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ABSTRACT

Two hundred and ten, seventy four, twenty four and eleven genotypes of sorghum were evaluated in
2001, 2002, 2003 and 2004, respectively, under full and partial irrigation at Gezira Research Farm,
Wad Medani, Sudan. The experiment was arranged in a randomized complete block design with three
replicates. The objectives of this study were to estimate the variability and genotype-environment
interaction. Significant differences were detected among genotypes for the studied characters under
both types of irrigation in almost all seasons. Stem borer damage was highly significantly affected by
watering regimes, however, partial irrigation reduced stem borer damage. Genotypes Pl 568329 and
Yruasha had the least leaf senescence scores while P1 569371 and Yruasha were the least damaged by
stem borer. Genotypes Pl 563310 (5488 kg/ha) and Pl 570851 (5452 kg/ha) outyielded the check
varieties Yruasha (4596 kg/ha) and Wad Ahmed (5434 kg/ha). The current study depicted that the
variability observed among the genotypes was maintained for most characters under both water
regimes. Water stress reduced most of the studied characters but increased number of tillers per plant,
lodging and senescence which could be used as selection indices.
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INTRODUCTION

In Sudan, sorghum [Sorghum bicolor (L.) Moench] is leading other cereal crops in total cultivated
area and total tonnage produced and consumed. It is the main staple food in the drier parts of the country
and is used in different forms ranging from food to animal feed. The use of grain as an animal feed has
been an important stimulus for the global use of sorghum (Dendy, 1995), and likewise human food in
Sudan. Sorghum grain is used in the manufacture of items such as glue, starch and gluten feed.

In Sudan, sorghum is grown in an estimated area of 5 million ha and the production per year was
4,999 million tons (FAO, 2007). Compared to other cereals, sorghum is more tolerant to many stresses
including heat, drought, salinity and flood (Ejeta and Knoll, 2007). The main problems limiting
production of sorghum under rain-fed conditions are drought (Mohamed, 1998), sorghum midge,
shortages of farm machinery and striga (Dawoud, et al., 2007). Confirmation of the drought constraint
also come from the reports which indicated the high correlations between rainfall and sorghum yield
(r =0.7) in Kassala (Eastern Sudan) indicating that annual yields were mostly dependant on climate
(Larsson, 1996). Similar results were found in western Sudan by Ahlcrona (1988) who reported that
the decline in yield during 1961 to 1986 was due to the low amount of rainfall and the small number
of days with rainfall over 10 mm per day which were highly correlated to the yield of sorghum and
millet (r = 0.7).

Improving drought tolerance in sorghum would increase and stabilize grain and food production in
areas with low rainfall and harsh environments. Plant breeders at the Agricultural Research Corporation
(ARC) were successful in releasing many varieties like Yruasha, Bashayir, Butana and AG 8 targeting
the low rainfall areas. Evaluation of large number of sorghum genotypes with different genetic
background would help in identifying and selecting drought tolerant types for further improvement.
This study was conducted to (1) estimate the amount of variability present in the local sorghum
germplasm across four seasons; and (2) quantify the amount of variation attributable to the effects of
environment, genotypes and genotype by environment interactions.

MATERIALS AND METHODS

Different sorghum genotypes were evaluated under full and partial irrigation in the Gezira Research
Farm (GRF) of the Agricultural Research Corporation (ARC), Wad Medani (latitude 13° 30 - 15° 15
North, longitude 30° 33 East and 407 masl), during the rainy seasons of 2001 to 2004. The experiments
were arranged in a randomized complete block design with three replications. Gezira soil is alkaline
and has a high clay content, poor structure, low organic content, low permeability but with high water
holding capacity (Amin, 2002).

The climate of Gezira is a typical semi-arid tropical environment, characterized by a short period of
rainfall and a prolonged dry spell. Kharif season, usually starts in July and extends to October. The
total rainfall received was generally low and ranged from 190 mm to 395 mm. The mean daily
minimum and maximum temperatures were 23°C and 37°C, respectively.

