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

FRC G oAl G . - =Ly
N . N . N [= (:}'I . £
slaad slaad slaad oslanl w—-—b‘ (O ] d.)l;u ;—-L:w o) |
(Availabl ~ (Availabl  (Available . rganic (Calcium Sil)y  (Clay) &
e-Mn) e-Fe) -Zn) (Available  (Olsen- carbon) carbonate (pH)

-K) P) .
equivalent)
PSS e S ke eSS eSS % -
(mg kg™ (gkgh

3.0 4.40 0.91 110 11.6 8.2 460 18 25 7.73

Srs ) SBSE slacd 5 gew) G S5 had 555 5SS o wl av U1 bty 4o Y Jgd

Table 2. Analysis of variance of the effect of three citrus rootstocks and phosphorus (P) fertilizer on the biological and chemical
properties in the rhizosphere soils.

hd e SAd 5o 4l o

(Phosphorus)  (Rootstock)  (Rootstock x Phosphprus)  (Error)

(d.£) gsl31 a3 1 2 2 12
(Olsen-P) o5l 5ind 752% 47% 18 11
(RES-P) sile3l jiub 22% 1.3 ns 0.99 ns 259
(Organic-P) JI ;4.3 (39 pg 14% 1.6 ns 50
(CARB-P) (S L Lo o i 48%* 1.5ns 0.38 ns 271
(Fe-ALP) LodeeST L Lo o jind 220% 20% 16* 40
(EXCH-P) J sl>s jind 244% 4.89% 3.3% 0.82
(AcP) el 5Llas 0.96 ns 1.4 ns 0.96 ns 75
(AIP) U5 5bL.s 19* 30% 5.5% 257
(MBP) 03 55l 5 2 3% 333% 23 ns 0.12
(Fungi) =5 Comer 8.2% 71* 2.1ns 0.31
(Bacteria) (5 ,Sb Curex 1450 445% 57* 2.1
(DOC) ks JT o 99 31 3.0 1.1
(PH) < <0.01ns 0.01* 0.02* <0.01

Sl L33 0 Qt.:a.]alch.sJ:)bw;l))‘:w;llfﬁlﬁ 4y % 41nS
ns and * show non-significant effect and significant effect at p<0.05 level, respectively.

AcP: Acid phosphatase; AlP: Alkaline phosphatase; MBP: Microbial biomass P; DOC: Dissolved organic carbon; RES-P: Residual P; CARB-P: P
associated with Ca compounds; Fe-Al-P: P associated with Fe and Al compounds; EXCH-P: Exchangable P.
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Table 3. Mean comparisons of the interaction effect of the rootstocks and phosphorus (P) levels on the biological properties in the
rhizosphere soils of Thomson Navel orange plants grafted on three rootstocks.

oz X " Comas X\ o b i U..JS
sl blas < G‘_‘f
SL & 03 45 o ) )
(AIP) 5{5 : g ) S (pH)
(Bacteriax10%) (Fungix10?) (MPB) (DOC)
— 2 R S ) )
MJJ ) );J'JS»U )bL;'JS.,\?U J"fJSLfo J”fJSLSLf
o =09 50 . ¢ ¢ ¢
e S o8 S o8 oS ks £ S5ks
0 (CFU g soil) (CFU g soil) (mg kg™) (mg kg
(PNP-P ¢! soil)
«b e
(O8] C. B
(P levels) (P levels) (P levels) (P levels) (P levels)
(P levels)
PO P1 PO P1 PO P1 PO P1 PO P1 PO P1
-
336° 271¢ 21¢ 58 5 4 0.3 0.7 24b 282 736>  7.37°
(SO)
g s
3832 346 8d 28b 1 1 1.0 2.2 20¢ 25b 7.36°  7.522
(SC)
(TC) 3728 3692 74 28 2 1 4.8 6.0 184 25b 7.50*  7.42%

GO ez e 55 ST O3l el o golsime sl S ie G gl sla Sl
Means with the same letter are not significantly different (Duncan test, p<0.05).

