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ABSTRACT 

The effects of water deficit on grain yield, yield components and the physiological char-
acteristics of barley (Hordeum vulgare L.) varieties were studied in a split plot design dur-
ing the 1999-2000 growing season in Karaj, Iran. Five irrigation levels [0, 25, 50, 75, and 
100% crop water requirements (CWR)] and six barley varieties Karoon×Kavir , Rei-
hani(drought tolerant), Torkman , C-74-9 (intermediate) , Kavir×Badia and Gorgan-4 (2 
rowed type, drought sensitive) were arranged in the main plots and sub plots respectively. 
Results showed that water deficit induced stress and this decreased the grain yield and 
yield components. Water deficit increased the canopy temperature and those varieties 
showed a higher canopy temperature under non-stress conditions, performed better un-
der drought conditions. Severe stress reduced the chlorophyll content (SPAD values) con-
siderably, but the differences were not significant between the 50, 75 and 100% CWR 
treatments. In addition, no significant differences were observed in the chlorophyll con-
tent of barley varieties under drought conditions. The effect of irrigation on the photo-
chemical efficiency of photosystemII (Fv/Fm) and the other fluorescence parameters for all 
varieties were significant. Although the Fv/Fm values were not significant in barley varie-
ties at any level of irrigation, in general Karoon ×  Kavir and Reihani varieties showed a 
better performance under water deficit conditions. Proline content was significantly dif-
ferent in various irrigation treatments, but its accumulation at any level of irrigation did 
not differ significantly in barley varieties. It was concluded that the higher canopy tem-
perature (less negative ΔT) under well irrigated conditions and higher grain yield, 1000-
grain weight, Fv/Fm values under water stress conditions could possibly be the proper cri-
teria for screening the drought tolerant barley genotypes under field or laboratory condi-
tions. 
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INTRODUCTION 

Water deficit (drought) at different stages 
of barley’s life cycle, (from seed germina-
tion to maturity) may adversely affect the 
final yield of the crop. The effect of drought 
on the yield of cereals depends on the dura-
tion and the severity of the stress [9]. Long-
term drought under high temperature condi-
tions, coinciding with the reproductive stage 
of the plant, may cause a decrease in the size 

and number of the grains, and eventually its 
yield. 

Drought may cause abortion of the embry-
onic sac, dehydration of the style and pollen 
and, hence, interference in pollination [8, 9].  
Singh, et al. [10] found that drought reduces 
the number of the grains/spike and thereby 
yield [11]. Water deficit at the tillering stage 
had no significant effect on the number of 
grains on spikes but, at the flowering stage, 
it reduced grain weight significantly [9]. 
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Since drought may affect osmotic adjust-
ment and canopy temperature, these two can 
be used as an index for screening varieties of 
barley to drought stress. Varieties that 
showed warmer canopies under irrigated 
conditions had a lower stomatal conductance 
and higher yield under drought conditions 
[2]. Liu and Zhang [6] reported that, under 
water deficit, the difference between air and 
canopy temperatures (ΔT) in wheat varieties 
was significantly higher at spike exertion 
stage but it had no effect on the yield. Under 
irrigated conditions, the reduction in the 
yield was significantly related to ΔT. Chlo-
rophyll content is positively correlated with 
the photosynthesis rate and soluble proteins 
[3, 13]. The chlorophyll content which was 
measured by SPAD. 502 correlated to the 
photosynthesis of leaves (R2=0.77**) [7]. A 
significant correlation between the SPAD 
reading and spectrophotometric method of 
chlorophyll determination (R2 = 0.95**) was 
also reported [13]. In addition, chlorophyll 
fluorescence has been accepted as a reliable 
index for drought tolerance screening of bar-
ley varieties. This phenomenon is a criterion 
for thylacoide membrane integrity and elec-
tron transfer efficiency from photosystem II 
to photosystem I [7]. The photochemical 
efficiency of photosystem II is determined 
by the Fv/Fm ratio, which is reduced during 
periods of drought stress. 

