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ABSTRACT

Pearl millet (Pennisetum glaucum (L) R.Br.) is a stable grain crop in the arid
and semi-arid regions of Africa and India, and a new forage and grain crop in Egypt. A
two year field experiments was conducted at El-Maghara Research Station (Middle
Sinai), Desert Research Center, in summer growing seasons 2001 and 2002 . Half-
diallel crossing system was established in summer 2001 season among five
genetically diverse varieties and /or promising lines of five —rowed pearl millet to
obtain a total of ten crosses. The first parent was the commercial cultivar
Shandaweel-1 (P1) and P2 (ICMV88130), P3 (ICMV88904) and P4 (ICMV88908), these
three lines introduced from Indian by Dr. Ebrahim Eisa (Agric.Research Center) and
the fifth parent (Ps) was landrace grown by the farmers at the desert of Red Sea
(Shlatein and Halayeb). The objective was to determine the influence of hybrid and
three systems of water regimes (non stress and stress generated by irrigation at 30,
45 and 60 % available soil moisture depletion, respectively) on fresh and dry forage
yield and drought susceptibility index. Significant differences among the five parents
and their crosses were detected for fresh and dry forage yield at the three cuts and
yield accumulates under the three different water regimes. The two crosses P 1 Ps
and Ps x Ps and the fifth parent (Ps) gave the highest mean values for total fresh
weight under the first level of soil moisture (Irri.y), these out yielded the third level of
soil moisture (Irri.3) by 28.31, 34.29 and 25.01%, respectively. Whereas the two
crosses Ps x Psand Py x Ps as well as the third parent ( Ps gave the highest mean
values for total fresh forage yield under the second level of soil moisture (Irri.2) and out
yielded by 16.81, 19.82 and 4.68% respectively.

The magnitudes of gca/sca ratios revealed that additive and additive by
additive type gene action were more important for fresh and dry forage yield.

The mean square, due to general and specific combining ability, was highly
significant for the three traits under different water regimes. Moreover, the mean
squares, due to g.c.a. effects, were larger than those due to s.c.a. effects for fresh
weight, drought index and dry weight except the third water regime for the same
character.

Keywords: Pearl millet, drought tolerant, drought susceptibility index, combining
ability and forage yield.

INTRODUCTION

In the desert region of Egypt (Shaletin and Halayep) farmers mainly
grow pearl millet landraces. The adoption of modern cultivars is generally low
because of their poor adaptation to extreme drought stress. Forages play a
vital role in meet and milk production all over the world and 2lso in Egypt. So,
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the total productions from livestock are still short to meet the requirements.
This could be mainly due to shortage of forages particularly during the
summer time.

The newly cultivated sandy soil is considered, as hopeful to increase
green production .1t is necessary to improve the yield capacity and quality of
the summer forage crops as well as introduce new crops with high nutritive
values to offset, the acute deficit in forage production in summer period such
as pearl millet.

Studies in pearl millet indicate a preponderance of non-additive gene
effects involved in forage yield (Burton, 1968, Gupta and Phul, 1981and
Jauhar, 1981). Most research the subject shows that production of f; hybrids
would be the most rapid way to improve dry forage yields in this species.

A forage-breeding program may have to consider several desirable
traits of genetic improvement. In this investigation we will discuss three major
traits: (1) fresh forage yield, dry forage yield and drought susceptibility index.
These traits were selected because they appear to provide the greatest
opportunity for improving the forage of Pennisetum species

MATERIALS AND METHODS

This investigation was carried out at the Experimental Station of El-
Maghara (Meddle Sinai), Desert Research Center (DRC), Egypt, during the
two successive growing seasons 2001and 2002.

Half-diallel crossing system was established in summer 2001 season
among five genetically diverse varieties and /or promising lines of five —rowed
pearl millet to obtain a total of ten crosses. The first parent was the
commercial cultivar Shandaweel-1 (P;) and P, (ICMV88130), P,
(ICMV88904) and P4 (ICMV88908), these three lines introduced from Indian
by Dr. Ebrahim Eisa (Agric. Research Center) and the fifth parent (Ps) was
landrace grown by the farmer at the desert of Red Sea (Shlatein and
Halayeb). In summers 2002 season, the five parents and their hybrids were
grown under three system of water regimes (non-stress and two stress
generated by irrigation at 30, 45 and 60 % available soil moisture depletion,
respectively) . The properties of the soil of the experimental field were the
follows: sand 50%, silt 12%, clay 16%, organic matter 21%, Ec.09 dsm™,
Ph=7.4 and soil type is sand. On the other hand, the salinity of irrigation
water was 2000ppm. In each experiment entries were grown using a
randomized complete block design with three replications. Each plot
consisted of 3 rows for each parent or each F;. Rows were 4m long; the seed
were individually planted in 20cm a part and 50 cm between rows. Other
cultural practices were followed as usual for the ordinary pearl millet field in
the area except irrigation at treatments. Three cuts were taken consequently
all 55 days from sowing to estimate fresh and dry forage yield depending on
the yield of meter square.
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Statistical analysis:

The data of experiment was subjected to proper statistical analysis
according to Snedecor and Cochran (1967). General and specific combining
ability estimates were obtained by employing the Griffing (1956) diallel cross
analysis method-2 model-1.

Drought susceptibility index (DS/) was calculated according to Saulescu
et al. (1995) as follows:

DSI=S/NS where: S and NS yield with stress conditions and non-stress.

In this study DS/ was calculated for dry forage yield as follows:
DSI,= irrigation no.-1/irrigation no.2, DS/ = irrigation no.1/irrigation no.3 and
the DS, = irrigation no. 2/irrigation no.3.

RESULTS AND DISCUSSION

Mean performance of different soil moisture regime:

A comparative summary of means performance for fresh and dry forage
yields and accumulate for the three cuts of parental lines and their hybrids
subjected to three soil moisture regimes is presented in Table 1. For any
giving character, the value under stress as a percentage of that under control
may be consider as a simple expression of the relative drought resistance the
tested levels of stress. In this sense, mean forage yield at the three cuts and
accumulate forage yield were significantly reduced by soil moisture stress.

The two crosses P x Ps and P, x Psand the fifth parent (Ps) gave the
highest mean values for total fresh weight under the first level of soil moisture
(Irri.4), these out yielded compared with the third level of soil moisture (lrri.3)
by 28.31,34.29 and 25.01%, respectively. Whereas the two crosses Ps x Ps
and P; x Ps and P; gave the highest mean values for total fresh forage yield
under the second level of soil moisture (Irri.2) and out yielded by 16.81, 19.82
and 4.68% respectively. |

Consequently, the accumulate total dry weight for the crosses P4xPs
and P,xP;s followed by the fifth parent (Landrace) surpassed significantly and
out yielded by 45.69 and 19.09, 36.21 and 21.0 and 29.95 and 11.42%
compared with the irrigation levels No.4 and No., with No.3 (control),
respectively. Zeidan et al. (2000) found that hybrid cultivar of Napier grass
and its hybrid with pearl millet surpassed the local variety in average of total
green yield/fed. El-Naggar et al. (1999) fond that drought at both stages
caused significant reduction grain yield. Singh and Singh (1995). Found that
dry matter yield did not differ significantly among sorghum, maize and pearl
millet under wet conditions but sorghum was superior to maize under all
levels of water deficit.

The data presented in Table (2) indicated that the ordinary analysis of
variance at F, generation for the studied traits. Significant differences among
genotypes were detected for all traits in the F, generation and accounted for
a major portion of the phenotypic variation. Mean squares related to parental
varieties were found to reach the significant level in fresh and dry weight and

5495



El-Hosary, A. A. et al.