Two hundred and ten accessions of sorghum were selected from the total sorghum germplasm
conserved in the gene bank of the ARC of Sudan
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based on days to 50 % flowering (less than 70 days) and plant height (less than 2 m). The material
used in 2002 consisted of 74 sorghum genotypes selected from the 210 genotypes based on yield, plant
height, flowering time and leaf senescence. In addition, 4 genotypes, namely, Arfaa Gadamac, Wad
Ahmed, Gadamplia and P1 563310 were introduced to the experiment for the first time. Arfaa Gadamac
and Gadamplia are landraces grown in the rain fed areas, Wad Ahmed is a released variety for high
rainfall areas, and Pl 563310 was reported by ICRISAT to be drought tolerant. In 2003, 24 genotypes
were selected from the 74 genotypes based on their superiority of grain yield. Six of them are Sudanese
germplasm evaluated in USA and has been proved to have a gene of drought tolerance (Rosenow et
al., 1996); and the other two were used as checks (Tabat and Yruasha). Selection from the 24 genotypes
continued till the genotypes were reduced to 11 accessions in 2004 season. The genotypes Wad Ahmed
and Yruasha were used as resistant checks and Tabat as a susceptible check to water stress.

The land was prepared by plowing, harrowing, leveling and then ridging. Intra and inter-row spacing
were 80cm and 20 cm, respectively. Plot size was 5m x 2.4m. The trials were planted during the second
week of July in 2001 through 2004 and harvested in October of each season.

The experiments were watered immediately after sowing to ensure uniform germination and crop
establishment. Water stress was imposed by withholding water from the partially irrigated (PI) plots
when water depletion reached the specified point (70% of the available water) while the fully irrigated
plots (FI) were irrigated when 50% of the available water was depleted.

Selected sorghum heads were bagged to prevent out-crossing and protect them from bird's damage
and were used for grain yield determination. These plants were used for recording observations on
different morph-agronomic traits. The following measurements were taken during the four seasons
under full and partial irrigation: Plant height (cm), flowering time, number of leaves per plant, flag leaf
area (cm?) (measured as an average of three plants per plot at flowering stage, by using the ruler method
(leaf area= length x width x 0.75) as described by Stickler et al. (1961)). Number of tillers per plant,
lodging (visually rated using the scale where, not = no lodging, low = the stems half lodged, and high
= the plants completely lodged and uprooted or broken), senescence (measured at maturity as
percentage of dry leaves to the total leaves per plant for three plants per plot), grain yield (t/ha), 100-
grain weight (g), number of grains per panicle and stem borer damage (%) (measured as the percentage
of infected plants to the total plants in the plot).

Data collected were analyzed following the procedure of analysis of variance to examine the
differences among the genotypes for all traits measured in each season separately and then combined.
In the combined analysis of variance seven genotypes that were grown throughout the four seasons
(2001- 2004) were used to test for the effect of environment, genotypes and their interactions.
Treatment means were separated using Duncan's Multiple Range Test.

RESULTS AND DISCUSSION

Significant differences were found among genotypes for the studied characters in almost all seasons
and under both types of irrigation (Table 1), suggesting that the sorghum population used in this study
were highly variable and, therefore, will respond to selection. Genotypes had a wide range of variability
for each character as shown by range values under full and partial irrigation. The upper limits range
for most of the characters were more than two times their lower limits. Comparing the range values
under two watering regimes, the range values of these characters were either increased or maintained.
Generally, the lower limits under water stress were less than that under irrigation, whereas, the upper
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limits were similar indicating that water stress increases variability in term of plant height, flowering
time and number of tillers, but reduced variability of leaf senescence, grain yield and number of grains
per panicle. The number of leaves, flag leaf area, lodging, 100 grain weight and stem borer damage
were similar.

