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ABSTRACT

In a field experiment at Abou Masood Village (48 km South-West to Alexandria), in the summer season of 2005 where the soil was normal calcareous having sandy clay loam texture, soybean (S) (Glycine max) variety Clarck and maize (M) (Zea mays L.) variety single cross 10 were intercropped in four systems 100%S, 67%S + 33%M, 50%S + 50%M and 100%M as main treatments. Inoculation of soybean seeds with Rhyzobia, top dressing of maize with ammonium sulphate, spraying with urea-diammonium phosphate or diluted phosphoric acid were the fertilization sub main treatments in a split plot design.

Yields of seed/grains, straw/stover, some yield components, N, P, K uptake by plants were the measured parameters in that study.   
Results could be summarized in the following:


Intercropping was more beneficial than solo cropping for soybean in increasing seed yield, harvest index, pod filling, N and P  amounts in seeds and straw and for maize in harvest index, N, K concentration in grains and stover and P in grains. The system, which consisted of two rows, of soybean plants (16000 soybean plant) associated with a row of maize (7000 plant) was better for soybean than the system which consisted of row: row system where 12000 soybean plants were associated with 10500 maize plants while the later was better than 2:1 system for maize.


Inoculation of soybean with Rhyzobia as well as fertilization of maize with 60 kg N/fed. as ammonium sulphate in solo cropping of each and combination of them in intercropping systems were the best in increasing yields of soybean seeds, straw, maize grains and stover beside N and K uptake by them. Spraying with Urea-diammonium phosphate exerted a pronounced effect on the no N fertilized soybean plants (seed and straw) as well as the maize grain yields, harvest index, ear length, 100 grain weight, N and P uptake by them. Spraying with diluted phosphoric acid alone affected positively the no P fertilized plants, where it increased soybean seed and straw yields, maize grains, ear length, 100-grain weight, N and P uptake by them. 

The urea-diammonium phosphate resulted in either higher or equal corresponding effects to those of the diluted phosphoric acid. 


Inoculation of soybean with Rhyzabia (24000-plant fed.-1) was equivalent in its effect to application of 44 kg N under such conditions.

Generally, the treatment (D) i.e. soybean inoculation with Rhyzabia, maize fertilization with 60 kg N/fed. and spraying with diluted H3PO4 was the best one when it combined with a) solo cropping to increase soybean straw, maize grain and stover yields, b) with 2:1 and c) with 1:1 systems in the other parameters for soybean and maize, respectively.

----------------------------------

Key words: Calcareous soil, N and P nutrients, soybean, maize,
                 intercropping.   

INTRODUCTION

Legumes and cereals are essential crops for human and animal feeding. Regarding soil conservation, legumes are booty plants while cereals are consuming ones for nutritive elements especially soil nitrogen. Legumes–cereal intercropping was one of the systems suggested to modify soil N balance to the positive side by numerous investigators such as Zhang et al. (2002), Hardarson et al. (2003), Quiraz and Marin (2003) and Ghaley et al. (2005).

Legume – cereal intercropping has some advantages for each crop. Soybean increased protein percentage of maize in 1:1 intercropping system (Herbert et al., 1984). The same results were obtained by Izaurralde et al. (1990) from pea – wheat or barley, Abou Taleb (1998) from peanut – maize and chickpea – wheat, Li et al. (2002) from faba bean – maize and Zhang and Li (2003) from different legume – cereal intercropping systems.

Phosphorus was also one of the nutrients where availability and uptake by plants improved due to legume-cereal intercropping systems (Zhang et al. 2002; Zhang and Li 2003 and Clermont et al. 2003).

Generally, the intercropping advantage for crop A and B, inter-specific competition, facilitation, recovery and soil nitrate accumulation may be illustrated by Li et al. (2001) as following.

Under intercropping systems, plant nutrition can follow traditional or recent recommendations such as compound fertilizers. Dimmonium phosphate at a rate of 69 kg P2O5/ha was investigated by Satyajit et al. (2003 a and b). Spraying with diluted phosphoric acid was also recommended by Martin et al. (2003). 
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So, under solo and intercropping systems, some different N and P fertilization treatments were studied aiming at obtaining the best treatments for producing high yield parameters of soybean and maize when they are intercropped on a newly reclaimed calcareous soil.
MATERIALS AND METHODS

A field experiment was carried out at Abou Masooud guide farm (48 km south-west to Alexandria), Alexandria Governorate, Egypt. The plan of work included different intercropping systems of soybean and maize namely 100% soybean or maize, 50% to 50% and  67% to 33% soybean with maize, respectively as main treatments and different nitrogen and phosphorus applications namely (A) control without any N or P  application, (B) Rhyzobia inoculation for soybean or ammonium sulphate for maize without P application, (C) no N  treatment but spraying with diluted H3PO4 , (D) the same N treatment of (B) and spraying with diluted H3PO4 and (E) spraying soybean and maize with a mixture of 1:3.3 urea- diammonium phosphate as sub main treatments in a split plot design with three replicates for each treatment. The plot size was (3 x 3.5 m) where the soil was calcareous one having a sandy clay loam texture. Physical and chemical properties of the investigated soil were determined according to the standard methods descried by Black et al. (1965) and the results obtained are presented in Table (1).
Table (1): Some main properties of the experimental soil at Abou-   

                 Masood village (upper 30 cm layer).
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The experimental work started on the 23 rd of May 2005 after 3 cuts of Egyptian clover where seeds of soybean (Glycine max) variety Clarck were sown without any microbial inoculation with exception of those sown in plots of treatments (B) and (D) which were inoculated on the same day of sowing with specific Rhizabia ( Rjap-onicum). The seed inoculation was conducted by mixing seeds with peat-based inoculants containing 1.5 x 10-6 cells per seed.
After 3 weeks, grains of maize (Zea mays L.) variety single cross 10 were sown on the 6 th of June 2005. Soybean and maize were planted as follows; all the 6 rows of 100% solo crop treatment plots were planted with each crop , one row of soybean against another one with maize in 50% : 50% treatment plots and two rows of soybean against one row of corn in 67% 33% treatment plots. All plots were surface irrigated every 15 days, and the common practices of cultivation were followed. Two equal doses of potassium sulphate each of them was added at a rate of 9.96 kg K/fed. on the 13 th , 27 th of June 2005 to soybean rows, 27 th  of June and 11 th of July 2005 to maize rows. 

Ammonium sulphate (20.6% N) was added to maize rows in (B) and (D) treatments only in two equal doses on the 4 th  and 18 th of June 2005, each of them at 30kg N/fed. which is the rate recommended by Maize Guide Bulletin, Ministry of Agriculture (Egypt) (2004). 
Phosphoric acid solution of 1126 mg P/L was sprayed three times on the 27 th of June, 11 th and 18 th of July 2005 on soybean and maize plants of (C) and (D) treatment pots. Each plot was foliated with 1L of diluted H3PO4 solution per once to reach one tenth of 31kg P​2O5/fed., the recommended rate. The mixture of 1: 3.3 urea (46 %N) – diammonium phosphate (21.2% N and 23.5% P) was used to spray soybean and maize plants of treatment (E) plots three times on the 27 th of June, 11 th and 18 th of July 2005. Each plot received 1L of 1.43g urea and 4.8g diammonium phosphate per once to reach one tenth of 60kg N and 31kg                   P2O5 / fed., the recommended rates. 