‘1s@) abues ajdpynw s uesung 600 > 4 38 juaiayip jou sy (s) Japa|

awes ay) Aq pamo||oj senje-

qvley | ezecog VITX: 4 azzz'e Bg6L'8 | e9ve'0 | 28202 2986l | 285041 B l6El jzve's | PLov9 Sdx'd
PLLVYPE | PLBS'LE PZLS'ST J¥6E'9 9Cee's | yosLZ | a/89l PLLLL [ PoOEBSL yogoL ovire | Q856’9 *d x fd
1£66°0E 1809'¥Z YLEE'6L j9zz'9 6oog'y leezz | uezw 16921 65011 1€5°0L yoze'l | polv9 *dxtd
bjgevee | 2098'8Z 108822 Zriy fovs'e 1£09°2 Jevrol aoL9L a1Z'vL a9zZL 98106 | @909 Sdxid
Bozz ee Ueg9'sz yso0'0z B6PL6 BZb0'8 | PBEOS ferzi 15601 %9.0'6 YrLoL lero9 1568'G *dXx%d
urLe'le besg sz yoaL'6l algL q5ve’L 1€25° [yozL A9t yisol Bolett 2 v98'8 6229 fdxid
BEOZ by |  Q6BP'SE BLELLE pLEE 9zz6'9 | avk09 | eZSZZ eEyIZ egLoz 20.€°€1 Iset’'s | 69055 ‘dx'‘d
12989°€E Ue8e sz UzZve'6l jose'9 15905 | psesv | Bepsi UiLel I1¥6L°6 Jove'LL 6099 | ueiz's *dx'd
6)s1bee bzeg Lz bosg'L2z YBEY'S ubogy'v Ivoe | uozw yzrel J6E°LL q0Z5°€El qle96 | 2/zL9 tdx'd
foviaz 51582 lego ot 1£99° yole'y jzrse 165°€L 1€2CL I16ve's Boiyi qsze'6 | bolss dx'd
2L10°LE 2eeLZE 966242 ieor'9 PEEQ'S | B0ELY | qoviZ qov'0z q6'll 120Z'6 %2€29 | uogo's d
apLog'ee AELT LT lazz'oL ubosL's I1€61 1285z | BzpsL ASHLL 17E6'6 P 959'Z1 1995°G lzige 'd
1960L°¢cE oleLZE 2688'¥2Z %106 B1S08 | 98¥E'S jzeol J18'pL Biizo1L ug/eg p8oz6 | egees d
logg 2z fg6.€2 NisL 9L 1208'% Bposy | ds89'L | usewt feLi fiee6 wzelg 6905, | usaL's td
PzI9ee | Bosssz 0¢'81 B616°G jozevy | bBesez | periL sty | 6zzout [zozo1 21068 | 1S¥Y ‘d
€1 zu Lo € ‘U rAN R | (o | £ uy rAN | L € ") FATT] (AT
(‘payuoy) yBlam ysauy jejo no e mny,,z m . ?

abeioj

P pue ysaJyj 10} aouewopad ueaw sadfjouab ayy (1) ajqel

5496



J. Agric. Sci. Mansoura Univ., 29 (10), October, 2004

-1s@} abuea ajdpnw s ueaung §0'0 > d 18 JUIAYIP 10U S| (s) 1an19] awies ay) Aq pamo||o) senjep-

eeas6 | eesss | ezeso | aevzz | o6 | Buze | BOEOY | elB9V | BYOLE | 20T | 9TVEL q €05t Sdx*
svocs | povea [se1zos | uoryL | @2cigL | B68L°0 | J29BEE | I LLLE pcegz |°epg9sz | ezeeT | 296E°L Sd xd
18982 | ugos's | 6ezow | @95z | wzzeo | rozso | ueoe | uisez | SPOELZ | ROIST | @ SG8°L | 206EL *d xtd
6y00z'2 | PoLoL | pzees | szi'y | 12090 | 3¥980 | @vEv'e | BOEQY | O6EET | PLEGZ | 8LLL 1660°L Sd X o
agize | 18166 | 120016 | 89T | aeset | A6EZ'L | BIOSYEE | 1L¥ST aggoz | 2889C | uswlL | P8IZI rdxid
20zo8 | 20612 | ussse | J9291 | psoLy | 126v0 | BloeZE | 299€°E y29c7 | 21ELz | 96LLT | M¥EE0 td xid
eLsv6 | QozsL | azvoo | PIBE’L | oG¥eL | QBIBZ'L [ AGZEY | D 6/8E qvioe | eg9ze | 1996LL | P LYV sdx'd
yzve9 | uzors | 696y |ubgey'L | uB¥SZ'L | 260 | JO6OVE | |16VT joorz | Beocz | BesoL | 420L4 rdx'd
216p'8 | @2€629 | 4896F | 16€9'L | ®zogo | B08LO | PLLBE | 39L¥E 8¢9z | 48E6Z | A4S0 | A6¥S| tdx'd
6y91z'2 | 1266 | Bovey | Hese0 | 68921 | 496060 | UP90'E | PLLOE aggoz | Biegz | 20861 | P Y¥8LL g x'd
pgoze | przoL | s0ses | @zesr | 18y | eese0 | ozzow | assey | e98Le | JOSKT | | ggz'L | B0l 5d
1zes'9 | 18ze% | uvige | 125z | 1w | vasgo | wseT | 122671 jzove | ussiz | 1l0e fos10 'd
60602 | ozz1'L | @wwi's | ow6'L | BSZL'Z | EBOE'L | BiwZTE | 4Z80E Ggrzz | 12681 | 26961 | BELOL d
6360z | 62826 | 11zve | Bseyy | fze60 | leseo | Beeze | Bevee ygooz | usesiz | sepLve’L | UG €960 d
1ov5'o | J1¥6' | ueees | poceL | usozh | prio'L | 1188°C | 61982 1EV6°L 16e8'L | PeL8L | 1€88°0 '

gl | oz (e TP I P zown | opua | ogaa z (PN £ 1 z L

adfjouan

(‘peyuol)yblam Aip |ejoL no € no,, 7 no i

sonunuod :(}) a|qel

5497



El-Hosary, A. A. et al.

drought susceptibility index revealing overall differences between these
parents.

