Rangeland — Irrigated Forages

Research Activities

| — Rangeland - Irrigated Forages and Water

The Arabian Peninsula Regional Program (APRP) held its first travelling workshop
and its second regional technical committee meeting at Al Jouf in the North West of
the Kingdom of Saudi Arabia during May 12-16, 2001 (List of the participants is in
Annex IV). The subject matter of the meeting was rangelands, seed production and
irrigated forages (Program in Annex V). The Technical Coordination Meeting
(RTCM) was preceded by a two day travelling workshop to visit field sites, mainly
related to seed production of desert shrubs and rehabilitation of degraded
rangelands. The event was hosted by the Rangeland and Animal Development
Centre (RADRC) and attracted over 20 forage, water and rangeland scientists from
all seven Arabian Countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, United
Arab Emirates and Yemen).

Mr. Salal Al-mutari Director of the Range and Animal Development Centre and Dr
Abdulla Al —Hajouj, Range management Specialist and Head of the Range
Department organized the program. Dr Abdulkareem Al-Ghamdi, Director General,
Agricultural Research Department of the Ministry of Agriculture and Water opened
the meeting. In his opening statement he stressed the importance of the meeting
for the exchange of ideas in the area of rangeland seed production and the
rehabilitation of degraded rangelands. Dr. John Peacock, APRP Regional
Coordinator, Dr lan McCann, APRP Water Specialist, Dr. Ahmed Osman, Range
management Specialist and Dr. Michael Head of ICARDA Seed Unit represented
ICARDA. Dr. John Peacock welcomed the group on behalf of ICARDA director
general, Professor, Dr. Adel El-Beltagy and Dr. Mahmoud Solh, Assistant to DG for
International Cooperation. Dr. Peacock indicated that Al Jouf is an ideal place for
the workshop and technical meeting due to the excellent effort being made in the
area of seed production of range plants and range rehabilitation. He also
introduced Ahmed Osman to the meeting as the new Range management
Specialist in the Arabian Peninsula Regional Program.

During the two-days travelling workshop, the participants visited several research
sites managed by RADRC including seed production facilities and camel farm at
the Station (Al-Jouf), forage production and water use efficiency studies on forages
at Qunatra, range rehabilitation activities at Tamriat research station, and grazing
experiments at Tabarjal and seed production at Busaita.

The program of RTCM, which followed the travelling workshop, concentrated on
presentation and discussions on seed production of indigenous forage and range
species in the Arabian Peninsula, on collection and conservation of germplasm of
priority indigenous rangeland species and forages, irrigation set up and scheduling
for seed production, water use efficiency, salt tolerance of indigenous forages and
range plants and on the nutritive feed value of indigenous rangeland species and
forages.
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Participants in the Traveling Workshop gather around a fine a specimen of Traganum nudatum
(Damaran) a native fodder shrub growing in the experimental grazing unit at Tabarjal

The meeting then discussed the Work Plan for the new season as a proposal to be
submitted to the RSCM for approval.

The Al-Jouf station provided a very appropriate venue for the meeting by reason of
its long involvement with native fodder shrubs and large-scale seed production of
some 40 species at the Busaita Station. The Al-Jouf oasis and the surrounding
area are rich in Arabian history, which served to remind participants of the need to
preserve the fragile desert ecosystem for future generations.

The Followings are the papers which has presented in this meeting
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The Role of Range & Animal Development Research Centre in Range-land
Rehabilitation and seed Production in KSA

Dr. Abdullah M. Al-Hajoj
Al-Jouf Region, Kingdom of Saudi Arabia

Al- jouf Region is located northern of Saudi Arabia:

It is one of the most important traditional grazing areas in the country.
The range land occupying about 90% of the total land area

The nomadic population was 37% at the start of the project.
Vegetation and Soil

» Dwarf shrubs and annual forbs is the main part of the vegetation, grasses
are less abundant, shrubs are found in certain areas and trees are rare.

e Soils vary from deep sands in nafood to loam in wadis and to gravel on the
plateaus.

Climate

* The highest temperature reported was 40 ° C., while the lowest temperature
was -8° C.

* The average annual rainfall is about 50 mm.

* Average annual wind speeds range from 6 to 11 km per hour.

* Humidity is less than 20% in the dry months and unto 80% in the winter
Rangeland Figures

* More than 75% of Saudi Arabia land (2.25 million km2) can be classified
as rangeland

* Rangeland in the KSA is suffers from serious deterioration of range condition
caused by a combination of factors including:

» Overgrazing - drought period - wood cutting and uncontrolled cultivation of
marginal land.

» The government is aware of range land deterioration
Range & Animal Development Research Center Goal

* To find solutions to the overgrazing problem and to establish demonstration
sites for effective land rehabilitation and management and to develop animal
production.
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Project Experimental Stations
Range land deterioration

Grazing animal in poor range condition

Animal barely feeding

Soil movement from rangeland

Soil erosion

Range-land Restoration

2 years Protection Effect

Contour furrows machine

Pitting machine

Range shrubs germinate in Plastic greenhouse

Good range condition

Animal grazing in protected range area
RADRC EXPERIMENTS IN COLLABRATION WITH ICARDA
EXPERIMENTS

TRANSPLANTING OF NATIVE SHRUBS UNDER NATURAL CONDITIONS
WITH SUPPLEMENTARY IRRIGATION

COMPARISON OF TWO DIFFERENT METHODS OF RANGELAND
RESEEDING.

WATER USE EFFECIENCY OF MEDICAGO SATIVA AND ATRIPLEX
LEUCOCLADA

TRANSPLANTING RANGE SHRUBS WITH  SUPPLIMENTING
IRRIGATION

to evaluate re-vegetation of degraded rangeland with native rangeland
shrubs.

COMPARISON OF TWO DIFFERENT METHODS OF RANGELAND RESEEDING
OBJECTIVES:

To compare two cultural methods (contour furrowing and pitting) for
providing better seed bed and

increase water infiltration and herbage yields
Summary of the two experiments
Native range shrubs adapted to low water requirement.

A few amount of water at the planting time is sufficient to establish range
shrubs.

Species that naturally distributed in the area adapted better with
transplanting method.

Re-vegetation of perennial species on range land often requires reseeding.
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WATER USE EFFICIENCY OF MEDICAGO SATIVA & ATRIPLEX EUCOCLADA

OBJECTIVES:

To compare water use efficiency of Medicago sativa (Alfalfa) and Atriplex
leucoclada.

Possibility of replacing Atriplex leucoclada instead of Medicago sativa in
animal feeding.

Materials and Methods
Experiment started on Spring 1999
The two species were planted under central pivot irrigation system.

Four replications were used and four levels of irrigation quantity were
applied.

Central pivot speed was 20m/h, 40m/h, 60m/h, and 80m/h.
Water quantity was estimated using catch can method.

The progress results shows:

The production decrease when the pivots speed increased.
Alfalfa production increase with repeating cut

The production reaches 2737.5 Kg /ha at 20m/hour speed, while it reduced
to 1185Kg at 80m/hour in the first year.

The production reaches 2737.5 Kg /ha at 20m/hour speed, while it reduced
to 1185Kg in the first year.

Atriplex Leucoclada

The progress results shows that the production increase when the pivots
speed increased until 60m/h then decreased

Atriplex production decrease with repeating cut.

The production was 1450 Kg /ha at 20m/hour speed , while it increased to
1950 Kg / ha at 60m/ hour then decreased to 800 kg/ha at 80m/hour in the
first year.

Atriplex leucoclada at 60m/hour speed

The Production of the two species based on the dry mater
Response of the two species to repeating cut

Summary

Atriplex Leucoclada grows and survives with low moisture content.
High moisture content is needed for alfalfa
With central pivot irrigation the speed of 60m/hour is sufficient for Atriplex

Alfalfa response better than Atriplex to repeating cut
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Seed Production
Preface

* Native species is the most adapted species to this desert environment.
* Range land deterioration diminished seed source.
* Many of KSA’s indigenous plants are at the brink of extinction.

* There is a need for maintaining endemic genetic resources, necessitated the
establishment of a small scale pilot native seed propagation centre

* There is a need to have a gene-bank in KSA
Seed production Station in Busaita

» The station is about 20 km south Tabarjal

e The total area is 100 km2 (10x10), only 16 km2 are fenced.

» Seed production was started in 1987 with 10 native plants and now
there are more than 40 of the most important native species in KSA.

» The production of seed increased from 20kg in 1988 to about 5 tons
in year 2000.

» Both Drip irrigation and centre-pivot are used.

* Drip irrigation system in Busaita

» After harvesting seed cleaned using mechanical sieves of different
aperture

» Clean seeds were spread in thin layer in plastic sheets and air dried
under shed

 Then seed packed in plastic bags and labelled for species, date of
collection, weight, and seed purity.

Research needed on seed production of range plants

* Methods of improving recovery percentage of mature seeds.

o Effect of different techniques of harvesting on subsequent seed
production.

» Effect of different storage conditions on seed longevity and viability.

» Techniques for increasing seed purity

* Increase the efficiency of seed processing and legislation.

