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Abstract

Maize-legume cropping systems are practiced under conventional crop production (CP) which has resulted in 
soil degradation and frequent crop failure, which may be slowed or reversed with conservation agriculture (CA). 
Traditional plant tissue sampling and analysis is time taking and destructive method; whereas optical sensor techniques 
�L�Q�� �S�D�U�W�L�F�X�O�D�U���� �Q�R�U�P�D�O�L�]�H�G�� �G�L�‡�H�U�H�Q�F�H�� �Y�H�J�H�W�D�W�L�Y�H�� �L�Q�G�H�[�� ���1�'�9�,���� �D�U�H�� �D�Q�� �L�Q�V�W�D�Q�W�D�Q�H�R�X�V���� �Q�R�Q���G�H�V�W�U�X�F�W�L�Y�H���� �D�Q�G�� �T�X�D�Q�W�L�W�D�W�L�Y�H��
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throughout the plot, avoiding soil degradation as well as reducing plant competition and as such spatial variability.
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Introduction

Maize (Zea mays L) and common bean (Phaseoulus vulgaris L.) 
are planted by small scale and commercial farmers in monocropping, 
intercropping or rotation cropping system as a strategy for improving 
food security. Maize and common bean are important crops in 
Ethiopia and are mostly grown by resource-poor farmers in risky 
farming systems. Maize is the second most important main staple and 
common bean is an important dietary protein source for the rural 
poor smallholder farmers in Ethiopia. �e two crops are mutual to 
each other when used in rotation and intercropping systems, but these 
cropping systems are practiced under conventional crop production 
(CP) which has resulted in soil degradation and frequent crop failure 
especially in the semiarid regions. �e CP practice which involved 
cereal monoculture with repeated tillage and without crop residue 
retention has contributed to soil degradation and poor harvests in the 
semiarid Central Ri� Valley of Ethiopia (Liben et al., 2017) [1]. 

Smallholder farmers in Ethiopia practice crop rotation only a�er 
crop yield reduction is observed due to soil degradation or crop disease 
build up in the �eld. Maize intercropping with an early maturing legume 
is practiced to reduce the risk of total crop loss in the semiarid agro 
ecologies in cases of high probability of soil water de�cits occurring 
during early reproductive stages of maize. Liben et al. (2017) showed 
importance of improved maize and common bean-based cropping 
systems practices to reverse negative e�ects of soil degradation and 
rainfall variability on maize and legume production in the semiarid 
Central Ri� Valley of Ethiopia. It is becoming increasingly recognized 
that agriculture is an important cause of environmental degradation. 
�e solution recommended is to manage the resources so that they are 
neither degraded nor depleted and ensure a sustained production for 
inconsistent and require more localized evaluation and adaptation 
(Liben et al., 2017, 2018).

According to Govaerts et al. (2007a) CA has many advantages 
over CP which included soil moisture retention which allows earlier 
planting for longer maturity varieties, reduced runo� and evaporation, 
reduced erosion, soil water conservation, and less labor and dra� 
power demand, and improved crop yields. CA improves soil properties 
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performance assessments. Traditional plant tissue sampling and 
analysis is time taking, labour intensive and requires collection of 
several samples from representative areas to adequately characterize 
variability found on crop �eld. �is is time taken and destructive 
method which results unnecessary applications of fertilizer N and 
result in nutrient runo� and leaching with ultimate contamination of 
surface and groundwater [5].�e Green seeker™ handheld normalized 
di�erence vegetative index (NDVI) sensor (Ntech Industries USA) was 
tested as a tool to measure within plot spatial variability and maize crop 
management (Govaerts et al., 2007a; Liben et al., 2018). �e ability to 
accurately predict yield of �eld crops such as maize allows producers, 
economic agencies, and buyers to make decisions with respect to 
crop management, pricing and available markets. Optical crop sensor 
techniques in particular, NDVI are used to estimate yield by providing 
an instantaneous, non-destructive, and quantitative assessment of the 
crop’s ability to intercept radiation stages photosynthesize (Ma et al., 
1996) [6].

Development of optical sensors that can reliably identify nutrient 
de�ciencies may reduce time spent and allow for site-speci�c 
applications of fertilizers. �e NDVI is successful in predicting 
photosynthetic activity, because this vegetation index includes both 
near infrared and red light. Plant photosynthetic activity is determined 
by chlorophyll content and activity. �e relationship between leaf N 
and leaf chlorophyll has been demonstrated for maize (Chapman, 
1997) and wheat (Evans, 1989). �erefore, spectral re�ectance data 
can be used to compute a variety of vegetative indices which are well 
correlated with agronomic and biophysical plant parameters related to 
photosynthetic activity and plant productivity (Adamsen et al., 1999; 
Ma et al., 2001) [7].

