1 6.3 7,0 d.,8 75.1 |3.3 4,8 3.7 2.4 1,3 2.4 6,3 5.7 6.2 6.4 43,5
o Control P 6.8 6.2 6.4 8.9 7.0 4,9 5.4 6.5 7.2 6.0 65,3 {4.,5 5,1 3,3 5.9 2.0 3.0 2.3 2.9 3.9 1.6 34.5
W G.m. Fo P 13.2 13.0 11.5 12,5 14,2 13.0 12,3 11.4 11.7 13.3 126.1/9.8 10.2 10.0 11.4 6.9 7.1 7.3 7.3 7.7 B85 8,2
g G.m, P 11.019.8 14.8 13,6 17.2 14.5 14,0 14.0 15,3 14,2 148.4 5.5 7.0 5.9 6.6 5.3 4.9 4.9 6.1 7.3 6.3 59,4
) G.a. Fop 10.515.,2 14.2 13,2 12.3 13.7 15,0 15,5 14.1 13.7 137.4{4.3 3.8 2.7 3.0 3.0 St 5.2 6,2 5.0 4.2 #2.8
o G.a. P 11.0 11.4 14.7 13.0 14,9 11.8 12.7 9.7 9.7 13.5 122.4|9,1 7.3 6.3 5.8 7.9 5.1 6.6 7.3 6.9 7.5 ©9.8
Control = No inoculation with mycorrhizae, No. P = Ko phesphorgs fartilizetios,
G.m, = Glomug macrocarpus. P = Phosphorus applied as superphosphate,

G.a,

Glomus australs.
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control seedlings borne leaves with high values of
cytokinins under most Rf segments. Nevertheless,

in September the picture was changed to the reverse,

On the other hand, sour orange seedlings gave
the same trend but not as clear as in Clecopatra
mandarin. In other words, data of leaf cytokinins
of control plants somewhat fluctuated under various

Rfs.

As for mycorrhizae treatments ror unfertilized
seedlings of Cleopatra mandarin it is remarkable
that mycorrhizae species used in this study incr-
eased leaf cytokinins content under different Rfs.
over unfertilized ones. That was true in both June

and September leaf samples.

Concerning sour orange rootstock, data disclosed
the same effect of Cleopatra mandarin in this respect
in June but in the leaf sample, of September, such
effect was fluctuated mainly in those seedlings ino-
culated with Glomus australe . These results are

in agreement with those reported by Levisohn
(1956) on forest tree seedlings with mycorrhizae,
Slankis (1973) who reached similar results on
ectomycorrhizae, and Edrees (1982) on sour orange
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seedlings with Glomus fasciculatus fungi.

Comparing inoculated and fertilized seedlings
with those non inoculated and fertilized ones,
it is found that in both rootstocks as well as
in both leaf samples in June and September, myco-
rrhizae treatments increased noticeably leaf cytok-

inins content over those of control ones.

Considering total leaf cytokinins content, it
is clear that applying phosphorus for either conte
rol or inoculated Cleopatra mandarin seedlings decr=
eased visually leaf cytokinins content in June as
compared with the analogous ones of unfertilized
plants, The opposite was true when leaves were

sampled in September.,

However, as sour orange sgedlings were conc-
erned, regardless of leaf sample in June of seed-—
lings inoculated with Glomus mecrocarpug fungi
and leaf sample in September of plants treated with
Glomus gustrale , it is quite evident that in both
leaf samples in June and September phosphorus
fertilizer decreased leaf total cytokinins content,

Considering mycorrhizae species used in this
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study it is found that seedlings of Cleopatra
mandarin rootstock inoculated with Glomus macro-
carpus fungl gave leaves with higher amounts

of total cytokinins content in June in respect

of those treated with Glomus sustralg mycorrhizae.
Such result was observed only in unfertilized

sour orange plants, In September, the picture

was changed to the reverse, hence Glomus msacrocarpug
failed to surpass Glomus australe in increasing
leaf total cytokinins content, That was not true
in case of those seedlings fertiligzed with phos-

phorus.

Moreover, the change in leaf total cytokinins
content indicated that in both citrus rootstocks
cytokinins started with the highest amounts in June
then decreased visually in September. Such trend
was almost noticed in all treatments used. These
results confirm an earlier report by Devlin (1972)
who mentioned that not only do cytokinin promote
division but they also induce cell enlargement. This
may explaln the higher values of leaf cytokinins
content of citrus seedlings during June after the
start of the growth cycle. This tendency is in close
agreement with the results obtained by Edrees (1982)
who worked on sour orange seedlings with Glomus
Tasciculatus fungi,
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4,14. Effect on soil properties :

Comparing soil available macro—-elements

( after the termination of the experiment) for two
citrus seedling rootstocks as affected by endomycorre
hizal fungi inoculation and phosphorus fertilization
(Average of two seasons), Table (16) indicate that
applying phosphorus to the soil planted with Clecpatra
mandarin control seedlings increased available N
whereas it decreased the other nutrients determined
in the soil as compared with those of unfertilized
control, On the other side, such treatment for sour
orange caused & decrease in soil available N, P, and
Ca contents. These may be attributed to the inflaence
of the increase in the root growth and distribution
which absorbed larger amounts of N, P, and Ca elements
under P fertilizetion according to Bziava (1966),
Atkinson (1974), Krasnoshtan (1975), and Atkinson and
Wilson (1980). Nevertheless, soil K content .mas

increased while Mg remained constant.

