6 Egypt. J. Hort. 30, No. 1- 2, pp. 83- 109 (2003)

Increasing Salt Tolerance in Two Pecan Rootstocks
(“Desirable” and “Graking”) by Myecorrhizal
Inoculation

Safia A. Taleb

Olive & Semi-arid Zone Fruits Res. Dept., Hort. Res. Instit,
Agric. Res. Centre, Cairo, Egypt.

HE EFFECT of inoculation with mycorthizal fungi (Glomzes

mosseae and Glomus australe) on salt stress response of two
pecan roofstocks (“Desirable” and “Graking”) grown under different
salinity levels (0.0, 1000 and 2000 mg/L') was investigated,
Generally, it could be concluded that all the studied growth
parameters were signmficantly decreased with saline (rrigation water
compared to those which didn’t receive salt treatments and these
decrements were parajleled with increasing salt concentration,Yet,
average number of burned leaves /plant showed the above-mentioned
tendency. Whereas root length did not take definite trend. Inoculation
with mycorthizal fungi (MHZ) minimized the harmful effect of
salinity. Stocks were treated with high salinity concentration (2000
mg/LY) without MHZ inoculation was considered the most drastic
treatment, since it gained the lowest growth values. Concemning the
response of two pecan cultivars under study to salinity expressed as
number of leaves, root, and top dry weights, root length and thickness
of main rooi, “Desirable™ rootstock obtained higher values than
“Graking™.

The scil addition of mycorrhizal fungi (especially G. aqustrale)
improved leaves chlorophyll (A and B} and total carbohydrates
contents than the control. Increasing salinity in irigation water
significantly increased leaf osmotic potential and proline contents.
Meanwhile, inoculation with MHZ fungi significantly decreased leaf
osmotic potential and proline contents in leaves of the two cultivars
when compared with saline treatments only. Morgover, “Desirable”
rootstock exhibited higher levels of proline and total carbohydrates
than “Graking” rootstock. frrigation with saline water decreased leaf
N, P and K contents as compared with other treatments (unsterilized,
sterilized, MHZ1, and MHZ,). On the contrary, Ca, Na, and Cl
contents were increased. Inoculation with MHZ increased leaf N, P
and K content in the tested pecan rootstocks as compared with the
non-inoculated ones. In contrast, the addition of MHZ reduced leaf
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Ca, Na, and Cl contents compared with scedling treated with salinity
only. Roots anatomical studies revealed that, as salinity increased
thickness of root cross section, thickness of cortex and no. of xylem
cells decreased. On the contrary, thickness of roots vascular bundles,
and root pith thickness increased. However, inoculation with
mycorrhizal fungi (G. mosseae and G. australe) increased significantly
thickness of root cross section, thickness of root cortex, number of
root xylem arches and number of root xylem cells in both cultivars
grown under 1000 and 2000 mg/I" salt concentrations compared to
the control under the same concentrations and without mycorrhizae.

Conclusively, inoculated soil with mycorrhizal fungi (G.mosseae
and G. asturale) may play an important role in alleviating salt stress
of “Destrable” and “Graking” pecan rootstocks through enhancing
growth, increasing leaves chlorophyll (A and B), total carbohydrates,
N, P and K contents and reducing proline, Ca, Na, and C! contents.

Salinity 1s a widespread problem in arid and semiarid regions. In Egypt, the
problem is acute, where about 60% of the arable soils are classified as salt
affected (Balba, 1969). Soil salinity causes great losses to agriculhure by
lowering the yields of various economic crops (Hassan & El-Samnoudi, 1993).
Salmity stress always accompanied by different changes in plant metabolism,
which in turn affects plant constituents, The most harmful effects due to
increasing the osmotic pressure are reduction in water availability to plaats (Saad
El-Dien et al., 1992), enhancement of stomatal resistance (Sherin, 2002),
reduction in assimilates partitioning to roots {Gaser, 1992} and unbalance of
nutrients due to ion toxic effect on physiological process (Valia & Potiel, 1997).

Pecan trees were once thought to tolerate a considerable level of salinity, but
susceptible to chloride (Cl) damage (Harper, 1946). Moreover, wide variations in
response to salinity among pecan rootstock cuitivars were studied (Miamoto e?
al.,, 1985, and Miamoto, 1990). The salt affected pecan trees are generally
stunted, lack vigor and have small leaves, resulting in severely reduced growth
(Emtithal et al., 1996). Short-term solutions to salt stress are needed to bridge the
gap between today’s approach and a future agriculture that uses genetically
improved plants (Abou El- khashab e al., 1997). Ectotrophic mycorrhizae are
essential for establishment of tree seedlings for good growth and development in
soils low in mutrients. Inoculation with suitable mycorrhizal fungi, is well
documented by reports from various parts of the world {Antunes & Cardoso,
1991, Chandrashekara, et al., 1995, Abdel- Aziz et al., 1997 and Entry ef al.,
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1999). Mycorrhizal fungi are able to absorb and accumulate in the fungus mantie
various elements and translocate these elements to host root tissues. They can also
break down certain complex minerals and organic substances in the soil and make
it available to their hosts (Mona, 2001). Several investigators reported that
mycorthizal fungi enhance growth and improve leaf nutrient content of their host
plant (Gardiner & Christensen, 1991 and Helail ez al., 1993) on pear seedlings,
(Helail & Awad, 1993) on citus seedlings, (Wafaa et al., 2000} on almond and
(Mona, 2001) on puava and banana scedlings. Generally, all pecan trees and
seedlings seemed to have ectomycorrhizae on their roots especially in the upper
12-18 inches of soil, which can compensate the loss of roots either during certain
cultural practices which destroy feeder roots and reduce their feeding capacity
((Marx, 1971), or through the transplanting process that results in slow growth and
prolongs the time required 1o produce standard seedling (Helail, 1993). Few studies
have focused on alleviation of environmental stresses by means of mycorrhizal
fungi (Rinaldelli & Mancuso, 1996 and Mancuso & Rinaldelli, 1996). They
indicated that, mycorrhizal fungi reduced the effect of salt stress on olive seedhngs.
Based on these preliminary observations, this investigation was conducted to
confirm the effect of inoculation with mycorrhizal fungi (Glomus mosseae and
Glomus australe) on alleviating salt avoidance in two pecan rootstocks
(“Desirable” and “Graking”),

Material and Methods

The present investigation was conducted during the two consecutive seasons of
2000 and 2001 at the nursery of the Horticulture Research Institute, Agriculume
Research Centre at Giza, Egypt. In early February of both seasons, plastic pots of
30cm diameter were filled with a mixture of sand and clay at the ratio of 1: 1. The
soil was disinfected by spraying with 2% formalin solution and left for 10 days to
be air dried, thereafter, inoculation with mycorrhizal fungi treatments was added
according to the method of Meng et al. (1977). One - vear old “Desirable” and
Garzona pecan rootstocks nearly similar in vigour and size with pruned roots at
15cm below the crown were planted in the previously prepared pots (one
plant/pot). The nurslings were urigated with tap water twice a weak before
application of saline solution.

