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1. I NTRODUCTI ON

Reclamation of salt-aifected soils, in order to incrsi.se
agricul tural producti on. requires good understanding of mzin
phenomena that may occurin the field.

The low soil fertility (nitrogen and phosphorus) and rhe
high osnotic potential duo to the salt concentration &re the main
difficulties of saliue soils reclanation. Decause of these {uc-
tors , plants cannot uptake encugh nutrients from ths scil sven
they are available.

Researches on  the principles salt and waver dynamics into
soil cari help to crops yields improvment., I[N that case soms
researches have been carried out in laboratory and the rfileld. Its
concer mai nly selection of salt toleranrt foret trees, Watler ba-
lance under plantation, salt-affected Soils afforestution snd
341t tolerant EKhizobium and Frankia strains selection.

Using high salt tolerant trees should likely to bu inportant
way of salt-affected soils reclamation. Microbiological and nu-
clear tecnnics should give great help to improve plant adaptation
and growmh mecanisms IN saline SoOils.

i
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2 .RESEARCHES PL&NED FOR THE Two FIRST vEaRrRs

Durring the periode, from Jjanuary 1937 to january 1939,
works hereaftar designated were carried out:

- Studies Of trees salt rolerance: greenhouse and field ex-
periments:

- Frankia and Ehizobium strains isSolation:

« Selecting high nitroyen-fixing and salt tolerant strains;

Nitrogen fixation potential in sgaline conditions;

Water bal ance study;
Soi1l salinity changing undepr forest plantation:
Saline soils afforestation:
Ecophysiology studies: sap potential mesurments.
dost & theses studies started during the first year. Wiils
others are just sterted.

MEoR T S T B |
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3.FOREST TREES SALT TOLERANCE STUDIES
3.1.PRELIMINARY STUDIES

_ Forest trees salt tolerance studies have started in 1985
Wth experiences using watering system with saline
greenhouse. The results showed high resistance level of some
species as  Casuarina eguisetifolia, Melaleuca leucadendron,
M, leucadendron and  Prosopis juliflera; while others as Luca-
| yptus camaldulensis and Albizia lebbek are sensitive:. The most
tolerant can grow well until an electrical conductivity gf 35ms-
/cm and the sentive species lied ot an elecrrical conductivity
NMOre then 20ms/cm.

Graphics 1 and 2 show growth of Casuari na
cording to salinity level.

In order tO ‘transfer laboratory results
plantation trials have been done I N situ with
species ONn tWO types Of saiine soils:

water IN

egquisetifolia ao~

into rield soms
different kinds of

~ Sandy soil  © electrical conductivity = 1.0~3.0ms/cn;
- Sand loany soil: electrical conductivity ¢ 1.5ms/cu;

1
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Sand loamy soil: electrical conductivity = 1.0-2.5ms/cm;

- Clayed soil . electrical conductiviry <1. 5 nw/gm'

- 0 ayed scil . electrical conductivity = 1 -4mS /Gl .

These spils are locared in two diffurent sives: Oﬁt near S -
ne river which has sandy soil With thre salinity levels and the
Otner one near Smali  crick of Saloum river With others types of
soils

Results obtained from these trials correspord to thase fren
greenhouse experiences. Casuvarina IS more resistant than nlt1f¢u
which is very sensitive up to 2ms/cm of so0il electrical conduc-
tivity. The mesan heighr of Casuarina, 2 years after plantation,
IS 350cm in Sandy scil at E.C ¢ 2.5nms/cm and 270em &t E.Cddms/em
and 240cm at E.Cr4ms/cm I N clayed soil.

3.2.SEED GERM NATI ON TESTS QN SALINE CONDITIONS

Knowi ng salt influence on forest trees sceds germination,
expriences suing two types of substrats (hydrophylle cotton and
Sand lcamy soil) are done Iin the laboratory with four species
trees seeds: Casuarina equisetifolia, Eucalyr (us microtheca, Me-
laleuca leucadendron and 4. acaciocides.

