5. SUMMARY
Greenhouse barley experiments and laboratory soil incubation experiments were conducted on two soils, an alluvial non-calcareous clay soil and a calcareous sandy clay loam soil. The greenhouse experiments were under barley while the laboratory experiments were soil-incubation ones with no plants.  

5.1. The Greenhouse barley experiments:

For each soil, there were four factorial experiments to study the interaction between N and each of K, Mg, B and Mo to barley (45-day growth yield). The N factor involved  3 rates  N1,N2, N3  of  20, 35 and 50 mg N kg-1 soil respectively) .The second was any of the other nutrients  according to the experiment. For K, treatments were K0, K1, K2, K3 of 0, 15, 25 and 35 mg kg-1soil. For Mg, treatments were Mg0, Mg 1, Mg2, Mg3 of 0, 10, 20 and 30mg Mgkg-1. For B, treatment B0, B 1, B2, B3 of  0, 0.2, 0.4 and 0.6 mg B kg-1 soil. For Mo treatments were K0, K1, K2, and K3 of 0, .01, 0.10 and 1 mg Mo kg-1 soil.

5.1.1. NK interactions in the clayey soil experiment: 

Barley dry weight growth yield showed N main effect of 11.80% and 26.94% increases by N2 and N3 respectively over N1. K main effect was 9.2% increase by K1 and 6.2 and 17.7% decreases by K2 and  K3  respectively;  but in presence of N2 , K showed no significant effect whereas in N1 or N3 presence there was an increase by K1 followed by progressive decrease. For K uptake, N1K3 caused an extremely high increase of 521%. . As for N uptake the main effect was 15% and 23 % increase by N2 and N3  . K decreased N uptake by 24, 26, and 33% due to K1, K2 and K3 respectively. The decrease was more marked in N3 presence.

5.1.2. NK interactions in the calcareous loamy soil experiment: 
Yield was highest by 59% due to N1K3 compared to lowest by N1K2. Main effect of N no significant response, but a slight increase by N2 occurred in presence of K2. Main effect of K was 20, 30, and 42 % increase by K1, K2 and K3 respectively. Uptake of K showed 607 % as highest increase by N1K3 relative to a lowest by K0N3. Increasing N decreased K uptake. Uptake of N progressively increased by N application, but by K average decreases were: 34, 2, and 60% by K1, K2 and K3 respectively. The decrease was more marked under N3.
5.1.3. NMg interaction in the clayey soil experiment: 

Yield was highest by 153% by N2K0 compared with a lowest given by N1K3. Increasing N increased yield; and N2  gave highest average of 56% compared with N1. Increases in presence of Mg3 were less marked. Applying Mg decreased yield progressively by 15, 30, and 41% due to Mg 1, Mg2 and Mg3 respectively. Decrease was less in presence of high N. Mg-uptake was highest by 197% due to N1Mg3  relative to a lowest by N3Mg0  .Main effect of N on Mg uptake was a decrease of 6% and 53% by N2 and N3 respectively (relative to N1) .Main effect of Mg application on Mg uptake was 13, 43 and 53% increase by Mg 1 ,Mg2 and  Mg3 respectively. N uptake increased with increased N application averaging 4 and 7% by N2 and N3 respectively over N1, but decreased by 11 and 21% due to Mg2 and Mg3 with no change by Mg1.

5.1.4. NMg interaction in the calcareous  loamy soil experiment:  
Barley growth yield showed N main effect was an increase in yield of 1 and 47 % by N2 and N3 respectively over N1, but in absence of Mg or in Mg1 presence the increase was considerably progressive. The main effect of Mg was a yield decrease of 35, 38 and 39% due to due to Mg1, Mg2 and Mg3 respectively. The decrease occurred under all N conditions. Uptake of N was less in N2 but higher in N3 relative to N1.Progressive decreases of 11, 35 and 56% in N uptake occurred by Mg1, Mg2 and Mg3, respectively. The decrease was under all conditions of N. Uptake of Mg was highest by N1 and lowest by N3 .The decrease in Mg uptake with increased application of N was considerable in presence of the highest rate of Mg3 (50 and 63% decreases due to N2 and N3 respectively.   

5.1.5. NB interaction in the clayey soil experiment: 

Yield was highest by 90% by N3B3 compared with a lowest given by N1B0. Increasing N application was associated with a progressive yield averaging 24 and 55 by N2 and N3 respectively over N1. The increase   was most pronounced in absence of B.(being 37 and 65% respectively. Application of B increased yields by averages of  6, 13 and 19% due to B1, B2 and B3, respectively. Under condition of high N3 increases by B were more apparent. Uptake of B increased by increased N rate particularly at N3 which showed 32% increase over N1.The increase by N2 did not occur except in absence of B. Uptake of B was also  increased by B application up to B2 after which the increase was less : increases averaging   18, 64 and 53% by B1, B2 and B3, respectively. Increasing N application was associated with a progressive increase in N uptake: average increases of 5 and 89 % caused by N2 and N3 respectively over N1. Application of B increased uptake of N : averages of 12 , 46 and 34 % due to B1, B2 and B3, respectively. The increase was more marked under condition of the high N3 rate (5, 70 and 81% respectively).