On May 15th, ten treatments (groups) were arranged in a randomized complete
block design with four replicates and each replicate consisted of 3 plants.
Thereafter, plants were irrigated with one lite of two saline solutions twice weekly
and leached with tap water every fourth irrigation to prevent salt accumulation, the
contrel was irrigated with tap water. Treatments were as follows:
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1. Unsterilized soil (control)

2. Sterilized soil

3. Glomus mosseae

4. Glomus australe

5. Salt (1000 ppm)

0. Salt (1000 ppm) +G. mosseae
7. Salt (1000 ppm) +G. australe
8. Salt (2000 ppm)

9. Salt (2000 ppm} +G. mosseae
10. Salt (2000 ppm) +G. australe

Salt concentrations 1000 and 2000 mg L were derived from mixing stock
solutions of CaCl; (2M}, NaCl (4M), KCI (1M), MgSQO, (IM), K50, (1M), and
Na,S0O4 (1M). One litter of 1000 mg L solution was prepared by adding 0.34 ml
of CaCl,, 1.72 ml of NaCl, 0.42 mi of MgSO,, 0.29 mi of K;80, and 2.97 m! of
Na,S0y per litter. For the 2000 mg. L' treatment, 0.90ml of CaCl;, 2.80ml of
NaCl, 1.24ml of MgSO,, 1.03ml of K250,, 1.49ml of KCI, and 5.00ml of
Na,SO,. This vielded a milliequivalent ratio of about 1 CL: 180, and a sodium
adsorption ratio (SAR) of 12 [SAR=Na*/(Ca’*+ Mg"'/2) in both cases.

Growth measurements

In mid-September of each season, 12 plants from each treatment were gently
removed from the soil and washed carefully with tap water, then morphological
measurements were recorded as foliows:

*Stem length (cm) and diameter increment (5 cm above the crown) were
recorded as the difference between the beginning and the end of both seasons on
May 15" and September 15",

* Average number of leaves/ plant

* Average leaf area cm2 (4-leaves/ plant) using area meters CL-203.

* Assimilation area (cm2/ plant) was calculated according to the following

equation:

Average number of leaves/ plant x Average leaf area.
* Average number of burned leaves/ plant.

* Thickness of main roots (cm).

* Length of the longest root (cm).

*Number of root branches/plant.

* Dry weight of root system (gm).

*Dry weight of aerial portions (gm).

Egypt. J. Hort. 30, No. 1-2 (2003)



INCREASING SALT TOLERANCE IN TWO PECAN ROOTSTOCKS 87

Leaf osmotic potential

Total soluble salts were determined in the sap of leaf samples (twenty middle
leaflets of the stem, middle leaf used) by refractometer and the equivalent values
of osmotic petential (bars) were estimated according to Gusov (1960).

Leaf chemical constituents
1. Photosynthetic pigments
The quantitative analysis of photosynthetic pigments (mg/g) was determined
in fresh leaf samples (0.5gm). The optical densities were measured
colourmetrically at 660 and 640 wavelengths for chlorophyll (A and B),
respectively according to Brougham (1960).

2. Total carbohydrates in leaves
Total carbohydrates were determined colourmetrically in dry leaves according
to the method described by Dubious ef al. (1956).

3. Proline content (mg./gm.F.W.)
It was determined in fresh leaves according to the method described by Bates (1973).

4. Leaf minerals content
Leaf samples were ground and dried at 70°C till constant weight for the
determination of N, P, K, Ca, Na, and Cl as follows:

a) Nitrogen was determined by the modified micro-Kjeldah! method as
outlined by Pregl (1945).

b) Phosphorus was determined colormetrically according to the starnocus
chloride method (Jackson, 1958).

¢} Potassium and sodium contents were flame photometrically determined
(Brown & Lilleland, 1946).

d) Calcium was determined by using Atomic Absorption spectrophotometer
according to Brandifeld & Spincer (1965).

¢) Chloride content was estimated according to the methods of Higinbothan
et al. (1967).

Histological studies

Fresh samples of roots (5 cm before the end of the white roots) were taken at
the end of the experimental period, cleaned from dust and immediately killed and
fixed in FAA solution, dehydrated with tertiary butyl alcohol, infiltrated and
embedded in pure paraffin wax of 56-58°C melting point, Cross sections of 10-
15 microns were prepared using a rotary microtone. The prepared sections were
stained with erthorosine and crystal violet (Johanson, 1940). The cross sections
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were mounted in canada balsam, air dried, examined and microscopically
photographed. Section areas were calculated and statistically analyzed.

Statistical analysis

The experimental treatments were arranged in a factorial complete
randomized design. Data recorded in both seasons were subjected to analysis of
variance according to Snedecor & Cochran (1980} and means were differentiated
using Duncan’s multiple range test (Duncan, 1955).

Resuits and Discussion

Growth parameters

Data presented in Tables 1-4 show the effect of irrigation with saline water
and soil inoculation with mycorrhizae fungi on the growth parameters (expressed
as stem length and diameter increment, assimilation area, number of leaves
/plant, leaf area, number of burned leaves, root length, thickness of main root,
number of lateral roots / plant and root and top dry weights) of “Desirable” and
“Graking” pecan seedlings during 2000 and 2001 seasons.

Generally, it could be concluded that all the studied growth parameters
significantly decreased with saline irrigation water compared to those which
didn’t receive salt treatments and these decrements were paralleled with the
increase of salt concentration. However, number of bummed leaves /plant
increased by increasing salinity in irrigation water. Whereas, root length did not
show definite trend.

