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ABSTRACT

Desertification affects large areas in the Mediterranean region, particularly in Southern Italy, where the increasing reduction of annual rainfall and the rise in the average temperature, which cause a high aridity index, is also associated with intensive  techniques. The “Istituto Sperimentale Agronomico” of Bari, located in Southern Italy, in a region (Apulia) at high risk of desertification,  is involved by many years in researches on the use of low environmental impact techniques  to find the proper balance between the need to ensure a satisfactory income to farmers and to safeguard soil fertility.

On this subject and within a research on the comparison between deep (conventional and two-layer tillage) and surface tillage (surface and minimum tillage), the Institute has became a study on the influence of different soil tillage systems on the root development of broad bean (Cv Supersimonia), a crop, which is very interesting for its nitrogen-fixing capacity, but which is also demanding for the seedbed preparation. The study was conducted in 1995 and '97 using the method of mini-rhizotrons, on grain broad bean in rotation with durum wheat. At flowering and pod formation the root development and the soil moisture were determined. No significant effect of different tillage systems was observed on the root development or on soil moisture. In the case of the two-layer tillage the lowest values were observed in both parameters. These results may contribute to extend the minimum tillage  to crops like the broad bean that, through its action as improving crops, can contribute to fight against the progress of desertification.

Key words:  tillage systems, roots, broad bean, desertification.

INTRODUCTION

Safeguarding the soil fertility of large areas destined for agricultural uses preserving them from desertification processes is one of the most severe environmental challenges we shall take up in the new millennium. Different factors, often in synergy between each other, contribute to fertility degradation such as the atmospheric pollution, the subsequent acid rainfall, the drought due to the climate instability,  an improper use of the soil, as has been the case over the last fifty years, the intensive use of the soil, the over-use of chemicals (fertilisers, herbicides, fungicides, growth regulators, etc.), the shortage of irrigation water,  the salinity increase in groundwater, the poor organic matter supply, etc. (Lal R., 1991;  Karlen et. al., 1997;  Lewandowski et al. 1999; Sojka and Upchurch, 1999; Balesdent et. al. 2000; Young and Ritz, 2000).  The harmful effect of some of these factors may be reduced through the use of more appropriate and less destructive cultivation techniques. Desertification affects many areas in the Mediterranean Basin, including some regions in Southern Italy, such as Apulia, known for its poor water supply and for the intensive agriculture practised in most areas (Di Bari et. al. 1989). These areas necessitate urgent preventive actions involving the use of low environmental impact cultivation techniques to prevent soil fertility deterioration, such as the reduction of both the number  and depth of soil tillage operations (Hernanz  et. al. 1995; Srinivas and Thanh, 1996; Castrignanò et al. 1997).

Despite the considerable economic advantages for the lower production cost, farmers do not always accept these practices, above all for the crops necessitating works prior to seeding, such as grain broad bean.

Knowing how does the rooting system interact with the soil more or less ploughed along the profile may be very helpful to check the adaptability of these crops to reduced tillage, and to recommend low environmental impact cultivation techniques (Bottomley et. al., 1993; Ball-Coelho B.R. et al., 1998;  De Giorgio et al. 1998; De Giorgio et. al., 2000; Pietola et al., 2000).

Based on these considerations the “Istituto Sperimentale Agronomico”, Bari (Southern Italy), has conducted a research on the influence of different tillage methods on the rooting system of broad bean, a typical crop of the Mediterranean region, grown in a two-year rotation with durum wheat.

MATERIAL AND METHODS

The research was conducted in 1995 and 1997 in Foggia (Southern Italy) at the experimental farm of the Institute. The soil is clay-silty, classified as typic Chromoxerert (Soil Survey Staff, 1992). The climate, classified as accentuated thermomediterranean” by the FAO-UNESCO Bioclimatic Maps, is characterized by hot and dry summer with maximum temperature around 40 °C, cool winter (below zero °C), and moderate rainfall concentrated in autumn and spring. In the two year the climate (Fig. 1) was characterized by an annual rainfall from September to August, of 501 mm and 469 mm respectively for 1994-'95 and 1996-'97, slightly above the 45-year average (556.47 mm). In the period from November to May, which is particularly important for the crop, the recorded rainfall was 315.8 and 262.8 mm, respectively for the first and second year. 