» Prioritize the species and focused on the most important ones
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Progress Report on Rangeland in KUWAIT

Kaled Hamoud, Public Autority for Agriculture and Fish Affairs (PAAAFR)

A Jandl ddad

Aoadall LSl (e 4yl LAl (and 530 pea )

4_;1;,“& | ‘\.‘;\‘)‘)S\ k_.ﬁj‘)b Caal A C\_uy ‘)}..J..ﬂ\ a.c\J‘) Y

u'ag.d d_“@aﬁd\ :\_xlos: &\ﬁl_j Gyt U C\_u\ ‘_A.r_ azll :\_p\..fi_)‘}{\ Gl aa il s ;\_).;\_\‘
gl 5 O UV Ll Jla i il

s e Ldla Vs il e ) Bhalia Goams dadisale) e Jasl) ¢

Al sl pala el (Ui o

5 8) ) Al Jgu

AU s e e ding (52 el il e by a5 dalie Sy agiall (SOU A a8

sl Ay Y1 g Jgamd) (5 laa

S Jldll I oal giall e ey s (GRSl (o W e aud sa 5 bl (5 5 Lgiag

QLY ddlaia

iy Ll (53 5 o 95 SN Al A0 V) L Aldiiie o sdad Ao e i DB g

Sl (S Gsiall A Jledll e iy G oS G ye Al (o)) 5 aa g LS ) A ddlaia

4

A diay Cuns Adle ddiay dgla ) iy g al Al o Lally Lalsin ) AL 4 o]l 5 b pual) 3a0n 4SSds

3 gall 5 4 ganll 3Ll 8 588 & 5 (Loamy sand— 4w sl ke ) ¢ jia (<5 25 0pd0 Ja )

a sl Sl il g S (e dapla a5 el e plena A8k aa gy clall Ll 30030

Aidal) o2 aia Gl o Lall 406l AL a5 a sl 5 daad) 2ulST any Lo Lilias IS0

,C«LA!\ Q_IJ.ME ji .Jud

o Gary o ) o)) WS JEy yaall (e A ) g dumddiall GSLeY) 8 4 ) ds gle a3

A Ao g e i Ayl il s g5,

@

¢l aall u.Ae}A.uJ\ CLU G A By el 3ad 3al g ,;uﬁﬁﬁj‘),\ﬂ%u:\mﬁ‘)\‘)ﬂ\ Ak

G Sl o agh (Al Z LY s L Al # Ll s e LG8 ) jall A o (add

LAl Al 2L Jasiy A pY) J sl Jae o a5 48 5l A i B pe Alled Al

skl saian 585 Gl (e LIS G L Y sall Bl e (il e lua

OS5 s ld Leygan e 5 Ay gha L Alene (555 al) s Adnall 48 580 A sl 2L W

..
-

ICARDA-APRP 14 Sustainable Management of Natural Resources of
Annual Report 2000/2001 Major Production Systems of The Arabian Peninsula



Progress Report on Rangeland in KUWAIT

dadal) sl

Z;J-»jad-sc«u\ Q.A\_ﬂ’.;}}é\.xﬁd\j}c\‘)&aﬂ\&ewWJ)M}AJJLLAi}]\MT)L}
G s8I (erhal) el pall (a5 QU gl alad i) jaane a5 BB Sl eUasll 8 [
bl e A ) e e & (o il 53 peral) 5 ddsall bl e aaell a5
A Al

Zygophylum coccineum ps_gl/ bl & sans

L);J.Au.am‘_rﬁ\ C—“-’J“j‘ G.ul.d\ G ganiall 1D Aaddnall (:\;.:.»J\) ialall alaludll UJJ..u.uS
ol B i) Bhliall 5 luss s B an i LS AablS dshia el jy La ) <y SI
S sl hlie 8 s AT Ll e gane sy U85y 5n a5 s oae ) 5 dadlal
Al

Paninum Turgidum .l Clli de sane

dabaiall olatly Cuy KU dae pia (e Bbaall dple )l ol sl o g dpud ) de geae JS0
st bl saa 5 508 dais i o5 UKD 28 (65 () Jaing s Al )l UESD) (38 i Baladl)
die draaiall Jlea V5 bbb Gyl e G o8 Al 4y el s s3s daud 5 Jlel)
(o ot ) gl g Ay gl ) Galiaia) o B el hal o3 el LS Lee i
) ) cciliall ol e b saill e 5l il Jaxts Jla )
\Ah\}ﬁdlauum;‘um.\utsﬁ\ Al de gane clilull DAA&A}A.\JJ

Cyperus Conglomerotus (sl Cliki de gana

A Juzadl 4 ) et g 8y Adhaie g 5 slaall il V) 5 daliall Al i
o s e ML shlid) 848 e Cle gane JS5 Ao clilall oda sy <)
£ sana (oo sl o) oy s -ABES A S (8 5 Adhaie AL WS AalS 5 ude 5 daglal)
Cle sane pe 28l il CaMEA) Blaliall (cary 8 Taadl 4 V) Al 43l e sena 5 il
s <l il 5 AT 4ol de gana I Ao gana (o Jsaill Bl 8 elld S5 ddliaa AL
GllAS 5 La gaigo ) sia (S0 dmpda oy Jilall o ) Jeaty g aldall o glaa g Jla )l Cufia g
Rhnterium epopposum .zd 2l ClLi de pans

oty Sl By de gene (9 5Sig A all By dal) 8 Ak Sl QLA (o 8yl
Moyt g sall 5 Caa )l L e lel pa JBST g el jaiall e by Aaline

OS5 Al A ) (8 safip paB Ve gL ia g daladl (5 glue (e el Sl s
Al AS el Ay saanl) Ay i 3 GBS S Lel 5 5 slaall (3hial 5 dadall o dilaiay Aol )
Bmadl Gkl

Haloxylon Salicornicum < o <l de sans

5 Jledl G Ay peall Y (B I At ) sana a5 CusS) () (e S dalis i
Le 4 gand) Ala H)l al Y1 5 o al) siall

db\_mj\ um;buﬁ;ﬁd\shaa'éw@u&bw\.ww}

Anabasis setifera (/= sAnabasis articulata p_as) <lUbLi de gene

Al Ay pal) iy ginl Bllial b dald Cra )l e gana sai Bhlia pany b o0
An A

ICARDA-APRP 15 Sustainable Management of Natural Resources of
Annual Report 2000/2001 Major Production Systems of The Arabian Peninsula



Progress Report on Rangeland in KUWAIT

o by AL gdel )M Asllia Ly )8 ¥ aS 1074 Leia YaS Y VAIA Gy oSl dalise 3l Lagae
() s del )l aalla jue YaS 1aYVA

A3V ATA L del )3l 3 laY Jsatis 1 a0r A dalall Jdl) aiiy de) 50 Land 4 pal) cndsl a8
M gl g de) ) 3l alaaadl clld g 1aAY A Aand) 55 A gdel ) (o sdl Aale A

IS8 o Jaias Aol ) ) ol IS Lggal )l it 5 jaie oy S1L iel) 5 Blalie day ) aa 53
5 Sl dabie Jlaa) (e 9690 dyse Sl 53850 (o A a5l Al Ao ) Aaliil g ) 3
& Loa joaxill g oSl Amplall el jall Cuia a3 38 5. Rangelands = ol ) e
LS B 5 ol W ) i) Gmmy omyat Sy ¥ Calall (e Baaliy) L0 580
Sl eUhall ol 385 Jlall Cis s el U el (3hlie e danld Clalise Cu ya
Akl slally Bad o8y i) o suy il o U sy ) il 5 (63 )y S 3 il
5 el AndlSe e Jaadl 5 Aadall Adban s Aally il Y Al 55 0 5, Jlads sas
Yooy A vy aB ) 5585 0y palae Gt plall uaall /) s Jle )l Caa y (e 2all
Jualizale) Ao Janll oo JiGl 138 alga anl (a5 yladl) clblall Jide oLk Yo o) /¥/)Y )l
Aalell bl ¢ 3 53 JUS)y pan () agr dee gl BIA e SIL Ay gl aaal) Al
GBhliall (Sl e lharll (paad (8 Lgie salin) 5 JBas¥) 5 Gl a¥lsasgal) 5 Lse )5 Liw

e Aailadl g el ) eda gail dleall 5 duliall Caglall b i Win s sa il

s Jand) el a gl g

s agaa o gl o) el adl el clalisall (e @135 4 sllaall 4500 ) 530 aes
Al 5 a5 3o Rl 5 sal) g o pall UL 02 (g WDle W1 B ) S5 o dpalall AN
() Ae) Lol 5 Ll it o se A lay W 8

&5 S Ol A iy sSD) Hsha e Y

& ple 3l Jidally cdial el o s, a8 e and gl 3yl o) o Jidally Z30ED Z U ¥
G 2538 el A elld g Lt G lhall 28 gall s dapisall (2 YL Ltie) ) 5 Ll o
o8 sall 03] 4D dlaal) Jas 58 55 ae AU lal

ICARDA-APRP 16 Sustainable Management of Natural Resources of
Annual Report 2000/2001 Major Production Systems of The Arabian Peninsula



Assessment of Indigenous Rangeland Forage Species for Salinity Tolerance in Oman

Assessment of Indigenous Rangeland Forage Species for Salinity Tolerance
in Oman

Saleem K. Nadaf, Saif A. Al-Khamisi and Ali H. Al-Lawati

Agriculture Production Research Center, Rumais, Ministry of Agriculture and
Fisheries, Sultanate of Oman

ABSTRACT

Two indigenous rangeland forage species viz. Cenchrus ciliaris L. (UAE) and
Coelachyrum piercii L.(UAE) collected under ICARDA- APRP Phase- | are being
investigated under ICARDA- APRP Phase-Il for their response to five levels of
irrigation water salinity viz. Control (1 dS m™), 3, 6, 9 and 12 dS m™ along with
other perennial fodder grasses viz. Rhodes grass (Chloris gayana L.cvs.
Katambora and Callide) and Buffel grass (Cenchrus ciliaris L cv. of Australia) since
April 2000. The results of the study up to seventh cut taken recently during first
week of February, 2001, indicated that effects of salinity and species were
significant (P < 0.05) with respect to all the characters studied. Cut effects were
significant (P < 0.05) for agronomic traits. Interaction effects were also significant (P
< 0.05) for all the characters except green matter weight and dry matter weight for
which effects of salinity x species and salinity x species x cuts were respectively
non-significant (P > 0.05). Adverse effect of salinity was evident in each species for
the agronomic traits. Indigenous rangeland forage species viz. Cenchrus ciliaris L.
(UAE) and Coelachyrum piercii L. (UAE) were severely affected by salinity with
respect to plant height, green and dry matter weights progressively after fifth cut.
The effect was more pronounced in the salinity levels beyond 6 dS m™. Australian
Buffel, however, was moderately affected by salinity. Rhodes grass showed
comparatively less adverse effect even in progressive cuts in all the levels of
salinity for all agronomic traits. Salinity tolerance of genotypes was assessed using
the concepts of both stress susceptibility index at each higher salinity level in
relation to control (lowest salinity level) and mean value over the salinity treatments
with respect to each agronomic character. Differential nature of accumulation of
different ions and protein at varying levels of salinity was found among the species.
Indigenous rangeland species although lack productive potentialities, particularly
under saline conditions, were found to have high K, low Na and CI, and high K/ Na
ratios usually seen in the salt tolerant plants. This indicates that there is large
scope for improving these species through clonal selection and / or polycross
breeding for their suitability under forage production system or rangeland
rehabilitation at sites facing varying levels of salinity.