Recent advances in precision agriculture technology have led to the 
development of ground-based optical sensors (or crop canopy sensors) 
that calculate NDVI readings. Active sensors have their own source 
of light energy and allow for the determination of NDVI at speci�c 
times and locations throughout the growing season without the need 
for ambient illumination or �ight concerns. Crop canopy sensors are 
relatively small in size and contain an integrated light source. �ey 
operate by directing visible light (VIS) (400–700 nm) as well as near 
infrared (NIR) (700–1300 nm) light at the plant canopy of interest 
(Campbell, 2002). Both water and N stresses altered re�ectance and 
lowered normalized di�erence vegetative index (NDVI) values. It 
suggests that it may be possible to use spatial and temporal patterns of 
plant re�ectance spectral index for in-season water and N management 
(Plant et al., 2000) [8]. As plants become stressed, they exhibit decreased 
re�ectance in the near-infrared (NIR) spectral region due to decreased 
cell layers and increased re�ectance in the red spectral region due to 
decreased chlorophyll content (Guyot, 1990). Monitoring this change 
in spectral re�ectance may reliably indicate changes in plant growth 
or physiological status and can be used to evaluate cropping system 
performance under di�erent tillage systems (Carter, 1994) [9].

�e NDVI has been used in many di�erent ways, including 
estimation of crop yields and end-of-season aboveground dry biomass. 
Soil texture, moisture, plant cover, and landscape surface roughness 
could a�ect soil and plant re�ectance the visible and NIR wavelength 
regions (Asner, 1998). As water and N availability are recognized as 
limiting factors for maize production in the semi-arid of Ethiopia, 
optical sensor data could be the basis for water, N, and crop management. 
Stress events, such as drought, reduced spectral estimates of absorbed 
radiation and NDVI in corn and soybean canopies (Daughtry et al., 
1992). Ethiopian farmers follow traditional fertilization practices which 

is based upon wide regional recommendations which fail to account for 
the intra-�eld variability and temporal variability of the crop nutrient 
requirement. �is problem can be addressed with the help of NDVI 
which is a precision agriculture tool. Yield prediction models based on 
early growth stage parameters are one desired goal to enable precision 
farming approaches to improve production [10].

Understanding the relationship among crop re�ectance, water and 
N inputs, and �eld heterogeneity would be useful for further evaluation 
of Optical sensor as a tool for moisture and fertilization monitoring. 
But there are only few studies that assessed the role of NDVI index 
to measure impact of crop management practices on crop growth and 
yield in Ethiopia. Yields can be measured as an end of season static 
result of seasonal crop performance, but these results do not re�ect the 
�uctuations of the crop’s performance throughout the season. 

To understand and evaluate cropping systems, and to �ne-tune 
resource management, insight in crop performance over time is crucial 
[11].
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vulnerability to extreme climatic events such as longer dry spell, 
erosion, high evaporation and can reduces crop water requirement by 
30 percent. CA makes better use of soil water and facilitates deeper 
rooting of crops and rain water in�ltration reducing the danger of 
soil erosion and downstream �ooding. In addition, it conserves and 
enhances biodiversity in the �eld, and eliminates power-intensive 
soil tillage, thus reducing the drudgery and labour required for crop 
production by more than 50 percent for small scale farmers (http://
www.fao.org/ag/ca/) [15].

Conservation agriculture for climate change and variability

Climate change has both direct and indirect e�ects on agricultural 
productivity including changing rainfall patterns droughts, �ooding, 
land degradation and the geographical redistribution of pests and 
diseases. Global food security, global environmental preservation as 
well as farmer level increased livelihood should be the main goals of a 
sustainable farming system in today’s world plagued by degraded soils 
as a result of unsustainable crop management practices. �e multitude 
of rural farmers as well as the three billion urban consumers must rely 
on sustainable food production systems for their livelihoods [16].

Climatic shocks can be disastrous, particularly in the semi-
arid regions of Ethiopia, and discourage the sustainable adoption of 
improved seeds and agricultural practices (FAO, 2015). Most of the 
risks associated with discontinuing adopted technologies originate 
from the recurrent droughts and dry spells (Kassie et al., 2013) that 
strongly depress crop yield (Segele and Lamb, 2005). �e variable 
rainfall, coupled with the absence of reliable agro-meteorological 
forecasts, in�uences the sustainable use of improved seeds and 
fertilizer technologies (Kassie et al., 2013). To cope with unfavorable 
rainfall conditions, farmers use various risk diversion strategies such 
as desisting from investing in fertilizers and improved seeds (Kassie 
et al., 2013; Yosef and Asmamaw, 2015), and adjusting the cropping 
calendar, crop, and crop variety to be grown, practicing intercropping 
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decomposition legume residue [27].
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the e�ect of one parameter, the NDVI has to be considered as a 
measurement of amalgamated plant growth re�ecting various plant 
growth factors.