Free proline accumulation can also be used 
as another index for screening the tolerance 
of varieties [5]. Water stress may cause a 
disorder in the mitochondrial membrane and 
proline oxidation to glutamate might there-
fore be decreased. Proline accumulation by 
way of the glutamic pathway may help os-
motic adjustment, energy production and 
further absorption of the released ammonia 
from protein breakdown [11]. 

The objectives of this experiment were to 
evaluate the effects of water deficit on the 
physiological characteristics of barley 
varieties in order to exploit them for drought 
tolerance screening. 

MATERIALS AND METHODS 

Field experiments were conducted at the 
Seed and Plant Improvement Institute 
(SPII), Karaj (Iran) (35˚N Latitude) during 
the growing season of 1999-2000 in a split 
plot design with three replications. Five  
levels of irrigation: 0,25,50,75 and 100%, of 
crop water  requirements and  six barley  
varieties,  namely:  Karoon×  Kavir, Reihani 
(drought tolerant), Torkman, C-74-9 (inter-
mediate), Kavir ×  Badia and Gorgan-4 (2- 
rowed type) (sensitive)-all obtained from 
Cereals Department of Seed and Plant Im-
provement Institute (SPII)- were laid out in 
the main plots and sub plots respectively. 
Seeds were sown in 16 rows in 10 ×  2.5 m 
plots (400 plants. m-2) in Autumn. Plants 
were irrigated twice after sowing equally 
(1100 m3/ha) and irrigation treatments were 
applied after the plants established and after 
their further growth in Spring (since April, 
4). Their evapotranspiration potential (ETP) 
was determined according to: 
ETP=Epan ×  Kp    (1 
Epan = Evaporation fram Class A Evapora-
tion pan 
Kp = Evaporation pan coefficient (0.85 in 
karaj) (obtained from Meteorology Station 
of Karaj).  

Evapotranspiration of the crop (ETC = 
Crop water requirement) was calculated ac-
cording to the following equation: 
 ETC = ETP ×  Kc   (2 

Kc = Crop coefficient (0.96, 1.12, 1.15, 
0.95 and 0.65 for growth stages of all barley 
varieties; stem elongation, booting, heading, 
anthesis and grain filling, in karaj). (Data 
obtained from Cereals Dept. - Seed & Plant 
Development Inst. (SPII)) 

The amount of irrigation water for each 
treatment (T in mm) was calculated as fol-
lows: 
T= ETC ×  Percent of crop water require-
ments for each treatment (mm)      (3 

Irrigation water was applied according to 
80% irrigation efficiency and effective rain-
fall (twice during growing season; 3.5 and 
2.5 mm in April and May, respectively) at 
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10-day intervals and its volume was meas-
ured using a WSC1 Phloem type III fixed in 
the irrigation ditches. The total amount of 
irrigation water was 0, 2107.2, 3739, 5786 
and 6450 m3/ha applied 0, 4, 5, 5 and 5 
times for 0, 25, 75 and 100% of crop water 
requirements, respectively.  

Grain yield was determined by harvesting 
the eight middle rows of each plot at the ma-
turity stage and the yield components (num-
ber of grains/spike and number of spikes. 
m-2) were determined from the samples 
taken randomly (10 spikes from the remain-
ing parts of each plot) at the dough stage. 
Canopy temperature was measured between 
12:00-2 pm. using an infrared thermometer 
[Kane - May Co. UK] at anthesis for deter-
mination of the ΔT (temperature difference 
between canopy and ambient air). The appa-
ratus was targeted at the canopy with a 10-
200 angle from four directions and at least 1 
m distance after initial calibration. Ambient 
air temperature was measured using a mer-
curical thermometer and ΔT calculated as 
following: 