Comparing inoculated and unfertilized soil with
non inoculated and unfertilized one, data of soil
for Cleopatra mandarin disclosed that soil treated
with Glomus macrocarpus fungi increased its contents
of available, N, P, and Ca whereas K and Mg were

decreased. Glomug australe on the other hand,
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Table (16): Soil available macro-elements (at the termination of
the experiment) under two citrus seedling rootstocks
as infiuenced by endomycorrhizal fungi inoculation
and phosphorus Pertilization (Average of two Seasons).

Available macro-—elements of goil

Treatments (mg./1008, dry weight)
Root- Mycorrhizae FPhos-
stock _phorus__N P K Ca Mg
Control NoP 6.3 0.017 0.64 1.80 1.71
© Control P 7.7 0.016 0439 0.85 1.64
£ G.m, No P 8.5 0.020 0.39 1.90 0.92
gg G.m, P 12.1 0.033 0.76  3.40 1,05
S8 c.a. No P 7.1  0.013 1l.42 2.40  1.79
G.a. P 7.7 0.022 0.3 0.95 0.93
Control No P 8.2 0.019 0.39 1.80 0.57
§, Control P 6.6 0,014 0.63 0.60 0.57
g G, No P 9.3 0.042 0,62 2.10 1.43
°©  G.m. P 9.3 0.019 0.39 1.90 0.43
g G.a. No P 6.3  0.024 1.18 2.75  0.93
2 G,a. P 7.6 0.024 0.47 1.40 0.99

gontrol go inoculation with mycorrhizae.
oM. lomus macrocarpus.,

=
=
G.a. = (zlomus aﬁstrg;g.
No P = Ko phosphorus fertilization.
P e« Phosphorus applied as superphosphate.
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increased soil available nutrients studied except F.

As for sour orange, it is quite evident that
gso0il inoculated with Glomus macrogarpus fungi and
unfertilized contained higher amounts of available
N, P, K, Ca, and Mg nutrients as compared with those
of the control. Regardless of soil N content, such
effect was noticed when the soil was treated with
Glomus australe mycorrhizae. This may be attributed
to the influence of the physical and chemical soil
factors on the mycorrhizal fungi growth such as
soil temperature according to Harely (1969), and
Marx et al., (1970) on Piselithus tinctoruys fungi,
and Slankis (1974) on Suillus variegatus and

Paxillusg jgvolutug fungi, or soil moisture availability
according to Muttiah (1972) on Cencoccum graniforme

fungi, or soil fertility according to Hayman (1982)
on vesicular arbuscular mycorrhizae. Also Menge et
al,, (1982) found similar results on Troyer
citrange with Glomus fagciculatus fungi.

Referring to soil fertilized with phosphorus
and inoculated with Glomus macrocarpus fungi, data
clearly showed that in both citrus rootstocks, soil
contained higher amounts of available N, P, and Ca




174

as well as lower levels of Mg in respect of that
fertilized only with phosphorus but uninoculated
with mycorrhizae., Moreover, the effect of such
fungi on so0il available K content differed due

to the citrus rootstock used. In this concern,
while Glomus macrocarpug increased soil K content
under Cleopatra mandarin, the opposite was true

for sour orange.

Meanwhile, soil fertilized and treated with
Glomus australe mycorrhizae for both citrus root-
stocks as compared with fertilized soil only, the
available N, P, and Ca increased whereas K content
decreased. 1In fact, there was a variability in
sbil Mg content. In this sphere, while soil of
Cleopatra mandarin decreased in its content of Mg,
it increased under sour orange seedlings., Similar
results were found by Hayman (1982) on soil fert=
ility with vesicular arbuscular mycorrhizae, also
Menge et al., (1982) on Troyer citrange with Glomua
fasciculatus fungi in various mineral soils, and
Biermann and Linderman (1983) on the effect of
phosphorus fertilizer establishment and host growth

response to vesicular arbuscular mycorrhizae.
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4,15, Conclusion :

Finally, it is worthy to conclude that inocu-—
lating citrus seedlings grown in sterelized soil
with a suitable endomycorrhizal fungi generally
enhances vegetative growth, root growth and dist-
ribution, and chemical conatituents of both Cleop-
atra mandarin and sour orangé seedlings. Furthe-
ermore, Glomus asustrale fungl and no phosphorus
fertilization for Cleopatra mandarin seedlings
and Glomus macrocarpus fungi and no phosphorus
fertilization for sour orange seedlings gave the best

results of seedlings growth.

Therefore, Glomus macrocarpus or Glomus australe
fungi could be used as bio-fertilization for citrus
seedlings in fumigated clay loam soil for producing

good seedlings free from diseases.




