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Effect of Pre-Anthesis Water Deficit on Plant Height, Peduncle Length and Spike
Length in 13 Barely (Hordeum vulgare L.) Genotypes
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ABSTRACT
A total of 13 barley genotypes were grown in a Randomized Complete Block Design using 6 replications to study
the effect of pre-anthesis water deficit on plant height, peduncle length and spike length. Significant differences
were observed amongst genotypes regarding all the characters studied. Genotypic variability was higher than the
G X E. Results indicated diverse effect of the non-stressed and stressed environments overall genotypes on the
studied traits. At non-stress condition, mean plant height was (67 cm) and was significantly higher than the stressed
environment. Overall treatments, Morex was the tallest plant and had the longest peduncle (77.6 cm and 3.78 cm,
respectively). Whereas Ubi is the shortest and MF had the shortest peduncle. Tadmor had the longest spike (7.95
cm) while Steptoe had the shortest spikes.
Keywords: Drought, Jordan, stem elongation, yield, selection.

INTRODUCTION

2005). In Jordan, yield damages occurred due to drought

Barley (Hordeum vulgare L.) is an important cereal

resulted from either low or unequal distribution of

crop grown widely throughout the world’s temperate

precipitation during the whole plant growth cycle

agricultural zones (Wang et al., 2010). It is one of the

(Ceccarelli and Grando, 1996). In other words, drought

most important field crops in Jordan. Barley is adapted to

might happen during pre-anthesis as well as post anthesis

harsh environments and low soil fertility compared to

period. Few reports in the literature discuss the effect of

other cereal crops. It is mainly grown for food, feed, and

pre-anthesis water deficit on barley production.
If soil moisture is too little at sowing time, which is

malt (von Bothmer et al., 2003; Wahbi and Sinclair,

the case in rainfed arid and semi-arid environments, this
1

Department of Plant Production, College of Agriculture,
Jordan University of Science and Technology, P. O. Box
3030, Irbid 22110, Jordan. ziajlouni@just.edu.jo
2 Department of Biology and Biotechnology, Faculty
of Science, The Hashemite University, Zarqa, Jordan
3 Department of Horticulture and Crop Science, Faculty
of Agriculture, The University of Jordan, Amman 11942,
Jordan
4 International Center for Agricultural Research in the Dry
Areas (ICARDA), P.O. Box 950764, Amman 11195, Jordan
5 Department of Biotechnology and Genetic Engineering,
Faculty of Science and Arts, Jordan University of Science and
Technology, P. O. Box 3030, Irbid 22110, Jordan
6 Department of Agronomy and Horticulture, 362D Plant
Science Building, 1875 N. 38th Street, University
of Nebraska, Lincoln, NE 68583-0915, USA.
Received on 26/1/2016 and Accepted for Publication on
26/5/2016.

will

result

in

poor

germination

and

seedling

establishment, poor tillering and hence, smaller number
of plants per unit area and lesser growth potential (Dodig,
et al., 2014). Additionally, drought at the period of stem
elongation (pre-anthesis) causes reduction in number of
grains per unit area due to it is harmful effect on floret
fertility (Fischer & Turner, 1978; Dodig, et al., 2014).
Jordan is potentially very subjected to future changes in
climate, which will possibly cause an increase in frequent
drought stress, which will consequently affects barley
production (Samarah, 2005; Ceccarelli, et al., 2010).
Under pre-anthesis water-limited conditions, Yield
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“as a quantitative trait” can be increased indirectly via

Agriculture at University of Jordan/Amman/Jordan.

targeting some morphological traits such as plant height,

Thirteen barley genotypes originated from different

peduncle length and spike length (Bogale et al., 2011).

regions including (Jordan, ICARDA, UK, USA,

For example peduncle length has been suggested as a

Germany, Australia) were used in the present study in

useful indicator of yield capacity in dry environments

order to compare their performance when grown under

(Niari Khamssi and Najaphy, 2012). Moreover, Asseng &

pre-anthesis water stress conditions. Four of them were

van Herwaarden, (2003) reported that peduncle length has

Jordanian

a role in stem reserve remobilization & was correlated

Yarmouk) and 9 were international cultivars (Morex,

with high grain yield under heat stress. Furthermore,

Steptoe, Keel, Arta, Golden promise (GP), Tadmor,

peduncle length was highly sensitive to heat stress and

ER/Amp, MF, and Ubi). The 13 genotypes were selected

decreased by 10.62% (Villegas et al. 2007). The role of

to maximize genetic diversity of pre-anthesis drought

wheat peduncle length in heat and drought tolerence was

adaptation. Jordanian genotypes mainly characterized as

already proved due to its role in photosynthesis and stem

following Acsad176 is characterized by medium height

reserve remobilization (Villegas et al. 2007).

