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ABSTRACT:  16 Barley (Hordeum vulgare) genotypes, namely G30, G54, G65, G74, G77, G83, G94, 

G98, G116, G119, G126, G127, G142, G144, G154 and G169, were subjected to adequate irrigation 

during their growing season and to drought only during spike development stage, to create new equations 

through regression for rapid leaf bulk density estimation in field. The obtained equations were as below:   

Leaf bulk density (g.cm3) = -6.567+17.25 (base leaf width)–13.36(base leaf width)2+3.34(base leaf width)3, 
Leaf bulk density (g.cm3) = 0.7372-0.09036 (mid leaf width), Leaf bulk density (g.cm3)=1.2-0.05215(leaf 
L*W)+0.00147(leaf L*W)2-0.000013(leaf L*W)3, Leaf bulk density (g.cm3)=1.2-0.1043 (leaf 
L*0.5W)+0.005878(leaf L*0.5W)2-0.00013(leaf L*0.5W)3, Leaf bulk density (g.cm3) = 0.9709-0.0252 (leaf 
L)+0.000447 (leaf L)2, Leaf bulk density (g.cm3) = 0.5135+0.0049 (L/W). Triangle (L*0.5 mid W) was the 
most accurate method for estimating leaf bulk density of irrigated barley. While, rectangle (L*mid W) was 
the most precise method for droughted barley. Mid W, method was preferred for G54, G77, G83, G116 
and G144. L: W method was the most accurate for G65, G74, G119, G127, and G142. Rectangle was the 
accurate for G94, G98, G154, and G169. Triangle method was the best forG126 and L method for G30. 
Each individual investigated irrigated and droughted genotype was mentioned its suitable estimation 
method. 
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INTRODUCTION 
 

 Leaf bulk density is an significance indicator for the air spaces within mesophyll intercellular spaces that facilitate 

the air conductance arround mesophyll cells to increase Co2 fixation. Additionally, higher air spaces within mesophyll 

cells enable leaf to detain higher CO2 volume for the benifit of sustaining fixation for longer time. The specific gravity, 

which is the same number, but unitless, as density in standard conditions and metric system, of the non-gaseous 

fraction in leaves should be in the range of 1–113. The variation in fractional air space could be responsible for the 

variation observed in the data (Roderick , 1999). The volume fraction occupied by gaseous spaces within a leaf must 

generally co-vary with the volume fraction occupied by the cell wall matrix i.e. the structure (Hughes , 1970). 

Mesophyll conductance (gm) was most strongly correlated with chloroplast exposed surface to leaf area ratio (Sc/S) 

and cell wall thickness (Tcw), but, depending on foliage structure, the overall importance of gm in constraining 

photosynthesis and the importance of different anatomical traits in the restriction of CO2 diffusion varied. In species 

with mesophytic leaves, membrane permeabilities and cytosol and stromal conductance dominated the variation in 

gm. However, in species with sclerophytic leaves, gm was mostly limited by Tcw. These results demonstrate the major 
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role of anatomy in constraining mesophyll diffusion conductance and, consequently, in determining the variability in 

photosynthetic capacity among species (Tomas, 2013). 