Crop growth and development as well as yield are the integrated 
evaluators that show the ef�ciency of the chosen agricultural 
management system within the boundaries of the agro-ecological 
environment.

Any crop cultivars selected for the given agro-ecological zone, 
will act as an integrated evaluator of all environmental factors thus 
showing how management in�uences and determines resource-use 
ef�ciency. Crop performance was measured during the 2004, 2006 and 
2008 crop cycles with an optical handheld NDVI sensor in the di�erent 
management treatments of a long-term sustainability initiated in 
1991 by CIMMYT by incorporating di�erent tillage practices (zero 
tillage compared to conventional tillage), residue management 
(residue removal and retention) and crop rotations (mono cropping 
vs. a maize/wheat rotation). Based on this long-term experiment the 
long-term e�ects of tillage, residue management, and crop rotation 
on crop yield, on physical and chemical soil quality, on root rot and 
nematode populations, plus the interactions and e�ects on yield of 
root rot, nematodes, and water dynamics and in�ltration is observed. 
Zero tillage with residue retention and crop rotation resulted in a soil 
with good physical, chemical and biological qualities, and high, stable 
crop yields, compared to conventional tillage and zero tillage without 
residue (Govaerts et al., 2005, 2006a, b, 2007a, b, c, 2008a, b, and 2009) 
[28].

Conclusions

Crop production systems which improve soil fertility and yield 
through conserving resources, environmentally non-degrading, 
technically appropriate, and economically and socially acceptable was 
suggested for regions with poor soil and erratic rainfall. 

Conservation agriculture played a vital role in terms of maize 
growth and yield. Rotational and intercropping under conservation 
agriculture were very advantageous as compared to monocropping 
under conventional crop production. Crop rotation and intercropping 
practices integrated with in situ water conservation methods are used 
in sustainable crop production. Integrating intercropping practice to 
Tied-ridge and zero-tillage can maximize growth resources use and 
increase crop production. Crop production in the next decade will 
have to produce more food from less land by making more e�cient 
use of natural resources and with minimal impact on the environment. 
Only by doing this will food production keep pace with demand and 
the productivity of land be preserved for future generations.

Optical sensor is playing an important role in monitoring and 
controlling crop management systems. �ere is a need for faster, more 
accurate, and possibly more economical methods such as normalized 
di�erence vegetative index (NDVI) is needed for collecting crop 

croillage can mational and intercropdevelrin. 

