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Abstract 
In this study six wheat genotypes, UK spring wheat cultivars  Cadenza, Paragon and Xi19 and 

three synthetic-derived wheat (L-22, L-24, L-38) were grown in a growth room under well watered 
and drought conditions to evaluate and compare the chlorophyll fluorescence (quantum yield) and 
leaf characteristics amongst the wheat genotypes.  There were minimum variations in quantum 
yield among genotypes in well watered and drought conditions during initial stages; drought 
decreased the quantum yield compared to well watered plants. Drought adversely affected the 
green leaf characteristics of main-shoot like green leaf number and green leaf area, specific leaf 
area and leaf weight ratio. The synthetic-derived wheat, L-22 and L-24, showed better 
performance than the UK spring wheat cultivars in most of the characteristics. 
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Introduction 
 
Water availability is one of the most important 

limiting factors in agriculture worldwide particularly 
in arid and semiarid regions (Wallac, 2000). Wheat 
(Triticum aestivum L.) is produced under diverse 
environmental conditions ranging from well irrigated 
to water stress situations, and wheat yield is reduced 
by 50-90% of their irrigated potential by drought on 
at least 60 M ha in the developing world (Skovmand 
et al., 2001).  It is estimated that 50% of the 
approximately 230 M ha of wheat annually in the 
world is regularly affected by drought (Pfeiffer et al., 
2005). Drought induces decreases in leaf water 
content and increases stomatal closure, hence 
decreases the supply of CO2 to messophyll tissue and 
the rate of photosynthesis. Drought operates the water 
cycle and increase photorespiration. 

The ultimate driver of wheat yield is photo- 
synthesis. It is a highly complex process but 

becoming one of the main targets to improve wheat 
yield. Fluorescence spectroscopy can be used to 
obtain data on photosynthetic competence. 
Although only about 1% of the light falling on the 
plant results in the re-emission of light as 
fluorescence, this is sufficient to measure 
photosynthesis responses. The most easily 
measured fluorescence parameter is φPSII, the 
quantum yield of PSII activity in the light which 
can be used to calculate in situ rates of 
photosynthetic electron transport, a key parameter 
in photosynthetic productivity (Baker and 
Rosenqvist, 2004). A better understanding on 
chlorophyll fluorescence and associated green leaf 
characteristics are therefore important. Therefore, 
the present study was undertaken to observe the 
quantum yield and green leaf characteristics of the 
main shoot of wheat genotypes under well watered 
and water limited drought conditions. 
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Materials and Methods 
 
Growing Conditions and Experimental Design 

The experiment was conducted in a controlled 
growth room at the school of Biosciences, 
University of Nottingham, UK during October-
December, 2012. Six wheat genotypes (three UK 
spring wheat cultivars, Cadenza, Paragon and Xi19 
and three synthetic derived wheat L22, L24, and 
L38 were used as seed materials. The synthetic 
derivatives were BC1S4 lines in a Paragon 
background. The experiment used a completely 
randomised split block design with water regimes 
randomised on main blocks and genotypes 
randomised on sub-blocks. There were three 
replications. Seeds of genotypes were germinated 
in small plastic modules filled with John Innes 
Compost 1 in the growth room at 20oC temperature 
and a 14 h light period.  After two weeks, four 
seedlings were transferred to each of 5 l plastic pots 
of 23 cm diameter filled with John Innes Compost 
2. In the growth room, 20oC temperature and a 14 h 
light period were maintained. Soil moisture content 
of all 36 pots was kept at field capacity until 40 
days after sowing (DAS) to allow a good plant 
development. After 40 DAS two water regimes 
were applied through gravimetric analysis of pot 
soil water content: well watered (WW, the pots 
were watered to maintained 30% soil water 
content) and water limited drought condition (WL, 
pots were watered to maintain 10% soil water 
content) (Figure 1).   

 

Plant Measurements 
For determining quantum yield a hand held 

chlorophyll fluorometer (Fluorpen FP 100, Photon 
Systems Instruments, Czech Republic) was used. 
The readings were taken nine times at 20, 25, 30, 
35, 40, 45, 50, 55 and 60 DAS on the newest fully 
expanded leaves of main shoot. Green leaf number 
(leaf counted as emerged when ligule visible) of 
main stem was counted four times at 45, 50, 55 and 
60 DAS.  