Accordingly, the variations among entries were partitioned into
general and specific combining abilities. It is clear that the mean squares, due
to general and specific combining ability, were highly significant for the three
traits under different water regimes. Moreover, the mean squares, due to
g.c.a. effects, were larger than those due to s.c.a. effects for fresh weight,
drought index and dry weight except the third water regime for the same
character.

Table (2): Analysis of variance of forage yield and drought susceptibility
index in 5x5 diallel pearl millet crosses.

Mean squares
Sources d.f dry weight Fresh weight Drought susceptibility index
Irri.q lm_z Irri.3 Irri.y rri.; Irnﬁ, Dsi.4 DSi.z Dsi.z
niries 14 | 238" | 268" | 295* [70.10*|55.19** | 63.57 *~| 0.04 ** | 0.02** | 0.03 **
G.CA 4 445" | 6.01* | 1.92* |178.0**[121.3**|1279* | 0.07* | 0.03* | 0.06 ™
IS.C.A. 10 | 155 | 1.36* | 3.36* | 26.24** | 28.74**|37.82*| 0.02** | 0.02™ | 0.02
[Error 28 0.13 0.07 0.15 1.51 0.51 0.40 0.01 0.01 0.01
IGCA/SCA 2.8 4.43 0.57 6.61 4.22 3.38 18.30 1.94 262

**: Significant at .61 levels of probability.

The g.c.a. to. / s.c.a. ratio for fresh weight were 6.61, 4.22 and 3.38%
under the three water regime and for dry weight were 2.88 and 4.43% under
the first and second water regime and drought susceptibility index were
18.25, and 2.62 % under the first and the third water regime respectively.
This result indicates that the observed genetic variation, among F4 crosses for
these traits, could be attributing mostly to the additive and the additive x
additive epistatic gene effects. However, the variance due to the general and
specific combining ability seemed to be either equally affected by both
abilities or by g.c.a., to a marginally greater extent, for drought susceptibility
index under the second water regime. The gca/sca ratio for this respective
character was 1.94%. This finding indicated the importance of both additive
and non-additive types of gene action for this character. On the other hand,
gca / sca ratio for dry weight under the third water regime was 0.57 indicating
that the non- additive genetic variance was more important than the additive
one in the inheritance of such traits. These findings were supported by
Burton, (1968); Gupta and Phul, (1981) and Jauhar, (1981). They found that
the studies in pearl millet indicate a preponderance of non-additive gene
effects involved in forage yield and the most research on the subject shows
that production of Fy hybrids would be the most rapid way to improve dry
matter (DM) yield in these species.

Research by Solanki and Hooda (1979), and Verma and Ramanujam
(1975) showed that pearl millet breeders should exploit the non-additive
genetic variation by developing hybrids. The greatest opportunity for
increasing forage productivity of pearl millet is through the development of
hybrids.

The present study further indicates that the best general parental
combiners for fresh and dry forage yield and drought susceptibility index
under the three-water regime were the landrace (Ps) followed by the millet
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strain (Ps) (Table.3) due to their higher of g.c.a. . It is worthy to note that
these high combiners for fresh and dry forage yield also were high combiners
for drought susceptibility index.

Table (3): Estimates of general combining effects of the parents 5x5
diallel pearl millet crosses for forage yield and drought
susceptibility index.

o Fresh weight Dry weight Drought susceptibility index
Irri.y Irri. Irri.3 Irri.y Irri.; Irri.3 Dsi., Dsi.; Dsi.y

P, 079" ] 0.19** | 0.22* | -0.16* -0.17 | -0.17* | -0.01* -0.01 -0.01"*
P2 2/99° | 191" | 326~ | -047" | -008* | -0.10* | 007" | -005°" -0.01
5 0.71 061™ | -1.06* | -006* | 026* | -0.13" -0.03 0.01 0.05*
Ps 155" | -248** | 061" | -008* | -073™ | -0.14 "™ 0.08 0.001 -0.08
Ps 463" | 3.59™ [ 349" | 077* | 0.72* | 054" | 0.03 0.05 0.04*
LSD 0.05 0.49 0.28 0.25 0.14 0.11 0.16 0.03 0.03 0.02
0.01 0.69 0.39 0.34 0.20 0.15 0.21 0.04 0.04 0.04

gi-gi
*&**: Significant at 0.05 and 0.01 levels of probability.

