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ABSTRACT

Wheat (Triticum aestivum L.) a staple food crop, is of great commercial importance. Its production is restricted due to
multiple environmental stresses. The aim of this study was to investigate the effect of high temperature, drought and their
combination effect on biomass and yield in addition to the stress adaptive traits like canopy temperature (CT), chlorophyll
content (SPAD) and normalized difference vegetative index (NDVI). This study was conducted during winter season of
mid-November to April, 2015-16 and 2016-17 with eight selected wheat genotypes viz. AKAW-3717, C-306, DHTW-60,
HD-2967, HTW-11, Kundan, WH-730 and WH-1105. In control (irrigated) and drought-stressed experiments, genotypes
were sown at optimum planting date, while for heat-stressed experiment sowing date was delayed. Experiments were
conducted in randomized complete block design with five replications. Chlorophyll provide an assessment of leaf nitrogen,
an essential plant nutrient, due to the close relationship between leaf chlorophyll and leaf nitrogen. Combine effects of
these stress dramatically increased canopy temperature and reduced chlorophyll content and normalized difference
vegetation index in sensitive genotypes (WH-1105 and HD-2967) whereas in tolerant genotypes (DHTW-60 and C-306)
higher SPAD and NDV|I under drought and heat stress conditions was observed. Genotypes found tolerant against stress
has cooler canopy by maintaining the canopy temperature. The findings form this study showed that wheat genotypes
higher in SPAD and NDV1 aso had higher yield, DHTW-60 and C-306 could be used as genetic stock to develop wheat
tolerant varieties in breeding programs.
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INTRODUCTION physiological traits under individual and combine stress
High-throughput remote sensing phenotyping tools are a conditions (Reynolds et al. 2001; Zhao et al. 2007).
rapid and non-destructive methods to plant screening in Chlorophyll content, normalized difference vegetation
both field and controlled conditions for high temperature index (Reynolds et al. 1994; Fischer et al. 1998) and
and drought (White et al. 2012; Araus and Cairns, 2014) canopy temperature (Reynolds et al. 1994; Amani et al.
with important consequences for crop improvement. Three 1996) has also been used as a measure of stress tolerance
recent advanced and non-distractive commonly used traits (Mason et al. 2011). Chlorophyll content, normalized
for high-throughput screening are the normalized difference vegetation index and stay-green trait has also
difference vegetation index (NDVI), chlorophyll content been reported to be associated with heat and drought
index (SPAD) and canopy temperature (CT) (Hao et al. tolerance in wheat (; Feng et al. 2014; Cao et al. 2015).
2015). NDVI is calculated using wavelengths within the The visual observation of stay-green trait has been
NIR (near infrared) and VIS (visible) regions of the associated with maintenance of leaf chlorophyll and
electromagnetic  spectrum. NDVI relates to leaf photosynthetic capacity (Fokar et al. 1998). The
chlorophyll content, leaf nitrogen and ultimately the relationship between NDVI, SPAD and CT under stress
photosynthetic capacity of the plant (Tattaris et al. 2016). conditions and grain yield is well established (Singh et al.
CT, which is measured from emitted infra- red radiation, 2003; Quiring et al. 2010). High chlorophyll content,
can be used as a tool to indirectly evauate the cooler canopy temperature (CT) and maximum normalized
transpiration rate, water status and stomatal conductance difference vegetation index is associated with both drought
of a plant (Pefiuelas et al.1992) while NDVI can estimate and heat tolerance (Ramya et al. 2015: Munja and
relative crop biomass at different growth stages (Babar et Dhanda, 2016). The aim of present study was to screen the
al. 2006) as well as N deficiency and crop senescence rate wheat genotypes under independent and combined effects
(Olivares-villegas et al. 2007). of drought and high temperature on greenness of plant and
The heat and drought tolerance of wheat can be grain yield under timely, late and very late sown condition.
determined through evaluation of yield performance and
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MATERIALS & METHODS

Raising of crop

Two-year experiment was conducted during winter season
of mid-November to April, 2015-16 and 2016-17 with
eight selected wheat genotype. In control (irrigated) and
drought-stressed experiments (with pre-sowing irrigation
only), genotypes were sown at optimum planting date,
while for heat-stressed experiment sowing date was
delayed. Timely sowing was done on 17 November, 2015
& 13 November, 2016; late sowing on 14 December, 2015
& 16 December, 2016 and very late sowing 13 January,
2016 & 11 January, 2017. The experiment was conducted
in the field and laboratory of Wheat and Barley section,
Department of Genetics and Plant Breeding, College of
Agriculture, CCSHAU, Hisar.

