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ABSTRACT

This studv was initinted in 2001-2006 at Cairo University experimental farm (0
investigate the main performance and heterotic cffects for growth, earliness and yield
characteristics of inter and intresperific cotton crosses resulted from 5X3 set of half
diallel crossing design. Correlations between individual generation and midparent values
as well as between F; and F-. are highlighted too. Significant heterotic effects were found
over mid parent and high parent for the majority of studied traits. A trend of improved
carliness und yield variables were observed in the inter-intraspecific crosses, some F-
crosses exhibited accumulated additive cffects that reflected om the F. superiority over
the best parent and were associated comprehensively with the crosses G389XP6, PGXGS3,
PoXTamcot and G85XTumcol. Parental aversge wos not indicator of the earliness of F-
hybrids. Significant correlations were found between Fcrosses and midparent values jor
yield variables; number of bolls per plant (0.59), Boll weight (0.66), Limt percentage
(0. 74), Seed cotton vield (0.47) and Lint cotton yicld (8.49), and between F crosses and
mid-parent value for Boll weight (0.99), Lint percentape (0.77), Seed cotton yield (0.59)
and Lint cotton yield (0.49). Significant correlation cocfficients, 0.77 for Boll weight.
0.76 for Lint percentage and 0.68 for Seed cotton yield between F; and F . also existed.
The study concluded that the two genotypes P6 and Tamcot can combine with cultivars
from Egyptian breeding programs like GB5 to provide genes for compacted flowering
zone, short stature and suitable height of fruiting branch node to improve Egyptian
genotypes and help establishing a practical genetic base for mechanical picking of
Egyptian cotfons.
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INTRODUCTION

In Egypt as well as many other countries, cotton Gossypium spp. is
one of the most important fiber and oil crops. The recent dramatic changes
in the field crops production methods especially with Egyptian cottons (G
barbadense) have been influenced the attitude of cotton breeders. These
changes that mostly due to altering cropping patterns and high price labor
have demanded adapting genotypes suitable for these new situations like
tolerant to late planting, revolving technology, and mechanical harvesting.
Thase breeding goals should be concurent —ith maintaining the priced
quality of Egyptian cottons as much we can, because the cotton production
must be profitable for the growers and the fiber must be competitive for
spinning purposes. For example, on the topic of cotton machinery ievel,
Abdaila ¢f of (2003) pointed out that if we can transfer the cotton harvesting




technology and we can train a2 oew generation of cotton farmers to be
familiar with the fechoology, we are still in need to develop methodologics
fo maimtain our cotion grade and quality until the scientific sectors be able to
introduce 2 new genecration of varieties fitted to mechanical harvesting.
Egyptian cotton cultivass treedimg purposes and developing continued to be
high quality, productivity and carlicr in maturity or tolerant to late planting.
Improvements in meckanical management especiaflly with harvesting
{(picking), however, have not been associated with cultivars developing in
breeding programs. The published data under Egyptian conditions regarding
machine harvested cothoms are very rave. This was mainly back to the
accessible cheap labor, awarencss abost quality decrease and the expected
cost of the wechmology compared to manual Picking. This technology
(machine harvested cottons) s hrand-new for Egyptian cotton growers and
needs a lot of cffints from both cotton breeder and producer to be attained.
On the other hand, implementing heterosis in cotton production, locally as
well as globallv, has been standing before many breeding and economical
resirictions. Hybnd cotton, however, is receiving expanding interests in
some countrics like India (Roupakias ez of 1998) and China (Wu ef al 2005)
following the comwmercial exploitation of transgenic Bt cottons and
mechanizing all managemental steps from planting to harvesting. Intra /
interspecific heserosis bave been reported in cotton by many researchers
(Tomer 1955, Davis and Palomo 1980, Wells and Meredith 1986,
Roupakias er of 1998. Stiella and Demetrious1999, Wu er al 2005).
Moreover, some of these works showed deviation of cotton F; hybrids from
the 50% expecaed reduction of heterosis as proposed by Hayman (1958) in
favor of the F> generafion giving a prove for the credibility of F, for
measwuring the deviation from high parents heterosis with cotton. The yield
performance of F- cotion hybrids then suggests the existence potential for
the successful wse of the F2 as commercial hybrids (Meredith 1990, Tang er
af 1993 and Gatic ez et of 2002).

To take advamtage of breeding by crossing serving in mechanized
operation, oac meeds 10 control the growth habit of the Egyptian cotton
plants. The genotype G35 was recommended throughout cotton mechanical
harvesting preliminary experiments carried out by Agriculture engineering
research institate (MOA unpublished experiments). The genotype G89 was
used by Abdalla er af (2005) to evaluate mechanical harvesting process.
Therefore, the chosrm Fgyptian parents (G89 and G85) for the present
investigation arc cxploied w0 represent the standard Egyptian genotypes and
possessed the npper-end potential and stability among locally adapted
cultivars under Egyptian conditions (Abdalla 2005). The G. hirsutum
parcntal strains wsed berein were chosen as a source for extracting useful
genes for carly matwity (short scason), fow fruiting node, heavier boll
weight and small plant size, stripper harvesting (Percy and Turcotte 1988)



plus boll weevil tolerance (wild hirsutum accession). Being short statured,
high micronaire, long season, higher fruiting node, and fitted to mechanical
picking, Pima S6 parent from barbadense taxa is also adopted. Pima S6
proved to be yield competitor (Feaster and Tuowe 1984) and early mature under
Egyptian conditions (Abdalla er al 1999). The present study was, therefore,
carried out to investigate the performance and heterotic effects of F) and F»
populations resulted from a half diallel with the aim of developing a
practical base to start selection program for cotton mechanical harvesting.