3.2.1.8EEDS GERMINATICN ON HYDROPHYLLE COTTON

3.2.1.1.Experience methodology

Hydrophylle cotton is wused as saedbed, layed orn plastic
bowls on which 1g of forest trees Szeds are puted On. The cotton
was wet ted with water Of three treatments: fresh water (FE.C<0.02
me/em), saline water Wth E.C = 2ms/cwm und saline water with E.C
= 5ms/cm.

During the all exprience period, the cotton was wetted deuly
with the different solutions by injection with seringae (10mnl) .
Experience t 00K 14 days i N laboratory inside atuve at temperature
of 250cC.

3.2.1.2.Results

Three days after experience started, germination as
observed in all bow s. Mildew was alsc cbserved ten days afrer on
Eucal yptus and Casuarina in all treatments and on Melaleucu
cioides only in treatnent with fresh watezr.

Table 1 below shows the quantity per gramme Of seeds germi-
nated 14 days after.

acg-

Table 1 : Germinated seeds per lg aifter 14 days.

SPECIES

TREATMENT To TREATMENT T1 TREATMENT T2
E.C<.0Zms/cm E.C=2Zms/cm E.C=5ms/cm
Casuarina equisetifolia 209 240 172
Eucal yptus microtheca 531 569 g7l
Melaeluca viridiflora 866 858 940
Melaleuca acacioides 698 566 906

We can gee from this table wvariat:ion of seeds gormination
accordiny to treatments and species. _ _ _
In general case the results show that germnation is bat-ter

2



wth saline water than with fresh water.

Comparison between treatment To arnd others shows:

~ Casuarina gives its test germnation in treatment T1 with
14.84% nore. It decreases at T2 with 17.70% less.

~ Eucal yptus microtheca grows well in ?1 and T2 without nO
sigcificant differencs between both, with respectively 7.16% and
7.34% more. _

=~ belaleuca viridiflora. gives Its best rasults 1N T2 with
6.1% nore than in To. _

- Melaleuca acacioides gives II'S  bast results in T1 with
41.20% nore than in To and decreases 1IN T2.

This means for all species seeds germinarion incresses with
salt solution concentration unntil a certain Jlevel at whichi t
decreases again. Presence Of sal-t in the solution nust stimulate
seeds germnation up t0 @ certzin level Of  salinity depending on
specy .

3.2.2.5EEDS GERM NATION on SO L SUBSTRAT
3.2.2.1.Experience metheodology

Forest tress seeads germinating was experimented aslso with
soil as bedseed. The soii whichi has been uscd was a sand loamy
soil containing less 15% of clay and about 1% of crganic carbon.
SiX germination boxes  were fildeg Wth this =si 1 on whict
seeds of Casuari na gquisetifolia, Eucal yptus microtheca,
Melaleuca | eucadendron and M. acaci oidaa are scwed. Each germina-
tion box is aboutr 50cm W de and 100cm long.
According to specy, diiferent quantifies of sceds were used:
3g for casuarina, 2¢ for Eucalyptus and 0.5g for Mzlaleuca.
Three treatments were applied fOr watering: fresh water(To)
Wth E.C<0.02ms/cm, saline water(T1) With E.C=2ws/em and T2 with
E.C=5ms/cm(2060C). Water was applied twice per day at 7 otcloci in
the marning and 5 o'oclock p.m by spraying W th handling spray.
During the ail period of experience, died germinated sceds
were daily calculated. Total germinated seeds were calculated &t
the end of the experience.

3.2.2.2.Results

Five days after experience started, Eucalyptus seeds starrted
to germnate at To and Ti. C. egquisetifolia and M acacioides
gerninated 3 days later at To and T, while M. viridiflors germi-
nated at To 8 days and ac T1 11 days 1later. With T2 only E.
mcrotheca and C. equisetifolia germinated, respectively, ¢ and
10 dnys later. Melaleuca didn't germinate at this salinity.