ΔT = T canopy T air                (4 

The effect of water deficit on the chloro-
phyll content of flag leaves was determined 
using a portable chlorophyll meter (SPAD 
502-Minolta Co. Japan) at the heading stage. 
The measurements were performed twice 
with an interval of one week between each 

and 30 flag leaves were choosen ramdomly 
and the SPAD value recorded. Chlorophyll 
fluorescence and the parameters of F0, Fv, Fm 
and Fv / Fm (Fluorescence Initial, Fluores-
cence Maximum and Fluorescence Variable, 
respectively) were measured on the flag 
leaves of barley varieties by means of a 
plant stress meter (Biomonitor 1989, UK) at 
the heading stage. Measurements were car-
ried out on 30 flag leaves from each plot five 
days after every irrigation, subsequent to the 
canopies approximate clousure. The broad-
est part of the flag leaves was clipped in the 
measuring chamber of the apparatus and 
exposed to 650 nm wavelength radiation and 
the Fo, Fm and Fv  values were measured after 
initial calibration. All measurements were 
carried out at 10 am in order to avoid the 
effects of dew and air humidity. The free 
proline content was determined according to 
Bates et al. [1] at different irrigation levels 
in 15 flag leaves from each plot at the head-
ing stage. 0.5 gr of leaf samples were 
crushed in a precooled mortar and pestle 
with a small amount of sand and 10 ml 3%o 
(W/V) solfocalicylic acid. Leaf extracts, Nin 
hydrin and glacial acetic acid (equal 
amounts) were incubated in a water bath for 
one hour and the proline isolated by adding 
4 ml Toluene to each and measured in 520 
nm in a spectrophotometer (M 330- 230 
Jenway – UK). The proline content was de-
termined against its standard curve and con-
verted to μg proline in 1gr fresh weight. All 

Table 1. Summery analysis of variance for barley varieties parameters recorded at different irrigation 
levels. 

Mean Squares (MS)  
S.O.V. 1000 

Grain Wt. 
No. 
Spikes/m2 

No. 
Grains/Spike 

Grain 
yield 

ΔT SPAD 
Values 

Fv/Fm Proline 
Content 

Irrigation 
regime 

348.75** 121803.74** 246.19** 0.43** 256.71** 229.6** 0.349** 36412.7** 

Ea 
Variety 

4.599          
35.823** 

1868.86           
93934.95** 

10.72               
577.72** 

0.013 
0.06** 

1.47 
16.29** 

7.517 
30.5** 

0.001 
0.31** 

19.36 
33.11* 

Irrigation   
×variety 
Eb 

 
9.206n.s 

7.543          

 
8748.98** 
1648.37 

 
11.83 n.s 

8.15 

 
0.008* 
0.007 

 
4.19** 
0.96 

 
3.247 n.s 

7.67 

 
0.003** 
0.001 

 
7.79 n.s 

14.38 

*, ** Significant at 0.05 and 0.01, respectively 
n.s Non significant 
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data were analysed by MSTATc, SAS and 
SPSS softwares and the Excel software was 
used for graphical descriptions. 

RESULTS AND DISCUSSION 

Grain Yield and Yield Components 

 
 An analysis of variance showed that water 

deficit significantly reduced the 1000-grain 
weight, number of spikes. m-2, number of 
grains/spike and grain yield (Tables 1 and 
2). The 1000-grain weight and its size reduc-
tion is possibly due to a decrease in the as-
similation rate and lower photoasimilate 
translocation to physiological sinks. Water 
deficit is known to reduce the 1000-grain 
weight by shortening the grain-filling period 
[3, 9]. These findings are in agreement with 
Mohammad et al. [9] who found that water 
stress at the flowering stage reduced 1000-
grain weight significantly. There were sig-
nificant differences in the number of 
grains/spike between barley varieties (Table 
2). However, differences were not signifi-
cant between 50, 75 and 100% crop water 
requirements, suggesting that moderate wa-

ter deficit had no effect on the abortion of 
young florets and did not reduce the number 
of grains/spike. The number of grains/spike 
of the Gorgan-4 variety was the lowest due 
to its 2-rowed type (distichum) spike feature. 
Water deficit reduced the number of spikes 
m-2 in barley varieties (Table 2). The aver-
age number of spikes m-2 was 494 in Gor-
gan-4 which was related to its higher tiller-
ing capacity as 2-rowed barley and the low-
est spikes m2