MATERIAL AND METHODS

Breeding scheme, crop monitoring and traits studied

In the summer of 2001 several cotton collections belonging to
different cultigens taxa viz., tetraploid of Egyptian barbadense, Pima
barbadense, other barbadense from Caribbean islands, upland hirsutum,
diploids from G arboreum and herbaceum, some wild types and Egyptian x
Pima crosses were growing in the green house at Cairo University
Agriculture Experiment Station. In the same year, seeds of a plant belonging
to wild (WH) and Tamcot (Tam) of hirsutum, Egyptian cottons (G85 and
G89), and Pima (S6) had selected and selfed breed. Seeds of these plants
had yearly seifed breed for the next tow years. Concurrently, In the years of
2003-2004 an experiment conducted at Gemmiza Agric. Res. Station using
cotton varieties Giza 85 and G89 to shed light on basic requirements for
machine-harvested cotton under Egyptian conditions and its effect on the
lint yield, quality and test the additional machinery levels necessary for
serving the cotton production under these stressed conditions, Abdalla, et af,
2005. In the summer of 2004 three G. barbadense genotype viz. G89, G85,
Pima $6 and two G. hirsutum genotypes viz. Tamcot SP and wild hirsutum
were taken from a three years-selfed breed and crossed in a diallel mating
design set of 5X5 (without reciprocal ) to develop ten F; crosses and
subsequent ten F, generation. The genotypes were symbolized G for Giza,
P6 for Pima S6, Tamcot and Wild. The experiments were conducted at
Cairo University Agriculture Experiment Station. The pointed out set of
genotypes was crossed using hand emasculation and pollination techniques.
[n 2005 season, parents were recrossed from the same seed stock to obtain
more hybrid seeds and artificial selfing for F; hybrid plants made to obtain
F selfed seed. On March 29, 2006 selfed seed of parents and their filial
generations were planted in RCBD with four replications. The lay out
included two adjoin trials; first one contained parents and F, and the second
contained parents and F2. The ridges were 5m long and 0.60m apart.
Sowing was done in hills spaced 0.25m apart. Soon after compiete
emergence, seedlings were thinned to one plant per hill. Plants of each
parent and hybrid were grown in one ridge. With the exception of using
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reoommmendod growth regulators for enhancing yield and uniform growing
as wormnlly dowe with wmachinc-harvested cottons, standard  crop
managomcsit practices were followed as recommended for cotton culture
inclading pest comtrol.  Five representative plants were tagged from each
plet to prowide the following data: growth and earliness variables were plant
heigiet (Miiom), mamber of fruiting branches (NFB), node number of first
fruiting bowch (NFFB), date of first flower (DFF/day)-—number of days
from plamting %o appearance of first flower, date of first open boll
(DFB/dny)-oumber of days from planting to opening of the first boll and
boll mutsation period {BP/day)-the time from anthesis of the flower until
the semilling boll was sufficiently open to sce the lint. Additional five
gunndod plamts from cach plot were hand harvesied at three frequent
imtorwils wntil all bolls had been harvested. Their mean values were used for
statisical amalysis for the following characters: number of harvested bolls
per plant (NBip), boll weight (BW) gm- average weight in grams of fifty-
sound, opemed, ramdom, bolls, Tint percentage (L %)-the amount of lint in
seod cotton sample, cxpressed as percentage, seed index(SI) gm-Estimated
a5 109 seod weight in pm, seed cotton yield (SCY/p) gm-mean weight of
sunpiol plents and carliness index(E@-ratio of weight of seed cotton
harvestod 2t @ first picking to total weight of seed cotton harvested,
cxpresacd a5 2 porcentage.
Sentintiral Amlysi

Dwiia wose sibjected to regular analysis of variance using RCBD
with Jour scplicstions. The statistical analyses were based on plot means
from S dsta collectad on individual plants. Thus, Analysis of variation for
growdh, carlinces anil yiold variablcs was done using the separate two trails
popuistiens. Amsldysis of variancc for heterosis followed the methodology
described oy AL-Rawi and Kokel, 1969. The data mean were used for
caiiculating Tenerosis over mid and better parent for cach trail individually
acoesling % fhe following critcria: Heterosis (MP) ={(F;- mid parent
vishuc)- Gunid parcet valuc)]X 100. Heterosis (BP) = [(F,-better parent value)
bty pasowt valuc)X 108. Mean performance of the contributed entries
wore tSeiod weimg e Fidhor’s least significant difference. Correlation
cocliiciss and & solovant titest were calculated as proposed by Steel and
Foeric 1999.

RESULTS AND DISCUSSION

Siemilh p—— corial

HAswilysis of varience prescoted in Table 1 revealed the existence of
significest diffcyonces among genotypes at the two generations indicating a
lauge amonst of veristion in %he adopted breeding maicrials. Analysis ot
varisnce for imdividnal gencration showed significant difference for all
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Tablel, Analysis of variance (mean squares) of F, and F; inter/intraspecific
cotton crosses in respect to growth, earliness and yield variables in

cotton
F, experiment _
Vari ﬂblet Source Blecks Genetypes varinmce Erver
dr 3 14 1 2
PH 28856 | 128119 | 50.06** {13348
IGrowth Variables { NFB 59.11 1501+ 520 13.87
NFFB 3.84 5.275* 2.78 299
DFF 12.531 1L.9%* L87* 499
Earliness DFB 1917 35.76** 3165 | 844
'Variables BP 3.92 25.21*+ 2.49* 656
El 210 655.55+* | 33285+ | 16292
NBF | 67154 154.25** | 11.52** | W72
BW 0.82 4.06* 233 038
L% 27.94 54,97+ T.T2%* 20.6
Yield Variables SI 54 213 2.22* 592
SCY 1754.8 4000.70** | 261.18** | 696.48
LCY 41211 | 29987 | 5).45** | 14252
¥; experiment
Heterntic
Variable Source Blocks | Genotypes variance Error
DF 3 14 1 42
PH 36632 | 1721.21%* | 143.49** | 217.64
iGrowth Variables | NFB 21.84 3132 3.08* 82
NFFB 132 4.54* 8.24 8.64
DFF 71.53 14.994* 1.34** 156
IEarliness DFB 9.07 9.4~ 1.39* 312
IVariables BP 572 27.11 1.28* 34
| El 110 07.43** | 30.05** | #0.28
NB/P 50.78 130.06* 14.47** | 386
BW L1 503+ 6.23* 0.62
SI 1111 17.05%* 1,15* 3
SCY 122308 | €301.32* | 165.70* | 441.88
LCY 390.1 300 | ed.26* 171.36

t Plant keight PH cm}, sember of fruiting branches (NFE ). fhe node numtber of first fruiting Svanch (NFFB}, date of
first flower (DFF day), date of first spen 2ol {INE day), bolt period (NP day), cortincas indes (EX), numiber of harvestsd
bells per plant (NI/p), sead catton yield pex plant (SCY/p) and Eat cottow Yield per plant (LCY/p) § Degrees of frecdem
(df). * * Siguificant at 095 and 0.91 levels of prohability, vespectively.

characters except BP at the F; population. Heterosis mean squares at the two
populations were significant except NFFB.