   At the leaf level, two components of mesophyll area (MA) leaf thickness and density have been proposed to 
exert opposite effects on setting the maximum gm, with increases in thickness increasing gm and increases in density 
reducing it (Niinemets , 2009b, Hassiotou , 2010). Inside leaves, the CO2 diffusion pathway consists of two phases, 
an intercellular gas phase and a cellular liquid phase, the latter consisting of aqueous and lipid components 
(Niinemets and Reichstein, 2003b; Evans , 2009). The gas phase pathway through intercellular air spaces is 
assumed to have a smaller effect on the overall diffusion limitations than the components of the liquid phase (Evans 
, 2009). This was confirmed in several studies comparing CO2 diffusion in air and helox air where helium replaces 
nitrogen to increase diffusivity—showing that the diffusion in the intercellular gas phase had little effect on 
photosynthesis (Parkhurst and Mott, 1990). 
   The accuracy of the predictions is dependent on the variation of leaf shape between cultivars. Because leaf 
shape (length:width ratio) may vary among different genetic materials (Stoppani , 2003). Regression analysis 
demonstrated strong relationships between LA and midvein length (L), maximum leaf width (W), the product of length 
and width (LW), the square of length (L2), and the square of width (W2) are in agreement with previous studies (Rivera 
, 2007; Rouphael , 2007), on nondestructive model development for predicting LA using simple linear 
measurements.The shape coefficient (regression coefficient of Model 3) can be described by a shape between an 
ellipse (0.78) and a triangle (0.5) of the same length and maximum width. Shape coefficients (0.71 for raspberry, 
0.69 for redcurrant, 0.70 for blackberry, 0.72 for gooseberry, and 0.68 for highbush blueberry) agreed closely with 
those calculated for other crops(Fallovo , 2008). Values of 0.69 have been reported for pepper (De Swart , 2004), 
0.64 for eggplant (Rivera , 2007), 0.63 for zucchini squash (Rouphael , 2006), 0.68 for sunflower (Rouphael , 2007), 
and 0.63 for broccoli (Stoppani , 2003). The objective of this study was to find regression equations for the estimating 
bulk densities of 16 irrigated and droughted barley genotypes, which can be utilized in field as nondestructive 
meathods based on the leaf length, mid leaf width. 
 

MATERIALS AND METHODS 
 

 This experiment was conducted at Institute Fur Gartenbauliche Produckions Systeme, Biologie, Liebniz 
Universitat, Hannover, Germany. 16 Barley (Hordeum vulgare) genotypes, namely G30, G54, G65, G74, G77, G83, 
G94, G98, G116, G119, G126, G127, G142, G144, G154 and G169, to adequate irrigation and to drought during 
flowering and seed development stage. The objective of this study was to evaluate the genotypes performance under 
both adequate watering and the impacts of drought upon flowering and seed development stage. 
 
Experimental design 
   Split plot within Randomized Complete Block Design was selected for this investigation; the main plot represents 
irrigation (A), where adequate during completely growing season (a1) and droughted plots during flowering and seed 
development stage (a2). The sub plot (B) represented by 16 barley genotypes G30 (b1), G54 (b2), G65 (b3), G74 
(b4), G77 (b5), G83 (b6), G94 (b7), G98 (b8), G116 (b9), G119 (b10), G126 (b11), G127 (b12), G142 (b13), G144 
(b14), G154 (b15) and G169 (b16). Therefore, the experiment contained 32 treatments each was repeated four times 
and each replicate was grown in 7m2 at seeding rate of 300seeds.m-2. 
 
Cultural practices  
  Two lines driving greenhouses motivated by electrical motors were used one for adequate irrigation plots and 
the other one for droughted plots. Barley was covered with greenhouse whenever rainfall should be avoided during 
the growing season. Greenhouse land was ploughed, dissected to cope with the experimental design and then was 
sown with the above mentioned barley genotypes. Field meteorological data was obtained from the same institute 
environment control cabinet (figure, M1-8). Seeds were sown on 6th April 2014 according to the selected experimental 
design, seeding was fulfilled in rows with intra spaces of 15 cm and finally plants were harvested on 15th August 
2014. Soil moisture content during the growing season for both irrigated and droughted greenhouses was monitored 
TIME DOMAIN REFLECTOMETRY (TDR). Irrigation frequencies, quantity, and dates are illustrated in figure (M9). 
Finally, Barley leaves of 16 irrigated and droughted were detached then saturated with deionized water for 12hrs in 
closed containers. Saturated leaves were situated between dry tissues to remove free water from leaves, and then 
leaf base width, mid leaf ruler measured width and leaf length. Finally, leaves were weighted with four decimal 
electrical balance, and water replacement method was utilized for the leaf size measurements using deionized water. 
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Data was analyzed with Minitab computer program to calculated leaf area on the base of the following: Method 1, 
leaf base width Method 2, mid leaf width. Method 3, leaf length. Method 4, rectangle [leaf length* leaf width]. Method 
5, triangle (leaf length*0.5 mid leaf width). Method 6, Leaf length: leaf width ratio [L:W]. Then bulk densities (g.cm -3) 
were calculated from [leaf saturated fresh weight (g)/leaf saturated volume cm3). 
 