In the randomized block design with three replicates, broad bean (Cv. Supersimonia) grown in rotation with durum wheat, was submitted to four different tillage systems: CT - conventional (double-share ploughing at 45 cm depth, one or two rotary tillage operations at 20 cm with disc plough, 10 cm rotary tillage); TT - two-layer (combined equipment - 60 cm sub-soiling and 10 cm rotary tillage); ST - surface (25 cm five-share ploughing, 10 cm rotary tillage); MT - minimum (rotary tillage). Tillage operations were effected between September and October. Seeding was performed in the first week of November. One week before sowing, that was made on 3.11.'94 and on 19.11.1996, respectively in the two years, with a density of 12 plants m-2 , the mini-rhizotrons (transparent plexiglas tubes 0,05 x 1m in length) were inserted at 45° degree angle into the soil surface and located parallel to the crop row. The section of the tube left above the ground and wrapped with black plastic was closed to exclude light. The study was conducted on the plots, which in the previous years were to wheat used as control plots,  without nitrogen fertilization.   During the cropping cycle, two measurements were run at flowering and at pod formation, respectively in 1995 and '97 on the 135th and 208th and on the 128th and 193rd days after sowing. The roots intersecting the mini-rhizotrons were observed using the microvideo camera and the video recorder. The number of roots crossing the tube was counted on the monitor  and transferred to the statistical and graphical package SAS/STAT and SAS/GRAPH (SAS/STAT, SAS Institute 1998). Root counts were converted to root length density (RLD) cm cm-3 (Upcharch and Ritchie, 1983; Upchurch, 1985). 

Throughout the cropping cycle the soil moisture was determined at sowing, flowering, pod formation and harvest.

RESULTS AND DISCUSSION

The variations of the soil moisture content (Fig. 2), throughout the whole cropping cycle, in both years, were not statistically significant with the variation of the tillage system. It is worthwhile, however, to make few considerations on the trend during the two-year period. 

At sowing, in both years, the tillage systems with less and more surface operations (ST and MT) had higher moisture content. In winter (2nd measurement) and with a higher rainfall, the differences become null. Afterwards with the rise in temperature and a greater vegetative growth, the conventional tillage showed higher moisture values as compared to the other systems (135 and 117 days after sowing, respectively for 1995 and '97) At the end of the cycle the differences disappeared. Hence the moisture content increased from sowing till flowering, winter period characterized by higher rainfall; later on, with the temperature rise and the rainfall reduction, it decreased similarly in the four tillage systems being compared. 

The moisture distribution in the 0-60 cm soil profile, for the two measurements made at the same time as the observations on the root development, in both years, varied significantly between the conventional tillage (with the highest value) and the two- layer system (with the lowest value) only in the  1st measurement, at flowering, in the 21-40 cm layer (Fig. 3). 

The same pattern, although without statistical differences, was also observed in the deepest layer (41-60 cm). These differences disappeared shifting from flowering in late winter, that is usually rainy, to pod formation in late spring, characterized by a severe rainfall scarcity and high temperatures. 

The differences of the mean annual values of RLD  (Root Length Density) between the 2 years were not significant, although a  higher value was observed in '97 as compared to '95 (Tab. 1).  The RLD was statistically different between the 1st measurement, made at flowering (Tab. 2), when plants were in full vegetative growth, with a double root concentration as compared to the 2nd measurement, (pod formation) when plants had reached the maximum development and concentrated their activity in the accumulation of protein substances in seeds.

Tillage systems, although varying between each other in terms of number and depth of operations, have not affected the RLD significantly (Tab. 3). The trend was, however, decreasing shifting from the conventional tillage, with the highest value, to the surface, minimum and two-layer tillage. 

Although the study on broad bean root development concerned the 0-60 cm profile, the highest root concentration was found between 0 and 30 cm (Tab. 4), therefore the analysis of results will be referred to this layer. The highest RLD concentration was observed in the two top layers 0-10 and 11-20 cm, with values similar to each other but statistically different from the 21-30 layer with the lowest value. 

As for tillage systems (Tab. 5), although in both vegetative stages a higher value was recorded in the conventional tillage, no significant differences were observed on root development. The same response was recorded along the profile in the interaction between tillage and the two vegetative stages (Tab 6). Analysing the RLD distribution for each measurement in the two-year period (Fig.4), it may be observed that in 1995 at flowering the variability ranged from 2 to 4 cm cm-3  along the whole profile. In the top layer it is the two-layer tillage that showed the lowest values as compared to the three other systems. In the 11-20 layer the minimum tillage showed an inverse trend with a reduction of RLD, similar to the TT that showed along the profile the lowest root density. The two other systems showed in all cases a greater and similar root development . 

The same RLD pattern was also confirmed in the 21-30 layer for the four systems. Such differences disappeared when the plant had already completed the vegetative development; indeed at pod formation the values in the two deeper layers tended to overlap.  In the first measurement of  '97, at flowering, the root development was very similar in the four systems, with a similar trends as in '95, except a greater root density in the 11-20 layer in conventional tillage. During pod formation, in general, a decrease in RLD and a further reduction of the differences between different systems were observed. The conventional tillage kept the highest root density in the 11-20 layer.

In short, it possible to assert that with the conventional tillage there is a slight increase of the RLD, with small differences that do not justify more expensive and less environmentally sound tillage systems. Broad bean can develop a good rooting system also with a single surface tillage operation.