https://www.google.com/search?q=Measuring+wheat+senescence+with+a+digital+camera&oq=Measuring+wheat+senescence+with+a+digital+camera&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigAdIBCTExOTVqMGoxNagCCLACAQ&sourGqYidG5%7tal+camera&oq=Measuring+wheat+senescence+with+a+digital+c.IRigATIHCAIQIRigATIHCAMQIRigAdIBCTExOTVqMGoxNagCCLACAQ&sourGqYidG5%7tal+camera&oq=Measuring+wheat+senescence+with+a+dk +senescence+with+a+digitalAeTI hreigATIHgate.net/publication/226043784_Patterns_of_root_growth_and_water_uptake_of_a_maize-cowpea_mixture_grown_un+wi_greenhouse_conditionsth+a+dk +senescence+with+a+digitalAeTI hreigATIHgate.net/publication/226043784_Patterns_of_root_growth_and_water_uptake_of_a_maize-cowpea_mixture_grown_un+wi_greenhouse_conditionsth+a+dk +senescence+with+a+digitalAeTI hgATIHCAIQIRigATIHCAM%29+Agronomic+performa+senof+no-tillage+relay+intercroppq=Meascenmaize+un+winmallhol+winconditions+in+at+tr+a+Brazil&sca_esv=1b7c8f5[0 465da7&sxsrf=ADLYWIIynD8N6jMhZ1HGAc9GPDxn8y-0Ig%3A17ype65980490&ei=PHjVZqPQHdWp4-EP35yQ4Qc&ved=0ahUKEwij3qPP7KOIAxXV1DgGHV8OJHwQ4dUDCBA&uact=5l+ca%29+Agronomic+performa+senof+no-tillage+relay+intercroppq=Meascenmaize+un+winmallhol+winconditions+in+at+tr+a+Brazil&+c.IgATIxnd3Mtd2l6LXNlcnAicikgQWdyb25IRiljIHBlcmZvcm1hbmNlIG9mIG5vLXRpbGxhZ2UgcmVsFILENAMEth+a+dk +senescence+with+a+digitalAeTI hgATIHCAIQIRigATIHCAM%29+Agronomic+performa+senof+no-tillage+relay+intercroppq=Meascenmaize+un+winmallhol+winconditions+in+at+tr+a+Brazil&sca_esv=1b7c8f5[0 465da7&sxsrf=ADLYWIIynD8N6jMhZ1HGAc9GPDxn8y-0Ig%3A17ype65980490&ei=PHjVZqPQHdWp4-EP35yQ4Qc&ved=0ahUKEwij3qPP7KOIAxXV1DgGHV8OJHwQ4dUDCBA&uact=5l+ca%29+Agronomic+performa+senof+no-tillage+relay+intercroppq=Meascenmaize+un+winmallhol+winconditions+in+at+tr+a+Brazil&+c.IgATIxnd3Mtd2l6LXNlcnAicikgQWdyb25IRiljIHBlcmZvcm1hbmNlIG9mIG5vLXRpbGxhZ2UgcmVsFILENAMEth+a+dk +senescence+with+a+digitalAeTI hgATIHCAIQIRigATIHCAM%29+Agronomic+performa+senof+no-tillage+relay+intercroppq=Meascenmaize+un+winmallhol+winconditions+in+at+tr+a+Brazil&sca_esv=1b7c8f5[0 465da7&sxsrf=ADLYWIIynD8N6jMhZ1HGAc9GPDxn8y-0Ig%3A17ype65980490&ei=PHjVZqPQHdWp4-EP35yQ4Qc&ved=0ahUKEwij3qPP7KOIAxXV1DgGHV8OJHwQ4dUDCBA&uact=5l+ca%29+Agronomic+performa+senof+no-tillage+relay+intercroppq=Meascenmaize+un+winmallhol+winconditions+in+at+tr+a+Brazil&+c.IgATIxnd3Mtd2l6LXNlcnAicikgQWdyb25IRiljIHBlcmZvcm1hbmNlIG9mIG5vLXRpbGxhZ2UgcmVsFILENAMEth+a+dk +senescence+with+a+digitalAeTI hgATIHCAIQIRigATIHCAMPott+tisce+and+limitsnof+vegetation+indices+for+LAI+and+APAR+assessmt+t&sca_esv=1b7c8f5[0 465da7&sxsrf=ADLYWIKP7qGiHh4wpxNko7QCTjcYczX27A%3A17ype66087011&ei=p3jVZtQth8CO4w_XpYSIAg&ved=0ahUKEwiUnYmC7aOIAxUHoGMGHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+limitsnof+vegetation+indices+for+LAI+and+APAR+assessmt+t&+c.IgATIxnd3Mtd2l6LXNlcnAiR1BvdGVudGlhbHMgYW5kIGxpRil0cyBvZiB2ZWdldGF0aW9uIGluZGljZXMgZm9yIExBSSBhbmQgQVBBUiBhc3Nlc3NtZW50MgUQABiABEjVBVAAWABwAHgAkAEAmAGMAaABjAGqAQMwLjG4AQPFILENAMEth+a+dk +senescence+with+a+digitalAeTI hgATIHCAIQIRigATIHCAMPott+tisce+and+limitsnof+vegetation+indices+for+LAI+and+APAR+assessmt+t&sca_esv=1b7c8f5[0 465da7&sxsrf=ADLYWIKP7qGiHh4wpxNko7QCTjcYczX27A%3A17ype66087011&ei=p3jVZtQth8CO4w_XpYSIAg&ved=0ahUKEwiUnYmC7aOIAxUHoGMGHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+limitsnof+vegetation+indices+for+LAI+and+APAR+assessmt+t&+c.IgATIxnd3Mtd2l6LXNlcnAiR1BvdGVudGlhbHMgYW5kIGxpRil0cyBvZiB2ZWdldGF0aW9uIGluZGljZXMgZm9yIExBSSBhbmQgQVBBUiBhc3Nlc3NtZW50MgUQABiABEjVBVAAWABwAHgAkAEAmAGMAaABjAGqAQMwLjG4AQPFILENAMEth+a+dk +senescence+with+a+digitalAeTI hintechopenAIQIRchapters/45885th+a+dk +senescence+with+a+digitalAeTI hintechopenAIQIRchapters/45885th+a+dk +senescence+with+a+digitalAeTI hscit+sedircamAIQIRicit+se/article/abs/pii/S0959378000000455th+a+dk +senescence+with+a+digitalAeTI hscit+sedircamAIQIRicit+se/article/abs/pii/S0959378000000455th+a+dk +senescence+with+a+digitalAeTI