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ABSTRACT

Drought stress is a major constraint to sorghum production worldwide. The stage of
growth at which moisture stress occurs is important in determining the response of sorghum
to soil moisture stress. The post flowering stress occurs when plants are under severe
moisture stress during the grain filling stage. The term stay green is used to describe post
flowering drought resistance. Plant symptoms indicating cither a desirable or undesirable
response to stress at this stage have been described and can be visually rated in the field.
The distinct visual responses are reliable indicators of a genofype’s response to drought and
are predictable and repeatable across locations and vears under similar stress conditions.
Three hybrid tests for post flowering drought resistance i.¢. the preliminary drought hybrid
test the stay green hybrid test, and the drought hybrid test; were evaluated and screened in
limited irrigation fields and a dry land farming conditions at Texas Experimental Station,
Lubbock. Texas. Data were collected on days to 50% Howering and leaf plant death (LPD)
rating as an indication to stay green character. The days to 30% flowering for the dry land
farm flowered earlier than the other two test locations. Several female lines i.e. ATX 3197;
A35. ATX 623 and A4R showed the lowest LPD ratings in their hybrids and could be used
in the breeding program.

Key words: Grain sorghum, Drought tolerance, Post flowering stress, Leaf plant death
rating, Stay green.

INTRODUCTION

Water is the primary factor limiting yields in most of the world’s
sorghum producing regions (Seatharama ef a/ 1982). There is no question
that irigation results in dramatic increases in yield under those
circumstances, but many areas will continue to produce under rainfed
conditions because they lack either the available water resources or the
capital 1o develop them. Crop improvement for greater drought resistance is
one means of increasing yields or enhancing yield stability where
supplemental water is not available. Drought resistance is complex and not
amenable to modification through selection for simple phonological traits.
Selections should be tested repeatedly under environments where the
seasonal and interacting patterns of temperature and water stress are similar
to those in the target regions (Jordan and Sullivan 1983). Development of
crops with improved drought tolerance is receiving increased emphasis
within various agricultural research agencies. The procedures to accomplish
this are often complex and progress attimes is slow (Rosenow and Clark
1981). Improving drought tolerance in sorghum has recently received



increased emphasis internationally. Only in recent years have sorghum
breeding and screening nurseries been devoted primarily to selecting for
improved drought tolerance. This emphasis on field screening under severe
drought stress at different stages of growth has enhanced our understanding
of drought tolerance in sorghum and how it could be to manipulated in
breeding programs (Rosenow ef af 1996). Two distinctly different types of
drought stress responses have been identified and described in sorghum and
are related to the stage of growth at which stress occurs (Rosenow and Clark
1981, Rosenow et al 1983; Rosenow 1993a, b). The pre-flowering response
occurs when plants are under significant moisture stress prior to flowering
in (G52), specifically from panicle differentiation or shortly thereafter until
flowering. Symptoms of pre-flowering drought stress susceptibility include,
leaf rolling, uncharacteristic leaf erectness, leaf bleaching, leaf tip and
margin burn, delayed flowering, saddle effect, poor panicle exertion, panicle
blasting and floret abortion and reduced panicle size. Since the panicle is
directly affected, severe pre-flowering stress can result in drastic reductions
in grain yield.

Post flowering response occurs when plants are under severe moisture
stress during the grain filling stage (GS3), and especially during the latter
portion of grain fill. Symptoms of post-flowering drought stress
susceptibility include premature plant (leaf and stem) death or plant
senescence, stalk collapse and lodging and stalk rot, along with a significant
reduction in seed size, particularly at the base of the panicle. Tolerance is
indicated when plants remain green and fill grain normally. Tolerant
genotypes are referred to as having good “stay green”. This term is now
commonly used by sorghum workers to describe post flowering drought
resistance and is considered an important drought resistance trait.