Plants were left to maturity where soybean and maize plants were harvested on the 5 th and 26 th of September 2005, respectively.

On the day before soybean harvesting, five plants of soybean were taken as a plant sample from each plot-containing soybean, cleaned, fresh weighed and separated into seeds and straw. Also on the day before maize harvesting three plants were taken, cleaned, fresh weighed and separated into grains and stover. The total bulk of pods and ears in each plot were weighed and recorded as rough yields. Each sample separate was weighed, 75​ oC oven dried, weighed as a dry matter and prepared to chemical analysis.

Half gram of each separate sample was wet digested by a mixture of H2SO4 + HClO4 acids after Sommers and Nelson (1972), their N, P and K contents were determined according to Chapman and Pratt (1961).

The obtained data were statistically analyzed following Snedecor and Cochran (1971).   

RESULTS AND DISCUSSION 

1) Crop yields and yield components.
  1.1. Soybean.


            Table (2a) presents soybean yields and yield components as affected by intercropping systems and fertilization treatments. Soybean seed yield was affected with intercropping ratio 2 soybeans to 1 maize positively over the solo soybean cropping. The latter was superior over the ratio 1 soybean to 1 maize. The differences between each treatment and the other were significant. As for straw yield, solo cropping was the first followed by the ratios 2:1 and 1:1 intercropping with significant differences between each treatment and the other.  The trend of seeds and straw was explained by harvest index where the solo cropping system produced the lowest ratio of seeds to the whole plant, which was significantly lower than that of 2:1 or 1:1 intercropping systems. Both the intercropping systems had statistically the same harvest index. Pod filling was also good indication for seed yield; therefore it followed the same harvest index trend. Concerning 100 seed weight, solo cropping resulted in significant heavier seed weights than those of the 2 to 1 intercropping system while 1 to 1 system was inbetween without significant differences with the solo or 2:1 system. It may be due to the effect of maize on delaying soybean seed dryness in pods or, in another word, delaying their maturity.

      Regarding N and P fertilization treatments, the treatment (D) i.e. seed inoculation with Rhyzobia in the solo cropping or associated with the mineral N given to maize in the intercropping systems in combination with the diluted phosphoric acid followed with treatment (B) i.e. Rhizobia inoculation without phosphoric acid (B) were of significantly higher effect on increasing seed and straw yields. Phosphoric acid was of a considerable effect on seed yield. Significant differences were found among the other treatments which according to their effect on increasing seed and straw yield followed the sequence: spraying with urea-diammonium phosphate (E) > spraying with diluted phosphoric acid (C) > no added N or P (A). Treatment (D) only was significantly superior over the others in increasing seed ratio to the whole plant (harvest index). No significant difference could be detected among the different treatments in case pod filling. With respect to 100 seed weight, the treatments (B), (C) and (D) were of significantly, higher values than the control treatment whereas the treatment (E) although resulted in higher 100 seed weight than the corresponding one attained by the control treatment, yet difference between the two treatments was not significant.  

           Interaction effect of cropping systems and fertilization treatment was significant in case of seed and straw yields and pod filling only. The highest interaction effect was attained due to 2:1 D, treatment solo D and 2:1 A in cases of the seed, straw yields and pod filling, respectively while the lowest ones were achieved due to the 1:1 A, 1:1 A and solo E at the same respective order. Abo-Taleb (1998) attained similar results. 
Table (2a): Soybean yields and yield components as affected by  

                  intercropping systems and fertilization treatments.
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100S 0.836 1.424 1.066 1.783 1.255 1.272 Intercrop. :     0.063

67S+33M 0.854 1.518 1.130 1.971 1.320 1.358 Fert :            0.143

50S+50M 0.437 0.892 0.689 1.177 0.822 0.803 I*F :             0.141

mean 0.709 1.278 0.962 1.644 1.132

100S 4.070 6.180 5.352 6.454 5.645 5.540 Intercrop. :     1.847

67S+33M 3.187 5.884 4.012 6.085 4.329 4.699 Fert :             2.933

50S+50M 2.117 3.247 2.646 3.382 2.964 2.872 I*F :              4.130

mean 3.125 5.104 3.997 5.307 4.313

100S 17.020 18.980 16.640 21.550 18.170 18.470 Intercrop. :     1.850

67S+33M 21.030 20.460 22.040 24.710 22.010 22.050 Fert :             2.930

50S+50M 16.890 21.530 21.420 26.070 23.280 21.840 I*F :               n.s.

mean 18.310 20.320 20.030 24.110 21.150

100S 65.050 55.710 59.460 63.590 60.290 60.820 Intercrop. :     2.860

67S+33M 79.850 71.750 74.950 72.790 70.820 74.030 Fert :             n.s.

50S+50M 64.340 64.440 73.740 64.930 70.210 67.530 I*F :             6.400

mean 69.750 63.970 67.100 67.100 67.210

100S 17.330 20.250 19.590 19.860 18.920 19.190 Intercrop. : 1.560

67S+33M 15.260 18.270 16.570 17.860 16.110 16.810Fert :           2.080

50S+50M 16.200 20.650 18.820 19.040 16.810 18.300I*F :               n.s.

mean 16.260 19.720 18.330 18.920 17.210

Item Fertilization treatment

  Seed yield

  ( Ton/fed.)

Straw yield

 ( Ton/fed.)

Harvest index

        %

  Podfilling

         %       

100

 seed weight

      ( g )

(A): Control without any N or P application.
(B): Rhyzobia inoculation for soybean or ammonium sulphate for maize without P   
       application.

(C): No N  treatment but spraying with diluted H3PO4 .

(D): The same N treatment of (B) and spraying with diluted H3PO4.
(E): Spraying soybean and maize with a mixture of 1:3.3 urea- diammonium phosphates.
(S): Soybean.

(M): Maize.
1.2. Maize:

Data of Table (2b) represent the maize agronomical parameters as affected with intercropping systems and N P fertilization.

