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Wheat has the broadest adaptation of all cereals and more land is devoted to its
production worldwide than to any other commercial crop. The continuously increasing
demand for wheat resulted in its expansion to environments that are regarded as
marginal because of heat, drought and soil problems. Heat stress is a problem in 40% of
the wheat areas in the temperate environments, while ovef 7 million ha of wheat are
grown under continual heat-stressed environments of arid and semiarid areas. The
central clay plain of the Sudan is atypical example of the hot, irrigated and low humidity
- environments of wheat production. The development of heat-tolerant wheat cultivars
capable of producing good yield and acceptable grain quality is crucial for the successful
production of wheat in these environments. This study investigates:

1- The effects of high temperature on grain yieid and quality and the differential
responses of wheat genotypes grown in a hot irrigated environment.

2- Selection criteria associated with yield under a hot irrigated environment that could
accelerate the development of heat-tolerant wheat cultivars.

3- The capability of different bread wheat genotypes to remobilize nitrogen (N) and total
non-structural carbohydrates (TNC) stored in their stems under heat stress conditions

and the association of N and TNC remobilization efficiency with grain yield and its
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components.
4- The effects of high soil and high air/soil temperatures during early and grain filling
stages on wheat growth, grain yield and related traits and their differential responses to
such stress.
Several experiments were carried out to fulfill the above-mentioned objectives.
1- Genotypic and temperature effects on grain yield and quality

Fifteen wheat genotypes in 2000/01 and 18 genotypes in 2002/03 were grown under
optimum and late sowing conditions of the hot irrigated environment of the Gezira
Research Farm, Wad Medani, Sudan. High temperature significantly decreased grain
yield by decreasing grain weight. Genotypes responded to late heat stress by increasing
protein contents, SDS sedimentation volume (SDSV), mixograph peak height (PH) and
the descending slope at 2 min past peak (DS). In contrast, mixograph peak time (PT) and
the curve width at 2 min past peak (CW) were significantly decreased.l Genotypes varied
in magnitude of response of most quality parameters to high temperature during grain
filling. Grain yield and weight were negatively correlated with most of the quality
parameters. Flour protein correlated positively with SDSV, PH and DS and negatively
with CW. PT correlated negatively with DS and positively with CW. Results indicate that
high temperature increased protein content, SDSV and PH and hence the gluten
strength, but decreased flour mixing time and tolerance and hence the dough elasticity.
Grain quality could be improved under high temperature conditions utilizing the
‘available variability; however, it might require evaluations under various growing
conditions.
2- Potential selection criteria under early and late heat stresses _

This study was conducted for two seasons at the Gezira Research Farm, Wad

Medani, Sudan, using ten wheat genotypes and three sowing dates (early, optimum and
late). Grain yield of the three sowing dates significantly correlated with biomass, grains
m2, spikes m2, grain growth rate, biomass growth rate and vegetative growth rate. In
addition, the early sowing grain yield significantly correlated with grains spike! while
that of the late sowing correlated with harvest index, thousand grain weight and grain
filling duration. Similar correlations were also found between the heat stress intensity of
yield and most of the counterpart traits in the early and late sowings. These results
suggest biomass, grains m2, spikes m2 and vegetative growth rate as selection criteria
under early heat stress. Harvest index, thousand grain weight and grain growth rate
could be used as selection criteria under late heat stress.
3- Remobilization of nitrogen and carbohydrate in response to heat stress

Eighteen genotypes were used for N remobilization study while nine of them were
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used for TNC remobilization study. Five days after anthesis (5DAA), half of the plants
were taken to phytotrons where temperature was gradually increased and the maximum
was set at 38 °C while the other half were left in a vinyl house kept below 30 °C.
Significant differences were found among genotypes in percent reduction in grain yield
(GY), grain weight (GW), grain filling duration (GFD) and harvest index (HI) due to heat
stress. Heat stress significantly reduced the N remobilization efficiency (NRE) of most of
genotypes; while it has significantly increased TNC remobilization efficiency (TNCRE)
and significant variation were observed among genotypes. NRE across treatments
significantly correlated with GY, GW, HI and GFD. TNC at 5DAA negatively correlated
with N at 5DAA and HI, but the TNCRE under heat stress positively correlated with
mainstem GY, GW and HI. The rate of chlorophyll loss from flag leaf positively
correlated with NRE and TNCRE under heat stress suggesting a link between leaf
senescence and remobilization efficiency. Results indicate that heat stress negatively
affected GY, its components and N remobilization while it increased TNC remobilization
due to the increasing demand for resources.