Concerning the specific effect of the two pecan cultivars under study,
“Desirable” rootstock obtained higher values of number of leaves, assimilation
area, average of leaf area, root, and top dry weights, root length and thickness of
main root than “Graking”, while, number of burned leaves/ plant” increased
significantly in seedlings of “Graking. Whereas no significant differences were
observed between the two studied cvs. in number of lateral roots and stem length
in both seasons. '

In addition, growth parameters of plants grown in unsterilized soils (control}
were increased significantly than plants grown in sterilized soils. However, there
were slight differences between plants inoculated with mycorrhizae and control
ones (unsterilized).

Many investigators (Miyamoto & Gobran, 1983 and Miyamoto ef a/., 1985)
previously proved the adverse effect of salinity on pecan plants. Moreover,
Miyamoto (1990) found wide variations in response to salinity among pecan
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TABLE 1. Effect of saline water and soil inoculation with mycorrhizal fungi on growth of “Desirable” and “Graking” pecan
rootstocks (2000 and 2001 seasons) .

Stem length increment (cm) Stem diameter increment (cm) No. of leaves/ plant
Treatments
2000 2001 2000 2001 2000 2001
Desi, | Grak | Mcan{ Deai | Grak § Mean ] Desi | Grak | Mesn | DPesio | Grak § Mean Desic | Grak | Mean § Desi. | Grak Mesn
Untertredstteonead § 3200 ) 3970 L 359a | 3220 [ anon [ st} 000 Vorna] eassa | 020 ) 020 boansanf saec | rara ] M58 Loron | s2ea | sara
Sertfned said 2830 | 3200 [ 30 | anim | 3354 | 2s3k [ orese C2 ] oama | 020 OO [ oassp | 7aaer | 2208 | manc | 813e | 5236 | wwsc
1._. N iemer 1. 0
Pra— 3444 | 3ee fasen Jasae | aomn Jamn ] 07 L0 }:" 0138 AR 9;” °':;” 0203AB | 9.00a J 709ef ] B0sA] 8432 ) sm3c ] ae3e
Glomas norals 18lb IMd ISEA 381 4652 409A f 0106 u'dl:’ 0167 A 0.257a | 0207d D23 A 8650 6609 1638 § 852d 538d $45B8
PUpe— 2170 | raok | amag | zani | 2664 | 287F °?:7 oof0ij | 0.612D 0‘}:’ °'i'j“’ sis6cp f 614y | stk ] s9sF ] 608j | saTe ] serF
Sah (1088 ppwit 0.090 0197 | o130 .
(1584 b 2m¢ | 230 Jas7e | 2900 | 3374 faem fowsa | °50 [omsne | O w2 | oawc [ raser| s96i | 6sep Jesnn | rue| smn
Fuht {1000 ppm) + 0170 0100 0133 | 0143 . :
{1400 yom 271 ( 2308 {269 | 2mir | 3aea [ann ] O o Lorssan| ® PR ST REUTHEETR FE2 3 SN AN
St (2050 ppeny 1285 | vint | vaer §oran | o | v “-;‘” 0967 | e0nsy °-’.‘:” 00601 | oos2E | 4581 | 333n | 3981 § aoem | 3160 | 32
il EETE TR FYILY RE-TSEETTTY RRITY i o;” 00760 | 0137h {oomak | 0.010pE | 522k [ a2 m | anzu | 4331 | 12k | 4mc
240 (008 ppwm) + 1.92 . o113 a.070 0127 | 0.100 4.1%
p i 226k { s | W ani faean ] 2aer ] O o lagszcn} o3 a0 e | eomn | 4mi}sasc] so | 47 | ame
Mean 1A | 2802 267 'ni INTA o "“;’o “‘::5 °";° 1014 | %63°B 6ma | 656

Desi.=Desirable

Grak.~= Graking
Means of each factor or interaction in each season baving the same letters are not significantly different at 5%,
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TABLE 2 . Effect of saline water and soil inoculation with mycorrhizae fungi on growth of “Desirable” and “Graking” pecan
rootstocks (2000 z2nnd 2001 seasons).

Leaf area (cm’}

Assimilation arealcin®/plant)

No. of burned teaves/ plant

H9TVL 'V VIIVS

Means of each factor or interaction in each season having the same [etters are not significantly different at 5%,

2000 2001
Treatments 2600 2001 2060 2001
Grak. | Mean | Desi. | Grak [ Mean | Desi. | Grak | Meso | Pesi. Enk_ Mean | Desi, | Grak Mean
crllized sai T3 iy [ 2us
Unsterilized soil 22568 | 2ssea b T T g g a PRIV L2 g eat eTou ! vst ) vnett [orenl s } ok
(control) AN e e FETIAN | o g EMEAR e BTy AN ﬁ_ﬁLﬁ e i
A
Sterilized soil 20203 | 22758 2'5 Y ”:4 AT Rl “‘: *laevcfowol tookd vsic Joxin] vssl § s
Glomns mossear wathif 20 a f 2710 Parmsa f 707 1 5 L g owspl OF L wrer Juseal vusg | vens
Glomns australe 2067p | 23974 Sl RUT'R B 7 i tawas fusrgosad oo Joenn L orip | e
Sult (LUU0 ppin) HT77h 18D 'L';’ i IEEET sk e e ren s | 220 | 200
Salt (1000 ppuy+ 1seuy | 202 ¢ EEAN BRI vsdk ltay | rwe] wser Lrann | vern | omr
__ Gumussear e — NI S e e 2 ] - N
Salt {100 ppun ¥ 17951 § 22mm 93 Ry 7sn 1z L an L aser ) rse oo ooy Vs
G- australe K ) q 7 L . R o B
sac@ooo ppny - § 201 0 o ‘GJ“ e § 1352 AR TRTCR AR IR FLILITE BINTE RSV PP SESNRITCH PEIY
BRI Eewws ey e i Ry SE Tl Bl B Rl R Sl LU INRIRAN RN I o
Sult Q000 ppu} B 2086 | 15200 ol BBV |y gy g g LA IETTTON Rl LN SEN EURTY S FETRE CRTTH IETTE S EETRR SERCIT APt
o Gmossewe  § 2 g L |77 ) 0 T S SR DR U A BRSRMNY SU S SO RSN SRR I
Sule 000 pom) + 2393 | BTN e £ 0L 5055 ] 1eaek B33 pser | L el i | 2ore fawse Jaopt 2 | 2me
5. australe B n h ' L 1
M 28.03 | 1838 2441 | 1672 1317 1605 | 1237 128 | 16 143 | 173
can A ‘B A ‘6 B oA B B A ) A
Desi.=Desirable Grak.= Graking
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TABLE 3. Effect of saline water and soil inoculation with mycorrhizal fungi on root characteristics of“Desirabie” and

pecan rootstocks (2000 and 20801 seasons}) .