At the end of the experiment (60 DAS) green 
leaf area (GLA) was measured by a leaf area meter 
(LI-3100 Area Meter, USA). Specific leaf lamina 
area (SLA) of the main shoot was calculated as the 
ratio of green leaf area to green leaf dry weight of 
main shoot. Leaf weight ratio (LWR) of main shoot 
was determined as the ratio of green leaf weight to 
the dry weight of main stem. The dried portion of a 
leaf lamina was separated which was not used in 
measuring green leaf area. Above-ground dry 
matter per plant (TDM) was determined at 60 DAS 
after drying the plant material for 48 h at 85oC. 

 
Statistical Analysis 

Data were analysed using GenStat 15th edition 
statistically package for windows (Laws 
Agricultural Trust, Rothamsted Experimental 
Station). Treatment means were compared using 
least significance (LSD) calculated from standard 
errors of the difference of the means using 
appropriate degrees of freedom when ANOVA 
indicated significant differences.  

0.275

0.346

0.255

0.299 0.296

0.27

0.102

0.131

0.088

0.112
0.122

0.099

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Cadenza NIAB-22 NIAB-24 NIAB-38 Paragon Xi-19

S
o

il 
m

o
is

tu
re

 c
o

n
te

n
t

Wheat genotypes

WL

  
 

Figure 1 Average soil moisture content (%) from 40-60 DAS of six wheat genotypes at well watered (WW) and 
water limited drought (WL) conditions. 
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Results 
 
Chlorophyll Fluorescence: Quantum Yield   

The quantum yield of photosynthesis is a 
definitive measure of the energetic efficiency of 
photoautotrophy. Quantum yield data were 
recorded nine times at 20, 25, 30, 35, 40, 45, 50, 55 
60 days after sowing (DAS). Up to 40 DAS there 
was no drought imposed in the unirrigated 
treatment. Results showed that there were minimum 
variations among the wheat genotypes up to 40 
DAS (Table 1). The range of quantum yield was 
0.71-0.77. After drought was imposed, quantum 
yield was significantly reduced compared to well 
watered conditions at 55 and 60 DAS (p<0.01). The 
interaction effect of genotypes and water regimes 
on QY were not significant. But the main effect of 
genotype was significant at 20, 25, 35, 45 and 55 
DAS. On these four assessment dates L22 generally 
showed the highest value for QY particularly 
compared to Paragon. Averaging over all 
assessment dates, L22 showed enhanced higher QY 
(0.746) compared to other genotypes in the range 
0.729-0.737 

 
Green Leaf Number per Main Shoot  

Emerged leaf number per main shoot was 
counted at 45, 50, 55 and 60 DAS. The interaction 
of water regime and irrigation was significant at 55 
DAS (Table 2), with Xi19 maintaining green leaf 
number under drought better than L38 (P< 0.05). 
The main effect of water regimes and genotype 
were significant at 45, 55 DAS and 60 DAS, 
respectively. At 60 DAS drought reduced leaf 
number from 4.3 to 3.6, and overall Xi19 had more 
emerged leaves per main shoot (5.0) than other 
genotypes in the range 3.0-4.6. 

 
Green Leaf Area (GLA) per Main Shoot   

Green leaf area per main shoot was measured at 
60 DAS (Table 2). Drought overall reduced GLA 
from 171 to 130 cm2 shoot-1 (P<0.01). Averaging 
over irrigation treatments, GLA ranged from 171 
(L22) to 139 cm2 shoot-1 (P<0.01), but the 
genotypes did not response differently to drought. 

 
Specific Leaf Area (SLA) per Main Shoot  

Results showed that the interaction effect of 
genotypes and water regimes on SLA was not 

significant; the main effect of genotypes and water 
regimes were also insignificant. But there were 
variations in SLA among six genotypes and drought 
reduced the specific leaf area of main stem of all 
genotypes with exception in Xi-19 genotype. At 
well watered condition genotype NIAB-38 had the 
highest SLA followed by Cadenza.  

 
Leaf Weight Ratio (LWR)  

Results showed that the interaction effect of 
water regimes and genotypes for leaf weight ratio, 
was significant although the main effect of 
genotypes and water regimes were not significant 
(Table 2). Cadenza and L24 increased LWR in 
response to drought by 42 and 27%, respectively, 
whereas other genotypes showed either small 
decreases or in increases lamina partitioning in the 
range -10 to +3%. 