El-Bakry (1998) in Egypt, reported that drought stress caused significant
reduction in grain yield and most of the studied characters. Drought
tolerance of grain sorghum appears to be specific to certain growth stages.
though some genotypes showed drought tolerance at both stages. Khizzah er
al (1995) evaluated 4 sorghum lines (RTX 430, BTX 3197, RTX 7000 and
B 35) and their hybrids under post flowering drought stress and reported
that heritability estimates indicated that either B35 or BTX 3197 could be
used as a parent for the improvement of plant water status. Qosterom et a/
(1996) studied the genetics of the stay-green trait and its components in
sorghum. They found that inheritance of slow senescence was dominant
over fast rate A large relative green leaf area duration (GLAD) was
partially dominant over a small relative (GI.AD). Because of dominance of
large leaf area at flowering the partial dominance in relative GLAD
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translated into over-dominance for a large absolute GLAD. They suggested
that their results offer an opportunity for improving drought tolerance of
sorghum in environments with post-flowering drought stress. Eastin er af
(1989) suggested that the selection of more optimal genotypes under
different environments should be based on both satisfactory performance
under poor environments (stress resistance characteristics), and

responsiveness characteristics associated with high yield under good
environments.

Zavala Garcia ef al (1992b) found that indirect selection for yield of
grain sorghum from any single environment was less efficient than indirect
selection based on combination of vield from stress, intermediate and non-
stress environments.

In this investigation we only deal with post flowering stress and the leaf
plant death rating or the stay green character.

MATERIALS AND METHODS

This investigation was done at Texas Experimental Station, Lubbock,
Texas during a post-doctoral research inthe period from October 1993 to
March 1994 working under the supervision of Dr. Rosenow. The materials
included several hybrids between male sterile lines and restorer lines and
divided in three hybrid tests:

1. The Preliminary Drought Hybrid Tests (PDHT) including 100 hybrids.

2. The Stay Green Hybrid Test (SGHT) including 70 hybrids.

3. The Drought hybrid Test (DHT) including 49 hybrids.

The three tests were evaluated and screened at three major field
screening locations using the randomized complete block design. The
Halfway (F.13) and Lubbock (F 403) limited irrigation nurseries which are
used to screen for post-flowering drought tolerance. The Lubbock dry land
nursery (F.308) commonly shows stress during much of the season.

Planting was on May 27 for F.13 at Halfway, May 24 for F 403 and June
24 for F 308. The Halfway and Lubbock limited urigation nurseries are used
to screen for post-flowering drought tolerance. The fields were irrigated
well during the ecarly stages of growth to allow for good growth and yield
expression, then irrigation was stopped to allow moisture stress to develop.
The dry land nursery commonly shows stress during most of the season

Data were collected for the three tests for days to 50% flowering and
leaf plant death rating (LPD). Rating are made ona 1 to 5 scale, where 1 =
completely green, 3 = 50% of leaf area dead and 5 = all plants dead. Ratings

107



are normally made at or soon after physiological maturity. Data were

el gl e ]}

RESULTS AND DISCUSSION

1. The preliminary drought hybrid test (PDHT)

Data presented in Table (1) show highly significant differences beitween
genotypes for days to 50% flowering and leaf plant death rating. Also, data
presented in Table (2) when combined over location showed that there were
no differences between locations, but there were highly significant
differences between genotypes and the interaction between location and
genotypes.

statistically ana

Table 1. Analysis of variance for 50% flowering and leaf plant death rating
(LPD) for the preliminary drought hybrid test (PDHT) at F.13 and F.
403 at Texas Experimental Station, Lubbock, Texas.

F.13 F.403

Source Degree
of of Mean square Mean squares
variation freedom

Flowerigg( LPD Flowering_ LPD
Replication 1 9.68 3.98 4.50 2.18
Genotypes 99 16.89** 0.942** 14.69** 0.609**
Error 99 1.08 0.238 2.05 0.202

*_** Significant at 0.05 and 0.01 probability levels, respectively.

Table 2. Combined analysis of variance over focations for 50% flowering and
leaf plant death rating (LPD) for the different tests, Texas
Experimental Station, Lubbock, Texas.

The preliminary drought The stay green The droaght
Source hybrid test hybrid test hybrid test
of (PDHT) {SGHT) (DHTY
variation )
41 Flowering LPD d.f. Flowering LPD d.f. Flowering LPD
Locatfon (L) 1 0.250 69.639 2 104357 4260 2 38358”2044
Ervor 3 7.099 3.080 3 3798 0.534 3 0946 D027
Genotypes (G) 99 26645 1080 69  30.118" 0.965 48 14547 13807
LxG 99 4932" 047" | 138 4248 03327 9% 4026 05127
Frror 198 1565 0.220 l! 207 2049 0.102 [ 144 0786 0.080

* *+Significant at 0.05 and 0.01 probability levels. respectively.