“Graking”

Thickness of main root (em) Root length (cm) No, of Iateral roets! plant
Treatments
2000 2001 2008 2008 2000 200)
Besi. [ Grak 1 Meun § {lest Grai.. AMvan Presi, ] Grale | Mean § Piest, | Grak, Mean Ihesi Gk Mean Phesi lit.'ru{\, Mean
nsteridized soil 0906 [ 0906 oseal ish {ogrer | tosme | susga | O TR P T IR ks g b b sasw L aura | aere | 3eTB
SO ;110 IY ISR SRR SR S A 4 A ) SN SN SRR SR SR
- =
Sleritized soil e | osoe |SEE L eos | ] ama i CAECE O vune | 3o farsen ) sxee | 2ovn 3370
U L T FRTE TS B ‘ o]
Glomys mosseas 13a | 0720 [ 095A ] 1130 b 1B Gua3{ b “ 480u | 460 A07a | 4430 ] 4554
4 o FRENNINE VRSN A
Glomus ausirate f, 0.97¢ [oosni | S8 V0 Tosun f rese § s2a0n *“'*" '”S’ £30¢ | 140¢ 421¢ |4 ] 4188
— A SN T
Saht (000 ey frozen ] oser | SO Tumnn fowrnr 1w R ol B RPN R3S ety | 2w | 2k
e 0 L I (N S A LN S S R o
Salt (U0 ppart B gy ey |22 PV Guog T usaen f ieza TR (R L ETTIE RO Inee | 3571 ) 3esc
. mussede oy 3 . . LN LI T
Sult {000 )+ B or e ) g ] 06T 1 100 OB L e semre LIRSl T e Favg | 3aug § 335D
{5, auatrile _ﬂ_r_‘pl: dv__J___gh_ ! € IR SR S —
Salt (2000 ppr) 04m | o33 Jossc ) oy | ooy ) vwe ) socod “"l“" ““55 bedy § 1w 153,
——— [N (NI S N, LN . S W S, S N Ny RO S—— R — [p———
5] . . A . R 1N LY Al Ay g . . a0
Salt @M pped 3 b g gana feste | R foari fosk | o7 3 Rel I I Bt viall EETIN EESE IFESSUN SRl
- I.H‘IU,\.\L'IIE b | S ‘- i R S N '?‘;"* L ‘-i——l—-r ______ _F ] N i N R
Salt QOO T+ B s 1 os7a fodasa ] o7y J 0w fossee g gy | R TGS Bre [P 0 Ly s faaag oy | 2y
{i. australe 1 1" { 1% F
i\l . /8. 1) 458 Lu2 (1§73 £3.52 Kyt 3377 27 337 I I8 .33 36
o Mean ¥ oA W A A . A w | A A A A A A

Desi.=Desirable

Grak.= Graking

Means of each factor or interaction in each season hiving the same lelters are not significantly different at 5%.
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TABLE 4. Effect of saline water and soil inoculation with mycoerrhizal fungi on dry weight of root system and aerial portion of
“Desirable” and “Graking” pecan rootstocks {2000 and 2001 seasons).

Root system (gm) Aerial portion (gm)
reatments
Treatmen 2000 2001 2000 2001
T
Dealrable Graking Mean Desirable Craking Meun Dezirable | Graking Mean Desiratle Graking Mean
Unsterilized sall (control} 1532d 1483 e 15.07C 164l ¢ 15.3%d 1590 C 2]48a 17501 1949 A 2591 b 16.69 hi 2101 B
Sterflized soif 13351 1403 g 1369 E 1450 13681 1 13.04 D 1920¢ | 1561 gh } 1741 B | 2387cd | M.010cd A
Glomus mosseae 1801 a 1559c | 1680A | 1758b t 1545d | 1652B § 2044b { 1054k | 15.49C ] 2563bc | 22884 | 2264
Glomus australe 17396 15344 1636 B 1831 le.s2¢ 1742 A 1876d 11.88%) 15321 C 2783 2133 ef 2458 A
Salt (1009 ppm) 1160k 1070m | 1asF f 13486 [ 1148k ] 1248F { 15230 | &38m | a1 E | 18067g | 1490i | 1648C
Salt (1000 ppn}+ G.mosseae M356F ] 1351h | 1405D { 13606 | 1327g | 1304E | 1829¢ | 9021 | 1366D § 2057F | 17.40gh | 16988
Salt (1000 ppm) + ) )
G oustiate 14487 13.11 1380E [ 1540d | 1354fg § 447D | 15975 | 829m | 1243E J 22614 | 1868g | 20648
Salt (2608 ppm) 82ip 115 7681 949 § 804k 47TH 91321 576p 754H 1564 hi 859k 12.12b
Sait (2000 ppmt) + Gmosseae 1.221 3820 1052G [ 10593 939j 939G 1318 Tln | 1015F J1688gh [ 1L14j [ 141 CD
Sali (2000 ppm) + . . : \ : }
G. australe 1041 n 827p 93414 128k 951} n»woc 11496 ] 6420 914G 17.52 gh 11333 .42 CD
Mean 1346A | 1224B HOo7A | 1263 ] 16354 | 10.05°B 21454 | J664A

Means of each factor or interaction in each season having the same letters are not significantly different at 5%.
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rootstocks. Similar results were obtained by Abbas (1999) and Sherin (2002) on
olive seedlings, Gaser (1992) on orange plants and Hoult et al. (1997) on mango
seedlings. The depressive effect of salinity on plant growth may be due to the
increase in the osmotic potential of the soil which results in a reduction in the
availability of water to the plaat, in addition, the toxic effect of some ions which
make a disturbance in the normal metabolisms of the plant.

