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ABSTRALT

Ten lentil genotypes were tested in Ramtha statlion under different
water levels by using sprinkler line source, during the 1984/85 and
1985/86 growing seesons. Five different levels of water were used. The
water was supplied only during long periods of no rein. The genotypes

were replicated four times in a Ranomized Complete Block Design.

The same genotypes were tested in Ramtha, Maru.and Jubeihe laca-
tions for their yleld stability under different environments, uasing
the ssme design. Twe planting dates were ‘used; the first was at the

beginning of growing season and the second was 6 to 8 weeks later.

Moreover, a lahoratory test using D-mannitol to simulate drought
tonditions was conducted for measuring drought tolerance at the seed-

ling stage.

The results indicated that all the 10 genotypes were significantly
affected by moisture stress level, and increasing soil molsture increased
grain yield, the number of primary end secondary branches, plent height,

the number of pods per plant, the number of nodules per plent.

ARmong the 10 genotypes tested, 76 TA 66088, Winter 1ik=51 and UJL
405 showed the least grein yield reduction percentages in responae to
increased moisture stress level; from W4 to WO; indicating the ability

of these genotypes to resist drought aver the other tested genotypes.

(x1ii)

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Grain yiepld was positively end significently correlsted with thé
emount of wafer applied plus rainfall for 2ll the genutvpés tested;
coefflcient of determination (rz) ranged from 0.79 to 0.92 for both

growing seasons.

However, Winter 1ik-51, UJL 289 and 78 5-26013 had the greatest
vield response to epplied water (b= 7.964, 7.532 end 7.367, respec=-
tively) during the 1984/85 season; whereas genotypes UJL 0S5, ILL 4401
and Winter 1ik-51 hed the greatest yield response (b= 4,758, 4L.492 and

L.449, respectively) during the 1985/86 season.

When comparing the genotypes ILL 4400 and UJL 176 in respect of
water use, the data strongly suggested that ILL 4400 had higher Qater
use than UJL 176 under all the weter levels during both sessons. How=-
ever the date elso suggested that water use efficiency was higher for
biolegical yield in ILL 44OO than UJL 176; whereas UJL 176 had higher

water use efficliency for grain yield in both seasons.

The results also_indicated that the genotype UIL 405 was widely
adepted, having the highest mean grain yield (567 kg ha-1), end a regre-
asion coefficient relatively near to unity (b :> 1) which indicated that
it possesased average stability. The varisnce due to deviation was also
small. This genntype was followed by UJL 176 and UJL 289. However, UJL
405, 76 TA 66088 and Winter 1ik-51 possess some yield components stable
in response to environments, such as number of pods per plent and number of

seeds per pod, end therefore, they should be involved in a breeding

(xiii)
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1. INTRODUCT ION

Lentils (Lens culinaris Mediu), one of the oldest cultivated crops,

are  known to be one of the most nutritious food legumes.

Lentila have the ability to fix the atmuspherip nitrogen through
their symbiotic relationship with Rhizobium bacteria, thus adding nitrogen
to the soil and consequently decreasing the requirements of nitrogen
fertilizers, this makes ihem essential in the trop rotation (Saxena,1981).

The straw yield is also an important preduct as livestock feed.

The lentil seed is an important source of protein in the daily food
consumption of people in many cbuntries of the world, particularly in
the Middle East and West Asia. Protein content of lentils is around 24 %

(Tannous et al., 1978).

In Jordan lentil is the most important legume crop. It occupies
large: areas under rainfed egriculture when compared to chickpee and faba-

bean. It is the second field crop after wheat.

Lentil cultivated area deq;eased from 21554 hectares in 1974 to 4857
hectares in 1984 (Anon., 1974-1984).The progressive reduction in cultive-
ted area of lentils in Jordan is mainly due to low return from growing
this crop; this is because of the low yield and high labor cost needed
for harvesting the: crop which is done manually.

The yield of lentils ip Jordan is low, it averaged 695 kg ha"1 for

the period 1974 to 1984 (Anon., 1974-1984). This low yield is attributed

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



to seversl factors one of which is the low and unevenly distributed

rainfall, and the poor cultural practices.

Testing for drought tolerance is of great prectical importance.
However, -the fluctuations thet occur from yesr to year and from loca-
tinn to location in drought incidence makes field testing difficult

(Salim gt al., 1966).

One pf the major problems facing rainfed agriculfure in Jdordan is
thedrndghtwhich is characterized by the moisture stress preva?ling at
the end of the groging season. Moisture stress sometimes is slso e pro-
blem ét the start of the growing season during seed germination. There-
fore, drought is considered as 8 major problem facing the improvement in
lentil yield and other crops as well. Selecting lentil genotypes which
resist or tolerate drought is an important goal of breeders and agrono-
mists in the region. This could result in the development of varietles
which show more stsbility under varisble environmental conditlions

specially low s0il molsture.

The main objectives of this work are:

(1) To evaluate the response in-yield of 10 lentil genotypes to drought.

(2) To test and select stable genotypes that interact with the environ-
ment in which they are to be grown, in order to aid plant breeders

. in selection of superiocr genotypes and,

(3) To evaluete D-mannitol as simulated moisture stress sgent for lentil

seed germination and te correlate germination test with fleld test.
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2. . REVIEW OF t.ITERATURE

2.1. - RESPONSE OF LENTILS TO WATER STRESS:

2e1e1. Effect of liater Stress on Lentil Yield:

l ' .
The effeoct of water stress on lentil yield has been the subjeat

of inuestigatinn'by many researchers for a long time. In the follow-
ing paragraphs, some of the previous work related to this subject is

cited.

F. study was conducted by scientists from the Internaticnal Center
for ngicultural Research in the-bry Areas (ICARDA) at Tel-Hadya,
Syrig, to develop a reliasble methad of screening for water stress to-
lerance, in this study 12 genotypes of lentil were tested under three
maisture regimes; adequate molsture supply assured by supplementary
irrigation (345 mm of rain + 70 mm of ifrigatinn, M1), rainfed condi-
tions (345 mm of total moisture, Mz), and 300 mm of total moisture
supply obtained by excluding additional rain through the use of plas-
tic sheet (MB)' The results indicated that variations in moisture
supply significantly aFFented‘fhe performance of crop. Genotypic dif-
ferences in response to the moisture supply were not statistically
significant, specifically, genotypes ILL 101, 470, 4401 (from Syria),
793 (from Egypt) and 4354 (from Jordan) appeared to show less sensie

tivity to reduced moisture supply than the rest of the genotypes

(ICARDA, 1981). In another study performed by ICARDA scientists, a yield

trial was conducted to study the response of 12 lentil genotypes to
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three moisture conditions. The first trial was at Tel-Hadya mith sga=-
sonal rainfall of 322 mm; the second was at Breda with seasonal rain-
fall of 260 mm; and the third was at Tel-Hadya but with supplementary
irrigation of 150 mm added in three irrigations between early April

and early May. The results showed that the yieId was closely related

to available moisture; preater biological yield wds obtained under

high moisture condition at Tel-Hadya location. The results also showed ~

that the yield of all genotypes was reduced at the driest location at
Breda., The' reduction in yield, however, was not the same for the dif-
ferent genotypes; the least reduction recordesd for ILL 8, 9, 16, 4354

(fram Jordan) and ILL 1861 (from Sudan) (ICARDA, 1983).

Boyer and McPherson (1975) indicaﬁed that the ability of cereal
crop varieties to endure or recover from the moisture stress will de-
pend on the intensity and duration of stress, and on the stage of crop
gprowth because physiclogically all growth stages are not equally sensi-
tive to moisture stress. An extensive study was conducted to determine
the eritical stage-uf crop growth te water deficit stress. A study was
cnndUcteﬁ‘in India, by Panwar gnd Paliwal (1975) on lentil showed: that
one irrigation at early pod filling :stage was effective and resulted in
100 % yield increase over the unirrigated control. Similarly, Mehrotra
£t al. (1977), in 1India,found that lentils. gave significantly higher
yield when one supplementary irrigation (88.6 mm) was applied at pod
formation over that obtained when the irrigatinn (78.7 mm) was applied

at preflowering stage. The total rainfall received during crop season
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was 101.5 mm, On the other hand, Djha et al. (1977) reported that the
best yield response was obtained when irrigation was applied either at
pre’ or post-flowering stage. The results of the study showed that len-

tiI genotypes were signiFicantly different wherel9-12 put~yielded the
others (736, TT3 and local).

In another study, Singh et al. (1979), in India, found that two
supplementary irrigations, one at &5 days after suwiﬁg and the other at
early pod 55599'(am0unt5 of applied water were not repurteﬁ)resulted in
higher yields when compared to that obtained when the crop was irrigated
at 45 days and at 45 and 75 days éFter sowing or received no irrigation.
Total rainfall received mas'22.1 mm, however, all the treatments were

supplied with one irrigation before sowing.

Saxena and Wassimi (1980)_studied the effect of soil moisture con-
tent on the grain yield of 8 lentil genotypes, at Tel-Hadya, Syria, under
2 moisture Yevels. The first level was 240 mm as rain over the whole
season, and the second level was created by applying two supplementary
Irrigations affer termination of the rains (smounts of applied water
were not reported). They found that grain yield was increased with in< -
creasing moisture supply. On the other hand, Hamoudi et gl. (1983), ét
NeﬁDelhi, India, investigating the effect of soil moisture: regimes dur-
ing vegetative (Pre-flowering) and reproductive (Post-flowering) growth
stages on yield of lentil variety "Pusa 4, They found that irrigation
supply at 0.5 atm  tension (amounts of spplied water were not reported)

during pre - and post - flowering growth stages resulted in significantly

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



higher grain yield over other treatments (the soil moisture tension was

maintained at 1.0 and 1.5 atm during pre - and post - flowering phases

and control).

In a recent study, Nema et al. (1984), in India, indicated the impor-
tance of timing of the supplementary irrigation on lentil yield; they
found that“nne irfigatiun applied'at the pre ~ flu@ering stage increased
lentil seed yield by 10.0 % and 2L.0 % over the apﬁlicatiun of one
irrigation at post - flnmering stageand pod Filling stage,respectivaly.

However, 50.6 % incregase in yield was obtained by applying single irriga-

tion at preflowering staga when cnmpafa it with control. Similarly, Singh et

al. (1983), also in India, conducted an experiment on lentil with 3
levels. of irrigation; ne irrigation,one irrigation at seedling stage (60
mm of water added) and two irrigations at seedling and flowering stages
(120 hm of water added, 60 mm in each irrigation). They found that one
irrigation treatment increased the grain yield by 13.8 % and the two-

Irrigetion treatment by 24.5 % over the control.

More recently, Saraf and Baitha (1905) found that lentil grain
.= -1
vield was increased from 952 kg ha with ng irrigation to 1557 kg ha when

. I
two supplementary irrigations were applied (irrigation amounts were not

reported).

It emn betcontteded from the previous literature that lentil
vield is seriously affected by the amount of water supplied
and the +time of application. In general, lentil ‘grain yield

1ncreased gs the amount of applied water ‘increased. Water epplication
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at the pre- and post - flowering stages effectively increased lentil
vields; these two stages were found to be the most critical stages in

plaﬁt growth to water deficit stress as reported by many researchers.

2.1.2. Effect af Soil Muisfure on Some Apronomic Traits:

Irrigétinn increases the moisture in the sopil profile and makes it
more available to the plant, therebyenhancing almost all physio=-chemical
processes that‘ultimaﬁely contribute towards grain production, This;uell
exemplified by imprevement in many characters such as plant height, bran-
ches number and pods number per plant (Singh et al., 1983). Similarly,
Verma and Kalra (1981 b) found that plant height, number of branches,
dry matter production yield,and yield contributing characters such as |
numbgr of pods per plant improved with the increase in number of irriga-
tion,being highest under two supplementary irrigations (ome irrigation
at 60 days and the other at 105 days after sowing). On. the average,
under these two irrigations, the researchers obtained 12.6, 8.6 and 25.8%
more pods per plant as compared with one irrigation applied at 105 days
or at 60 days after sowing and no irrigation, respectively. On the other
hand, in field trials at Assuit, Egypt, during 1977-=-1979 seasons,lentil
cultivar Giza 9 was irrigated every 20, 40 or 60 days (irrigation asmounts
were not reported). It was found that number of branches per plant, num-
ber of pudé per plant, and 100-seed weight were the highest with irriga-
tion freguency of 40 days (Abdel-Rahman et 21l., 1980). Similar results

were found by Nema et _al. (1984), in India, that supplementary irrigation
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(irrigation amounts were nuf reported) increased plant height, 100-geed
weight, and number of pods per plant. The 100-seed weight, however, was
significantly higher when irrigation was given at pod filling stage than
at pre=flowering and post-flowering stages. Similar observations were:

reported’ in India (Mehrotra gt al., 1977).

2.1.3. Effect of Spil Moisture on Nodulation:

The: nitrugen fixation process is sen51t1ve to water stress as 1n-

dicated by many researchers. Limited work was conducted on lentil con-
cerning this subject, however, sgveral studies ywere conducted on some-

other legume crops.

Saraf and Baitha (1982), working with lentil in India, found that
the average number of nodules increased hy maintaining the soil
moisture at 2 atm. Sprent (1972) working with fababeans (Vicia faba L.)
and soyheans (Glgcine max L.) suggested that water stress would raduce
N~fixation by direct effect on the nodules but this might be aggrevated by:

the inability of stressed leaves to supply photosynthate to nodules.

Matheny end Hunt (1983), in the south eastern coastal plain of USA,
indicated that nodulation of soybeans was significantly affected by
available moisture, using two water regimes (well watered end stressed).
They found that water stressed soybean had signifigantly fewer nodules.
than the irrigated plants. Similarly, Zablotowicz et al. (1981), in

California, USA, conducted a stutly to investigate the development of
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nodulation and N-fixation of cowpeas (Vigna unguiculata L.) as ine

fluenced by stage of growth and drought, using two water regimes
(wvell-watered and droughted). The results indicated that maximum no-
dulation was ohtained at the:flowering stage under the well watered

plots,

2.1.4s Evapotranspiration and Water Use Efficiency:

The effect of avaiiable soil moisture in the root zone during
different stapes of plant is an important factor in determining water
use by any crop. Water use efficienoy (WUE) was defined by Shouse gt

al. (1981) as the-ratio of the seed yield per hectare to the amount of

measured crop Evapotranspiration (ET).

Singh et al. (1983) indicated that the consumptive use of lentils
varied with irrigation level. The average seasgnal consumptiveuse of
water ranged from 168.5 mm with no irrigation (35.4 mm of rain) to 261.9
mm with 2 supplementary irrigations (35.4 mm of rain + 120 mm of irriga=-
tion). Similarly, Hamoudi et al. (1983), in India, found that the con-
sumptive water use (mm) for lentil grown under different spil mopisture
conditions during pre-and post=-flowering stages, varied from 51,9 mm
in well watered soil to 224.9 mm from the soil which has maximum moisture
stress. On the other hand, Saraf and Baitha (1985), found that the total
water use for lentil grown under different moisture regimes, ranged
from 115 mm with no irrigation to 228 mm from the soil which received

the highest amount of irrigation (irrigation amounts were not reparted).