Table 2 below shows anmpbunts of sceds gearminated 75 days
after according traatnents.

Table 2 ! Number of seeds germinated 75 duys after zccording
water Salinity.

SPECIES TREATMENT ToO TREATMENT T1 TREATMENT 72
E.C<.0Zms/cm E.C=2ms /M E.C=Yms/cm
C. eyuisetifolia 835 5G4 1?7
E. mcrotheca 270 326 36
M viridiflora 884 63 0



M. acacioides 43¢ 280 1

Results shown by this table gives & tendancy of germinatod
seads number to decrease when the water salinity is increasing.
Excepting E. microtheca, the best results are obtainsd with To.
Treatment T2 shows & great sensibility of E. mwmicrotheca and
Melaleuca to  high salinity  level. This means that these specias
cannot germinate in a medium wnich has an electrical conductivicy
nore than 2ms/om.

During experience period, mortality has been observed on
some species according to treatments. Table 2 below cheows varia-
ticn of germinated seeds mortality.

Table 3:Germinated s=eds died number variation with time
accordi ng treatnents.

SPECIES TRELTMENT To TREATMENT T1 TREATMENT T2
E.C<¢.02ms/cm E.C=2ms/ca E.C=5Lns/cn
17/6 28/6 5/7 22/7 17/6 2876 S5/7 22/7 17/6 28/¢ &5/7 2277
C.equi. .0 . .0 . } i . ) i
Fomicro. .0 .8 .% g 79 53 1é 1 %3 15 13 lg
M.virid. 5 .0 .0 .0 13 .0 .0 .0 .0 O L0 .0
M.acaci. 6 .0 .0 .O 4 .0 .0 .0 1 L0 .0 L0

3.2.3.DISCUSSIONS

Results obtained from these two experiencies show that fo-
rsst trees seeds can be germinated by using saline water as wata-
ring =clution. Seeds can grow well until a certain salinity level
up to which germination ratio comparinng with reference solution
is not suitable.

Sceds germnation depends On the substrat ussd aS it has
been shown witih hydroleophylle cotten and Soil. £oil substrat gi-
ves normal tendancy of secds germination i f we consider salinity
as limiting factor of trocs grcwh., Difference observed between
hydrophylle cotton and SOi.1 might be the fact of salt accunul a-
tion into scil due to evaporation bacause the temperature outsids
IS about 340C curing expasrisince period. Than with saie soluticn
the salt content IS higher into seil than in hydrophylle cotton.

3.3.SALINE SOILS AFFORESTATION
3.3.1.EXPERIENCE METHODOLOGY

In order to understand better salinity effect ON fore
trees growth, trisls of forest plantations were carried out
the field. Several forest spccias were used as C  eguisetifolia,
C. glauca, C  cuninghamiana, P. juliflera, P. chilensis, E
microtheca, M. Vviridiflosa and M. acacioides. According to our
first results showing bad growth of A. lebbek, this specy was not
used for these trials, becausze such other factors liks cliwmat OF
soi. 1l physical properties have great ON its growth.

Small plants of these species were introduced ON
types of spil wWith different salinity level:

-~ Bloc 1: sardy soil: E.C = 0.5-1.5ms/cm(200C) of diluted
extract (1/5);

« bloc 2: Loam sandy soil: E.C = 1.0-2.0ms/cm{200C);
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- bBloc 3: Clay sandy soil: E.C = 2.0-3.0ms/cm{200C):
- Bloc 4: Clay sandy soil: E.C = 2.0-5.0ms/cm(200C):
- Bloc 5: Clay sandy ooil: E.C > Sme/om(200C).

ad

Randomized complete blec design was use without any repli-
cate. EBach type of cll iz considered as a bloc. EFach bleoe con-
tains 8 small plots representing the species with 25 plants per
specy. Plantaticn was dona in auvgust 1987.

