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Table 1. Some physical and chemical properties of soil used in the experiment.

Zn Cu Mn Fe P K EC pH N OC CCE Clay Silt Sand Texture
: Iy | (In saturated " -5l
Available (mgkg™) (dSm™) mud) ) sk
e
076 1.1 104 2.1 465 299 1.49 7.45 0.05 05 7 19 24 57 Sandy
Loam
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Table 2. Analysis of variance of measured root morphological properties.
Sl e SSle

(Mean squares)

63')1 4

s . N .. Sl ol
bl S Jdsb Is S 035 S 055 G
) Y aly) ) A A Degree of Sources of variations
Ay 4 R B) R B) R B) Freedom
Root Root
Shoot toroot  gurface area volume Total root Root dry Root wet
ratio length weight weight
0.2581™ 10583.16*%*  6.6150**  106696.00** 0.1347%** 6.3551%** 1 s éﬁ“
Fertilizer level
0.7684%** 1216.90** 0.9628%** 9938.70** 0.0125%* 1.0248** 3 -
Cultivar
0.0875™ 12341%  02317%F  123.70™ 0.0001™  0.2005%* 3 P2 5255 gl
Fertilizer levelxCultivar
Lo
0.0592 20.83 0.0375 205.02 0.0002 0.0260 16
(Error)
S )
9.32 6.05 9.27 6.27 6.27 8.83
cv)

.J‘)L'M eS| QJ.Lv 9 VA JL«"&-‘ CE—.—/ BE J‘)L'».u: g/.;JJA.v ns 9 *k

** and ™ Mean square (MS) of the treatments are significant at the 0.01 level and mean square of the treatments are
not significant, respectively.
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Table 3. Compare mean of the main effects of treatments on root morphological properties.

e R dsb Js e St Oy SEF O3y SO0
Al Root iy el olls Al ) basles
Root surface Total PR Shoot dry  Rootdry  Root wet Treatments
Volume (crig‘/:got) root Shoot to weight weight Weight
(mL/pot) length root ratio (g/pot) (g/pot) (g/pot)
2.33° 90.17* 278.42° 2.32° 0.73* 0.31° 227 (Tv) (Azadi) &350
2.05° 75.92° 223.84° 2797 0.70° 0.25° 1.78° (T2) (Yavarus) _5,\54
2.17% 79.39° 231.55° 2.31° 0.61° 0.26 1.97° (Ty) Karaj D 5
1.42¢ 56.06° 179.04° 3.04° 0.59° 0.20° 1.28° (Ts) Marvdasht) s s
. (Fo) ,
1.47° 5439° 16154  2.51° 045 0.18° 131° V) Ao 525 e
No P fertilizer
, , ) ) , ) ) Fe) Sk p S id o S Juo Y
2.52° 96.38" 294.89° 2717 0.86" 033" 2.34° PSS 2 Ad e S e T e

20 mg P kg' soil

Al e o = Jlex! C]d_u): Dlsbie Bl BB O gn 8 53 S i Gy > (lols L;La:a.{}l:.a
Means followed by the same letter in each column are not significantly different (P<0.05).

855 03 Ao = Jlee| CE.N): L olsbme 2l 58l
Sladay gl el ple 5 als) S O35 iy, F
Sldaw e jgbaaloy 50550050 00 5 il dls w
S Jsd) dawy OIS s ¢,§ APV
Glde, b Sns o Hr o bl bl

RGPS WS ) QL:;J ¢ d_}u\?- BE ol (5):§°)\"L’\

iz wdy 5 LS o3, Olgea o3l o3,
3 Aot by e LS o5, Olges
Olgsa Lidg 555 e gladsy sla eyl Hlde oy 50
Coisgpe oy 5 OMIS 53 0 S YTV L ol o3, b
RAS 3 SR e OIS e a S VYA L

G 385 Grme Al |y 4y 5 05y M

okd (s Kol latyy (K5 gsm s S o3y 5 5355 paw bl JI-§ Jpir
Table 4. The interaction effect of fertilizer level and cultivar on measured root morphological properties.

oee
(Mean)
Al e iy e Jdsb s ool s o Kt 0 Kt 0 o ajles
. . . . 20 7 900 Treatments
Root Root surface D) ) A olls D) Root wet
Volume agea Total root Shoot to root Shoot dry Root dry weight (g/pot)
(mL/pot) (cm*/pot) length (cm) ratio weight (g/pot)  weight (g/pot)
1.67° 66.01° 210.04 227 0.53 0.24 1.57% TFo
1.53° 55.50¢ 159.90 2.79 0.50 0.18 1.43% T,F,
1.50% 54.78¢ 159.31 2.19 0.39 0.18 1.32¢ TsF,
1.17¢ 41.25° 116.89 2.78 0.36 0.13 0.92f T4Fo
3.00° 114.33° 346.80 237 0.92 0.39 2.97° T/F.
2.57° 96.33° 287.77 2.75 0.89 0.32 2.14° TJF,
2.83% 104.00° 303.79 243 0.83 0.34 261° TsF,
1.67° 70.87° 241.19 3.30 0.82 027 1.65 T4F.