As the over all averages mean performance of the studied traits at the
two populations looks image to each other, the F; and F; crosses
performance were superior to the parents (Tables 2-4). This gencrally
indicated reasonable heterosis but was not wide in magnitude. Growth
variabies presented in Table (2) revealed a wide range in performance
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Table2. Mean performance (M) and percentage of heterotic effects relative to
mid (MP) and best (BF) pareat for growth variables of F, and F;
cotton crosses based on dinliel mating design

‘ariabie rd NFB
[ A ¥ ¥ [
M M B M | P Br M | MP BP M MP BP
109 ¥ 11.9 12.08
e 3.4 (9409 10.7 10.55
% 3 be30d 123 14
™l - Ard .92 9.3
E_] 2.6 jasaz .81 9.72
Parests .9 .72 1.2 1113
Ca9Xire 79.1 |-2067 1-153 1 108 (13 ) £28 |10 [-619 | -1092 {1062 | -6.14 | -1209
CIYXGAS 114 | 551 (1446 1052 | 248 &1 148 1152 | 2452 {1A77 | 54 13.99
R I-76 | 1706 1133 (219 | 11.75 |I1201 | I2pL4 -0.58

PEXGES 635 |-79% 453 e lemr | ase Jira 1728 ] -17.2 |08l [-1L9 | -7
PeXWild |27 | LI4 | 18 [9065 [-Li7 ] 1668 1aS |16 | -215 (1076 | 841 | 199
PeXTam (305 | 852 |30 |TL8S [-207 [-1€42 [143 [39.7 | 338 [123 [ 214 [ 1659

719 [-1535 (261 [sasd o1z { 1997 (135 (174 | o8 [131 | 125 | 643
g: 2 1137 2o joe2s l2at | &1 [119 093 | -1616 (1289 | 868 | 793

5 Mea{57.7 | 3.9 4201 |8796 |24 | 8327 (127 [13.43 | 6292 [11.95 | 801 | 0.094

Dver all na 122 11.66
LSD - 13.7 129 442 341
avinile NFFB
& - F. F,
M MP w M MrP BP

8% [ 6.1
be 435 5.1
£ 406 5213
ild 4.1 4
e 415 423
Farents Mean( 4.5 493
CeTXrS 59 55 35,63 S99 518 IS8
EoxGas  {4x7 -16S [T] 5 11,74 -10.7
ggu 451 ] .24 461 .71 153

‘an 1403 253 -LAS 45 1238 638
X OIS 44 445 e 434 1597 | -14.9
POXWild 1456 753 na 411 .67 275
PEX T 44 153 [ 454 -2.63 733
COSXWild 414 Kr) [T 41 -11.16 25
(85XTam |42 £77 12 44 -£.98 402
WidXTam | 4 Y ) 244 415 085 375
Cresses Mcs{ 451 £34 : (456 -7.316 3.19
Dver 2l Mical 46t 475
LSD L72 [

& Plant beight (M8 cm), Number of fraifing beandhes (MFB), the nsde amuber of first fruiting Branch (NFFB)

among the parental materials as well as the crosses over the two
populations. The Egyptian genotype G89 was the tailest parent (108.60 cm,
106.20 cm) while the wild Airsurum was the shorfest one (70.05 cm, 69.12
cm) at F; and F> populations, respectively. The crosses mean performance
of plant height at the two populations presented in Table (2) showed that the
cross G89XG85 was the highest at the two populations while the genotype
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Wild X Tamcot (76.99 cm) and P5XTamcot (71.06 cm) were the shortest at
F: and F3, respectively.
Parents of barbadense showed superiority with NFB, the genotype
G85 surpassed all parents and hybrids at F, (14 branches) and was the
greater parent at F,. With the F, population the cross G89 X G85 recorded
the greater number (14.83 branches). The two hirsutum genotypes showed
trend of earliness with node number of first fruiting branch (NFFB) (4.1 and
4.2) and earliness index (EI) (89.1 and 76.4), respectively. Parental
differences in the node of first fruiting branch NFFB were clearly evident.
The genotypes that had been adopted primarily in the study for short season
(American aspect) and adaptation to machine, stripper harvest (Tamcot) had
the lowest NFFB (4.10 and 4 nodes), while the full season genotype (PS6)
that had been developed for mechanical picking was relatively higher (4.35
and 5 nodes) at the two populations, respectively (Table 2). Regarding
earliness variable, the genotype wild hirsutum showed the lowest DFF
{56.40 and 57.68days) and the lowest DFB (100, 100.17days) at the F; and
F» populations respectively, while the lines of barbadense cultivar G89
showed the longest period from planting to first flower and boli at the two
populations. Parental differences in the per se performance regarding boll
maturation period were small and sometimes bewildering especially with
the introduced genotypes. The crosses mean performance presented in Table
(3) indicated that the crosses (P6XWild and WildXTamcot), (WildXTamcot
and G85XTamcot), (PS6XG85 and G85XTamcot), (G58Xwild and
WildXTamcot) were the top significantly over other hybrids regarding DFF,
DFB, BP, and EI earliness characters at F; and F; populations, respectively.
From these findings, it is evident that the barbadense parents influenced
hybrid plant stature by producing the tallest hybrid G89 XG85. The late
maturing parent G89 produced later-maturing hybrids while the early-
maturing strains wild hirsutum and Tamcot produced earlier-maturing
hybrids, Pima S6-based crosses (the word genotype-based used in the
current text means its impact as feminine parent) were imtermediate. In
general, Tables (2 and 3) showed that the values of the majority crosses
mean performance in most cases regarding carliness and growth were
intermediate between their respective parents and tended towards either
{earlier) higher or lower (late) parent, indicating that the studied characters
in these crosses inherited as partial dominant traits. Meanwhile, the
performance of some of the other F» hybrids were more than the higher
(earlier) or less than the lower parent (late), showing over dominance
inheritance for the studied characters. Comparable findings attained by
. many investigators (White and Kohel 1964, White 1966, Marani 1968a, b
and Bhatt ef af 1981). Table 4 presented performance and heterotic effects
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Table3. Mean performance (M) and percentage of heterotic effects relative to