The studies consisted to growth e@volution with time by ta-
king scme measursements of height each three months and to esti-
mate monthly death ratio according to salinity leval.

(_r.

3.3.2.RESULTS

Between Rugust 1937 and Jun 1968 measurements of plants
heigqnt were taken. Mortality ratio was also calculated. Table 4

below shows results obtained frowm this expesriment 11 months af-
ter.

able 4 : Percentage of plants surviving after 11 months on
édiffe ralt tyces of a:ils.
SPECIES BLOC 1 BLOC Z BLOC 3 ELCC 4 BLCC ©

12/87 5/68 12/87 5/88 12/87 5/88 12/87 5/88 12/87%7 5/36

C.equi. 1003 96% 100% &8¢ 40%  .0% 24% 0% 24¢ 0%
C.glauca 100% 90% 92% 80% 16 .03 4% .0% 4% .o
C.cunin. 130% 100% 44% 364 36%  L0% 20% .0% 7ol .0%
E.micro. - - 12% B 163 4 124 43 12%  .0%
P.dulif. 100% 96% 36% 28% 32% Z20% 24%  12% 4% . 0%
P.chilen. 100% 96 ¢ 44% 2% 40%  364% 36% 16% 165  .0%
M.viridi. 100% 9563 1e%  12% 16% .04 0% 0% 500 J0%
M.acacio. 100% 1003 9Z2%  ¢0U 8G% 724 52¢ 0% 1¢n LO%

Results show that planus survival ratio decreases with soil
salinity level with time. Up to 2ms/cm speclies show big differen-
ce bestween tham. Zome of them as Casvarina, Presopis and M. aca-
cioides are rather salt tolerant. No gpecy survives in vlos 9 at
the end of the dry s=ason, bscause electrical conductivity is
higher than their salinity tolerant level.

3.4.NITROGEN FERTILIZER USE INFLUENCE ON SALT TOLERANCE BY FOREST
TREES.

3.4.1. CBJECTI VEF

The main objectives are to krow what is nitrogen influence
on salt tolerance by forest trecs. hitrogen fertility is one of
the important problems that make salt-affected lands reclamation
more difricult.

3.4.2.EXPERIENCE METHODOLOGY

Understanding nitrogen influence on salt tolerance by forest
trees , experieace using pots Of 1m3 capacity as soil containers
has been carried out I N greenhouse during four months, from March
to July 1988. ¢, egquisetifolia and P. juliflora were used.

Five treatments were applied wth four replicates. One pot

5



reprec:znlt one replicate.

Treatment To : Wi thout nitrogen fertilizer;
Treatment T1 : 5g of Urea per pot of 1r3;
Treatnent T2 : 10g of Urea per pot of 1m3:
Treatnent T3 : 15qg of Urea per pot of 1m3;
Treatment T4 : 20g of Urea per pot- of 1m3.

Watering solution was saline water with an electrical
conductivity of 30ms/cm(202C). Each plant or pot was watered with
21 once par week.

Measurenents of height and phenological observations have
been every week. Leaves and smell branches are hash for being
analysed fOr minsrals determination.

1

1

i

3.4.3.RESULTS

Three weeks after experience started, all Csuariri.a plants
died In  &all treatments with Nitrogen. Prosopis showed some sym-
ptomatical aspects as leaves fall and vellowing, tut  became nor-
ml 2 weeks later. During all experience peried Prosopi s gived
good devel opnent.

The growth is better in T3 with 2.75 ¢cm more than the refe-
rence. It decreases in T4. ThiS means that nitrogen presence
stinulates plants growth in saline conditions wuntil a certain
salinity level up to that it hus no influence on its tolerance.
The imt anmobunt se=ms to he 15g per plants in 1w3 of scil.