and produces short spikes. Under semi-arid condition in

cultivars

(Acsad176,

Rum,

Muta'

and

Plant height is an important reflection for many cereal

Jordan, Acsad176 is grown but with supplementary

growers and plant breeders developing cultivars to meet

irrigation while under good conditions it produces

grower needs (Budak et al., 1995; Shakhatreh et al., 2001;

vigorous vegetative growth coupled with flattened wide

Baenziger et al., 2004). Plant height in barley and its

leaves (Al-Rawashdeh, et al., 2013). Mutah is a released

relationship to grain yield has long been of interest to plant

Jordanian cultivar, developed at ICARDA and has long

breeders. However, tall cultivars are more prone to lodging,

spikes with smooth awns (Al-Rawashdeh, et al., 2013).

particularly when grown in favorable environments, whereas

Rum is characterized by medium height, production of

semidwarf cultivars are shorter, less prone to lodging and

large number of tillerrs, early to medium flowering and

usually partition more dry-matter to the grain (have a higher

fast filling, has short spikes and large grain size. Adapted

harvest index, Waddington et al., 1986; Bingham et al.,

and strong tolerant to drought stress in semi-arid regions

2007). Several genes for height reduction have been reported

of Jordan (Al-Rawashdeh, et al., 2013; Samarah, 2005).

in barley (Zhang et al., 2006). Therefore, increasing drought

Yarmouk is a released Jordanian cultivar, developed at

tolerance at stem elongation and tillering stages must be

ICARDA, tolerates drought and have long spikes and

targeted in breeding new varieties for dry areas. The purpose

smooth awns (Al-Rawashdeh, et al., 2013).

of this research is to improve our understanding of how to

The international genotypes were characterized as

select suitable plant height, peduncle length, and spike length

following Arta is a high tillering cultivar with big spike

for barley genotypes at low rainfall dry land in Jordan and

and large grains. It has vigorous growth and good

the information about these traits variability in this crop

tolerance. It is very short under drought conditions

would be of a great value to improve selection.

(Mazid, et al., 2007). ER/Amp is a 2-row type selected in
ICARDA and released in Tunisia. Golden promise (GP)

MATERIALS AND METHODS

is a semi-dwarf UK cultivar with salt tolerant, fast

The experiment was conducted in a glasshouse

maturing and superior malting variety (Kapusi, 2010).

located in the Jubiha research station of the Faculty of

Tadmor is a 2-row type collected from a field of Arabi

-164-

Jordan Journal of Agricultural Sciences, Volume 13, No.1 2017

Aswad in ICAEDA. Keel: is a high yielding with an early

one biological sample per pot. Each trait was calculated

flowering and early maturing Australian cultivar. Keel

from five samples Plant height (cm), Peduncle length (cm)

characterized by improved straw strength, moderate

and Spike length (cm) were recorded per plant. Plant height

resistant to head loss and is easy to thresh, heavier grains

(cm) was measured for each genotype at maturity from the

with moderate size and it has good leaf disease resistance.

ground level to the spike tip (excluding awns). At maturity

It does well in heavy soil types with lower rainfall but it

peduncle length (cm) and spike length (cm) were

suffered at lower fertile sandy soils (Horsham, 2011).

measured. Peduncle length (cm) measured from last node

Morex is a tall with nearly weak straw but resistant to

to the ligule of flag leaf. When the value is negative, this

lodging and has attractive malting and brewing features.