Treatments detail: Drought was created by withholding
the irrigation at different stages (40 days after sowing
(DAS), 80 DAS, 40+80 DAS (Both at 40 and 80 days after
sowing) and for complete drought no irrigation was given
throughout the crop season).

Sampling: Five plants of each genotype were randomly
tagged for each treatment. Data for NDVI, CCl and CT
traits were recorded at anthesis and 21 days after anthesis.
Grain yield data were recorded at maturity.

Normalized difference vegetation index (NDVI): NDVI
was recorded using optical handheld Instrument Green
Seeker™ sensor (Trimble industries, Inc.).

Chlorophyll content index (SPAD): Mean chlorophyll of
five tagged plants flag leaves were determined by a
SPAD-502 chlorophyll meter (Konica Minolta Sensing,
Osaka, Japan).

Canopy temperature (CT): CT was measured during
12.00 and 14.00 h with hand-held infrared thermometer
Sixth Sense LT300 IRT and five readings for each plot
were averaged to get true representative val ues.

Yield: Grain yield was recorded after harvesting and
thrashing the plot. The thrashed grains were cleaned and
yield was recorded in gram.

RESULTS & DISCUSSION

Normalized difference vegetation index (NDVI): NDVI
indicate the nitrogen availability, ultimately the
photosynthetic capacity of plant. All tolerant and
susceptible genotypes showed higher NDVI in timely
sown irrigated environments as compare to late and very
late drought condition (Fig. 1). Almost of al genotype
shows reduction in normalized difference vegetation index
at onset of stress whereas, genotype DHTW- 60 and C-306
shows maximum normalized difference vegetation index,
followed by HTW-11. Mean normalized difference
vegetation index value was 0.84 in timely sown, 0.72 in
late sown and 0.69 in very late sown in irrigated condition
at anthesis. Combine effects of drought and heat showed
mean normalized difference vegetation index value at 21
days after anthesis was 0.49 in irrigated environment
(timely sown), 0.39 (late sown) and 0.24 in (very late
sown). Our results are documented with Cao et al. 2015
and Ramya et al. 2016 they found similar result and shows
a significant variation between the cultivars for NDVI.
NDVI is usualy associated with the plant biomass
production and yield performance (Govaerts et al. 2007).
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Chlorophyll content index (SPAD)

Maintaining high leaf chlorophyll content is considered a
desirable trait as it indicates a low degree of photo
inhibition of the photosynthetic apparatus at high
temperatures (Ristic et al. 2007; Talebi 2011). Increasing
the time and level of stress show reduction in chlorophyll
content whereas, genotype DHTW-60, C-306 and HTW-
11 was maintaining chlorophyll content at late and very
late sown irrigated as well as drought environment. At
anthesis (Table 1a) mean chlorophyll content index value
was 38.9 inirrigated environment (timely sown), 25.7 (late
sown) and 24.0 in (very late sown), combine effects of
drought and heat showed mean chlorophyll content index
value 24.6 in irrigated environment (timely sown), 17.5
(late sown) and 16.4 plants whereas at 21 days after
anthesis (Table 1b) mean chlorophyll content index value
was 27.6 in irrigated environment (timely sown), 23.9 (late
sown) and 20.4 in (very late sown), combine effects of
drought and heat showed mean chlorophyll content index
value 20.4 in irrigated environment (timely sown), 17.4
(late sown) and 10.3 (very late sown). Under drought and
heat stress condition, chlorophyll content index declined
significantly in the present study that was augmented by
Fokar et al. 1998 and Cao et al. 2015.

Canopy temperature (CT)

A cooler CT has been reported to be an important trait
associated with grain yield under hot and dry conditions
(Kumari et al. 2013; Reynolds et al. 1994). Canopy
temperature at 21 days after anthesis was higher than at
anthesis. DHTW-60, C-306 and HTW-11 maintained
cooler canopy in al three treatment environments
(Irrigated, D40, D80, D40+80 and Drought). Drought
stress at anthesis (Table 2 a,b,c) showed mean canopy
temperature (°C) 16.0 in irrigated environment (timely
sown), 20.0 (late sown) and 26.2 MPa in (very late sown
environment), combine effects of drought and heat showed
mean canopy temperature (°C) 20.2 in irrigated
environment (timely sown), 23.9 (late sown) and 31.0 in
whereas at 21 days after anthesis (Table 2 ab,c) mean
canopy temperature (°C) 24.6 in irrigated environment
(timely sown), 27.3 (late sown) and 28.8 in (very late
sown). Combine effects of drought and heat showed mean
canopy temperature (°C) 29.5 in irrigated environment
(timely sown), 33.3 (late sown) and 35.0 in very late sown.
Similar results have been reported by Fotovat et al. (2007)
and Hirayama et al. (2006). As reported by Mondal et al.
(2013) CT is a result of complex interaction between
environment and several traits, it may not show
associations under all environmental conditions.