327634
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10

EarlinESS'cumbined‘with higher growth rates appears to be the key
factor in improving the water use efficiency. In field trials conduc-
ted.by-ICARDA scientists, at Tel-Hadya and Breda, Syria, to search for
moisture' stress-avoiding genotypeé; they found that lentil genotypes
maturing latest (ILL 793 and QBQD) had the highest consumptive use of
water. The genotype ILL 9, a relatively earlier maturing genotype, had

the lowest water use and the highest water use efficiency (IEARDA;1983).

Mehrotra et al. (1977), in India, indicated that maximum water use
. i
efficiency was obtained by lentils where only one irrigation (water

amount was not reported) was supplied at pod formation growth stage.

In other crops, extensive work was conducted to study water usé
and water use—efficiency.'Singh.gz al. (1978) working with peas (Pisum
sativum L.), in India, indicated that production per unit arez per unit
volume of water used can be réised by irrigating at a stage which res- '
ponds most to water applicatioﬁ. However, the highest value fér water
use efficiency was recorded under one pre-flowering supplementary irriga-
tion treatment followed by no post-sowing irrigation treatment énd lowest

in plots which received three irrigations (water amounts were not

reported).

Miller and Burke (1983), in USA, conducted a study to evaluate the

response of dry beans (Phaseolus vulgaris L.) to variable emounts of

water using sprinkler line source. They found that total water used, in-

cluding that depleted from the spil, ranged from about 220 mm at lou
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irrigation rates to 270 mm with the highest rate, with no increase in
vield, however, amounts of applied water, ranged from 172 mm at low
irrigation réte to 302 mm with the highest rate. Similarly; Hang and
Evans (1985), in USA, conducted & study to cnmpére the effect of regu- -
larly scheduled adequate and deficit sprinkler irrigation on sunflower

(Helianthus annuus L.) water use efficiency. They found that increased

irrigation water resulted in increased yield, houéver, water use efficien-
Cy decreased with increasing irrigation rates. Similar results was obser-

ved by Shouse et al. (1981), working with COWPEAaS.

2.2  STABILITY OF YIELD AND YIELD COMPONENTS IN LENTIL:

A phenotype is the result of an interplay between genotype and its
surrounding environment. A genotype does not exhibit the same phenotypic
characteristics under all environments, and different genotypes respnﬁd
differently to a specified enuirnnment. Accordingly the regulatory mecha-
nisms afford; uariability in interaction of genotype X environment and

enables the organism to survive and be productive under a range of environ-

mentsl conditions (Ahmad and Pandey, 1983).

Genotype - environment interactions are of major importance to the
plant breeder for varietal improvement. When varieties are compared’ aver
a series uﬂghvirunments the relative ranking usuallydiffers,thus'cau-
ses diFFicuity in demonstrating the significant superiority of any variety.
This interaction is usually present whether the varieties are pure lines,

or any other material with which the breeder may be working (Eberhart

and Russell, 1966).
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Finlay and Wilkinson (1963) suggested tHe linear regression of
genotype X environment interactions could be used as a measufe-nf
stability; tﬁey proposed that an ideal, widely adépted cultivar would
have maximum yield potential in the most favorable environment with

maximum phenotypic stability (small regression coefficient, b).

Ebarhart and Russell (1966) emphasised that buth linear (b J and’
non=lingar (sd ) components of genotype X env1runment 1nteractinn
should be considered in judging the phenctypic stability of a genotype,
They described an ideal cultivar as having a high mean yield, an aver-
#ge response: to environments and & small sd2 « However, KBeim and Krons-
tad (1979) proposed that an ideal cultivar must have both the highest
vield under the most severly stressed environment expected and strong

response (b 3> 1) to more favorable environments. On the other hand,

Joppa et al. (1971) indicated that specific cultivar instabilities would

2

lead to high sd“ values.

Infnrmatinn with regard to phenotypic étahility in " lentils is
Iimited,

Ahmad: and Pandey (1983), in India, tested 10 lentil genotypes for
phenotypic stability using the method suggested by Eberhart and Russell
(1966). Where the phenatypic stability of the genotypes was measured by
three parameters; mean performance over environments, the linear reﬁres-
slon and the: deviations from regression function. They found that the
genotype LL. 116 was the highest vielding genotype, but it was not

&stnbie;genutypeexpressing large deviation from linearity. The genotypes
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LtL 30, LL 19, LL 1 and LL 56 gave higher seed yield than the population
mean. These four genotypes combined mean performance with unit linear
response and low deviations from linearity, prnue& to be the most stable
and widely adapted. ‘Similarly, Singh and Mehra (1976), in India, tested
eleven lentiI genotypes in 23 Yocations comprising all the*ientil grow-
ing regions of india for their yield stability. fhe-results indicated
that the: varieties and the variety by environment  interaction were sig-
nificant, showing thereby that the varieties in the set differed in
their adaptability. They also found that the variety T-36 was widely
adapteﬂ having therhighest mean yleld in the set, and a regression 1
coefficient egual to unity which indicated that it possessed average
stability. The variance due to deviations from linear regression was alsn
small. However, the earliest maturing varieties (Pusa;1 and B 77) showed
the lowest yieXding witﬁ a regression cneFficient less than unity; and

with high deviations from linear regression. They speculate that none. .

linear interaction may be associated with early maturity.

Mehra and Pshuja (1979), also in India, conducted a study to test
18 lentil varieties grown at seven locations, for their vield stebility.
Their results showed a significant variety X environment for yield. Thgy
also found that none of the regression coefficients (b) were significantly
di.f‘f‘ergn‘l_: fromunity which indicated the absence of the difference in varietsl
reﬁpnnSE'tuenvironmental stimuliHowever, the heterogeneity betueén re-
gressiﬁn component was significant for pods per plant and 100 seed
weight, which they considered ss the most important primary yield

components,.
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In contrary, Sagar and Lal (1980), in India, tested fFifteen varie-
ties of lentil for their phenotypic stability during 1973/74 to 1975/76
séasuns, where: the: stability analysis was done according to Eberhart end
Russell (1966). They found that the varieties were different under dif-
ferent envirunmgnts as the GXE component of variance was highly signifi-
cent, Differences in mean values of varieties in different Vears revege
led that seasons were different. Excpetionally high yields were obtained
under the favorable environment of 1975/76 whereas low yields were
obtained during 1974/75 season when'enuirunmental conditions were not 1

favorable. They also found that varieties Pant 406, Pant 538, LL 5, Pant

638 and Ps 43 appeared to be promising as they gave higher mean yield.

2.3 EFEECT OF SIMULATED MODISTURE STRESS ON LENTIL SEED GERMINATION:

Seed germination and vigor ere preufequisitee for the success of
stand establishment of crop plénts. Under rainfed conditions of arid
and semi-arid reginns? Iow moisture often is a Iimiting factor during
seed’ germination (Ashraf and Abu-Shakra, 1978). Large areas in the Middle
Eastern countries are characterized by Iow and erratic rainfall during
Yate: fall and early winter. LentiI.as well as other winter crops such
as wheat are sown during this period gnd usually suffer.Frnm garly

moisture stress resulting in a poor stand establishment in the field.

LittIe is known about the effect of soil moisture stress on germina-

tion of lentili seeds. It was found in Spring wheat (Triticum aestivum

L.) that genotypes. had high germination pefcentéges usually Iead to
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successful stand establishments under drought or potential drought con-

ditions (Kazemi gt al., 1977).

So far, most studies of drought tolerance on germinatipn have been
done under field conditions; however, the control of moisture and nther
environmental factors is difficult to maintain in the field, thus labo-

ratory studies seem to be of significant value (Helmerick and Pfeifer,

1954), Different osmotic agents have been used to induce moisture stress

and simulate drought conditiaons &uping germination in different crops
{Ashraf!\ and Abu-Shakra, 1978 ; Helmerick and Pfeifer, 1954; Sharma ‘
1973';‘and Thill et al., 1979). Powell and Pfeifer (1956) stated that
the use  of mannitol solutions to test drought resistance is & simple,

easily repeated test which gives a relative measurement of any dif=-

ferences among selections for this seedling characteristic.

With the regular use of polyethylene glycol (PEG) and mannituf as
osmotic agents in seed germipation experiments, knouwldge about their
osmotic stability is required. Thill et al. (1977) tested the stability
of ZB-day—uld, and Ffeshly prepared solutions of the two osmotic agents,
with water potentials ranging from-3.5 to-18.0 bars. They found that
the osmotic potential of different mannitel and PEG solutions did not
change with time and that the percent and rate of germination of wheat

was the same in the 28-day-pold and freshly prepared mannitol and PEG

solutions,

Helmerick and Pfeifer (1954) used mannitol solutions to obtain

moisture stress with winter whest, They reported that, as moisture
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stress increased, germination was delayed and reduced, and the rate of

seedling géﬁmth also was reduced; their results paralleled a field

study. Similarly, Rodger et al. (1957) found that as osmotic tensiocn of
- germination (D-mannitol) increased, speed' and ﬁercentage of germinge

tion of several alfalfa (Medicano sativa L.) varieties decreased. Also

working with alfalfa, Dotzenko and Dean (1959) concluded that the abili-

ty of varieties to germinate under extremse drought stress is heritable.

WilX¥iams gt al. (1367) and, Parmer and Moore (1968) used:carbowax
6000, mannitol, and sodium chloride for simulating drought conditions

in germination studies of corn (Zea mays Le). Their results indicated

that increased osmotic potential levels progressively delayed and reduced

germing?iunéﬁmilar_resplts-mere obtained by Sharma (1973) who studied’
the effect of simulated drought on seed germination of sevefal pasture
speciés; he simuleted the drought conditions by using sodium chloride:
(NaC1) ,B-mahnitol and polyethylene glycol (PEG, 20 000 mwt). The rew -
sults indicated that the rate and total gérmination of all the species

declined with decreasing levels of water potential. However, the extent

of such rediuction varied considerably among species and with the type

of osmotic medium.

Wright (1971) reported that D-mannitol was effective in simulat-
ing drought conditions for éermination and early seedling growth of
severel grasses and cereals. Jaradat (1979) used mannitol to simulate
'muisture-deficits, to study the germination responses of several wheet
cultivars. He foung that increasing moisture tension has caused signi-

ficant reductions in the germination percentages, speed of germination

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



17

and length of root system. He also found that loeal Qarieties'had’
longer root systems with a lower shoot to root ratiu. Similarly,
Navale et al. (1982) studied the germlnatlon and early seedling growth

of five chickpea (Cicer arietinum L.) cultivars under leFerent 0smoe

tic concentrations of D-mannltol. They found that the germination per-

centage and speed as well as early root (radicle)and shoot (Plumule)

orowth decreased with increase in osmotic concentration.

Somers et al. (1983) used polyethylene glycole 20,000 aguous solue-

tion of different concentrations to sudy the germination resﬁonses, as

8 screening technigue for the selection of sunflower (Helianthus annuus

L.) cultivars ability to emerge under low moisture conditions. The re-
sults indicated that the germination percentage of the sunflower culti-

vars decreased with increasing moisture stress.

Much work was done in the lsboratory, but theresults have been rarely

tested under drought conditions in the field.
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3.. MATERIALS AND METHODS

A study was conducted to evaluate the response of ten lentil geno-
types to drought. The study consisted of three different experiments,

in which the same lentil genotypes were used.
The following is a descriﬁtibn of these experiments:

3+1. EXPERIMENT ‘I, Response of lentil to water gradient using sprinkler

' irrigation system:

: Thelexperiment was conducted during 1984/85 and 1985/86 growing
seasons, et Ramtha research station in the northern part of Jordan. The
station is located at 32°: 34 N Latitude, 36%: 01 E.Longitude, with an
elevation of 590 m. The annual precipitation of the area averaged 210 mm
for the period of 1976/77 to 1985/86 . The soil of the experimental
site is silty clay in texture, with apparent specific gravity:ranging
from 1.40 &t the*aurface-ﬁo 1.66 at the 60 em depth.

Ten lentil genutyhes were subjected to variable levels of drought
@y supplying a decreasing gradient of water through a line sourece sprinke-
ler system (Hanks gt al, 1976), in which the rows of lentiY are planted
perpendicular to the irrigation Iine. Different wéter levels 1in right
angles of the sprinkler line had resulted in a continuous variable de-
sign._ThE'characteristic feature of the system is the application of
water at a maximum rate nearest the line source and an epproximate 1lin-

ear decrease in application to zero, at about 8 meters perpendicularly
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Teble 1. Irripation record for each treatment during the 1984/85 and 1985/85

growing seasons.

Irrigation date Growth stage Water level +

w1 w2 w3 Wh

1984/85 season mm

2/12/84 Seedling 7.5 . 12.2 16.9 24.0
16/1/85 Preflowering 6.6 11.2 15.4 19.8
17/4/85 Pod setting 6.3  10.1 16.0 24.0
19685/86 season

22/1/86 After planting 7.9  15.4 18.7 20.8
2/2/86 Seedling 4.9 8.8 10.1 12.2
6/3/66 - Seedling 9.6  12.3 16.5. 23.9
26/3/86 Preflowering 7.8 12.1 15.0 19.1
17/4/85 | Preflowering 12,9  26.5  33.3 38.6
5/5/86 Pod setting 5.9 8.8 12.0 16.3

+ WO ° Treatment was not mentioned because it received no irrigation.
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Table 2. Amount of applied water and rainfall received at five locetions

on the different irrigation gradient during the 1984/85 =nd
1985/86 seasans. '

Varisble tater levels

wa W wa w3 b

Seasnnal amount of water
received (mm).

+ 1984/85 seasaon

8) Irrigation (3).. ———— 20.4 33.5 48.3 67.8

b} Rainfall. 243.5  243.5  243.5  243.5  243,5

Total emount of water

received (mm). 243.,5 263.9 227.0 291.8  311.3
+ 1985/86 season ‘
a) irrigatiun (6). T memea 49.0 83.5 105.6 130.9
b) Rainfall . _ 164.3  164.3  166.3  164.3  16L.3
Total amount of water

received (mm) 164 .3 213.3 248.2 269.9 _295-2
. Figures in parentheses refer to number of irrigation.

. During 1985/86 seasaon, 55.1 mm of. the rainfall was received before.
planting.
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from the pipeline. The experimental area was divided into two parts

east and west of the line. The distance of 10 meters perpendicular fromthe
lire. source was divided into five segments of irrigation levels (W4,

W3, W2, W1 and WO), that were replicated twice om each side of the

line source, which resulted in four replications for each treatment.