Inoculation with MHZ fungi in this concern minimized the harmful effect of
salinity. Seedlings were irrigated with saline water and inoculated with MHZ
fungi, all the growth parameters increased with the exception of burned leaves /
plant whereas, root length did not take definite trend. Stocks were imrigated with
high salinity concentration (2000 mg/L"} without mycorrhizal inoculation was
considered the most drastic treatment, since it gained the lowest growth values.

A significant interaction was observed between saline water, inoculation with
MHZ and cultivars, the highest average of growth parameters (except for stem
length increment and number of burned leaves) was observed in Desirable
transplants mnoculated with MHZ without salt and control (unsterilized). While
the lowest record was obtained from Graking cv. at high salinity concentration
(2000 mg/L ™).

Similarly, Mancuso & Rinadelli (1996} proved that MHZ fungi minimized
the harmful effect of salinity in olive seedhings.

Generally, mycorrhizal fungi improved and enhanced growth of the fest-d
pecan rootstocks under salinity. The beneficial effects of MHZ on growth often
related 1o the increase of nutrients uptake or growth hormones such as auxing
cytokinines, gibberellins and vitamins which may be present at higher
concentrations (Mona, 2001).

Leaf osmotic potential

Results reported in Table 5 reveal that, the increase in leaf osmotic potential
was correlated with increasing salinity concentration in the irrigation water from
1000 to 2000 mg/L .

On the other hand, adding MHZ to the soil led to reduce leaf osmotic
potential compared with seedlings under salinity only.

There was no significant difference in leaf osmotic potential between
“Destrable” and “Graking” cvs. in both growing seasons.
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contents of “Desirable” and “Graking” pecan rootstocks (2000 and 2001 seasons).

TABLE 5. Effect of saline water and soil ineculation witk mycorrhizal fungi on Leaf osmotic potential and chlorophyll (A) and (B)

Chlerophyl (A) Chlurophyll (A}
. . FAV. FW.
Leaf osmotic potential {bar) m ma'
Treatments
2000 1001 2000 2001 2000 2001
Desi, | Grak | Mean § Desi. 1 Grak | Mean | Desi, | Grak | Mean | Desi. | Gk Mean Desi, | Gruk Mean Dest. | Gk | ngenn
Unsterilized soil | 16.33 | 17.10 1560 | 16.5 091 | 0%
tcontro) o il R 2 {eong Op T §ossc fiase | 120a] 1asn{oseaf ossc ) osre [oeoelosa] cam
Sterilized soil e ”:3 teasc | 1008 | 180 ] 1o ";1’ "i’ ov2cp | 107g | 1hr | rose f 0a7s { os0c | oser fos2g i osscf ossc
Glomus mosseae lf:s 1838 | 16me Iﬁbw P21 pserc | Lisa[ 12sh | 119B | 1204 | 123¢ | 1228 | 064b | 065b | DesB "i’ 068c | 0704
Glomus austrate [ 1656 1 VI3 | yypqp | 1706 ) 1740 4g 5 Floae[1naf 1204 [ 1290 | 13sb 1374 | 0ma | 07a | 07ia 05 lomza] ana
Salt (1000 ppm) 19}96 20:’ 0200 2:’0 2“r37 200 c ) os7i losix ] osie { os3i §oorndessef vs0j | a2 oaem o4 i1 o48i b 046D
Salt (1000 ppmyt § 1760 ) 1830 Y ygpep f 1965 | 1830 poup | 09 [oanp ) porn | ason} rorg [ 103p | 0s1e | vare | oaor | 247 | ®58 | osop
G. i g h J ¢h ki h
Salt (1000 ppr) + § 1809 | 1835 2005 | 1917 1osar
. qusrrote i Al ELTY i merpfosse | CUF | osec | osantiosg [1mpfased osie] amp |osta | osstf osmc
Sattoooppmy  J 257 1247 faisa | BT 1 M fnmad O G omi | arre {oss fomem | asonf 0285 | 0363 | oazr | 27 Joza ) w2k
Salt (2000 ppra) + § 2023 | 2113 2233 | 2030 082 | oM - , . 051z
g . | meen ] 2 ral ETET Y B M [ ossre | oss; | osej | oser [oson | ong | osoc {031 | P38 | anze
+
Salt 2000 ppm) + § 2046 2002 | 300y § 2027 | 2037 gy o | omsij [ 0771 [ emier | asor { 0811 | 0s1G [ 0aag | 047 | 0ask [0k | oan] osox
G. australe d { d f
Mean .62 | 1890 130 | 1928 094 | 099 102 | Lo e | 0w 050 §ooa
A A A A A A A Y A A a | &
Desi.=Desirable Grak.= Graking

Means of each factor or interaction in each season having the same fetters are not significantly different at 5%.
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INCREASING SALT TOLERANCE IN TWO PECAN ROOTSTOCKS 95

1t is also clear that, leaf osmotic potential was at low extent in plants which
didn’t receive salt treatments of both cultivars. Where, a significant progress in
leaf osmotic potential of all tested plants owe to raising salinity levels in the
irrigation water. In this respect, Hartz (1984) stated that, “salts lead to reduce
available water in the soil and it could prevent water uptake when the soil is at
field capacity”. Mervet (1996) previously reported these results on grapevine
seedlings and Sherin {2002) on olive seedlings.

Leaf chemical constituents

1 . Photosynthetic pigments content

Table 5 also indicates that, chlorophyll (A and B) significantly decreased in
leaves of all pecan seedlings under salinity in both seasons.

As for the response of rootstocks, differences had no true effect. On this
concern, Gaser (1992) stated that “irrigation with saline water greatly affect plant
photosynthesis process, via inhibiting pigment formation”. These results are in
agreement with those of Emtithal ef al. (1996) on pecan seedlings and Abbas
(1999} on olive seedlings.

The soil addition of MHZ fungi (especially G. australe) improved leaves
chlorophyll {A and B) content than the control.

Transplants of both studied cvs. formed significantly the greatest chlorophy!!
(A and B) when inoculated with MHZ only. However, salt treatmen’s without
MHZ recorded the least values in both cultivars. The increase in leaf chlorophyil
content in mycorrhizal plants could be attributed to the ability of MHZ to secrete
cytokinens like substances (Nawar er al., 1988).