According to that appened with Casuarina, i1t means  that ai-
trogen fertilizer using in saline conditions increzses the zali-
nity effects on plants growth. The mortality obsesrved is mainly
due to nitrogen addition into soil, lbecause as it was shown in
our preliminary studies €. equisetifcolia is one of the most re-
sistant forest trees. Without nitrogen it grows well at a sali-
nity of 30ms/cm of electricael conductivity. Chemical compenents
analysis on 1leaves or branches may gives an anser of the gues-
tion.

_ Table 5 below Yives leaves, root and branches weight accor-
ding to treatnents.

Table 5: boles, 1leaves, [r00tS and branches fresh and dry
matter Weigth of P. juliflecra according to treatments.

Pl ant s To T1 T2 T3 T4 9%
Dry aerian matter 30.7% 36.62 33.3% 34.6¢ i .n}
Fresh leaves 21.2% 21.2% 29. 39 22.2% 19 ¢y
Fresh boles 45.0% bg. 4y 50.4% 57 .85 5374
Fresh roots 35.2: 31.6% 25.4% 24.0'0 21.7%

Dry matter wei ght increases Wth nitrogea amcunt addtd into
soil. Treatments T2, T3 and T4 are nct different. Treatment T1
gives the best weight. This means that nitrogen uptake is nore

Inmportant if the amount of the fertilizer used is NOt exceeding
Jg.

~The fresh leaves are nore inmportant weight in T2. It decrea-
ses in T3 and T4. This means that up to 10g the fertilizer anount

used has an inverse effect ON nitrogen uptake in saline condi-
tions.

Fresh tiges weight increasas wth the fertilizer anount up
to 15g from which it decreases. Treatnent T3 used to he the 1imi-
ting level Oof nitrogen fertilizer usSing in saline conditions with

b



30ms/cm Of electrical conductivity.

Fresh root welght grves invarse rasults . It decreasss “Jh_f:)l'l
fertilizer amount increasas. ThiS that root system develspment 1S
affected by nitrocen avai Lsbiiity into soil.

4.FRANKIA AND RH ZOBI UM STRAINS ISCLATION

4.1.METHODOLOGY

This study consist to isclate from soil Frankia strains
whi ch have high nirrogen potential fixation and szlt colerant.
Saline scil samples were taken from field under forest planta-
tion. Soil salinity was about lms/cm in extract of 1/5.

The samples are divided into 4 parts. Small ceranic pots are
used as soil conraincrs. Samples were sterilized before they have
been used. Four treatmenrs are applied:

- 1/4 saline soil + 3/4 non saline soil;

- 172 saline soi.1 + 1/2 non saline soil:

-~ 3/4 saline scil + 1/4 non saline soil:

-~ 4/4 saline soil

Casuarina seeds aie sowed 1IN each pot with four replicates
per treatment.

4.2 ,RESULTS

Germnated sseds decrease when proportion of saiin soil
used is high. The best gremination was observed iN treatment T1
and T2. CGermnation ratio is in ©3 40~50% and iN T4 only about

D

20%. None Of the plants which gat developped by this experience
didn't nodulate, then no strain couldn't be isolated.

Rhizobium strains isolation gives same results. Germination
was observed conly in T thres wesks after.

In order tO0 find out what 1S rhe main problem cther expe-
riences have kezan started lacer on.

5.WaTER BALANCE STUDIES UNDER FOREST TREES

Havi ng good knowledge on water availability and uptake under

forest plantation, water balance measurements studies have been
carriecl out in laboratory and In field.

5.1.GREENHOUSE EXPERI ENCE

5.1.1.METHODOLOGY

Water bal ance measurements were taken under Casuarina, Pro-
sopis and Melaleuca trees Of one yeav old. Trees were planted IN
small lysimeter of 4m3 of surface. Six plots were used
each one contains 4 plants.

Small neutron access tubes were inserted into soil ON sach
plot to a depth of 120cm.

Once per Week the trees were watered with saline water at
30ms/cm and fresh water. For each specy three PlOtS were watersd
with saline water and thres others with fresh water.