Salinity occurs worldwide and is found in all the continents except Antarctica
(Szabolcs, 1985). More than half the world’s ground water supplies are already
saline, and the proportion is increasing as demand for water outstrips supply
(Biosaline Agriculture Centre, 2000). The crop productivities in arid and semiarid
agricultural areas are severely limited by salinity in combination with drought and
heat. In the rangelands like Dhofar Jabal area in the Sultanate of Oman, a gradual
loss of palatable species has been noticed to the level of near extinction to
extinction thus affecting the originally rich plant diversity (Ghazanfar et al., 1995).
Such degradation of rangelands has been primarily attributed to overgrazing by the
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increasing number of animals. Here also, increased seawater intrusion has been
noticed due to over-pumping turning gradually ground water resources saline.
Several aquifers have reached negative water balance between supplies and
demands causing heavy impact on the water quality (FAO, 1991; Koll and Ghawas,
2000). Under such conditions, saline tolerant indigenous rangeland grass species
would be valuable either for reseeding in the degraded rangelands at
corresponding salinity sites or testing/ breeding for their suitability under existing
forage production system in the areas affected by salinity (Peacock et al., 2000).
Plant breeders along with physiologists are now modifying plants to suit adverse
saline soil or irrigation water conditions while maintaining reasonable and reliable
yields (Shannon, 1985; Wyn Jones and Gorham, 1986; Gorham, 1991; Qualset and
Corke, 1991).

It seems that a very few scientists have attempted to investigate on salinity in
forage species. Hughes et al. (1975) studied forage yields of five grass species in
soil under greenhouse conditions with NaCl additions of 0, 5 000, 10 000, 20 000
ppm. Only Puccinellia. Distans L. showed the least reduction of 23% in 20 000
PPM as compared to other grass species. Guggenheim and Waisel (1977)
investigated the effects of irrigation water salinity, temperature and nitrogen
fertilization on growth and composition of Rhodes grass. Maas (1985) presented
yield reductions caused by soil salinity for 71 agricultural crops that included
grasses and forage crops. Pasternak et al. (1993) found the salinity tolerance of six
forage species studied under 1.2 to 9.5 dS m™ of irrigation water as: Salt (spike)
grass (Distichlis spikata L.) > Bermuda grass (Cynodon dactylon L. Pers.) >
Seashore paspalum (Paspalim vaginatum Swartz.) > Rhodes grass (Chloris
gayana Kunth cv. Common) > Kallar grass (Leptochloa fusca Kunth) = Alfalfa
(Medicago sativa L.).

In light of the above, the investigations are being conducted since April 2000 under
ICARDA-APRP Phase —II to study the response of indigenous rangeland species to
varying levels of salinity and assess their salinity tolerance for their utilization either
in existing forage production system or for rangeland enhancement/ rehabilitation.
This paper discusses results of the investigations up to seventh cut taken recently
during first week of February, 2001, about the effects of different levels of irrigation
water salinity on agronomic attributes along with ionic and protein contents in
indigenous and cultivated forage species.

Materials and Methods

The forage species under study included two indigenous rangeland forage species
viz. Buffel grass-Cenchrus ciliaris L. (UAE) and Coelachyrum piercei L. (UAE)
collected under ICARDA-APRP Phase—I (Peacock et al., 2000) and two cultivated
varieties of Rhodes grass (Chloris gayana Kunth.)- Katambora and Callide and a
Buffel grass (Cenchrus ciliaris L.) variety of Australia. The physical and chemical
characteristics of the experimental soil and the chemical characteristics of irrigation
water treatments are presented respectively in Tables 1 and 2.

The trial was laid in two factor completely randomized design with three replications
using five forage species under five levels of irrigation water salinity viz. Control
(1dS m™), 3, 6, 9and 12 dS m™ in pots of 30 cm diameter. Four plants grown in
each pot were fertilized with the recommended dose of 1200 kg N, 150 kg P,0Os
and 150 kg K,O/ha for Rhodes grass in the form of urea, triple super phosphate
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and potassium sulphate, respectively. The entire quantities of P and 1/10 of N and
K fertilizers were applied before planting while the remaining N and K fertilizers
were applied in equal splits (i.e. 1/10 N and 1/10 P) subsequently after each forage
harvest (cut). The pots of each species were frequently irrigated with control water
lightly till germination and later thrice a week till first harvest of forage at 20-50 %
blooming during July 2000. After the first cut, salinity treatments were imposed,
which were prepared in 100-liter iron drums by diluting seawater (48.5+2 dS m™ )
as it incorporates several salt compositions commonly encountered in saline soils,
namely high concentrations of sodium, chloride, sulphate and boron and a low
calcium to magnesium ratio. The electrical conductivity was measured by
conductivity TDS meter model 44600 (Hach). Subsequent cuts were taken in each
species at blooming. The observations on plant height (cm), number of tillers/ plant
and green matter weight (g)/ plant were recorded at each cut and dry matter weight
(g) was recorded from third cut in the laboratory after drying green matter in the
oven at 70 C for 18-24 hrs. Dry matter samples of fifth cut were analyzed for ionic
concentrations viz. N, P, K, Na and Cl (AOAC, 1984: Chapman and Pratt, 1961).
The data on agronomic traits were subjected to ANOVA considering salinity,
species and cuts as factors while the data on ion concentrations were analyzed
considering salinity and species as factors using MSTAT-C computer program
(Gomez and Gomez, 1984). A stress susceptibility index, S for the genotypes was
determined on the basis of all agronomic traits in the high salinity irrigation
treatment relative to low saline (control) treatment (Fischer and Maurer, 1978;
Kelman and Qualset, 1991). The S is defined as: S = [1- (Y /Yic)] / [1- (Y / Y)],
where Yj = character expression of ith genotype in the jth saline treatment, Y. =
character expression of the same genotype in the control treatment, Y; = mean
character expression of all the genotypes in the jth saline treatment, and Y . = mean
character expression of all the genotypes in the control treatment. Low S values
indicate low susceptibility or high tolerance to environmentally induced stress like
salinity.

Results and Discussion

The results indicated that the effects of salinity and species were significant (P <
0.05) with respect to all the characters studied. Cut effects were significant (P <
0.05) for agronomic traits. Interaction effects were also significant (P < 0.05) for all
the characters except green matter weight and dry matter weight for which effects
of salinity x species and salinity x species x cuts were respectively non-significant
(P > 0.05). Adverse effect of salinity was evident in each species for agronomic
traits. However, stress susceptibility index values were found to vary for each
character among the species with different levels of salinity.

Plant height and number of tillers/ plant

In general, there was significant reduction (P < 0.05) in both mean plant height
(Table 3) and number of tillers (Table 4) with increased level of salinity in all the
cuts as the grass species were significantly different with respect to mean values.

Rhodes grass cultivars had high mean heights over a range of salinity followed by
Australian Buffel, Cenchrus ciliaris (UAE) and Coelachyrum piercei (UAE) in all the
cuts. Stress index values were also low for Rhodes grass cultivars in all the cuts
except second indicating their consistency and relative tolerance to salinity (Table
3). There was hardly any decrease in mean height in the Rhodes grass cultivars
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from the cut—IlI (about 85 cm) to the last cut (about 80cm) in contrast to the sharp
decline in mean plant height observed in indigenous grass species viz. Cenchrus
ciliaris (UAE) (72 to 14 cm) and Coelachyrum piercei (UAE) (89 to 35 cm).

In respect of number of tillers, indigenous species had significantly high mean
values up to cut-1V (15 to 32) than either Rhodes grass cultivars or Australian Buffel
(13 to 22). But subsequently, the number of tillers started declining in the
indigenous species while Rhodes grass cultivars withstood salinity by maintaining
tillers between 28 to 33 till the last cut (Table 4). In the last cut indigenous species
under the high salinity levels had hardly any tillers. Rhodes grass cultivars also had
low stress susceptibility index values in general in all the cuts indicating their
consistency in tolerance as compared to indigenous species that had low values
only in the initial cuts.

Australian Cenchrus, however, was moderately affected by salinity in respect of
either plant height or number of tillers.

Green and dry matter weights/ plant

Green matter weights showed progressive and significant decrease (P<0.05) from
the control to higher salinity levels through the cuts in all the grass species (Table
5). Mean green matter weights of indigenous species were reduced significantly by
over 90 % in the last cut from the first cut while those of Rhodes grass cultivars
were decreased by 55-70%. Although mean dry matter weights of indigenous grass
species were on par with those of Rhodes grass cultivars in the cuts- Ill and IV
(Table 6), they were greatly reduced in the indigenous species in subsequent cuts.
They were reduced by over 90% up to the last cut while Rhodes grass cultivars
were comparatively less affected. This is also reflected by low susceptibility index
values consistently observed for Rhodes grass cultivars especially in the latter cuts
in respect of both green and dry matter weights, indicating their relative superiority
in tolerance to salinity.

Australian Cenchrus, however, was moderately affected by salinity in respect of
either green or dry matter weights.

lon Concentrations

There was strong and significant (P<0.01) positive correlation of salinity with Na*
(+0.593**) and CI (+0.467**) (Table 7) while the associations were equally strong
and significant (p <0.05) but negative between salinity and P (-0.320**), K" (-
0.671*%), K'/Na" (-0.686**) and protein (-0.249*). Differential nature of accumulation
of different ions and protein at varying levels of salinity was found among the grass
species (Tables 8.1 to 8.6). The concentrations of only two elements viz. Na and
Cl, and K/Na ratio were consistent with certain pattern. The concentrations of Na
and Cl showed progressive and significant increase (P<0.05) while K/Na ratio
gradually but significantly decreased from the control to higher salinity levels. The
accumulation pattern of remaining elements such as P and K, and protein in the
grass species was however, inconsistent.