Seeds were pranted in rows perpendicular to the Iine source. Each suyb-
plot -cunsiéted of 6 rows, 25 cm apart and 2 m long. Seeding was done
by hand at the rate of 100 seed per row. The land was fertilized prior
to seeding with . 30 kg ha™ of N in the form of ammonium sulfate, and
60 kg ha-1 of P205 in the form of triple super phosphate. The expefi-
ments were hand weeded whén necessary. WUater was applied during ldng

periods of no rain. The irrigation record for each treatment during both

seasons is presented in Table 1 .

Each side of the line source received a nearly identical water
application to its symmetrical counter part on the other side.
Although attempts were made to irrigate during calm hours, wind drift
was a problem, which was reflected on the amount of irrigation recei-
ved,especially during the 1984/85 sesson.The amount of watep applied at
gach irrigation was measured for euefy level of water and for the four
replications using catch cans. Amount éf irrigation water applied under
different treatments aloné with thE'precipitatiun.amnunts received dur-
ing the two growing seasons are presented in Tabfe-E. The genersl lay=

out of the experiment is presented in Figure 1.
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The ten lentil genotypes evaluated in this study, were selected on

the basis of their morphological and agronomical characteristics. The

genotypes used with their pedigree and origin are listed in Table 3.

_ More detailed information about some agronomical characteristics of them _

are presented in Table 1 appendix: A .

Sowing was done on November 8, 1984 during 1984/85 growing season.
Howaver, in the 1985/66 growing season, plots were infested with volun-
teer barley, and therefore the experiment was replanted in adjacent field

on January 18, 1986 .

Plant samples were collected at flpwering stage by using & hand '
driven fork to a depth of about 30 ém, plants were removed with whole
root system intact. Fifteen competitive plants were sampled from the
second row of each subplot, washed gently with water to remove soil par-

ticles from the roots. The following messurements were recorded on the

fifteen plants and data were converted to per plant:

1. Plant height (em), measured by streching the plant to get the maxi=
muﬁ Tength, excluding the root system.

2. Number of primary branches per plant.

3. Number of secondary branches per piant.

L. Number of nodules per plant.

At maturity, vield and yield components were studied. Fifteen plants
were randomly selected, and harvested from each subplot. The following

measurements were recorded on the fifteen plants and data converted to

per plant:
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Table 3. Number, origin end pedigree of the ten lentil genotypes used

in the study.

Genotype No.

No. (ILL, UL or Country of Pedigree Information
selection). erigin -

1 uaL 405 - e 79 5 4 Xpull9, gelection
no. & in 1979 from 8 cross
between Chilien X Precoz
(cross was made in Pullman
WA 1977).

2 ulL 2a9 Jordan Selection from UJL 270
collected from Wadi Musa/
Jordan.

3 76 TA 66088 Iren ILL 223 .

4 ILL 4401 Syria Syrian local small.

5 uaL 176 Jordan Local collection From
Maddaba/3nrdan,

6  UJL 510 e 79 5§ 31 X pull 9, selection
no. 31 from a cross between
Chilian X Precoz (cross was
made in Pullman WA 1977).

7 ILL 4400 Syria Syrian locsl large.

8 78 5=-26013 Jordan - ILL 16 .

9 Precoz Argentins’ ILL &e05 .

10 Winter 1ik=51 Turkey ILL 1880 .
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8« Number of pods per plant.

be Number of seeds per pod.

C. Weight of 100 seeds.

At crop maturify, and on plot scale, the & central rows of each

subplot were harvested, leaving two rows from each side as a border;

al'so a 1/2 meter distance from each edge of the plot was left unharves-

ted.
“then

1.

Ze

e -

be.

The following traits were measured on the harvested plot and data

converted to kg ha™7 s

Biological yield (kg ha-1): the dry weight of totsl vegetative
growth harvested by pulling.

_Grain: yield (kg ha~M.

Straw yield (kg ha—1); measured by subtracting the grain yield
from .the biological yield. |

Harvest. idex (%); measured by dividing grain yield by biplogical
yield, and then multiplying by 100

S04l Moisture Determination:

Intensive soil moisture studies were carried out to determine the

evapotranspiration and the water use efficiency of two genotypes; UJL

176, and ILL 4400 . Spil moisture was measured directly using the gravi=-

metrie method, then values were converted on volumetric basis (pércent-

age moisture content), and then converted to mm of water by using soil

apparent specific gravity.
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501} samples which represent different depths (D-15, 15-30, 30-45,
and 45~60 cm) were taken forty eight hours after effective rain ( > 17
mm), after irrigation end immediately before next irriéatinn. 50il éamples
were weigﬁed, and then dried in the oven at 105 t° for 24 hours. Soll
water depletion was tsken as the difference between the initial énd the
final water content meesurements from each depth. This smount represent
the depth of weter extracted by plent roots and lost by evaporation (Evapo-

transpiration, ET) (Karajeh, 1983).

Statistieal ﬂnalyai&:

The nature of the line source does not allow for randumizithana therefore,
the. use of statistical anélysis will be restricted. However, the arrange-
ment of weter levels could be considered one way of randomizing (Hanks et sal.,
1960), Therefore, lentil genotypes randomized and replicated perpendicularly
to the irrigetion line,cen be statistically analysed accarding to split-plot

design. In this case lentil genotypes are considered as the main plat and

the irrigation levels as the subplot.

3e2+ EXPERIMENT II. Stability Of Yield Components In Lentil:

Ten lentil genotypes were tested in eight different environments during
1984/85 and 1985/86 under rainfed conditions at three lacatinnsrin Jorden.
The ldcatiﬁna were Jubeiha with éuerage annual rainfall of 458 mm (for the
period 1976/77 to 1985/86), Remths with aversge annual rainfall of 210 mm (- for
the period 1976/77 to 1985/86), and Maru with average annual rainfallluf 370

mm (for the period 1980/81 to 1985/86).
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However, the experiment was grown at two dates; normal sowing date,
and late sowing in order to induce = large variation in the environmental

conditions by exposing tested genotypes to late season drought stress.

The planting dates were es follows:

Ramtha location: 198&{85 1985(86
Nommal date (D,) 24/11/84 12/11/85
Late date (0,) 10/ 2/85 18/ 2/86

Jubeiha lncaﬁigg:

Normal date (D1) o 20/12/84 11/14/85

Lete date (D) 11/ 2/85 19/2 /86

Maru locstion:

Normal date (01) 25/11/86 0 cmme-

Late date (Dz) 28/ 1/85 = eeae-

Precipitetion varied considerably among locatiaons, years, and months.
Deteil monthly rainfall during the two growing semscons at the three locations
are presented in Figures 2, 3 end 4 . The lentil genotypes used in this study

were the same genotypes that were evelusted in experiment I (Table 2).

A randomized complete block design with & replications wes used. Each
plot consisted of & rows, 4 m long end 25 cm a part. Seeding was done by hand
o8t the rate of 200 seed per row. The fertilizetion applicetion was similer

to that of experiment I.
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At maturity, yield snd yield components were studied. Ten plants
were rendomly selected, Bnd harvested from each plot. The following
measurements were recorded on the ten plants and dste was converted
to per plant:

2. Number of pods. per plant.

b. Numbher of seeds per pod.

c. Weight of 100 seeds.

At craop maturity, 3 meters of the two central rows of each pldt
were harvested, leaving one row from esch side as a border; also a 4/2
meter distance from each edge of the plot was left unharvested. The
following measurements were recorded on per plot and data then converted

to ‘kg ha @

1. Bilological yield (kg ha-1).

2. Graln yield (kg ha-1).

3. Straw yield (kg ha"1), measured by subtracting the greln yield from

the biological yield.

Since the laete planting in Remtha location during both growing seasons

was completely damaged due to severe drought stress, the data were recorded

in eight enviranments.

Stability peremeters were computed by the method suggested by Eberhart

and Russzell (1966).
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3.3. EXPERIMENT III. Effect of Simulated Mopisture Stress On Lentil

Seed Germination:

Seeds of the ten lentil genotypes, were germinated under four
moisture tensions, namely, 0,5,10 and 15 atm. The test was carried
out using a stainless steel screen in plastic pots of the following
dimensions (37 X 15 X 10 cm). A split-plot design with three replica-
tions were used, where the moisture tensions represented the main plot
treatments and the genotypes as the sub plot treatments. Experimental
plot consisted of 5 seeds. Moisture tensions were induced by using D-
mannitol in the laboratory germination medium (The chemical and physi-
cal properties of this compound are presented in appendix B.). Distil-
led water was used for the O tension. The amounts of mannitol needed
to produce  the required molsture tensicns were calculated from the
following Tormula given by Helmerick and Pfeifer (1954): P= gRT/mv,
where P= oomotic pressure in atmosphers, g= grema of mannitol required,
R= 0.0825 liter atmospheres per degree per mole, T= absolute temperature,

M

molecular welght of mannitol, V= volume in liters. The seeds were

treated with a fungicide (terrachlor) to prevent seed decay.

Seods were incubated in darkness at 20 + 1 ¢° for 14 days period.
Germination counts were made daily. Seeds were cunsidered germinated
when a primary root was prnducéd and the shoots were 5 mm long. At the
end of the test pefiud; the data were recorded on each indlividual plent
on the following: root length (em), root fresh weight (mg), shoot length

(cm), and shoot fresh weight (mg).
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The following parameters were studied:
A. Germination percentages: were obtained by countingthe number

of germinated seeds daily until the 14th day.

B. Gpeed of germination: was determined by using the vigor Index
(VI) formula (Maguire, 1962), VI=ENX/DX, where NX= the number of
seeds germinated on X day and DX= number of days from beginning

of '‘germination test to X day .

C. Reletive Drought Tolerance Indices 1 and 2 (RDTI): RDTI-1, is de~
fined as a ratioc of the speed of germination in a given osmotic
atress to the speed of germination in distilled water. Similarly,
RDTI - 2 is the ratio of the total germinated seeds under a given
osmotic stress to the total germinated seeds in distilled water
(Bhatt, 1979). These two indices were used to quantify relative

drought tolerance of the genotypes.

D. Root growth: was measured on each individual plant from all treat-

ments, and the obtained volues were converted to rate of root growth

per seedling per day.
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L. RESWLTS AND DISCUSSION

The results will be preserited snd discussed under four sections,

es following:

.1,

b.z.

h.3.

b.b.

bo1

Lat.1.

b.1.1.1.

Response of lentil to water gradient using sprinkler irriga-
tlon system.
Stability of yleld and yield components in lentil.

Effect of simulated moisture stress on lentil seed germination.

Comparison between yield in the field triels and some cheract-:.

ere studied in the lehoratory test.

Response Of Lentil To Water Gradient Using Sprinkler Irriga-

tiaﬁ System:

The effect of water gradient on lentll vield, sgraonomic

character and nodulation:

Grain yield:

Grain yield is the major product of the lentil crop which is

directly utillized, therefore, increesing grain yield producticn is the

firat objective in lentil improvement.

Significent differences for grain yield were found emong the

10 lentil genotypes during the two growing sessons (Teble 4). In 1984/

85 growing season, Winter 11k-51 produced the grestest yield followed

by ILL 4401 end ILL &4LOO (733, 679 anﬁ 677 kg hm—1 , respectively ).

However, in the 1985/86 season, UJL 405, Winter lik-51 end ILL 44O

were the hlghest yleldera and produced 389, 369 and 350 kg ha-1, res-

pectively. Genotyplc differences for graln yield in response to water
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)

Table 4. Effect of genotype and water level on grain yield (kq ha
of lentil grown in Ramtha during the 1984/85 and 1985/86

growing seasons.

Growlng Season

Treatment

1984/85 1985/86
Genatypes:
UL 405 64O be 389 B
uJL 2as 643 bc 253 c
76 TA 66088 571 d 222 cd
ILL 4tD1 679 b 350 eb
udL 176 648 bc 242 c
UJlL 510 L19 F 224 cd
ILL 4400 677 b 181 d
78 5-26013 615 c 310 b
Precoz L74 e 206 cd
Winter 1ik=51 733 & 369 &
Water levels +
wa 37 e 57 e
Ty 519 d 2 d
w2 630 ¢ 282 c
w3 708 b _ 384 b
Wa 819 a 509 8

* Means within each column for the same treatment followed by the
same lettera are not significantly different at the 5 % probability
level following the Duncen's Multiple Renge Test (DMRT).

+ Uater levels for both growing seasons:
1984/85; WO: 243.5mm W1: 263.9mm W2: 277.0mm W3: 291.8nm Wh: 311.3mm
1985/86; WO: 164.3mm W1: 213.3mm W2: 248.2mm W3: 269.9mm W&: 295.2mm

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



36

supply Were also observed by Panwar and Paliwal (1975).

ﬁrain yield in the ten genotypes decreased sharply from the
highest moisture (W4) to the lowest (WD) during both sessons (Table 4).
Over all genotypes, grain yield increased significantly as the moisture
was improved., This is mainly due to increase in number of pods per
plant occuring on larger plants. Singh pt al. (1983) indigated that
irrigation incresses the availability of water in the spil profile
to the plant and thereby enhances almaost all physio- - chemical pro-
ceeses in plants that ultimately contribute towards additiona¥ grain
pProduction. Similar results were reported by Panwar and Paliwal (1975)

and Saraf and Baitha (1979) on lentils, and by El-Nadi (1975) an

beans,

Although more water was applied during 1985/86 season,
grain production in 1984/85 uwas highest. This was due to
the amounts of rainfall received during this season, where 243.5 and
164.3 mm were received during 1984/85 and 1985/86 seaSons,mreépEttively
(Table 2). Also late planting 'in 1985/66 season, may have contributed

to lower yields than in the previous season,

The interaction between genotype and water level was significant for
grain yield during both growing seasons (Table 1 appendix D).Thisaignifi-
cant interaction means that yield of some genotypen is reduced to a

greater degree than other genotypes under water stress.

Begg and Turner (1976) have indicated varietal differences

exist in the tolerance of grass species to severe moisture deficits.
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Drought resistance is often determined as the percentage yield
decline between stress and nonutress environments (Arnon, 1975), lWhen
this definition was applied to the genctypes under the present study,
large yield differences between the ten genolypes at any given soil
moisture stress treatment can be easily detected. For instance, in
1984/85 season, the fall in the lpvel of water supply from the highest
(Wh) to the lowest (WO) level caused a reduction in grain yield of all
genctypes, however, the Ieast reduction were recorded with Precnz, 76
TA 66088, UJL LOS and Winter 1ik~51, where the reduction percentage was
83, 90, 98 and 102 %, for the four genotypes, respectively (Table 5).
In 1985/86 eeason, however, genotypes 76 TA 66088, Winter 1ik~51 and
UJL 405 were less sensitive to water stress and had grain yield reducsion
percentage of 537 , 700 and 777%, respectively (Table 6); indica-

ting the ability of these genotypes to resist drought over the other
tested genotypes.