Considering the general combining ability effects for these traits, it
was suggested that a pearl millet population, involving the above millet
cultivars, could be developed in a multiple crossing program for selecting high
yielding ability lines with good fodder yield under the drought environmental
conditions. Consequently, the choice of parents for hybridization should base
on the performance of the parents per se and they're combining ability
effects. Burton (1962) released the first pearl millet forage hybrid, Gahi 1 that
yielded 52% more dry matter than Common and 35% more than Starr.

Regarding Table 4, it was emphasized that the estimates of specific
combining ability effects were significant for all affected crosses for
accumulate fresh and dry forage yield and drought susceptibility index under
the three-water regime.

Table (4): Estimate of specific combining ability effects in 5x5 diallel
pearl millet crosses for fodder yield and drought
susceptibility index.

_— Fresh weight Dry weight Drought susceptibility index
Irri. Irri.o Irri.4 Irri.4 Irri.; Irri. 5 DS, DS'L DSI;
1 X P2 217 1.59* | 305" | 052" -0.13 -0.23 0.10™ | 0.09** 0.01
1 X P3 -0.05 81 0.07 0.33 -0.18 1.04 ** 0.08 * -0.04 0.13 ™
1 X Pa 0.27 -096* | -1.33*™ -0.02 -0.08 -0.55 ** 0.01 0.05 0.04
Py X Ps 5.88* 307 | 636 | 057" | 059" | 1.39* 0.02 -0.04 -0.07 *
P.x psy 0.04 0.52 190" | -0.54* | 0.63* 0.53* | -0.13* | -0.11™ 0.02
P2X Pa 2.56" 1.41* | 1.69* 0.79* 035" 1.25* 0.08 * 0.01 -0.07 **
P2 X ps -0.76 -1.45* | 098" 0.23 0.01 -0.95 ™ 0.05 0.12** | 0.10*
IP3X Ps -1,14* | -217* | -2.74 ™ -0.04 -0.56 ** -0.08 0.06 * -0.01 -0.07*
IP1X ps A7 [ 126~ -251* | 055" [ -042* | -0.76" | -0.38 ™ -0.01 0.02
PsX ps 387 664 | 546 | 1.04™ [ 139" 1.48* | -0.28 ™ -0.00 0.75 "
L.S.D 0.05 1.90 1.10 0.99 0.56 0.41 0.61 0.04 0.10 0.11
0.01 2.99 1.50 1.33 0.76 0.56 0.83 0.13 0.14 0.12
iJ-sik 0.05 1.74 1.00 0.89 0.51 0.37 .55 0.09 0.09 0.08
0.01 2.37 1.36 1.22 0.70 0.51 0.76 0.12 0.12 0.11

*&* *: Significant at 0.05 and 0.01 levels of probabii ty.

The desirable inter-and intra allelic interaction were represented in the
F, generation by the three crosses P;xPs, P,xP, and P,xPs and one cross
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P.xP; for fresh forage yield under the three water regime and irrigation with
60% from the field capacity, respectively. Whereas, two crosses P,xPs and
P.xPs, P.xP; and one cross P,xP, for dry forage yield under the three water
regime, second and third system of water field capacity, respectively. Also,
four crosses PxP, P,xPs;, P;xP, and P;xP,; and two crosses P;xP, and
P2xPsand three crosses P,xP; PyxPs and PsxPsfor drought susceptibility
index under Erri.no. 1, 2 and 3, respectively.

These crosses might be of interest in breeding program towards pure
line varieties as most of them involve at least one good combiners for the
character in view. This finding agreed with Nouri Maman et al. (1999) and EI-
Nagger et al. (1999).

The results further indicted hat the crosses, P1xPs, P;xPy PsxPs PoxP;
and P,xPs, PxPs, P2xPs, P.xP, exhibited significant and positive estimates of
s.c.a. for the studied traits. These finding lead to the conclusion that high
estimates of specific combining ability, in any cross combination, might not
necessarily be dependent upon the general combining ability effects in the
involved parent for the different studied characters.
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