Adverse effect of salinity on growth of forage grasses have been also observed due
to reduction not only in forage yield (Hughes et al., 1975; Pasternak et al., 1993)
but also yield associated traits like tillering capacity (Guggenheim and Waisel,
1977). The nature of salinity effect on plant height and dry matter weight was
investigated for the first time in the present study.
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Many scientists reported variability in salt tolerance within species (Shannon, 1985;
Kelmen and Qualset, 1991) but criteria of selection for salt tolerance have not been
consistent among the investigators. Salinity tolerance of a crop plant can be
assessed either in terms of its physiology as a small relative growth reduction due
to salinity or on absolute plant basis as revealed by high growth rate in or out of
salinity (Rawson et.al., 1988). On the other hand, Shannon (1985) discussed
salinity tolerance in terms of relative or by mean productivity between saline and
non-saline environments or across a range of saline environments with their merits
and demerits in respect of both low yielding and high yielding lines. Later, Kelmen
and Qualset (1991) applied the concept of relative tolerance for selection of a
genotype using its stress susceptibility index with reference to particular character
in high saline environment relative to low saline environment. Plant biomass has
been frequently used as an indicator of salinity tolerance of the genotypes
(Kingsbury and Epstein, 1984; Dvorak and Ross, 1986; Richards et al., 1987,
Kelmen and Quaslet, 1991; Nadaf et al., 2000 a). However, yield related traits have
been seldom used to know the effect of salinity on the genotypes (Grieve et. al.,
1992; Kelmen and Qualset, 1991; Nadaf et al., 2000 b ). In the present study, we
have assessed the salinity tolerance of indigenous rangeland grass species along
with cultivated perennial forage species using the concepts of both stress
susceptibility index at each higher salinity level in relation to control (lowest salinity
level) and mean value over the salinity treatments with respect to each character
and selected the most tolerant grass species considering the information of all the
characters under study. Among all the grass species tested, the salinity tolerance
of Rhodes grass cultivars was of higher degree and more consistent through cuts
as they scored low values of stress susceptible index under high salinity levels and
had also high mean values for agronomic traits studied. Maas and Hoffman (1977)
adjudged Rhodes grass as moderately tolerant.

Hughes et al.(1975) observed absence of any relationship between salinity
tolerance and amount Na in grass species while the greater degree of salt
tolerance of a genotype has been related to its low accumulation of Na (Chhipa and
Lal, 1995; Ashraf and Oleary, 1996; Nadaf et al., 2000c) and CI (El-Agrodi et al.,
1988; Nadaf et al., 2000c), high accumulation of K (El-Agrodi et al., 1988; Chhipa
and Lal, 1995; Nadaf et al., 2000c) and maintenance of higher K/Na ratio (Chhipa
and Lal, 1995; Ashraf and Oleary, 1996; Nadaf et al., 2000c) in wheat. In the
present study, indigenous grass species had low concentrations of Na and Cl and
fairly high concentrations of K besides maintaining higher K/Na ratio under high
salinity levels in comparison with either Australian Buffel or Rhodes grass cultivars.
These indigenous grass species had also significantly (P< 0.05) high mean values
of protein across salinity treatments. This indicates that there exists differential
nature of grass species to express growth or yield attributes and accumulate
different ions concerning salinity depending on their genetic architecture. The
pattern of ion accumulation was also found to be inconsistent among the genotypes
in relation to their degree of tolerance in crops like wheat (Ashraf and Oleary,
1996; Nadaf et al., 2000c). The genes having major effect on responses to edaphic
stress factors are reported in many crop species (Devine, 1982). These are
especially the ones controlling uptake/ utilization of nutrients or exclusion of toxic
ions.
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The indigenous species viz. Cenchrus ciliaris (UAE) and Coelachyrum piercei
(UAE) used in the present study were from the germplasm collections in the UAE
from the range land site having 1 dS m™ (Peacock, J.—Personal Communication).
Hence, they appear to lack, as observed in the present study, the productive
potentialities particularly under saline conditions, similar to those of cultivated
irrigated forages like Rhodes grass despite having low Na and CI, high K and high
K/ Na ratios usually seen in the salt tolerant plants. This indicates that there is large
scope for improving these species for their suitability under forage production
system or rangeland rehabilitation at sites facing varying levels of salinity. This can
be achieved by either selecting the clones under high salinity conditions or
identifying the clones having salt tolerant genes through recent molecular marker
techniques and poly-cross breeding involving these clones.
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Table 1. Values of some physical and chemical characteristics of the experimental soil

CHARACTERISTICS EXPERIMENTAL SOIL
PHYSICAL:

Gravel 2.10
Coarse sand (%) 0.80
Fine sand (%) 60.30
Silt (%) 26.60
Clay (%) 12.30
Texture Sandy loam
CHEMICAL:
ECe (dSm™) 2.07
pH 7.50
Soluble Cations (mmol/l)
Ca 12.70
Mg 7.20
Na 2.68
Soluble Anions (mmol./I)
COos3 0.20
HCO3 2.70
Cl 2.50
N (%) 0.24
P (%) 0.002
K (mmol/100g) 0.88

Table 2. Values of some chemical characteristics of irrigation water treatments

lonic contents 1dSm* 3dSm® 6dSm™ 9dSm™ 12dSm™

Cations (mmol./l)

Ca 3.80 4.50 5.40 6.20 7.00
Mg 9.20 12.20 18.50 28.40 38.80
Na 5.30 26.70 43.40 56.10 66.80
K 0.30 0.70 1.30 1.70 2.10

Anions (mmol./1)

HCO3 2.50 2.40 2.50 2.40 2.30

CO3 0.60 1.20 0.80 1.20 1.00

Cl 7.50 23.00 50.50 77.00 105.00

SO4 8.00 18.20 14.80 11.80 6.40
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Table 3. Mean plant height (cm) of grass species and their stress susceptibility indexes (Sc.j)
based on plant height

Salinity level Stress Susceptibility Indexes’

Species Cut No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean Sc.3 Sc.6 Sc.9 Sc.12

76.33 78.00 76.00 72.67 75.33 75.67 T - - -

=Ne) -
-l 7067 7500  69.00  70.43 7380 7178  1.07 0.26 021 -0.82
e 8 6410 5933 6167 6067 6200 6155  -163  0.35 055 0.3
IS 7817  67.17 5667 3800 2333 5267  3.32 1.85 190 1.85
SSv 36.33 3500 1833 1667  9.67 2320 095 958 267 186
T v 56.67  50.33 3267 1967 570 3301  0.93 1.68 232 197

Vil 2333 17.33 2000  8.33 0.00 13.80  3.60 1.21 285 272

Mean 57.94 54.60 47.76 40.92 35.69

| 94.33 94.00 94.00 111.00 111.33 100.93 - - - -

o
E_,:S':? Il 71.33 71.67 75.67 116.33  110.33  89.07 0.08 -0.67 -39.10 -10.16
) % 1l 94.67 92.00 74.33 74.33 59.67 79.00 -0.59 2.00 220 145
e 80.17 85.00 82.00 60.67 59.00 73.37 -1.42 -0.15 0.90 0.70
% \ 47.33 40.33 39.67 35.67 36.67 39.93 -3.82 3.13 1.21 057
o v 69.33 44.67 39.00 37.33 20.00 42.07 2.95 1.73 164 1.56

Vil 46.00 40.00 37.33 26.67 25.33 35.07 1.83 1.60 186 1.22
Mean 71.88 66.81 63.14 66.00 60.33

>0 0 | 93.33 93.33 93.67 96.67 102.00  95.80 - - - -

é ET % Il 75.00 66.33 68.33 70.67 52.00 66.47 -2.01 0.98 358 570

o=l 101.67 8250 79.00 85.33 54.33 80.57 -4.72 2.08 165 1.83

g g G v 80.50 63.67 54.33 63.83 49.00 62.27 4.93 2.19 0.76  1.03
< \ 58.00 51.77 60.33 44.00 29.67 48.75 -2.78 -0.78 119 124

\ 75.00 56.00 45.33 44.00 45.00 53.07 2.10 1.57 147 0.88
Vil 59.67 52.00 49.00 47.33 25.67 46.73 1.80 1.52 0.92 155
Mean 77.60 66.51 64.29 64.55 51.10

2EQ | 98.67 99.67 95.00 90.33 95.67 95.87 - - - -

2 i g Il 91.33 98.67 72.33 82.67 84.67 85.93 1.40 2.30 588 1.36

2= 103.43  107.00 105.67 112.67 10533 106.82 0.68 -0.20 -0.92 -0.07

g Q v 100.00 97.33 85.00 76.00 75.33 86.73 0.63 1.01 0.89 0.65

TSV 93.67 101.67  96.33 89.33 63.67 88.93 2.21 -0.55 0.23 0.81

3 Vi 88.67 86.33 84.67 88.00 73.33 84.20 0.22 0.18 0.03 0.38
Vil 90.00 92.33 86.00 75.67 70.67 82.93 -0.36 0.38 0.71 0.58

Mean 95.11 97.57 89.29 87.81 81.24

| 102.67 116.67 100.67  96.00 96.00 102.40 - - - -

g g (OZ? Il 97.67 117.67  84.00 59.33 63.33 84.40 3.56 1.55 24.33 6.53
g =z 110.33  110.00 102.67  95.00 72.33 98.07 -0.06 0.65 143 135
=~ Q v 85.67 93.33 83.33 71.00 57.00 78.07 -2.11 0.18 0.63 0.88
SV 86.67 105.67  90.67 71.00 55.33 81.87 5.67 -0.89 0.89 0.92

3 Vi 86.67 93.67 79.67 81.67 60.67 80.47 -0.67 0.32 0.21 0.66

Vil 84.00 79.67 75.00 76.67 70.00 77.07 0.72 0.91 0.39 0.45

Mean 93.38 102.38  88.00 78.67 67.81

Statistical parameters:

F-test LSD (5%)
Salinity ** 2.97
Species *x 297
Salinity x Species ** 6.65
Cuts *x 3.52
Salinity x Cuts *x 7.87
Species x Cuts *x 7.87
Salinity x Species x Cuts ** 17.59

**. Significant at 0.01 level of probability

T Stress susceptibility index of ‘j° (dS), high salinity treatment relative to ‘c’ (dS), low salinity
treatment

. Salinity treatments were not imposed till first cut
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Table 4. Mean number of tillers/ plant of grass species and their stress susceptibility indexes
(Sc.j) based on number of tillers

Salinity level Stress Susceptibility Indexest

Species Cut No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean Sc.3 Sc.6 Sc.9 Sc.12