The average performance of the PDHT test for days to 50% flowering
and leaf plant death rating (LPD) for F.13 and F.403 (limited irrigation) and
the average over locations are presented in Table (3). Days to 50%
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flowering for F.13 ranged from 54 (ATX3197 x TX7078) to 66 (A8618 x 83
E 2668) with an average of 61.4 days. For F.403, it ranged from 55 (ATX
3197 x TX7078) to 71 (A 35 x MR 732) with an average of 61.4 days. The
overall average of the two locations ranged from 54 (ATX 3197 x TX 7078)
10 69 (A35 x MR 732) with an average of 61.4 days.

The LPD for the PDHT for F.13 ranged from 1.6 (ATX 3197 x TX
7078) to 4.9 [Al x (R 8505 x R 3338)] with and average of 3.5. For Field
403 LPD ranged from 1.2 (A 35 x MR 732) t0 4.2 (A BON 34 x 91 cc 513)
with an average of 2.8. The overall location LPD for the PDHT ranged from
20(A35xMR 732}to 4.1 (A 8618 x P 37 3) with an average of 3 2.

2. The stay green hybrid test (SGHT)

Highly significant differences were shown between genotypes (Table 4) for
days to 50% flowering and leaf plant death rating (LPD). Also, data
presented in Table (2) when combined over locations showed highly
significant differences for iocations, genotypes and genotypes x locations
interactions for days to 50% flowering. For LPD there were no significant
differences between locations, while there were highly significant
differences for genotypes and genotypes x location interactions. The
average performance of the SGHT for days to 50% flowering and leaf plant
death rating are presented in Table 6.

Days to 50% flowering for F.13 ranged from 54 (ATX 3197 x TX 7078)
to 68 (A 35 x R 3324) with an average of 61.1 days, For field 403, days to
50% fowering ranged from 56 (ATX 3197 xTX 7078)t0 71{A35xR
3224) with an average of 613 days. Days to flowering for field 308 ranged
from 51 (ATX 3197 x TX 7078)to 61 (A 4R x 3574) with an average of
56 8 days. The over-location average for days to 50% flowering ranged
from 53 (ATX 3197 x TX 7078) to 66 (A 35 x R 3224} with an average of
598 days.

Leaf plant death rating (LPD) for the SGHT for Field 13 ranged from 1.4
(ATX 3197 x TX 7078) to 4.3 (Al x 86 E0361) with an average of 2.95. For
Field 403 LPD ranged from 2.7 (ATX 3197 x TX 7078) to 4.5 (Al x P37.3)
with an average of 319, LPD ratings for Field 308 ranged from 2.3 (Al x
1790L) to 4.B{ATX 3197 x TX 7078) with an average of 3.30. The overall
location average ranged from 2.4 (A 35 x 5674) to 4.3 (Al x P37-3) with an
average of 3.15 (Table 5).

109



Table 3. Days to 50% flowering and leaf l?Iant death rating (LPD) for the Preliminary
Drought Hybrid Test HT) at ¥.13, F.403 and over location at Texas
Experimental Station, Lubbock, Texas.