Grain yield was positively and significantly correlated.mith the
amount of water applied plus rainfall for all the genotypes tested; the
coefficient of determination (rz) ranged from 0.79 to 0.92 for both
growing seasons (Tables 7 and 8), The high values of the coefficients
indicate that the additional applied of water accounted for much grain
production,

The rélatinnship between grain yield and applied water plus raine-
fall was tested by first, second and third ttgree equations, the linear

relationships were only found to be significant.
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Teble 7. Regression equstions showing the relationship between grain yield
(kg ha-1) end water epplied plus rainfall (mm) for 10 lentil geng-

types grown in Ramtha during 1984/85 growing seeson.

Genotype Reyyression equetion rz‘
UL 405 Y= ~1014.56 + 5.975 X 0.83
uaL 289 Ve ~1443.78 + 7.532 X 0.85 "
76 TA 66088 Y= ~776.5 4 b.865 X 0.79""
ILL 4401 Y= -1236.02 + 6.911 X 0.90
uaL 176 Y= -1171.72 + 6.571 X 0.86 "
UL 510 V= -1055.43 + 5.321 X 0.85
ILL 4400 Y= =1191.63 + 6.7044 X g.73""
78 5-26013 Y= 21409.37 + 7.307 X 0.90°
Precoz Y= -606.1 + 3.899 X 0.83
Winter 11k-51 Ye —1473.46 + 7.964 X 0.92"

*¢ Significent at 1 % level.
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Table 8. Regression equations showing the relatienship between grain

vield (kg ha-1) and water applied plus rainfsll (mm) for 10

lentil genotypes grown in Remtha during 1985/86 growing

BERaASON .

Genotype Regression equation rz

UlL 405 Y= ~744.49 + 4.758 X 0.92""
UlL 289 V= =478.82 + 3.074 X 0.92"
76 TA 66088 V= =450.0 + 2.82 X 0.88
TLL L401 Y= «720.3 + L.492 X 0.92..
L 176 Y= =599.2 + 3,533 X 0.88
uaL 510 V= <365.67 + 2.474 X 0.92""
ILL 4400 Y= 428.8 + 2.555 X 0.73°"
78 5-26013 V= «571.2 + 3.699 X 0.92° "
Precoz Yo «L67.5 + 2.026 X D.UG.‘
Winter 1ik=51 Yo ~690.54 + 4449 X 0.90""

** Significent at 1 % level.
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Ameng the 10 lentil genotypes, Winter 1ik-51, UJL 289 end 78 S-
26013 showed.the-greatest vield response to appllied water (b= 7.984,
7.532 end 7.307, respectively ) . Each eddittonal mm
of water produced 7.964, 7.532 and 7.307 kg/ha for these genotypes,
respectively (Teble 7). On the other hand, Precoz and 76 TA 66088
genotypes showed the least yield response to applied water (b= 3.B99
and 4.B65, respéctively). However, in 1985/86 season. UJL 405, ILL
L4019 aﬁd Winter 1ik-51 genotypes showed the greatest yield response
to epplied water (b= 4.758, 4.492 and 4.449, respectively); wheress,
genotypes UJL 510, ILL LLOD and 76 TA 66088 and Precoz showed the
least response to applied water (b= 2.474, 2.555, 2.820 snd 2.826,
respectively). However, the genotype Winter 11k-51 showed the grestest
yield response to apblied water a mong the tested genatypes For both

growing seesons.

Figures 5 and 6 showed the response of two extreme genctypes

(Winter 11k-51 end Precoz) Ffor grain yield to eﬁplied water dur-

ing both growing seasons. During the first season there was a large
divargence between the lines of linear response for the two genctypes

(b= 7.964 and 3.889 For Winter 1lik-51 and Precoz, respectively). Howsver,
in 1985/86 season, less divargence between lines for the two genotypes
were found; b= 4.449 and 2.826 for Winter 1ik-51 and Precoz, respectively.
This indicates thet lower respanse to epplied water plus rainfall

during 1985/B6 sgesson when compared with 1984/85 seasaon. This

is due to low amounts of rainfsll received during 1985/86 sesson. These

results are similar to those of Pandey et al. (1984 a)on their work with
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four grain legumes who found that grain yield exhibited a linear relation-
ship with amount of water applied plus rainfall but with difFerent magni-

tude (b ranged from 2.49 to 5.10).

b.1o1.29 Strﬂm !iﬁ'ld:

Straw is an important lentil product because of its high value as
feed for llvestocks.

The effects of genoctype and water level on straw production
are presented in tsble 9. The table reveeled that there was a significant
difference between the 10 lentil genotypes for straw production during both
grn@ing seasons. In 1984/85 sesson, the genotype Winter 1ik-51 produced the
highest stresw yield (1755 kg ha-1) which was followed by 78 5-26013 end ILL
4400 genotypes (1675 and 1632 kg ha-1. respectively). This is probebly be-
cause these genotypes produced taller plants with more branching end conse-
guently more dry matter. The lowest straw yields were produced by UJL 510
end Precoz (1053 and 990 kg ha‘1, respectively). Panwar and Paliwal (1975)
indicated that varietal differences that exist in dry matter production of
lentils in response to different irrigation regimes. However, in 1985/86
season, the genotypes Precoz, UL 176 and UJL 510 significantly produced

lower yields, than the other genotypes.

Under high water level treatment (W4), the straw vield was the highest.
This is due to better plant growth under the high moisture conditions which
resulted in more accumulation of dry matter. Similer results were reported

earlier on lentils (Hemoudi et Bt 8l. 1983; and Saxena and Wassimi, 1980).
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Table 9. Effect of genotype end water level on straw yield (kg'ha-1) of
lentil grown in Remtha during the 1984/85 end 1985/86 growing

BEasons.

Treatment Growlng Seeson
1984/85 1385/86

Genotypes:
UL 405 1655 b 1398 a
uiL 289 1489 ¢ 1371 mh
76 TR 66088 1198 d 1365 ab
ILL 4401 1590 b 1232 be
uat. 176 1282 d 1176 ¢©
uJL 510 1053 e 1128 c
ILL suD0 1632 b 1336 a
78 5-20013 1675 ab 1501 &
Precoz 930 e 921 d
Winter 11ik=51 1755 = 1438 a
Water levels +
wo 972 e 481 e
11 1228 d 1018 d
w2 1403 c 1350 c
w3 1651 b 1651 b
Wh 1905 = 1963 n

* Meens within esch column for the same treatment followed by the
same letters ere not eigrificently different at the 5 % probability
level following the DMRT.

+ lUWater levels for both growing seasons:
1984/865; WO: 243.5mm W1: 263.9mm W2: 277.0mm W3: 291.8nm W4: 311. 3mm
1985/86; WO: 164.3mm W1: 213.3mm W2: 248.2mm W3: 269.9mm Wh. 295.2mm
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There was significent interaction between genatypes and applied water

for stram vield during both growing sessons (Table 2 appendix D).

In 1984/85 season, the genotypes Winter 1ik-51, UJL 289 and UJL
905 showed the leest reduction in straw yield es a result of incressed
804l moisture stress level from W4 to WO treatment (Table 10). However
in 1985/86 season, the genctypes UJL 510, ILL 4400, 78 5-26013, UJL
405 and Winter 11k-51 showed the least reduction in straw vield when soil
moisture stress level increased from W4 to WO treatment (Table 1), in-
tdiceting the supericrity of Winter 1ik-51 and UJL 405 genotypes over the

other tested genotypes .

Mean strew yield of ell genotypes at each water level was signifi-
cantly related to amount of spplied water. Coefficients of determination
for strew yield and amount of water epplied plus rainfall were varled
with genotype; they ranged from 0.74 to D.88 and from 0.81 to D.92
during 1984/85 and 1985/86 seasons, respectively (Tebles 12 end13). The
high ceefficients indiceted that the additional applied water resulted
in more straw production. Pandey et sl. (1984 b), working on four legume
crops, found that shoot dry matter was lineerly related ta water applied.
They also found that drought affected tatal dry weight adversely and that
the relationship between shoot dry matter and applied water was varied with
species. Similar results were obtained by Verma and Kalra (1981 b) on

lentils.

However, when the relastionship between applied water and straw pro-
duction was tested for second and third degree equations, it was found

to be not significant.
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Teble 13. Regression equations showing the relationship between straw
vleld (kg ha-1) and water spplied plus rainfall {mm} for 10

lentil genotypes grown in Ramtha during the:1984/85 growing

8ea880N.

Genatype Regreaéiun equation r2

UJL 405 Y= =1397.66 + 11.739 X 0.92"
U3l 289 V= -1690.41 + 12,854 X 0.94"
76 TA 66088 Y= =1333.2 + 11.328 X 0.88
ILL 4401 Y= -1282.75 + 10.561 X 0.9
UL 176 Y= «1455.37 + 11.046 X 0.94
uaL 510 Y= ~684.19 + 7.609 X 0.1
ILL 4400 V= «1284.16 + 11.256 X D.92"
78 5-26013 V= =135.61 + 11.827 X 0.90"
Precoz V= =1364.6 + 9.597 X 092"
Winter 1ik=51 Y= -1858.38 + 13.84 X 0.92

** GSignificant at 1 % level.
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Among the 10 lentil genotypes, 78 S-26013, ILL 4400 end UL 176
showed the largest straw yield response to applied water plua rain-
fall (b = 19,215, 16.837 and 15.294, respectively). Each additional
mm of weter.produced 19.215, 16.837 and 15.294 kg/ha for these
genotypes ahqued the lesst response to epplied water plus rainfall
(b= 10.337 end 10.895, reaspectively).

However, in 1985/86 season Winter 11k-51 end UJL 289 showed
the greatesf straw yield response to epplied water plus rainfall
(b= 13,84 end 12.854, respectively); whereas, genotypes UJL 510 and
Precoz showed the least yield response to applied water plus rainfaell

(b= 7.609 and 9.597, respectively).

lhe1e1.3. Harveast Index (%):

The harvest index will show the distribution of assimilate
into grein snd nengrain parts. The harvest index value was calculsted
by dividing the grein production over the production of strew plus grain
and multipling by 100.

The effects of genotype end watéf level on harvest index are
presented in Table 14. The UJL 176 end Precoz genotypes had the highest
harvest index velues (34 and 33 %, reapeétively) during 1984/85 season,
whareas, 58 5-26013 genotype produced the lowest value of harvest index

(27 %) . However, the low harvest index of 78 5-26013 was obtained
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Table 4. Effect of genotype and water level onm harvest index (%) of lentil
grown in Remtha during the 1984/85 and 1985/86 growing seasons.

Growing Seasan

Treatment

| 1984/85 1985/ 86
Genotypes:
UL 405 - 28 de‘ 20 B
uJL 289 30 c 14 bc
76 TA 65088 32 b 13 ¢
ILL &uD1 30 c 20 a
UL 176 34 | 15 be
uiL 510 28 de 16 b
ILL 4400 29 cd 0 d
78 5-26013 27 e 15 hbe
Precoz 33 eb 16 b
Winter 1ik=51 29 cd 19 a
ater levels+
o 29 b 10 e
W4 30 = 12 d
wz 30 e 17 e
W3 30 a 19 b
ug 30 a 20 a

* Means within esch column for the same treatment followed by the seme
letters are not significantly different at the 5 % probability level
following the DMAT.

+ lWater levels for both growing seasons:
1984/85; WO: 243.5mm W1: 263.9mm W2: 277.0mm W3: 291.8mm Wh: 311.3mm
1965/86; WO: 16L.3mm W1: 213.3mm W2: 248.2mm W3: 269.9mm Wh: 295.Zmm
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bécauee it produced louwsr grain yield and higher straw yield than UL
176 and Precoz. This means that pertitioning of asasimilate into grain
is more efficient in UJL 176 and Precoz than in 78 §-26013. In 1985/
86 season, UJL 405 and Winter 1ik-51 gave the highest hervest index
values (20 and 19 %, respectively), whereas ILL 4400 produced the
lowest value (10 %). The difference between the two growing seasons
for harvest index was due tn different amount of rainﬂall precipitated.

Hénce, because water stress effected seed formstion more than totsl

dry matter yield, the harvest index declined as moisture stress incressed.

The molsture stress severity during 1985/86 season explained the low
values of harvest index and proved that Winter 1ik-51 and UJL 405

genotypes to be superior in drought resistance over other tested

genotypes.

The interaction between genotype and moisture level was significant

{Table 3, appendix D).

Applied water had no significant effect on the harvest.index dur=-
ing 1984/85 seasan, except for the driest treatment (WO) (Teble 14).
However, the reduction in harvest index with increasing moisture
stress level from W4 to WO trestment wes greoter with Winter 1ik-
51 end UJL 289. In general, molsture levels had a alight effect on
harvest index for the 1984/05 growing season. This wes probably die
to adequate rainfall that resulted in hampering the ability to

impose 8 wide range of water deficit treatments.
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In 1985/86 season, barvest index declined as water applicetion
decreased in all 10 genotypes. However, the reduction was greater in
UL 405 and ILL 4401 than the rest tested genotypea (Table 16). This
reduction in harvest index sugoests that grain yield is more sensi-

tive to water stress than total plant vield (Pandey et al., 1584-a),

l{-o‘lo Talt Plant hEight:

Effects of different levels of water supply and genoiypes
on plant height are presented in Table 17. Significant differences in
plant height were detected emong the genotypes which were tested in re-
sponse to applied water during both growing seasons. During 1984/65
season, plants of Precoz, 76 TA 660688 and UJL 510 were significently
shorter than the other tested genotypes. However, in 1985/86 season,
plants of UJL 510, 78 5-26013, UJL 176 and Winter 1ike-51 were signifi-
cantly taller than the other tested genolypes; whereas plants of ILL

4401, UJL 289 and Precoz were the shortest.

Results revealed that plant height of all the tested geng= -
types wag signficantly decreased with i?creasing the moisture stress
levels. Such reduction may be attributed to:

a) The general retardation of the enzymatic processes particularly
those concerning with the reduction in photosynthetic rates
(Kramer, 1969); and

b) Due to the adverse effects of reduced water content of processes

related to decrease in turgor pressure (Henckel, 1964 and

Kramer, 1969).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



.58

Teble 17. Effect of genotype and water level on plant helght (cm) of
lentil grown in Remtha during the 1984/85 and 1985/66 growing

8E2860N8.