CONCLUSIONS

These results, although with some differences of root development, between tillage systems, are very important, because they point out that although reducing the number and depth of operations, the broad bean rooting system can adapt also in a soil with minimum tillage, contrary to the common agronomic belief, wich considers the broad bean demanding towards the seedbed preparation. Working the soil very deeply, although with vertical cuts only, like in the two-layer system, implies less moisture in the rooting layer.

Therefore, using the broad bean more frequently in rotations, thanks to its well-known characteristics of nitrogen-fixing plant, may contribute to enrich naturally the soil with nitrogen available to the subsequent, usually soil depleting crops, like grasses. The reduction of soil tillage not only reduces the production costs, but also can contribute substantially to prevent the desertification processes, which concern increasing cultivated areas in Southern Italy and large areas of the whole Mediterranean Basin. These areas are at risk of becoming marginal lands for the growing application of intensive cultivation techniques involving the use of chemical fertilizers, herbicides, pesticide products, high irrigation volumes, etc, all factors which can contribute, in the long-term, to the loss of the agronomic soil fertility.

The study of the interaction between root development, agronomic techniques and the processes occurring in the rhizosphere in close contact with roots, can contribute, on one hand, to enlarge the knowledge on the root-soil interaction in different crops, submitted to less intensive cultivation techniques and on the other, to prevent or at least reduce the loss of fertility and the progress of desertification.
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Table 1.  Root length density  of broad bean  for year.

	
	
	

	Year
	RLD

(cm cm-3)
	SNK Grouping (§)

	
	
	

	1997
	3.55
	A

	1995
	2.06
	A

	
	
	


(§) Means with the same letter are not significantly different for P0.05.

Table 2. Root  length  density   of  broad  bean  during  the growing stage. 

	
	
	
	

	Growing 

stage
	RLD

(cm cm-3)
	SD
	SNK Grouping (§)

	
	
	
	

	Flowering
	3.75
	2.64
	A

	
	
	
	

	Pod

Formation
	1.87
	1.55
	B

	
	
	
	


(§) Means with the same letter are not significantly different for P0.05.

Table 3. Effect by tillage systems on root  length density of broad bean.

	
	
	
	

	Tillage methods
	RLD

(cm cm-3)
	SD
	SNK Grouping (§)

	
	
	
	

	CT
	3.28
	2.72
	A

	ST
	2.93
	2.43
	A


	MT
	2.52
	2.22
	A

	TT
	2.42
	1.81
	A

	
	
	
	


(§) Means with the same letter are not significantly different for P0.05.

Table 4. Root length density of broad bean affected by depth.

	
	
	
	

	Depth
	RLD

(cm cm-3)
	SD
	SNK Grouping (§)

	
	
	
	

	0-10
	2.97
	2.09
	A

	10-20
	3.02
	2.50
	A

	20-30
	2.44
	2.43
	B

	
	
	
	


(§) Means with the same letter are not significantly different for P0.05.

Table 5. Soil tillage and root length density of broad bean in each  growing stage.

	
	
	
	

	Tillage

methods
	RLD

(cm cm-3)
	SNK Grouping (§)
	Growing 

stage

	
	
	
	

	CT
	4.46
	A
	Flowering

	ST
	4.22
	A
	

	MT
	3.26
	A
	

	TT
	2.93
	A
	

	
	
	
	

	CT
	2.10
	A
	Pod

Formation

	TT
	1.93
	A
	

	MT
	1.82
	A
	

	ST
	1.64
	A
	

	
	
	
	


(§) Means with the same letter are not significantly different for P0.05.

Table 6. Manova test criteria and exact F statistics for the hypothesis of no growing stage * depth * tillage methods effect on root length density of  broad bean.

	
	
	
	

	Statistic
	Value
	F
	Pr>F

	
	
	
	

	Wilks’ Lambda
	0.6616
	2.8291
	0.0156

	Pillai’s Trace
	0.3629
	2.8085
	0.0160

	Hotelling-Lawley Trace
	0.4741
	2.8452
	0.0153

	Roy’s Greatest Root
	0.3750
	4.7502
	0.0066
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Fig. 1. Monthly averages of air temperature and rainfall.
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Fig. 2. Moisture content from sowing to harvest in the 4 tillage systems (CT ; TT ­­­­­­­­; ST ­  ­; MT - -  - -;  root observation).
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Fig. 3. Soil moisture content in the 0-60 cm profile in 1995 and ’97 measured at the same time as the root length density in the 4 tillage systems (CT ; TT ­­­­­­­­; ST ­  ­; MT - -  - -).
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Fig. 4. Root length density in the four tillage systems in relation to soil depth and growth stage (CT ; TT ; ST ; MT ).
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