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affects the grain yield. Heat stress during grain filling period of wheat negatively effects the dry matter produc-
tion of wheat genotypes. Delay in sowing date significantly reduces the dry matter accumulation of wheat genotypes at anthesis as
well as maturity. Grain yield was positively correlated with dry matter at maturity (r = 0.640 and r=0.584 timely and late sown re-
spectively) indicating that plant dry matter is important for grain formation and grain filling in wheat genotypes. At maturity, timely
sown genotypes had more percentage of dry matter partitioned to grain as compared to late sown genotypes. High yielding genotypes
showed more dry matter accumulation in grain whereas low yielding genotypes retained much dry matter in stem, leaves and chaff.
This reduction in dry matter accumulation in grain may be attributed to high temperature stress faced by late sown genotypes during

their grain filling period.

Introduction

In India, wheat is grown mostly after harvesting of summer
crops. Sowing wheat usually gets delayed beyond November
due to late harvesting of rice, cotton etc. delay in sowing ad-
versely affects the wheat growth due to high temperature
during grain filling period. Exposure to high temperatures
during grain development reduced the yield and yield attrib-
uting parameters. High temperature (< 31°C) can decrease the
rate and duration of grain filling period in wheat [Stone et al
1995; Wardlaw and Moncur, 1995). Late sowing reduced the
total duration of vegetative phase and decreased the dry mat-
ter accumulation in growth period (Dogiwal and Pannu 2003).
The supply of assimilates to the developing grain originates
both from direct transport of current assimilation to kernels,
and from the remobilization of temporarily stored assimilates
in vegetative plant parts (Gebbing et al 1999). The reserves
deposited in vegetative plant parts before anthesis may buffer
grain yield when conditions become adverse to photosynthe-
sis and mineral uptake during grain filling (Tahir and Nakata
2005). In recent years, there has been an improved under-
standing of yield responses to alterations in assimilates avail-
ability during different phonological phases, as affected by
sowing dates (Takahashi and Nakaseko 1993).

Different stresses, such as high temperature and water deficit
limits the production of photoassimilates. For instance, a rise
in temperature during the grain filling period of wheat nega-
tively effects the dry matter production (Alvaro et al. 2008).
Under such conditions, the contribution of pre-anthesis as-
similates to grain may be crucial for maintaining yield of crop
when harsh climatic conditions reduce photosynthesis, water,
and mineral uptake (Arduini et al. 2006). The remobiliza-
tion of assimilates originates from plant senescence, in which
stored reserves from stems and leaves are translocated to the
grain (Ercoli et al. 2008).

The hot and dry conditions during grain filling reduces the
photosynthesis rate after anthesis which directly affects and
limit the contribution of assimilates to the grain (Alvaro et
al. 2008). Under these circumstances, dry matter accumula-
tion before anthesis in vegetative parts and its remobilization
to the grain during grain filling becomes particularly impor-
tant. Earlier it was reported that delay in sowing reduces both
shoot biomass and grain yield and N content as compared to
the optimum sowing dates (Chatha et al.1999). These results
indicated that the estimation of the amount of stem reserves
accumulated and mobilized were dependent on environmen-

tal conditions (i.e. sowing date) genotype, and cultural prac-
tices. Therefore, the contribution of stored carbohydrates may
become very important and predominant source of trans-
ported materials (Blum et al. 1994). There is very little in-
formation is available regarding the effect of sowing dates on
the accumulation and translocation of assimilates into wheat
grain. The objectives of this research were to study the effect
of heat stress during grain filling period on status of dry mat-
ter accumulation and partitioning in wheat genotypes at two
different sowing dates.

Material and Methods

This field study was conducted in experimental area of de-
partment of botany, Punjab Agricultural University, Ludhiana,
during the 2012-13 growing season. Twenty genotypes con-
sisting of various lines assembled by CIMMYT under genera-
tion challenge program with different trial names viz. QTLs
POPS MAP, PT CAN II sq, CSIRO GCP and PBW 621 and HD
2967 (some Punjab cultivars which served as checks) were
selected for present studies. Selected genotypes were tested
under two different sowing date’s i.e.29 November (Timely
sown) and 29 December (late sown conditions). All the geno-
types were planted in two replications, with a 7-row plot, row
length of 1.5 m and 23 cm spacing between rows. Plants from
0.5 m row length of genotypes under timely and late sown
plots were harvested at anthesis and physiological maturity.
Samples collected at anthesis were separated into stem, leaf
and ear fraction including all senescent leaves. The samples
harvested at maturity were separated into stem, leaves, grain
and chaff. The various plant parts were dried in oven at 60°C
to constant weight and dry weight recorded. Dry matter parti-
tioning was calculated as:

Dry matter in plant part
e e e % 100
Total plant dry matter

Dy matter Partitioning coefficient

Results and Discussion

Total dry matter accumulation was adversely affected by de-
lay in sowing date because heat stress reduces the dry mat-
ter production (Table 1). At anthesis, all genotypes showed
significant reduction in dry matter accumulation with delay in
sowing date. On an average more dry matter was produced by
timely sown genotypes (33.10 q acre) than late sown (21.0
q acre?). In overall this trait showed 38 % reduction due to
heat stress. Genotypes also showed significant variation under
both conditions. At SD1, G6 from Group I produced maximum
dry matter whereas G13, G14 and G16 from Group II pro-
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duced minimum. Whereas, under late sown conditions (SD2)
maximum dry matter was observed in G4 and minimum in
G11 and G18. Among check varieties PBW 621 produced
more dry matter under both control and stressed condition
than HD 2967.

Similar trend of total dry matter accumulation was found
at maturity. At maturity this trait showed 37% total reduc-
tion with delay in sowing date. Overall genotypes of Group I,
Group III and check varieties produced more dry matter as
compared to genotypes of Group II. Highest value of dry mat-
ter was recorded in G32 and minimum in G12 in timely sown
whereas during late sown maximum was recorded in G6 and
minimum G11, G14 and G13. As reported earlier; temperature
stress during the grain filling period of wheat has a negative
effect on dry matter production (Alvaro et al 2008). Grain
yield was positively correlated with dry matter at maturity (r
= 0.640 and r=0.584 timely and late sown respectively) indi-
cating that plant dry matter is important for grain formation
and grain filling in wheat genotypes. It was suggested that
one of the ways to achieve higher wheat yield increases under
stress conditions is to keep improving dry matter transloca-
tion in grains, which may result from an enlargement of the
source size (biomass) at anthesis or from increase in dry mat-
ter translocation efficiencies (Alvaro et al. 2008).

At both timely and late sown conditions, during anthesis more
dry matter (Timely sown: 36 to 53% and late sown: 32 to
52%) was partitioned in stem followed by leaves and ear in
all the varieties (Figurel). Dry matter partitioning in stem in
genotypes of Group I, Group Il and Group III ranged from 40
to 46 %, 39 to 45 % and 41 to 53% respectively under timely
sown condition. Whereas during late sown condition all geno-
types showed reduction in dry matter partitioning in stem.

At maturity all genotypes showed more dry matter parti-
tioned in grain under both timely and late sown conditions
(Figure 2). High yielding genotypes showed more dry mat-
ter accumulation in grain whereas low grain yielding geno-
types retained much dry matter in stem, leaves and chaff. So,
timely sown genotypes had more percentage of dry matter
partitioned to grain as compared to late sown conditions. Dry
matter partitioning in grain of timely sown genotypes ranged
from 37 to 53% whereas during late sown condition only 26
to 46 % dry matter accumulated in grain and rest was re-
tained in other plant parts. This reduction in dry matter ac-
cumulation in grain may be attributed to high temperature
stress faced by late sown genotypes which reduces the grain
filling period.

Conclusion

In wheat, high temperature stress is known to accelerate leaf
senescence and adversely affects the grain filling period (Al-
Khatib et al 1984). Assimilate transport from flag leaf to grain
is substantially reduced by temperatures above 30°C but there
is no influence of temperature (from 1 to 50°C) on transloca-
tion from the stem (Wardlaw 1974). This indicates that, in
wheat, the effect of heat stress on assimilate translocation is
indirect even though heat stress reduces the rate of assimilate
transport from vegetative organs to grain. In our studies, poor
dry matter partitioning to the grain in late sown genotypes
may be due to sudden termination of grain filling and early
onset of maturity caused by high temperature stress. Grain
yield is generally simulated by assuming that the fraction of
total above ground dry matter fairly partitioned to the grain.
So lower yield of late sown genotypes may also be attributed
to their low dry matter production as well as lesser partition-
ing of dry matter to the their grain. According to Ehdaie and
Waines (2001) more grain yield was obtained with sowing
the wheat crop on optimal date and with the genotypes that

showed the highest post-heading accumulation of both dry
matter and nitrogen and the best N remobilization efficiency.