¥F13 F. 403 Overall average
| N I

No.  Pedigree Days to LPD Days to D Days 1o iy

50% . 0% 50%
flowering flowering Nowering

1 Al +Tx 430 59 38 L] 1.8 39.5 330
2 ABON23xTxd439 63 39 62 32 628 358
3 A351Tx430 57 1.2 59 2.1 58.0 2.15
4 A803xTxd30 =8 2.7 58 2.5 58.0 2.60
5 AB06xTx 430 58 4.1 9 2.4 8.5 325
6 AB07xT2430 59 4.0 9 29 599 345
7 AB6181Tx430 62 2.5 [ 2.7 62.0 2.00
8 A (378x3048) x Tx 430 63 32 62 2.5 625 2.83
9  AS801xTAM 428 63 4.8 63 28 63.0 380
10 ABD7TxTaM 428 61 42 62 2.7 61.5 3.45
11 A2-28 xTx 2817 65 4.4 o4 23 84.5 3.35
12 AB801xTx2817 65 4.7 o4 28 645 375
13 AB03 xTx2817 &3 37 62 25 62.%5 3.10
14 Al 1R 3224 (Sk) 63 42 62 26 625 3.40
15 Al xR3224 (1) 65 4.0 43 238 64.0 3.490
16 A35 xR3224(D) 065 30 68 24 66.5 250
17 A807xTx 436 62 3.8 ol 28 61.0 3.30
18 Al xTx2794 ] 41 59 3.2 59.5 3.65
19 A4RxRTII0 62 3.1 50 2.5 61.0 280
20 AB0TxR 7130 58 47 60 31 59.0 390
21 ABONJ4xR T30 61 39 61 3.2 61.% 3.55
22 A3SiR 7730 60 30 58 24 59.0 270
23  AB07x85E0.361 59 4.5 60 3.4 505 395
25 ABON34x(Tx4301R9188) & 34 62 33 63.0 3.35
285 AS03x(Tx430 xR 9188) 58 28 59 30 58.5 2.90
26 Al 85 DG 4300-5 8 3.7 59 36 8.5 365
27 A2-2B x 8 BE 2668 63 28 63 2.8 63.0 2.80
28 A4RxBBE 2668 64 3.6 o4 2.3 54.0 .98
29 A BON23x:8 BE2668 66 3.6 [ 2.7 65,5 315
30 ABON34x83E2668 65 3.6 63 2.8 64.0 320
31 AS06x8BE2668 62 42 61 306 61.5 3.90
32  AS618 13 BE 668 66 4.2 64 37 65.0 3.95
33 Al1Tx2864 61 4.0 60 38 60.5 3.90
31 AISxTx 2864 59 31 62 2.4 605 2.75
35 AB7xTx2864 60 4.0 60 3.4 600 3.70
36 A BOIN 34 x Pd6-1 62 3.3 66 27 64.0 3.00
37 A3SxPa61 61 2.6 64 23 62.5 2.158
38 ABON34xP37-3 63 39 G0 3.6 G1.5 315
39 AS618xP I3 o4 4.7 63 a5 635 4.10
40 AlxP33 60 3.5 62 3.l G610 330
41 A33xP33-1 63 30 23 625 2.65
2 A3SxPan-1 61 34 58 3.t 59.5 325
43 Al 3P69-2 58 3.3 39 3.4 58.5 335
44 A3ISP69-2 58 2.6 58 34 58.0 30
45  AS07xSC599-11E 61 34 60 34 68.5 340
46 Al 1Tx433 65 37 61 33 63.0 s
47 A35x89¢ci32 60 22 61 2.7 60.5 2.45
48  ATX 626 %89 cc 132 59 32 60 3.5 59.5 338
49 A 847 <89 cc 132 59 4.1 60 30 59.5 3.55
50 A2-1 xNSA 440 65 3.7 65 1.7 65.0 3.20
31 A3SINSA440 65 24 64 2.5 64.5 245
32 Alx179E 53 37 59 30 59.5 335
53 A3ISII7T9E 59 33 59 2.1 59.6 2,70
54 AJx38B928 [ 31 61 1.8 6l.5 2.95
58 ABON23Ix(Tx435xR3I3I8) 66 A0 67 23 66.5 310
56 ABMIP46-1 59 kX 64 2.3 61.5 305
57 ABOTxP373 57 38 58 36 515 il 1}
58 Al x MR 732- Niger 64 8 656 27 £5.9 2.75
59 A J35x MR 732- Niger 66 1.7 66 1.7 66.0 120
66 A35:i%cc 513 68 26 68 2.5 65.0 255
61 ABOTx91ccS1S 61 4.3 [ 3.0 61.0 375
62 Al x91 BE 7414 61 4.4 59 3.1 60.0 3.7%
63 A35x91 BE 7414 61 29 59 2t &6.10 2.58
64 AQL 40 x 82 BDM 499 63 19 62 pR 62.5 270
65 A (-6B)x8503 59 4.0 59 2.6 59.0 330
66 A(-6B)x(Tx 430 xR D1§8) 62 3.5 61 35 61.5 355
67 93 PRB 52048 x 2070 59 2.7 39 3.3 59.0 3.00
68 93 PRE x 295812079 62 4.1 62 3@ 620 3.55
69 93PRBxAl12122 64 42 63 15 63.5 335
W 93PRBxATX 635x2122 66 35 64 25 650 3.00
71 93PRBx 205032177 63 3.7 64 22 63.8 2.95
73 ABON23Ix(Tx435x1R3I338) 65 4.1 62 2.9 635 3.50
73 ABON34x(Txd35xR3338) 6 38 66 2.5 64.5 3158
74 Al 3 (B33 XT x 1000) F6 57 28 57 24 570 2.60
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Table (3): Cont.

