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Root are important organs that supply phosphorus to growing plants. Data related to root growth and P-
uptake by some barley genotypes are limited. A pot experiment was conducted in Faculty of Agriculture
Omar —AL-Mukhtar University to evaluate the Effected phosphorus on root growth of different barley
varieties during the growing season (2021). The objective of this study was to evaluate root growth of
some barley genotypes and P-uptake and use efficiency under phosphorus (P) levels. A randomized
complete block design was used in a factorial arrangement and the treatments were replicated three times.
The P levels used were 0(low), 50 (medium) and 100 (high) mg kg-1 of soil, and four barley genotypes
were evaluated. Root dry weight g plant-1, contribution of root in the total plant weight (%), root/ shoot
ratio and P- uptake and use efficiency were significantly influenced by P and barley treatments.
Maximum values of these root growth parameters were achieved with the addition of 50 mg P kg -1 soil.
The P x barley genotypes interactions for P-uptake and use efficiency were significant, indicating
variation in uptake pattern of P by barley genotypes with the variation in P rates. Increase in root growth
with the addition of P can improve P uptake from the soil and lessen loss of nutrient from the soil and
plants systems.
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1.Introduction

Phosphorus (P) is an important essential macronutrient for plant
growth [10 ,12]. It is required as a structural component of DNA,
RNA and is a regulator in signal transduction cascades [13]. It is
immobile in most soil conditions compared to other cronutrients [3]
.A large number of studies have shown that P supply is critical for
early plant growth ,maximum root development and optimum plant
yield [5,15] . Plant attributes that lead to enhanced P acquisition
efficiency are related to the extent to which roots are able to intercept
more soil available P. these attributes include root architecture, root
morphology, mycorrhiza,

Associations, high affinity transporters, rhizosphere alteration
and changes in the root to shoot ratio [7]. In such sense, root to shoot
ratio (RSR) isa useful tool to evaluate the biomass allocation among
different plant organs [14]. RSR is the ratio of the belowground
biomass to the aboveground bi ass, which is the parameter that most
directly reflects biomass allocation by plants. many plants would
change their RSR in response to shading or low nutrient availability
[2]. so RSR is an important indicator of competitive interactions
among different plant species [16]. The objective of this study was to
evaluate root growth, root/shoot ratio ,phosphorus uptake and
phosphorus use efficiency under different phosphorus levels .

2. MATERIALS AND METHODS
Table 1. Some physical and chemical properties of the
experimental Soil.

Properties [ value

Soil texture Sandy
pH 7.2

EC dSm? 0.48
Organic Matter % 0.2

A pot experiment was conducted to evaluate root growth
phosphorus uptake and phosphorus use efficiency by four barley
genotypes (Hordeum valgare L) . characteristics of the soil used in
the experiment (table 1) Four barley varieties were used , Rahan ,
Tramilo , M97 and B12-3 .The phosphorus levels used were : 0
mgkg-1 (low) ,50 mgkg™ (medium) and 100 mgkg™ (high) , applied
as di- ammonium phosphate . Basal fertilizer rates used were 25 mg
N/ kg (urea) and 50mg K/kg of soil to each pot (30cmx25cm)
containing 5kg of soil . All fertilizers were mixed well with soil
before planting . Moisture content was kept near field capacity during
the experimental period with extended to 30 days after sowing .At
the end of the experiment shoots and roots were removed and washed
several times with fresh water. Dry weight of both shoots and roots
were recorded after oven drying at 70°C. Shoots and roots were
milled and digested according to method of [3]. Phosphorous was
determined by an atomic absorption spectrophotometer

Root/Shoot ratio and P —use efficiency were calculated by
using the following equation :

Root /Shoot ratio = Root dry weight / Shoot dry weight

Contribution of root in the total plant (wt)( %) =( Root dry
weight( mg)/( Root + Shoot) dry weight )x 100

P — use efficiency (mgmg™)= Root dry weight mg /P uptake in
mg

A randomized complete block design was used in a factorial
arrangement and the treatments replicated three times were statically
analyzed according to the method reported by [9] .

3. RESULTS AND DISCUSSION
Table 2: dry weight (g plant ) of four barley genotypes as
influenced by phosphorus fertilization.
Phosphorus Levels (mgKg?)

g?ﬁ;{:;s Low P Medium P High P

(0 mgKg?) (50 mgKg?) (100 mgKg?)