2. Total carbohydrates content
Plants which were inoculated with MHZ fungi had significantly the highest
total carbohydrates content in the leaves when compared with non-inoculated ones.

The present results (Table 6) show a significant reduction in total
carbohydrates under saline conditions compared with the other treatments
without salts.

In addition, *Desirable” seedlings had significantly higher total
carbohydrates than “Graking” in both growing seasons.

As for the interaction between the three factors under study, the greatest
values of total carbohydrates were recorded in Desirable cv. when inoculated
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TABLE 6. Effect of saline water and soil inoculation with mycorrhizal fungi on leaf total carbohydrates and proline contents

of “Desirable” and “Graking” pecan rootstocks (2000 and 2001 seasons).

Treatments

Tutal carbohiydeates
nigg FW

Proline
mp/g FW,

2000 2l | 200 2001
Desirable ) Craking Mean Ihesicable § G abang Muan Dsicable Gralauy [ Pesia ubiy Caaling Acan
Unsteritized soil {condrol) A3t 429 431 CD 3054 { RN RRLLES Pl e 1NN 1590 T 1w LMHG
T stenledsol _1 ';U l)i_ op 3.u6 H ) "“1 - i 7\ L ;1 e 1 ‘n i 1 IR ‘);:‘ . [IERAN | ikIJ ml.-;ﬁ !-
Crlomis hosseae N ddie 42k 47.331' 5 “u‘l u“ i- ~ l-.l © ;-Z-I._A ‘ 1 :-;.j‘ 3 q L4 H 1ik |w v i.l‘) 1
T Gtmswrae J s [ Lawa b s Lo L | s TN RNETPIR AET Y
‘:AI! (IUUII |||m|) 3nsl Inuk INTC $ 8% E 3210 AESE b G Duod 29513 T RYA 238 H
;drlt (10w Flim)+ (‘mr;.;:.;."i.—. i 4_'!6|. ) :1(]3-1-. ;.-m 1;. - ;_Q: g- ’ 131y | dexD [ Al 2y -2 WE 7L v'x. ' 20K E
TS || | s ,
e Goamstrale
Sule {2000 ppn) 3530 3621 l vale | 40dC 3hta 36 A I8 25 2407 A
—_S-i!ll (2000 ppm} + (anosseae _‘; Ulrj. . V 4 l."] 1_ 742_? 2 2 _i;i | 72.0; < V 2 ’\'ird 2 .;-l i 2.;;;( .
T O Cawsh | o fang | ek [ oew ek | ooe | oo Jaeef psn |2 ok
G. australe i
Mean 4214 | 411’8 ER-1 Y ‘ 4538 ‘ 139A 0B LYY A 1858

Means of each factor or interaction in each season havmg thc same Jetters are not sngmf cantly dtf‘f‘erent at 5%
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INCREASING SALT TOLERANCE IN TWO PECAN ROOTSTOCKS 97

with MHZ without salt, but the lowest records were at high salinity concentration
(2000 mg/I'") in both cultivars. These results are in agreement with those
obtained by Mona (2001}.

3. Proline content

Table 6 also show that, irrigation with saline water significantly increased the
proline content in the leaves of the two cultivars under investigation. The
capacity of the plant to accumulate proline under saline conditions is positively
correlated with salt concentration in the irrigation water.

Meanwhile, inoculation with MHZ significantly decreased proline content in
the leaves when compared with saline treatments only,

Morcover, “Desirable” rootstock exhibited higher level of proline than
“Graking” rootstock.

The least contents of proline were recorded with Graking cv. inoculated with
MHZ without salt followed by Desirable cv., while the lowest values were
obtained with Desirable rootstock followed by Graking at high salt concentration
(2000 mg/1. .

These results are in agreement with the findings of El-Said et al. (1995) and
Abbas (1999). They suggesied that proline function as a source of solute for
mntera- celiular osmotic adjustments under saline condition. Furthermore, proiize
has been usgd as amn evaluation parameter for selecting salinity and drougin
resistant variciies (Bates, 1973).

4. Leaf minerals content

It is clear from the data in Tables 7 and 8 that irrigation with saline water
even at the lower experimented level (1000 mg/L™") significantly decreased N, P
and K contents in leaves of the two studied pecan cvs. as compared with non-
salted ones (sterilized, unsterilized, MHZ,, and MHZ,) in both 2000 and 2001
seasons. On the contrary, Ca, Na, and Cl contents were increased significantly as
a result of irrigation with saline water, and higher concentration of salts recorded
the highest amounts of Ca, Na and Cl contents.

Moreover, it was found that “Graking” rootstock had a great ability to
accumulate higher amounts of K and P (in the first season only) in their leaves
than “Desirable’™ rootstock, while seedlings of “Desirable™ had a higher level of
N in the first season only. Meanwhile, both cultivars showed insignificant
differences in Na" and C1 contents in the growing seasons.

Egypt. J. Hort. 30, No. 1-2 (2003)
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TABLE 7. Effect of saline water and soil inoculation with mycorrhizal fungi on leaf N, P and K% contents of “Desirable” and
“Graking” pecan rootstocks (2000 and 2001 seasons).

Means of each factor or interaction in each season having the same letters are not significantly different at 5%.