indicates that the spike remained inside the sheet of flag

Morex is superior to yield, and disease resistance to stem

leaf. Spike length (cm) from selected main shoot was

rust and loose smut and spot blotch (Robertson, et al.,

measured in centimeters from base of the spike to its tip

2003). Steptoe is a high-yielding cultivar with erect

without awns.
The data collected were then subjected to statistical

spikes, large white-grains. Steptoe is acclimatized to the

analysis including analysis of variance (ANOVA),

high rainfall areas (Robertson, et al., 2003).
The barley genotypes were grown in a glasshouse

correlation coefficient and least significant difference

equipped with ventilation system to keep the temperature

(LSD). ANOVA were statistically analyzed using SAS

around 25/18 °C (day/night) and relative humidity at70%.

software version 9.1 to determine the significant

Seeds of the genotypes were grown in pots (40 cm length

differences between genotypes, treatments and the

and 30 cm in diameter). The pots were filled with a

genotype and environment interaction. While, the means

mixture of soil and peat-moss (2:1 ratio). Initially and

were separated using the least standard error of the

after seed sowing, which took place in the 1st of

differences between means (LSD 0.05). The relationships

November 2012, the soil moisture content in the pots was

between peduncle length, spike length, plant height and

brought to field capacity by irrigation with tap water.

grain yield in relation to drought tolerance were assessed

After seedling emergence, plants were exposed to two

using correlation coefficient.

water regimes: "non-stressed" in which irrigation water
were applied when soil moisture reaches a level of 20%

RESULTS AND DISCUSSIONS

water depletion of field capacity and "stressed" in which

Combined analysis of variance showed highly

irrigation after soil moisture reached 20% water depletion

significant differences between treatments, genotypes and

of the field capacity and then brought back to 50% of field

their interaction (G X E) for all measured traits (Table 1).

capacity. The stress treatment was applied to barley plants

These findings were agreed with Budak et al., (1995);

at two different pre-anthesis growth stages: tillering stage

Babaiy et al., (2011) and Amiri et al., (2013). The

(SS) (Zadoks et al., 1974 and stem elongation stage (SE);

significant effect of G X E indicated that the genotypes

forth node detectable.

responded differently to the various non-stressed and

Treatment combinations were set as a factorial

stressed conditions represented by the 3 environments.

arrangement 13 Genotype x 3 water regimes] in a

This was consistent with Francia et al., (2011) who

randomized completely block design (RCBD) with six

reported

replications and each rep was composed from 1 pot with

Mediterranean conditions was highly dependent on the
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effect of genotype, environment and their interaction.

and Yarmouk had the longest spikes (7.4 cm and 7.2 cm,

Indeed, current study showed that the mean squares of

respectively), while Steptoe had the shortest spike (3.0

stress treatment (environments) for all measured traits

cm) (Table 2).When drought was applied at tellering stage

was greater than the G X E mean square (Table 1).

(SS), Morex, Rum and Steptoe were the tallest (64.4 cm,

A higher environmental effect was expected and

57.3 cm and 52.5 cm, respectively) amongst all 13

confirmed the negative effect of pre-anthesis water deficit

genotypes, while Ubi, MF and Arta were the shortest (35

on each of plant height, peduncle length and spike length.

cm, 39.4 cm and 39.6 cm, respectively) (Figure 1). On the

Plant height had a higher G X E effect compared to the G

other hand, Morex (-1.2cm) and Rum (-0.1cm) had the

X E for peduncle length and spike length that may reflect

longest peduncle, while MF (-10.5 cm) and Steptoe (-8.7

the greater selection emphasis on plant height for local

cm) had the shortest peduncle amongst all tested

adaptation than on peduncle and spike lengths. For plant

genotypes (Table 2 and Figure 2). With regard to spike

height, the mean squares of G X E were smaller than the

length Morex (8.1 cm), Tadmor (7.8 cm) and Muta' (7.6

mean square of genotype indicating that the genotypic

cm) had the longest spikes, while Steptoe (3.7 cm), Rum

effects were also more important than G X E which

(4.8 cm) and Acsad176 (4.9 cm) had the shortest spikes

agreed with Budak et al., (1995). Similar trend was seen

(Table 2). Present results were consistent with findings of

for peduncle length and spike length (Table 1).