Generally, water stress reduced the mean for most of the characters but increased tiller production,
lodging and senescence. The plant height, flowering time, flag leaf area, grain yield, 100 grain weight,
number of grains per panicle and stem borer damage under partial irrigation were less by 11%, 3%,
14%, 19%, 8%, 12% and 39%, respectively, than that under full irrigation. However, number of tillers,
senescence and lodging were higher by 15%, 16% and 9%, respectively, than under full irrigation,
whereas number of leaves per plant was not affected by watering. The largest decreases induced by
drought stress were observed for stem borer damage and yield. The plant height reduction can be
attributed to occurrence of pre-flowering drought tolerance which was accompanied by reduction in
dry matter production and grain yield. The flowering time was enhanced by drought stress and the
difference was 6 days which was observed in the second season, suggesting that mild drought stress
occurred at the early stages of growth. The present results were similar to Angus and Moncur (1977)
in which mild water stress

Table 1. Phenotypic variability for 11 traits in different sorghum genotypes grown under full (FD and partial imigation (PD at the
Gezira R esearch Station, 2001, 2002, 2003 and 2004.

Trait Beason _General Ivlean Fange of mean ] A % Sig lewel
FI FI FI PI FI FI FI FI FI FI

Plant height ¢ ctr) 2001 154 138 f2-265 50-243 ng 21 3 21 SRR
2003 161 136 Q2233 40-233 26 1.4 16 75 LEES L

2003 154 154 Ta-202 83-251 5.6 5.6 13 13 LR R

2004 160 150 117-195 133-181 &9 48 19 10 = *

Flowering tirne (days) 2001 i 4 46-T8 5478 0.3 0z T fi LR R
2003 a3 57 45-68 4f6-68 04 0 5 5 LR R

2003 75 74 T1-83 faE-78 07 (IN] 47 4 Hk ok

2004 T2 T3 fl1-83 f2-90 1.3 a7 fi 12 bk *

Mumber of leawes'plant 2001 10 10 f-13 T-13 0.1 01 13 12 LEES L
2002 11 g 7-14 7-14 0.1 0 11 11 R

2003 12 12 Q-16 10-15 04 04 17 1% LR R

2004 12 12 -17 11-14 0.5 (I§s] 12 12 e

Flagleafarea (l::m}',l 2001 253 240 148-378 145-401 A.l 31 34 19 LR R
2002 16% 165 05305 11%-30% 1.1 1.1 30 7 e

2003 213 180 140-299 138-286 5.3 f.3 12 17 R R

2004 187 123 140-218 a0-156 14 36 25 23 il s

Mumber of tillersfplant 2001 1.6 L7 07373 0-3 0.03 0.04 30 33 I
2002 na e 072 n-2 n.o3 noz 34 23 e

2003 1.a 1.2 04 0-3 0.09 010 X7 X7 R R

2004 n7r 1.8  0.3-2 1-3 n.o7 no9 30 17 e
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Tahle 1. (C ontinned).

Trait GEason General Iean Fange ofmean =E ) CW (%0 Eig. lewel
FI FI FI Pl 3! Pl FI Pl FI Pl
smenescence (Y 2001 5.8 0.5 4081 4487 0.04 pog 11 19 H ECECED
2002 7.6 2.1 68.8-0.7 6.8-0.6 0.o7 010 9 10 w w
2003 6.6 s 51-89 6.1-2.4 0.1s nog 11 & e LR
20 5.6 s 4.3-8 6.3-87 0.1 226 18 12 w w
Lodgng (%) 2001 3.9 4.1 1.55-10 0596 (IR] 070 33 30 H LR
2002 7.0 7.1 0591 ns-91 0.1 027 18 20 e LR
2003 i) 7 5501 5501 n.14 nzo 11 14 e LR
2004 fi.fi i) 5575 f.f-5 6 ns 032 1a 14 3 3
Yield (kg/hay 2001 4204 34a1 1205-7854 1146-5824 83 72 20 30 e bk
2002 T 2214 114745684 1147- 4584 75 B3 19 28 e bk
2003 3504 3436 19845837 1416-3488 226 181 32 28 e bk
2004 5541 4540 056770 2966-5952 440 4730 7oA B IS
Grain welght (¢ 2001 228 216 110430 0.684.20 0.0z 003 18 2 H ke
2002 240 204 1.20-360  1.2-36 0.08 o4 23 1a H ke
2003 24 214 110300 1238 0.08 o4 1710 e LR
20 2.30 226 185340 18-332 0.08 01% 1o 29 H ke
FMumber of 2001 1900 1641 A32-3785  350-3384 32 a7 M R LEE
grainsfpatdcle 2002 1452 140% A02-2366  A02- 2366 a7 26 5 15 e bk
2003 1325 1423 400-2513 888-2300 a3 55 23 19 e bk
2004 2316 1791 0203027 1091-2606 137 172 o 32 R LEE
Stem borer 2001 24 15 1.5-63 n7-52 004 o4 IF e LEE
datnage {¥a) 2002 f.2 4.4 2678 268 -78 015 014 20 28 e bk
2003 308 207 1358 05-26 0.2z 011 28 26 e bk
2004 303 2 0556 0540 019 ni1g 19 32 ek bk