    

    

 
 

 
 

RESULTS AND DISCUSSION 
 

A. Effect of irrigation and drought 

   The most precise estimation for leaf bulk density of irrigated barley genotypes (table, R1) obtained when applying 
triangle method (0.640244g.cm-3), showing difference of 0.002106g.cm-3 from the measured bulk density. In 
droughted barley genotypes, however, the most accurate estimation confined to mid leaf width (0.632294g.cm -3), 
since it differed only 0.004244g.cm-3 from the measured bulk density. The worst leaf bulk density estimation for 
irrigated (0.633723g.cm-3) and droughted (0. 636747g.cm-3) barley genotypes were obtained from applying L: W ratio 
of leaves, as they varied from their corresponding measured leaf bulk density by (0.008627g.cm -3) and 
(0.008697g.cm-3), respectively. However, insignificant differences observed between measured and estimated bulk 
densities for both irrigated and droughted barley genotypes. These results suggested that ignorance differences were 
found between measured and estimated bulk density calculated by individual method. However, the least differences 
between measured and estimated bulk densities of irrigated barley observed with triangle equation and with mid leaf 
width equation in droughted barley. These results might be attributed to the reduced cell growth rate, which resulted 
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in more uniform leaf morphology and dry matter accumulation in leaves under drought condition as, compared to 
adequately irrigated barley. Hegde and Srinivas (1989) investigated different soil water potential (SWP) (25, 45, 65 
and 85 kPa at 15 cm depth) on growth, yield and water use of banana (Musa sapientum L.). A SWP from 25 to 45 
kPa resulted in better growth, dry matter and yield, and the SWP from 65 to 85 kPa adversely affected growth and 
productivity of banana. Hegde (1987) indicated the treatment with the soil matric potential at 18 cm depth about 20 
kPa obtained the maximum radish (cv. Japanese White) root yield, highest ET and moderately high WUE, but the 
different in root yield between irrigations scheduled at 20 and 40 kPa was not significant.  
         

Table R1. Bulk density estimation of irrigated and droughted 16 barley genotypes based on leaf dimensions (g. cm-3). * ** 
 

Treatment Measured Bulk Bulk *L Bulk*mW Bulk Rectangle Bulk Triangle Bulk L:W 

Irrigation A 0.64235 A 0.637380 A 0.638375 A 0.636052 A 0.640244 A 0.633723 
Drought A 0.62805 A 0.632153 A 0.632294 A 0.627437 A 0.633298 A 0.636747 

 
(*) Bulk *L = Bulk density estimation based on leaf length; Bulk*mW= Bulk Density estimation based on mid leaf width; Bulk 
Rectangle = Bulk density estimation based on rectangle of length * mid leaf width; Bulk Triangle = Bulk density estimation 
based on triangle of 0.5 mid leaf width * leaf length; Bulk L:W = Bulk density estimation based on leaf length: width ratio 

(*) Figures of unshared characters are significantly differs at 0.05 level, Duncan 

 
B. Genotype responses 
   G54 (0.59423g.c-3), G77 (0.636398 g.c-3), G83 (0.649952, G116 g.c-3) (0.629621 g.c-3) and G144 (0.642422 g.c-