Experience startad on yovember 1987 and ended on Merch 1988.

of whoum



5.1.2.RESULTS

Table 6 pelow gives water balance changing under Casuarina,
Mel al euca and Prosopis plants.

Tabl e 6: Water balance changing between 14/12/87 and
03/02/688 under Casuarina, Melaleuca and Prosc

oris in saline
conditicns.

DEPTH SPECI ES 14712787 19/01/88 29/01/85 (03/02/88
0-1Scim  C. equi set . 14.1% 12.4% 12.0% 11.8%
10.14 &.2¢ 8.2% 7.8

M.leucad. 1/ 14.8% 11,44 11.1% 10,40

2," 13.7% 12.9¢% 12.3% 12.2%

F.julif. 1/ 12.6% 9.4 8.1% L.5%

2/ 12.3% 10.1% 10.0% S. 53

15-30¢cm C egquiser. 1/ 18.5% 17.9% 17.5% 17.1%
2/ 14d4.85% 13.14% 12.8% 1~.25

M.leuzad. 1/ 17.4% 14.9% 14.7% 13.84%

2/ 18.3% 17.1% 1¢.5% 16.2%

P.julif. 1/ 17.6% 14.3% 13.6% 12.74

2/ 1l4.8% 12.7% 2.2% 11.7%

30-45cm C.egquiser . 1/ 19.2¢ 19.2% 18,864 lé.4%
2/ 1é.g% 14% 13.7% 13.2%

M. leucad. 1/ 18.3% 16.5% 16,243 15.35%

2/ 19.3% 18.64 18.0% 17.7%

P.julif. 1/ 18.5%¢ 16.53 15.6% 14.9%

2/ 15.8% 13.0% 12.7% 12.4%

45-60cm C.equiset. 1/ 20.0% 19.6% 18.8% 18.7%
3/ 17.2% 15.6% 13.3¢ 13.2%

M.leucad. 1, 19.02 16.8¢ 16.4% 5.6%

2/ 19.9% 16.9% 19.0% 18.9%

P.julif. 1/ 18.83 16.8% 16.5% 16.5%

2, 16.0% 12.8¢% 13.C% 12.6%

1/ : Reference plot watered with fresh water.
2/ : Plot watered with saline water at 30ms/cm.

Results above show that water content changes with time and
depth. It decrsases under Casuarine trees with 0.3-1.4+ in plot
watered with fresh water and 2.3-4.0% in saline plots: under
Melaleuca it ar"raa”es with 3.6~-4.3% in plots watered with fresa
vwater and 0. 3 €t in plots watered with saline untors under

FProsopis it Ja reases &lso with 3.6-85.8% and 2.8-3.4% respec-
tively.

Water content decreases also with soil depth, from top to
down part. Belcw 4Zcm depth water content deesn't
with time. This means thot plants
luence in this zone.

Difference betwsen spacles means that their water uptaks

depends on  the specy needs. Casuarina water uptake ism less thon
for Prosopis.

changs to much
rocts have no important inf-

5.2.WATER BALANCE MEASUREMENTS 1IN FIELD

In field conditions water balance has been measured under
forest trees plantation. Two plots were chosen: sandy soil with
E.C=0.5~-1.5ms/cm and c¢lay sandy soil with E.C=1.5-3.0m

s/cm.

8



Access tubes were inserted into soil near plant roots.

First results showed chat water content changing within soil
profil depends on the specy used and the soi.l type. atsr content
remains usualy higher in clayed goil than I N sendy soil. The soil
water content changing igc due tO trees untake and evaporation by
capillary rising.

6.GENERAL CONCLUSI ON

Results obtuined from all these experiences shew |Mportant
interests 1O continue studies ON salt-affected soils to make them
nmre fartile.

To wunderstand better salt influasnce MECanisms on forest
trees manysStudi es have to ke carriad out again i N different Ways
s vhysiology, soil chewmic zand physic.

Main results of all experiences which ended will be publi-
shed separatly,
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