Solo cropping of maize produced the highest grain and stover yields followed with 1 to 1 intercropping system whereas 1 maize to 2 soybean being of the least grain and straw yields with significant differences among each system and the others.
Thus, intensity of 2100, 10500 and 7000 plants/fed. seemed to be a limiting factor in this respect. Maize plants under any of the used intercropping systems gave significantly higher grain ratio to the whole

plant than solo cropping. Ear length was in the solo cropping system
Table (2b): Maize yield and yield components as affected by intercropping  

                  systems and fertilization treatments. 
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100M 11.50016.53011.96017.090 12.76014.031Intercrop : 1.350

50S+50M 7.860 10.72010.87011.970 11.21010.530Fert :           2.190

67S+33M 5.720 9.290 8.160 6.980 7.850 7.600 I * F :             n.s.

mean 8.360 12.18010.33012.010 10.720

100M 4.806 5.014 4.761 5.938 5.341 5.239 Intercrop : 0.367

50M+50S 2.517 4.046 3.347 3.161 2.493 3.046 Fert :           0.452

67S+33M 1.594 3.548 2.572 2.178 2.068 2.392 I * F :           0.821

mean 2.972 4.202 3.449 3.870 3.301

100M 25.11031.37026.15027.500 25.76027.340Intercrop : 3.890

50M+50S 30.68024.16034.94034.530 38.64032.590Fert :           4.910

67S+33M 33.39026.76030.75030.970 35.06031.390I * F :             n.s.

mean 29.73027.43030.88031.000 33.150

100M 18.60020.80022.20020.700 21.70020.800Intercrop : 1.100

50M+50S 15.30021.00020.30019.500 18.50018.900Fert :           2.200

67S+33M 15.00024.70020.00020.000 19.70019.900I * F :            2.500

mean 16.30022.20020.80020.100 20.000

100M 35.27034.99035.66038.270 39.16036.670Intercrop :   n.s.

50M+50S 32.55035.96036.52033.170 35.56034.750Fert :          1.980

67S+33M 32.74037.38035.83035.770 36.63035.670I * F :             n.s.

mean 33.52036.11036.00035.740 37.120

Item Fertilization treatment

 Grain yield

(Ardeb/fed.)

 Stover yield

  ( Ton/fed.)

100

 grain weight

       ( g )

Harvest index

        %

  Ear length

   ( cm )       

See footnotes in Table (2a).
taller significantly than that of 1:1 intercropping system while the system 2:1 produced ears having lengths interbetween those of the solo and 1:1 systems without significant differences among the studied systems. Weight of 100 grain was insensible to these cropping systems. Zhang and Li (2003) and Ghaley et al. (2005) obtained similar results.  



All the fertilization treatments, except for (C), were of significant effect on maize grain yield. As for stover yield, all the treatments, except for the treatment (E), resulted in significantly higher yields than the control treatment. However, these treatments could be arranged according their effect on the stover yield in the following sequence: B > D > C > E > A (the control). Considering effect of the different treatments on the harvest index, results revealed no significant differences among the different treatments. However, the treatment (E) exerted the highest effect whereas the treatment (B) resulted in the lowest harvest index values.  Concerning ear length and 100 grain   

weight, all the fertilization treatments resulted in significantly higher values than the unfertilized treatment. Ghaley et al. (2005) using pea and spring wheat went almost to a similar finding.


Interaction effect of the two studied factors was significant in case of grain and stover yields and ear length. The highest values were attained for solo (D), solo (D) and (C), respectively while the lowest one was for 2:1 (A) treatment in all cases.
2.) Nitrogen uptake and recovery.  
 2.1. Nitrogen uptake in mg per plant. 


          The N uptake values presented in Table (3a) indicate that association of soybean and maize in an intercropping system (2 to 1 or 1 to 1) was significantly preferable than solo cropping of each of them in increasing N uptake by soybean  seeds and maize grains. No significant differences were noticed in N uptake by maize stover among the solo cropping treatment and the intercropping ones. In case of N uptake by soybean straw, the 2:1 intercropping system was significantly higher than the other two systems; however, the solo system resulted in higher N uptake values by the straw than the 1:1 intercropping system. N uptake by the whole plant was significantly higher in the 2:1 intercropping system than in the other ones in case of soybean plant. The intercropping system 2:1 resulted the highest N uptake value whereas the solo cropping system resulted in the lowest corresponding N uptake values. In case of maize whole plant, the intercropping systems resulted in higher N uptake values than solo cropping system. In this concern, the intercropping system 2:1 seemed superior over the 1:1 system. Vieira et al. (2003) attained similar results. 



Regarding effect of the fertilization treatments, data in Table (3a) reveal that all the fertilization treatments significantly increased values of N uptake by soybean and maize plant as well as by their different parts. In case of straw and the whole soybean plant, N uptake followed the descending order (D) > (B) > (E) > (C) with significant difference between each two successive treatments. In case of soybean seeds, the studied treatments followed the descending order: (D) > (B) = (E) > (C). As for maize, there were significant differences between values of nitrogen uptake attained due to the different treatments in case of grains, stover and the maize whole plants. In this concern, the treatment (C) resulted in significantly less N uptake values than (B), (D) and (E) in case of maize stover. In case of N uptake by the whole plant, the different fertilization treatments were in the sequence: (B) > (D) > (E) > (C).
Table (3a): Nitrogen uptake in (mg) by each of the soybean and maize 
                 plant parts and the whole plants as affected by intercropping   

                systems and fertilization treatments.
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% A B C D E mean at 0.05 level

100 525 1106 800 1415 861 949 Intercrop. :   58

67 637 1413 1034 1842 1189 1223 Fert :          132

50 581 1430 1010 2013 1116 1230 I * F :        130

mean 581 1316 948 1769 1055

100 1109 2379 1545 2547 1811 1878 Intercrop. : 141

67 1764 4248 2703 4539 2812 3213 Fert :         173

50 1196 2120 1461 2343 1816 1789 I * F:        315

mean 1356 2916 1903 3143 2150

100 1634 3485 2345 3998 2672 2827 Intercrop. : 119

67 2401 5661 3737 6381 4001 4437 Fert :         264

50 1777 3550 2471 4356 2942 3019 I * F :       266

mean 1937 4232 2852 4912 3207

100 518 734 542 891 841 705 Intercrop. : 134

50 710 1177 1039 1005 1083 1003 Fert :         108

33 836 1409 1036 1107 1202 1118 I * F :       300

mean 688 1107 872 1001 1042

100 1069 1652 1227 1616 1419 1397 Intercrop. : n.s.

50 810 1669 1425 1690 1426 1404 Fert :      75.78

33 1103 1460 1369 1477 1438 1369 I * F :      138

mean 994 1594 1340 1594 1428

100 1587 2386 1769 2507 2260 2102 Intercrop. : 139

50 1520 2846 2464 2695 2509 2407 Fert :         137 

33 1939 2869 2405 2584 2640 2487 I * F :       311

mean 1682 2700 2213 2595 2470

                         

In maize

     Grain

    Stover

 Whole plant

                      

In soybean

   Seeds

      Straw

Whole plant

Amount

Fertilization treatment


See footnotes in Table (2a).
Phosphorus application was significantly effective in increasing N uptake by both soybean and maize plants where the foliar application of diluted phosphoric acid (treatments C and D) or urea-diammonium phosphate (treatment E) resulted in higher N uptake values than the control (treatment A). The diammonium phosphate was significantly superior over the phosphoric acid in increasing N uptake in all cases when added only without N application.


The interaction of cropping systems and NP treatments was significant in all cases with an exception in case of maize grains. The highest interaction effect was 2:1 (D) whereas the lowest one was solo (A) in case of N uptake by soybean seed, straw and whole plant. The highest interaction effect on N uptake by maize grain and the whole plant was 2:1 (B) and in stover the most effective interaction was  1:1 (D) while the lowest one was the solo cropping (A) in grain and 1:1 (A) in stover and the whole plant.