Yield per plot (g)

Combine effect of drought and high temperature showed
greater reduction in yield per plot in both susceptible and
tolerant genotype whereas, overall average mean grain
yield per plot was higher in DHTW-60 and C-306
followed by HTW-11 (Table 3). Interaction of genotype
and treatments resulted in significant decrease of grain
yield per plot, however maximum decline was observed at
drought 40+80 days after sowing and complete drought in
late and very late sown condition.
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TABLE 1 (a): Chlorophyll contents (SPAD) in wheat genotypes at anthesis under timely, late and very late sown conditions

Anthesis Timely Sown Late Sown Very Late Sown
Treatments Treatments Treatments
Control D80 D40 D40+80 Drought Mean(G) Control D80 D40 D40+80 Drought Mean(G) Control D80 D40 D40+80 Drought Mean (G)
AKAW 3717 352 334 330 289 23.6 30.8 223 187 209 154 145 184 238 213 204 173 143 194
C-306 458 435 409 382 324 40.2 30.3 284 250 227 231 259 284 264 255 241 231 255
DHTW-60 51.7 470 453 424 34.4 44.2 322 30,7 290 280 26.9 29.3 29.1 2716 270 256 25.0 26.9
HD-2967 35.6 351 334 284 26.9 319 24.0 237 213 159 133 19.6 23.6 215 202 193 16.9 20.3
HTW-11 42.1 414 374 3H5 26.5 36.6 26.7 226 222 202 198 22.3 26.0 24.0 219 183 15.0 210
KUNDAN 34.2 321 265 241 17.2 26.8 213 203 196 165 142 184 225 20.9 161 120 114 16.6
WH-730 29.2 2718 256 231 15.1 24.1 21.0 184 180 152 11.8 16.9 17.0 15.9 116 102 97 12.9
WH-1105 371 286 260 246 204 27.3 24.1 238 217 175 16.3 20.7 229 216 220 206 16.2 20.7
Mean (T) 38.9 361 335 306 24.6 32.7 25.2 233 222 189 175 24.2 224 206 184 16.4
Treatment (T) = 1.51 _ Treatment (T) =0.73 _ Treatment (T) = 0.64 _
COAS  Genotype (G)= 1.91 T™xG=0.14 Genotype (G)= 0.92 TxG=2.07 Genotype (G)= 0.81 T™XG=185
Control- Irrigated, D40- Drought at 40 days after sowing (DAS), D80- Drought at 80 DAS, D40+80- Drought at 40+80 DAS, Drought- Complete drought, T- Treatments and G- Genotype
TABLE 1 (b): Chlorophyll contents (SPAD) in wheat genotypes at 21 days after anthesis under timely, late and very late sown conditions
Timely Sown Late Sown Very Late Sown
21 DAA Treatments Treatments Treatments
Control D80 D40 D40+80 Drought Mean(G) Control D80 D40 D40+80 Drought Mean(G) Control D80 D40 D40+80 Drought Mean (G)

AKAW 3717 265 238 220 204 18.6 223 245 233 169 126 11.8 17.8 204 190 176 10.3 95 154

C-306 318 306 268 255 233 27.6 279 254  26.0 218 212 245 26.7 204 188 149 140 19.0

DHTW-60 343 327 296 281 27.6 30.5 32.7 289 298 274 25.8 28.9 27.3 252 221 191 189 225

HD-2967 26.6 260 242 207 18.7 23.2 225 192 211 19.9 179 20.1 20.2 175 142 87 9.4 14.0

HTW-11 29.7 278 265 239 21 26.0 259 228 249 217 20.7 232 21.8 185 178 82 87 15.0

KUNDAN 22.6 19.7 186 209 19.1 20.2 19.8 162 17.0 15.6 14.0 16.5 184 143 104 76 8.6 119

WH-730 20.7 173 163 16.6 155 17.3 16.7 13.0 142 12.7 115 13.6 124 101 82 51 43 8.0

WH-1105 28.7 264 228 191 18.1 230 235 21.7 208 16.0 149 194 16.2 122 91 9.1 87 11

Mean (T) 27.6 256 233 219 204 238 24.7 224 218 18.7 174 204 172 148 104 10.3

CD a 5% Treatment (T) = 0.81 TXG=2.29 Treatment (T) = 0.17 TXG=050 Treatment (T) = 0.11 TXG=0.38