Treatment Growing Sesson
1984/85 1985/ 86

Genutgges
uJL 4D5 25.3a 20.1 be
Uil 289. 24,2 a 19.8 ¢
76 TA bA0BEH 23.0 b 20.8 a~-c
ILL 4401 2b.1 19.8 ©
UL 17a 2h.b B 21.2 ah
UL s10 21.1 ¢ 21.5 a
ILL 44Dg | 24.8 a 20.5 asc
78 5-26013 25.3 = 21.5 n
Precoz 25.5 b 19.6 ¢
Winter 1ik=51 24.7 a 20.9 a-c
Water levels + '
wo 20.8 e 15.8 e
W 22.8 d 18.8 d
w2 _ 24.0 ¢ 20.B ¢
w3 25.2 b 22.5 b
i 26.9 & 24.5 8

* Means within each column for the same treatment followed by the mame
letters are not significantly different at the 5 % prohability level
following the DMRT.

+ UWater levels for both growing seasons:
1984/85; WO: 243.5mm W1: 263.9mm W2: 277.0mm W3: 294.8mm Wb 3114 3mm
1985/86; WO: 164.3mm W1: 243.3mm W2: 248.2mm W3: 269.9mm Wh: 295.2mm
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Concerning the interactinn Letween epplied water and gencotypes,
results ‘indicated that the interaction offects on plant height were

significant during 1984/85 growing seasaon only (Table & appendix D).

Plant height of all genotypes decreaserd sharply when they were
grown in the drier treatment (W), bLut the reductions were least in
Precoz, UJL 289 and ILL 4400 (Table 18). Verma and Kalra (1981 b) in-

dicated that incressed moisture supply contributed in enhancement of

plent height.

be1.1.5. Number of pods per plant:

Number of pods beared hy lentil plants is very important

in determining grain yield potential.

The number of pods per plant was the vield cuhpunent most
sensitive to increasing water stress and significently increased with
increasing applied water during bnth growing seasons which finally re-
sulted in higher grain yield (Table 19). The improvement effect of
irrigation on number of pods per plant was reported by many researchers
working with lentils (Saraf and Gaitha, 1979; Singh et al., 1983;
Hamoudi et nl., 1983; and Panwar end Paliwal, 1975) and by Herbert and

Dagnerman (1903), working with Cuwprna.

It seems that the total number of pots produced will be the
main criteria which will reflect the potential grain yield of the 10

geriotypes under the different treatmants. The results indicated' that
Winter 1ik=-51, UJL 176, 76 TA 66088 and 78 5~25013 had the highest

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



61

Teble 19. Effect of genotype and water level on number of pods(per plant}
of lentil grown in Ramtha during the 1984/85 and 1985/86 growing

seasons.,

Treatment Girouwing Season
1904/85 1985/86

Genatypes:
UL 405 23.6 ab. 12.9 sb
UL 2a9 23.7 ab 12.0 be
76 TA 65088 2L.6 a 1.0 ¢
ILL LLO1 22.6 b 12.4 b
UL 176 _ 24.7 a 13.1 =hb
uiL 510 12,2 d 9.0 d
ILL 4400 18.6 c 7.6 e
78 5-26013 25.1 a 12.7 b
Precoz 22.3 b 12.1 bc
Winter 1ik-51 2L.6 8 4.0 a
Water levelr +
wo 15.9 e 3.3 e
w1 19.3 d 6.3 d
w2 21.7 c 1.3 ¢
w3 25.1 b 16.4 b
i . ga.g a 21.0 8

* Means within each column for the same trestment followed by the
same letters are not significantly different at the 5 % probebility
level following the DMRT.

+ Water levels for both growlng seasons:
1984/85; WO: 243.5mm W1: 263.9mm W2: 277.0mm W3: 294.8nm Wh: 3114 3mm
1985/86; W0: 164.3mm W1: 213.3mm W2: 248.2mm W3: 269.9mm W4: 295.2mm
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number of pods per plant during 198L4/85 season, whereas during 1985/86
season, Winter 1ik-51 had the highest number of pods, indicating the
superiority of Winter 1ik-51 over the other tested genotypes. Genotypic
tdifferences in number of pods per plant in response to water supply

was alsoc observed by Fanwar and Paliwal (1975).

Significant interaction between penotypes - and water levelsg
was detected during both growing sessona (Table 5 appendix D). In 1984/05
season, pod number of Winter 1ik-51, Precoz and UJL 176 in the driest
treatment (WO) were L2, 65 and 66 % respectively, lower than those in
the wettest treatment (WL) ywhich showed the least reduction In pod .
number per plant (Tahle 20). However, during 198%5/86 season, the least
reduction was obtained by Winter lik=51, U3t 405, and 76 TA 66088 geno-
types (467, 462, and 461 %, respectively, Table 21), Mintér 1ik=51 re~
sponded positively to increased moisture supply and it was among the
genotyﬁea least affected by drought conditions, indicating the superio-
rity of this genotype in drought resiétance over the other tested

genotypes. However, it must be indicated that higher number of pods per

plant resulting in.larger grain yields.

The reduction in pod formation in the driest plot was probably: due:
to reduced flower production and also greater shortion of Flowers. These
observations are similar to those reported by many researchers working
with different legume crops (Turk et al., 1980; Tabbada and Flores,

1982; and Pandey et al., 1984a).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



683

1so0e@ sisayl Jo BIusD - Ueplor Jo AlisiBAIUN JO AkeiqiT - PaABSaY SIYDIY |1V

TUETLLE inm wuRelgZ

EMm wuptLLg

dm wagtg gz

lmowwgtehg 1am

1818 sY8A3T Jajem +

"lHWQ 3y3 BuimolToy TaaaT

Ai1Tiqeqord ¢ ¢ ayy je Juaxaygtp ATjuedtyiubis jou aze s13y3a] oues 8y3 Ag pamolloy suesy

24 a=3 g*L2 3«3 4*pe F=6 ¢+%z -4 0*g2 O~w gL LG=41T Iajuipm
59 a8-3 ¢°gg [=8 142 w-l g*L2 0-1 L°02 =tk LosL z033l4
L6 q s°l¢ P-g 0°62 b-a -9z w=-f -2z 3-b g gL £L092-5 8L
02t d=p L°L2 %=U 4°¢2 n3 g%t n-s 2¢g| mA g*ZL 004%% 1
%8 3=1 2°9L AN yegy mA GoLL xm geq| X g°g OLS ICh
89 pP-q 2*0¢ a-0 g*tz u-4 2°62 u-f g°L2 1-0 Z°gL gL ICN
GoL ge 2*L¢ 1-4 6°42 A=y §*22 d-u z-glL n=s 2L Lo%m I
LL B (°2¢ B-a L+gz d=4 €£€2 w=-{ 2*22 b-u g-gi B8099 YL 9L
801 B ge2g a8-3 §°g2 C=b 2°42 S-0 L*LL n-s g°gL 682 CN
@B B g°2¢ U=d4 £°52 -7 %22 u-3 ootz 3-d iesl s0% N
(%) om 03 4m 4m £m zm tm om
woI g :nﬁuuzumm‘ adAjouay

+ ans1 Jajem

cuoseas buimoad gg/4peElL ay3 Butanp

eyjuwey ut umolb Ty3uat yo(juetd zad)spod 4o I3qunu uo 3dAjoual pue Taaat zazem Jo 303443 "DZ 2198y



64

11s00ed SIsey L JOo BIsD - uepior Jo AysieAIUN JO AelqIT - peARSSY SO |1V

TWWZCCEZ fHM WWETRIZ EM WUZCGHZ 2M WWCCLZ Him wagtHgL oiom

19X ET3N3T Ia3jEMm  +

*l¥Wa a8yl buimotroy
T18AaT A3tTiqeqoad g ayj je Juaxayyip Atjueonryiubis jou aze SI831338T 8wes 8y3 Ag pamoIIoy sSuEdy .

L9 B 4°42 P2 p*02 1-6 ¢*y1 I=U L%y A= €°%  LG=3TT Iajuip
L6S qe g*22 4 L°LL A oLl m=b g-g Aem g=¢ z0331y
sse Qe £+2g 64 9°6L A=y L°2L d-u L°g T x=1 goy £L092-5 8L
£e% Y gl w=> g*qQL b-u 2+, A~g 4oy Agez ooy 71
LEE ub g*%1 F~u o*c1L C=u (£°*Q m=b g*g Ax p-g 0Ls ICN
0sé Qe L°g2 3P L°6L -0 L°4L §-0 g*9 A2z TAN )|
LeL B 494z by 2°91 =7 L2t 3~d 4°g Ax ge2 LO% TI1
L9y Pa 202 by g9l u-T 6°8 n-d g*g A=A g°¢ 88099 vl 9L
LeL ge g°¢2 3 2L -1 6701 I-b g°g Ax r+2 682 N
294 ag 6°LzZ 48 8Ll T4 €°¢i b-u gog .>-= 6°¢ &0 TN

(%) ©om 03 4. qm £em 2m Lm om

woIy uoilanpay + T3A3T aajep adAjouay

Bysuwey ut umoxb Tr3ust Jo(jueld Jad)spod 40 Ia3qunu uo adAjouab pue

*uoseas Butmoab gg/cppL ayg Butanp

1anaT Iajem Jo 33343 *LZ alqey



65

be%.1.6. Number of Seeds per pod:

Soil moisture stress level significantly affected the number
of seeds per, pod in both growing seasons (Table 22). During 1984/85 .
sesson the number of seeds per pod was significantly higher in Winter
1ik=-51 and ILL 4401 genotypes when compared with other tested genotypes.
However, during the 1985/86 season, the number of the praoduced seeds per

pod wes the highest in Winter 11k-51 and UJL 405 genotypes.

Averasged over all the genotypes, the number of seeds per pod
significantly decreased with increasing soil moisture stress level, where
ell genotypes had 3% and 11% fewer seeds per pod in the dtiest (WD) treat-
ment than in the wettest (W4) treatment during 1384/85 end 1985/86
seasons, respectively. The improvement effect of increasing supplied
water for number of seeds per pod were reported by Hamoudi et al. (1983)

working on lentil, and by Herbert end Baggerman (1983) working on coupess.

Significant interaction between genotypes and spplied water
levels for number of seeds per pod was detected only during 1984785
growing seeson (Table 6 eppendix D). Genotypes Precoz and 78 5-26013 showed
the least reduction in number of seeds per de with increased water stress
level from W4 to WO during 1984/85 season (Tahle 23). However, the number
of seeds per pod was less influenced by water stress than were yleld end
pod number. Similer observations were reported on four legume crops by

Pandey et el. (1984a).
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4.%.1.7. Hundred seed welght:

The effects of genotype and water level on the 100-seed weight
are presented in Table 24,

The results indicated that there is a significent dif ferences
among the 10 genotypes tested in response to water stress level during
both growing seasons; UJL 510 and ILL 44DO genotypes were significantly
higher then that of other tested genotypes.

Soil moisture level significently affected the 100-seed welght
in both growing seasaons (Table 24). In 1984/85 semson, lower welght of
seeds was obtained in the driest trestment (W0) when compared with that
ohteined in the wettest treatment (W4). However, in 1985/86 geason,

8 change In100-seed weight was less affected when compared with the pre=-
vious seeson.

Significant interaction was detected between genotypes and
water supply level for 100-seed weight during both seasons (Table 7,
appendix D). Seed weight in 76 TA 66088, 78 5-26013 end ILL 4400 geno-
types were 6, 6 and 8 %,respectively, lower in the driest treatment
than in the wettest; showing the least sfPfected when compared with other
tested genotypes during 1984/85 seeson (Table 25). However, during 1984/
85, the tested genotypes showed less chenge in seed weight when the soil

moieture stress level wap decreased from the lowest (Whk) te the higheat
(W0), where the differences were not significant except fFor UJL 405 geno-
type (Table 26). This is probably attributed to that moisture atreas may

happened st the end of the growing season, so this reflected in seed
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Table 24. Effect of genotype end weter level on 100-seed weight (g)
af lentil grown in Ramtha during the 1984/85 and 1985/86 growing

seasong,.

Treatment Growing Season

'} 1984/85 " 1985/86
Genatypes:
UJL 405 5.0n ° 4.0 F
UL 2a9 4.8 be 4.7 O
76 TA 66088 3.6 d 3.5 g
ILL 4401 3.8 d 3.6 g
UL 176 4.5 o 4.3 e
UL 510 6.9 g 6.9 &
ILL 4400 6.6 & 6.4 b
78 5-26013 3.4 d 3.1h
Precoz 5.1 b 5.3 ¢
Winter 11k=51 , 3.8 d 3.8 F
Water levels +
WO bo.b d 4.7 a
i L.6 c L.6 ab
w2 4.8 b 4.5 aec
w3 4.9 b A
litt 5.1 a 4.5 B-c

* Means within each column for the same treatment followed by the
same letters are not significently different at the 5 % probability
level followling the DMRT.

+ lWater levels for both growing seasons:
1984/85; WO: 243.5mm Wi 263.9mm W2: 277.0mm W3: 291.8mm W4: 311.3mm
1985/86; WO: 164.3mm W1: 213.3mm W2: 248.2mm W3: 269.9mm Wh: 2395.2mm

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



15009 SS9 JO BIUSD - Ueplor JOo AIsSRAIUN Jo AkIqIT - pOASSSY SO 1V

70

Sl ple iqm wwgtleg

A31T1Qeq03d % € By3 3m jualayyip Ajjueapyyubys

PEM wwuptLLE 1ZM WWETEDZ LM wwgtEwZ oM
1axe s{aAaT Iajen +

*lHWQ 3y3 BuimoTTos Tanaf
J0u 8Je8 8133337 3wBs ayj Ag pamolinj SuRBK

4L bett poy I-0 6°¢ z-d geg g-b’ ge¢ BI G°¢ LG=)TT JI33UIM
02 . 8 6°g B3 z*g y-a L*g Y-8 L°g -1 8°% zog31g
9 51 g*¢ SI g*¢ BI ¢°¢ s ¢°¢ s £°¢ £L092-5 8¢
£l a-e p°L 9q 6*9 9 t*g P 0°9 * P 2's 004%h I
62 e 4oL ge 2°L o= |°L aq g°9 P &*S oLs Cn
0z F=4 6°% w-f g4 T-4 (°% u-1 €4y dew |*# Y )
] b-u p*y I-d g°¢ s~d (°¢ s-d t°¢ 5-d f°¢ LO%Y 711
] 1-d g°¢ SI g°¢ §=0 g*¢ BI G°¢ s-b g°¢ 86059 vl 9L
af4 48 ¢°¢ ¥~4 0°S F-d4 6°% w-l g°y U= 94 682 ICn
gL 48 ¢*g B-3 2*g u=2 L*g #=D g°y w=f g*4 S04 Cn
(%) 0Om 03 M am €m zm Lm of
Wwoxy uolionpay + anag Iajeq adAjouag

*ucseas buimoxb cg/4ggl ayy bupenp

Byjwey uy umolb Trjuat 4o (B) jybiam paas-gpl uo adAjouab. pue 1aABT lajem 40 323343 *6z 8ige)



71

1Is008@ Sisey Jo JeiusD - teplor Jo AJsiBAIUN JO AeiqlT - paAessy SIYbIY |1V

TLUZTGRZ MM WUGCESZ LM WUZTEHZ IZM WWESELZ LM wug*ygL :gm

1ale sTaaay Jajeq +

“luWq @y3 Bugmortroy Tanar

"A3iTiqeqoad ¢ g ayg je Juazayyip ATiueoctytubis 3jou aze sragzay suwes 3y3 Aq psmoTTDy Sueal

oL - B-0 (L€ 8=0 /°¢ A= 4*¢ b-u g*y d=1 {*%  LG=3TT I83uIM
2~ 43 g°g Y=a |°g b-a ¢-g I-4 0°¢ 3 g*g zgaaag
L A=5 2°¢ n=s 2°¢ A §"2 A-3 L°g AN pg £L092~5 QL
0. P €9 P 1°g P3 4°g P3 9°g " by O%% 1
L - P2 g*g P g*g Ge g°¢ B G*L 99 °9 OLS N
6 L STRAL b=u 0°4% 0=T L% 0-3% 2*9 u=3 ¢°y 9Ll ICn
g - A=X neg n-b g+¢ §-0 £°¢ 3-8 g-¢ 3=d geg¢ LoYw 111
g - A= yeg 3=d g°¢ §-0 (°¢ A= 4°¢ 3-d g°¢ 58093 vi 9L
oL~ u=F 974 w~-1 g*y F-b g°4 1-4 9% (-6 gy €82 N
gL - 3-d g-¢ U= Ly I-U g*f I-u g°¢ JuF e s0% 3cn
(%) Br 03 4m m £em zm LA onm

woxy uoijonpay

+ 18A8T7 Iasep

adAjouag

*uoseas Buimoib gg/gggl ay3 Butanp

Bljuey UT umolb T33ual 4o (8) 3ybjam pass-goL uo adAjousb pue TaAsT Zs3Em 40 393443 "9z alge)



72

size, therefore, larpger seeds in driest treatment were obtained. Simie

lar results were found due to water stress by Singh gﬁ_gi. (1983) work-

ing on lentils.