K13 F. 403 Overall average
No.  Pedigree Days to LPD’ Days to Lep’ Days to LPD
0% 50% 50%
Nlowering fowering flowering

75 Al x(B3SXTx7060) Fe 57 232 58 1.9 57.5 2.08
76 ATX 623 1(B3ISXT x7000) F6 57 2.6 37 1.9 7.0 225
77 Al x(B 35 XT x 7000) ¥6 61 2.5 59 11 0.0 235
78 ATX 623 x (B35 XT x 7000) F6 6} 34 59 2.9 60.0 315
79 ATX 623x(B3ISXT x T00) F6 62 1.9 62 2.8 62.0 .70
80 Al x (R 8505 xR 3338) 63 4.9 64 28 635 3.85
81 A BON 34 s 30CW 8142 o4 42 62 3.6 63.0 3%
82 A BON 34 591 ec 515 G4 4.0 62 4.2 63.0 4.10
83 AQL41xTx430 59 1.4 59 24 59.0 2.40
%4 AQL41xR3224 63 2.4 o6 2.4 64.5 2.40
8%  AQL 41 x 87 EO 366 59 3.5 61 13 60.0 2.90
B6 AQL 41 x 85 ED 43005 61 23 66 1.8 63.5 2.05
87  AlxTxd30 50 4.0 &0 33 50.5 .65
88 A B03 xR BSG3 58 33 60 3.0 59.0 315
39 A4xSCS99-IIE 62 3.1 61 2.7 615 290
90 Az2(B)xSC599-11F 63 19 63 2.8 63.0 335
91 AS03x(Tx2836xR1177) 58 as 50 23 500 3.05
92 AROTx(Tx25361IR 117D 58 4.1 58 3.9 3.0 4.00
93  A801x(Tx430 xR 9188) 63 40 61 2.8 62.0 3.40
94 A BON3Lx89ccd43 64 33 a2 3.5 63.6 365
95 ABON23IxP 6.1 63 32 64 27 645 2,95
9% ABRO7xP351 59 3.5 61 29 50.0 3.20
97 ATX3197xTx 7078 34 1.6 55 2.5 54.5 2.05
98 ATX 390 x Tx 430 61 33 59 3.5 60.0 3.40
9 DK4lY 5% 35 62 1.0 60.5 2.5
100 DK 46 60 30 59 2.5 59.5 310
Menn o _.. 6137 349 61.35 281 6136 315
3D ar 005 ' 20677 TT05T 384 089 2435 492
LSD at 0.0} 268 1.28 3.76 118 3323 121

Leaf and plant death rating: 1 = all green. 3 = 508 of leaf anca dead 5 = entire plant dead.

Table 4. Analysis of variance for 50°% flowering and leaf plant death rating (LPD) for the stay
green hybrid test (SGHT) at F.13, F.403 and F. 308 at Texas Experimental Station,
Lubback, Texas.

F.13 403 F308
Source Degree
of of Mean square Mean sguares Mean square
variation freedom
Flowering~ LFPD “Flowering  LFD Flowering  LPD
Replication 1 3.78 0.038 6.01 0.021 1.607 1.54
Genotypes 69 15.25%+ 0.850** 10.91*~ 0.316* 12,454+ 0.462**
Error £9 0.996 0.107 28 0.099 232 0.101

* ¥* Significant at 0.05 and 0.01 probability levels, respoctively.

3. The drought hybrid test (DHT)

Data in Table (6) show highly significant differences between genotypes
for days to 50% flowering and leaf plant death ratings. Also, data in Table
(2) show significant differences between locations, genotypes and location x
genotypes interactions for the same traits. The average performance for the
DHT test for F.13, F.403 and F.308 for days to 50% flowering and leaf plant
death rating are presented in Table (7).