, with an average of 324, was 
observed in the Reihani variety. The grain 
yield of barley varieties at different irriga-
tion levels is shown in Tables 2 and 3. Grain 
yields in the Karoon ×  Kavir and Kavir×  
Badia varieties were the highest under well-
irrigated condition, while the Karoon ×  
Kavir and Reihani varieties had the highest 
grain yield under stress conditions (Table 3). 
Moffat et al [8] also showed that water 
stress at the reproductive growth stage re-
duced the grain yield in wheat significantly. 

Canopy Temperature 

Water deficit had a significant effect 
)( 01.0P ≤  on the canopy temperature differ-

ence between canopy and ambient air (ΔT) 

Table 2. Irrigation regime and variety effects on the performance of barley varieties. 
 1000 

Grain 
Wt. (gr) 

No. 
Spikes/m2 

No. 
Grains/ 
Spike 

Grain 
yield 
(Kg/m2) 

ΔT 
(°C) 

SPAD 
Values 

Fv/Fm Proline 
Content 
μg.gr-1 fw 

                  100% 
Irrigation    75% 
                   50% 
                   25% 
                    0% 

40.56 a 
39.92 a 
38.17 ab 
35.83  b 
29.67  c 

499.8  a 
432.9  b 
399.1  b 
350    c 
252   d 

31.32  a 
31.13  a 
30.81  ab 
27       b 
22.67  c 

0.635 a 
0.540 ab 
0.458 bc 
0.365 c 
0.186 d 

-2.89 d 
-0.28 c 
0.89  c 
3.53  b 
7.11  a 

52.76 a 
53.74 a 
53.19 ab 
50.14 b 
45.96 c 

0.73 a 
0.67 b 
0.59 c 
0.50 d 
0.30 e 

43.57  e 
66.83  d 
84.49  c 
131     b 
152     a 

 
 

        

           Torkman                 
           Karroon×Kavir 
           Reihani 
Variety  C-74-9 
             Gorgan-4 
           Kavir ×Badia 

35.8   bc 
37.2   ab 
38.43  ab 
38.8    a 
35.43  c 
35.3    c 

330.5   cd 
370      c 
324.6   d 
351.7   cd 
494.4   a 
449.49  b 

27.93  b 
32.3    a 
33.68  a 
33.63  a 
17.27  c 
26.7    b 

0.36   b 
0.48   a 
0.46   a 
0.49   a 
0.33   b 
0.49   a 

3.07   a 
1.27   cd 
0.47   d 
0.6     d 
2.67   ab 
1.97   bc 

52.99  a 
51.32  ab 
53.48  a 
51.13  ab 
50.74  ab 
49.69  b 

0.57 b 
0.62 a 
0.58 b 
0.53 c 
0.57 b 
0.52 c 

94.98 ab 
97.16 a 
96.62 a 
95.83 ab 
92.95 b 
95.95 ab 

         
Irrigation ×  Variety n.s ** n.s * ** n.s ** n.s 

*, ** Significant at 0.05 and 0.01, respectively 
n.s Non significant 
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(Tables 2 and 3). Negative and positive ΔTs 
under well irrigated and water stress condi-
tions are shown in Figure 1. Negative ΔTs 
indicated a cooler canopy and positive ΔTs 
indicated a warmer canopy. With regard to 
the heat absorbing nature of transpiration, 
the cooler canopy (negative ΔT) is equiva-
lent to a higher transpiration rate and higher 
stomatal conductace, while the warmer can-
opy (positive ΔT) indicated a lower transpi-
ration rate and higher stomatal resistance. A 
higher water pressure deficit induces higher 

stomatal resistance and, so, a higher leaf sur-
face temperature. The ΔT increment due to 
water stress has been reported in wheat [4]. 
ΔT values for Karoon ×  Kavir and Reihani 

varieties were both -1°C under well irrigated 
conditions (Table 3) which had the highest 
grain yield under drought conditions (0.3 
and 0.32 Kg.m-2 respectively). It seems that 
a considerable relationship could be ob-
served between higher canopy temperature 
(less negative ΔT) under well irrigated con-
ditions and higher grain yield under stress 

Table 3. Interaction between irrigation regime and variety effects on the performance of barley 
varieties. 

