
ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xi 

 

Table of Contents 

Page 

 

Acknowledgements…………………………………………………………………...iii 

Abstract in English…………………………………………………………………….v 

Abstract in Thai……………………………………………………………………...viii 

List of Tables………………………………………………………………………...xvi 

List of Figures…………………………………………………………………….…xix 

 

CHAPTER 1. INTRODUCTION……………………………………………………..1 

CHAPTER 2. LITERATURE REVIEW……………………………………………...6 

2.1 Weed control concepts………………………………………………………….6 

2.2 Weed control in intercropping systems................................................................7 

2.3 Methods of weed control in intercropping...........................................................8 

2.4 Weed control in maize and soybean intercropping systems ................................9 

2.4.1 Weed control in maize ..................................................................................9 

2.4.2 Weed control in soybean.............................................................................10 

2.5 Weed species in intercrop ..................................................................................11 

2.6 Hand weeding and labor use for weed control...................................................12 

2.6.1 Hand weeding/timeliness ............................................................................12 

2.6.2 Labor use for weed control .........................................................................13 

2.7 Crop-weed interaction........................................................................................14 

    2.7.1 Crop-weed competition...............................................................................14 

2.7.2 Competition and weed management ...........................................................14 

2.7.3 Economic threshold of weed control ..........................................................16 

2.8 Intercropping concepts .......................................................................................16 

2.9 Indices for evaluation productivity and efficiency of intercropping .................18 

2.9.1 Land equivalent ratio ..................................................................................18 

2.10 Light interception.............................................................................................20 

 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xii 

 

2.11 Some agronomic factors in fluencies productivity and economic efficiency of    

intercropping systems ..............................................................................................22 

2.11. 1 Crop component and planting patterns ....................................................22 

2.11.2 Spacing and crops population...................................................................24 

2.12 Maize production in Laos and Oudomxay provionce, Lao PDR.....................25 

2.12.1 Maize production in the Lao PDR ............................................................25 

2.12.2 Maize production in Oudomxay province ................................................26 

2.13 Soybean production in Lao and Oudomxay province, Lao PDR.....................27 

2.13.1 Soybean production in the Lao PDR ........................................................27 

2.13.2 Soybean production in Oudomxay province.............................................28 

2.14 Limitation of maize and soybean production in Laos and Oudomxay province, 

Lao PDR...................................................................................................................28 

CHAPTER 3. MATERIALS AND METHODS……………………………………..30 

3.1  Field survey.......................................................................................................30 

3.2 Field experiment ................................................................................................31 

3.2.1 Treatments and experimental design...........................................................31 

3.2.2 Management practices.................................................................................32 

3.2.3 Sampling procedures and data collection ...................................................33 

3.2.3.1 Soil sampling .......................................................................................33 

3.2.3.2 Crop sampling and data collection.......................................................33 

3.2.3.3 Weed sampling and data collection .....................................................34 

3.2.3.4 Labor use..............................................................................................34 

3.2.4 Data analysis ...............................................................................................34 

3.2.5 Economic analysis .......................................................................................35 

CHAPTER 4. RESULTS OF FIELD SURVEY……………………………………..36 

4.1 Physical environment of the study site ..............................................................36 

4.1.1 Location and topography ............................................................................36 

4.1.2 General climatic conditions ........................................................................38 

4.2 Soil characteristics .............................................................................................39 

4.3 Land use in the study area..................................................................................40 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xiii 

 

4.4 Farm household, farm size in studied site..........................................................42 

4.5 Cropping systems and cropping patterns ...........................................................43 

4.6 Weed management in study area .......................................................................45 

4.6.1 The response of weed management for maize and soybean in the study site

..............................................................................................................................45 