Zare et al (2011) who found that drought stress reduced

For non-stress environment, Morex and Steptoe were

plant height and spike length. Combined analysis of

the tallest (95.4 cm and 79.4 cm respectively), while Ubi

variance across environments revealed that stress effects

and MF were the shortest (48.5 cm and 55.4 cm,

were significant for all traits, indicating that these traits

respectively) (Table 2, Figure 1). With regard to peduncle

are influenced by drought stress conditions. Similar

length, Morex and ER/Apm had the longest peduncles

results have been reported by Naghaii and Asgharipour

(8.4 and 5.4, respectively), while MF and Steptoe had the

(2011), who reported a significant difference among

shortest peduncle (-7.8 and -5.7, respectively) (Table 2,

stress conditions for plant height. Present results were in

and figure 2). For Spike length, Tadmor and Muta' (8.8

agreement with those of Flintham et al., 1997; Talebi et

cm and 8.5 cm, respectively ) had the longest spike while

al., (2009); Amiri et al (2013); Zare et al (2011) who

Steptoe and MF had the shortest spike (5.2 and 5.3 cm,

showed that the genotypes differs significantly in plant

respectively) (Table 2). Plant height, peduncle length and

height, Peduncle length and spike length.

spike length were negatively (P<0.05) affected by pre-

Based on the results of the correlation coefficients, no

anthesis drought stress at both of stem elongation stage

significant correlation was found between grain yield and

(SE) seedling stage (SS) and (Table2).

plant height under each of NS, SS and SE treatments (Table

When Drought stress was applied at stem elongation

3). These results were consistent with findings of Amiri et

stage, Morex and Rum were the tallest (72.8cm and 57.5

al., (2013) and Babaiy et al., (2011) who assessed the effect

cm, respectively) while Ubi and Steptoe were the shortest

of drought stress wheat & barley and indicated no

(32.2 cm and 39.9 cm, respectively) (table 2 and figure 1).

significant correlation between grain yield and plant height

Morex also had the longest peduncle (4.1 cm) while MF

under

and Keel had the shortest peduncle (-6.8 and -6.5 cm,

Furthermore, taller plants invest most of it is photo-

respectively) (table 2 and figure 2). Meanwhile, Tadmor

assimilate in lengthening of it is internodes with low
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assimilate allocation toward spike. Hence, produced lower

CONCLOUSION

yield compared to semi-dwarf cultivars (Flintham et al.,

Results of this study indicated that pre-anthesis water

1997). Grain yield was positively correlated with peduncle

deficit had significant effect on all studied traits (plant

length at SS only. This was inconsistent with Babaiy et al.,

height, peduncle length and spike length). Morex was

(2011) who studied the correlation of yield with yield

consistently the tallest under no stress (NS), stress at

components in barley and reported no correlation between

tillering (SS) and stress at stem elongation (SE) whereas,

grain yield and peduncle length. Present results showed

Tadmor has the longest spike. Grain yield was highly

positive (P<0.05) correlation between grain yield and spike

correlated with spike length under each of NS, SS and SE

length at each of NS, SS and SE treatments. With regard to

treatments. Current study showed high genetic variability

the rest of possible correlations between plant height,

among the studied barley genotypes that could be used as

peduncle length and spike length, statistical analysis

a rich genetic resource for breeders to develop newer

showed only three positive (P<0.05) correlations, two of

barley drought tolerant genotypes.

them at NS and between peduncle length and each of plant
height and spike length. The third one was presented at SE

ACKNOWLEDGMENTS

between peduncle length and plant height (Table 3). These

We gratefully acknowledge the Deanship of Scientific

findings were consistent with Amiri et al. (2013) who

Research, Jordan University of Science and Technology,

reported a positive and significant correlation between

and Deanship of Academic Research, The University of

peduncle length with plant height and with spike length at

Jordan for their financial support.

zero- stress conditions.
Table 1: Mean square of tested barley genotypes and stress treatments on plant height,
peduncle length and spike length.
Source of variation

Degree of freedom

Replication

5

Genotype

12

Plant height
43.93

ns

Peduncle length
10.72

ns

Spike Length
1.10ns

1546.72**

176.23**

26.08**

**

409.80**

33.06**

Stress Treatment

2

9554.14

Stress Treatment x Genotype

24

103.41**

21.76**

1.02 ns

Error

190

28.57

6.63

0.98

Total

233

* is P<0.05 significant, ** P < 0.01 is highly significant, ns= non-significant.
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Table 2. Average of plant height (PH), peduncle length (PL) and spike length (SL) for13 tested barley genotypes
under three treatments (NS, SE, and SS).
PH (cm)