Rahan 0.88 1.99 0.61

Tramilo 0.21 0.33 0.26

M97 0.11 0.41 0.22

B12-3 0.21 0.91 0.51

Averg 0.35 0.91 0.41
LSD at 5% (P) 0.01 (G) 0.011 (P*G) 0.021

Phosphorus x barley genotypes interactions for root dry weight
, root/shoot ratio and contribution of root in the total plant weight
were significant (Tables 2 ) ,indicating that differential performance
of barley cultivars tested at different P levels .Root dry weight varied
from 0.11 to 0.88 g plant™* at low P level , with an average value of
0.35 g plant . Similarly, at medium P level , root dry weight varied
from 0.33t0 1.99 g plant %, an average of 0.91 g plant ** . At high P
level root dry weight varied from 0.22 to 0.61 g plant -, with an
average value 0.41 g plant ** .Overall , significant increases were
measured in root dry weight with the addition up to 50 mg P kg soil
.This was in accordance with the finding of [15] who concluded that
, increase in root weight of crop plant with the addition of phosphorus
fertilizer .

Table 3. Contribution of root in the total plant weight (%) of

four barley genotypes as influenced by phosphorus fertilization.

Phosphorus Levels (mgKg?)
gf?:(;::{/s Low P Medium P High P

(0 mgKg™) (50 mgKg) (100 mgKg?)

Rahan 29.1 66.8 144

Tramilo 19.1 254 154

M97 8.33 27.2 12.0

B12-3 15.3 42.3 20.3

Averg 18.0 40.4 155
LSD at 5% (P) 0.025 (G) 0.018 (P*G) 0.051

Data represented in table (3) showed that, contribution of root
in the total plant weight was 18.0 % at low P level , 40.4 % at medium
P level and 15 .5 % at high P level . The increase in contribution of
root weight in total plant at medium P level reflects cover crops
responses to P fertilization .

Table 4 . Root /shoot ratio of four barley genotypes as influenced by
phosphorus fertilization.

Phosphorus Levels (mgKg?)
geB:(;:E)))//s Low P Medium P High P

(0 mgKg") (50 mgKg™") (100 mgKg™)

Rahan 0.41 0.93 0.61

Tramilo 0.24 0.19 0.18

M97 0.91 0.22 0.21

B12-3 0.18 0.65 0.41

Averg 0.44 0.50 0.35
LSD at 5% (P) 0.061 (G) 0.023 (P*G) 0.036

Root /shoot ratio was significantly affected by P level , barley
genotypes (Table 4) .In addition , the interaction of P and genotypes
was also significant for root /shoot ratio it can be concluded that ,root
/shoot ratio of barley genotypes varied with the variation in P levels
. Overall ,root / shoot ratio increased when P level was increased from
0to 50 mg P kg ! and then decreased . The decrease in root / shoot
ratio at the greatest P level indicates increase in shoot dry weight
more compared to root dry weight at this P level . This finding was
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in harmony with the results obtained by [11] who concluded that,
disproportionate growth of shoots over roots sharply decreases the
root to shoot ratio when P concentration changes from deficient to
low and slightly decreases it when P concentration changes from low
to high. Similar results are obtained by [4] who indicated that, one of
the main symptoms of P deficiency in plants is enhanced root: shoot
ratio by either a reduction in shoot growth or an increase in root
production or both.

Table 5. Phosphorus uptake (mg plant 1) in four barley

genotypes as influenced by phosphorus fertilization.
Phosphorus Levels (mgKg?)

gs:;:gls Low P medium P high P
(0_mgKg™) (50 mgKg™) (100 mgKg™)

Rahan 0.14 0.65 1.42

Tramilo 0.17 0.41 0.15

M97 0.13 051 0.57

B12-3 0.22 0.46 1.66

Averg 0.17 0.51 0.95
LSD at 5% (P) 0.016 (G) 0.025 (P*G) 0.036

Uptake of P increased with the increase in P levels in growth
medium. Data represented in table (5) showed thatt, at low P level P
uptake varied from 0.13 to 0.22 mg plant !, with an average value
of 0.17 mg plant -* . At medium and high P levels, P uptake values
varied from 0.41to 0.65 mg plant * and from 0.15 to 1.66 mg plant
1, respectively . However , there significant differences among
barley genotypes in P uptake . This result was in agreement with the
finding [8] who reported that , a variety of root properties such as
length , dry weight , density and hairs might have caused variation in
P uptake among the crop species[1].

Table 6. Phosphorus use efficiency (mg mg ) in root of four

barley genotypes as influenced by phosphorus fertilization.
Phosphorus Levels (mgKg?)

geB:glg))l/s Low P medium P high P
(0 mgKg™) (50 mgKg™?) (100 mgKg™)
Rahan 6285.7 3061.5 429.6
Tramilo 1235.3 804.9 1733.3
M97 846.6 803.9 385.9
B12-3 954.5 1978.3 307.2
Averg 2330.4 1662.2 714
LSD at 5% (P) 18.40 (G)17.14 (P*G) 19.2

Data represented in table (6) showed that the P — use efficiency
decreased with the increase in P rate , suggesting increase in root dry
weight with the increase in P rates . Similar results are obtained by [1

,6 ,7] who found that , nutrient —use efficiency decreased with the
increase in nutrient rates in crop plants .
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