4.6.2 Labor use for weed management in the study site ......................................46 

4.7 The limitation and some constraints for weed control in maize and soybean ...47 

4.8 Cultural practices in maize and soybean cultivation..........................................47 

4.8.1 Maize cultivation.........................................................................................47 

4.8.2 Soybean cultivation.....................................................................................48 

4.9 Some constraints of maize and soybean to producers .......................................49 

4.10 Economic return for labor use in some cropping pattern in study site ............50 

CHAPTER 5. RESULTS OF FIELD EXPERIMENT……………………………….53 

5.1 Field experiment and climatic conditions ..........................................................53 

5.2 The response of weed control in maize and soybean intercrops........................54 

5.2.1 Weed population density.............................................................................55 

5.2.2 Weed species...............................................................................................56 

5.2.3 Total dry matter of weeds ...........................................................................58 

5.2.4 Labor use for manual weed control.............................................................59 

5.3 Crops growth stages and crop development ......................................................60 

5.3.1 Plant growth and development ....................................................................60 

5.3.2 Maize and soybean population density.......................................................61 

5.3.3 Plant height of maize and soybean..............................................................62 

5.3.3.1 Plant height of maize ............................................................................62 

5.3.3.2 Plant height of soybean........................................................................63 

5.3.4 Number of soybean branches ......................................................................64 

5.3.5 Leaf area index of maize and soybean........................................................66 

5.3.5.1 Leaf area index (LAI) of maize ............................................................66 

5.3.5.2.  Leaf area index (LAI) of soybean......................................................69 

5.3.6 Light intensity and light interception of maize and soybean intercrop.......72 

5.3.6.1 Light intensity and interception of maize ............................................72 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xiv 

 

5.3.6.2 Light intensity and light interception of soybean ................................75 

5.3.7 Total dry matter of maize and soybean.......................................................78 

5.3.7.1 Total dry matter of maize.....................................................................78 

5.3.7.2 Total dry matter of soybean.................................................................83 

5.4 Yield components of maize and soybean...........................................................85 

5.4.1 Maize yield components .............................................................................85 

5.4.1.1 Number of seed row per ear .................................................................86 

5.4.1.2 Number of seeds per seed row.............................................................87 

5.4.1.3 Number of seeds per ear.......................................................................88 

5.4.1.4 One thousand seeds weight ..................................................................89 

5.4.1.5 Harvest index (HI) ...............................................................................90 

5.4.2 Soybean yield components .........................................................................91 

5.4.2.1 Number of pods per plant ....................................................................92 

5.4.2.2 Number of filled pods per plant ...........................................................93 

5.4.2.3 Percent of unfilled pods per plant ........................................................94 

5.4.2.4 One hundred seeds weight……………………………………………94 

5.4.2.5 Harvest index (HI) ...............................................................................95 

5.5 Grain yield of maize and soybean intercropping ...............................................96 

5.5.1 Grain yield of maize....................................................................................97 

5.5.2 Grain yield of soybean................................................................................98 

5.6 Land equivalent ratio (LER) ..............................................................................99 

5.7 Economic consideration...................................................................................100 

CHAPTER 6. DISCUSSION………………………………………………………. 106 

6.1 Results of field survey .....................................................................................106 

6.1.1 The climate of Oudomxay province..........................................................106 

6.1.2 Soil characteristics ....................................................................................106 

6.1.3 Land use and cropping systems ................................................................107 

6.1.4 Manual weed control and labor use for weed control in maize and soybean

............................................................................................................................108 

6.1.4.1 Manual weed control in maize and soybean......................................108 

6.1.4.2 Labor use for weed control in maize and soybean.............................108 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xv 

 

6.1.5 The role of maize and soybean intercropping systems in the study site. ..109 

6.1.6 The role of maize/soybean intercropping for weed control......................110 

6.2 Results of field experiment ..............................................................................110 

6.2.1 Weed population density...........................................................................110 

6.2.2 Weed species.............................................................................................111 

6.2.3 Total dry matter yield of weeds ................................................................112 

6.2.4 Labor use for weed management ..............................................................112 

6.2.5 Crop growth and yield ..............................................................................113 

6.2.5.1 Plant height of maize and soybean, and number of soybean branches

........................................................................................................................113 