mid (MP) and best (BP) parent for Earliness variables of F, and F,
cotton crosses based oa diallel mating design

DIF DFH
Genotype ¥, F; ¥y F
M _|[Mr | BF | M _|MF [BF | M [MF | BF | M _[MF | BP
c %) 126.54 846
e 7631 2.0 1937
Gas “n ™33 12100 2591
Wild « 7] 100.90 017
Tam 128 &bl 9.9 08,55
[Farents Mean__ [T046 na [IT%:] 16.47
GavXPE sl | 587 |33 |79 | 984 [540 (12890 1216 | 035 [158.04 [4.70 | L0
GISXGSS Besh [Sae |53 [7677 |88 |-316 f177.08 [ 261 | 496 (12404 [-247 | -150
GESXWid___ 69.18 | 498 2250 {7654 [ 065 [2299 [11588 | 159 [ 1500 11595 | 1.43_| 16.00
am Jos90 | Be1 |757% 17833 |-547 | 704 [1LESE ]-1.91 | 930 (13410 [3.72 | 5.10
GBS e ze (300 (ne [s5 [825 1208 |-06 [ -050 [117.11 [-447 | -1.80
] 6210 [£19 |10 (6784 | 136 1741 JLIAO |02 |90S0 [11230 [235 [1z200
XTam 720 [Zzm [om [nm (121 (947 JULST o2 | A% [115% | 180 { 680
Wil 6530 |28 1548 |43 |88 |834 [11288 | 136 | 1200 [i07.21 |-5.16 | 7.00
am 7830 [ 234 [1500 |37 {554 |49 1136 |3.99 | 1297 [108.00 |-787 | 0.5
WX Tam ___ [6500 |1056 | 1529 |6A52 [ 304 [iRIZ |119.20 | 857 | 1030 (10648 | 200 | 630
Cromses Mean 789 | 499 |1218 |€937 |-3.9% [541 [11568 | 131 | 1630 [113.92 |-2.08 | 484
Over il Mean 170408 e 114.98 115.19
LsD 16 225 V] 230
B 3
[Genotype F L. F F;
M MP | d M MFr BF M MPF BP M MP BP
[43.50 4517 ns3 4139
1408 4% »7e §1.00
rE) %st 5419 Ik
38 a8 20.60 8235
4199 4294 75T 7638
4358 4405 1.9 6227
4536 [ 359 |56 |a5a5 485 €73 {908 (9900 | 1550 |65.16 (2666 | 680
M250 (-390 [-246 [4727 {293 |465 [SLI6 {3860 | 1310 |60.24 [31.5] |21.00
4599 | 541 549 (4581 |269 [S93 [&€181 | 457 |-1200 |73.09 [17.66 |-11.00
47 [3.9 e [O57 [aa [217 [7e88 (3150 | 044 7701 13023 | o0
4i70 [<0 [ 298 [ae |49 [38 [essT 1820 | om [ed17 [1591 | 530
4530 |95 [1098 [4446 [ 406 [ 464 |68 |-2.54 [1500 (7048 |-167 |-14.00
1400 [ 245 [ [ea1a |277 {2 {59 [293 |-798 [e963 | .40 | 480
4600 | 648 [754 [647T8 [044 (S99 (9938 |3240 | 10.70 [9991 [2L01 | 090
e538 [¢37 [947 [©78 | 454 [a37 |78 [10.43 | 215 [77.30 [2260 | 120
4520 | 534 |28 |9 |57 |ili {8328 |64 | 3D [©D jas7 | 110
4531 | a8t |55 |eass [ 198 |36e |7233 |i797 | &9 (71202 [a7.02 | 0.14
Y] 0 i 67.15
347 T 1200 1468
® Duaie of first Bower (DFF duy), Date of first epen bell (DFB day), bell
period (BP day), carlincss imdex (E1).
associated with the two studied populations of yield and its major

components. Genotypes exhibited significant effects, since the mean
performance of potential materials and their respective crosses showed a
wide range of yield and its components. At the F, population the crosses
G89XP6 (24.30 bolls), G85XTamcot (3.59gm), G89XGS5 (40.99%),
G85XTamcot (12.18gm), G85XTamcot (62.46gm) and Wild X Tamcot
(25.7gm) were the best in respect to NB/p, BW/gm, L%, SI/gm and SCY/p
(gm), LCY/p (gm), respectively. At thc F. population thc crosses
G85XTamcot (21.64 boll), Wild X Tamcot (4.78gm), G8IXP6 (40%), Wild
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Table 4. The mean performance (M) and percentage of heterotic effects
relative to mid (MP) and best parent (BP) for yield and Major
compenents of F, and F, cotton crosses based on half dialled mating
design in cotton '