23.33 22.67 20.67 24.33 22.00 22.60 i - - -

T.0 -
g 3 Il 19.00 18.00 19.67 13.33 17.00 17.40 0.31 0.28 -6.24 0.92
o %::_ 11} 27.67 31.67 30.33 18.00 23.00 26.13 -1.00 -9.02 -3.97 2.37
LS v 20.67 29.33 23.00 6.67 5.33 17.00 -2.61 -0.68 2.06 1.35
)C>§ \Y 20.33 15.00 8.33 8.00 3.67 11.07 0.75 1.23 1.69 1.13
I v 33.67 25.00 7.67 1.67 1.00 13.80 0.66 1.22 1.39 1.26

Vil 33.67 14.00 7.33 1.33 0.00 11.27 2.43 2.03 2.08 1.52

Mean 25.48 22.24 16.71 10.48 10.29

| 19.00 19.33 20.33 21.00 20.67 20.07

o
i_,: g Il 12.67 7.33 20.33 16.00 14.33 14.13 2.47 4.79 5.50 -1.15
o= 22.33 21.00 31.67 41.33 44.00 32.07 0.41 -39.11 9.67 -13.64
& v 26.67 24.33 20.67 23.67 20.33 23.13 0.55 1.35 0.34 0.43
)C> \ 27.67 28.00 26.00 19.33 9.67 22.13 -0.03 0.05 0.84 0.90
o v 65.67 32.00 10.33 8.67 1.00 23.53 1.32 1.33 1.27 1.27
Vil 34.00 22.67 17.67 8.67 3.67 17.33 1.39 1.24 1.62 1.35
Mean 29.71 22.10 21.00 19.81 16.24
»00 ! 20.67 20.33 20.67 21.00 22.33 21.00 - - - -
é g g Il 19.33 11.00 16.00 19.33 10.67 15.27 2.53 -1.36 0.00 3.93
2 o= 29.33 18.67 20.00 30.00 11.67 21.93 251 29.77 0.26 8.47
g (’: & IV 36.00 15.67 19.33 24.33 10.67 21.20 3.52 2.78 0.98 1.28
= \ 74.33 24.00 21.67 19.67 13.33 30.60 1.95 0.82 2.05 1.14
\ 82.00 37.00 32.00 27.67 25.67 40.87 141 0.96 0.97 0.89
Vil 55.00 28.67 20.33 32.33 6.67 28.60 1.99 1.63 0.89 1.33
Mean 45.24 22.19 21.43 24.90 14.43
2XQ | 17.00 16.33 18.00 17.67 19.00 17.60 - - - -
2 5 g Il 12.67 11.33 12.67 16.00 14.00 13.33 0.62 0.00 5.50 -0.92
2=z 17.67 14.67 19.00 17.33 18.00 17.33 117 -7.06 -0.21 -0.27
g Q v 16.67 13.33 21.67 13.67 7.33 14.53 1.25 -1.80 0.55 1.02
TSV 19.33 18.67 14.33 6.33 8.33 13.40 0.10 0.29 1.88 0.79
5 VI 30.33 30.00 20.00 14.67 10.67 21.13 0.03 0.54 0.75 0.84
Vil 26.00 31.67 28.67 26.33 29.33 28.40 -0.91 -0.27 -0.03 -0.19

Mean 19.95 19.43 19.19 16.00 15.24

| 17.67 17.00 20.67 19.33 17.67 18.47 - - - -

Il 12.67 15.67 17.33 15.33 11.67 14.53 -1.39 291 4.40 0.69
1 24.67 18.00 19.33 25.67 16.33 20.80 1.86 20.24 0.46 4.75
18.33 16.67 14.00 11.00 9.33 13.87 0.57 1.42 121 0.89
\ 19.33 19.33 12.50 50.00 9.67 22.17 0.00 0.66 -4.43 0.69
\ 36.33 27.67 20.67 25.67 18.00 25.67 0.61 0.68 0.43 0.65
Vil 34.33 42.00 38.33 30.00 22.67 33.47 -0.93 -0.30 0.27 0.52

(ap1ieo)
yuny

eueAkeb slio|yd
<

Mean 23.33 22.33 20.40 25.29 15.05

Statistical parameters:

F-test LSD (5%)
Salinity foled 2.79
Species *x 2.79
Salinity x Species ** 6.23
Cuts *x 3.30
Salinity x Cuts *x 7.38
Species x Cuts ** 7.38
Salinity x Species x Cuts * 16.49

*- Significant at 0.05 level of probability ; **- Significant at 0.01 level of probability

T _Stress susceptibility index of ‘' (dS), high salinity treatment relative to ‘c’ (dS), low salinity
treatment

™ . salinity treatments were not imposed till first cut
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Table 5. Mean green matter weight / plant (g) of grass species and their stress susceptibility
indexes (Sc.j) based on grain weight per se

Salinity level Stress Susceptibility Indexest

Species Cut No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean Sc.3 Sc.6 Sc.9 Sc.12

| 173.33 121.67 141.00 153.67 142.33 14640 17 - - -

T.0 -
g & Il 88.33 51.67 76.67 71.67 60.00 69.67 2.59 0.57 0.82 1.26
o %::_ Il 35.63 41.43 38.33 24.07 31.60 34.21 -2.30 -0.53 1.37 0.38
LS v 67.63 68.27 63.40 25.43 13.63 47.67 -0.12 0.23 1.23 1.13
)C>§ \Y 20.77 6.40 2.50 1.33 1.17 6.43 2.42 1.82 1.57 1.53
I v 70.07 36.17 18.43 13.23 3.83 28.35 1.36 1.32 1.30 1.19

Vil 26.07 27.50 18.00 10.00 0.00 16.31 -0.24 0.87 117 1.45

Mean 68.83 50.44 51.19 42.77 36.08

| 186.67 204.33 196.67 183.33 206.67 195.53

o
i_,: g Il 163.33 166.67 118.33 147.00 121.67 143.40 -0.13 1.20 0.43 1.00
o= 62.57 94.10 62.77 56.67 53.70 65.96 -7.11 -0.02 0.40 0.47
& v 123.73 123.30 84.50 31.83 28.33 78.34 0.04 1.18 1.46 1.10
)C> \ 51.57 52.90 28.37 16.47 13.67 32.59 -0.09 0.93 1.14 1.19
o v 90.80 40.27 19.47 18.67 3.63 34.57 1.56 141 1.27 121
Vil 25.34 13.37 12.43 11.77 6.33 13.85 2.06 1.43 1.02 1.09
Mean 100.57 99.28 74.65 66.53 62.00
»00 ! 201.67 190.00 230.00 216.67 205.33 208.73 - - - -
E g g Il 166.67 138.33 113.33 120.00 133.33 134.33 1.06 1.39 121 0.79
2 o= 101.80 90.93 55.50 66.93 62.97 75.63 1.51 3.20 1.45 1.27
g (’: & IV 84.50 80.03 56.57 58.10 29.03 61.65 0.67 1.23 0.62 0.93
= \ 49.10 47.37 29.40 27.67 13.30 33.37 0.12 0.83 0.73 1.18
\ 93.23 56.80 35.67 29.40 18.17 46.65 1.10 111 1.10 1.01
Vil 72.37 30.60 33.50 19.37 10.73 33.31 2.52 1.50 1.39 1.23
Mean 109.90 90.58 79.14 76.88 67.55
=0 | 235.00 193.33 191.67 180.00 173.33 194.67 - - - -
g 5 ;—7 Il 215.00 175.00 208.33 135.00 113.33 169.33 1.16 0.14 1.61 1.86
2= 79.57 67.60 89.97 79.12 52.33 73.72 212 -0.92 0.02 1.14
g Q v 85.73 58.33 51.93 61.13 26.93 56.81 4.03 1.46 0.57 0.97
SV 63.03 58.93 55.23 41.57 34.10 50.57 0.23 0.26 0.57 0.74
5 VI 64.03 60.60 52.47 46.40 30.67 50.83 0.15 0.32 0.44 0.66
Vil 71.90 74.97 65.93 63.47 39.60 63.17 -0.19 0.23 0.22 0.65

Mean 116.32  98.40 102.22  86.67 67.19

| 231.67 236.67 236.67 185.00 200.00 218.00 - - - -

Il 186.67 156.67 115.00 156.67 183.33 159.67 1.00 1.67 0.69 0.07
I 134.73  90.90 108.80  89.57 89.70 102.74  4.59 1.35 1.42 1.12
78.10 74.93 64.73 40.20 32.40 58.07 0.51 0.63 0.96 0.83
\ 129.13  58.20 46.90 39.17 57.33 66.15 1.92 1.32 117 0.90
\ 89.10 68.57 54.23 45.67 27.30 56.97 0.65 0.70 0.78 0.87
Vil 151.53 121.10 93.37 59.87 50.90 95.35 0.88 1.08 1.15 0.96

(ap1ied)
yuny

euekeb suo|yp
<

Mean 14299 115.29 102.81 88.02 91.57

Statistical parameters:

F-test LSD (5%)

Salinity ** 6.57
Species ** 6.57
Salinity x Species NS -

Cuts *x 7.77
Salinity x Cuts * 17.38
Species x Cuts *x 17.38
Salinity x Species x Cuts * 38.86

*- Significant at 0.05 level of probability ; **- Significant at 0.01 level of probability

- Stress susceptibility index of ‘' (dS), high salinity treatment relative to ‘c’ (dS), low salinity
treatment
T Salinity treatments were not imposed till first cut
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Table 6. Mean dry matter weight / plant (g) of grass species and their stress susceptibility
indexes (Sc.j) based on dry matter weight per se

Salinity level Stress Susceptibility Indexest
Species Cut No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean Sc.3 Sc.6 Sc.9 Sc.12

~T 0O 1 5.90 7.00 6.90 5.17 7.30 6.45 -5.99 -1.05 0.61 -1.63
Seg v 15.97 14.40 13.77 5.00 6.03 11.03 1.15 0.59 1.58 1.00
m 8, gT \Y 5.30 1.30 0.40 0.23 0.20 1.49 3.08 1.70 1.60 1.37
Cg Vi 12.80 7.10 4.33 2.20 0.33 5.35 2.58 1.56 1.67 1.22
5 VIl 2.06 0.73 1.00 0.30 0.00 0.82 4.47 1.95 1.92 1.57