SO: Sour orange; SC: Swingle citrumelo; TC: Troyer citrange
AIP: Alkaline phosphatase; AcP: acid phosphatase; MBP: microbial biomass P; DOC: Dissolved organic C
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Fig. 1. Mean comparisons of the main effects of the rootstocks (A) and phosphorus (P) levels (B) on fungi count (Fungix102,

CFU g'! soil) and microbial biomass P (MBP, mg kg'!) in the rhizosphere soils of Thomson Navel orange plants grafted on
three rootstocks (SO: Sour orange; SC: Swingle citrumelo; TC: Troyer citrange); Bars with the same letter are not

significantly different (Duncan test, p < 0.05).
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Table 4. Mean comparisons of the interaction effect of the rootstocks and phosphorus (P) levels on available phosphorus (P) and
different fractions of P (mg kg'!) in the rhizosphere soils of Thomson Navel Orange plants.

J s i sl Sad L e jaud L o e i S d slledl b
(EXCH-P) (Olsen-P) s L s (Organic-P) (RES-P)
(Fe-Al-P) (CARB-P)
(Rootstock) (P levels) (P levels) (P levels) (P levels) (P levels) (P levels)
PO P1 PO P1 PO P1 PO P1 PO P1 PO P1
=t X
5.9¢ 11b 124 22b 27¢ 982 321 380 70 63 135 185
(SO)
e
5.6¢ 12b 134 208 30¢ 55¢ 328 373 43 50 139 163
(SC)
(TC) 5.9¢ 142 17¢ 208 38d 75b 336 393 60 66 129 162

L1 70 Jlezst e 53 oSSl O3l lal ol s sy S xie G (glls la Sl

Means with the same letter are not significantly different (Duncan test, p < 0.05). SO: Sour orange; SC: Swingle citrumelo; TC: Troyer citrange; Fe-
Al-P: P associated with Fe and Al compounds; EXCH-P: Exchangable P; CARB-P: P associated with Ca compounds; RES-P: resisual P.
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Fig. 2. Mean comparisons of the main effect of phosphorus (P) levels on the residual P (RES-P), P associated with Ca compounds

(CARB-P) (mg kg!) and the main effect of rootstocks on the Organic-P (mg kg!) in the rhizosphere soils of Thomson Navel orange
plants grafted on three rootstocks (SO: Sour orange; SC: Swingle citrumelo; TC: Troyer citrange); Bars with the same letter are not

significantly different (Duncan test, p < 0.05).
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Abstract

The aim of this study was to evaluate the effects of three citrus rootstocks on some rhizospheric features
including biological and chemical properties in a calcareous soil without and with phosphorus (P) addition.
For this purpose, a factorial experiment was conducted in a completely randomized design with three
replications. Experimental factors included Thomson Navel orange (Citrus sinensis L. Osbeck.) grafted on
Sour orange (SO), Swingle citrumelo (SC), or Troyer citrange (TC) rootstocks and two levels of P fertilizer
application [with (100 mg-P kg! soil) and without P addition]. Eighteen months after planting seedlings in
pots, plants were harvested and rhizosphere soils were separated and some biological properties including
dissolved organic carbon (DOC), the population of fungi and bacteria, microbial biomass P (MBP), alkaline
phosphatase (AIP) and acid phosphatase (AcP) activities and available P (Olsen-P), and P fractions
(including the exchangeable; associated with Fe and Al oxides; associated with Ca compounds; and residual)
were determined in the rhizosphere soils. In both P levels, DOC and population of fungi and bacteria were
higher in Sour orange rhizosphere soil than other rootstocks (p<0.05). However, the lowest values of pH,
AIP and MBP were found in Sour orange rhizosphere soil compared with other rootstocks (p<0.05). Olsen-P
was lower in Sour orange rhizosphere soil than other rootstocks. Additionally, the results showed that the
depletion or accumulation pattern of various fractions was under the rootstock and P-level control. The
amounts of exchangeable P and P associated with Fe and Al oxides in the rhizosphere soils had been only
influenced by the root activity of citrus rootstocks and P addition (p<0.05). However, citrus rootstocks did
not have significant effect on P associated with Ca compounds and residual P and these two forms of P had
been solely influenced by P addition. Based on the results, among the rootstock SO could improve P
acquisition efficiency mainly by modifying biological conditions and chemical reactions in its root
surroundings soil and altering P fractions in its rhizosphere soil.