NB/P (F,) NB/P (F. BWh (F,) WA (F)
pe M MP BP M MP e M Mr Br M MP Br
G89 16.4 17.4% p Rz 12
19.1 19.71 106 145
19.3 19.45 157 7
IWild 4.6 14.04 as1 1%
am 11 13 458 454
Parcuts Mean |16.1 16.73 1 M4
IGE9X PG 243 | 369 |27.36 |1873 | a8t 5 246 |I4T7 1031 134 |asS |48
G39X GBS 203 [14.32 {2375 (2147 [1637 (104 |3.11 22t j RS54 |29 1171 ) 585
IGESXWild 23 (4821 [40.13 {19.13 | 215 (943 , 382 |523 | -4 A54 {183 | AN
JGEIX Tam 122 |-109 |-256 |21 |4L22 |2321 | 341 -4 -1 (A5 408 | -7
P6XGES 23 |203%9 (2023 11634 [-166 | -16 3 46 |-197 |28 S5 |-185
[PEX Wild 136 |-19.1 |-285 | 164 |-281 |-17 35 |57 |13.68 | 324 |45 |-138
P6XTam 18.1 [19.97 | 54 2045 {2504 |375 |335 1-35 {-31d4 | 357 (LpL1S |-214
GASXWild 205 12145 | 7.16 {2029 [2L17 (432 |35 |1r& | 128 364 JILS | A7
IGISXTam 206 | 365 753 |21.64 13337 J103 | 313 [-§9 1359 (i 4 |-IT0
(WildXTam 163 [26.76 {1107 11521 | 125 |833 | 35 -17 |-283 |47 (152 |5
rosses Mean [19.2 [19.45 | 7.77 [19.12 |1526 [331 [3.137 |38S [-I25 | 333 [5594 |-9.17
rali mean |17.6 17.93 3.12 Loz
LSD 6.58 T4 111 oM
[(Genvtype L% (F\) L% (F)) SKF,) SI (F2)
M MP BP M MP | ®r M |MPF | BF M |MF | BP
IG89 39.2 39.64 948 292
PG 38.7 3938 1014 %
85 3.7 374 2.7 9.9
wild M8 3561 1238 1216
Tam 35.2 33.66 1L.71 12
Parcats Mean |37.1 .14 172 1081
IGRIXP6 39.8 | 2.16 1.51 40.1 149 |Lle [1LIS |128 | 1027 (1068 691 | 616
IGBIX GBS 41 6.61 462 [39.04 | 135 |-L5 JIL11 JI4A7 j1454 |1a66 |7ST | 746
JGEIXWild 38 285 1-294 3733 {078 |58 [11.58 [498 [-647 (1047 [-52 [-13%
IGSIX Tam k] 2.21 294 13712 [ 128 |64 [1016 | -8 ~-132 | 114 |48 -5
P6XGBS 398 | 4.12 283 j4067 | 594 |328 J1032 483 | LTS (164 105 |09
POX Wild 36.2 |-1.32 63 [|36.08 |-377 |84 |1L45 |168 | -7S1 (ILAS |06 |-B31
P6XTam 372 | 053 (-394 [3518 [-367 |-11 |iL42 (45 1-2.47 [106R 158% {-267
IGESXWild 372 | 264 |-1.36 |3557 |-2.56 |49 |1e3€ |42 |-163 [1LG3 | © 229
am 334 | 855 1-116 3611 | 143 |-35 |IL1% 138 | 481 |ILI4 174 }-1.17
KMXTam 36.5 {439 3.7 3635 [ 495 1288 | 112 -7 553 LT3 |19 |-354
ICrosses Mean |37.7 | 156 |-1.64 |37.36 |ese |-35 | 111 |38 | -12S . 1] 1Ly |72
jOver all Mean 137.4 37.25 109 ne
|L.SD 54 .59 ‘29 .9 HEE

@ Number of harvested bolls per plant (NB/p), seed cotten yield pex plant (SCY/p) md Bnt cotin yickd per plamt (LCYip).
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Tabie 4. Cont,

iGenotype SCYR(F) Y LCYh (F) LGV

M MP nr M M nr M Mr BF M MP BP

IG39 488 356 15.98 1568

43.2 4211 1672 1658

IG8S 4%.1 2696 I%.14 }1.56

'Wild 09 k- 1] 2017 097

Tam 587 £725 267 2164

[Parents Mean [S8.3 SA% 1854 1349
IG39XP6 456 | .56 S48 |SS13 [ [ 1AM (109 | 847 [2023 (254 (2197
IGBIXGES 612 | 31T (7123 |47 {124 (LSS j2sem | 47 3n2s {186z | 12 609
IGROXWid 579 | 139 49 [GAT2 133 |38 2282 (185 | 401 (2247 (137 | 807
IGS9XTam 1946 |-821 [-I154 |S663 | &M |-16 |IR87 |297 | 872 (12182 127 |-2.8%
P6X GBS 653 |4307 |38 |78 |33 [I73 1963 |126 | 82 (2492 (125 [19.11
PEXWild 592 | 138 |-240 5512 {204 | 64 2147 133 [ 142 {1826 |-2B |-129
{P6XTam 759 (4898 1293 728 |33 1331 (12601 |91 (2581 25 308 1553
GESX Wil 623 {1438 | 237 | 5L 15 34 2318 18 952 |2024 (504 | 35
'alR 715 |10 (21 (7765 |59 IS5 |2083 |7.37 L1 ] 2306 177 { 658
ildXTam & |10 1538 &2 [-137 |-75 |25 |232 12171 [I1el |&13 4.5
ICrosses Mean |6LS |224S5 |75 |60.47 {1913 |S535 (221 {193 {1895 [20L26 |15} | &25

lover all mean [S5.9 5.7 2032 19.88

LSD A 25403 1422 1568

® Number of karvested bulls per plast (Nip). soed catien yickil per plant (SCY ip) sad lint cotivn yiekd per plamt (LCY/p).

X Tamcot (11.73gm), G85XTamcot (63.87gm) and Wild X Tamcot
(22.61gm) were the best in respect to NB/p, BW/gm, £.%, Sl/gm and SCY/p
(gm), LCY/p (gm), respectively. From these results we can infer, first, that
the parental genotype from hirswtwm taxon placed its genetic print in the
cotton yield and components; there were common Airsufum parents in each
distinct cross for the majority of the traits studied.