2.2. Nitrogen recovery in kg per feddan. 


Total nitrogen recovery per feddan as yield of plant intensive, intercropping and NP fertilization is presented in Table (3b).  
Data indicated that intercropping system 2:1 consumed the highest N followed with solo cropping and 1:1 system with significant differences among them in case of soybean while nitrogen consumption was in a positive and significant relation with intensive cropping of maize plant. The total recovery per one feddan regardless of the kind of plant or in another word, the summation of N recovered by soybean and maize in intercropping systems compared to sole cropping of each plant revealed that 67% soybean + 33% maize system consumed the highest N amounts followed with the sole soybean cropping system 50% soybean + 50% maize and sole maize cropping system in significant descending order. Thus, presence of soybean led to more nitrogen recovery. This can be attributed logically to the activity of Rhizobia in fixing satisfactory amounts of atmospheric N. Such a finding imposes the importance of intercropping soybean with maize.
Total nitrogen recovery was affected also with NP fertilization. It was in its highest quantities when nitrogen was applied top dressing and/or the plants were inoculated with Rhyzobia. It was followed with significant difference with N spraying as urea + (NH4)2HPO4. Nitrogen applications were significantly superior to those unfertilized with N whether sprayed with H3PO4 solution or no. In addition, spraying with P in any form raised significantly nitrogen recovery than the control (A) p. The effect of NP fertilization on N recovery followed a trend in case of maize and summation of soybean and maize similar to that attained in case of soybean. 

The interaction of the two studied factors was significant in all cases where the best treatments were 2:1.D for N recovery by soybean and soybean plus maize and the solo.D for N recovery by maize. The lowest N recovery values were resulted due to 1:1.A, 2:1.A and solo maize cropping systems in case of soybean, maize and their summation, respectively. The difference between soil nitrogen (treatment A) and that recovered by soybean in treatment B resulted in the N obtained from atmosphere by Rhyzolia activity that reached 44.4kg N/feddan contained in 24000 plants. In this connection, Hardarson et al. (2003) reported that 
if this biofixed N was supplied by inorganic fertilizer one would have to apply at least double that amount to achieve the same yields.
Table (3b): Nitrogen recovery in kg/fed. by each crop and both of them 

                  as affected by intercropping systems and fertilization treatments.  
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100 39.22 83.63 56.27 96.03 64.14 67.86 Intercrop : 1.950

67 38.37 90.78 59.64 102.02 64.19 71.00 Fert :         4.400

50 21.33 42.44 29.80 52.31 35.23 36.22 I * F :       4.360

mean 32.97 72.28 48.57 83.45 54.52

100 33.26 50.10 37.16 52.64 47.45 44.12 Intercrop : 1.920

50 15.92 29.88 25.87 28.29 26.35 25.26 Fert :         2.040

33 13.57 20.08 16.83 18.09 18.48 17.41 I * F :       4.290

mean 20.92 33.35 26.62 33.01 30.76

100S 39.22 83.63 56.27 96.03 64.14 67.86 Intercrop : 2.340

67S+33M 51.95 110.87 76.47 120.11 82.67 88.41 Fert :         2.930

50S+50M 37.28 72.32 55.68 80.60 61.59 61.49 I * F :       5.230

100M 33.26 50.10 37.16 52.64 47.47 44.12

mean 40.43 79.23 56.65 87.35 63.96

      Total (S+M)

              %

Crop Fertilization treatment

    Soybean ( S )

       ( kg/fed.)

   Maize ( M )

       ( kg/fed.)

 See footnotes in Table (2a).
N recovery = (N uptake by each of plant x Number of plants) / 1000000

3. Phosphorus uptake and recovery.

3.1.Phosphorus uptake in mg per plant.

Values of P uptake by soybean and maize plants are presented in Table (4a). In case of soybean seeds, only the intercropping system 1:1 significantly exceeded the solo system whereas no significant difference could be observed between the intercropping systems 1:1 and 2:1 and solo application systems. No significant effects could be detected on P uptake by soybean strow or even the whole soybean plant due to of the 
Table (4a): Phosphorus uptake in (mg) by each of soybean and maize plant   

                  parts and the whole plants as affected by intercropping systems    

                and fertilization treatments. 
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% A B C D E at 0.05 level

100 100 122 138 188 150 140 Intercrop : 40

67 107 125 165 241 187 165 Fert :         39

50 133 170 197 240 196 187 I * F :       n.s.

mean 113 139 167 223 178

100 338 447 462 557 555 472 Intercrop : n.s.

67 382 456 563 681 624 541 Fert :         87

50 362 434 508 577 603 497 I * F :       n.s.

mean 361 447 511 605 594

100 438 565 600 745 705 611 Intercrop : n.s.

67 490 581 728 922 811 706 Fert :        95

50 495 604 705 817 800 684 I * F :      n.s.

mean 474 583 678 828 772

100 177 222 267 305 223 239 Intercrop : 56

50 250 293 588 412 471 403 Fert :        66

33 270 300 450 397 470 377 I * F :      n.s.

mean 232 272 435 371 388

100 365 390 512 521 466 451 Intercrop : n.s.

50 350 484 483 493 479 458 Fert :         73

33 429 483 535 510 528 497 I * F :       n.s.

mean 381 452 510 508 491

100 542 612 779 826 689 690 Intercrop : 106

50 600 778 1072 905 949 861 Fert :        121

33 699 783 985 893 999 872 I * F :       n.s.

mean 614 724 945 875 879

                          In maize

         Grain

         Stover

  Whole plant

Amount

Fertilization treatment

                          In soybean

        Seeds

         Straw

  Whole plant


See footnotes in Table (2a).
intercropping systems. On the other hand, both the used intercropping systems increased P uptake by maize grains significantly as compared with the solo cropping system.

Contrary to that finding, no significant differences in P uptake by maize stover could be detected between the solo cropping system and either of the studied intercropping ones. P uptake by the whole maize plant was significantly increased due to both the intercropping systems. Moreover, P uptake by maize plants in the 2:1 system of soybean: maize was higher than the corresponding P uptake values in the intercropping system 1:1. 

These data were in agreement with Dey (2003) who reported that P uptake in the 1:2 system of soybean: maize was higher than that of the 1:1 system and the highest value was recorded at 1:2 with 40 kg P/ha. .

Considering effect of the fertilization treatments on values of P uptake by soybean and maize plants, data in Table (4a) reveal that the treatments C, D and E resulted in significantly higher P uptake values by soybean seeds as compared with the control treatment. The treatment B although resulted higher P uptake value by soybean than the control treatment, yet the difference between the two treatments was not significant.
In soybean straw as well as in the whole maize plant, all the fertilization treatments resulted significantly higher P uptake values as compared with the control treatment. The fertilization treatments could be arranged according to their effect on increasing P uptake by the whole soybean plant in the following descending order: D > E > C > B. The differences among the different fertilization treatments were insignificant except for those between the treatment D and each of B and C treatments. Thus, it could be noticed that the treatments contained applied P (C, D and E) were significantly superior to those which did not receive P in increasing P uptake by the whole soybean plant. These results are in agreement with those reported by Satyajit et al. (2003b). 
Generally, the fertilization treatments could exert significant increases in values of P uptake by maize grains, stover and the whole maize plant as compared with the control treatment. However, a few exceptions were detected where the B fertilization treatment although increased P uptake by maize grain as well as the whole maize plant yet, the differences between it and the control treatment were insignificant.