3) gave the closet leaf bulk densities estimated with mid leaf width, which differing from the measured leaves bulk 
densities by 0.01283, 0.078202, 0.131748, 0.019521and 0.0418878 g.c-3, respectively (table, R2). The most precise 
estimated leaf bulk densities obtained from L: W in G 65 (0.64147g.cm-3), G74 (0.652494 g.c-3), G119 (0.64392 g.c-

3), G127 (0.624241 g.c-3) and G142 (0.626126 g.c-3), as they varied from their corresponding measured bulk densities 
by 0.00013, 0.101706, 0.011324, 0.003301, and 0.003274, respectively. Estimating leaf bulk densities based on 
rectangle derived from leaf length multiplied by mid leaf width showed superiorities in G94 (0.62621g.c-3), G98 
(0.62733g.c-3), G154 (0.62389g.c-3) and G169 (0.66376 g.c-3), since they differed from their measured bulk densities 
by 0.05641, 0.11503, 0.08069 g.c-3, respectively. Accurate leaf bulk densities estimation of G30 (0.62755 g.c-3) and 
G126 (0.62611g.c-3) obtained from leaf length and triangle, they varied from their corresponding measured bulk 
densities by 0.00065 and 0.00149 g.c-3), respectively. On the other hand, the worst bulk density estimation method 
based on leaf lengths was observed in G54 (0.63075g.c-3), G116 (0.650008 g.c-3), G144 (0.62931 g.c-3) and G169 
(0.64014 g.c-3), as they differing from their corresponding measured bulk densities 0.04935, 0.03999, 0.05499 and 
0.02126 g.c-3), respectively. Adopting triangle method was the most potent in estimating leaf bulk densities of G119 
(0.67661 g.c-3), G127 (0.65025 g.c-3) and G142 90.64468g.c-3), they differed from their corresponding measured bulk 
densities by 0.04401, 0.05905 and 0.01528 g.c-3), respectively. Rectangle was the most precise method for 
estimating leaf bulk densities of G65 (0.61865 g.c-3), G74 (0.62066 g.c-3) and G77 (0.61888 g.c-3), as they differed 
from their corresponding measured bulk densities by 0.02295, 0.13354 and 0.09642g.c-3), respectively. The worst 
estimation methods for estimation leaf bulk densities was based on mid leaf width for G30 (0.580676g.c-3), G94 
(0.646187g.c-3) and G98 (0.644982 g.c-3), as they differed from their corresponding measured bulk densities by 
0.046224, 0.076387 and 0.132682 g.c-3, respectively. Adopting L: W ratio method was the paramount method for 
estimating leaf bulk densities for G83 (0.636309g.c-3), G116 (0.650008 g.c-3), G126 (0.641906 g.c-3), and G154 
(0.652616 g.c-3). They differed from their corresponding measured leaf bulk densities by 0.145321, 0.039008, 
0.014306, 0.109416 g.c-3, respectively. Bulk density differences among genotypes rose from genotype differences 
in their capabilities in genome expression to maintain acceptable drought defense system. Leaf morphology is a 
compromise between defense system and growth of leaf cells. Changes in primary metabolism are a general 
response to stress in plants. For example, a cDNA-encoding glyceraldehyde-3-phosphate dehydrogenase, isolated 
from the resurrection plant C. plantagineum, shows increased expression during drought and upon ABA treatment. 
However, increased levels of the enzyme are also associated with other environmental stresses in plants, possibly 
reflecting increased energy demand (Ingram and Bartles, 1996). Proteases may also be an important feature of 
stress metabolism, dispensing with redundant proteins and depolymerizing vacuolar storage polypeptides, thereby 
releasing amino acids for the massive synthesis of new proteins (Ingram and Bartles, 1996). Drought stress has 
been shown to cause alterations in the chemical composition and physical properties of the cell wall (wall 
extensibility), and such changes may involve the genes encoding S-adenosylmethionine synthetase (Espartero , 
1994). Under nonstressful conditions, increased expression of S-adeno-syl-L-methionine synthetase genes 
correlates with areas where lignification is occurring (Peleman , 1989). Thus, the increased expression in drought-
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stressed tissue could thus also be due to lignification in the cell wall. Cell elongation stops under prolonged drought 
stress, and then lignification processes seem to begin (Nonami and Boyer, 1990).   
                