hgATIHCAIQIRigATIHCAMUsq=Mea+chlorophyll+meter+to+estimate+specific+leaf+nitrogennof+tropicalnmaize+d&oq=Mevegetative+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsrf=ADLYWIJ3_VrOLfrXMxE6pq54S_jGGYzKTQ%3A17ype66243965&ei=Q3nVZp_FOp264-EP7onViQE&ved=0ahUKEwjf8vTM7aOIAxUd3TgGHe5ENREQ4dUDCBA&uact=5l+caUsq=Mea+chlorophyll+meter+to+estimate+specific+leaf+nitrogennof+tropicalnmaize+d&oq=Mevegetative+growth&+c.IgATIxnd3Mtd2l6LXNlcnAiZ1VzaW5nIGEgY2hsb3JvcGh5bGwgbWV0ZXIgdG8gZXN0aW1hdGUgc3BlY2lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiH8ew+Lmallh3w52bed+rGq5l+mete4dUDCBA&uact=5l+cZGr5nIsand+producof+vegeallrt=5l+csoybeaealangenesve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLcQVnqAXw1vK5YWaVCZXrqa38TZPDxn8y-0Ig630298pe662fn965tbrO5GYVZp_F929iAk&vonViQE&vedWoofpKEwjf8vRz7KOIe9uD5TgGHe5ENREQ4dUDCBA&u8ew+Lmallh3w52bed+rGq5l+mete4dUDCBA&uact=5l+cZGr5nIsand+producof+vegeallrt=5l+csoybeaealangenesve+growth&+c.IgATIxnd3Mtd2lX1NwZWN0cmFsIGVziR1tYXRlkIGxpRihYnNljIJlZCByYWRpYIG9m24VudGlhHBoeXRvIG1QgQMgcHJvZlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiH8ew+Lmallh3w52bed+rGq5l+mete4dUDCBA&uact=5l+cZGr5nIsand+producof+vegeallrt=5l+csoybeaealangenesve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLcQVnqAXw1vK5YWaVCZXrqa38TZPDxn8y-0Ig630298pe662fn965tbrO5GYVZp_F929iAk&vonViQE&vedWoofpKEwjf8vRz7KOIe9uD5TgGHe5ENREQ4dUDCBA&u8ew+Lmallh3w52bed+rGq5l+mete4dUDCBA&uact=5l+cZGr5nIsand+producof+vegeallrt=5l+csoybeaealangenesve+growth&+c.IgATIxnd3Mtd2lX1NwZWN0cmFsIGVziR1tYXRlkIGxpRihYnNljIJlZCByYWRpYIG9m24VudGlhHBoeXRvIG1QgQMgcHJvZlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZlink.spnmaierd8M24+caPott+10.1007/BF00377192#:~:text=Summary,N mol%2D1 Chl).maWM�lmaWM�lmaWM�lmaWM�lmaWM�gZlink.spnmaierd8M24+caPott+10.1007/BF00377192#:~:text=Summary,N mol%2D1 Chl).maWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHInfilLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manf+nAR+asve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLU0561VHEyXO3raqMeTX2OSPwYATjcYczX27A%427298e662-3965urVEYqFVZp_68-p-Qsw_XpYSIAg&vedqv6qk7qwjf8WKwjKOIetnKr8gGHe5ENREQ4dUDCBA&uInfilLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manf+nAR+asve+growth&ndlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHInfilLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manf+nAR+asve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLU0561VHEyXO3raqMeTX2OSPwYATjcYczX27A%427298e662-3965urVEYqFVZp_68-p-Qsw_XpYSIAg&vedqv6qk7qwjf8WKwjKOIetnKr8gGHe5ENREQ4dUDCBA&uInfilLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manf+nAR+asve+growth&ndlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHIn%EF%AC%81lLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manf+nAR+asve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLaTRrWF_-WtoC3O8x_T4_GnnE0dS_jGGYzKTQ%493157e6598XrVZsCYCfzsVZp_sJqD2Ak&vXpYSIAg&vedAq97D7qwjf8V89jKOITDNAJs4ChDh1QMIEREQ4dUDCBA&uIn%EF%AC%81lLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manfBlYelmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHIn%EF%AC%81lLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manf+nAR+asve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLaTRrWF_-WtoC3O8x_T4_GnnE0dS_jGGYzKTQ%493157e6598XrVZsCYCfzsVZp_sJqD2Ak&vXpYSIAg&vedAq97D7qwjf8V89jKOITDNAJs4ChDh1QMIEREQ4dUDCBA&uIn%EF%AC%81lLmaof+v%2Ccsoif+toisEQIR%2Cc+digc+dt=5l+cne2beode+popula+wincoafophy12+yNlc+rGq5differR+a+senof+n%2Cc+esidue=5l+clay+c+dt&uact=manfBlYelmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHLong-ophmallhsequct=5+rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=selw+Ledcsoif+tilay-fsq=aegetupconditho+eubrogennof+highl5l+sve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsKWBwjRT5LUdanUGWUNniUFL198QTjcYczX27A%54606pe660cnrVZpK-A-2tVZp_-fyq-Ak&vXpYSIAg&vedSv_vc7qwjf8Xt1jKOIXm-Cp8gGHe5EA8EQ4dUDCBA&uLong-ophmallhsequct=5+rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=selw+Ledcsoif+tilay-fsq=aegetupconditho+eubrogennof+highl5l+sve+growth&+c.ItdlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHLong-ophmallhsequct=5+rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=selw+Ledcsoif+tilay-fsq=aegetupconditho+eubrogennof+highl5l+sve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsKWBwjRT5LUdanUGWUNniUFL198QTjcYczX27A%54606pe660cnrVZpK-A-2tVZp_-fyq-Ak&vXpYSIAg&vedSv_vc7qwjf8Xt1jKOIXm-Cp8gGHe5EA8EQ4dUDCBA&uLong-ophmallhsequct=5+rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=selw+Ledcsoif+tilay-fsq=aegetupconditho+eubrogennof+highl5l+sve+growth&+c.ItdlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHLong-ophmallhsequct=5+rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=selw+Ledcsoif+tilay-fsq=aegetupconditho+eubrogennof+highl5l+sve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsKWBwjRT5LUdanUGWUNniUFL198QTjcYczX27A%54606pe660cnrVZpK-A-2tVZp_-fyq-Ak&vXpYSIAg&vedSv_vc7qwjf8Xt1jKOIXm-Cp8gGHe5EA8EQ4dUDCBA&uLong-ophmallhsequct=5+rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=selw+Ledcsoif+tilay-fsq=aegetupconditho+eubrogennof+highl5l+sve+growth&+c.ItdlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+l2913930500168XmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+l2913930500168XmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+l2913930500168XmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHIn%EF%AC%82uct=5rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=soif+tilaybiof+biosand%2Cc5l+clatabolic5diversityve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsL4BrGnkLdHXbC85w2CTgPM4_T-hS_jGGYzKTQ%682470&662-nrVZtCkHO-yVZp_l-mBkQI7onViQE&vedQiYGe76wjf8Vv27aOIZd0ICIgGHe5ENREQ4dUDCBA&uIn%EF%AC%82uct=5rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=soif+tilaybiof+biosand%2Cc5l+clatabolic5diversityve+growth&+c.IgATIxnd3Mtd2lb0lu76yCdWVuY2Ugb2YgdGlsblmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHIn%EF%AC%82uct=5rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=soif+tilaybiof+biosand%2Cc5l+clatabolic5diversityve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsL4BrGnkLdHXbC85w2CTgPM4_T-hS_jGGYzKTQ%682470&662-nrVZtCkHO-yVZp_l-mBkQI7onViQE&vedQiYGe76wjf8Vv27aOIZd0ICIgGHe5ENREQ4dUDCBA&uIn%EF%AC%82uct=5rGq5senof+n%2Cc+esidue=manf+nAR+a%2Cc5l+clay+c+dt&uact=ct=soif+tilaybiof+biosand%2Cc5l+clatabolic5diversityve+growth&+c.IgATIxnd3Mtd2lb0lu76yCdWVuY2Ugb2YgdGlsblmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+sene29004002680maWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+sene29004002680maWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+167198705001030maWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+and+167198705001030maWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHInfluct=5rGq5555pemic+R+a+raisedce4dUpl5ltt=5l+l+c+esidue=manf+nAR+a=ct=physnnof+5l+clhemnnof+soif+qualityondirain+f4dUtropi%2F564.984ystemsve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLa-8PmQ0JqwC9S1izjtLxPsGBVOQ_jGGYzKTQ%830833e660jnvVZrHGMqaYVZp_6Y2w0AP7onViQE&veixxeDk76wjf8Umz7KOIekGDBogGHe5ENREQ4dUDCBA&uInfluct=5rGq5555pemic+R+a+raisedce4dUpl5ltt=5l+l+c+esidue=manf+nAR+a=ct=physnnof+5l+clhemnnof+soif+qualityondirain+f4dUtropi%2F564.984ystemsve+growth&+c.IgA2llmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHInfluct=5rGq5555pemic+R+a+raisedce4dUpl5ltt=5l+l+c+esidue=manf+nAR+a=ct=physnnof+5l+clhemnnof+soif+qualityondirain+f4dUtropi%2F564.984ystemsve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsLa-8PmQ0JqwC9S1izjtLxPsGBVOQ_jGGYzKTQ%830833e660jnvVZrHGMqaYVZp_6Y2w0AP7onViQE&veixxeDk76wjf8Umz7KOIekGDBogGHe5ENREQ4dUDCBA&uInfluct=5rGq5555pemic+R+a+raisedce4dUpl5ltt=5l+l+c+esidue=manf+nAR+a=ct=physnnof+5l+clhemnnof+soif+qualityondirain+f4dUtropi%2F564.984ystemsve+growth&+c.IgA2llmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHReview=ct=tho+Comparq=MeveAdv5ltf+noGq5Ie+relay+inteSystemsve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsJyiH2AQoGJw0ZeKU73fUzXqMxJDPDxn8y-0Ig6916291e6605HvVZsG-EdmZVZp_jeuE2A47onViQE&vedBwMCN8Ewij3qZz7KOIY01AesQGHe5ENREQ4dUDCBA&uReview=ct=tho+Comparq=MeveAdv5ltf+noGq5Ie+relay+inteSystemsve+growth&+c.IgATIxnd3Mtd2lO1JldmlldyBvbiB0aGUgQ29tcGFyYIG9dmUgQWR2YW50YWdZvcm1hEludGVyYIGEgHBpbmdTeXN0ZW1zMgcN/RectRgKMgcN/RectRgKSJMGUABYAHAAeACQAQCYAbkBoAG5AaoBAzAuMbgBA8gBAPgBAlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY05qXd8Xd8M24.NlcropiHReview=ct=tho+Comparq=MeveAdv5ltf+noGq5Ie+relay+inteSystemsve+growth&sca_esv=1b7c8f5[0 465da7&biw=1366&bih=607&sxsJyiH2AQoGJw0ZeKU73fUzXqMxJDPDxn8y-0Ig6916291e6605HvVZsG-EdmZVZp_jeuE2A47onViQE&vedBwMCN8Ewij3qZz7KOIY01AesQGHe5ENREQ4dUDCBA&uReview=ct=tho+Comparq=MeveAdv5ltf+noGq5Ie+relay+inteSystemsve+growth&+c.IgATIxnd3Mtd2lO1JldmlldyBvbiB0aGUgQ29tcGFyYIG9dmUgQWR2YW50YWdZvcm1hEludGVyYIGEgHBpbmdTeXN0ZW1zMgcN/RectRgKMgcN/RectRgKSJMGUABYAHAAeACQAQCYAbkBoAG5AaoBAzAuMbgBA8gBAPgBAlmaWM�lmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0digital+camera&oq=Measuring+wh76230148_The_Temporal-Spal+ca_Distribuing+aHJvLight_Ie+rnsity_in_Mropimera&Soybeae_Ie+relay+inte_SystemsmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0digital+camera&oq=Measuring+wh76230148_The_Temporal-Spal+ca_Distribuing+aHJvLight_Ie+rnsity_in_Mropimera&Soybeae_Ie+relay+inte_SystemsmaWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+an0038071795001174maWM�lmaWM�lmaWM�lmaWM�lmaWM�gZ4nY0GHdcSASEQ4dUDCBA&uact=5l+caPott+tisce+an0038071795001174maW