ok gy #ee D gaficant at 005, 0.01 and 0.001 probability levels, respectvely.
HE Mot sizmificart.

hastened flowering by a few days while under severe water stress a delay in flowering was more
common.

The reduction of flag leaf area for Yruasha and Pl 569371 could be one of the mechanisms by which
sorghum was able to acquire drought tolerance that helped in the reduction of water loss by
transpiration. Water stress also hastened leaf senescence and the susceptible genotypes like P1 568329
and Tabat showed more rapid leaf yellowing and senescence than drought tolerant genotypes. These
drought tolerant genotypes possess the stay green trait which is an important character as drought
tolerant mechanism for post-drought tolerance (Rosenow et al., 1983). Senescence and leaf shedding
reduce leaf area and hence reduce evapotranspiration rate and grain yield.

The yield reduction presented in Table 1 was mainly a result of pre-flowering drought stress which
directly affected panicle size and grain number per panicle, while grain weight reduction was possible
and could reduce yield if terminal stress prevailed. The grain weight reduction was a result of post-
flowering drought that occurred due to dry spells at the grain filling stage, especially for the late
maturing cultivars. The reduction in the number of grains per panicle, particularly in the first and the
last season could be attributed to pre-flowering drought which might have caused poor head exsertion
and sterile spikelets (Mastrorilli et al., 1995). The combined analysis of variance showed that seasons
were a significant source of variation for all characters under study (Table 2).

The significant mean squares values obtained across seasons for all characters indicated that the
conditions in the four seasons were not similar and accordingly the genotypes did not perform the same
in all seasons.
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The interaction of genotypes with seasons (GxS), irrigation x seasons (IxS) and genotype X irrigation
(GxI) were significant for most of the characters (Table 2). However, the significant interactions of
genotypes with seasons for all the characters reflected their instability across seasons.

Similar results were reported by other workers (Shivanne et al., 1992; Santos et al., 1995; Tadesse
and Debelo, 1995). The significant genotype x season X irrigation interactions demonstrated that
genotype x season interaction was different at different irrigation and, likewise, genotype X irrigation
was different in the different seasons. It also indicated that the genotypes responded differently at a
certain irrigation regime in different seasons.

In general, the data in Table 2 showed the importance of testing genotypes over seasons. There is a
general agreement among breeders that testing genotypes over seasons increases the efficiency of
selection and hence results in high yielding genotypes with a wide adaptation to different

Table 2. Mean squares of irrigation, seasons, genotypes and their interaction of 11 traits for seven sorghum genotypes grown at
the (ezira Research ation during 20012004 seasons.

Trait [rtigationT) Aeasonld) Genotype(®)  Ixd Iz Axd Szl
Plant height 40 M3 2147 3184 B0 434 NS i 214 N8
Daye o flowening 580° 1598 247 63 13 120 M35 1" 130 ¥
Ha. of leavesiplant 63" il 13 0™ 1305 a 49"
Flag leaf avea 22687 63182 13475 413" 4059° 34" 5les
Ha. of tillers 01965 ™ 207 2237 107 25 112"
Senescence B 231 975" 9™ [ 14537 3
Lodzing 448 4458 B0 NS 234 226 NS 485" 3l
Tield 9193 770° 236663027 16B4390NS 93903627 423551 2625271 1o
(Jrain weight 1a” 281" 552 092" 036 075 .25l
Ha. of grains 204306 N3 33004307 1500265 M585 IBWENS AT 488817
Stemm borer 474 3 319 372 150° a8 2%

# ok g ek D epifieart at 0,05, 001 and 0001 prob ability levels, respectively.
H3: Mot sigrificant at peohahility 2005
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environments. The breeding strategy for sorghum under water limited conditions emphasized early and
stable flowering as means of avoiding moisture stress in areas where unreliable rainfall is the major
constraint to sorghum productivity.