44141.8. Number af prim&ry branches per plant

The  number of primary branches is zn important character
because it determines the architeture . of the plant and its potential

straw yield, number of reproductive nodes and hence grain yield.

5o0il moisture stress level and genotype hard significant

effect on the number of primary branches per plant during both growing
seasons (Table 27). The results indicated that number of primary bran-
ches per plant was remarkably improved with increased moisture level
and.ranged from 1:88 to 2.36 and from 1.34 to 2.15 for the lowest (W0)
antd highest (W4) moisture level during 1984/85 and 1985/86 seeson, res-
pectively. The effect of increased applied water on number of primary
hranchea per plant io attributed to thr increascd aviallebility of water
in the soil profile per plant, to impruucd-plant growth and a commensu-
rate enhancement in number of primary branches per plant as found by

3ingh gt al. (1903) on lentils.

Genotypes ILL 4401, ILL 4400, 78 S-26013 and Winter 1ik-51
significantly produced the highecst number of primary branches per plant
durlng 1984/85 season. lowever, in 1985/86 season, Winter 1ik-51 and

U3L 510 produced the higheat number of primary branches per plant.
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Table 27. Effect of genotype and water level on number of primary branches
(per plent) of lentil grown in Ramtha during the 1964/85 snd 1985/86

growing seasons.

Growing Season

Treatment )

N 1984/85 1985/86
Genotypes:
UaL 405 2,07 cd‘ 1.79 cd
UaL 2a9 2.13 bc 1.69 d
76 TA 66088 1.95 e 1.73 d
ILL 4501 2.24 a 1.77 cd
wak 176 2.02 de 1.83 be
UL 510 2.03 c-e 1.91 ah
ILL 4400 2.24 7 1.78 cd
78 5-26013 2.21 ab 1.69 d
Precaz 1.96 e 1.70 d
Winter 11k-51 2,23 ah . 1.96 8
Water levels +
&0 1.88 e 1.34 &
k1 2.01 d 1.56 d
w2 2.10 ¢ 1.83 c
W3 2.18 b 2.05 b
119 2:36 B 2.15 a

* Means within each column for the seme trestment followed hy the same
letters are not significantly different at the 5 % probability level
following the DMRT.

+ Uater levels for both growing seasons:
1984/B5; WO: 243.5mm W1: 263.9mm W2: 277.0mm W3: 291.8mm Wh: 311.3mm
19685/86; WO: 164.3nm W1: 231.3mm W2: 268.2mm W3: 269.9mm Wh: 295.2mm
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Significant interaction was detected between amount of applied
water and genotypes for the numher of primary branches during both
seasons (Table 8 appendix D). Genotypes 76 TA 66088, UJL 510 and
Precoz showed the least reduction in nurber of primary branches per
plant with increused water stress level from the U4 to WO during
1964/85 season (Table 28). In 1985/06, however, UJL 510, Precoz and
Winter 1ik~51 showed the least redustion in number of primary bran-
ches with increased moisture stress level from W4 to WO treatment
(TabYe 29).These results indicated that Precoz and UJL 510 were superior

over the other tested genotypes for this cﬁaracter.

441.1.9 Number of secondary branches per plant:

The importance of studying the secondary branches character

is because on these branches, many pods and leaves are located. Secondary

branches develop throughout the vegetative phase and therefore, their
development is influenced by the prevailing environmental conditions. .
However, in the present study, significant effect of soil moisture

level and genatype on this character was detected in both seasons

{Table 30). I '

Averaged over all the genotypes, number of secondary hranches
per plant was closely related to amount of applied water, where the num-
bar of secondary branches ranqed from 6.5 to 10.5 and from 3.1 to 10.4
in the driest (WD) and mettest(wh)treatmentsduring198&/855nd1985/86

sgcasong, respectively. This could be explained by thgfﬂctthgtirrigatign

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



77

Table 30. Effect of genotype and water level on number of secondary bran-.

ches (per plant) of lentil grown in Ramtha during the 1984/685 and
1985/06 growing sessons.

Growing Seasan

Treatment
1984/85 1985/86
Genotypes
UIL 405 8.4 be 6.8 8
UL 289 Gl a 7.2 &
76 TA 656088 77 c-p GB.s &
ILL 4401 9.4 a 6.9 B
UL 176 : 7.5 de 7.4 a
- UJL 510 7.2 & 6.8 a
- ILL 4400 8.1 cd 7.4 &
78 5-26013 8.3 c 8.1 =
Precoz 7.9 c=g 6.0 =
Winter 1ik-51 9.1 ab 7.4 a
Water level +
- w0 6.5 & 3.1 e
M 7.1 d 6.0 d
w2 8.2 c 7.1 ¢c
W3 9.2 b 8.7 b
(A 10.5 a 10.4 a

Mesns within each column for the seme treatment followed by the same
letters are not significently different at the 5 % probability level
following the DMRT.

Water levels for both growing seasons:
1984/85; WO: 243.5mm W1: 263.9mm W2: 277.0mm W3: 291.8mm Wh: 311.3mm
1985/86; WO: 164.3mm WAt 213.3wm W2: 268.2mm W3: 269.9mm Wh: 295.2mm
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increases’the availability of water in the spil profile to the plant and
thereby enhances the physio-chemical procesases in plants that ultimately
contribute towards additional dry matter production, therefore number

of branches wes enhenced. These results are in agreement ‘mith

those reported by Vermas snd Kalra (1981a) and Singh et al.'(1983) on

lentils.

Genotypes, on the other hand, affected this cheracter, and ILL 4400,
uUJL 289 and Winter 1ik-51 produced significantly more secondery branches
per plant durlng 1984/85 seasopn, than the other genotypes. However, there
was na slgnificant differences between the tested genotypes during 19B5/86

BEAE0N,

Significant interaction was detected between water levels and genn-
types for the number of secondary branches per plant only during
1984/85 season (Table 9 eppendix D). Genotypes 76 TA 66088, UJL 176,
78 5~25013 and Winter 1ik=51 showed the least reductlon in number of secon=-
dary branches per plant with a fall in water level From the highest (W)

to lowest (WO) during 1984/85 season (Teble 31).

be1.1.10. Number of nodules per plant:

As mentioned eerlier lentil has the shility to fix atmaspheric

nitrogen , 1in @ saotistion with Rhizphium bacteris in roaot nodules.

Nodulation petterns were significantly affected by the amount
of applied water during both growing seasons {Teble 32). On the average,

all genotypes had significently fewer nodules per plant in the driest

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table 32. Effect of genotype and water level on number of nodules (per plant)
of lentil grown in Ramtha during the 1384/85 and 1985/856 growing

5Easons.

Treatment Growiné Senson-
1984/85 1985/86

Genotypes:
UaL 405 38.3 a‘ 27.4 B
udL 289 ' 36.7 ab 26.5 &
76 TA 66088 3441 de 25.8 &
ILL &4D1 o 3547 bwd 27.0 a
UL 176 . 35.6 b.d 27.5 a
uaL 510 33.b e 27.1 n
ILL u400 36.0 be 26.2 1
78 5-26013 34.6 c-p 26.3 a
Precoz 336 ¢ 25.8 8
Winter 1ik-51 * 36.9 gh 27.0 a
Water levels +
wo 28,0 e 18.5 e
w1 32.0 d 22.8 d
w2 35.8 ¢ 26.4 ¢
w3 39.0 b 30.8 b
wh 42.7 & 34.7 &

* Means within each column For the ssme treetment followed by the seme
letters are not significantly different at the 5 % probability level
following the DMRT.

+ Water levels for both growing seasons:
1984/85; WO: 243.5mm W1: 263.9mm W2: 277.0Dmm W3: 291.8mm W&4: 311, 3mm
1985/686; WO: 164L.3mm W1: 213.3mm W2: 248.2mm W3: 269.9mm W&4: 295,2mm
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treatment (WO) when compared with wettest treatment (WL). The lowest
nodule -number in the driest treatment (WO) may be attributed to
stressed leaves being urable to supply photosynthate to nodules.
Similar results were obtained by Saraf and Baitha (1982) on lentils,
and Sprent (1972) on fsha heans. |

Genotypes UJL 405, Winter 1ik-51 and UJL 289 gignificantly posse-
ssed more nodules per plant during 1984/85 season. However, although
differences between genotypes during 1985/86 were not significant,
there was a trend of increased number of nodules by UJL 405, ILL

4400, UJL 510 and Winter lik=51 when compared with other tested
genotypes.

Significant interaction between applied water and genoiypes was
found only during 1985/06 season (Table 10 appendix D). In this season,
ILL 4401, ILL 4400, UJL 289 and Winter 1ik=51 genotypes showed the least
reduction in number of nodules under rainfed conditliong (W0) compared

with the hinhest water level{W4) (Table 33).

Number of nodules per plant was found positively and significantly
correlated with the awount of water supplied plus rainfall for all the

10 genotypes tested; rz ranged from D.58 to 0.94 for the 1985/86 growing

GEaSOn.

Among the 10 genatypes tested, Precoz and 78 $-26013 showed the
greatest response to applied water (b= 0.144 and 0.147, respectively),
this means thet any additional applied water the plants formed 0. 144 and’

0.147 nodules per plant per mm of ndded pater for Precuz and 78 §-25013

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table 34. Regression equations showing the relationship between nodules
number(per plent) and water applied plus reinfall (mm) for 10

lentil genotypes grown in Ramtha during 1985/86 growing season.

Genotype Regression eguation r2
UL 405 Yo =1.85 + 0.123 X 0.86
uaL 289 Y= <0.54 + 0.109 X 0.85
76 TA 66088 Vo -2.44 + 0.118 X 0.81
ILL 4404 Y= -2.07 + 0.105 X 0.79
UL 176 VY= ~1.76 + 0.124 X 0.92""
UL 510 V= =3.88 + 0.127 X 0.58
ILL 4400 Y= ~1.97 + 0,102 X g.90
78 S-26013 Ya -8.82 + 0.167 X 0.94
Precoz Y= =8.404 + 0,144 X 0,85
Winter 1ike51" Y= -3.76 + 0.129 X .90

*¢ Significant at 1 % level.
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respectively; whereas ILL 4400, ILL 4401 and UJL 289 genniypes showed .
the least response to applied water (b= 0.702, 0,105 and 0.109, res-
pectively) during 1984/85 growing season (Table 34). Similap findings
were' reported by Zablotowicz et al. (1981) on cdmpeas, and'ﬂathehy
and Hunt (1963) on soybeans, on the variatal differences Fur-nodule

number in response to applied water.

b.1.,2. Evapotrenspiration and water use efficiency:

be1.2.1. Evapotranspiration ruate:

The 10-day intervals evapotranspiration rate (mm/day) for the
highest irrigated water level (Uit) for the two genotypes; UJL 176 and

ILE 4400 in both seasons are' presented in Figufes 7 and 8. Throughout

the growing sesson, ET rate increased with plant growth and develop-

ment and then started to decline nearly after 130 days from emergence
until maturity for 1984/85 season for both genotypes . The peak ET
rater 1n 1984/85 séaaun occured between 50 days and 130 déys after emer-
gence which coincided with the flowering and pod setting period during
the end of March and the second half of,April. The maximum ET rates were,

3.4 mm/day after 80 days and 3.0 mm/day after 90 days from emergence for
ILU 4400 and UJE 176, rospectively o

In 1905/86 season, maximum ET rates were 3.1 mm/day and 3.1
mm/day for ILL 44LOO and UJL 176 respectively; both maximum values ocoy-

red after 40 days from plant emergence. Ouring this period high amounts

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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of water were supplird in ndditinn to rain; due to favorable conditinns

for ET (high termperatures, Figure 2 appendix C) in addition of more vege=

tative growth which use more water resulted in high rates of ET.
Evepotranspiration (ET) rates, presented in Figure 8, show reduction

in their velues for both genotypes from 60 days from emergence until maturity.

During this period the amounts of rainfall were low, end smounts of applied

water may not fit the full requirements of the plants. These results indi-

cete that when the plant is subjected to stress, it will adapt its physio-

logical system to control transpiration (Kramer, 1969).

b.1.2.2. Seasgnal ET 3

For all irrigation treatments, sessonal ET ranges from 234 to
295 mm and 236 to 302 mm for UIL 176 and ILL 4400, respectively, during
1984/85 nemnon, wherens it ranged fram 119 to 2208 mm and from 122 tn
231 mm far UL 176 and ILL 4400, respectively, during 1985/86 senson
(Table 35). It increases with the incresse of total amounts of water
applied. The maximum ET occured under the highest water level (l4) where
the lentil plants, received s total amounts of 311.3 and 295.2 mm during
1984/85 and 1985/86 seasons, respectively.’

The evapntrenspiration values are comparable to some values
reported by other wnrkers where the environmentnl conditions are different.