Mean 8.41 6.11 5.28 2.58 2.77
~0 0 1 27.67 39.67 26.77 21.77 23.23 27.82 -13.93 0.20 1.05 1.10
:E E_, v 25.17 27.60 20.03 8.27 7.53 17.72 -1.14 0.87 1.55 1.13
L z % \Y 9.80 11.63 4.50 2.10 2.63 6.13 -0.76 1.00 1.31 1.04
~& Vv 16.73 7.70 4.90 4.77 3.33 7.49 3.13 1.67 1.44 1.00
Vil 3.83 2.23 2.23 1.93 0.43 2.13 2.89 1.58 1.11 1.40

Mean 13.38 13.67 9.24 5.96 571
o0 1 43.23 37.97 20.83 26.67 32.17 32.17 3.91 3.20 1.89 1.76
z 2 ET% v 19.17 19.37 13.80 18.37 9.37 16.01 -0.12 1.20 0.10 0.82
S o =) \Y 15.53 22.23 6.23 7.00 3.13 10.83 -1.76 1.10 0.92 1.14
g S Vi 17.17 11.20 7.63 6.93 5.03 9.59 2.02 1.31 1.20 0.89
Vil 12.70 5.17 6.17 3.53 2.27 5.97 4.11 1.95 1.62 1.29

Mean 17.86 15.98 9.45 10.06 8.30
2xQQ 1 16.97 15.47 21.93 18.60 14.60 17.51 2.84 -1.81 -0.48 0.96
Q 5 2 OE v 14.60 11.93 12.07 12.93 6.30 11.57 2.15 0.74 0.26 0.92
% 5% a \Y 27.10 24.03 23.27 18.67 9.37 20.49 0.46 0.26 0.52 0.93
g Vi 35.93 40.07 29.73 27.73 5.97 27.89 -0.67 0.41 0.46 1.04
= Vil 14.40 18.90 15.20 15.03 7.90 14.29 -2.17 -0.21 -0.10 0.71

Mean 19.94 18.79 16.83 15.22 7.81
~xQ 0O 1 26.63 16.53 24.47 23.87 25.57 23.41 12.18 0.50 0.51 0.27
9:’5,% OE v 19.23 12.87 12.43 8.77 6.53 11.97 3.90 1.51 1.26 1.06
% = g a \Y 56.03 26.63 17.60 17.67 18.70 27.33 2.14 1.26 1.14 0.95
- Vi 52.63 45.87 31.33 26.63 12.57 33.81 0.75 0.96 1.00 0.95
Vil 29.07 26.07 21.10 13.60 12.03 20.37 0.72 1.04 1.19 0.92

Mean 31.13 23.67 19.85 17.26 13.02

Statistical parameters:

F-test LSD (5%)

Salinity foled 1.87
Species ** 1.87
Salinity x Species ** 4.18
Cuts ** 2.21
Salinity x Cuts ** 4.95
Species x Cuts ** 4.95
Salinity x Species x Cuts NS -

** . Significant at 0.01 level of probability
. Stress susceptibility index of ‘j' (dS), high salinity treatment relative to ‘c’ (dS), low salinity
treatment
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Table 7. Correlation coefficients between salinity and ion concentrations and protein in wheat

Sl. lon Concentrations/ Corrélation
Coefficients (r)

No. Protein

1 K* -0.671*

2 Na* 0.593*

3 K*'/Na" -0.686**

4 cr 0.467**

5 P -0.320**

6 Protein -0.249*

* - Significant at 0.05 level of probability
** - Significant at 0.01 level of probability

Table 8.1. Mean Potassium (K) concentration (%) of grass species under different levels of

salinity
Salinity level
Sl.No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean
Coelachyrum piercei L.(UAE) 2.12 2.99 3.09 3.09 2.85 2.83
Cenchrus ciliaris L.(UAE) 2.17 1.86 1.72 1.64 1.59 1.80

Cenchrus ciliaris L.cv. Australian 2.04 1.75 1.77 1.85 1.95 1.87
Chloris gayana Kunth (Katambora) 1.88 1.84 1.75 1.56 1.82 1.77

Chloris gayana Kunth (Callide) 1.78 1.75 1.56 1.87 1.77 1.75
Mean 2.00 2.04 1.98 2.00 2.00
Statistical parameters:
F-test LSD (5%)
Salinity ** 0.008
Species *x 0.008
Salinity x Species *x 0.017

**. Significant at 0.01 level of probability

Table 8.2. Mean Sodium (Na) concentration (%) of grass species under different levels of

salinity
Salinity level
SI.No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean
Coelachyrum piercei L.(UAE) 0.71 0.82 1.09 1.23 1.22 1.01
Cenchrus ciliaris L.(UAE) 1.77 1.85 2.16 2.26 2.27 2.06

Cenchrus ciliaris L.cv. Australian 231 2.18 2.57 2.68 2.72 2.49
Chloris gayana Kunth (Katambora) 2.54 1.98 2.11 2.37 2.66 2.33

Chloris gayana Kunth (Callide) 1.76 1.74 1.99 2.24 2.52 2.05
Mean 1.82 1.71 1.98 2.16 2.28
Statistical parameters:
F-test LSD (5%)
Salinity faled 0.008
Species *x 0.008
Salinity x Species *x 0.018

**. Significant at 0.01 level of probability
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Table 8.3. Mean K/ Na ratio of grass species under different levels of salinity

Salinity level

Sl.No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean
Coelachyrum piercei L.(UAE) 2.99 3.65 2.84 251 2.34 2.86
Cenchrus ciliaris L.(UAE) 1.23 1.01 0.82 0.75 0.72 0.90
Cenchrus ciliaris L.cv. Australian 0.88 0.78 0.71 0.69 0.70 0.75
Chloris gayana Kunth (Katambora) 0.74 0.93 0.83 0.66 0.68 0.77
Chloris gayana Kunth (Callide) 1.01 0.98 0.78 0.84 0.70 0.86
Mean 1.37 1.47 1.20 1.09 1.03

Statistical parameters:

F-test LSD (5%)

Salinity el 0.011

Species ** 0.011

Salinity x Species *x 0.026

**. Significant at 0.01 level of probability

Table 8.4. Mean Chloride (Cl) concentration (%) of grass species under different levels of

salinity

Salinity level

SI.No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean
Coelachyrum piercei L.(UAE) 0.89 1.33 1.78 1.78 2.23 1.60
Cenchrus ciliaris L.(UAE) 3.55 3.11 2.67 2.66 2.90 2.98
Cenchrus ciliaris L.cv. Australian 1.33 1.78 2.22 2.66 2.22 2.04
Chloris gayana Kunth (Katambora) 2.22 2.22 2.66 3.99 3.99 3.01
Chloris gayana Kunth (Callide) 3.11 2.22 2.65 3.11 3.11 2.84
Mean 2.22 2.13 2.40 2.84 2.89

Statistical parameters:

F-test LSD (5%)

Salinity faled 0.007

Species *x 0.007

Salinity x Species *x 0.015

**. Significant at 0.01 level of probability
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Table 8.5. Mean Phoshorous (P) concentration (%) of grass species under different levels of

salinity
Salinity level
SI.No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean
Coelachyrum piercei L.(UAE) 0.21 0.36 0.29 0.28 0.26 0.28
Cenchrus ciliaris L.(UAE) 0.37 0.36 0.33 0.30 0.30 0.33

Cenchrus ciliaris L.cv. Australian 0.35 0.24 0.33 0.33 0.31 0.31
Chloris gayana Kunth (Katambora) 0.26 0.34 0.25 0.24 0.28 0.27
Chloris gayana Kunth (Callide) 0.28 0.31 0.23 0.23 0.22 0.25
Mean 0.29 0.32 0.29 0.28 0.27

Statistical parameters:

F-test LSD (5%)
Salinity faled 0.012
Species *x 0.012
Salinity x Species *x 0.027

**. Significant at 0.01 level of probability

Table 8.6. Mean Protein content (%) of grass species under different levels of salinity

Salinity level

Sl.No. Control 3dS/m 6dS/m 9dS/m 12dS/m Mean
Coelachyrum piercei L.(UAE) 11.43 13.68 5.71 1.88 5.71 7.68
Cenchrus ciliaris L.(UAE) 7.06 24.12 9.27 7.21 6.92 10.92

Cenchrus ciliaris L.cv. Australian 5.15 413 7.19 5.71 7.88 6.01
Chloris gayana Kunth (Katambora) 11.12  7.38 1195 3.25 5.63 7.86
Chloris gayana Kunth (Callide) 10.06  3.75 2.46 5.25 4.44 5.19
Mean 8.96 1061 7.31 4.66 6.11

Statistical parameters:

F-test LSD (5%)
Salinity faled 0.10
Species *x 0.10
Salinity x Species faled 0.22

**. Significant at 0.01 level of probability
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Summary Report of different experiments of Rangeland Component in Oman

Seed multiplication of three forage species viz. Cenchrus ciliaris L- UAE Accession
No. MAF-120 (6 g), Cenchrus ciliaris L.- Australia (50 g) and Coelachyrum piercei
Benth- UAE Accession No. MAF-116 (8 g) was entrusted to us with a very little
amount as given in the brackets during November, 1999 and accordingly seed
multiplication was carried out at Agriculture Research Station, Sohar under drip
irrigation since March, 2000 up to February 2002. Total seed yields collected
through six harvests were 13.6 kg and 12.6 kg respectively in respect of indigenous
species of Cenchrus and Coelachyrum in a span of about 600 days. Australian
Cenchrus was not allowed for seed production in the latter four seed crops in order
to avoid any contamination to indigenous Cenchrus. It has been observed that
summer seed crops produced comparatively more seed yield in both the grass
species than those did in winter season. These studies clearly indicated that seed
can be produced in the Gulf climate of Oman in grass species like Cenchrus /
Coelachyrum throughout the year. Problems encountered during seed
multiplication and future aspects of research in seed multiplication are highlighted
in the report.

Preliminary results of the investigations on the maximization of seed yield through
appropriate row and interplant spacing under drips in two indigenous rangeland
perennial forage species viz. Cenchrus ciliaris L- UAE Accession No. MAF-120 and
Coelachyrum piercei Benth- UAE Accession No. MAF-116 along with Rhodes
grass, Chloris gayana L. cv Katambora have indicated that both Cenchrus ciliaris L
(2.0 m x 0.5 m) and Coelachyrum piercei (0.5 m x 0.5 m) requires broad row and
inter-plant spacing as they produce spreading type of tillers (tillers) while Rhodes
grass requires comparatively narrow spacing (0.25 m x 0.25 m) since it produces
compact tillers.