(Karaj 1)\ ¢ 5 o5, T3 (Yavarus) o~s,l5b o3, T2 (Azadi) sl o T Sl (“Jfflﬁsf b 0 8 Joo Y g Fe o (538 =l Fo
Ll o Ao Jlez| Ch“ 55 sl O] BB O gt a 53 S e Gy slils b Sl (Marvdasht) ciss o2 Ty

Means followed by the same letter in each column are not significantly different (P<0.05).
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Table 5. Compare mean of the main effects of treatments on calculated efficiency indexes.

G pme 18 ol 1S i} o clhle
. . @A L L
b b p olls anb olls anb ol
P utilization P acquisition efficiency Shoot total P Shoot P Treatments
efficiency efficiency (%) uptake concentration
(g/mg) (%) (mg/pot) (mg/g)
0.33° 32.90° 57.32° 257" 329" (T1) (zadi) 351
0.41° 32.75° 56.51° 1.95° 261° (T2) (Yavarus) 3,54
0.39° 29.10% 47.48" 1.82° 2.75° (Ts) Karaj )\ 5
0.54° 23.44° 44.60° 1.35¢ 2.05¢ (Ty) (Marvdasht) i35,
F)
0.53° - - 0.89" 1.95° Fo) Ao 25
No P fertilizer
Fo) Sbt o S b S e Yr
0.30° - _ 2.95° 3.39° (Fe) PSS n A e S s clﬁw

20 mg P kg' soil

Aol Ao g JLQ.:;-\CE.dﬁ)lstu N BB Gt a s S nie Gy o lols 6“;‘:&\?‘

Means followed by the same letter in each column are not significantly different (P<0.05).
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Table 6. Correlation between measured growth parameters and calculated efficiency indexes.
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Abstract

Background and Objectives: Regarding to phosphorus as a low mobility element in soil, identification and
application of traits of cultivars that are recognized as phosphorus efficient, will be very important for crop
improvement and optimum usage of soil. Maximizing the phosphorus use efficiency of crops in the system
is one of the most important approaches considered in phosphorus management. The first step in improving
effectiveness of nutrient management practices is having information about how plant root systems interact
with the soil. Because of limited researches on function of roots at the uptake of low mobile elements, this
investigation was conducted to study some root morphological properties of several phosphorus efficient
and phosphorus inefficient cultivars of wheat and their relations with phosphorus efficiency indexes.
Materials and Methods: In this study, some root morphological properties of several phosphorus-
efficient and phosphorus-inefficient cultivars of wheat (Triticum aestivum L.) were compared and their
correlations with efficiency indexes were studied. Furthermore, the rhizosphere effect of each cultivar on
soil pH and soil phosphorus fractions was investigated. A greenhouse experiment on wheat cultivars as a
factorial in completely randomized design was conducted with 8 treatments and 3 replications for six
weeks. Experimental factors were different cultivars (2 phosphorus efficient i.e. Azadi and Yavarus and 2
phosphorus inefficient i.e. Karaj I and Marvdasht) and soil P levels (natural level of soil P and
20 mg P kg™ soil). To understand root properties affecting phosphorus efficiency related to cultivar, some
root morphological properties (root wet weight, root dry weight and root volume) were measured and
then total root length and root surface area were calculated. Shoot wet and dry weight and shoot to root
ratio in different cultivars was measured and calculated, too. Finally, total phosphorus uptake, phosphorus
acquisition efficiency, phosphorus utilization efficiency and phosphorus efficiency were calculated and
correlation between root morphological properties and efficiency indexes was investigated.

Results: There was a significant (P<0.05) difference of root morphological properties between phosphorus
efficient and phosphorus inefficient cultivars and with higher efficient cultivars produced stronger and more
extensive root system. Azadi and Marvdasht cultivars had the highest and lowest root quantitative properties
(wet weight (2.27 and 1.28 g), dry weight (0.31 and 0.20 g), total root length (278.4 and 179.04 Cm), root
surface area (90.2 and 56.06 Cm/pot) and root volume (2.3 and 1.4 mL/pot), respectively. Also, different
cultivars showed significant differences (P<0.05) in the dry weight of shoots, shoot to root ratio, shoot P
concentration and shoot total uptake as well as phosphorus acquisition efficiency and phosphorus utilization
efficiency. Dry matter significantly (P<0.05) increased for all cultivars with phosphorus fertilization. There
was a positive and significant correlation between root parameters of studied cultivars with different
efficiency indexes such as shoot phosphorus concentration and shoot total phosphorus absorption but there
was a negative correlation between mentioned parameters with phosphorus utilization efficiency index. Soil
pH values in the rhizosphere of all four wheat cultivars were significantly (P<0.05) lower than those in the
corresponding non-rhizosphere soil. pH decreased between 0.12-0.38 in the rhizosphere of studied cultivars.
Azadi and Marvdasht cultivars showed the highest and the lowest amount of pH decreases, respectively.
In all wheat cultivars phosphorus forms (DCP-P, OCP-P, Al-P and Apatite-P) decreased significantly
(P<0.05). This difference was not equal for all cultivars and all fractions.

Conclusion: The differences are attributed to genetic differences among cultivars, root size, root morphology
and changes in the rhizosphere. Identification of plants strategies for adoption to low nutrient condition and the
right selection of the cultivars can improve the uptake of P in P-deficient soils and crop production.

Keywords: Root, Phosphorus efficiency, Phosphorus acquisition efficiency, Phosphorus utilization
efficiency, Soil phosphorus fractions
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