The pattern of arrangement of the fertilization treatments according to their effect on increasing P uptake by grains followed the descending order:

C > E > D > B > A. A different pattern characterized the P uptake by stover given by the sequence: C > D > E > B > A. P uptake by the whole maize plant followed a pattern similar to that achieved by the grains i.e. C > E > D > B > A.


The aforementioned results assure the superiority of the treatment C (spraying with diluted H3PO4) over the other P fertilization treatments i.e. (D) (inoculation with Rhizobia and spraying with diluted H3PO4) and (E) (spraying with a mixture of 1:3.3 urea: diammonium phosphate). 

No significant interaction could be detected among interaction effect of cropping and fertilization treatments. Generally, the highest P uptake by soybean plants was in plots of (2:1.D) sub treatment while the lowest one was (solo. A). In case of maize grains and the whole maize plant, the highest and lowest P uptake values were resulted from (1:1. C) and (solo. A) treatments, respectively while in maize stover the corresponding highest and lowest P uptake values were attained by (2:1 C) and (1:1 A), respectively.  

3.2.Phosphorus recovery in kg per feddan.


Table (4b) represents phosphorus recovery from one feddan due to cropping and fertilization treatments
Table (4b): Phosphorus recovery in kg/fed. by each crop and both of them   

                as affected by intercropping systems and fertilization treatments.


[image: image8.emf]% A B C D E at 0.05 level

100 10.52 13.57 14.40 17.88 16.91 14.66 Intercrop : 1.48

67 7.82 9.30 11.64 14.76 12.98 11.30 Fert :         1.66

50 5.94 7.24 8.45 9.81 9.60 8.21 I*F :          n.s.

mean 8.09 10.04 11.50 14.15 13.16

100 11.38 12.58 16.35 17.35 14.46 14.48 Intercrop : 1.33

50 6.30 8.17 14.30 17.45 15.65 12.37 Fert :         1.88

33 4.89 5.48 6.90 6.25 6.99 6.10 I*F :         2.97

mean 7.52 8.83 12.52 13.68 12.37

100S 10.52 13.57 14.40 17.88 16.91 14.66 Intercrop : 1.93

67S+33M 12.71 14.79 18.54 21.01 19.97 17.40 Fert :         1.47

50S+50M 12.24 15.41 22.75 27.25 25.25 20.58 I*F :          n.s.

100M 11.38 12.85 16.35 17.35 14.46 14.48

mean 11.71 14.16 18.01 20.87 19.15

  Total (S+M)

        %

Soybean ( S )

 ( kg/fed.)

  Maize ( M )

  ( kg/fed.)


See footnotes in Table (2a).
P recovery = (P uptake by each of plant x Number of plants) / 1000000
The actual P recovered from one feddan due to the intercropping systems 2:1 and 1:1 significantly exceeded the corresponding P recovered due to the solo system. This occurred with soybean and maize too.


Regarding effect of the fertilization treatments on P recovered by each crop individually, it could be noticed that the treatment D (inoculation with Rhyzobia and spraying with diluted H3PO4) resulted in the highest P recovery values whereas the control treatment resulted in the lowest P recovery values. All the fertilization treatments resulted in significant increases in P recovery with both soybean and maize plants as well as the sum of both soybean and maize. In this concern, the studied treatments followed the sequences: D > E > C > B > A in case of P recovery by soybean and D > C > E > B > A in case of P recovery by maize. The first sequence: D > E > C > B > A characterized also the P recovery by the sum of the two crops.      

Combination of cropping systems and NP fertilization did not produce significant interaction effect on P recovered in case of soybean plus maize. On the other hand, significant interaction effect was detected in case of P recovery by maize alone.

4. Potassium uptake and recovery.
4.1.Potassium uptake in mg per plant.

 
According to data shown in Table (5a), it could be noticed that cropping systems were without significant effects on potassium uptake by seeds, straw and the whole soybean plant. In case of maize, both the intercropping systems 2:1 and 1:1 were statistically the same although they resulted in significantly higher K uptake values than solo cropping.


With respect to NP fertilization treatment effect on K uptake by soybean seeds and maize grains there were not significantly affects.

On the other hand, soybean straw and the whole soybean plant uptake of K were significantly affected by the fertilization treatments. The treatment B was of the most pronounced effect on K uptake by soybean straw and the whole soybean plant whereas the treatment (D) was of the least effect on K uptake in both cases.

Likewise, the fertilization treatments were of significant effect on K up take by maize stover and the whole maize plant as well as (B) treatment was of the highest effect on K uptake by maize stover as well as the whole maize plant. On the other hand, the treatment (E) showed the lowest effect on the stover and whole plant uptake of K.

There were no significant interaction effect of the two studied factors on K uptake by soybean seeds, straw, the whole soybean plant, maize grains and the whole maize plant. On the other hand, K uptake by stover seemed too affected significantly by the interaction effect. The 
Table (5a): Potassium amounts (mg) in one plant (parts and whole) as  

                  affected by intercropping systems and fertilization treatments. 

[image: image9.emf]Intercrop Mean L.S.D

% A B C D E at 0.05 level

100 129 172 124 175 148 150 Intercrop :   n.s.

67 109 178 176 192 168 165 Fert :            n.s.

50 146 169 195 199 202 182 I * F :           n.s.

mean 128 173 165 189 173

100 1313 1649 1723 2010 1459 1631Intercrop :   n.s.

67 1247 2332 1576 2314 1332 1760Fert :           360

50 1642 1876 1536 2034 1798 1777I * F :           n.s.

mean 1401 1952 1612 2119 1530

100 1442 1821 1847 2185 1607 1780Intercrop :   n.s.

67 1356 2510 1752 2506 1500 1925Fert :           380

50 1788 2045 1731 2233 2000 1959I * F :          n.s.

mean 1529 2125 1777 2308 1702

100 287 291 286 302 248 290 Intercrop :    91

50 352 386 371 355 335 360 Fert :            n.s.

33 399 403 399 402 443 409 I * F :           n.s.

mean 346 360 352 353 354

100 935 951 1068 1168 886 1002Intercrop :   68

50 791 1311 1259 1207 922 1098Fert :           104

33 898 1301 1181 1157 902 1088I * F :         152

mean 875 1189 1169 1177 903

100 1222 1242 1354 1470 1170 1292Intercrop :  120

50 1143 1697 1630 1560 1257 1458Fert :           247

33 1297 1704 1580 1559 1345 1497I * F :          n.s.

mean 1221 1548 1521 1530 1257

                          In maize

       Grain

     Stover

 Whole plant

Amount

Fertilization treatment

                          In soybean

     Seeds

      Straw

Whole plant

 See footnotes in Table (2a).

highest interaction effect was attained due to the intercropping system 2 soybean: 1 maize against the fertilization treatment B.

4.2.Potassium recovery in kg per feddan.