Irrigation 
Regime                

Variety No. Spikes/m2 

           ** 
Grain yield 
(Kg/m2)* 

ΔT(°c) 
** 

Fv/Fm 
 ** 

 
 

 
100% 

Torkman 
Karoon ×  Kavir 
Reihani 
C-74-9 
Gorgan-4 
Kavir ×  Badia 

340    ghij 
472    cdef 
374     fghi 
328     ghij  
680      a 
577      b 

0.479 cdefgh 
0.685 a 
0.578 abcde 
0.597 abcdef 
0.507 bcdefg 
0.665  ab 

-3  mn 
-1  klm 
-1  klm 
-3 mn 
-5   n 
-4.3 n 

0.72 abc 
0.72 abc 
0.69 abcd 
0.72 abc 
0.77 a 
0.77 a 

 
 

 
 
75% 

 
Torkman 
Karoon×   Kavir 
Reihani 
C-74-9 
Gorgan-4 
Kavir ×  Badia 

 
397      efgh 
378      fgh 
369      ghi 
339      jghi 
580       b 
534.7    bc 

 
0.422 efghijk 
0.537 abcdef 
0.603 abcd 
0.570 abcdef 
0.441 defghij 
0.607  abc 

 
3   efg 
0   hijk 
-1  klm 
-2.7 lmn 
-0.33ijkl 
-0.66 jklm 

 
0.64 cde 
0.68 bcd 
0.62 def 
0.63 de 
0.71 abc 
0.73 ab 

 
 
 

 
50% 

 
Torkman 
Karoon×   Kavir 
Reihani 
C-74-9 
Gorgan-4 
Kavir×   Badia 

 
357       ghi 
359       ghi 
343      ghij 
307      hijkl 
493      bcde 
520      bcd 

 
0.370 ghijkl 
0.478 cdefghi 
0.512 bcdefg 
0.470 cdefghi 
0.367 ghijkl 
0.549  abcdef 

 
2.3 fgh 
1.6 ghij 
-0.33 ijkl 
0  hijk 
2 ghi 
-0.3 ijkl 

 
0.57 efg 
0.62 de 
0.54 gh 
0.54 gh 
0.63 de 
0.62 def 

 
 
 

 
25% 

 
Torkman 
Karoon×   Kavir 
Reihani 
C-74-9 
Gorgan-4 
Kavir×   Badia 

 
342       ghij 
341       ghij 
318        ijk 
267       ijkl 
430       defg 
402       efgh 

 
0.331  hijklm 
0.408   ghijk 
0.362   ghijkl 
0.321  ijklmn 
0.277   klmno 
0.293    jklmn 

 
3     efg 
2.7  efg 
3     efg 
3     efg 
2     cde 
4.5  def 

 
0.49 hi 
0.57efg 
0.54 fgh 
0.44  ij 
0.53  gh 
0.41  j 

 
 
 
 

0% 

 
Torkman 
Karoon×   Kavir 
Reihani 
C-74-9 
Gorgan-4 
Kavir×   Badia 

 
250        jkl 
300        hijkl 
219        kl 
223        kl 
307        hijkl 
213         l 

 
0.188    mnop 
0.301    jklmn 
0.323     jklm 
0.170     nop 
0.104        p 
0.132       op 

 
8    a 
7   abcd 
5    cde 
5.7 abcde 
7.7 ab 
7    abcd 

 
0.41  j 
0.47  ij 
0.44  j 
0.33  k 
0.29  k 
0.31  k 

*, ** Significant at 0.05 and 0.01, respectively  
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conditions. Golestani and Assad [4] also re-
ported similar results. They proposed that 
the mean comparison of ΔTs could not be 
considered in drought tolerance screening of 
wheat varieties by itself, while the higher 
canopy temperature under well irrigated 
conditions could be exploited as a screening 
criteria for drought tolerance selection of 
different genotypes under non-stress condi-
tions. 