Investigations on characterisation of forage species viz. Cenchrus ciliaris and
Coelachyrum piercei were undertaken during 2001-2002 by using representative
samples taken at different growth stages of the two crops from the seed
multiplication plots established at Sohar Research Station. The two cultivars of
Cenchrus ciliaris viz. an indigenous collection and Australian variety were
characterized in respect of as many as 15 pigmentation characters and 7
morphological traits. However, Coelachyrum piercei was characterized in respect of
12 pigmentation characters and 8 morphological traits

Two indigenous rangeland forage species viz. Cenchrus ciliaris L. (UAE) and
Coelachyrum piercii L.(UAE) collected under ICARDA- APRP Phase- | are being
investigated under ICARDA- APRP Phase-Il for their response to five levels of
irrigation water salinity viz. Control (1 dS m™), 3, 6, 9 and 12 dS m™ along with
other perennial fodder grasses viz. Rhodes grass (Chloris gayana L.cvs.
Katambora and Callide) and Buffel grass (Cenchrus ciliaris L cv. of Australia) since
April 2000. The results of the study up to twentieth cut taken recently during first
week of April, 2002, indicated that effects of salinity and species were significant (P
< 0.05) with respect to all the characters studied. Cut effects were significant (P <
0.05) for agronomic traits. Interaction effects were also significant (P < 0.05) for all
the characters except green matter weight and dry matter weight for which effects
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of salinity x species and salinity x species x cuts were respectively non-significant
(P > 0.05). Adverse effect of salinity was evident in each species for the agronomic
traits. Indigenous rangeland forage species viz. Cenchrus ciliaris L. (UAE) and
Coelachyrum piercii L. (UAE) were severely affected by salinity with respect to plant
height, green and dry matter weights progressively after fifth cut. The effect was
more pronounced in the salinity levels beyond 6 dS m™. While Coelachyrum piercii
collapsed totally after seventh, tenth and fifteenth cuts respectively at salinity levels
of >9dSm™ ,6dSm™* and 3dS m*, Cenchrus ciliaris L. (UAE) collapsed after
tenth and sixteenth cuts respectively at salinity levels of >9dS m™ and 6 dS m™.
Australian Buffel, however, was moderately affected by salinity, although it started
collapsing after 15 cuts at salinity levels of 6 dS m™ and above. Rhodes grass
cultivars showed less adverse effect even in progressive cuts in all the levels of
salinity for all agronomic traits indicating distinctive superiority over other two grass
species. Salinity tolerance of genotypes was assessed using the concepts of both
stress susceptibility index at each higher salinity level in relation to control (lowest
salinity level) and mean value over the salinity treatments with respect to each
agronomic character. Differential nature of accumulation of different ions and
protein at varying levels of salinity was found among the species. Indigenous
rangeland species although lack productive potentialities, particularly under saline
conditions, were found to have high K, low Na and CI, and high K/ Na ratios usually
seen in the salt tolerant plants. This indicates that there is large scope for improving
these species through clonal selection and / or polycross breeding for their
suitability under forage production system or rangeland rehabilitation at sites facing
varying levels of salinity.
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SEED PRODUCTION OF INDIGENOUS FORAGE & RANGELAND SPECIES IN
OMAN

Saleem K. Nadaf., Saif A. Al-Khamisi and Ali Hussein Al-Lawati

Agriculture Production Research Center, Rumais, Ministry of Agriculture and
Fisheries, Oman

CENCHRUS CILIARIS L

Land Requirements:

» For seed production of particular cultivar of Cenchrus ciliaris , select a field on
which a crop of any other cultivar or ecotype of Cenchrus ciliaris was not
grown within the previous two- three years.

» The land should be free from volunteer plants and, as a precaution no organic
manure or other contaminating materials should be applied during the period
in which seed is produced.

* The land should be well drained. Isolation Requirements (Adapted from Pearl
millet, Pennisetum typhoides):

e A minimum isolation distance of 1000 m for the foundation seed, and 200 m
for certified seed class should be provided from fields of other varieties of the
same species.

» An isolation distance of 25 m is required for certified class such as bulk seed
from the fields of the same variety not conforming to varietal purity
requirements for certification

Brief Cultural Practices:

1. Preparation of land: Good land preparation is necessary for obtaining uniform
germination. The field should be prepared well by ploughing once or twice and
harrowing two to three times followed by leveling. The field must be leveled
properly.

2. Time of sowing: The Cenchrus should be sown any time between third and
fourth week of March.

3. Source of seed: Obtain quality seed from the genuine source for raising the
seed crop. The seed of other grass species deviating in color, shape and size
should be separated.

4. Method of sowing: Three to four seeds should be sown manually or
mechanically at each hill in rows. The depth of seeding should be 3-5 cm. 5-6
granules of systemic insecticide such as Furadon granules may be scattered on
the soil at each hill to protect seeds/ seedlings from ants/ termites.

5. Spacing: Row to row- 50 cm -1 m ; Seed to seed- 25-50 cm
6. Seed rate: 5-10 kg/ ha depending on germination %.

7. Fertilization: The fertilizer dose tried for Cenchrus sp. is 150 kg N: 150 kg P205:
150 kg K20 per hectare per year in the form of urea, triple super phosphate and
potassium sulphate. The entire quantities of potassium and phosphatic
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fertilizers were applied after the establishment of seedlings while 1/3 N was
applied in two split doses- 1/2 N with P and K and after each harvest and
remaining 1/2 N at flag leaf emergence in every seed crop.

8. Irrigation: For good germination, frequent light irrigations are advised.
Subsequently irrigations may be given as per requirement of the seed crop.
Usually, the crop may be irrigated under sprinklers for 4-5 hrs per week during
winter and 6-7 hrs per week during summer. Under drips in our experiment, the
crop was initially irrigated with water of about 0.8 dS/m very lightly (15
minutes/day) till germination and time duration of irrigation was increased by 5
minutes every week for one month. Later, the crop was irrigated daily for 30
minutes. Irrigation should be stopped a week before harvesting.

9. Interculture: To obtain pure quality seed it is essential to keep the field
completely free from weeds through out the growing period.

10. Roguing: The seed crop must be rogued carefully at pre-flowering, flowering
and maturity stage using various marker characters (Table 1). All the off-types
and other crop/ grass plants must be removed from time to time. The removal
must complete before harvest.

11.Harvesting: The seed crop can be harvested when 2/3 panicles attain maturity.
Harvesting can be done manually by grasping the panicles. Seed should be
cleaned and dried under shade to eight to ten per cent moisture, before
storage. The seed should stored in fibre bags that facilitate aeration.

12. Seed Yield: Approximately 0.10 to 0.15 t of seed can be expected per hectare
per harvest.( See Table 2 for collected seeds)

13.Subsequent seed crops: When the crop is sown in summer, say March (Last
week)- April(first week) usually three crops can be raised for seed production
per year. Sowing to first harvest during July- would take about 100-105 d. The
second harvest would take about 75 d (August- October) while third harvest
would take about 90 d (November — February). Third harvest would be greatly
prolonged as the crop period falls during winter (Table 2).
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Table 1. Anthocyanin pigmentation and morphological marker characters established in two

cultivars of Cenchrus ciliaris L.

Marker Characters:

C. ciliaris (Local-UAE)

I. Pigmentation Characters (Anthocyanin pigmentation in):

1. Culm base Green
2. Leaf blade Green
3. Leaf base Purple
4. Leaf margin Green
5. Leaftip Green
6. Ligule Colorless
7. Auricle Green
8. Sheath pulvinus Green
9. Node Purple
10. Internode Green
11. Panicle base Green
12. Panicle axis Green
13. Lemma/ palea Green
14. Bristles Straw to Light Purple
Il. Morphological characters:

1. Leaf blade Short
2. Flag leaf Short
3. Nodal nature Straight
4. Plant Height Tall

5. Panicle length Short
6. Panicle exsertion More

7. Shattering of seeds More
10. Seed color Straw

Purple
Green
Green
Purple
Purple
Colorless
Green
Purple
Green
Green
Purple
Light purple
Green

Dark Purple

Long
Long
Bent
Tall
Long
More
Less
Straw
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Table 2. Germination % , Plant Stand, Days to 50% Heading and Harvest, and Seed Yield
Collected (kg) at each Harvest of two cultivars of Cenchrus ciliaris L. during the year (2000-

2001)
) T o o TO >0 >0 0
2 2 2 £ c 3 562 F8°2
=1 ) o 5] ® < e3> 7=
Harvests/ 2 o aQ = 23 g2 .2
Species > S c Q@ w33 n QS
z - -
=2 o < =
2 2 2 2 z
s @ : 37 ig
g <8 > 2
I- Harvest
1. C. ciliaris (UAE) 70 65 65 105 2.8 0-3% 27%
2.C. ciliaris (Australia) 80 75 60 100 3.2 0-3% 37%
Il- Harvest
1. C. ciliaris (UAE) - 60 32 72 2.3 0-4% 33%
2.C. ciliaris (Australia) - 70 30 70 2.8 0-2% 34%
Ill- Harvest
1. C. ciliaris (UAE) - 45 55 90 1.9 0-2% -

2.C. ciliaris (Australia) - - - - - - -

Important Observations:

Cenchrus ciliaris produces reasonable amount of quality seed. Seed yields depend
on the cultivar. Harvesting of seed may be done either by hand or mechanically and
the seed is shed less readily. There is no simultaneous emergence of productive
tillers thus making harvesting task difficult. The seed crop is usually sown in wider
spacing than fodder crop. Germination of seed at harvest is poor, virtually nil but
rises to 35 per cent after storing for four months (Table 2).

COELACHYRUM PIERCEI L.

Land Requirements:

» For seed production of particular ecotype of Coelachyrum piercei , select a
field on which a crop of any other ecotype of Coelachyrum piercei was not
grown or present within the previous two- three years.

» The land should be free from volunteer plants and, as a precaution no organic
manure or other contaminating materials should be applied during the period
in which seed is produced.

e The land should be well drained.
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Isolation Requirements (Adapted from Pearl millet, Pennisetum typhoides):

e A minimum isolation distance of 1000 m for the foundation seed, and 200 m
for certified seed class should be provided from fields of other varieties of the
same species.