111



Table 5. Days to 50% flowering and leaf plant death rating (LPD) for the stay green
hybrid test (SGHT) at F.13, F.403, F 308 and over location at Texas

Experimental Station,
F.13 F. 463 F. 308 Overall average
No Pedigree Daysta  LPD" Paysto  LPD" Daysto  LPD" Daysto L¥D"
50% S50% 50% 0%
flowering flowering flgwering flowering

1 Al xTx430 59 3.6 o0 3.9 56 33 £3 36

2 AISxTx430 57 2.4 57 28 53 3.4 56 2.8

3 ATX 635 x Tx 430 61 2.8 61 il 56 33 59 3.1

4 AxTaM 428 63 s 63 33 58 3.9 61 3.6

5 A3SxTAM 428 62 32 62 30 58 34 60 32

6 Al xR 3224 (Sh) 63 38 62 32 56 3.4 50 33

T AISAR3224(5h) a5 2.9 67 ~28 59 3.0 63 29

8 Al x#3I224t) 64 39 62 3.3 59 37 62 36

9 A3S:R3224) o8 24 bt 2.7 59 2.9 66 27
il A) x Tx 436/R 85605 65 38 63 31 54 is 60 3.5
11 A35x Tx436/R 8505 66 14 62 28 56 33 61 28
12 Al x R8503 59 35 60 a9 56 s £8 38
13 A 351 R8503 60 34 58 27 53 3.0 57 30
14 Al x(Tx 430 xR 9188) 58 3.4 59 4.0 54 4.1 57 38
15 A35x(Tx430 2R 9188) 64 29 62 31 59 2.8 62 2.9
16 Al x85 DG 4300-5 G4 37 61 34 58 34 61 35
17 A35x85 DG 4300-5 62 2.4 61 3.0 58 39 60 28
18 Al x88 £ 2668 62 3.4 62 31 58 29 61 il
9 A35x:88E 2668 64 13 63 19 59 31 62 28
20 Al x SC 599-11E 62 3.2 62 3.3 59 3.0 61 32
21 A 35xSC599-11E 60 24 60 19 58 26 59 16
22 Al x88B 1016 50 2.4 60 ir 58 33 59 31
23 A3Sx82B1i0i6 59 1.9 60 3.0 59 3.0 59 26
24 A1xSCI5-14F 655 2.4 a5 2.8 59 1.4 63 15
25 A35x5C3I5-14E 63 2.7 62 28 61 2.6 62 27
26 AlLx59US 63 14 63 30 39 2.7 61 27
37 A3BxI9UC &1 1.9 61 238 54 3.2 59 26
28 Al x 82 BDM 499 62 33 64 32 Ed 34 51 33
29 A35x82BDM 499 65 2.6 64 28 58 35 [ 3.0
30 Al xSC56-14E 62 2.4 [ 2.9 59 28 61 N
31 A3SxSCH6-14E 63 1.8 61 28 60 2.7 61 2.4
32 Al x NSA 440 o4 34 62 3.0 58 34 61 31
33 ALxNSA 440 64 33 62 34 59 4 61 3.2
34 A2-1xNSA 440 65 3.3 64 2.9 52 3.0 63 31
35 A2-1xSCS6-I4E 62 0 [ 3.0 54 3.7 39 29
36 AdRxSC3%6-14E 83 P 61 28 55 30 o0 26
37 AIX1T™ME 58 23 &0 3.0 54 32 57 28
38 A3Mx1IT™E 57 2.0 59 1.7 53 31 55 2.6
39 Alx88B943 61 35 61 35 60 38 o0 3.6
0 AISx88B3 60 z7 61 32 59 3.3 60 31
41 ATX 623 x8C 3911 E 61 29 60 4.0 59 32 &0 34
42 Al xR 9188 58 29 60 3.7 53 44 87 37
43 'A353xR 9188 65 2.3 61 29 56 3s 61 19
44 ATX 623 xR 9188 &1 2.7 39 4.1 53 4.4 58 3.7
45 Al xKS1% 55 2.2 58 29 53 36 S8 1.9
# AJSYKS19 58 2.3 59 2.9 54 33 57 3
47 AlxiR 1922 61 2.9 o4 3.1 ] 3.0 61 3.0
48 Al x1584 65 33 67 2.9 60 1.3 64 9
49 Alx179OL 64 5 61 29 o0 23 61 1.6
50 Al xTxd432 63 37 60 3.6 59 31 61 3.5
51 Al xTx 435 61 3.3 59 34 56 34 59 34
52 A3SxTx 435 61 2.2 61 28 59 29 60 16
53 ATX 3197 x Tx 7078 54 1.4 56 27 51 4.8 33 30
54 A3S3TxT000 G4 3.0 63 31 56 3.5 §1 3.2
5% ATX 378 x Tx 7004 65 4.1 61 31 &4 4.3 60 iz
56 AlxTx433 63 35 61 33 8 35 &0 3.5
27 ATX 635 <87 EC 366 63 X 64 31 60 18 62 32
58 Al x87 EO 366 61 38 59 3.7 53 33 58 A8
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Table 6. Analysis of variance for 50% flowering and leaf plant death rating (LPD) for the drought hybrid
test (DHT) at F.13, F.403 and F. 308 at Texas Experimental Station, Lubbock, Texas,