4- Responses of wheat genotypes to high air and soil temperatures

Three genotypes, Imam, Fang and Siete Cerros were grown under three
temperature treatments during early and grain filling stages. The temperature
treatments during early stages were: (i) normal air/normal soil temperature (22/22°C),
(ii) normal air/high soil temperature (22/38°C) and (iii) high air/high soil temperature
(38/38°C) and during grain filling were: (i) 26/26°C, (ii) 26/38°C and (iii) 38/38°C.

During the early stages, high root (22/38 °C) and shoot/root (38/38 °C) temperatures
significantly decreased Photosystem II quantum yield (®psm), photosynthetic rate (An),
specific leaf area and root growth of the three genotypes compared with the control
(22/22 °C). Leaf and shoot dry weight and leaf area plant! were significantly decreased
by 38/38 °C treatment but remained unaffected by 22/38 °C treatment. The heat tolerant
Fang always had the highest chlorophyll content (chl), ®pstand A under all treatments
conditions, while the heat sensitive Siete Cerros always had highest reduction in these
traits especially towards the end of the experiment. Fang and Imam responded to
38/38 °C treatment by immediately and greatly reducing their shoot and root growth
while Siete Cerros was the least affected during the first week of the treatment. The
situation was reversed with the duration of the treatment such that Siete Cerros was the
most affected genotypes towards the end of the experiment. It is concluded that wheat
genotypes differentially responded and adapted to 38/38 °C treatment by reducing leaf
weight and area and hence accumulating more chl in the diminished leaves. The failure

to undergo such changes under 22/38 °C treatment led to lower chl, ®psn and Ax.

90



During the grain filling stage, the 26/38 °C and 38/38 °C treatments significantly
decreased chl, GFD and increased carbohydrate remobilization or loss from the stem and
the root, but with varying degrees among genotypes. GY, biomass, GW, grains spike!
and HI under 38/38 °C treatment were significantly lower than under the other two
treatments. Imam showed lower GY under 26/38 °C than under 26/26 °C, while Siete
Cerros showed lower GY, GW, grains spike?! and HI under 38/38°C treatment. The
results indicated that high soil temperature alone or together with high air temperature
decreased chl and GFD and increased carbohydrate remobilization. Differential
genotypic response to both high temperatures was found suggesting the existence of
variability among wheat genotypes in this respect.

It is concluded that high temperatures at various growth stages studied here
significantly affected the growth, yield and quality of wheat. Immense genotypic
variations were found in their responses to high air and soil temperatures. Some
selection criteria were identified at various growth stages. The effective use of these
selection criteria could greatly enhance the development of heat-tolerant genotypes with

high yields and good grain quality under similar high temperature conditions.
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JLFIEIRERGFERZEO D & TRE SN, FREERBEIEWEREIC K DRIEDPIEREKRT
BB, DLXHBIANEROMIMCEY, BE, BBEZaAFICE > THERBEEOHBICE
TR Lz, A—F HHTHEIR, GBETTIALTOERRENIN, TOIIRRETO/H
BREEIZIE, REASNOMEBEEOBVWIAFREOFTRMBDERIRTH S, KX T (1
EIREIE T TR SN2 LFONBBIVOREIIRETEHEOEE, (2) MEHEILFH
EHERDZDORKEEOHERE, (3) BA MLV AT TORKFEOEZEBIUIEHERKLHOE
%E, (4) NEBLIONEERERICRETITEMEDIVOEHE EEHEKIBEOMEER, KOV
THRETL 7z,

1. BIREE F THERRE SN ZIALAFONERIVRECRIZTHROEZE

A —4 > ® Wad Medani T 2000/01 Z 15 ffE%, 2002/03 17 18 fhfE & ftid U, MR ERES
EERBHNERTHL2MBREZT R, B OFRIREEZED 22, NEZHD S,
ZFORBEEICHEMEZENRBDONZEICLD, BROBRANTH —EE2DONENFLNDS
RERBEOBFRIITETH D ZEEHEMI LT,