Genotype (G)= 1.02 Genotype (G)=0.22 Genotype (G)=0.15
Control- Irrigated, D40- Drought at 40 days after sowing (DAS), D80- Drought at 80 DAS, D40+80- Drought a 40+80 DAS, Drought- Complete drought, T- Treatments and G- Genotype
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TABLE 2(a): Canopy temperature in wheat genotypes under timely sown conditions

Anthesis 21 Days after anthesis
Treatments Treatments
Control D80 D40 D40+80 Drought Mean(G) Control D80 D40 D40+80 Drought Mean (G)
AKAW 3717 165 187 171 186 223 18.6 26.0 282 2711 292 321 285
C-306 15.6 172 167 180 19.2 17.3 237 259 249 267 28.1 259
DHTW-60 15.2 17.2 16.6 17.9 18.8 171 22.7 255 24.6 26.4 27.3 25.3
HD-2967 16.2 180 170 182 208 18.0 253 215 263 285 30.1 215
HTW-11 15.8 173 168 180 195 175 243 262 253 276 28.6 26.4
KUNDAN 16.3 185 170 184 212 18.3 256 280 265 288 30.9 28.0
WH-730 16.0 176 168 181 19.8 17.7 245 265 257 278 29.0 26.7
WH-1105 16.1 178 169 182 204 17.9 249 213 261 282 29.6 212
Mean (T) 16.0 178 168 182 20.2 246 269 258 279 29.5
CD & 5% Treatment (T) = 0.004 TxG= 0012 Treatment (T) = 0.12 T%G=0.17

Genotype (G)= 0.005

Genotype (G)=0.15

" Control- Irrigated, D40- Drought at 40 days after sowing (DAS), D80- Drought at 80 DAS, D40+80- Drought at 40+80 DAS, Drought-
Complete drought, T- Treatments and G- Genotype

TABLE 2(b): Canopy temperature in wheat genotypes under late sown conditions

Anthesis 21 Days after anthesis
Treatments Treatments
Control D80 D40 D40+80 Drought Mean(G) Control D80 D40 D40+80 Drought Mean (G)
AKAW 3717 21.6 24.0 22.8 24.8 26.7 24.0 29.6 339 31.6 35.7 32.8 32.7
C-306 18.9 205 196 211 22.7 20.6 26.0 291 274 30.0 315 2838
DHTW-60 18.6 199 191 20.7 214 19.9 251 288 271 29.9 317 285
HD-2967 20.7 231 217 23.7 245 227 280 324 301 334 330 314
HTW-11 194 21.0 20.2 22.6 23.2 21.3 26.6 29.7 284 30.2 331 29.6
KUNDAN 21.0 238 220 24.2 253 233 287 330 306 34.6 342 322
WH-730 19.7 215 208 229 236 217 271 304 286 315 349 305
WH-1105 20.2 27 214 234 24.1 224 273 317 292 323 353 312
Mean (T) 20.0 21 210 22.9 239 273 311 291 322 333
CD at 5% Treatment (T)=0.008 TxG= 0,023 Treatment (T)= 0.006 TxG=0.017

Genotype (G)=0.010

Genotype (G)= 0.008

" Control- Irrigated, D40- Drought at 40 days after sowing (DAS), D80- Drought at 80 DAS, D40+80- Drought at 40+80 DAS, Drought-
Complete drought, T- Treatments and G- Genotype

TABLE 2(c): Canopy temperature in wheat genotypes under very late sown conditions

Anthesis 21 Days after anthesis
Treatments Treatments
Control D80 D40 D40+80 Drought Mean(G) Control D80 D40 D40+80 Drought Mean(G)
AKAW 3717 271 295 283 304 30.8 29.2 29.9 318 307 332 345 320
C-306 253 285 273 296 30.7 283 28.1 311 301 324 335 310
DHTW-60 238 284 272 296 30.6 279 26.2 311 300 322 34.0 30.7
HD-2967 26.8 203 278 301 31.0 290 294 315 306 330 350 319
HTW-11 26.3 287 2715 298 30.9 286 2838 313 302 325 34.6 315
KUNDAN 27.0 294 281 302 313 29.2 29.7 3L7 307 331 35.8 322
WH-730 265 289 276 299 313 2838 29.1 313 303 325 358 318
WH-1105 26.7 292 277 300 317 29.0 29.2 314 304 326 36.8 321
Mean (T) 26.2 290 277 300 31.0 28.8 314 304 327 35.0
CD a 5% Treatment (T) = 0.009 TxG= 0021 Treatment (T) = 0.006 T%G=0.16