Keywords: Calcareous soil, Microbial population, Phosphorus forms, Sequential extraction.

Background and Objective: Phosphorus (P) is one of the most important macronutrients for plants.
Although the total amount of P in most soils is relatively high, its uptake by plants is often limited (1). Plant
roots affect rhizospheric features and, in turn, the fractionation and bioavailability of nutrients in the
rhizosphere (2). Citrus rootstocks have vital roles in nutrients and water uptake and translocations because
they develop the root systems of these trees. The most important rootstock resources in the world and

1- Citrus and Subtropical Fruit Research Center, Horticultural Science Research Institute, Agricultural Research and
Education Organization (AREO), Ramsar.
*: Corresponding author, Email: taraiesi@gmail.com
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especially in the north of Iran include Sour orange, Swingle citrumelo, and Troyer citrange. However, studies
on the adaptive mechanism of the perennial woody plants to soils with and without P addition are still
limited. Therefore, this work aimed to gain better insight into how various citrus rootstocks affect biological
properties, and fractionation and bioavailability of P in the rhizosphere soils without and with P addition.

Methods: The soil used in the experiment was collected from a citrus orchard located in the east of
Mazandaran province, northern Iran. Then, 15-kg soil was poured in each pot. Experimental factors included
Thomson Navel orange (Citrus sinensis L. Osbeck.) grafted on Sour orange (SO) or Swingle citrumelo (SC),
and or Troyer citrange (TC) rootstocks and two levels of P fertilizer application [with (100 mg-P kg™ soil)
and without P addition]. Eighteen months after planting seedlings in pots, plants were harvested and
rhizosphere soils were separated. Dissolved organic carbon (DOC), the population of fungi and bacteria,
microbial biomass P (MBP), alkaline phosphatase (AIP) and acid phosphatase (AcP) activities, available P
(Olsen-P), and P fractions according to the sequential extraction procedure were determined in the
rhizosphere soils. Effects of the rootstocks (SO, SC, TC) and P levels on soil P forms (i.e., P fractions) and
biological properties were tested by the two-way analysis of variance using the SAS software. Duncan’s test
was used for the mean comparisons (at p< 0.05).

Results: Soil texture was sandy clay loam and the content of its available P was 11.6 mg kg™'. The calcium
carbonate equivalent in the soil was 46%. In both P levels, DOC and population of fungi and bacteria were
higher in Sour orange rhizosphere soil than other rootstocks (p<0.05). However, the lowest values of pH,
AIP and MBP were found in the rhizosphere soil of Sour orange when compared with other rootstocks
(p<0.05). Olsen-P was lower in the Sour orange rhizosphere soil than other rootstocks. Additionally, the
results showed that the depletion or accumulation pattern of various fractions was under rootstock and P-
level control. The amounts of exchangeable P and P associated with Fe and Al oxides in the rhizosphere soils
had been only influenced by the root activity of citrus rootstocks and P addition (p<0.05). However, citrus
rootstocks did not have significant effect on P associated with Ca compounds and residual P and these two
forms of P had been solely influenced by P addition.

Conclusions: In summary, the results of the present research showed that the Sour orange rootstock had the
greatest impact on the biological and chemical traits measured in the rhizosphere soil compared to the other
rootstocks. Therefore, it seems that the Sour orange rootstock has the highest phosphorus uptake efficiency
in the studied soil.
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