Table R2. Bulk density estimation of 16 barley genotypes based on leaf dimensions (g.cm-3). * ** 
 

Genotypes Measured Bulk Bulk *L Bulk*mW Bulk Rectangle Bulk Triangle Bulk L:W 

Geno. 30 0.6269A 0.62755A 0.580676D 0.61486BC 0.62889AB 0.59228C 
Geno 54 0.5814A 0.63075A 0.59423D 0.60777C 0.62182B 0.604488C 
Geno. 65 0.6416A 0.63058A 0.642422A-C 0.61865BC 0.6218B 0.64147AB 
Geno 74 0.7542A 0.62861A 0.635645BC 0.62066BC 0.62647AB 0.652494A 
Geno 77 0.7153A 0.63302A 0.636398BC 0.61888BC 0.62184B 0.626753B 
Geno 83 0.7817A 0.63803A 0.649952A-C 0.64093A-C 0.64281AB 0.636309AB 
Geno 94 0.5698A 0.63031A 0.646187A-C 0.62621A-C 0.62822AB 0.636849AB 
Geno 98 0.5123A 0.63084A 0.644982A-C 0.62733A-C 0.62995AB 0.640947AB 
Geno 116 0.6101A 0.63212A 0.629621C 0.62966A-C 0.63683AB 0.650008A 
Geno 119 0.6326A 0.64557A 0.658988A 0.67526A 0.67661A 0.643924AB 
Geno 126 0.6276A 0.64162A 0.634892BC 0.62054BC 0.62611B 0.641906AB 
Geno 127 0.5912A 0.64262A 0.637151A-C 0.64584A-C 0.65025AB 0.624241B 
Geno 142 0.6294A 0.63813A 0.634892BC 0.63931A-C 0.64468AB 0.626126B 
Geno 144 0.6843A 0.62931A 0.642422A-C 0.63435A-C 0.63755AB 0.640014AB 
Geno 154 0.5432A 0.63708A 0.643928A-C 0.62389BC 0.62752AB 0.652616A 
Geno 169 0.6614A 0.64014A 0.652964AB 0.66376AB 0.66698AB 0.653331A 

 

(*) Bulk *L = Bulk density estimation based on leaf length; Bulk*mW= Bulk Density estimation based on mid leaf width; 
Bulk Rectangle = Bulk density estimation based on rectangle of length * mid leaf width; Bulk Triangle = Bulk density 

estimation based on triangle of 0.5 mid leaf width * leaf length; Bulk L:W = Bulk density estimation based on leaf length: width 
ratio 

(*) Figures of unshared characters are significantly differs at 0.05 level, Duncan 