Hemoudi et al. (19A3) found, in Indim, that seasonal ET For lentil renged

from 224.9 mm to 451.9 mm for maximum moisture stress and well-watered
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Soll treatments, respectively. Miller and Burke (1983), in USA, Found
that seasonal ET ranged from 220 mm to 270 mm for dry beans using
sprinkler line source at the lowest end the highest rates of irriga-

tion , respectively.

L.1.2.3. Relationship between ET and yield:

The seasonal water use (ET) and water use efficlency of the
tuwo genotypes studied under different soil moisture levels are presented

in Table 35 .

The date suggested that the genotype ILL 4400 had higher w;ter
use when compared with UJL 176 genotype under all the water levels during
both seasons. Comparing the water use of the driest treatment (WO) with
the wettest treatment (W4), indicated thet the range of water use was
greatest for ILL 4400 genotype (ranged from 236 to 302 mm in 1384/85
season and from 122 to é31 mm in 1985/86 season) and lowest for UJL {55
gentoype (ranged from 234 to 295 mm in 1984/B85 season, and from 119 to
228 mm in 1985/86 season, Table 35). This may be sttributed to that UJL
176 genotype matured earlier than ILL LLDOD during both seascns, ILL 44DO
took 183 snd 128 days from planting to maturity during 1984/85 and 1985/86
seesons, respectively; while UJL 176 genotype took 178 and 119 days for
1984/85 end 1985/86 seasons, respectively. In additlon ILL 4400 is a large
seeded lentil, with & more vigrous growth habit end lerger leaf ares, in
comparison to UIL 176 which hes a medium size seeds, and relatively smaller
leaflets, contributing te the higher ET of ILL 4400, when compared with

UiL 476 genatype.
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genotype . Similar results were reported by Pandey et al. (1984bh) work=-
ing on four grain legumes who found that lenger period of crop growth

leads to higher ET and finally more total dry matter produced.

The ability to produce supericr grain yield under any given level of
ET deficit is an important genotypic criterion. Genotype UIL 176 proved
to be supelor to ILL 4400 because of higher grain productivity at ell
levels of ET (Table 35). This is probably due to that ILL &4DO genotype
matured neerly 5 and 9 days later than UJL 176 durlng 1984/85 and 1985/85
seasans, respectively; thus encountered greater water stress. These results
are in agreemement with those reported by Pandey et sl.,(1984b) warking on

four grein legumes.

ho1.2.44 Water use efficiency (WUE):

Efficlent utilizetion of limited water rescurces for crop
production is essential for agriculture in water deficient reglons. Theré-
fore, WUE wes calculated in lentils by dividing yield by total water used
(ET). |

Since the experiment in the first season was conducted under
more fevorasble cveporatlive conditions (more soil moisture aveilability),there-
forestotel dry matter yield and consumptive weter use values were largely

different than that in the second season (Table 35).

Low yleld (biologicel and grain) was produced under rainfed
(WD) treatment and the highest under W4 treatment in both genotypes and for

the two seascns. The genatype matured latest (ILL 4400) had the highest WUE1
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‘and UJL 176, a relatively earlier maturing genotype in compared to first
one, had the lowest WUE 1. This is attrilbuted to higher total dry matter
produced by ILL 4400 than UJL 176 and the reasan behind that wes explalned
earlier. However, UJL 176 had the highest WUE 2 at all treatments when
compared to ILL 4400 genotype. The reascn behind that was alsa expleined
earlier. Similar results were obtained by Lockerman et sl. (1985) working

on faba beans, and st ICARDA o©n lentils (ICARDA, 41983).

4.2, S5tabllity OFf Yield And Yield Components In Lentil:

The varistion in the performance of lentils from seeson to seasson 1is
quite high. This makes it essentiasl to study the behevior of different

improved varieties of lentil For their stability before relesse.

The analysis nf varience for yield and yield components studied sre
presented in Table 36. Differences emong genotypes and environments were

highly significent for all charecters studied.

The genotype X environment intersction was significant for all charac-
ters studied, indicating that genotypes differed in response to environ-
mental stimull. This satisfied the basic requirement for this study. Mean
square was significant when tested against pooled error. Similer findings
were obtained by many researchers working on lentils (Ahmad and Pandey,
1983, Singh and Mehra, 1976; Mehra and Pshuja 1979; end Sagar and Lal,

1980) .
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Stability enalysis as defined by Eberhart snd Russell, (1986); is
based on the three parsmeters; the mean (;), regression coefficient (b)
and deviation from regression (Sdz). Their model suggest that a genotype
with high mean, and with a regression coefficient not significantly
different from unity end little or small deviation from regression would

be the most desirable genotype.

Table 37 gives the average means over environments. far the ten studied
genotypes and two other parsmeters of stability, namely the regressien coef=
ficient (b) and variance of deviations (st) from linear regression. How-
ever, results on yleld and yield components for the 10 genotypes included
in the study end for esch season and location are presented in Tables 1 to

5 in sppendix E .

&.2-1& Grain !ield:

Genotypes UJL 405, UJL 176, 76 TA 66088 and UL 289 gave greater
grain yleld than the pupulatinn-mean and proved to be useful materisls.
These four genotypes combined high mean performance with relatively unit
linear response (b ::> 1) end low deviations from linearity. However, genﬁ-
type 78 5~26013 gave higher yield than the population mean, but it was not
stable genotype expressing lerge deviation from linearity. The genotypes ILL
LuD1, UJL 510, ILL 4400, Precoz and Winter 1ik=51 failed to give high mean

values(Tahle 37).
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The results indicated that the genotype U3L 405 wes widely ada-
pted, having the highest mean in the set (567 kg/he), end a regresslon
coefficlent relatively near to unity (b :> 1} which indicated that the
genotype possessed sverage stability. The varisnce due to ﬁeviatinns was
alsc small. This genotype was fallowed by UJL 176 and UL 289. These re-
sults appeer to be consistant with that obteined with whest described by
Struike and Johnaan (1972), cultivars have an average or better response .

(large b) to more Favoreble conditions would be indiceted as widely ads-

pted cultivars.

It is important to indicate that the genotypes Precoz, UJL 510 and

ILL 4401, the earliest maturing in the set, were the lowest ylelding and

they possessed e regression coefficient less than unity. Similar observations

were reported by Singh and Mehra (1976) that the earliest maturing lentil

genotypes were sccompanied by low yields and smell b values.

5.2.2. StrBhJ !1(’1[’:

The stability for strew yield was alse investigated, because straw

production is very important as animal feed in Jordan and.the region.

Ameong the genotypes tested; UJL @DS, Winter lik-%1, ILL 4400 end
UIL 289 gave higher straw yield than the populstion mean end proved to be
useful materiel. These four genotypes combined high mean performance with
unit linear response end low deviations from linearity. However genotype
78 5-26013 gave high straw yield, but it expressed large deviation from

linearity.
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The penotypes 76 TA 66088, ILL 44OD, UJL 176, UJL 510 end Precoz
gave low mean valugs (Table 37). The results indicate that UJL 405 was
the highest yielding genotype (1275 kg/hs), with a regression coefficient
relatively equal to unity (b 7> 1) but expressed large deviation from
linesrity, so it cannot be considered as the most stable. However, Winter
11k=51 renked second in yield among the 10 genotypes (1245 kg/ha-1), and
had a regression ceefficient relatively near to unity and with small
variance, thus it is the most stable genotype. This genotype was followed

by UJL 405, ILL 4400 and UJL 289. Singh and Mehra (1976) detected variam-

tions among tested varieties as result of variety by environment 1nteractinn.'

4.2.3. Number of pads per plant:

Following the stability parameters used esrlier, genotypes UJL 405, .

baL 176, UIL 289, 76 TA 66088 and 78 S-26013 appesred to be promising es
they combined high mean performance with unit linear response end relatively
low deviation from lineerity. Winter 1ik-51 however, gave & higher number

of pods per plant fhan the population mean but with lsrge deviation value

from linearity snd with, b < 1 (Table 37).

The results Indicated that UJL 405 wea the most stemble emong teated
genotypes, by having the highest mean in the set (17.2 pods/plant) and a
regression coeffFicient equal to unity (b= 1.062), and small varience ,

followed by UJL 176 and UIL 289. On the other hand, 756 TA 66088 gave higher

number of pods per plant then the population mean, however, it expressed
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hed larger seeds than the population measn but expressed large deviation
from linearity, so considered less stable genotypes for hunred seed

we ight .

Genotype UJL 176 hed lower seed weight than the populstion meen
but with unit linear response and low deviastion from linearity se it con-
sideredjnzﬁaveaveragestahilitv.Sagar and Lal (1980) reported thet most
of the variation asmong genotypes as result aof genotype X environment in-

tersction could be attributed to linear effects.

The study revealed that few genotypes possessed sverage stability
for yield under the test conditions in Jordan. However, for long term
strategy, it may be desirsble to breed gemotypes thst are more responsive

to environmental stimull, as UJIL 405 which show large b.

On the other hend, UJL 405, 76 TA 66088 and Winter 1ik-51 possess
some yield components steble in response to environments, such as number
of pods per plant, snd number of seeds per pod, end therefore they should
be involved in e breeding progremme with selection exercised for respansive=

ness in the early segregating generations tested over 8 range of environmenta.

4.3, Effect OF Simulated Molsture Stress On Lentil Seed Germination:

4431, Germination percentage:

Effects of moisture tension and genotype on germination percentage
are presented in Taeble 3g. Germination progressively decreased with increas-

ing moisture tension. The highest average germination percentage under the
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Teble 38, Effect of moisture tension end lentil genaotype on germination percent-

age, speed of germination, and root growth.

Speed of Root growth (cm

Tension/genotype Germination % germination plant day)
Tension™

0.0 atm. 88.0 a* L.71 & 0.51 =

5.0 atm. Le.7 b 141 b . 0.08 b
10.0 atm. 3.7 c 0.69 ¢ 0.06 ¢
15.0 atm, 8.0 d 0.09 d . 0.00
Genotype +
uaL 405 ' 38.3 bec 1.70 cd 0.19 od®
JaL 289 40.0 bc 1.72 b-d 0.19 cd
76 TA 66088 4B8.3 a-c 1.90 b 8.21 bec
ILL 4401 51.7 b 1.84 be D.24 ab
UL 178 L3.3 a-c 1.63 d 0.21 bc
L s10 33.3 ¢c 1.29 e 0.17 d
ILL 4400 45.0 a-c 1.66 cd 0.26 a
78 5-26013 L6.7 a=-c 1.66 cd 0.21 bc
Precoz 36.7 bc 1.31 e 0.21 bc
Winter 14k-51 ' 60.0 a 2.54 a 0.26 a

X Means of ten genotypes deta.

* Meana within each column followed by the same letter do not differ
Bignificantlv from esch other at the 5 % level of probesbility using
DMRT.

+ Means of four tension treatments (0, 5, 10 and 15 atm.).

§ For genotypes, root growth means are the mean of three tensiaon treatments
(0, 5. snd 10 atm.).
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four moisture tensiong was for Winter 1ik-51 Followed by ILL 4401 then 76

TA 66088 genotype. The genotypes UJL 510, Precoz and UJL 405 gave the lowest
germination percentages. The differences in germination percentages of the
genotypes was wider under the incressed moisture tension then the low moise
ture tension. All genotypes were germinated under the 15.0 satm except for
the UJL 289, uiL 510 and Precoz genotypes, howsver, the germination percent-
eges for all genotypes were 8.0, 34.7, 46.7 ond 88.0 % for 15.0, 10.0, 5.0

and 0.0 atm, respectively.

Significant interaction between genotype and osmotic potential was
detected for germination percentage (Table38 ). Thia suggeats that genctypes
differ with respect to osmotic potential. Germination percentage was gignifi-
cantly decreased for sll genotypes with the change of moisture tension from
0.0 to 5.0 then to 10.0 and 15.0 atm. However, the genot;pe Winter 1ik-51
germinateéd significantly better than the other genotypes tested. These results
are in sgreement with the findings of several reseerchers working on different
crops (Helmerick end Pfeifer, 1954; Ashraf and Abu-Shakre, 1978; end Jaredat,
1979), with respect to germinetion percentage that it decreased with increas-

ing moisture tersion.

4.3.2. Speed of germination:

Speed of germination expressed in terms of a Vigor index is snimpor-
tant fector in crop seedling establishment (Helmerick and PFeifer, 1954; and

Parmer and Moore, 1968).
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The high values indicate high speed of germinetien and the low
velues lew speed cof gérminatiun. Speed of germinstion was inversely re-
lated to the intensity of moisture stress. It was found thet speed of
germination decreassed significantly with the incresse of each five atmoe

spheres in moisture tension. These results are in sgreement with the find-

ings of many workers (Helmerick and Pfeifer, 1954; Parmer and Moore, 1968; -

Read end Beaton, 1963; Ashraf and Abu-Shekra, 1978; and Jeradat, 1979).

Differences in speed of germination among genotypes were also.
significant. Winter 1ik<51 wes the most vigrous among the 10 genotypes
followed by 76 TA 66088, and ILL 44D1; whereas UJL 510, Precoz and UIL 176
had lowest values of speed of germination among éhe genotypes tested. The
high values for Winter 1ik-51, 76 TA 66088 and ILL 4401 indicate their
vigorous stand even under high moisture tension as compared to the other
genotypes tested. Genotypic differences with respect to speed of germina-
tion in several crops have heen reported by many researchers (Evens and
Stickler, 1961; Tadmor et sl. 1969; Ashraf and HbufShakrB, 1978; Jaredat,

1979; and Kazemi et al. 1977).

4.3.3. Rate of root growth:

It can be seen from the dates presented in Teble 35 that root
growth was influenced by moisture tension and the response of the geno=.
types were also different. Significently lower rates of root growth were

found with the increase of each level of stress. These results are in
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agreement with those reported by several workera (Parmar and Moore, 1968;

Wright, 1962; and Ashrsf and Abu-Shakra, 1578).

Both genotypes ILL 4400 and Winter 11k-51 showed significantly
higher root growth rate than other genotypes tested. However, UJL 510 geno=
type showed the slowest root growth among the 10 genotypes tested. Thesé
results indicate a rapldly penetrating and deeper root system is essentiai
for growing genotypes grown in semiarid areas to extract more molsture from
the deep soil leyers. Hurd (1968) found that rate of root growth end pene-

tration of root veried From one cultivar of wheat to another.