6.2.5.2 Leaf area index of maize and soybean...............................................115 

6.2.5.3 Light intensity and light interception.................................................116 

6.2.5.4 Total dry matter yield of maize and soybean.....................................117 

6.2.6 Yield components and grain yield of maize and soybean.........................118 

6.2.6.1 Yield components of maize ...............................................................118 

6.2.6.2 Yield of maize and soybean...............................................................121 

6.2.7 Land equivalent ratio (LER) in maize and soybean intercropping systems

............................................................................................................................122 

6.2.8 Economic considerations ..........................................................................123 

CHAPTER 7. CONCLUSIONS.……………………………………………………125 

References…………………………………………………………….……………. 130 

Appendices………………………………………………………………….……. 143 

Curriculum Vitae………………………………………………………………...… 188 

 

 

 

 

 

 

 

 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xvi 

 

List of Tables 

Page 

Table 

 
1.  Cultivated land use in Oudomxay province in the cropping year 2000....................3 

2. Some soil chemical characteristics in different forms of land use...........................39 

3. Distribution of cultivated land use in Namkha area, (hectare per household) .........41 

4. The mean of farm household and farm size in three villages in target group..........43 

5. Net income of some cropping patterns, ( * 1,000 Kip ha-1,  and *1,000 Kip Ld-1 

day1). ....................................................................................................................51 

6. Soil characteristics at experimental site. ..................................................................53 

7. Analysis of variance for overall weeds in experimental variables...........................55 

8. Summed Dominance Ratio (SDR) of weed species in maize and soybean cropping 

combinations. .......................................................................................................57 

9.  Observations of maize and soybean growth stages.................................................60 

10. The total population of maize and soybean cropping pattern. ...............................61 

11.  Analysis of variance on plant height of maize and soybean at different timing of 

weeding and intercropping...................................................................................62 

12. Analysis of variance for number of soybean branches at harvest..........................65 

13. Analysis of variance for leaf area index of maize..................................................66 

14. Leaf area index of maize at harvest for timing of weeding treatments..................68 

15. Leaf area index of maize at harvest for cropping treatments. ................................69 

16. Analysis of variance for leaf area index of soybean. .............................................69 

17. Leaf area index at R2 stage of soybean growth for timing of weeding treatments.

..............................................................................................................................70 

18. Leaf area index at R2 stage of soybean grwoth for cropping treatments...............70 

19. Leaf area index at R5 stage of soybean growth for timing of weeding treatments.

..............................................................................................................................71 

20. Leaf area index at R5 for cropping treatments.......................................................71 

21. Analysis of variance for light intensity and light interception in maize cropping. 72 

22. Light intensity at V12 stage of maize growth for cropping treatments. ................73 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xvii 

23. Analysis of variance for light intensity and light interception of soybean. ...........75 

24. Light intensity and light interception at R2 stage of soybean growth for timing of 

weeding. ...............................................................................................................76 

25. Light intensity and light interception at R2 stage of soybean growth cropping  

treatments. ............................................................................................................77 

26. Light intensity and light interception at R5 stage of soybean growth for timing of 

weeding treatments ..............................................................................................77 

27. Light intensity and light interception at R5 stage of soybean growth for cropping 

treatments. ............................................................................................................78 

28. Analysis of variance for total dry matter of maize.................................................79 

29. Total dry matter at V12 stage of maize growth for timing of weeding .................79 

30. Total dry matter at V12 stage of maize growth for cropping treatments. ..............80 

31. Total dry matter at VT stage of maize growth for timing of weeding treatments. 81 

32. Total dry matter at VT stage of maize growth for cropping treatments. ...............81 

33. Total dry matter of maize at harvest for timing of weeding treatments.................82 

34. Total dry matter of maize at harvest for cropping treatments................................82 

35. Analysis of variance for total dry matter of soybean. ............................................83 

36. Total dry matter at R2 stage of soybean growth for cropping treatments. ............83 

37. Total dry matter at R5 stage of soybean growth for cropping treatments. ............84 

38. Analysis of variance for maize yield components. ................................................86 

39. Number seeds per ear of maize for timing of weeding treatments. .......................88 

40. Number seeds per ear of maize for cropping treatments. ......................................89 

41. One thousand seeds weight of maize for cropping treatments. .............................90 

42. The relationship of harvest index in maize crop for timing of weeding treatments.

..............................................................................................................................90 