This suggests that we have to take care in the subsequent selection
steps when this permplasm imparted in the Egyptian cotton breeding
programs; in the sake of maintain our high quality cottons. Second, the
significance of hirsufum regarding seed cotton yield was due to the
ascendancy in boll weight and seed index. The seed cotton yield of
barbadense, however, mainly was due to the significance of number of
harvested bolls/plant and lint percentage.

Heterosis amoag hybrids
The magnitude and significance of heterotic effects for the adopted
growth character i.e. PH, NFB and NFFB are calculated and presented in
(Table 2). Plant height PH heterosis index showed negative (shorter) and
significant effects over mid-parents associated with the crosses G89XP6 and
Pima G85XWild at F; and P6XTamcot and G39XTamcot at F,. Better
parent heterosis indicated that the crosses G89XP6 and P6XTamcot were
significantly shorter at the two populstions. An upland parent was involved
in the majority of short hybrids; the heterosis performance of the short
stature associated with the intraspecific crosses contains P6, however, looks
remarkable. The number of sympodial branches NFB showed highly
" significant heterosis index with six crosses over mid parents and five crosses
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over higher parent at the F; population (Table 2). A significant heterotic
effect over higher parent was recorded in three cases; G89XGS85 and
P6XTamcot WildXTamcot at the > population. The node of first froiting
branch NFFB showed six significant midparent heterosis indexes compared
with only one (P6XTamcot} with high parent heterosis at the F, population.
At the F, population, seven crosses showed significant heterotic effects
compared to only two cases (G89XP6 and P6XG85) over the shorter parent.
This may indicate that the lower fruiting node was inherited as a dominant
character. It is important to notice that these two crosses belonging totally to
barbadense category. Node number of first fruiting branch is one
morphological character that can be used as a good indicator for earliness of
maturity (Godoy and Palomo 1999) and also indicate small plant size.
NFFB as carliness parameter can be easily and precisely identified, and it is
independent of ccmplications arising from shedding of fruit forms.
Correlations coefficients were significantly positive between crosses mean
performance and midparents heterosis at Fy, and F, for PH and NFB and
NFFB at F; only (Table 5). Significant positive correlation coefficients, 0.49
for PH, 0.77 for NFB and highly significant 0.92 for NFFB, respectively,
between F, and F, also existed. These results along with midparent values
correlations implied that the growth performance of hybrids could be
primarily predicted according to the average performance of their parents.
This is very important for selecting parents in cotton breeding programs
interested in these characters.
Heterotic effects associated with earliness variables are presented in
Table (3). The results of DFF presented in Table (3) indicated that the
heterosis magnitude over mid parents was significantly negative in six out
of the ten studied crosses; the significance had a sizeable tendency towards
earliness at the F. It was negative in three cases, however, when compared
with earlier parent. The crosses G89X PS6 G89X G835, and PS6XGSS
showed highly significant negative heterosis over mid and high parent at the
F, population. DFB results presented in Table (3) showed that the number of
significantly negative heterosis index over mid-parents revealed in 5 cases
including mean and reduced to only two significant zases G89X G8Z, and
56XG85 when compared to high parent at the F, population. These
findings confirmed that the parent PS6 is in particular desired when
breeding for reducing number of days to first flower, first boll, and boli
period. The superiority of hybrids over the midparents was indicating the
partial dominance mode of inheritance. The slight reduction in the heterotic
effects with days to open boll than first flower and the increase in heterotic
- effects with boll period may be back to the vigorous shape of hybrid plants
than their relevant parents that in tum delay boll maturation period.
Heterasis over mid and better parents with ET presented in Table (3) showed
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TableS, Correiation coefficients and significance values between; F, and F; crosses
mean performance- F, crosses mean performance and midparents valucs
(MPY)- F; crosses mean performance and midparents values (MPV)- F,
crosses mean performance and both two types of heterotic effects- F, crosses
mean performance and both two types of heterotic effects.

Correlation cocflicients between F, and F; mcan performance for Growth and
earfiness variables
varisble® | PH |NFB |[NFFR |DFF [DFB | BP | EI
Carreiation[0.49° [0.77 0927 [3.07 [335 [-0.84 J4.41
bignificance] 1.57 [3.42 (660 10.74 [0.76 [-032 [o.34
Correlation coefflicicuts betweea ¥, and F; crosses mean performance for Yield and
componenats
variabie |NB/P [BW/g | L% | st '5‘;;“ "‘(l';w
Correlation] 0.04_[0.77° [0.76 |0.18 [0.683" 1629
o 012 1343 [327 Jo52 [265 |0.87
Correlation coeflicient beiween; crosses Mean performance and Mid parents valucs
(MPY) - cross meam performance asd midpurents heterosis (MP) and better pareat
__{(BP) at F, and F, gencrations.
Variable PH NFB
[Generation F, F, Fy F;
Hewrous [MPY | MP | BPF |[MPV [Mr | BP |[MPV |MF | BP [MPV [MP | BP
Correhtioa]0.62° [0.70° [0.46 lo.62" [0.61" (0.8 fo21 [0.78" 10.73" {0.44" (038 {040
spuificance] 2.24 (277 [1.45 {223 [2.17 o552 [o61 [3.52 {298 [1.38 J1.17 [125
Variable INFFB
{Generation F, F.
Heterosis [MPY [ MP 1 BP _ [MPV I MP | BP
orrelstion|0.49° 10.84° [0.74° [0.7%" J0.41 [e31
Bignificance] 1.59 {446 |3.14 [3.51 [1.2¢ [0.93
Varisble DFF DFB
Generation F, ¥ F, F;
Heterosis [MPV [ MP | BP WPy [MP | BP |JMPV [MP | BPF |[MPVY [ MP | BP
hignificancel0.83 | 1.05 |-2.07 o080 [-063 |-0.78 jo87 [-0.59 ]-1.36 [0.78" [-0.57 |-0.86
orretadion | 4.16 [ 035 |-05% [3.75 |-6.22 |-026 |5.03 {-0.20 |-0.43 {3.56 |-0.20 [-0.29
Variable Br EI
eration F, F, F, F.
Heterssis IMPV | MP | BF |MPV [MP | BP [MPY {MP [ BPF |MPV [MP | BP
hignificance|-0.26 [5.61 | 599 [o.28 |o28 }6.19 [0.61° 031 [6.73 jo.76 [-1.01 [-1.31
lcarrelation [-0.75 1089 [0.90 {033 {983 [0.07 |221 |0.11 |0.25 ]3.29 [-0.34 [-0.42
Variable NB/P BWig
Generation F; F, F; F,
Hetersss MPV | MP | Br |[MPv [MP | BF [MPY [MP | BP IMPV [MP | BP
rehtion [0.59° [0.78° 9.39 | 0.06 |0.60° 1066 |0.66 [0.03 [-0.10 J0.90  |0.55 |0.1%
piguificance| 207 ]3.52 [5.56 {006 [2.13 [2.48 [2.50 [o.08 [-0.29 |568 [1.87 [045