Potassium is one of the major nutrients, which are removed from soil by plant consumption with pronounced quantities per year. 

Data presented in Table (5b) reveal that plant intensity proportionally increased K recovered by soybean and maize. The actual K recovery from one feddan planted with solo soybean, maize or intercropping of them indicated that all systems in which soybean was presented were significantly higher than the corresponding one with solo maize. All the fertilization treatments increased significantly the K recovery. The effect seemed highest due to the treatment (B) in case of soybean, the treatment (D) in case of maize and the treatment (D) in case of the two plants together and on the other hand, seemed lowest (E) in all the aforementioned cases although it exceeded the corresponding control treatment. 


The interaction affect of cropping and NP fertilization was of significant effect on K recovery by maize or by summation of soybean and maize portions. The highest sub treatment effect was (solo. D), (solo. D) and (2:1. B) for soybean, maize and both of them, respectively while the lowest ones were ( 1:1. A), (2:1. A) and (solo maize . E) at the same respective order.

Table (5b): Potassium recovery in kg/fed. by each crop and both of them as 

                 affected by intercropping systems and fertilization treatments.

[image: image10.emf]Intercrop Mean L.S.D

% A B C D E at 0.05 level

100 34.61 43.70 44.33 52.58 38.55 42.75 Intercrop : 4.60

67 21.69 40.16 28.03 41.70 24.00 31.12 Fert :          4.04

50 21.46 24.53 20.77 26.80 23.99 23.51 I * F :           n.s.

mean 25.92 63.13 31.04 40.39 28.85

100 25.66 26.10 28.42 30.87 24.56 27.12 Intercrop : 1.04

50 12.00 17.82 17.11 17.45 13.20 15.52 Fert :          2.14

33 9.08 14.96 11.06 10.19 9.41 11.08 I * F :          2.33

mean 15.58 19.63 18.66 19.74 15.72

100S 34.61 43.70 44.33 52.58 38.55 42.75 Intercrop : 4.06

67S+33M 30.77 55.12 39.09 52.60 33.41 42.20 Fert :          4.02

50S+50M 33.46 42.36 37.88 44.24 37.19 39.03 I * F :           n.s.

100M 25.66 26.10 28.42 30.87 24.56 27.12

mean 31.12 41.82 37.43 45.07 33.43

  Total (S+M)

        %

Crop Fertilization treatment

 Soybean ( S )

    ( kg/fed.)

     Maize ( M )

    ( kg/fed.)

 See footnotes in Table (2a).

K recovery = (K uptake by each of plant x Number of plants) / 1000000
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الملخص العربى :
إضافات مختلفة من النتروجين والفوسفور لفول الصويا والذرة تحت أنظمة تحميل فى أرض جيرية.
أحمد حسنين أحمد حسنين – عادل محمد خليفة – محمد سعيد عواد – محمد عبد السلام نجم
معهد بحوث الأراضى والمياة والبيئة – مركز البحوث الزراعية – الجيزة – مصر.

نفذت تجربة حقلية على أرض جيرية ذات قوام طمى طينى رملى، بقرية ابومسعود بمحافظةالأسكندرية – مصر خلال الموسم الصيفى لعام 2005 لدراسة بعض أنظمة التحميل لنباتات الذرة وفول صويا مع معاملات مختلفة من النتروجين والفوسفور.

تضمنت المعاملات الرئيسية أربعة أنظمة من التحميل هى: الاول 100% فول صويا ، والثانى صفين فول صويا (67%) + صف ذرة (33%) ، والثالث صف فول صويا (50%) + صف ذرة (50%)، والرابع 100% ذرة. كما أشتملت المعاملات الفرعية المختلفة للنتروجين والفوسفور على تلقيح بذور فول الصويا بالريزوبيا، ومع الذرة اضيف سماد كبريتات النشادر كأضافة ارضية تكبيشاّ بمعدل 60 كجم/فدان، كما أستخدم خليط من اليوريا فوسفات ثنائى  الأمونيوم وكذلك حامض الفوسفوريك المخفف رشاّ على النباتات فى تصميم قطع منشقة بأربع مكررات. 

وكانت التقديرات فى هذه الدراسة هى تقدير محصول (بذور وقش فول الصويا وحبوب وحطب الذرة) ، والممتص من النتروجين والفوسفور والبوتاسيوم بواسطة هذة النباتات.

وأمكن تلخيص أهم النتائج المتحصل عليها فيمايلى:

1- كان التحميل اكثر فائدة من زراعة المحصول منفرداّ حيث زاد محصول البذور والدليل المحصولى وإمتلاء القرون والمحتوى من النتروجين 
والفوسفور فى البذور والقش لفول الصويا – أما بالنسبة للذرة فقد زاد الدليل المحصولى، والمحتوى من النتروجين والفوسفور والبوتاسيوم فى الحبوب، والنتروجين والبوتاسيوم فى الحطب.

2- كان نظام التحميل صفين فول صويا (16000 نبات) مع صف ذرة (7000 نبات) افضل لمحصول فول الصويا عن نظام التحميل صف فول صويا (12000 نبات) الى صف ذرة (10500 نبات) الذى كان أفضل بالنسبة للذرة.

3- أعطى تلقيح بذور الصويا بالرزوبيا أفضل زيادة لمحصول البذور والقش وكذلك محتواهما من النتروجين والبوتاسيوم الممتص – كما أدى التسميد الآزوتى بمعدل 60 كجم نتروجين للفدان فى صورة كبريتات نشادر الى أفضل زيادة لمحصول الحبوب والحطب للذرة منفرداّ أو محملاّ على فول الصويا ومحتواهما من النتروجين والبوتاسيوم الممتصين.

4- ظهر تاثير رش خليط اليوريا وفوسفات الامونيوم الثنائية على النباتات التى لم يتم تسميدها بالنيتروجين من حيث محصول بذور وقش فول الصويا- محصول حبوب وحطب الذرة وطول الكوز والدليل المحصولى ووزن المائة حبة والنتروجين والفوسفور الممتص0
5- اشارت النتائج الى تلقيح بذور فول الصويا ( 24000 نبات لكل فدان) بالرزوبيا يعادل اضافة 44كجم نتروجين تحت هذه الظروف.