Genotype PI 563310 showed the highest plant height in both seasons while Tabat was the shortest
genotype under irrigation. Later on plant height was quite variable under water stress conditions. The
susceptible check (Tabat) showed reduced plant height under water stress, while the tolerant check
(Yruasha) also showed a reduced plant height under the same condition. In general, drought stress
hastened flowering in both tolerant and susceptible checks as well as the other genotypes used in this
study.

Wad Ahmed, the leafy genotype, produced 16 leaves in 2003 season compared to 14 leaves in the
2002 under full irrigation (Table 3a). Yruasha, produced the minimum number of leaves (9) in the
same season and irrigation, while under partial irrigation Yruasha produced the lowest number of
leaves (10) per plant and genotype P1 568308 produced the highest. Water stress had little effect on
number of leaves per plant in both seasons.

Sorghum also avoids drought by reducing transpiration demand as a result of reduced leaf area. In
this study, water stress reduced flag leaf area by 16% and 39% in 2003 and 2004, respectively. Water
stress increased number of tillers per plant by 9% and 32% in seasons 2003 and 2004, respectively.
The adjustment of tillers during mid-season stress is one of the developmental plasticity required and
useful when there is a good probability of adequate rains to complete and extend cropping period.
Drought stress during grain filling in sorghum usually results in rapid premature plant senescence. The
results in this study showed that Tabat and Pl 568377 were highly senescent genotypes under full
irrigation in 2003 and 2004 seasons, while the least senescent under the same watering regime were Pl
568383 and PI 563310. But under partial irrigation, genotypes Pl 568329 and Yruasha were the least
senescent. Water stress increased senescence by 13% and 34% in seasons 2003 and 2004, respectively.
The drought tolerant check (Yruasha) showed less senescence under partial irrigation compared to that
under full irrigation, suggesting that this genotype continues to fill their grains normally under water
stress (Rosenow and Clarck, 1981).

Generally, water stress increased lodging by 13% and 16% in season 2003 and 2004, respectively.
The susceptible check (Tabat) showed an increase in lodging under water stress, while the tolerant
check (Yruasha) showed a reduction in lodging under water stress in both seasons.
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Table 3a Means and tanks of 11 characters of 11 sorghum genatyes grown at Gezira Researdh Btation under fill imgation (FT), i 2003 and 2004,