43. The relationship of harvest index in maize for cropping treatments. ....................91 

44. Analysis of variance for soybean yield components..............................................91 

45. The relationship of number pods per plant for timing of weeding treatments.......92 

46. The relationship of number pods per plant for cropping treatments......................92 

47. Number of filled pods per plant for timing of weeding treatments. ......................93 

48. Number of filled pods per plant for cropping treatments. .....................................93 

49. The relationship of percent of unfilled pods per plant fro cropping treatments. ...94 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xviii 

50. One hundred seeds weight for cropping treatments...............................................95 

51. Relationship for harvest index (HI) in the timing of weeding treatments. ............95 

52. Relationship for harvest index (HI) in the cropping treatments. ...........................96 

53. Summary of analysis of variance for maize, soybean and intercrop yields. ..........96 

54. The relationship for soybean grain yield in the among of timing of weed control 

treatments. ............................................................................................................98 

55. The relationship for soybean grain yield in the among cropping treatments.........99 

56. Analysis of variance for land equivalent ratio of maize and soybean intercropping.

..............................................................................................................................99 

57. Economic return for maize and soybean intercropping systems. ........................101 

58.  Total revenue per hectare ( Baht ha-1).................................................................102 

59. Total revenue per hectare (Baht ha-1)...................................................................102 

60. Total variable costs per hectare (Baht ha-1). ........................................................103 

61. Gross ma)rgin per unit area (Baht ha-1). ..............................................................104 

62. Gross margin per labor-day use for weeding (Baht Ld-1 Day-1). .........................105 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xix 

 

List of Figures 

Page 

Figure 

 

1. Agro-ecological map in the Lao PDR........................................................................2 

2. Area and yield of maize cultivated in the Lao PDR, 1996 – 2000. .........................25 

3. Area and yield of maize cultivated in Oudomxay province 1996 – 2000. ..............26 

4. Area and yield of soybean cultivated in the Lao PDR, 1996 – 2000. ......................27 

5. Area and yield of soybean cultivated in Oudomxay province 1996 – 2000. ...........28 

6. Location of the study area. .......................................................................................37 

7.  The mean of rainfall and air temperature................................................................38 

8. Some cropping pattern in Namkha area. ..................................................................44 

9. The labor disposition in each process of maize and soybean cultivation ................46 

10. The major constraints of cropping pattern in Namkha area...................................50 

11. The mean of rainfall and air temperature...............................................................54 

12.  Weed population density in different weeding treatments. ..................................55 

13. Total dry matter weight of weeds in different timing of weeding and cropping 

treatments. ............................................................................................................58 

14. Labor use for weed control. ...................................................................................59 

15. Plant height of maize at harvest in different timing of weeding. ...........................63 

16. Plant height of soybean at harvest in different timing of weeding. .......................64 

17.  Number of soybean branches at harvest in different timing of weeding. .............66 

18. Leaf area index at V12 stage of maize growth. ......................................................67 

19. Leaf area index at VT stage of maize growth. .......................................................68 

20. Light intensity at VT stage of maize growth. ........................................................74 

21. Light interception at VT stage of maize growth. ...................................................75 

22. Total dry matter weight of soybean at harvest. ......................................................85 

23. Number of seed row per ear. ..................................................................................87 

24. Number of seeds per seed row. ..............................................................................88 

25.  Relationship of maize grain yield to weeding and cropping treatments. ..............97 

26. Land equivalent ratio of maize and soybean intercropping .................................100 



ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

 

xx 

 
 
 

 
 
 
 
 
 
 


