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Abstract. Two pot experiments were made to investigate the utilization efficiency of Syrian phosphate rock (PR) by different plant species (maize, cotton, cowpea, and rape). The first experiment was carried out by using alkaline soil, which received triple superphosphate (TSP) at 0, 25, 50 and 100 mg P/kg soil. PR was applied either alone at 100 mg P/kg soil and as a mixture with TSP (PR:TSP) at P ratios of 75:25 and 50:50.  The second expiment was carried out in sand culture where pots received either PR (200 mg- P/kg) or no P. Pots were watered with a full-nutrient solution in which P, Ca, and Fe were omitted. Nutrient solutions containing Ca or Fe was applied to shoots whenever it was required.

Rape plant was the only plant that was able to utilize significant quantity of P from PR in the alkaline soil that resulted in an increase of dry-matter yield (DMY). Addition of TSP in combination with PR did not improve the utilization of P from PR for cotton and cowpea plants. At 100 mg P/kg rate, mixing PR with TSP at 50:50 P ratio led to a significant increase in DMY of maize as compared to that obtained with 50 mg P/kg as TSP. In the sand culture study, all the plants were able to utilize PR in terms of increasing DMY with respect to that obtained with no P.  
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Introduction
Plant response to the application of phosphate rock (PR) is strongly dependent upon the rate of dissolution of PR [1], however, it is shown to relate to a number of factors that interactively influence the rate of chemical breakdown at the surface of PR particles [2]. They include soil factors, PR properties and effect of plant species grown under field or greenhouse conditions [3,4]

It is well known that PR is not effective in alkaline and calcareous soils. This is not surprising, as alkaline soils are usually high in pH and activity of Ca ions in soil solution [4]. In such soils, physical mixture of superphosphate and PR, which contained 50-60 % of their total P in a water soluble form, has been proven to enhance plant growth and can be as effective as fully acidulated PR [5]. Habib et al [6] also showed that PR and TSP mixture at 50:50 P ratio was as effective as TSP for rape plant in alkaline soil limed with CaCO3. On the other hand, the agronomic effectiveness of superphosphate - PR mixture has been reported to increase as the proportion of water soluble P increases up to 100% [7,8]

Under similar growth conditions, plant species may differ in their ability to utilize PR and generally greater in dicots than in moncots [9,10]. The efficiency of some plant species to utilize P from PR is mostly attributed to the degree of plant ability to acidify the rhizosphere, withdrawal of P and Ca by plant  roots and  the nature and type of root exudates [3,4].

Syria has vast reserves of PR that has been used predominantly for the production of TSP. Use of PR for direct application to soils is not feasible in the country, as soils are mostly calcareous and alkaline in nature [11]. Information on plant response to Syrian PR or in combination with superphosphate is limited to only one study [6]. Therefore, the objective of this study is to investigate the effect of plant species on the utilization of Syrian PR in alkaline soils and sand culture .

Materials and Methods

1. Greenhouse experiment
Four kilograms of air-dried top soil (Windthorst, pH 7.72) was placed in plastic pots. This soil was classified as Udic Palleustatifs (fine, mixed, thermic). Properties of this soil are shown in Table 1. To one set of pots,  grounded TSP (100 mesh) was mixed with soil  to give P rates (0, 25, 50 and 100 mg P/kg soil). The second set of pots received a grounded Syrian PR (100 mesh) (Ain Layloun) either at a rate of 100 mg P/kg soil or as a mixture of PR:TSP at P ratio of 75:25 and 50:50. Three replicates were prepared for each treatment. Syrian PR is sedimentary apatite containing 28% of P2O5 and 4.6% soluble- P2O5 in neutral ammonium citrate solution (AOAC method). All pots were mixed with 200 mg N/kg soil as urea (20 mg N for cowpea), 200 mg K/kg soil as KCl and complete micronutrient mixture solution. Six seeds of cowpea inoculated with Rhizobium japonicum, cotton and maize and 18 seeds of rape were planted at 1cm below the soil surface. After germination, seedlings of maize, cotton, and cowpea were thinned to three plants per pot and rape seedlings were thinned to eight plants per pot.

Pots for maize, cotton and cowpea were placed in the greenhouse and rape pots were placed in a growth chamber (temperature 19 Co, 50% humidity, and 12 hours of low intensity light). The soil was brought to 80% of field moisture capacity by daily watering during the six weeks of growing period. 

For the purpose of studying the agronomic effectiveness of PR, relative agronomic effectiveness (RAE%) were calculated as follows [12]:


where Yo , Yi and Yt are dry matter yield of the control, PR and TSP, respectively. 