 Chlorophyll Content 

The irrigation regime and varieties of 
barley both had significant effects on 
chlorophyll content (SPAD value) (Table 1). 
Water deficit decreased the chlorophyll 
content (SPAD value) in barley varieties and 
its reduction was significant at lower 
irrigation rates (50.14 and 45.96 at 25% and 
lower CWR respectively). (Table 2) There 
were not any significant differences between 
varieties. Similar results has been reported 
by Yavad [13]. 

A positive and significant correlation be-
tween the photosynthesis rate and SPAD 
values has been reported [3]. A lower photo-
synthesis rate under moderate water stress 
has been attributed to lower stomatal con-

ductance although, under severe stress, 
stomatal resistance may accompanied by 
non stomatal (mesophyll) resistance [7]. 

It seems that the SPAD value measurement 
at the heading stage may not be a reliable 
indicator for screening the drought tolerant 
varieties, because the pre-anthesis photosyn-
thesis and carbohydrate remobilization abil-
ity might have compensated for the current 
photosynthesis reduction at the grain filling 
stage. Plant height is an important morpho-
logical trait related to carbohydrate remo-
bilization under stress conditions [2, 3]. The 
higher grain yield of the Karoon ×  Kavir 
and Reihani varieties under stress conditions 
may be related to their taller architecture (58 
and 59 cm respectively) and better remobili-
zation  performance  rather than to current  
photosynthesis. Sink activity and the grain 
filling period are two major important fac-
tors in carbohydrate remobilization capacity 
too. Sink activity is the sink’s ability to ab-
sorb and utilize carbohydrates on the basis 
of the sink’s tissue weight. The grain filling 
period, along with the grain filling rate, de-
termine final grain weight and the former is 
greatly shortened due to environmental 
stresses. However, the grain filling period 
was relatively longer in the Karoon ×  Kavir 

-5

0

5

10
ΔT

(ºC
)

T orkaman Karoon x Kavir Reihani C-74-9 Gorgan-4 Kavir x Badia

100%
75%
50%
25%
0%

Irrigation 
levels

Figure 1. Temperature difference between canopy and ambient air in barley varieties under different 
irrigation levels, on the basis of crop water requirements. 
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and Kavir ×  Badia varieties (45 and 44.5 
days respectively) under drought stress 
which may have enhanced their grain yield. 

Photochemical Efficiency of  
Photosystem II 

 Irrigation regimes, the varieties of barley 
and their interactions all had significant ef-
fects on photochemical efficiency (Fv/Fm). 
(Table 1) Irrigation levels had significant 
effects on all chlorophyll fluorescence pa-
rameters especially on the Fv and Fm values 
which were reduced and increased, respec-
tively, with an increase in stress severity 
(datas were not shown). Such an effect of 
water stress had been expressed in a signifi-
cant reduction in the Fv/Fm values (Table 2). 
The main effects of variety on the Fv/Fm val-
ues were different at all irrigation levels and 
distinctly higher in Karoon ×  Kavir (0.62) 
(Table 2). The Fv/Fm values for Karoon ×  
Kavir and Reihani varieties were highest 
under severe stress condition (0%CWR) 
(0.47 and 0.44, respectively) which had bet-
ter yield performance under drought condi-
tions (Table 3). It can be concluded that the 
adverse effect of water stress on Fv/Fm could 
be adjusted by the varietal difference be-
tween plant types.  