PL (cm)

Genotype

NS

SE

SS

Mean

NS

SE

SS

Morex

95.4a

72.8a

64.4a

77.57a

8.4a

4.1a

-1.2ab

Steptoe

79.4b

39.9fg

52.5bc

58.34c

-5.7fg

-5.7def

Rum

74.1bc

57.5b

57.3b

63.65b

4.2bc

0.0b

ER

69.5cd

47.3c-e

45.3d-g

54.07d-f

5.4ab

-3.7bc

Tadmor

69.1cd

49.9cd

48.0c-e

54.90c-e

1.8b-d

-4.4c-e

Muta'

67.1de

44.6d-f

44.7e-g

52.15ef

0.7c-e

-4.3cd

Yarmok

66.1de

53.4bc

49.2c-e

56.22cd

2.7b-d

Acsad

63.6d-f

46.2de

44.2e-g

51.35ef

0.7c-e

Keel

62.4ef

45.8d-f

51.6b-d

53.24d-f

GP

62.3ef

43.5e-g

45.8d-f

Arta

57.7fg

37.7fg

39.6f-h

MF

55.4g

46.3de

Ubi

48.5h

32.2h

SL (cm)
Mean

NS

SE

SS

Mean

3.78a

8.1ab

6.5bc

8.1a

7.58ab

-8.7e

-6.78g

5.2d

3.0f

3.7f

4.06d

-0.1a

1.52b

7.1bc

5.3e

4.8e

5.73d

-3.7b-d

-0.65c

8.3ab

6.8a-c

6.6cd

7.25bc

-4.4cd

-2.57de

8.8a

7.4a

7.8ab

7.95a

-2.7bc

-2.09cd

8.5ab

6.8a-c

7.6ab

7.60ab

-3.3c

-3.7b-d

-1.43cd

8.3ab

7.2ab

7.2bc

7.56ab

-4.3cd

-2.7bc

-2.09cd

6.1cd

5.1e

4.9e

5.37d

-2.5ef

-6.5ef

-3.3b-d

-4.11ef

7.6a-c

6.6bc

7.1bc

7.12bc

51.15f

-4.6fg

-5.2c-f

-5.4d

45.02g

0.2c-e

-4.8c-e

-3.7b-d

39.4gh

46.56g

-7.8g

-6.8f

35.1h

38.57h

-4.0fg

-4.1cd

-5.00f

8.1ab

6.3cd

7.3a-c

7.49ab

-2.78de

7.5a-c

6.3cd

6.3d

6.69c

-10.5e

-8.42g

5.3d

5.2e

5.0e

5.16d

-4.7cd

-4.26ef

6.1cd

5.6de

5.1e

5.60d

Mean
67.1a
47.4b
47.4b
-0.002a -3.84b
-4.39b
7.30a
6.15b
NS: no stress SE: stress at stem elongation stage
SS: stress at seedling stage
Means followed by the same letter within the column are not significantly different according to LSD test at P≤ 0.05.

6.26b

Table 3. Correlation coefficients between plant height (PH), peduncle length (PL), a spike length for the 13 barley
genotypes evaluated under 3 testing environments (NS, SE, and SS).
NO Stress (NS)
PH
PL
SL
PL
0.62*
SL
0.25ns
0.63*
GY

-0.07 ns

0.53 ns
Tillering Stage (SS)