وعموماّ فأن المعاملة (د) التى تم فيها تلقيح فول الصويا بالريزوبيا وتسميد الذرة بمعدل 60 كجم نتروجين للفدان ، وأعطى السماد الفوسفاتى رشاّ بحامض الفوسفوريك المخفف كانت أفضل المعاملات فى حالة عدم التحميل فى انتاج أعلا محصول من القش فى فول الصويا، وأعلا محصولى حبوب وحطب فى الذرة0 أما فى نظام التحميل كانت هى الافضل لفول الصويا فى نظام تحميل 1:2 والافضل للذرة فى نظام تحميل 1:1 فى تحقيق أعلا قيم للقياسات المحصولية الأخرى ومحتوى النباتات من العناصر الغذائية محل الدراسة (النتروجين والفوسفور والبوتاسيوم)0
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		Item				Intercrop		Fertilization treatment										Mean		L.S.D

						%		A		B		C		D		E				at 0.05 level

		Seed yield		( Ton/fed.)		100S		0.836		1.424		1.066		1.783		1.255		1.272		Intercrop. :     0.063

						67S+33M		0.854		1.518		1.130		1.971		1.320		1.358		Fert :            0.143

						50S+50M		0.437		0.892		0.689		1.177		0.822		0.803		I*F :             0.141

						mean		0.709		1.278		0.962		1.644		1.132

		Straw yield		( Ton/fed.)		100S		4.070		6.180		5.352		6.454		5.645		5.540		Intercrop. :     1.847

						67S+33M		3.187		5.884		4.012		6.085		4.329		4.699		Fert :             2.933

						50S+50M		2.117		3.247		2.646		3.382		2.964		2.872		I*F :              4.130

						mean		3.125		5.104		3.997		5.307		4.313

		Harvest index		%		100S		17.020		18.980		16.640		21.550		18.170		18.470		Intercrop. :     1.850

						67S+33M		21.030		20.460		22.040		24.710		22.010		22.050		Fert :             2.930

						50S+50M		16.890		21.530		21.420		26.070		23.280		21.840		I*F :               n.s.

						mean		18.310		20.320		20.030		24.110		21.150

		Podfilling		%		100S		65.050		55.710		59.460		63.590		60.290		60.820		Intercrop. :     2.860

						67S+33M		79.850		71.750		74.950		72.790		70.820		74.030		Fert :             n.s.

						50S+50M		64.340		64.440		73.740		64.930		70.210		67.530		I*F :             6.400

						mean		69.750		63.970		67.100		67.100		67.210

		100 seed weight		( g )		100S		17.330		20.250		19.590		19.860		18.920		19.190		Intercrop. : 1.560

						67S+33M		15.260		18.270		16.570		17.860		16.110		16.810		Fert :           2.080

						50S+50M		16.200		20.650		18.820		19.040		16.810		18.300		I*F :               n.s.

						mean		16.260		19.720		18.330		18.920		17.210
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		Crop				Intercrop		Fertilization treatment										Mean		L.S.D

						%		A		B		C		D		E				at 0.05 level

		Soybean ( S )		( kg/fed.)		100		39.22		83.63		56.27		96.03		64.14		67.86		Intercrop : 1.950

						67		38.37		90.78		59.64		102.02		64.19		71.00		Fert :         4.400

						50		21.33		42.44		29.80		52.31		35.23		36.22		I * F :       4.360

						mean		32.97		72.28		48.57		83.45		54.52

		Maize ( M )		( kg/fed.)		100		33.26		50.10		37.16		52.64		47.45		44.12		Intercrop : 1.920

						50		15.92		29.88		25.87		28.29		26.35		25.26		Fert :         2.040

						33		13.57		20.08		16.83		18.09		18.48		17.41		I * F :       4.290

						mean		20.92		33.35		26.62		33.01		30.76

		Total (S+M)		%		100S		39.22		83.63		56.27		96.03		64.14		67.86		Intercrop : 2.340

						67S+33M		51.95		110.87		76.47		120.11		82.67		88.41		Fert :         2.930

						50S+50M		37.28		72.32		55.68		80.60		61.59		61.49		I * F :       5.230

						100M		33.26		50.10		37.16		52.64		47.47		44.12

						mean		40.43		79.23		56.65		87.35		63.96
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		Crop				Inter crop		Fertilization treatment										Mean		L.S.D

						%		A		B		C		D		E				at 0.05 level

		Soybean ( S )		( kg/fed.)		100		10.52		13.57		14.40		17.88		16.91		14.66		Intercrop : 1.48

						67		7.82		9.30		11.64		14.76		12.98		11.30		Fert :         1.66

						50		5.94		7.24		8.45		9.81		9.60		8.21		I*F :          n.s.

						mean		8.09		10.04		11.50		14.15		13.16

		Maize ( M )		( kg/fed.)		100		11.38		12.58		16.35		17.35		14.46		14.48		Intercrop : 1.33

						50		6.30		8.17		14.30		17.45		15.65		12.37		Fert :         1.88

						33		4.89		5.48		6.90		6.25		6.99		6.10		I*F :         2.97

						mean		7.52		8.83		12.52		13.68		12.37

		Total (S+M)		%		100S		10.52		13.57		14.40		17.88		16.91		14.66		Intercrop : 1.93

						67S+33M		12.71		14.79		18.54		21.01		19.97		17.40		Fert :         1.47

						50S+50M		12.24		15.41		22.75		27.25		25.25		20.58		I*F :          n.s.

						100M		11.38		12.85		16.35		17.35		14.46		14.48

						mean		11.71		14.16		18.01		20.87		19.15
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		Crop				Intercrop		Fertilization treatment										Mean		L.S.D

						%		A		B		C		D		E				at 0.05 level

		Soybean ( S )		( kg/fed.)		100		34.61		43.70		44.33		52.58		38.55		42.75		Intercrop : 4.60

						67		21.69		40.16		28.03		41.70		24.00		31.12		Fert :          4.04

						50		21.46		24.53		20.77		26.80		23.99		23.51		I * F :           n.s.

						mean		25.92		63.13		31.04		40.39		28.85

		Maize ( M )		( kg/fed.)		100		25.66		26.10		28.42		30.87		24.56		27.12		Intercrop : 1.04

						50		12.00		17.82		17.11		17.45		13.20		15.52		Fert :          2.14

						33		9.08		14.96		11.06		10.19		9.41		11.08		I * F :          2.33

						mean		15.58		19.63		18.66		19.74		15.72

		Total (S+M)		%		100S		34.61		43.70		44.33		52.58		38.55		42.75		Intercrop : 4.06

						67S+33M		30.77		55.12		39.09		52.60		33.41		42.20		Fert :          4.02

						50S+50M		33.46		42.36		37.88		44.24		37.19		39.03		I * F :           n.s.

						100M		25.66		26.10		28.42		30.87		24.56		27.12

						mean		31.12		41.82		37.43		45.07		33.43
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		Table (3a): Nitrogen amounts (mg) in one plant (parts and whole) as affected by

		intercropping systems and fertilization treatments.

		Amount				Inter crop		Fertilization treatment										Intercrop.		L.S.D

						%		A		B		C		D		E		mean		at 0.05 level

		In soybean		Seeds		100		525		1106		800		1415		861		949		Intercrop. :   58

						67		637		1413		1034		1842		1189		1223		Fert :          132

						50		581		1430		1010		2013		1116		1230		I * F :        130

						mean		581		1316		948		1769		1055

				Straw		100		1109		2379		1545		2547		1811		1878		Intercrop. : 141

						67		1764		4248		2703		4539		2812		3213		Fert :         173

						50		1196		2120		1461		2343		1816		1789		I * F:        315

						mean		1356		2916		1903		3143		2150

				Whole plant		100		1634		3485		2345		3998		2672		2827		Intercrop. : 119

						67		2401		5661		3737		6381		4001		4437		Fert :         264

						50		1777		3550		2471		4356		2942		3019		I * F :       266

						mean		1937		4232		2852		4912		3207

		In maize		Grain		100		518		734		542		891		841		705		Intercrop. : 134

						50		710		1177		1039		1005		1083		1003		Fert :         108

						33		836		1409		1036		1107		1202		1118		I * F :       300

						mean		688		1107		872		1001		1042

				Stover		100		1069		1652		1227		1616		1419		1397		Intercrop. : n.s.