@ Piant height (PH cm), Numnber of firniting branches (NFB ), the node number of first fruiting Branch
(NFFB),Date of Arst flewer (DFF day), Date of first opea boll (DFE day), bolt period (BP day), earliness
imctex (EI) and nussber of havvested bells per plant (NB/p),

* * Sigunificaut at .05 and 0.01 Jevely of probability
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Table5. Cont.

Variable L% SI
Generation Fy F; By 1 F
Heterosis (MPY [MP | BP |[MPV [MP [ BP [MPY [MP [ Br [MPv [MPF | BP
correlacion [0.74° [0.03 [0.82° {0.77" [0.44" 10.72° 021 036 .|a75 |o89 [-0.16
hignificance| 3.08 | 0.08 [4.03 [3.42 [138 [293 [ese [1.44 [1.09 [3.22 [026 | 0.4
Variable SCY LCY

eration F K - LY 1 F;
Heterosis IMPV {MP [ B IMPV [MP { BFr MPrv [MPr | BP JMPv [MP | BP
correiation [0.47 [0.76° [0.67° J0.59" [o.52" [021 [0.09" |6x3" [o.73" [o.e9 [05i |04z
ignificance] 1.51 1327 12.54 12.04 |1.78 062 168 |42 |352 {157 183 | 131

Seed cotton yield per plant (SCY/p) and lint cetien Yickl per plant (LCY/p).

~ * Significant at 0,05 and 0.01 levels of prohability

significance over midparents in eight cases out of ten at F, population. The
best heterotic crosses were associated with crosses G89XPS6, G89XGS5
and G89XTamcot. These three crosses were highly significant over earlier
parent two. At the F, population the crosses G89XG8S5, and P6X85 were
significantly the best over better parent heterosis. Significant correlations of
earliness variables were found between F; and midparents values for DFF,
DFB, and Earliness index at the two populations (Table 5). Although
negative, neither generation correlations nor heterotic effects correlations
with the crosses mean performance of earliness variables exhibited
significant correlations. This may suggest that the performance of early
hybrids could not be primarily predicted according to the average
performance of their parents. Variable values of heterosis were recorded for
earliness and growth character in cotton by may researchers (White and
Kohel 1964, White 1966, Marani 1868b, Bhardwaj and Weaver 1984 and
Wells and Meredith Jr. 1986).

The mid-parent and high-parent heterosis percentages for cotton
yield and its major components are presented in Table (4). As the magnitude
of heterosis index for number of harvested bolls/plant over mid-parent
heterosis ranged significantly from 4821% (G89XWild) to -19.07
(PS6XWild), it ranged from 40.13% (G89XWild) to -5.40 (PS6XTamcot)
when compared with the higher parent at F,. some changes was seen with
the F» population where the deviation of F; from the midparents ranged
from 41.22% with the cross G89XTamcot to -2.81 with the cross P6XWild,
while it ranges from 23.21% to -15.99 with the crosses GB9XTamcot and
P6XG85 at the F; population, respectively. Six crosses out of the positive 8
exhibited significant positive values for MP deviation; four hybrids from
these six were exhibited significant high parent deviation. These five
hybrids exceed the threshold of their respected parents mean performance.
This implicating the expression of dominance and over dominance alleles

linked in repulsion phase. Regarding boll weight, results presented in Table
{4) showed positive significant midparent heterosis in six cases while the
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significant positive heterosis over better parent associated with only four
cases at the F; population, Three crosses viz. G89XG85, G85Xwild and
WildXTamcot transgress significantly the threshold of the superior parent at
F2 population. Results of lint percentage revealed by Table (4) showed that
only two hybrids P89XG86 -and G85XTamcot were the significant
midparent heterotic crosses in both two generation and at the two levels of
heterosis. Significant superiority associated with seed index over higher
parent at F» was recorded by crosses G89XP6 and G89XG85. Negative but
not significant heterosis exhibited by the cross P6XGB85 at the same
generation. With respect to seed cotton yield SCY/p, the crosses G89XG85,
P6X85, P6XTamcot and G85XTamcot exhibited significant heterotic effects
over the mid-parents heterosis at the Fy population. The significant heterotic
effects were reduced to two crosses P6XG85 and P6XTamcot when
compared with the better parent (Table 4). Slight differences associated with
the F; poputation. the mid-parents deviation was significantly recorded with
the crosses GB9XGRS, P6XGE5, P6XTamcot and GR5XTamcot but the
crosses G89XP6 and P6XGE5 only exceed significantly the thresholds of
the better parent. Significant correlations were found, respectively, between
F) and midparent Values for NP/P (0.59), BW (0.66), L% (0.74), SCY/P
(0.47) and LCY/p (0.49), and between F, and mid-parent value for BW
(0.90), L% (0.77), SCY/p (0.59) and LCY/p (0.0.49) (Table 5). Significant
correlation coefficients, 0.877 for BW and 0.68 for SCY/p between F, and
F; also existed. These results revealed that the performance of hybrids could
be primarily predicted according to the average performance of their parents
which is very helpful for selecting parents in cotton hybrid breeding. To
relate the positive heterosis obtained for yield on one hand and its major
contributing attributes (number of harvested bolls, seed index, boll weight
and lint percentage) on the other hand, the following observations were
gained. The F> outcomes at the level of midparent performance revealed that
out of the ten studied crosses; 9 cases were positive for seed yield (three
significant), 8 for number of harvested bolls (six significant) , 9 for boll
weight (eight significant), 6 for lint percentage (two significant), and finally
7 for seed index (five significant). These certainly indicated that the number
of harvested bolls and boll weight reflected more effect on yield more than
the other components of yield and can be adopted as selection criteria for
yield improvement. Similar conclusions had reached by other researchers
{Turner 1953, Davis and Palomo 1980, Stella and Demetrious 1999).0n the
other hand, considering the accumulated additive effects with the F,
populations that reflected on the F; superiority over the best parents
associated comprehensively with the crosses G89XP6, P6XG83,
P6XTamcot and G85XTamcot, as well there Fa better performance for
erowth and carliness over befter parents. The study has a tendency to
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suggest these crosses for further studies aimed at the improvement of
Egyptian cotton to be fitted to mechanical harvesting.