 
C. Genotype responses to irrigation and drought 
   L: W was the most accurate method for the estimation of leaf bulk densities of irrigated G94 (0.62167 g.cm-3, Δ= 
0.0573 g.cm-3), G98 (0.63527 g.cm-3, Δ= 0.14487 g.cm-3), G116 (0.65081 g.cm-3, Δ=0.01449 g.cm-3), G119 (0.6433 
g.cm-3, Δ= 0.0017 g.cm-3), G127 (0.6182 g.cm-3, Δ= 0.0196 g.cm-3), G142 (0.62631 g.cm-3, Δ= 0.012441 g.cm-3). 
Leaf length L method was the paramount for the prediction of leaf bulk densities of G54 (0.62638 g.cm-3, Δ= 0.01852 
g.cm-3), and G74 (0.63706 g.cm-3, Δ= 0.088794 g.cm-3). Rectangle method was preferred for forecasting the bulk 
densities of irrigated G30 (0.62144 g.cm-3, Δ= 0.00214 g.cm-3), G65 (0.60897 g.cm-3, Δ= 0.02543 g.cm-3), G77 
(0.64863 g.cm-3, Δ= 0.01617 g.cm-3) and G154 (0.625 g.cm-3, Δ= 0.1184 g.cm-3). Mid leaf width method was the most 
accurate for estimating leaf bulk densities of irrigated G83 (0.655598 g.cm-3, Δ= 0.0233102 g.cm-3), and G126 
(0.63489 g.cm-3, Δ= 0.00201 g.cm-3). Triangle was the precise method for estimating leaf bulk densities of G144 
(0.65761 g.cm-3, Δ= 0.12679 g.cm-3), and G169 (0.6763 g.cm-3, Δ= 0.0334 g.cm-3). On the other hand, rectangle 
method was the most potent for estimating leaf bulk densities of droughted G83 (0.63676 g.cm -3, Δ= 0.03804 g.cm-

3), G94 (0.62093 g.cm-3, Δ= 0.04563 g.cm-3), G94 (0.62167 g.cm-3, Δ= 0.0573 g.cm-3), G98 (0.61027 g.cm-3, Δ= 
0.07607 g.cm-3), G126 (0.62244 g.cm-3, Δ= 0.0404 g.cm-3), G144 (0.61357 g.cm-3, Δ= 0.03117 g.cm-3), and G154 
(0.62308 g.cm-3, Δ= 0.04288 g.cm-3). L: W was the most accurate method for predicting leaf bulk densities of 
droughted G30 (0.60455 g.cm-3, Δ= 0.02985 g.cm-3), G65 (0.64588 g.cm-3, Δ= 0.00292 g.cm-3), and G74 (0.65635 
g.cm-3, Δ= 0.012625 g.cm-3). Mid leaf width method was the most effective for estimating leaf bulk densities of 
droughted G54 (0.60025 g.cm-3, Δ= 0.04318 g.cm-3), G116 (0.62736 g.cm-3, Δ= 0.07236 g.cm-3), G127 (0.62586 
g.cm-3, Δ= 0.04206 g.cm-3), and G142 (0.619883 g.cm-3, Δ= 0.013707 g.cm-3). Regression analysis (figure, R1-6) 
revealed that Leaf length method was the most potent for forecasting leaf bulk densities of droughted G77 (0.63524 
g.cm-3, Δ= 0.13376 g.cm-3), G119 (0.63301 g.cm-3, Δ= 0.01291 g.cm-3), and G169 (0.6353 g.cm-3, Δ= 0.0221 g.cm-