F.13 F403 F308
Source Degree
of of Mean square Mean squares Mecan square
variation freedom — _—
Flowering LPD Flowering LPD Flowering LPD

Replication 1 200 0074 8.01 0.002 0.827 0.004
Genotypes 48 13.65%~ 1.212** 53124+ 0.618* 3.635%  0.574»+
Erraor 48 1.042 4139 0.698 0.056 0.618 0.046

* #* Sipnificent at 0.05 and 0.01 probability levels, respectively.
Tahle 7. Days to 50% flowering and leaf plant death rating (LPD) for the Drought Hybrid Test
(DHT) locations and over locations at Texas Experimental Station.

F.13 F.403 F. 308 Over locations

No. Pedigree Daysto  1PD Bayste  LFD Dayste LPD Daysto  LPDF

0% 50% 50% 50%
flowering flowering flowering flowering
1 AlxTxd434 58 4.4 59 4.5 57 3.6 §§— 42
2 A3ISxTidd 57 2.6 69 3.1 58 34 38 3.0
3 AB07xTx2817 64 4.1 61 38 %9 36 33 38
4 A2-2(B)x R3224(Sh) 63 42 0 39 56 4.4 59 42
5 4807 2R 3224 (Sh) 61 43 o0 39 56 39 59 4.0
6 AlxR32274(0 66 4.3 62 34 58 3s 4 3.7
7 AB03xR 3224 (D) o4 31 61 35 56 3.7 o0 35
& AS07xR 3224t 64 4.2 61 4.0 57 38 61 44
9 Al xTxd436 65 4.7 63 3.9 58 34 62 4.0
i0 Al tR 8503 63 4.4 61 4.0 63 3 62 3.9
11 A3SyRE503 59 2.7 58 34 58 2.8 58 3.0
12 AB07 xR 8563 61 4.6 40 4.1 57 3.7 59 4.1
13 A2-2(B)xTx2783 66 4.1 63 34 60 2.5 63 3.3
14 A803xTx2783 64 3.5 62 35 57 32 61 3.2
15 AB07xTx2783 62 3.6 60 42 58 4.7 60 .2
16 A BON23 x86 EO 361 65 4.7 66 34 61 30 o4 3.6
17 A BON 34 x 86 EQ 361 67 39 62 30 59 28 62 32
I8 ATX 635 x 86 EO 361 63 4.4 62 35 61 14 62 34
19 Al x(Tx 430 xR 0188) 18 3.8 50 4.1 . 58 42 <8 4.0
W0 A3 (Tx430xR2I188) 65 28 63 18 58 29 62 2.8
21 ASMTx(Tx430xR 9188) 58 39 &0 4.6 57 4.6 £8 4.4
22 A35x85DG 4300-5 63 27 62 34 59 30 61 30
23 Al x85E 2668 64 3.7 62 32 50 35 62 3.5
24 A35x86KE21668 65 2.4 62 3.1 £9 32 62 29
25 A 803 x 86 E 2668 63 23 60 30 18 32 60 23
26 AS07x86FE2668 63 43 62 3B 58 3.7 81 39
27 Al x8%ccdd3 61 39 61 4.0 50 34 (1] 3.8
28 AJS8T o3 62 25 61 2B 59 340 61 8
29 A35x 89 ccdds 61 19 59 39 58 KX 3 59 35
30 Al xTx2864 61 4.1 61 38 58 33 o 37
31 A3SxTx2864 61 22 o0 a1 58 3.4 60 29
32 Al xPa6-1 60 42 61 42 58 3.6 59 4.0
33 AlxP373 &0 4.5 61 4.3 58 39 59 4.2
34 A35xP3I73 6l 33 61 3.5 58 36 60 3.5
35 AlLxBSB 1016 &0 31 60 s 58 s 59 ‘35
36 A3IS:88B1016 1] 2.1 59 37 18 31 ] 30
37 A35x82 BDM 499 13 2.8 o4 30 59 3.2 62 29
38 Al xNSA 440 4 3.7 61 36 58 3.3 61 3.5
39 A3ISIITME 5 2.0 ] 28 57 33 58 2.7
40 A BON 34 x{T1435xR 3338)60 4.0 61 30 61 14 61 31
41 A BON34xTx 436/R8505 64 s 63 38 58 34 61 37
42 Al xP40-1 57 35 58 4.5 57 39 57 4.0
43 ATX 635x87 ED 366515 67 4.6 64 34 61 2.5 64 3.5
44 A} 182 BDM 499 61 32 a6t 3.7 57 36 60 35
45 Al x91ccS1S 63 4.4 60 43 48 39 ol 4.3
46 A BON34x91cc518 65 4.3 64 34 58 3.3 62 37
47 ATX2752xTx 430 62 33 61 3.5 57 3.6 60 3.5
48 ATX 399x Tx 430 60 40 59 4.0 57 3.7 L9 39
49 Dekalb Dk-46 61 2.6 58 k] 57 38 28 3.1
Mean 6212 34 §L.0 36 s7.10 35 603 355
LSD w605 705 475 148 0.48 5% 043 101 032
LSDa 0. 274 1.00 22 063 F43! 057 134 *43