[mnotype Planit haight Flonmeritiz Mhober of — Flaglesf ares  Sevwscence  Minmhersof  Lodgig Tiald 100 Gra ramromuher  Stam borer
fan) (dayz) L s () ) tillars dplart %] (ki) weigt(g]  perpmnicle  dumage (%)
fplant
PI 568335 lBoAC () WMCDE () LIIBFE) 94BN G26EH(®) 233CE@) 55 B (1) MMDGAN  2204D (5 822 F: (9 50 AB(3)
LSTABC (7 TRARB (3 I10BC 10y 225B @) SEEBDM 00 D (1) Al9ABM  3IC (1) 3184 () 929 € (11} 376 BC(H)
FI563310 Ly (Ih T™CIE &) NEBEF) WD (1) 682EB-Fi4) 200DF(6) 55 B (1) 4687 AC () L9SDH(T) 1946B (1) 341BC0)
1954 (In &8CT (M 12B o 21BBC(: 433D (1) 10 BC (% TATA (Iy 1B 3) LTECD () 6L5AB(S) 1B CD™
PI 569371 IMaD (3 TECE (1) I1BE@ 0D (1) STEHI) 233CEE) 92 A4 (1) 41084E (T 241EE (4) 1550BE () 436 4B (%)
IB0AB (3 61D (1) IF& (I 3054 (1) A3ECDG 00D (M AlOAB()  BMITA (1) L1ATEB d) MIZABM) 30T BO(H
Tibat I4DE (1) #2848 & 1BET) IWOHLT 8264 (1) L6EGT) 62 B (4) 3563EF () LS0EH (100 1887TBC (@) 4.814B ()
1re (1 824 @@ LRBCT TEC(H 466D (0 oA () Al19AB(I) SEGBC (fy J09BCD (3 1OMA 3 IZLBD N
Vnacha 1A (5 TSCE (@) SE (1) IWHIE  7HXAD( 2E6BD Q) 92 A (1) MIAD () 2864 (1) 870 FG(3) 44T AR (f)
LB ABC () 46D (5 13B @) 1IBDTY 466D (100 13 AB M) TST A () S0BC (5 2MABCDMN 30104 () 245D (10)
PI 564308 HIA&E (f) 834 (f) L2BEM) SSBEF TMBE(I LMEF® 55 B (@) 49TAC (3) L8TEH (%) 1S7TSBE(S) 4804B 4
I6OABC (47 B0AB (3) 9 C (1) MIBE® 500D & O03CD (f)y TS0 A (3) 43EBC(10) 153B (3 ISTSEC(IN 0S0E (11
PI 569383 MWOAE () WCE (1) WCE@ 2BICFM4)  S2GH(L 133FHQ0) 55 B (#) 3IM9BG (M) 203CG () 702 PG S84 4 (1)
Li2ABC (W T2BC () 164 ) 200BC(H 00D o 00D (8 55 B (1) G02BBC (B LA2D (1) 30274 (1) I26ED ()
FI570851 1714l (4 TEBE (4) MACE) MSI [  6MCF (6) 266DF (1) 62 B (3) 8374 (1) I0EA (1) 1SM2BE(4) 4614B (T
LiSABC (%) @4CD (1 I1BC (% MICE ™ 5000 @& 00D () TAIABM) 616E (3 208BCDO) 2I10AB (T 5574 (1)
PI569329 EAD (6) WCE (0 WCE® 209EHDS 6M4EBF (5 I16EF (30 55 B (T) 108 FGF(1L L62H (1) 018 F&(7) S334B (1)
B3AB () TAAB 4 12B f) 1M4E (1) TOOABC(I) 00 D (1) 63 AB() 4M4BC (9 230BC () 1ATEABCHY 417B (D
PL6aaTY IMEE (10 TECE (100 I0BEI0) M6D (@ 63 DG 0000 (1) 55 B (6) 2052CE (5)  2664C (3 754 FE(I) 338 BC(LD
lif ABC (&) 63CD & 11BC (8) 121DEQID) 8004 L) 20 A () GBRAB(H) SIMBU(S) 24TE (4)  60SAE (6) 3ITEBC (9
W e d WOAE @) TP&D @ 164 (1) 3244 (1) 66CG(T 233CE( 619B (5) 49154B(N  L81EH (W 25134 (1) 41948 (9
I32BC (loy 834 () 12BCGE)  WIBDME)  TIZAE () 20 A (1) Al9AB(TY  SMTBC(T)  240B (5 2051AE () 3SEBC %)
Mean 157 13 12 04 671 187 636 3867 an 13714 449
L] 13 11 137 15 (.78 .71 $341 1.9 1316 339

Vahies betareen paentheses are the rank mmber

Upper vahes are for season 2003, while the lower vahies are forseason 2004,
Meaws followed by the s amme letter(s 1within a cohmndo not differ sizmficantly at the prob shility level of 3% accordivg to Duncan s Multple Fange Test.