 
Discussion 

 
The main objectives in the present study was to 

evaluate the genetic variations among six genotypes 
in quantum yield and main-shoot green leaf 
characteristics at drought condition compared to 
well watered condition. Chlorophyll fluorescence 
measurements provide an indirect estimation of the 
maximum rate of photosystem II. In the present 
study, wheat genotypes showed variation in 
quantum yield, with a synthetic-derived lines, L22, 
consistently showing higher values compared to 
other genotypes. Small variation in quantum yield 
was observed by Skillman (2008) in QY in C4 
plant. He expressed the quantum yield as a measure 
of the efficiency with which absorbed light 
produces a particular effect. Quantum yield for any 
light dependent process is the rate of which that 
defined event occurs relative to the rate of photon 
absorption by the system. 

For green leaf number, initially there was less 
drought effect and genotypic variation compared to 
later stages. Drought significantly reduced the GLA 
and there was variation among genotypes in ability 
to maintain GLA under drought, with Paragon 
maintaining green less well compared to other 
genotypes. Similar results were obtained by Anyia 
and Herzog (2004) who found drought reduced 
green leaf area with considerable variations in GLA 
among different genotypes in cowpea. There were  
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Table 1 Quantum yield of six wheat genotypes under well watered (WW) and water limited drought (WL) conditions. 
 

Treatment 

Quantum yield 

20 
DAS 

25 
DAS 

30 
DAS 

35 
DAS 

40 
DAS 

45 
DAS 

50 
DAS 

55 
DAS 

60 
DAS 

Genotype Cadenza 0.74 0.76 0.73 0.74 0.72 0.72 0.72 0.73 0.73 
 L-22 0.75 0.76 0.75 0.74 0.75 0.74 0.73 0.74 0.73 
 L-24 0.72 0.75 0.74 0.73 0.73 0.71 0.73 0.73 0.74 
 L-38 0.75 0.73 0.73 0.71 0.74 0.71 0.73 0.74 0.73 
 Paragon 0.72 0.73 0.73 0.73 0.73 0.72 0.73 0.73 0.71 
 Xi 19 0.73 0.74 0.74 0.75 0.73 0.71 0.73 0.75 0.73 

Water regime WW 0.74 0.74 0.74 0.73 0.74 0.72 0.73 0.75 0.75 
 WL 0.74 0.74 0.74 0.74 0.74 0.71 0.72 0.72 0.73 

Genotype×Water regime          
Cadenza WW 0.75 0.77 0.75 0.73 0.73 0.73 0.72 0.73 0.75 

WL 0.73 0.75 0.72 0.74 0.75 0.72 0.72 0.72 0.72 
L-22 WW 0.74 0.75 0.75 0.74 0.75 0.75 0.72 0.77 0.76 

WL 0.76 0.77 0.75 0.74 0.75 0.73 0.75 0.71 0.75 
L-24 WW 0.72 0.76 0.74 0.72 0.72 0.72 0.74 0.74 0.75 

WL 0.73 0.75 0.75 0.75 0.74 0.70 0.72 0.72 0.73 
L-38 WW 0.75 0.75 0.73 0.71 0.76 0.71 0.75 0.75 0.74 

WL 0.76 0.71 0.74 0.71 0.73 0.72 0.71 0.73 0.72 
Paragon WW 0.72 0.73 0.73 0.73 0.74 0.72 0.73 0.75 0.73 

WL 0.73 0.74 0.73 0.74 0.73 0.73 0.73 0.71 0.70 
Xi 19 WW 0.73 0.75 0.72 0.74 0.72 0.71 0.73 0.77 0.74 

WL 0.74 0.74 0.76 0.76 0.75 0.71 0.73 0.74 0.73 

Source of variation (SV) df          
Genotype (Gen) 5 NS ** NS * NS ** NS ** NS 
Water regime (WR) 1 NS NS NS * NS NS NS ** ** 
Gen ×WR 5 NS * NS NS NS NS NS NS NS 
LSD (Gen)  - 0.012 - .019 - .012 - .015 - 
LSD (WR)   - - - .011 - - - .009 .013 
LSD (Gen×WR)  - .031 - - - - - - - 
CV (%)  2.6 2.5 2.5 2.2 2.5 2.4 2.9 1.7 2.7 
SE(±)  .019 .018 .018 .016 .018 .017 .021 .012 .02 

*,** Significant at the 0.05 and 0.01 probability level, respectively; NS Not significant. 