3). Leaf bulk density (g.cm3) = -6.567+17.25 (base leaf width)–13.36(base leaf width)2+3.34(base leaf width)3, Leaf 
bulk density (g.cm3) = 0.7372-0.09036 (mid leaf width), Leaf bulk density (g.cm3)=1.2-0.05215(leaf 
L*W)+0.00147(leaf L*W)2-0.000013(leaf L*W)3, Leaf bulk density (g.cm3)=1.2-0.1043 (leaf L*0.5W)+0.005878(leaf 
L*0.5W)2-0.00013(leaf L*0.5W)3, Leaf bulk density (g.cm3) = 0.9709-0.0252 (leaf L)+0.000447 (leaf L)2, Leaf bulk 
density (g.cm3) = 0.5135+0.0049 (L/W). In general regardless to genotype and irrigation level (figure, R7-8), the 
methods of estimating leaf bulk densities of barley can be arranged as follow: L:w> mid W> L> triangle> rectangle. 
Bulk densities of genotypes 54, 83, 116, 144, and 154 were erformed better under irrigation. However, genotypes 
74, 77, 98, 142, and 154 were performed better under drought, ignorance differences were detected among other 
investigated genotypes between irrigation and drought (figure, R9). Changes in leaf length and leaf width were 
observed for individual genotype between irrigated and drought barley these differences might be come from the 
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effects of irrigation and drought on cell developments including division and expansions. Homeostasis between 
assimilate synthesis and utilization determined the leaf growth rate and dry matter deposited in leaves which 
constitute the leaf bulk densities. Shortages of assimilate synthesis was profoundly reported under water stress. 
Variation in the data imparts impact on the calculation methods, where the specific gravity which is the same number, 
but unitless, as density in standard conditions and metric system, of the non-gaseous fraction in leaves should be in 
the range of 1–113. the variation in fractional air space could be responsible for the variation observed in the data 
(Roderick , 1999). Additionally, water stress induced by salinity may influence plant growth by adverse effects on dry 
matter partitioning, cell extension, cell division, leaf photosynthesis, and/or transpiration (Maas and Hoffman, 1977). 
Effects on photosynthesis may be attributed both to stomatal and non-stomatal responses (Cheeseman, 1988). Xu  
(1994) concluded that the reduction of leaf photosynthesis at high salinity was the result of reduced stomata 
conductance. However, Meinzer  (1994) observed a simultaneous decrease in leaf photosynthesis and an increase 
in intercellular CO2 concentration in sugarcane at high salinity, suggesting the reduced photosynthesis to be caused 
by a reduced mesophyll conductance rather than reduced stomata conductance. 
          

Table R3. Bulk density estimation of irrigated and droughted 16 barley genotypes based on leaf dimensions (g.m-3). * ** 
 

Geno/Irrig Measured Bulk Bulk *L Bulk*mW Bulk Rectangle Bulk Triangle Bulk L:W 

30 W 0.6193A 0.62964A 0.57013G 0.62144B 0.63472AB 0.58001H 
54 W 0.6449A 0.62638A 0.58821FG 0.60365B 0.6186B 0.6006GH 
65 W 0.6344A 0.62567A 0.64242A-D 0.60897B 0.61111B 0.63706A-F 
74 W 0.7258A 0.62255A 0.63941A-D 0.61129B 0.61498B 0.64863A-D 
77 W 0.6616A 0.63079A 0.64543A-D 0.62044B 0.622B 0.62957B-G 
83 W 0.8887A 0.63828A 0.65598A-C 0.64511AB 0.64601AB 0.63576A-E 
94 W 0.5644A 0.63675A 0.64242A-D 0.63149AB 0.63333AB 0.62176D-G 
98 W 0.4904A 0.63617A 0.64543A-D 0.64438AB 0.64701AB 0.63527A-F 
116 W 0.6653A 0.63117A 0.63188B-D 0.62466B 0.63142AB 0.65081A-D 
119 W 0.645A 0.65814A 0.66652A 0.70096A 0.70153A 0.6433A-D 
126 W 0.6369A 0.65398A 0.63489A-D 0.61865B 0.62618B 0.65699A-C 
127 W 0.5986A 0.6483A 0.64845A-D 0.65028AB 0.65137AB 0.6182D-G 
142 W 0.5019A 0.64131A 0.64995A-D 0.64011AB 0.6413AB 0.62631D-G 
144 W 0.7844A 0.63601A 0.64995A-D 0.65514AB 0.65761AB 0.64138A-E 
154 W 0.5063A 0.63798A 0.63941A-D 0.6247B 0.63044AB 0.66853A 
169 W 0.7097A 0.64498A 0.66351AB 0.67556AB 0.6763AB 0.64539A-D 
30 D 0.6344A 0.62545A 0.59122FG 0.60828B 0.62306B 0.60455F-H 
54 D 0.518A 0.63511A 0.60025EF 0.6119B 0.62505B 0.60838F-H 
65 D 0.6488A 0.6355A 0.64242A-D 0.62834AB 0.6325AB 0.64588A-D 
74 D 0.7826A 0.63467A 0.63188B-D 0.63003AB 0.63795AB 0.65635A-C 
77 D 0.769A 0.63524A 0.62736C-E 0.61733B 0.62169B 0.62394C-G 
83 D 0.6748A 0.63778A 0.64393A-D 0.63676AB 0.6396AB 0.63686A-F 
94 D 0.5753A 0.62386A 0.64995A-D 0.62093B 0.62311B 0.65193A-D 
98 D 0.5342A 0.6255A 0.64453A-D 0.61027B 0.61289B 0.64662A-D 
116 D 0.555A 0.63307A 0.62736C-E 0.63467AB 0.64225AB 0.64921A-D 
119 D 0.6201A 0.63301A 0.65146A-D 0.64956AB 0.65169AB 0.64454A-D 
126 D 0.6184A 0.62925A 0.63489A-D 0.62244B 0.62604B 0.62683C-F 
127 D 0.5838A 0.63694A 0.62586C-E 0.64139AB 0.64914AB 0.63029B-G 
142 D 0.7569A 0.63494A 0.61983DE 0.63851AB 0.64806AB 0.62595C-G 
144 D 0.5842A 0.62261A 0.63489A-D 0.61357B 0.61748B 0.63865A-E 
154 D 0.5802A 0.63619A 0.64845A-D 0.62308B 0.6246B 0.63671A-F 
169 D 0.6132A 0.6353A 0.64242A-D 0.65196AB 0.65767AB 0.66127AB 