2. MHEHEILAFRBEEROZDOREEEDORER
IAFHTE 10 FfEEZX—4 >, Wad Madani Tiliffi, B, BREICBEL, £FNHOSIR
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AR VATHEICE T 2BHIEEE L TNA AR, BAEEYZD Ok, BEBIURELE
HEEADY, FEie, BRMOBRA b AMMICET 2BHIEEE U CIEER, THE, BT8R
BENEFNENENTHS ZEEZHEMI L,

3. BA PV AT TORKBDERB L IEBERKILHDOEBE

ZXR (N) OBBEICEL T 18 &, EBEKIY (TNC) OBEEBICELTIMEEZL
NTNER U7z, albhe 2Ry ML, Bk 5 BEKE®ERE S0CUTOEZIIND R E
BAERE SSCOHANATIRMIZOTTRAL, BENERTo/. &, hE, BIHM,
IV EIIERAEIC L 0 2fRSBTRO LED, BOBRECREMERNZED SN, NF
BEYRIIL< ORETHAZ N AZETL, IR, WE, [EEK, STERAMEOrICE
BRIEOMBEZRLE. —F4H, TNCEBEMRIBANLVATTLEAL, TOLAEEIIR
BZERNEELE. 28, BA N AT TOTNCERERIIFHRONE, KB, IHEELE
DENZIEDHBEZR LT,

BARVATTOLEDO OO T 4 )V DOHEEENNBIUOTN CEBER)R L OMICIEDH
ENRDON, BBEHRIIEORILEEEDZ ZEEFE L. B2 L ITNE, INEERK
EZBIONESHHRICHFIERT D, V—AELTOLEENS TN CESEIZER %
EHBEAETHIENHALHER S, Thbb, JAFOMEEMETIIAINL AT TO
FTFBADEDIZ, BEETNCEZHZRNICFEOBIIBEG TS L2HoNT L,

4. NEBIUVNEERERICRIETEHMEBER I UEHIE &SRR & OMEIER

it 24 D %72 2 1 AF 55 Imam, Fang B& U Siete Cerros D 3 ffEZ A WT, FEERM,
BRI ENE N T S OB EEZEASDELRELEZTY, £AFIIRETEEER
Al

e AEEICIIRIE S HE OMA BN 22/22C, 22/38CH LT 38/38C D 3 4 TUEETTo
TokE B, 22/38°C & 38/38CHULEIILHESBIC BN THED 22/22 CRICHAKALFER T HET
B (Dpgyp), NHARERE, EEERRE BOERZR I, I EMEYED L UOEGRIT
38/38 CULE TIIWA L ?s, 22/38CUBTIIREZZ I 2N >, MEMEMETHS Fang B
X0 Imam 3EE, EEEEHEOL, BEOEIC /0D I ) EZEBE TSI LIk LS, H
THOBRICK A UNEL L 72A, Siete Cerros lIIRIBICKISTET, HTHOADOEEBEFTH Y
o7 4)Vg8, Ppsyg, NHAREEOCEKTFNEL, £FNIH SN,

HEHAD 26/267C, 26/38°C, 38/38°C DIREMIETIE, 26/38CHLUN 38/38CAEIZ /T
4IVER, BRUMZBAD I, RKIEHOBEBETROLBRCRORAKIMDOBEERZE NS E
=W, TOEREICHEMERNEELZ. 38/38CRONE, N1ATA, Kk, IUERERKIItD
WX X OAFBIZEDN 2 72 Imam 13 TEOIRENE N 26/38C X TIED 26/26CK KL D KT
L7z, Siete Cerros |3 38/38 CK TINE, HiE, Rifk, NEEENERIET L. INS5DO#HE
W, BHENEREFEEREEOMEERATIALATFOZ OO Y 4 )V E, BFRHRMEZED S,
R OBBE RIS TS EZHMNI L,

PUEDXDIT, FRUIAEBSMH, HEHEETTOMER, JBORA NV AITHTZ2ILFD
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RSB 2 RERERZHASMNT, JLAFOMBEERICE T 5BKICET 2 BETERER
ZRMTE2HDOTHY, FURNELTHESZLHDELTHEL .
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