DISCUSSION

The current study is a part of ongoing project research developed to
identify the capacity of introducing improved cotton especially suited for
mechanical harvesting. Further improvement of Egyptian cottons will
depend mainly on the presence of genetic variation in the local germplasm
or, if necessary, the introduction of new sources of genetic variability.
Cotton is recognized as fiber crop, it has expected 20-40% cross pollination,
a fairly large DNA content; around 1.25 GB for diploids and 2.5GB for
tetraploids genotypes (Hendrix and Stewart, 2005), and proven high level of
similarity among and within the two cultivated tetraploid taxa (Abdalla ef al
2001). For these reasons the study preferred to focus on a relatively small
number of wide tetraploid parents that selected properly to serve the study
breeding objectives.

It has been noticed from published reports that the greater heterosis
is associated with greater genetic diversity. Interspecific hybrids had been
found to be heterotic for plant height and vegetative growth (Marani 1967)
and generally slow maturation rate. Countering these negative aspects of
interspecific hybrids were reports of seedling vigor and yield heterosis
(Marani 1967). The current study, however, revealed that the heterotic
effects in many traits did not reflect the parental divergence (G89 X G85 or
G85 X PS6).

The hybrids derived from a hirsunsn parent had a lower fruiting
node and shorter plant height; however their heterosis magnitude was not
sizeable as expected. This may due to the hirsutum genotypes bred to sow
with the beginning of May or later, so it may be uncomfortable to plant in
late March and carly April as done in our study. This may caused some
discrepancy with the per se performance of parents to be reflected in the
hybrid performance regarding earliness traits especially with the three
phenology- based earliness measurements. The GB89 hybrids were
dominated by the barbadense as observed in heterosis in plant height and
lint percentage. These hybrids generally yielded less than the intraspecific
ones but their relatively good productivity together with their good fiber
quality characters that do not coexist generally in upland varieties, indicated
that one could develop interspecific hybrids with acceptable performance
with no excessive vegetative growth and consequently early maturing
conditions. The observed good performance in some of the
intra/interspecific F; hybrids indicated that hybrid cotton may have a
potential use under Egyptian conditions. The potential use of interspecific
cotton hybrids to serve the mechanical management based on their NFFB,
INTB, and EI could be furtner investigated. Similar approaches were reached
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bv other researchers (Turner 1953, Davis and Palomo 1980, Stella and
Demetrious 1999). Based on the heterotic effects of earliness characters,
either yield related or phenology related, the study concluded that the
average of earliness index EI recorded with the F; populations over
midparents heterosis was maximum (14.90) followed by NFFB (-6.39) DFF
(-3.20)and DFB(-1.4). These findings going in parallel with those suggested
by many writers that considering earliness index as a best indicator for
earliness. Moreover, the current results showed 6 negative, 5 negative and 8
positive cases of mid-parents out of ten studied crosses associated with days
to first flower, days to first boll and earliness index to have superior F,
population, respectively. The lower are the node to the first fruiting branch
and shorter the plant, the earlier onset of squaring flowering and boll
opening (expressed as number of days from planting). These findings
indicate that days to first flower/boll followed by earliness index are good
indicator for measure cotton earliness and can be recommended as earliness
selection criteria. Besides, hybrids G85XPS6, P6XG8S, P6XTamcot and
G85XTamcot cross combinations were earlier with respect to El, required
less number of days to first flower, and recorded significant heterotic effects
with the yield variables. The study was, therefore, recommended these
crossed populations to start a program aimed at improving Egyptian cottons
for mechanical harvesting.

One final point, it is well-known that heterosis in F; may be
extended to good performance of F- in cotton (Simpson 1948, Weaver 1984,
Meredith 1990). However, the logic questions could be raised: is it sound to
exploit heterosis commercially in cotton based on the study results? Cotton
has a relatively low inbreeding depression as proved by Marani 1968b, Al-
Rawi and Kohel 1969, Abdalla 2006. The current study indicated that out of
the ten studied crosses at least three crosses recorded useful heterotic effects
for the majority of the traits and vigor performance was extended to F,
populations. If this is indeed the case, then the reasonable answer for the
previous question is that specific F» crosses were capable of producing
significant yield increases over original parents. Many researches (Weaver
1984, Tang et al 1993, Stella and Demetrious 1999 and Abdalla 2007)
reached similar conclusion. Such results guided Tang et al 1993 to suggest
the utilization of the less expensive F, hybrid seed as a commercial
production. Crosses with the best combined performance F; like G85XPS6,
P6XG85, P6XTamcot and G85XTamcot could be investigated and utilized
as F; hybrids and/or as promising populations within which to select
improved inbred for further improvement for cotton mechanical harvesting.
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