» An isolation distance of 25 m is required for certified class such as bulk seed
from the fields of the same variety not conforming to purity requirements for
certification

Brief Cultural Practices:

1. Preparation of land: Good land preparation is necessary for obtaining uniform
germination. The field should be prepared well by ploughing once or twice and
harrowing two to three times followed by leveling. The field must be leveled

properly.

2. Time of sowing: The Coelachyrum should be sown any time between third and
fourth week of March.

3. Source of seed: Obtain quality seed from the genuine source for raising the
seed crop. The seed of other grass species deviating in color, shape and size
should be separated.

4. Method of sowing: Three to four seeds should be sown manually or manually at
each hill in rows. The depth of seeding should be 3-5 cm. 5-6 granules of
systemic insecticide such as Furadon granules may be scattered on the soil at
each hill to protect seeds/ seedlings from ants/ termites.

5. Spacing: Row to row- 50 cm- 1 m ; Seed to seed- 25-50 cm
6. Seed rate: 5-10 kg/ ha depending on germination %.

7. Fertilization: The fertilizer dose tried for Coelachyrum piercei is 150 kg N: 150
kg P205: 150 kg K20 per hectare per year in the form of urea, triple super
phosphate and potassium sulphate. The entire quantities of potassium and
phosphatic fertilizers were applied after the establishment of seedlings while 1/3
N was applied in two split doses- 1/2 N with P and K and after each harvest and
remaining 1/2 N at flag leaf emergence in every seed crop.

8. Irrigation: For good germination, frequent light irrigations are advised.
Subsequently irrigations may be given as per requirement of the seed crop.
Usually, the crop may be irrigated under sprinklers for 4-5 hrs per week during
winter and 6-7 hrs per week during summer. Under drips in our experiment, the
crop was initially irrigated with water of about 0.8 dS/m very lightly (15
minutes/day) till germination and time duration of irrigation was increased by 5
minutes every week for one month. Later, the crop was irrigated daily for 30
minutes. Irrigation should be stopped a week before harvesting.

9. Interculture: To obtain pure quality seed it is essential to keep the field
completely free from weeds through out the growing period.

10.Roguing: The seed crop must be rogued carefully at pre-flowering, flowering
and maturity stage using various marker characters (Table 1). All the off-types
and other crop/ grass plants must be removed from time to time. The removal
must complete before harvest.
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Table 1. Anthocyanin pigmentation and morphological marker characters established in
Coelachyrum piercei L.

Marker Characters:

Coelachyrum piercei (Local-UAE)

I. Pigmentation Characters (Anthocyanin pigmentation in):

1. Culm base Green

2. Leaf blade Green

3. Leaf base Green

4. Leaf margin Green

5. Leaf tip Green

6. Sheath pulvinus Green

7. Node Purple

8. Internode Green

9. Panicle puvinus Green

10. Panicle axis Green

11. Lemma/palea Green
Il. Morphological characters:

1. Leafblade Short

2. Flag leaf Short

3. Nodal nature Bent

4. Plant Height Tall

5. Panicle type Lax (loose)

6. Panicle length Medium

7. Panicle exsertion Medium

8. Shattering of seeds More

9. Hull percentage -

10. Seed recovery percentage -

11. Seed color Dark brown to Black

11. Harvesting:The seed crop can be harvested when 2/3 panicles attain maturity.
Harvesting can be done manually by grasping the panicles. Seed should be
cleaned and dried under shade to eight to ten per cent moisture, before
storage. The seed should stored in fibre bags that facilitate aeration.
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12. Seed Yield: Approximately 0.10 to 0.15 t of seed can be expected per hectare
per harvest (See Table 2 for collected seeds).

13. Subsequent seed crops: When the crop is sown in summer, say March (last
week)- April (first week) usually three crops can be raised for seed production
per year. Sowing to first harvest during July- would take about 110 d. The
second harvest would take about 70 d (August- October) while third harvest
would take about 75 d (November — January). Third harvest may be prolonged
as the crop period falls during winter (Table 2).

Table 2. Germination % , Plant Stand, Days to 50% Heading and Harvest, and Seed Yield
Collected (kg) at each Harvest of Coelachyrum piereci L. during the year (2000-2001)
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3 = * » o 2 3 3 £ 3
S %) o o - < 8 5 Z 5
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I =. » >
Speci o o Z x =2 =8
pecies = 8 o 5} 5 = ;
< — =
> a = 5 & I 3
@ s = £ <
g o @ 7y
I- Harvest 65 50 67 110 2.2 0-3% 40%
IlI- Harvest - 45 25 68 2.8 0-3% 38%
Ill- Harvest - 35 42 75 1.8 0-3% -

Important Observations:

Coelachyrum piercei produces reasonable amount of quality seed. Harvesting of
seed may be done either by hand or mechanically. Seed is shed immediately after
drying in the panicles. There is no simultaneous emergence of productive tillers
thus making harvesting task difficult. The seed crop is usually sown in wider
spacing than fodder crop. Germination of seed at harvest is poor, virtually nil but
rises to 38 and 40 per cent after storing for four months.
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Introduction

Old Yemeni generations have been using natural resources more efficiently and in
sustainable manner. This is clearly evident from water harvesting techniques,
grazing management systems.

In recent years, the population of Yemen has greatly increased reaching 18 million
with annual growth rate of 3.7%. It's expected that the population of Yemen will
reach 26 million in the year 20 1 0. This will lay a heavy burden on natural
resources base especially water and vegetation.

The Ministry of Agriculture and Irrigation in its revised strategy and action plan for
restructuring the Agriculture sector has given more emphasis to rain-fed agriculture
rainfed agriculture constitutes 53% of the cropping area and this does not include
the rangeland. Rangeland constitutes more than 70% of the country area and
covers all ecological regions.

Rangeland (supporting over whelmed live stock population of sheep (4.67m) Goats
(4.2m) cattle (I. 1 m) and camel (0. 6m).

It provides up to 50% of the feed requirement for small ruminants on a national
level. (Al-Saghier, 2001).

Rangeland currently is experiencing many limitations and susceptible to severe
degradation mainly through vegetation degradation, soil erosion, desertification and
water losses. In addition to many other underlying reason, encroachment of
residential and commercial/industrial areas and the expansion of cultivation onto
rangelands reduced area available for grazing, increased pressure on remaining
area and pushed grazing to more steep sloped.

The purpose of the current rangeland and forage research is simply to provide
range plants bulk seed materials, characterize the key forage species and over all,
to bring back farmers awareness and willingness to participate on rangeland
restoration and rehabilitation.

ICARDA and AREA through APRP started a serious and significant Rangeland
research program. This is in their attempt to address various Rangeland issues
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e.g. conservation and sustainable use of rangeland resources. This cooperation
has to be continued to produce pronounced results that would help and encourage
people in rural areas and to gain their trust for future protection of the Rangeland
resources.

The research activities have been carrying out in the Highlands, the Lowlands and
the desert area, which are representative of the 3 main agro-ecological zone in
Yemen.

Research Program Activities and Achievement

Assessment of threshing and seed germination characteristics and multiplication of
seed of priority indigenous species. (Highland and Lowland)

Objective
» Assessing threshing on seed germination.
» Multiplying key indigenous rangeland forage plant seed

Expected Output
1. Introduction improvement to seed germination

2. Improvement seed production system
3. Providing seeds of key forage species for farmers and scientific research center.

Achievement:

» Conduct germination test for all species seeds (8species) at the 2 stations in
Sana'a and Lahj

» Sowing seeds at 1.5 cm depth in plastic dishes with holes.
» Collecting data on a daily bases on prepared form.

Investigation of vegetative propagation of the key forage secies (Highlands,
Sanaa & Dhamar)

Objective
» Evaluating the vegetative propagation of the key forage species

» Assessing the annul growth and the phonological chrematistics.

» Expected output

* The possibility of vegetation reproduction of the priority species.

» Protection of endangered species

» Providing nutritious and palatable range plants.

Providing the farmers with more feedstuff materials.

» Achievement

» Collecting 30 species of rangeland forage plants

Replanting collected species at the research sites (Sana'a and Dhamar)

» Collecting data on plants re-growth and phonological at different stages, using
prepared forms
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Investigation of Vegetative propagation of key forage species

No S. Name L.Nam | Place of Soil Attitude Regrowth Seed R
€ Collectoion Flowering
1 Pennisetum Hajar, Haraz Sandy 15 Feb 21 Mar | 26 Apr
Thunbergii
2 Piptatherum Rogum Sandy | 1800 2 Mar 9 Apr
Holciformis
3 Chloris gayana Rogum, mar Sandy 15 Feb 15 Mar
4 Eragrostis Aleraa, 2400 20 Feb 9 Apr
papposa
5 Dechanthium Aleraa 2400 15 Feb 7 Mar 15 Apr
Spp
6 Tetrapogon
villosus
7 Andropogon
amethystinus
8 Pennisetum
thunbergii
9 Dechanthium
annulaatem
10 Brachypodium
distachyon
11 Panicum spp
13 Cenchrus spp
14 Pennisetum
mucrourum
15 Pennisetum
villasum
16 Cenchrus ciliaris
17 Panicum spp
18 Andropogon spp
19 Panicum repens Al Rugom Sandy | 1800 15 Mar 7 Apr
20 Chjsopogon
plumulosus
21 Colochyrium
poiflorum
22 Tetrapogon
villosus
28 Eragrostibrounii Tawila Sandy | /2000

Establishment and evaluation of indigenous and exotic Multipurpose Forage

shrubs and trees for range land restoration and Rehabilitation in High land,

Low land and Desert area ( Sana’a, Abien. Syoun)

Objective

Improving the current condition of rehabilitated area

» Improving the productivity of rangeland

Expected Output

Increasing the forage material.

» Providing livestock feed at the dry time.

» Improving livestock production.

» Erosion effect on rangeland soil

» Improving range plant density and plant composition.

* Providing an extension site for farmers.

Achievement: Holding a successful meeting with the farmers and their

representatives at the 3 regions

» Selecting sites at the 3 regions -Planting 50 of native trees in Kohaza site (Sana'a)

< Planting suitable native shrubs and trees to be transferred to the selected site in
Abyan

» Collecting information related to plant, livestock and soil in Syioun site
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