 

(*) Bulk *L = Bulk density estimation based on leaf length; Bulk*mW= Bulk Density estimation based on mid leaf width; Bulk 
Rectangle = Bulk density estimation based on rectangle of length * mid leaf width; Bulk Triangle = Bulk density estimation 
based on triangle of 0.5 mid leaf width * leaf length; Bulk L:W = Bulk density estimation based on leaf length: width ratio 

(*) Figures of unshared characters are significantly differs at 0.05 level, Duncan 
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Table R4. Percentage differences in estimated leaf bulk densities between irrigated and droughted 16 barley genotypes [Wet-
Dry/Dry*100]. (*) 

 
Genotypes Measured Bulk Bulk *L Bulk*mW Bulk Rectangle Bulk Triangle Bulk L:W 

Geno. 30 -2.38 0.67 -3.57 2.16 1.87 -4.06 
Geno 54 24.5 -1.37 -2.01 -1.35 -1.03 -1.28 
Geno. 65 -2.22 -1.55 0 -3.08 -3.38 -1.37 
Geno 74 -7.26 -1.91 1.19 -2.97 -3.6 -1.18 
Geno 77 -13.97 -0.7 2.88 0.5 0.05 0.9 
Geno 83 31.7 0.08 1.87 1.31 1 -0.17 
Geno 94 -1.89 2.07 -1.16 1.7 1.64 -4.63 
Geno 98 -8.2 1.71 0.14 5.59 5.57 -1.76 
Geno 116 19.87 -0.3 0.72 -1.58 -1.69 0.25 
Geno 119 4.02 3.97 2.31 7.91 7.65 -0.19 
Geno 126 2.99 3.93 0 -0.61 0.02 4.81 
Geno 127 2.54 1.78 3.61 1.39 0.34 -1.92 
Geno 142 -33.69 1 4.86 0.25 -1.04 0.06 
Geno 144 34.27 2.15 2.37 6.78 6.5 0.43 
Geno 154 -12.74 0.28 -1.39 0.26 0.93 5 
Geno 169 15.74 1.52 3.28 3.62 2.83 -2.4 

 

(*) Bulk *L = Bulk density estimation based on leaf length; Bulk*mW= Bulk Density estimation based on mid leaf width; Bulk 
Rectangle = Bulk density estimation based on rectangle of length * mid leaf width; Bulk Triangle = Bulk density estimation 
based on triangle of 0.5 mid leaf width * leaf length; Bulk L:W = Bulk density estimation based on leaf length: width ratio 
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