It seems that higher photochemical 
efficiency of Karoon ×  Kavir played a 
major role in its drought tolerance. Reports 
had shown that wheat plants could 
acclimatise to high temperatures by using 
higher Fv/Fm retention during reproductive 
growth. Such an acclimitisation could be 
related to the protection capability of the QA 
complex or its protein regeneration capacity 
in chlorophyll–protein complexes [8] which 
had led to higher grain yield under stress 
condition [8]. 

Proline Content 

An analysis of variance showed that irriga-
tion levels had significant effects on the free 
proline content of barley varieties and a 

lower significant difference (P≤0.05) was 
observed between the barley varieties (Table 
1). Water deficit significantly increased the 
proline content of all barley varieties to a 
maximum 152 μg.gr-1 Fw, but was at its 
minimum (43.5 μg.gr-1 Fw) under well-
irrigated treatment (Table 2). 

Irrigation regimes and varieties of barley 
both had significant effects on praline con-
tent and the irrigation effect was more dis-
tinct than that of the variety (Table 1). As 
regards to praline accumulation under envi-
ronmental stresses and it's role in osmotic 
adjustment (1, 4, 8 and 12), it seems that it's 
accumulation procedure were more or less 
similar in all varieties. In comparison with 
the results of Lingose and Bergman [5], it 
may be suggested that the Karoon×Kavir 
and Reihani varieties were much more toler-
ant to drought stress with a higher grain 
yield at 0% CWR (0.31 and 0.323 Kg.m-2 
respectively). 

CONCLUSION 

The present study showed that the higher 
canopy temperature (less negative ΔT) under 
well irrigated conditions and higher grain 
yield , 1000–grain weight and Fv/Fm under 
water stress conditions were the proper crite-
ria (morphological or physiological markers) 
for screening the drought tolerant barley 
genotypes under field or laboratory condi-
tions. Further experiments should be focused 
on screening for drought tolerance at the 
early stages of plant growth using such crite-
ria in order to determine the relationship 
with field experiments and shortening the 
screening duration. 

REFERENCES 

1. Bates,I. S., Waldren, R. P., and  Teare, I. D. 
1973. Rapid Determination of Free Proline 
for Water Stress Studies. Plant Soil, 39:205-
207. 

2. Blum, A., Shpiler, L., Golan, A. and Mayer, 
J. 1989. Yield Stability and Canopy Tem-
perature of Wheat Genotypes under Drought 



 ____________________________________________________________________ Mamnouie et al. 

218 

Stress. Field Crop Res., 22(41):289-286. 
3. Earl, H. and Tollenaar, M. 1977. Maize Leaf 

Absorption of Photosyntetically Active Ra-
diation and its Estimation using Chlorophyll 
Meter. Crop Sci., 37:36-440. 

4. Gloestani, S. and Assad, M. T. 1998. Evalua-
tion of Four Screening Techniques for 
Drought Resistance and their Relationship to 
Yield Reduction in Wheat. Euphytica, 
103:293-299. 

5. Lingose, V. and Bergman, H. 1995. Changes 
in the Yield Lignin Content and Protein Pat-
tern of Barley Induced by Drought Stress. 
Angewante- Batanik., 69(6): 206-210. 

6. Liu, X. Z. and Zhang, L. G. 1994. Differ-
ences in Diurnal Changes in Canopy Tem-
perature of Winter Wheat under Water Stress 
Condition. Acta Agr., 20: 229-232 

7. Ma, B. L., Morison, M. J. and Videng, H. D. 
1995. Leaf Greenness and Photosynthetic 
Rates in Soybean. Crop Sci., 35: 1411- 1414. 

8. Moffatt, J., Sears, M. R. G. and Paulsen, G. 
M. 1990. Wheat High Temperature Toler-
ance During Reproductive Growth. I. 

Evaluation by Chlorophyll Fluorescence. 
Crop Sci., 30: 881- 885. 