Leaf and plant death rating; 1 = al! green., 3 = 50% of lcaf area dead, § = entme plant dead.
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Days to 50% flowering for field 13 ranged from 58 (A 35 x 88B 1016) to 67
for (ATX 635 x 87E0366) with an average of 62.1 days. For field 403 days

10 ﬂower{ng rangecl from £4 [A Ky ES(]]] to 68 (A RON 13 EGED]GU
with an average of 61 days. Days to 50% flowering for F.308 ranged from
56 (A 807 x R3224)to 61 (ATX 635 x 86 E0366) with an average of 57.1
days. Days to flowering when averaged over locations ranged from 58 for
(A1 x TX 430) and several other hybrids, to 64 for (ATX 635 x 87 E0366)
with an average of 60.3 days.

The LPD rating for F.13 ranged from 2.0 (A35x1790E)to4.7(A
BON 23 x 86 E0361) with an average of 3.6. F. 403 LPD ratings ranged
from 28 (A 35 x 179 DE) to 46 [A807x(TX 430x R 8181)] withan
average of 3.6, The LPD ratings for F.308 ranged from 2.4 (AT x 6.5 x 86
E0366) to 4.7 (A 807 x TX 2783) with an average of 3.5. The LPD rating
when averaged over locations ranged from 2.7 (A35x 179DE)to 4.4 [A
807 x (TX 430 x R 8188)] with an average of 3.55.

In general from it is noted that the hybrids in the dry land test flowered
earlier than the hybrids in the other test locations. It is also noted that the
hybrid (ATX 3197 x TX 7078) in all test locations showed the lowest LPD
ratings and flowered earlier than most hybrids in the tested locations.

In the PDHT test the female parents which showed the lowest LPD
ratings in the hybrids are ATX 3197 (2.0); AQL 41 (2.4); A 35, ATX 623,
AQL 40 (2.7), A 4R (2.9); and A2-2, A 803, ATX 635 (3.0). In the SGHT
the female parents showing the lowest LPD ratings were A 35, A4-R (2.8),
and ATX 3197, A6 (3.0). For the DHT the female parents exhibited the
lowest rating are A 35 (3.0) and A 803 (3.2). All these females could be
used in breeding programs as sources for the post flowering drought stress
tolerance.
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