The highest average yield across the two seasons (2003,2004) were obtained by genotypes Pl 570851
(5837kg/ha) and P1 569371 (8437kg/ha) in seasons 2003 and 2004, respectively, under full irrigation;
while the lowest average yield in 2003 and 2004 seasons under full irrigation were recorded by
genotypes Pl 568329 (1984kg/ha) and Pl 568335 (3738 kg/ha), respectively. Under partial irrigation,
Pl 563310 (5488 kg/ha) and Yruasha (5952 kg/ha) gave the highest grain yield in 2003 and 2004,
respectively. The lowest grain yield was scored by genotypes Tabat (2146 kg/ha) and Pl 568308 (2996
kg/ha) in 2003 and 2004, respectively. The genotype Pl 563310 outyielded the tolerant check varieties
Yruasha and Wad Ahmed by 16% and 1%, respectively, while PI 570851 outyielded the tolerant check
varieties Yruasha and Wad Ahmed by 16% and 0.3%, respectively.

Sorghum crop produced lower grain yields when subjected to water stress in seasons 2003 and 2004.
The reductions in yield were approximately 2% and 12.5% in seasons 2003 and 2004, respectively.
The low grain yield obtained in 2003 could be attributed partly to reduction in number of grains per
panicle and the compensatory effect of grain weight.

The highest weight of 100 grains under full irrigation in the last two seasons (2003-2004) were 3.08
and 3.18 g recorded by genotypes Pl 570851 and PI 568335, respectively, (Table 3a). However, the
lowest 100 grain weight under same watering regimes and seasons were 1.68 and 1.62 g, recorded by
P1568329 and P1 568383, respectively. The highest weight of 100 grains under partial irrigation in the
last two seasons (2003-2004) were 3.8 and 3.17g recorded by Pl 570851 and Wad Ahmed. Whereas,
the lowest weight of 100 grains under same watering regimes and seasons were 1.81 and 1.68g recorded
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by Tabat and P1 569371. Susceptible control (Tabat) showed a reduction in 100 grain weight in the two
seasons under water stress.

The number of grains per panicle varied from 2513 to 3027 in 2003 and from 702 to 929 in 2004
under full irrigation. While under partial irrigation, the number of grains ranged from 2339 to 2606 in
2003 and from 888 to 1091 in 2004. In 2003, Wad Ahmed produced the highest number of grains per
panicle whereas genotype P1 570851 produced the lowest number of grains per panicle in 2004, under
both water regimes. Whereas, the susceptible check (Tabat) showed a reduction in the number of grains
per panicle under partial irrigation in 2004. Water stress reduced number of grains per panicle of the
tolerant check, Yruasha, in 2004.

Stem borer damage varied from 3.38 to 5.84% in 2003 and from 0.50 to 5.57% in 2004 under full
irrigation (Table 3a).

Table 3h. Meats and tatks of 11 characters of 11 sorghun genotypes grown at Gezira Research station under partial imimtion (P, i 2003 and 2004,