PH
0.47 ns

PL

PL
SL

0.24 ns

0.37 ns

GY

0.18 ns

0.72**
Stem Elongation Stage (SE)
PL

PL

PH
0.71**

SL

-0.01 ns

0.16 ns

GY

0.22 ns

0.17 ns

ns, * and **: not significant and Significantly rank corrected at the 0.05 and 0.01 probability level, respectively
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0.67**
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0.70**
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Figure 1. Plant height of 13 tested barley genotypes under three water treatments (NS: no stress; SE: stress at stem
elongation stage; SS: at seedling stage). Bars represent standard error.
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Figure 2. Peduncle length of 13 tested barley genotypes under three water treatments (NS: no stress; SE: stress at
stem elongation stage; SS: stress at seedling stage). Bars represent standard error.
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ﺗﺄﺛﻳر ﻧﻘص اﻟﻣﺎء ﺧﻼﻝ ﻓﺗرة ﻣﺎ ﻗﺑﻝ اﻷ زﻫﺎر ﻋﻠﻰ طوﻝ اﻟﻧﺑﺎت ،وطوﻝ اﻟﺳوﻳﻘﺔ وطوﻝ اﻟﺳﻧﺑﻠﺔ ﻓﻲ  13ﺻﻧف ﻣن
ﺑﻧﺎت اﻟﺷﻌﻳر )(Hordeum vulgare L.
زﻛرﻳﺎ اﻟﻌﺟﻠوﻧﻲ ،1ﻋﺑداﻟﻠطﻳف اﻟﻐزاوي ،2ﻋﺎﻳد اﻟﻌﺑداﻟﻼت ،3،4ﺟﻣﺎﻝ ﻋﻳﺎد ،3ﺟﻣﺎﻝ أﺑو اﻟﻌﻳﻧﻳن،3
ﻧﺳرﻳن اﻟﻘرﻋﺎن ،5ﺳﺗﻳف ﺑﻳﺗر

ﺑﻳﻧزﻳﺟر6

ﻣﻠﺧـص

أﺟرﻳت ﻫذة اﻟدراﺳﻪ ﻋﻠﻰ  13ﺻﻧﻔﺎ ﻣن ﻧﺑﺎت اﻟﺷﻌﻳر ) .(Hordeum vulgare L.وزرﻋت ﻫذة اﻻﺻﻧﺎف ﺑﺎﺳﺗﺧدام 6
ﻣﻛ اررات وزﻋت ﻋﺷواﺋﻳﺎ ﻋﻠﻰ ﻛﻝ ﻗطﺎع ﻟدراﺳﺔ ﺗﺄﺛﻳر اﻟﻌﺟز اﻟﻣﺎﺋﻲ ﻗﺑﻝ اﻷزﻫﺎر ﻋﻠﻰ طوﻝ اﻟﻧﺑﺎت ،طوﻝ اﻟﺳوﻳﻘﺔ وطوﻝ
اﻟﺳﻧﺑﻠﺔ .وﻗد ﻟوﺣظت ﻓروق ﻣﻌﻧوﻳﺔ ذات دﻻﻟﺔ إﺣﺻﺎﺋﻳﺔ ﺑﻳن اﻷﻧﻣﺎط اﻟﺟﻳﻧﻳﺔ ﻟﺟﻣﻳﻊ اﻟﺻﻔﺎت اﻟﻣدروﺳﺔ .وﻛﺎن اﻟﺗﺑﺎﻳن اﻟو ارﺛﻲ
أﻋﻠﻰ ﻣن اﻟﺗﺑﺎﻳن اﻟﻧﺎﺗﺞ ﻋن اﻟﺗﻔﺎﻋﻝ ﺑﻳن اﻟطراز اﻟﺟﻳﻧﻲ واﻟﺑﻳﺋﻪ ) .(GEIﺑﻳﻧت ﻧﺗﺎﺋﺞ اﻟدراﺳﺔ وﺟود ﺗﺄﺛﻳر ﻣﺧﺗﻠف وﻣﺗﻧوع
ﻟﻧﻘص اﻟﻣﺎء ﻓﻲ ﻣرﺣﻠﺔ ﻣﺎ ﻗﺑﻝ اﻷزﻫﺎر .ﺑﺣﻳث ﻛﺎن ﺗﺄﺛر اﻻﺻﻧﺎف ﻣﺧﺗﻼﻓﺎ ﺑﺎﻟﻧﺳﺑﺔ ﻟطوﻝ اﻟﻧﺑﺎت ،طوﻝ اﻟﺳوﻳﻘﺔ وطوﻝ
اﻟﺳﻧﺑﻠﺔ .ﻓﻲ ﺣﺎﻟﺔ ﺗوﻓر اﻟﻣﺎء ﻛﺎن ﻣﺗوﺳط طوﻝ اﻟﻧﺑﺎت ) 67ﺳم( ﻟﺟﻣﻳﻊ اﻷﺻﻧﺎف وﻫو أﻋﻠﻰ ﺑﻛﺛﻳر ﻣن ﻣﺗوﺳط طوﻝ
اﻟﻧﺑﺎﺗﺎت ﻓﻲ ﺣﺎﻟﻪ ﻧﻘص اﻟﻣﺎء .وﻛﺎن اﻟﺻﻧف  Morexأطوﻝ ﺻﻧف وأطوﻝ ﺳوﻳﻘﺔ ﺑﺎﻟﻣﻘﺎرﻧﺔ ﻣﻊ ﺟﻣﻳﻊ اﻷﺻﻧﺎف )77.6
ﺳم و  3.78ﺳم ،ﻋﻠﻰ اﻟﺗواﻟﻲ( .ﻓﻲ ﺣﻳن اﻟﺻﻧف  Ubiﻫو اﻷﻗﺻر طوﻻ ،وﻛﺎن اﻟﺻﻧف  MFأﻗﺻر ﺳوﻳﻘﺔ .ﻓﻲ ﺣﻳن
ﻛﺎن اﻟﺻﻧف  Tadmorأطوﻝ ﺳﻧﺑﻠﺔ ) 7.95ﺳم( ﺑﻳﻧﻣﺎ ﻛﺎن اﻟﺻﻧف  Steptoeﻳﺣﺗوي ﻋﻠﻰ أﻗﺻر ﺳﻧﺑﻠﺔ .ﻛﻣﺎ ﺑﻳﻧت ﻫذة
اﻟدراﺳﺔ ﺑﺄﻧﻪ ﻳوﺟد ﺗﺄﺛﻳر أﻳﺟﺎﺑﻲ وﻣﻌﻧوي ﺑﻳن طوﻝ اﻟﺳﻧﺑﻠﺔ وﻛﻣﻳﺔ اﻷﻧﺗﺎج ﻓﻲ ﺟﻣﻳﻊ اﻟﻣﻌﺎﻣﻼت اﻟﻣدروﺳﺔ ) SS ،NSو(SE
ﻣﻣﺎ ﻳدﻝ ﻋﻠﻰ أﻫﻣﻳﺔ ﻫذة اﻟﺻﻔﺔ ﻟزﻳﺎدة اﻹﻧﺗﺎج ﻓﻲ ﻧﺑﺎت اﻟﺷﻌﻳر ﺑﺷﻛﻝ ﻏﻳر ﻣﺑﺎﺷر.
اﻟﻛﻠﻣﺎت اﻟداﻟﺔ :اﻟﺟﻔﺎف ،اﻷردن ،اﺳﺗطﺎﻟﺔ اﻟﺳﺎق ،اﻻﻧﺗﺎج ،اﻧﺗﺧﺎب.