9. Mohammmad, J., Aaziri, M., Nazir, A., 
Shah, D. and Jamal, H. 1996. Wheat Yield 
Components as Affected by Low Water 
Stress at Different Growth Stages. Sarhad J. 
Agr., 12:19- 26 

10. Singh, T., Paleg, L. and Aspinal, D. 1973. 
Stress Metabolism Variations in Response to 
Water Deficit in the Barley Plants. Cab. 
Abstrct., 1972-1975. 

11. Turner, B. 1990. The Extent and Pattern of 
Osmotic Adjustment in Winter Clover Dur-
ing the Development of Water Stress. Ann. 
Bot., 66:721- 727. 

12. Umedi, L. V. 1989. A Rapid and Nonde-
structive Method to Determine Response to 
Water Deficit in the Barley Plant. Crop Sci., 
35:655- 650. 

13. Yavad, U. 1989. A Rapid and 
Nondestructive Method to Determine 
Chlorophyll in Intact Leaves. Hortscience, 
21(6): 1449- 1450.  

  اثرات كمبود آب بر عملكرد و خصوصيات فيزيولوژيك ارقام جو

   ناخدا. بو  اصفهاني. فتوحي قزويني، م.ر منوعي، م.ا

  چكيده

اثرات كمبود آب بر عملكرد، اجزاي عملكرد و خصوصيات فيزيولوژيكي ارقام جو طي آزمايشي در 
كرج  در مؤسسه تحقيقات اصلاح و تهيه نهال و بذر 1377 ـ 78هاي خرد شده در سال  قالب طرح بلوك

در )  درصد نياز آبي گياه100 و 75 ، 50 ، 25صفر، ( سطح آبياري 5ايش در اين آزم. مورد بررسي قرار گرفت
، )نيمه مقاوم (C ـ 74ـ  9، تركمن، )مقاوم به خشكي( كوير، ريحاني × رقم جو، كارون 6كرتهاي اصلي و 

نتايج . هاي فرعي مشخص شدند در كرت) خشكيجو دو رديفه حساس به  (4 بادياو گرگان ×كوير 
. مبود آب باعث القاي تنش به گياه و كاهش عملكرد و اجزاي عملكرد آن گرديدنشان دادند كه ك

كمبود آب باعث افزايش دماي پوشش گياهي گرديد و ارقامي كه در شرايط بدون تنش داراي پوشش 
تنش . گياهي گرمتري بودند در شرايط كمبود آب مقاومت بهتري نسبت به خشكي از خود نشان دادند

در ارقام جو گرديد، ليكن ميزان اين ) SPADمقادير (شمگير ميزان كلروفيل شديد باعث كاهش چ
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بعلاوه در شرايط تنش آب تغييرات . دار نبود  درصد آبياري معني100 و 75، 50كاهش در تيمارهاي 
اثرات آبياري بر راندمان فتوشيميايي . دار نبود ميزان كلروفيل در ارقام مختلف جو معني

FF 2فتوسيستم mv اگر چه مقادير. دار بود  و ساير اجزاي فلئورسانس كليه ارقام جو معني)(
mv FF ارقام 

 كوير و ×دار نبود، ليكن در مجموع ميزان فلئورسانس در ارقام كارون  جو در هر سطح آبياري معني
داري در ميزان   باعث تغييرات معنيسطوح آبياري. ريحاني در شرايط تنش آبي كمتر از ساير ارقام بود

اسيد آمينه پرولين انباشته شده در ارقام جو گرديد، ليكن ميزان پرولين انباشته شده در ارقام مختلف جو 
رسد كه در شرايط آبياري   مجموع به نظر ميرد. داري نداشت در سطوح مختلف آبياري تفاوت معني
)  تفاوت دماي بين پوشش گياهي و اتمسفر، كمتر منفي=TΔ(كامل، بالاتر بودن دماي پوشش گياهي 

و در شرايط تنش آبي، بالاتر بودن عملكرد دانه، وزن هزار دانه و
mv FFهاي   از مؤثرترين شاخص

  . شوند اي محسوب مي هاي مقاوم در جو در شرايط آزمايشگاهي و مزرعه شناسايي ژنوتيپ
 
 