						50		810		1669		1425		1690		1426		1404		Fert :      75.78

						33		1103		1460		1369		1477		1438		1369		I * F :      138

						mean		994		1594		1340		1594		1428

				Whole plant		100		1587		2386		1769		2507		2260		2102		Intercrop. : 139

						50		1520		2846		2464		2695		2509		2407		Fert :         137

						33		1939		2869		2405		2584		2640		2487		I * F :       311

						mean		1682		2700		2213		2595		2470
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		Table (2b): Maize yields and yield components as affected by intercropping

		systems and fertilization treatments.

		Item				Intercrop		Fertilization treatment										Mean		L.S.D

						%		A		B		C		D		E				at 0.05 level

		Grain yield		(Ardeb/fed.)		100M		11.500		16.530		11.960		17.090		12.760		14.031		Intercrop : 1.350

						50S+50M		7.860		10.720		10.870		11.970		11.210		10.530		Fert :           2.190

						67S+33M		5.720		9.290		8.160		6.980		7.850		7.600		I * F :             n.s.

						mean		8.360		12.180		10.330		12.010		10.720

		Stover yield		( Ton/fed.)		100M		4.806		5.014		4.761		5.938		5.341		5.239		Intercrop : 0.367

						50M+50S		2.517		4.046		3.347		3.161		2.493		3.046		Fert :           0.452

						67S+33M		1.594		3.548		2.572		2.178		2.068		2.392		I * F :           0.821

						mean		2.972		4.202		3.449		3.870		3.301

		Harvest index		%		100M		25.110		31.370		26.150		27.500		25.760		27.340		Intercrop : 3.890

						50M+50S		30.680		24.160		34.940		34.530		38.640		32.590		Fert :           4.910

						67S+33M		33.390		26.760		30.750		30.970		35.060		31.390		I * F :             n.s.

						mean		29.730		27.430		30.880		31.000		33.150

		Ear length		( cm )		100M		18.600		20.800		22.200		20.700		21.700		20.800		Intercrop : 1.100

						50M+50S		15.300		21.000		20.300		19.500		18.500		18.900		Fert :           2.200

						67S+33M		15.000		24.700		20.000		20.000		19.700		19.900		I * F :            2.500

						mean		16.300		22.200		20.800		20.100		20.000

		100 grain weight		( g )		100M		35.270		34.990		35.660		38.270		39.160		36.670		Intercrop :   n.s.

						50M+50S		32.550		35.960		36.520		33.170		35.560		34.750		Fert :          1.980

						67S+33M		32.740		37.380		35.830		35.770		36.630		35.670		I * F :             n.s.

						mean		33.520		36.110		36.000		35.740		37.120
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		Amount				Intercrop		Fertilization treatment										Mean		L.S.D

						%		A		B		C		D		E				at 0.05 level

		In soybean		Seeds		100		129		172		124		175		148		150		Intercrop :   n.s.

						67		109		178		176		192		168		165		Fert :            n.s.

						50		146		169		195		199		202		182		I * F :           n.s.

						mean		128		173		165		189		173

				Straw		100		1313		1649		1723		2010		1459		1631		Intercrop :   n.s.

						67		1247		2332		1576		2314		1332		1760		Fert :           360

						50		1642		1876		1536		2034		1798		1777		I * F :           n.s.

						mean		1401		1952		1612		2119		1530

				Whole plant		100		1442		1821		1847		2185		1607		1780		Intercrop :   n.s.

						67		1356		2510		1752		2506		1500		1925		Fert :           380

						50		1788		2045		1731		2233		2000		1959		I * F :          n.s.

						mean		1529		2125		1777		2308		1702

		In maize		Grain		100		287		291		286		302		248		290		Intercrop :    91

						50		352		386		371		355		335		360		Fert :            n.s.

						33		399		403		399		402		443		409		I * F :           n.s.

						mean		346		360		352		353		354

				Stover		100		935		951		1068		1168		886		1002		Intercrop :   68

						50		791		1311		1259		1207		922		1098		Fert :           104

						33		898		1301		1181		1157		902		1088		I * F :         152

						mean		875		1189		1169		1177		903

				Whole plant		100		1222		1242		1354		1470		1170		1292		Intercrop :  120

						50		1143		1697		1630		1560		1257		1458		Fert :           247

						33		1297		1704		1580		1559		1345		1497		I * F :          n.s.

						mean		1221		1548		1521		1530		1257






_1238061324.xls
Sheet1

		

		Partical size distribution in presence of CaCO3 :

		Clay                   ( % )						15.24				T.S.S.		( % )				0.05

		Silt                    ( % )						20.67				SP		( % )				39

		Fine sand       ( % )						43.12				Cations mmolc /100g soil:

		Coarse sand   ( % )						20.97				Ca2+						0.26

		Textural class :				Sandy clay loam						Mg2+						0.16

		CaCO3		( % )				33.5				Na+						0.36

		O.M.		( % )				1.09				K+						0.02

		pH (1-2.5 susp.)						8.15				Anions mmolc /100g soil:

		CEC cmolc kg-1 soil						21.13				CO32-						0.00

		Total N mg/100g soil						424				HCO3-						0.13

		Available P  mmolc /100g soil						10.65				Cl-						0.28

		Available K mmolc /100g soil						335				SO42-						0.39
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		Amount				Intercrop		Fertilization treatment										Mean		L.S.D

						%		A		B		C		D		E				at 0.05 level

		In soybean		Seeds		100		100		122		138		188		150		140		Intercrop : 40

						67		107		125		165		241		187		165		Fert :         39

						50		133		170		197		240		196		187		I * F :       n.s.

						mean		113		139		167		223		178

				Straw		100		338		447		462		557		555		472		Intercrop : n.s.

						67		382		456		563		681		624		541		Fert :         87

						50		362		434		508		577		603		497		I * F :       n.s.

						mean		361		447		511		605		594

				Whole plant		100		438		565		600		745		705		611		Intercrop : n.s.

						67		490		581		728		922		811		706		Fert :        95

						50		495		604		705		817		800		684		I * F :      n.s.

						mean		474		583		678		828		772

		In maize		Grain		100		177		222		267		305		223		239		Intercrop : 56

						50		250		293		588		412		471		403		Fert :        66

						33		270		300		450		397		470		377		I * F :      n.s.

						mean		232		272		435		371		388

				Stover		100		365		390		512		521		466		451		Intercrop : n.s.

						50		350		484		483		493		479		458		Fert :         73

						33		429		483		535		510		528		497		I * F :       n.s.

						mean		381		452		510		508		491

				Whole plant		100		542		612		779		826		689		690		Intercrop : 106

						50		600		778		1072		905		949		861		Fert :        121

						33		699		783		985		893		999		872		I * F :       n.s.

						mean		614		724		945		875		879