Genotype (G)=0.011

Genotype (G)= 0.008

" Control- Irrigated, D40- Drought at 40 days after sowing (DAS), D80- Drought at 80 DAS, D40+80- Drought at 40+80 DAS, Drought-
Complete drought, T- Treatments and G- Genotype

A greater decline in grain yield per plot was observed in
AKAW-3717 followed by HD-2967, due to interactive
effects of combine stresses than DHTW-60 in relation to
control in all environment.

Our results are in agreement with those of Hao et al. 2015;
Ramya et al. 2015; Munjal and Dhanda, 2016 and Tattaris
et al. 2016 who found normalized difference vegetation
index, canopy temperature and chlorophyll content are
strongly associated with biomass and yield under normal
as well as stress condition. Stress tolerant (drought and
heat) varieties were able to maintain higher NDVI.
Various studies have shown that the ability of plants to
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maintain leaf chlorophyll content under high temperatures
and drought stress is associated with grain yield and yield
components (Ali et al. 2010; Yang et al. 2002).

The combined effect of high temperature and drought is
more destructive than individua stress alone. DHTW-60,
C-306 and HTW-11 genotypes could be used as genetic
stock to developed wheat tolerant varieties in breeding
programme and NDV | can be used as selection criteria for
high yielding wheat genotype under combine stress
environments.
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TABLE 3: Grain yield per plot (g) in wheat genotypes under timely, late and very late sown conditions

Timely Sown Late Sown Very Late Sown
Genotype/ Treatments Treatments Treatments
Control D40 D80 D40+80 Drought Mean(G) Control D40 D80 D40+80 Drought Mean(G) Control D40 D80 D40+80 Drought Mean (G)
AKAW 3717  867.0 644.7 7200 552.7 261.3 609.1 569.0 4260 4953 359.3 185.0 406.9 328.7 180.3 259.7 473 A7 170.1
C-306 1067.7 693 8163 6287 404.0 722.6 7040 4860 5533 4170 3333 498.7 524.7 2470 3180 1103 88.7 2571.7
DHTW-60 12373 7060 8300 6387 448.0 772.0 7960 4920 559.0 4253 353.7 525.2 534.0 249.7 3243 1180 95.3 264.3
HD-2967 912.3 666.3 747.7  565.0 2733 632.9 586.3 4437 5150 389.3 247.3 436.3 347.7 2037 2787 717 54.7 1913
HTW-11 945.3 6880 7937 6017 367.3 679.2 6520 4777 5363 4113 325.0 480.5 494.3 2313 3170 99.0 80.0 244.3
KUNDAN 880.7 6470 736.7  563.7 220.7 609.7 577.7 4373 4987 3727 196.7 416.6 333.7 1980 2733 593 457 182.0
WH-730 926.0 679.3 7850  586.0 361.3 667.5 6320 4630 5303 407.0 276.7 461.8 453.0 2223 3017 913 65.0 226.7
WH-1105 924.0 676.7 766.7  573.7 370.3 662.3 601.7 4503 5223 3983 272.7 449.1 358.7 2100 2923 803 62.0 200.7
Mean (T) 970.0 6755 7745 5888 338.3 6398 4595 5263 3975 2738 4218 2178 2956 847 65.8
Treatment (T) = 10.00 _ Treatment (T) = 6.90 _ Treatment (T) = 3.89 _
CD at 5% Genotype (G)= 12.65 TxG=28.29 Genotype (G)= 8.73 TxG=19.52 Genotype (G)= 4.92 TxG=10.99

Control- Irrigated, D40- Drought at 40 days after sowing (DAS), D80- Drought at 80 DAS, D40+80- Drought at 40+80 DAS, Drought- Complete drought, T- Treatments and G- Genotype
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Control- Irrigated, D40- Drought at 40 days after sowing (DAS), D80- Drought at 80 DAS, D40+80- Drought at 40+80 DAS and
Drought- Complete drought
FIGURE 1: Normalized difference vegetation index (NDV1) in wheat genotypes at anthesis and 21 days after anthesis
under timely, late and very late sown conditions
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