Nitrogen % Phosphorus % Potassium %
Treatments 2000 200 2000 2001 2000 2001
. Deai Grak Mean Desi. ¢ Grak Mean PDesk | Grak Mean Dest | Grak Mean Desi | Grak, Mean Desl G'::l Mean
Unsierilized soll . . 130 . 1.41 1.50
P 23te | 204e f223 €} 2420 y2ste] 236m foonm | 1ot frovc ) 1a0j | aa0j | TR0 [aassovsar § 0 Praan ) 00 D ase
Sterflized soil | 2.19d | 2.02ef | 2060 | 2261 [ 2225 | 224¢ | r2sp | 1390 | naon | 11w | 125k ‘fll ‘:12 1.3 hi "é“ 138 "‘f” 143¢€
Glomus mosseae || 243b | 232¢ | 2388 | 2530 | 241a} 2474 f 2594 | 278 { 2688 ] 2390 | 2264 ";3 1664] 1790 ";” 130d “f"' 159 A
Glomus austrate | 2308 [ 2450 [ 2494 £ 2500 | 245 | 298a [ 2700 | 2850 |270a] 248 | 2296 2 Timin] 1s0c ’:" 148t | P95 {114
salt (1000 ppe) f 1955 [ 192kt | LoaF | z10n | 204  ore | 19q | 130a frast ] ro | B Lasaf a1 "[f‘ 1:,“ '.;’i' 133D
Sa (000 ppe)t § 5 1y [ yoan | 208E [ 220g | 2020 ] 2160 | 2085 | 232¢ | 220m | 2236 | 0ove] EM | asox]| asze |V [ 139y ] 54 ] v
G.mossene N | D B c
Salt (1000 ppm) + : F&7] 143 1.58
(1000 ppe 210g | 201§ J20sk | 2257 | 20| 2180 | 2a8g | zarc [ zasc| 2ase | zese| 2E Foson | vasg [ '3 fuask | ¥ fraen
salt (2000 ppo) §| 180n | 1700 farsif 190m ) 10ak ) neze J e rasp ] e} 1irn frosafLiaaese| 1asa | N7 Faoso ) 13 s
Salt @000 po) +8 04 4 yaxm | 7 cd ok 199k ro9F |rexn | 2esg] reow | 2oor | raznd 198 N yqon | 3w | 1R 122 1M, g
G.mosseae E C m 8
il FUTSRTIN FETE BTN EITE 1730 RESREINS FF°EE RIVPRNET I Ll INEORN I FRCTS Bodl PRV
oo — r—‘w — — S — T
Mean 2z al2d 222 4 (216 2 1.79°B E 19w A Lag | 170 1.3 ks 132 1 151
A B N A b A
Desi=Desirable Grak = Graking
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TABLE 8 . Effect of saline water and soil inoculation with mycorrhizal fungi on leaf Ca, Na and C1% contents of
“Desirable” and “Graking” pecan rootstocks (2000 and 2001 seasons).

Ca% Na % Cl%

Treatments 2000 00 2000 2001 2000 2001
Desi. | Geak | Mean | Desi | Grak | Mean | TDiesi. | Grak | Mean ] Desi. § Grak | Mean | Desi | Grak § Mesn | Desi. Gl:"k M™ean
”“’(':::"::::’)’““ 1841 | 1923 | 1ssg |1 £ i}fjs amef 025 [oxrn oz o “‘f’.‘ '?: °£° "2’ lé"rf’ 0.95h n.;jn 048
Sterifized soil AR REITS VST PRI mr ) omn | O | OF 0';3 1 Se [emil 1l Se 0% 0% | omE
Glomus mosseae || 191j | 1.96% ] 183D ‘!-‘_’i‘ 180j froand o2y U-jff o °'§° onk | ome 0'58 0'?6 o u.i?z el T3
Glomus australe ]| 1944 ] 1950 ] 195D 'h‘_‘f 184) _:;;)j n ik |enk °f_;’ °h?j‘ 0.30j 0‘;3(? ”1’“5 "‘2" ‘l';'z’ 098s | 0o8g | assD
sat (1000 ppm) | 23 [211cf 2168 | (2 Lf 2168 [ 038k {03sa | AT foaga | O3 | A38C 4 146 1o L3 §119e [ 1064 | 1188
5"‘&::20”2’:"* 199g | 196k ] 98¢ ‘dr ! th Elissc) ome “‘é‘ 0nn 0:: ﬂi:; ‘I'f; “23 195 Yiorc) inze | Loot] paoc
s"‘é‘:ﬁ:ﬂ:‘) A BYSY ‘;:4 L98C :17 1% Jrosc ) osae | 0D 0'3;‘: Oj’: “':1." o Jroar 19 'é';)’ Le‘ru Lize| 1lic
Salt 2000 gpm) | 2300 | 2256 ) 228 i 2188 | 181} ] 2284 04ta 0:119 040A 0444 0;9 041 A ":D 116 1.:13 126a | 122b) 1244
5'“(%.1:‘:23'::') *Havief 2104 i 186 | 29 ?;:’:’ 2158 0.36ca 0;1'? °€é’ “&9 ""13: “;g ‘;14 L3 ‘-I;‘ 119c | 1174] 1188
Sant é":?‘oﬂ:‘:;:‘) Panefanef amn [ 3 30 (28] oy {03safesrefoaon | OF [ OWAFLT 18 4 1 Fogsg | W0 19

Mezn 133 1.?-:5 7 200 l.:z o.;z 030 035 | 033 108 | 1.06 o8 | 107

A A A A A A a A

Means of each factor or interaction n cach season having the same letters are not significantly different at 5%.

Desi.=Desirable

Grak.= Graking
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Concerning the addition of MHZ, it was effective in increasing leaf N, P
(especially (3. mosseae) and K contents. Moreover, when added to saline water
treatments it, significantly increased leaf N, P, and K content than those irrigated
only with saline water. However, leaf Ca, Na and Cl contents took the opposite
trend. Regarding the interaction, Desirable rootstock exhibited the highest N
values when inoculated with MHZ only, while the lowest were obtained in salt
_treatments only in both cvs. Whereas, the lowest P (in first season) and K
contents were obtained in Graking rootstock., On the other hand, Desirable cv.
showed the highest amount of leaf Ca, Na and Cl contents especially at high salt
concentration (2000 mg/L"'). These results are in line with those reported by
Emtithal (1996) on pecan, Mervet (1996) on grapevines, Abbas (1999) and
Sherin (2002) on olive. In addition, Bernstein et al. (1972) concluded that, high
reduction in plant growth under salinity was possibly due to the accumulation of
CT in piant tissues with toxic amounts and affect stomatal closure, causing water
loss and leaf injury symptoms, Besides, the reduction in plant K* content may be
attributed to the increase in Na' uptake, which resulted in cationic imbalance in
the plant by depressing K” uptake.

Generally, the data in Tables 7 and 8 reveal that, MHZ fungi inoculation
increased leaf N, P and K content in the tested pecan rootstocks as compared
with the untreated ones. In contrast, the addition of MHZ fungi reduced leaf Ca,
Na, and Cl contents compared with seedling treated with salinity only. MHZ
fungr may lead to marked increase in respiration, which enhances the cation
exchange and the accumulation of the mineral elements (Blankeman et al.,
1976).