 1ﻗﺳم اﻹﻧﺗﺎج اﻟﻧﺑﺎﺗﻲ ،ﻛﻠﻳﺔ اﻟزراﻋﺔ ،ﺟﺎﻣﻌﺔ اﻟﻌﻠوم واﻟﺗﻛﻧوﻟوﺟﻳﺎ اﻷردﻧﻳﺔ ،أرﺑد -اﻷردن.
ziajlouni@just.edu.jo
 2ﻗﺳم اﻷﺣﻳﺎء ،ﻛﻠﻳﺔ اﻟﻌﻠوم ،اﻟﺟﺎﻣﻌﺔ اﻟﻬﺎﺷﻣﻳﺔ ،اﻟزرﻗﺎء-اﻷردن.
3

ﻗﺳم اﻟﺑﺳﺗﻧﺔ واﻟﻣﺣﺎﺻﻳﻝ ،ﻛﻠﻳﺔ اﻟزراﻋﺔ ،اﻟﺟﺎﻣﻌﺔ اﻷردﻧﻳﺔ ،ﻋﻣﺎن -اﻷردن.

4

اﻟﻣرﻛز اﻟدوﻟﻲ ﻟﻸﺑﺣﺎث اﻟزراﻋﻳﺔ ﻓﻲ اﻟﻣﻧﺎطق اﻟﺟﺎﻓﺔ )اﻳﻛﺎردا( .ﻋﻣﺎن -اﻷردن.
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