Table 1: Effect of terminal heat stress on total dry matter
accumulation (q acre™®) of wheat genotypes at timely and
late sown conditions.

) At Anthesis At Maturity
= Name of
[} ame o
Groups g Genotypes |Timely |Late |Timely|Late
g sown sown [sown (sown
S
61 [QELS POPS 12089 1843 [65.16 (38.84
63 [QRSFOPS 13381 2249 (6197 [28.34
Ge  (QRLSROFS 13472 2627 (5545 (39.84
GrRoUP1|G6 QTS TOPS 14020 |2234(64.68 [48.69
67 ([RAswiTS 3721 22415511 [45.10
GO %&‘ﬁ&ops 31.00 (2217|6032 [43.18
Glo  [QLLS POPS 13463 2374 [66.43 [40.97
i1 [QLLsFOPS 13317 |1683 (5659 (3281
Gz (LS POPS 13409 |20.10 4692 |4295
13 (LS POPS 12672 1822 (5480 (33.77
GROUP 114 |QLSFOPS 12851 |20.43(56.06 (3252
Gl6 QRS POFS 2506|2180 [50.26 [35.82
617  [FLS 0TS 13089 1596 [54.34 (35.76
Gie  [FLSEONS 13614 1684 (53.78 (3520
G21 EE_ICAN 113470 |21.64|61.84 (3475
G22 EJ_SAN 113779 2362 |61.54 |41.24
GROUP
il
G31 gg_)fl"m 113433 (21316347 |40.24
G632 gg_)gflm 113419 2050 [68.24 (3737
croup |38 |PBW 621 [33.00 |23.52|62.98 |40.32
v G39 |HD2967 [32.56 [21.36|6452 |41.45
Mean 33.13 2100 |59.22 |38.46
Genotypes= Genotypes=
156 1.751
LSD (0.05) Treatment= Treatment=
0.495 0.552

Figure 1: Effect of terminal heat stress on Dry-matter par-
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titioning at anthesis in selected wheat genotypes at timely and late sown conditions

50 - N partitioning in Timely Sown Genotypes at Anthesis B Bt W Sheny: Rhalf
q_u -
e 30 -
¢
£ 20 1
z
1]
E 10 ¢
(-5
u B S RS e ; .
Gl | 63 [ 64| 66| G7 | 69 |GI0IGI1 | G6l2 G613 GI4) GAe | GI7 G618 G2 1G22 | 631 G32 ] 638
fteaves| 211|375 |918 | 262|332 202 [ 290 26.3 [ 235 | 475|308 | 300|290 |as0]207 364|263 [ 202 |37.4] 227
iStem | 34.3|37.9 [34.8 | 323 39.8 42,0 |40.4 385|363 | 380 (453 | 323 |39.8 341|304 39.0 |41 | 336|352 | 281
(Chaff [48.7 | 286 |37.0 | 45.2 | 303|320 370|294 [ 333 | 190 | 289 | 33.6 | 25.0 | 27.4[34.4| 295 | 37.0 | 300 | 306 | 30.5
Genotypes
B0 - N Partitioning in Late Sown Genotypes at Anthesis
& ype B leaves W5tem W Chaff
50
40
=
&
o 30
z
E 0
<]
5
a 10
u - =a ' - T - ' - ' sm "' '"Tsm"Tsm'T BT EBET T BT s s B =mmv st =mt ==t
Gl | 63 64 | 66 | GF | 69 | 610 | G110 612 | 613 | 614 | 616 | 617 | G1E | G621 | GA2 | G363 G638 | G3Y
Leaves | 24.9 (328 | 29.5 | 245 (344 (273 [ 245 | 339 | 338 | 31.2 | 305 | 28.9 | 313 | 441 | 445 | 386 [ 32.2 (401 | 48.6 | 41.5
Stem | 350 (370 | 261|224 347 (312 302|343 358|356 331388 (418|339 316|411 393|419 242|327
Chafl | 43.7 (352 491|372 |36.9 |46.0 501 (361 | 354|378 [308 | 370 (318|274 282|251 331223 317 311

Figure 2: Effect of terminal heat stress on dry matter partitioning at maturity in wheat genotypes at timely and late sown
conditions
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Dry matter partitioning in late sown genotypes at Maturity
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