 

 
considerable variations in specific leaf area of main 
stem among genotypes and drought reduced the 
SLA in all genotypes with an exception in Xi-19, 
where drought increased the SLA compared to well 
watered condition. These results corroborate the 
findings of Van Den Boogaard et al. (1997) and 
Anyia and Herzog (2004). They found that drought 
reduced SLA. But in few exception varieties,   they 
found drought increased specific leaf area 
compared to well watered conditions. They also 
found considerable variations in SLA among 
different genotypes under drought and well watered 
conditions. For  leaf weight ratio of main stem out 

of six genotypes drought  reduced LWR for three 
genotypes (L-38, Paragon and Xi-19) and rest three 
genotypes (Cadenza, L-22 and L-24) had a similar 
LWR value compared to well water condition. Such 
results were partially similar to Van Den Boogaard 
et al. (1997). They also found reduced leaf weight 
ratio in wheat genotypes under drought condition. 

Finally, it might be concluded that genotypic 
variations in quantum yield and green leaf 
characteristics were evident amongst six wheat 
genotypes under drought and well watered 
conditions. Drought adversely affected most of the 
characters. The synthetic genotypes L22 exhibited 
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Table 2 Green leaf characteristics of six wheat genotypes under well watered (WW) and water limited drought (WL) 
conditions. 
 

Treatment 
Main stem green leaf number 

GLA  
(cm2 shoot-1)  

SLA  
(cm2 g-1)  

LWR  
(g g-1) 

45 DAS 50 DAS 55 DAS 60 DAS 60 DAS 60 DAS 60 DAS 

Genotype Cadenza 3.16 3.67 4.16 3.83 139.15 340 0.488 
 L-22 3.33 3.83 4.33 4.16 170.55 286.05 0.544 
 L-24 3.50 3.83 3.83 3.66 140.1 3.12.05 0.461 
 L-38 3.66 4.33 4.33 3.83 138.75 342.05 0.537 
 Paragon 3.00 3.66 4.33 3.83 168.6 298.9 0.504 
 Xi 19 3.00 4.00 5.00 4.33 144.7 357.4 0.522 

Water regime        
 WW 3.39 3.95 4.61 4.28 170.93 324.28 0.496 
 WL 3.16 3.83 4.05 3.60 129.68 321.46 0.523 

Genotype×Water regime       

Cadenza WW 3.33 3.67 4.33 4.00 152.0 353.4 0.400 

WL 3.00 3.67 4.00 3.66 126.3 326.6 0.577 
NIAB-22 WW 3.33 3.67 4.66 4.33 193.3 301.6 0.536 

WL 3.33 4.00 4.00 4.00     147.8 272.1 0.553 
NIAB-24 WW 3.67 4.00 4.00 4.00 156.1 313.2 0.403 

WL 3.33 3.67 3.67 3.33 124.1 310.9 0.519 
NIAB-38 WW 4.00 4.33 5.00 4.33 151.8 354.4 0.569 

WL 3.33 4.33 3.66 3.33 125.7 329.7 0.505 
Paragon WW 3.00 4.00 4.66 4.33 208.0 303.6 0.517 

WL 3.00 3.33 4.00 3.33 129.2 294.2 0.491 
Xi 19 WW 3.00 4.00 5.00 4.67 164.4 319.5 0.551 

WL 3.00 4.00 5.00 4.00 125.0 395.3 0.494 

ANOVA         
SV df        
Genotype (Gen) 5 * NS ** NS ** NS NS 
Water regime (WR) 1 NS NS NS ** ** NS NS 
Gen ×WR 5 NS NS ** NS NS NS * 
LSD (Gen)  0.48 - 0.56 - 22.17 - - 
LSD (WR)   - - - 0.324 12.80 - - 
LSD (Gen×WR)  - - 0.79 - - - 0.128 
CV (%)  12.5 13.6 12.1 12.0 12.4 15.3 14.9 
SE(±)  0.408 0.527 0.391 0.471 18.6 49.37 0.076 

*,** Significant at the 0.05 and 0.01 probability level, respectively; NS Not significant. 

 

 
better performance in quantum yield and green leaf 
area indicative of early vigour than other 
genotypes. These attributes were expressed both 
under well watered and drought conditions. To 
select or develop drought tolerant genotypes 
emphases should be given on these characters and 
the present results also suggest that the synthetic 
derived wheat of the study may be regarded as 
better genotypes in relation to drought tolerance. 
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