Table 1. Some characteristics of the soil used

Particle Size Distribution (%)
Extractable-P ( mg P/kg soil)
OM
CaCO3

Sand
Silt
Clay
Olsen
Pi
%
%

52.2
27.6
20.2
2.3
2.8
1
0

Exchangeable cations ( meq/100g soil)


Na
K
Ca
Mg
CEC

pH

0.21
0.38
10.2
1.11
11.9

7.72

Pi: P extracted by iron-oxide impregnated paper strip 

2. Sand Culture study

In order to study the effect of root exudates on the effectiveness of PR, another experiment in sand culture was conducted. Acid then distilled water -washed sand (1.5 kg) was mixed with and without 200 mg/kg of Syrian PR in small plastic pots. A nutrient solution (pH 6 without Ca, Fe, and P) was added to the bottom of each pot through a tube. When the nutrient was moved upward to the surface by capillary, 6 seeds of maize, cotton, and cowpea and 16 seeds of rape were planted at 1 cm below the sand surface. After germination, pots were thinned to 3 seedlings for maize, cotton and cowpea and eight for rape. The sand surface was covered with cotton in order to reduce moisture evaporation and prevent the contamination with Ca and Fe solution as the solution was foliar applied at the early stage of plant growth. Deionized water was added through the tube during the 6 weeks of the growing period by bringing pots to the original weight. Foliar application of Ca and Fe (4.8 g of CaCl2/liter, 5g FeEDTA/liter) was made when needed. At the end of six weeks, pots were harvested and oven-dried weights of shoots were recorded.  Sub-samples of shoot dry matter were digested for the determination of P and Ca uptake. Nutrient solution was extracted from the sand by applying vacuum pressure and the pH of the collected nutrient solution was measured. 

Results

In the greenhouse experiment where alkaline soil was used, maize, cotton and cowpea responded significantly to the increased level of TSP application, while for rape plants, there was no increase in dry matter yield (DMY) after the first level of P application as TSP (Table 2). The application of PR alone did not increase DMY of maize, cotton and cowpea when compared to control. Rape plant responded greatly to the application of PR and produced as much DMY as that supplied with 25 mg P/kg soil as TSP. For cotton and cowpea the dry matter yield obtained with PR + TSP mixture at 75:25 and 50:50 ratios were about the same as that obtained with TSP alone at the same TSP rates. This indicates that TSP did not enhance the effectiveness of PR in the mixtures. For maize plant, the application of PR:TSP mixture (50:50) at 100 mg P/kg led to a significant increase in DMY above that obtained with 50 mg P/kg as TSP. For rape plant, the DMY obtained with the PR:TSP mixture at 50:50 P ratio was statistically no different from that obtained with TSP. Based on DMY obtained with TSP at 100 mg P/kg,the calculated RAE value of PR when applied alone was highest for rape plants (83.5%). However, it should be pointed out that DMY of rape appeared to reach the maximum at the first P rate of TSP (25 mg P/kg).

Table 2.   Dry matter yield ( DMY, g/pot) , relative agronomic effectiveness (RAE %) of phosphate rock (PR)  with respect to TSP in the mixture of TSP and PR

P-rate(mg/kg soil)
Maize
Cotton

PR
TSP
DMY
RAE%
DMY
RAE%

0
0
1.28d
0
1.67d
0

100
0
1.44d
0.4
1.54d
0

75
25
3.48d
5.3
2.40d
4.1

50
50
19.6b
43.8
7.10c
30.8

0
25
4.10d
-
2.56d
-

0
50
13.5c
-
9.20b
-

0
100
43.1a
100
19.3a
100

LSD 5%

5.29

1.22


P-rate mg/kg soil
Cowpea
Rape

PR
TSP
DMY
RAE%
DMY
RAE%

0
0
2.35d
0
1.61c
0

100
0
2.65d
0.9
12.7b
83.5

75
25
14.77c
51.2
12.56b
82.8

50
50
23.0b
85.1
14.85a
100.1

0
25
13.62c

13.3ab


0
50
22.70b

14.2ab


0
100
26.74a
100
14.83a
100

LSD 5%

1.8

1.69


In the sand culture study, all plant species were able to utilize PR and resulted in DMY and P and Ca uptake that were significantly more than the corresponding control plants (Table 3). With the exception of rape plant, the pH of the extracted solution from sand pots decreased below the initial pH (6.0) regardless of treatment, but it was lower in the control pots compared to treatment pots. For rape plants, the solution pH was increased above the initial pH and was higher in PR pots.

Table 3. Dry matter yield (DMY g/pot) and uptake of Ca and P  (mg/pot) in sand culture study


        Maize
Cotton

Treatment
DMY
Ca
P
Solution  pH
DMY
Ca
P
Solution pH

+ PR
7.62
25.05
19.55
5.58
4.16
30.99
13.71
5.90

Control
3.37
7.24
2.71
3.66
1.53
5.13
1.47
5.13


Cowpea
Rape

Treatment
DMY
Ca
P
Solution pH
DMY
Ca
  P
Solution pH

​+ PR
 6.32
50.43
23.11
   5.70
 3.5
24.25
  9.66
   6.49

Control
 2.14
10.14
1.66
   4.73
0.47
 4.78
  0.61
   6.09

Discussion

Soil factors that influence PR dissolution have been identified as: soil pH, soil pH buffering capacity, exchangeable Al, Ca and P and their concentrations in the soil solution, P fixation and buffering capacity of the soil [13]. The protonation of PR particles is the most important soil factor that could lead to solubilization of PR particles as shown in the following equation [3]:

                         Ca10(PO4)6F2 + 12 H+
       10 Ca2+ + 6 H2PO4- + 2 F-
In the present study, soil factors did not play a role for PR dissolution since the soil used was alkaline with high exchangeable Ca. It is therefore, reasonable to assume that differences obtained in the utilization of applied PR to increase DMY can be related to the ability of different plant species to utilize PR [9]

Rape plant was the only crop in this study that was able to utilize significant quantity of P from PR in the alkaline soil. This resulted in a great increase of DMY (Table 2). The ability of rape to utilize PR in alkaline soils was first reported by Habib et al [6]. It has been reported that rape plant is able to acidify the rhizosphere [14] due to the release of substantial quantities of citric and malic acids from the roots [15,16]. These organic compounds can create acidic conditions in the rhizosphere and promote a shift in mass-action equilibrium that enhances PR dissolution by rape [17].

The pH in sand culture solution was decreased after planting with maize, cotton, and cowpea suggesting these plants created acidic conditions in the rhizosphere that resulted in PR dissolution. Thus, these plants were able to utilize PR in the sand culture (Table 3). However, the acidity was not able to overcome the alkalinity of the soil and thus these plants could not utilize PR in the alkaline soil (Table 2). Surprisingly, we did not find any pH drop in the rhizosphere of rape plant, but DMY and plant uptake of P and Ca were still greatly increased in the sand culture (Table 3). This suggests that there is another mechanism other than the acidifying effect that may promote PR dissolution by rape. It is hypothesized that chelation of Ca 2+ released from PR by malic acid and citric acids released from rape  roots  may be responsible for PR dissolution (Table 3). As more PR was dissolved, it increased solution pH above the initial pH of 6.0. Since the chelation of Ca +2 by malic acid and citric acid increases with increasing pH, it may explain why rape was the only plant species that was able to utilize PR whereas other crops failed in the alkaline soil with pH 7.7.

Addition of TSP with PR did not improve the utilization of P from PR for  cotton and cowpea plants in the alkaline soil (Table 2). However, mixing PR with TSP at a P ratio of 50:50 produced a significant increase in DMY at 100 mg P/kg rate as compared to that obtained with 50 mg P/kg as TSP for maize plant (Table 2).  It is likely that the presence of some P in water-soluble form stimulated a rapid root development of maize, thus enabling maize plant to utilize PR more effectively than PR alone [18]. This starter effect, however, was not observed with cotton and cowpea in the present study.
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تأثير أنواع النباتية النامية في بيئة رملية و تربة قلوية على الفاعلية الزراعية

للصخر الفوسفاتي
ليلى حبيب*، غياث .أ. علّوش* و سين.ه.تشن**
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( قدم للنشر في19/12/ 1420 وقبل للنشر في17/ 3/ 1422 هـ )

ملخّص البحث.أجريت تجربتي أصص لدراسة  فعالية الاستخدام الزراعي لصخر فوسفاتي سوري من قبل عدد من النباتات الزراعيّة ( الذرة صفراء، القطن، الفاصولياء واللفت الزيتي). استخدمت في التجربة الأولى تربة قلويّة أضيفت إليها عدّة معدّلات من سماد السوبر الفوسفات الثلاثي (TSP) وهي  0، 25، 50  و 100  مغP/كغ تربة، أما الصخر الفوسفاتي ( PR ) فقد ُأضيف إما بمفرده بمعدّل 100 مغP/كغ تربة، أو كخليط مع  السوبر الفوسفات  (PR: TSP) وبمعدّلين مختلفين من الفوسفور (75:25) و (50:50). أما بالنسبة للتجربة الثانية فقد ُنفذت في بيئة رملية، ُأضيف لنصف الأصص صخر فوسفاتي بمعدّل 200 مغP/كغ تربة، والنصف الآخر لم ُيضف له مصدر فوسفوري. تمّ تغذية الأصص بالعناصر الغذائية عن طريق استخدام محلول غذائي ينقصه ( Fe , Ca, P) ، حيث تمّ إضافة الـ Ca  و الـ Fe  للنباتات ، عند الحاجة، عن طريق محاليل غذائية منفصلة. أظهرت النتائج أن نبات اللفت الزيتي هو النبات الوحيد القادر على استخدام الصخر الفوسفاتي السوري كمصدر للفوسفور بمقارنته بالنباتات الأخرى المستخدمة، تجلّى هذا  في رفع إنتاجية المادة الجافّة. لم تحسّن عملية خلط الـ PR  مع الـ TSP  من فاعلية استخدام الـ PR من قبل نبات القطن والفاصولياء. أما بالنسبة لنبات الذرة فقد أدّت عملية الخلط مع ال TSP بمعدّل (50:50) من رفع إنتاج المادة الجافّة بالمقارنة مع المعاملة التي استقبلت 50 مغP/كغ من TSP. أما في البيئة الرملية فقد تمكّنت جميع النباتات من استخدام PR  بالمقارنة مع تلك التي لم تستقبل مصدراً فوسفورياً. 

� EMBED Equation.3  ���
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