Crutuitype Platheigtt  Flowariz — Hionherof — Fhglesf ates  Semescence Fanber of Lodghg Yisld 100 Grain (raih romuber Sterh borsr
(o) (days) 1;:!; frm) %) tillers plat (%) i) weight (g) per panic k darreage (%)
M 568335 171 EF (7 MLE () L34AF (5 MBS 6.15 I(l1) 233 ABC(4) 863 AE (2) 4435 AL (6) J69ED (4) 1M6DGE (M) 1A 3
155 AC (%) 1B (M 13AB(3)  L50AB(D 66 CD® 10D @) 70 A& (9 436TAB (%) 196 AR (T) 1B60AC (4) 3ISE A (@)
MA63310 2514 (1) TID-F(II) MWADM) 1MD-G(5 649 GI(9 03FEF (110 T4l AC () Mega (1) J12EG (7)) 22348 () 19T A @
165 AR () 2B (3 1B (M L5ACE 70 EBD @ 20 C () T4 A& (7)) 4885AB (4 JITAE (f) 1613 AC (%) 050C (8)
MA6R3T1 211 AR TAFE LBEM® M0I (1) 640 HIWD 23ZBC(5) 863 AE (3 47T51AB () JI0BF (5 1863 AF () 1.38 AB(11)
148 BC () THAE (5) 13AB (&) LI6AC(® 82 ACCH 10D (I) 74 A& (81 4OTAR () 163B (113 2606 &4 (1) 107 BC (T
Tahat IIFT(I) 784 (1) 12AF(T IFG(H 686 BF() 233BCM@) 55 © (l0) 2M6DE (11) 18100 (11) 1946 4D (%) 3B A 4
149 BC (5) TTAE @ 11B () LEAC (&) &7 & (@) 304 (@) 86 A () S642AB () 190B (%) 1289 AB () nsne @)
Ymasha 192 BD (4) TWCFE O WOF (1) MoG (1) 6T3IEI( 2664B(2) %1 AB (%) 4506 AR () ISTA (I e T (1 1314 (M
49 EC (4) 4B (100 11B (100 W7AC &) 64 D (100 23 AC (8 68 A (100 59524 (1) 25TAB (3) 1MIAC (@) IBSA M)
PI568308 145E (1) MAC() 154 (1) 20BF (N 63EIG J0BC (M %6 AB () 4301 AD (%) 180D (%) 2031 ABC(3) 151 4 @
145 BC (8) ma (1) WA (1) 9w C (1) &3 AB(3 10D () TS5 A (6) MWWE (1) LITE () MHWEC W 107 BC ()
T1 568383 172 EBF(6) EBEFAN 1BF® MWCE () 717CIM 233BC 3 TALACD () 304 AT (1) 213EG (6) 1WIBI (B) 221 4 @)
148 BC (T) TIB () 11B (1) 10AC (70 64 CD(8) 10D () 75 A (50 41834B (% 19E (8 172354AC (M IERA @
TI5T0851 203 BC (3) TAFT WACE 1TBCEM TTICI() 266AB (3 76 AC (6 524 ) 3B A (L) 1MIGT (1) 23T A )
W2 BC W 66 (W 1L2ABC 9 C© () 63 D (L 10D (@ &1 A& (3 IFM4AR (1) J40AE () WA1C (1) 40 A ()
T1 563320 182 EF (3) TEAE(4) 1WD-(10) IMEG( T73CIE 3334 (1) TALAD ™ 4214 4D (9 LTAGH () 1957 ABC(H) 174 AB(10)
1314 (1) TTAE (4) 124B(T) 1564 (1) Al & (1) 10D (% 468 & (f) 434E () 2M4R (4) MEC (1) 213EB (9
PI56RITT 133 FT (100  T72B-F(B) 12BF(6) 163D-G(f) 65T FI(3)  100DF (100 82 A (1) M26AD (7)) 30 B (3 LWOEBH (M 2614 (1)
LIGBC(ID)  62EB (1) 12AB () M24C(H G7EBD (M 27 B 3 &1 4 (8 4600AB (B 26448 () 138 AC (f) 050 C (1)
WAhmed 143 EL (W) MAE(T 15AB(Z) 151FG (%)  T736C.H () 23ZABC(T) 55 C (1) M34 (30 18IGH (1) 2394 (1) 2384 (5
1330 1) #9042 Wi 3 40H) 8240 (9 304 () &l & (1) 51B1AR (@) ILTA (1) 1858 AC (5 050 C {11
Muan 176 4 12 175 .88 215 763 4399 142 1718 222
150 74 12 123 746 1.73 7.57 4540 226 1790 1.99

Vahies betowreen parertheses ave the vk mmwher
Upper vahes ae forseason 2003 whale the lower values are for season 2004,
Means followed by the s ame latter(s) writhin a coban do not differ sizmficantly at the prob ability level of 5% accordmg to Duncan s Multiple Eange Test.
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However, under partial irrigation, it ranged from 2.61 to 4% and from 0.50 to 1.6% in 2003 and 2004,
respectively. Water stress reduced stem borer damage by 48% and 41% in 2003 and 2004, respectively.
The highest damaged genotypes under full irrigation were Pl 568383 in 2003 and PI1 570851 in 2004,
while the least damaged genotypes under partial irrigation for the same period were Pl 569371 and
Yruasha, respectively.

The current study depicted that variability was maintained for most characters under both water
regimes. Water stress reduced most of the studied characters but increased number of tillers per plant,

lodging and senescence. Stem borer damage was highly significantly affected by watering regimes and
seasons.
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