5.1.6. NB interaction in the calcareous loamy soil experiment: 
Increasing N application was associated with a progressive increase yield with main effect of 35 and 59% caused by N2 and N3 respectively over N1.The increase occurred particularly in absence of applied B, where it occurred at both N2 and N3 ( 59  and 100).Application of B increased yield by 13, 22, and 31 % due to B1, B2 and B3 respectively. Uptake of N showed averages of 30 and 47 % caused by N2 and N3 respectively over N1; and averages of 39, 67 and 84% due to B1, B2 and B3 respectively. Uptake of B increased by addition of N with averages of 31 and 47% by N2 and N3 respectively over N1 ;  and averages of  18, 46 and 62 % due to B1, B2 and B3 respectively.

5.1.7. NMo interaction in the clayey soil experiment: 
 Increasing N application was associated with a progressive increase in yield with main effect of 49,   86 % by N2 and N3 respectively over N1  , more increases in absence of Mo (82and 142% ); and averages of  13, 22 and 37 % due to Mo1, Mo2 and Mo3 respectively. Increases in N application increased Mo uptake by average of 360  and 274% by N2 and N3 respectively over N1 ;  while Mo application gave average Mo uptake increases of  46, 79and 77 % due to B1, B2 and B3 respectively. Uptake of N increased by increased application of N averaging 13 and 35% by N2 and N3 respectively over N1 while Mo application gave small average uptake increases of  2, 3 and 6 % due to Mo1, Mo2 and Mo3 respectively.                               

5.1.8. NMo interaction in the calcareous loamy soil experiment: 

Increasing N application gave average yield increases of 40 and 83 % caused by N2 and N3 respectively over N1; while Mo application gave average yield increases of 12, 22 and 41 % due to Mo1, Mo2 and Mo3 respectively. Uptake of Mo increases by increased application of N by averages of 36 and 90 % by N2 and N3 respectively over N1, while the average increases by Mo were 77, 102 and 125 due to Mo1, Mo2 and Mo3 respectively. Uptake of N increases by increased application of N by averages of 12and 36 % by N2 and N3 respectively over N1, while the average increases by Mo were small: 3, 4 and 5 due to Mo1, Mo2 and Mo3 respectively.

5.2-The laboratory soil incubation experiments:

There are four experiments to study interaction effects of N-K, N-Mg, N-B and N-Mo on soil available nutrients. Portions of  200 g of soil were  placed in PVC containers (pots). Factors of study for each : (1): N-rate i.e. 20, 35 and 50 mg kg-1 soil. (2) K, Mg, B or Mo rates i.e. 4 rates. (K rates: 0, 15, 25 and 30 mg K kg-1 soil ; Mg rates: 0, 10, 20 and 30 mg Mg kg-1 soil ; B rates: 0.0, 0.2, 0.4 and 0.6 mg B kg-1 soil ; Mo rates: 0.00, 0.01, 0.1 and 1 mg Mo kg-1 soil. (3) Incubation time: 4 periods 1, 7, 30 and 45 days. (i.e.T1, T2, T3 and T4). Available nutrients followed a pattern of  progressive increase with time reaching a maximum at T3.

5.2.1. NK interactions in the clayey soil.

Available K in soil increased with progressive increases in nitrogen and potassium fertilizers and time. Increase due to K application did not occur at any K rate where N2 was present, but under condition of N1.Available N in soil increased by increased addition of N , and slightly by K addition. 

5.2.2. NK interactions in the loamy calcareous soil.

Increases in available K were  caused by increased N and time of incubation. The increase due to K application was slight. Increases  in available K occurred due to K application and increases in available N occurred due to K application.

5.2.3. NMg interaction in the clayey soil.

Available Mg increased caused by N3 and N2 over N1 particularly under conditions of Mg3.  Also, the increase due to Mg application occurred particularly in presence of  N1 and N2. 
5.2.4. NMg interaction in the loamy calcareous soil.

Available Mg decreased by Mg application . In some cases under high N there was an increase upon applying Mg. Increased N was associated with decreased available Mg particularly in presence of N1.

 5.2.5. NB interaction in the clayey soil 

Available B increased with increased N rate ; also application of B was associated with progressive increase in available B. Available N in soil increase caused by increased N addition and also with application of B. 

5.2.6.NB interaction in the loamy calcareous soil. 

Application of B was associated with progressive increase in available B particularly  under condition of the high N3.Also increased N addition was associated with increased available B. Also application of B increased available N whuch increased with increased addition of N. 

5.2.7. NMo interaction in the clayey soil. 

Available Mo increased with Mo. Increased N caused increased available Mo at N2 but decreased it at N3.  .Available N was increased upon Mo addition as well as with N increases.

5.2.8. NMo interaction in the  loamy calcareous soil.
Progressive increase in available Mo due to Mo application. A decrease in available Mo occurred with increased N addition. Available N increases by addition of M and increased also by increased  N addition.

PAGE  
137
Summary