Histological studies

The effect of salt concentrations 1000 and 2000 mg/l" on “Desirable” and
Graking” pecan cvs. is shown in Tables 9 and 10. Data reveal that, as salinity
increased thickness of root cross section, thickness of cortex, number of xylem
cells and root xylem arches decreased. On the contrary, thickness of roots
vascular bundles, and root pith thickness increased as salinity increased. As for
the treatments without salt, there were slight differences between plants grown in
soil sterilized or unsterilized except for thickness of cross section and number of
xylem cells, the control plants grown in unsterilized soils were significantly
increased comparing with plants grown in sterilized soils.

In addition, both cultivars showed insignificant differences except for pith
thickness, which is Desirable exhibited higher values than Graking.
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TABLE 9. Effect of saline water and soil inoculation with mycorrhizal fungi on the root anatomy of “Desirable” and

pecan rootstocks.

Thickness of cyosa section TFhichneas of cortes Thick. of vascular buadics
{pm) {sm) (pm)
Treatments
Desirable | Graking Mean | Desirable | Graking Mean Desirable | Graking Mcun

Unsterilized soil (controf} 12180 13378 | 1273A | 2067de | 246Ta | 2267A 9000 | 5531F | S1ATF
Sterilized soil 9633¢ | 10300c | 99678 | 2167cd § 2167cd [ ne7AB | 6467k | 63001 | 6383E
Glomus mosseae 8267f | wo30d | stsec | 2000 | 13236 (2167AB | 6167 | 66005 | 6383E
Glontis australe 99.67d | 101.70ed § 100708 § 19.67¢f 2100¢ 083 8 60.33n 51.00q S56TF
Salt (1000 ppm) 5033k 62671 56.50 G 1300k 1600h {1450 DE | 8400% B00g [ sLU0B
Salt (1000 ppm)+ G.mossene %2677 | 8300f | s243D J 1600h | 1900f | 1750C } 7967er ) wo00h } M83C
Salt (3600 ppm) + 7100g | 7400n | 1ssex | vmg | 17me | oinasc | oesssi | noon | eserp

G, qustrale
Salt (2000 ppm) 47001 | 49001 | 4880H | 11330 | 15005 [ 13a7TE { %233e [ 8233c | $7.33A
Salt (2000 ppm) + G mosseae 63331 58673 ] 6LOOF | 1333k | 1667gh ] 15.00D } 7933ef | B1O0d | 80.17HB

_—

Salt (2600 ppra) + 61001 | 63001 | ez00F | 1367) | 1567w | 117D | 7Eerg | s000de | m33E

(. ausirale

TE10A | 8250 677 19034 MLBEA | 69.7TA
Mean 16774

Means of each factor or interaction in cach scason having the same letters are not significantly different at 5%.

“Graking”
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pecan roetstocks.

TABLE 10. Effect of saline water and seil inoculation with mycorrhizal fungi on the root anatomy of “Desirable and “Graking®

No. of xylem arches

Ng. of xylem cells

Pith thick, {pm}

Treatments
Desirable | Graking Moean Desirable | Graking Mesn Desirable | Graking Mcan
Unsterilized soil {cantrol) 2400f 1-23 00d 26.00 B 2303¢ 22004 | 22504 1100 9.00 1000 E
Sterilized soil Mb7c | 2500 26.83 AH 2433 1867 (1 20008 1067 7.661m 916 F
Glomus mosseae 1033b 24007 2717 A 25000 2100¢e 23.00 A 3001 133im 166G
Glomus australe 3333 2167 2750 A 2600 W67 2333 A 933k 600n 166 G
Salt (1000 ppm) 12.67mo 15001 i383E 1E00§ 14674 1233EF | 1700d 15331 16178
1
Salt (1000 ppm}+ G.mosseae 1567k | 1900i [ 17.33p { 1567h | 17678 § 16670 | m3ag | 12000 | ©37cC
Salt (1000 ppm) + w00k | 17335 | 1867 | 1900r { troof | 15w0C | 1267h | 10675 § 11.67D
. australe
Salt (2000 ppm) 633r Hop H67C 56710 900k 133G 2233a 1867 b 20.50 A
Salt (2000 ppm) + G.mosseae 1900 g 13.67m 11.83F 200k 1500 1100 F 1767¢c 15001 1633 B
Salt (2000 ppm) + 12330 | 13.00n | 1267F )} 1067; | 1606k § 1333 | 1600c | 1735 | 16678
G, australe
1933 A 18.27 663 A 1737 A 1390 A 11908
Mean | !

Means of each factor or interaction in each season having the same letters are not significantly different at 5%.
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INCREASING SALT TOLERANCE IN TWO PECAN ROOTSTOCKS 103

i

2000 ppm salt (SAR) + mycorrhizal

Fig. 1. Root transvers sections of {Desirable) pecan root stock as affected by salinity
and inoculation with micorrhizal funei (G, Mosseae) X = 17x 10.

Egypt. J. Hort. 30, No. 1-2 (2003)
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2000 ppm salt (SAR 12) + mycorrhizal fungi

Fig.2. Root transverse sections of (Graking) pecan rootstock as affected by salinity
and inoculation with mycorrhizal fungi (G. mosseae). X = 17X 10

Egypt. J fore. 36, No. 1-2 (2003)
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However, inoculation with mycorrhizal fungi (G. mosseae and G. australe)
increased significantly thickness of root cross section, thickness of root cortex,
number of root xylem arches and number of root xylem cells in both cultivars
grown under 1000 and 2000 mg/!" salt concentrations compared to the control
under the same concentrations and non-inoculated with mycorrhizae (Fig. 1 & 2)

These results are in agreement with those of Salama (1985) on citrus
rootstocks and Mervet (1996) grapevines. In addition, Strogonove (1962)
reported that salinity inhibits the extension growth of cell more than cell
division, thickness of cortex and radius of xylem were more pronounced.

Conclusively, inoculated soil with (G.mosseae and G, asturale) fungi may play
an important role in alleviating salt stress of “Desirable” and “Graking” pecan
rootstocks through enhancing growth, increasing chlorophyll (a and b), total
carbohydrates, N, P and K contents and reducing proline, Ca, Na, and ] contents,
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