4.3.4, Relative drought tolerance indices 1 esnd 2 (RDTI-1-and RDTI-2):

L fResults presented in Table 39 show that mean values over all geno-
type for RDTI-1 under 5.0, 10.0 and 15.0 tension are lower than the corres-
ponding values of RDTI-2. Differences between over all genotype means were
significant under 5.0, 10.0 and 15.0 atm. Furthermore, the mean values da=-
cressed with tenslon. Significant differences were also detected emong the
mean values of the genotypes under the different moisture stress treatments.
Winter 1lik=51 and UJL 176 gave the highest values for both indices (Tablé
39). Moreover, the differences in the values of the indices of the genotypes
were greater under the tension of 5.0 atm. and 10.0 atm. then under the
tension 15.0 atm. Those differences emong the genctypes may show real dif=
ferencee in the sbility to tolerste drought at one of their growth stages.
These'indices are considered to be important indications of drought tole-

rance because they are largely independent of the physicsl characteristics
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of the seed and sre slso free of the inherent differences in germination

percentage and the rate of germination (Bhatt, 1979).

L.3.,5, Effect of moisture deficits on seedling growth:

Effect of moisture tension and genotype on length and fresh weight
of shoaots, root length and fresh weight are presented in Teble 39. These
characters were inversely affected when moisture was increased, so that

there was no growth at 15 atm. tension.

There were significent differences between genotypes for all shoot
end root characters. ILL 4400, ILL 4401 and Winter 1ik-51 genotypes had
*longer root systems as compared to the other genotypes tested. Similar
trends were found for root fresh welght, where it decressed with increasing
moisture tension, ILL-thD, Precoz end UJL 510 produced the highest root

fresh welghts.

Shoot lergth and fresh weight were reduced with increasing meoisture
stress for ell genotypes tested. However, genotypes 78 S§-26013, UJL 176 and
76 TA 66088 showed the highest values for shoot lengths, mesnwhile, ILL 4LOOD

and UJL 510 produced the highest shoot fresh weights.

Shoot length wes less affected by increesing moisture stress then
were the roots. This phenomenon was reported by Russell énd Gingrich (1956)
on corn. This suggests thet the vegetative parts of the tested genntypes
were able to grow, at different rates, under moisture tenslons, which are

inhibitory to root growth.
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Table 40 . Effect of moisture tension end lentil genntype on shoot length,
root length, shoot and root fresh weight/plent, and shoot: root
weight ratioof 10 lentil genotypes subjected to different mois-

ture stresses.

Shoot Root Shoot Root
Tensilon/ length length fresh fresh S:R
genotype (em) (cm) wt wt ratio

(mg) (mg)

Tension™
0.0 atm. 12.80 a‘ 7.1B-a 1.14 a 0.45 a 2.5 8
5.0 atm. 1.90 b 1.07 b 0.18 b 0.12 b 1.5 b
10.0 atm. 1.10 © 0.81 ¢ 013 c 0.1 c 1.2 &
15.0 atma. - 0.00 0.00 0.00 0.0a0 0.0
Genotype+
UJL 405 L.77 ef 2.59 cd D.44 pf  [0.18 ¢ 2.4 ab
UL 289 L.h1 fg 2.66 b-d D0.46 d-f 2.,10'b-d 2.1 ed
76 TA 66088 5.77 a=c 2.93 bc  0Q.U6 d~f D.20 c-p 2.3 ab
ILL 4401 5.49 b-d 3.38 8 D43 Ff  0.21 b-e 2.0 cd
uaL 176 6.00 sb 2.99 b 0.47 cee 0.22 b=d 2.1 cd
UJl. 510 3.96 g 2.42 d 0.50 b 0.23 bec 2.2 be
ILL 4400 5.33 c-e 3.69 3 0.60 e 0.27 a 2.2 be
78's~26013 6.11 . 2.93 be 0.49 b-d 0.19 de 2.6 2
Precoz 5.16 de  2.94 bc  0D.49 b-d 0.24 b 2.0 cd

Winter 1ik=51 5.34 c=p 3.66 5 0.42 f 0.23 bc 1.8 d

X- Means of 10 genotypes data.
* Mesns of each column, followed by the same letter do not differ signifi«
cantly from each ather at the 5 % level of probahility using DMRT,.

+ Meens of three tension treatments data (D, 5.0 and 10.0 atm.).
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Beceuse of the different responses of roots and shoots to the
moisture tensions used, the shoot to root weight ratios were, CONSe=-
quentlv different end in general were reduced as moisture tension in-
creased (Teble 40). Shoot tu.'rnot ratios were reported to vary with
chenges in environmental conditions (Sandhu and Laude, 1958). The geno-
types Winter 1ik-51, Precoz, snd ILL 4401 were characterized by lower
S:R ratios when compared with other genotypes teated. A reduced 5:R
ratlo was reported to be‘a sign for drought tolerance (Sandhu'and Laude,

1958; and Andrew and Solunki, 1966).

The results of this study indicate that bﬁth muiséure tension and
genotype heve shown effects on the studied paremeters. The genotypes re=-
ected differently to stress, suggesting genetic variation emong genotypes
which cen be utilized to produce lentils adapted to arid and semierid
reglons. Germinetion criteria, like speed of germination, snd root growth

can be used for selecting drought resistant genotypes.

It cen be concluded that Winter 1ik-51 is the mest tolerent to D-

mannitol induced osmotic stress.

4.4. Comparison between yield in the field trials and some characters

studled in the laboratory test:

The compariscns between grain yicld end straw yield for the ten
tested genotypes grown in Ramtha location under supplementary irrigation

for the two seasons are presented in Teble 41. The germination percentege
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and the speed of germination for the ten genntype tested under laboratory

condltions are also presented in Table 41.

From this table it cen be seen that genotype Uinter 11k=51 gave
the highest grain yield in 1984/85 seasan, followed by genotype ILL 4401,

In 1985/86 season, genotype Winter 1ik-51, wes the second in ranking.

In respect of germination percentage snd speed of germination,the
genatype Winter 1ik-51 was the first, followed by ILL 4401. The genotypes
Precoz and UJL 510 produced the lowest grein yield in both seaéona and
ranked 9 and 10 among the genotypes, respectively. These tun genotypes
were aleo the lowest in ranking in respect to germination percentage snd
speed of germination. This indicates that the relatiomship between the
germination percentsge and speed of germination, end grain yield is stable.
Therefore the former two characters cen be used for selecting drought re-

slstant genotypes.

However, when the correlation coefficients were calculeted, using

spearman's . rank correlsticn, between grain yield in both seasons and speed

of germination and germination percentage for the ten genotypes. The re-
sults indicated that grain yield was significently correlated with germina-

tion percentsge during 1984/85 growing sesson only (r= 0.733, P < 0.05).

Straw yield was alsc positively related tg. germination percent-
age end speed of germination. The genotype Winter -1ik-51 renked the first

and second among tested genotypes for straw yield in 1984/85 and 1985/85
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sessons, respectlvely. This genotype wes followed by 78 S-26013 end
UL 4O5. The genotypes UJL 510 and Precoz produced the lowest in
respect to strew yield snd renked 9 and 10 emang the genotypes,
respectively. This indicates that the relationship between the
germination percentasge and speed of germination, and strauw yield is

also stable.

Since Winter 1ik-51 genotype is the most tolerant to D-mannitol
induced osmotic stress, and praved to be superior in grain yleld
in the fleld experiments, it can be concluded that Winter 1ik-51 is
the most drought tolerantramung the tested genotypes. It also caen
be concluded that screening with D-mannitol could be 2 potentially

valuable method of initisl screening for drought tolerance.
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SUMMARY

The present work was conducted to study the effect of simulated
drought conditions on yield, nodulation and opther agronomic charas-
cterigtice of lentil. Ten lentil genotypes were evaluated, nemely, UJL
LD5, UJL 289, 76 TA 66088, ILL 4401, ULIL 176, WL 510, ILL 4400, 78 S~
26013, Precoz end Winter 1ik-51. The study was carried out using three

different methods during 1984/05 and 1985/86 growing seasons.

In the first hethad, sprinkler line source was used to induce
different molsture levels in Ramtha research station. A randomized comp=
lete block desigh with four replications was used, however, split-plot
desigﬁ wes used in statistical snalysis; genotypes as main plot and
water levels aes subplot. The following charscteristics were studied:
grain yield, straw yield, harvest index, plant height, number @f pods
per plant, number of seeds per pod, hundred seed welght, number of pri.

mary branches per plant, number of secondary branches per plant snd

numbdr of nodules per plant.

Inrthe second method, the genotypes wereeveluated for their vield
and yield components stability at three locetions, nemely, Ramtha,

Jubeihe end Maru, using two dstes of planting, the first date early in

the sesson and the second 6 to 8 weeks later. A randomized complete block -

deslign with four replicetions was used. Grain yleld, straw yield, number

of pods per plent, number of seeds per pod end hundred seed weight were

studied.
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In the third method, same genotypes were tested in the leboratory
for seed germination under simulated drought conditions, using D-
mannitol to induce moisture deficits. Four moisture tensions were
used, nemely, 0, 5, 10 and 15 etm. Split-plot deslgn with three replics-
tions was used in this experiment; molisture tensions as main plot end
genotypes as subplot. In this experiment, the following were stuaied:
germination percentage, speed of germination, root growth, relative
drought tolerance indices (RDTI-1 and 2), shoot length and fresh welght

and root length and fresh weight.

The results indicated that moisture stress significently affected
the grain yield of lentils. An increase in grain yield were obteined
with increasing moisture level, during both seasons. However, genotypes
Winter 1ik-51, UJL 405 and 76 TA 66088 gave higher yields than other
Fested genotypes; end these genotypes showed the least ;eductiun percent-
ages in response to increasing moisture stress level from the lowest (L)
to the highest (W0), indicating the ability of these genutvpés to resist
drought over the other tested genatypes. Moreaver, Winter 1ik-51 showed

the greatest yleld response to spplied water in hoth seasons.

Grain yleld was positively and significantly correlated with the
smount of water applied plus rainfall for all the genoctypes {ested;
coefficient of determination (rz) ranged fFrom 0.7% to 0.92 for both
growing seasons. However, Winter 1ik-51, UJL 289 and 78 5-26013 had the
greatest yield response to applied water (b= 7.964, 7.532 and 7.367 ’

respectively) during 1984/85 seasan. On the other hsnd, genatypes UJL

405, ILL 4401 and Winter 11k-51 had the greatest yield response
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(b= 4.758, 4.492 snd 4.449, respectively) during 1985/86 season.

Molsture level also, affected significently and positively some
of the plant cheracters; as molsture level increased, the number of
pods per plant, number of seeds per pod, number of primary branches
per plant, number of secondary branches per plant, plant height and

the number of nodules per plant increased.

The deta strongly suggested that the genotype ILL 4400 had higher

water use when compered with UJL 176 genotype under sll the water levels

during both seasans. However, water use efficiency was higher for biologi-

cal yield in TLL 4400 than UJL 176, wherees UJL 176 had higher water use

efficiency for grsin yield druing both seasons.

The stability paremeters suggested by Eberhart and Russell (1966),
the'perfnrmance mesn {x), regression coefficient {b), a&d deviation from
regression (sdz), wes aspplied to the data of the second experiment. The
results indicated that the genotype uIL 405 was widely edapted, having

the highest mean grain yield in the tested genctypes (567 kg ha—1), and

a regression coefficient relatively near to unity (b :> 1) which indica-

ted that it possessed average stsbility. The varience due to devistions
from regression was elsc small. This genotype was followed by UIL 176
end UJL 289. However, genotypes Precoz, UJL 510 end ILL 4401, the ear-
lipat maturing in the set showed less stability; they gave the lowest

ylelds and had & regression coefficients less then unity.

On the other hand, UJL 405, 76 TA 66088 and Winter 1ik-51 poss&ss
same yleld components responsive to environments such es number of pods

per plent and number of seeds per pod.
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Results of the laboratory test indicated that both moisture tension

and genotype have shown effects on the studiedparameters.Incraasing

moisture tension has caused significant reductions in the germination
percentage, epeed ol germination, root growth rate, shoot length and
fresh weight and root length and fresh weight. The genotypes differed
in their germination in response to different moisture tensions. The

genatypes Winter 1ik-51, ILL 4401 and 76 TA 66088 were superior in

drought tolerance than other tested genotypes.

Based on fieldaobservations and the induced osmotic stress by

O-mannitol, Winter 1ik-51 proved to be the most drought tolerant

genotype.
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CONCLUSTIONS AND RECOMMENDATIONS

From the present study, the following cen be concluded;

Molsture stress is one of the most important factors affecting ,
lenti) yield. Increased moisture level was found to incresseq
grain yield, straw yield, plant height asnd most of the agrono-
mical characters studied. However, grain yield could be improved
either by improving number of branches per plant and/or the number

of pods per plant,

Genotypes reacted differently to stress, suggeating genetic varia-

tion emong genotypes which can be utilized to produce sdapted varieties

to erid and semi-arid regions. However, Winter 1ike«51 and ILL 4401

produced the highest grain yield during both growing seasons.

The least reduction percentages with increased molsture stress level
from the lowest (W4) to the highest (WD) in the grain yield were
recordad with Winter 1ik-51, 76 TA 66088 and UJL &35 genotypes during
both seasons, Indicating the ebility of these genotypes to resist

drought over other tested genotypes.

The dates suggested thet genotype UJL 176 was more productive and use - .-

water more efficlently for grain vield production, as compared to ILL

4400.

For long term strotegy, it may be desirable to breed genotypes that
are more responsive to environmental atimuli, as UJL 405 which shows

the moet steble response omong the teated genotypes.,
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Genotypes UJL 405, 76 TA 66088 end Winter 1Iik ~51 possess some yield
components stable inresponse to environments, such as number of pots
per plant and number of seeds per pod: . Therefore they should be
involved in 8 breeding progremme with selection exercised for respon=’

siveness in the early segregeting generations tested over = renge of

environments.

Since Winter 1ik-51 genotype 1s the most tolerant to D-mannitol induced
osmotic stress, and proved to be superior in its grain yield in the
field experiments, we can conclude that Winter 1ik-51 is the most
drought tolerant a'mong the tesated genatypes,. It can be also concluded that
screening with D-mannitol could be & potentislly valushle method of

initial screening for drought tolerance.
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Table 1. Chemical and physical properties of D-mannitol are the following:

1.
2.
Ja
L.
5.
6.
7
8.

9.

LChemical formula:

Maleculer weight =
Specific rotetion (e )25 D:
Insoluble matter

Loss on drying at 105 c”
Residue after ignition
Reducing sugar

Heavy metals (es Pb)

Titratable acid

CH,,0H (CHUH)Q CH OH
182.17 g / mole.
+23.3° to + 26,3°
0.010 %.

0.050 %.

0.010 %.

Pass test

5 ppm.

0.0008 meg/g.
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LIST OF ABBREVIATIONS

Word or Sentence Abbreviation
And nthers et al.
Atmasphere atm.
Centimeter cm
Coefficient of Determination r2
Degrees of Freedom D.F.
Gram(s) 8
Hectare ha
Kilogram(s) kg
Meter m
Milligrem mg
Millimeter mm
Percent %
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