Citation: Tesfa Y, Bekere J (2024) Cropping Systems through Optical Sensor Monitoring and Soil Moisture Measurement in Maize-Bean Crops. Adv 
Crop Sci Tech 12: 736.

Page 9 of 9

Adv Crop Sci Tech, an open access journal �©�½�º�Ã�»�³���������Ú���œ�Á�Á�Ã�³�������Ú����������������

21. �+�H���=�4�����+�R�Q�H�\�F�X�W�W���&�:�����*�U�L�ˆ�Q���7�6�����/�D�U�N�L�Q���5�3�����2�O�D�Q�\�D���0�����H�W���D�O������������������Increases 
�R�I���V�R�L�O���S�K�R�V�S�K�D�W�D�V�H���D�Q�G���X�U�H�D�V�H���D�F�W�L�Y�L�W�L�H�V���L�Q���S�R�W�D�W�R���¿�H�O�G�V���E�\���F�U�R�S�S�L�Q�J���U�R�W�D�W�L�R�Q��
practices�����-�R�X�U�Q�D�O���R�I���)�R�R�G���$�J�U�L�F�X�O�W�X�U�H���D�Q�G���(�Q�Y�L�U�R�Q�P�H�Q�W����������������������������

22. �.�D�V�V�L�H���%�7�����+�H�Q�J�V�G�L�M�N���+�����5�|�W�W�H�U���5�3�����.�D�K�L�O�X�W�R���+�����$�V�V�H�Q�J���6�����H�W���D�O������������������Adapting 
�W�R���F�O�L�P�D�W�H�Y�D�U�L�D�E�L�O�L�W�\���D�Q�G���F�K�D�Q�J�H�����(�[�S�H�U�L�H�Q�F�H�V���I�U�R�P���F�H�U�H�D�O���E�D�V�H�G���I�D�U�P�L�Q�J���L�Q���W�K�H��
central rift and kobo valleys, Ethiopia�����(�Q�Y�L�U�R�Q�����0�D�Q�D�J��������������������������������

https://www.google.com/search?q=Increases+of+soil+phosphatase+and+urease+activities+in+potato+fields+by+cropping+rotation+practices&sca_esv=1b7c8f5127465da7&biw=1366&bih=607&sxsrf=ADLYWILXtflhaJRkuLBtPKYIrAPCLrsq6g%3A1725267036989&ei=XHzVZp-BPOyV4-EPnIaE8Ao&ved=0ahUKEwifn4fH8KOIAxXsyjgGHRwDAa4Q4dUDCBA&uact=5&oq=Increases+of+soil+phosphatase+and+urease+activities+in+potato+fields+by+cropping+rotation+practices&gs_lp=Egxnd3Mtd2l6LXNlcnAiY0luY3JlYXNlcyBvZiBzYar9aNl41.phatase+and+urease+activities+in+potato+fields+by+croppiypPOyV4-EPnI7e0lds+IGDaQ4daCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1c.8WILo1waaCBZpdGl46 481cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1c.8WILo1w&2pbFILENAME< R 144 0 R 145 0 R 146 0 R 147 0 R 148 0 R 149 0 R 150 0 R 151 0 add.9RKVZp-BPOyV4-EPnIaE8Ao&ved=0ahUKEwifn4fH8KOIAxXsyjgGHRwDAa4Q4dUDCBA&uact=5&oq=Increases+of+soil+phosphatase+and+urease+activities+in+potato+fields+by+cropping+rotation+practices&gs_lp=Egxnd3Mtd2l6LXNlcnAiY0luY3JlYXNlcyBvZiBzYar9aNl41.phatase+and+urease+activities+in+potato+fields+by+croppiypPOyV4-EPnI7e0lds+IGDaQ4daCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1cmaCB1c.8WILAd9/=tNlcn_lpclimal4+3Iimal4+3Iimal4+3Iimal4+3Iimal4+3Iimal4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iil41Border[0 0 0]/H/N/Rect[324.567 699.815 566.929 690.26pa4=.pa4=.pts9w49c.ds+uLm+ce+fil-bield+farm[324ypPthe+central+rift690.2kobo+valleys%2C+EthiopiawDAa4Q4dUDCBA&uact=5&oq=Increases+of+soil+phosphatase+aKJvFpzf3arVYlcpx3GQXxIF8jCtQto+fields7143921ppinx3rotqX0N9awractrbKPiQ4p=Egxnd3Mtd2jl84X6cnAiY0VW2DJlYS3ZI-E4ChDh1QMIEr9aNl41.phat/Rect[324.567 699.815 566.929 690.26pa4=.pa4=.pts9w49c.ds+uLm+ce+fil-bield+farm[324ypPthe+central+rift690.2kobo+valleys%2C+EthiopiawCB1cmaCB1cmaCB1cmaCB1cmf0FkYXl4+3Iimal4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iil41Border[0 0 0]/H/N/Rect[324.567 699.815 566.929 690.26pa4=.pa4=.pts9w49c.ds+uLm+ce+fil-bield+farm[324ypPthe+central+rift690.2kobo+valleys%2C+EthiopiawDAa4Q4dUDCBA&uact=5&oq=Increases+of+soil+phosphatase+aKJvFpzf3arVYlcpx3GQXxIF8jCtQto+fields7143921ppinx3rotqX0N9awractrbKPiQ4p=Egxnd3Mtd2jl84X6cnAiY0VW2DJlYS3ZI-E4ChDh1QMIEr9aNl41.phat/Rect[324.567 699.815 566.929 690.26pa4=.pa4=.pts9w49c.ds+uLm+ce+fil-bield+farm[324ypPthe+central+rift690.2kobo+valleys%2C+EthiopiawCB1cmaCB1cmaCB1cmaCB1cmf0FkYXl4+3Iimal4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iil41Border[0 0 0]/H/N/Rect[324.567 699.815 566.929 690.26pa4=.pa4=.pts9w49c.ds+uLm+ce+fil-bield+farm[324ypPthe+central+rift690.2kobo+valleys%2C+EthiopiawDAa4Q4dUDCBA&uact=5&oq=Increases+of+soil+phosphatase+aKJvFpzf3arVYlcpx3GQXxIF8jCtQto+fields7143921ppinx3rotqX0N9awractrbKPiQ4p=Egxnd3Mtd2jl84X6cnAiY0VW2DJlYS3ZI-E4ChDh1QMIEr9aNl41.phat/Rect[324.567 699.815 566.929 690.26pa4=.pa4=.pts9w49c.ds+uLm+ce+fil-bield+farm[324ypPthe+central+rift690.2kobo+valleys%2C+EthiopiawCB1cmaCB1cmaCB1cmaCB1cmf0FkYXl4+3Iimal4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.ldl46 .spr[32erder[0arB1cle/1ect007/s11104-010-0686-6l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.ldl46 .spr[32erder[0arB1cle/1ect007/s11104-010-0686-6l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.ldl46 .spr[32erder[0arB1cle/1ect007/s11104-010-0686-6l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iire 0 0]/g9.8.net/publicaCB1/322551122_ConservaCB1_Agriculto+f_Effders_B1_CDaQ_Produ+by+cry_90._S+ac_Prots9ropp_in_Ethiopia#:~:text=Core Idfie ConservaCB1 agriculto+f (CA,moS<<9.8 e+ac in humid a+fie.l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iire 0 0]/g9.8.net/publicaCB1/322551122_ConservaCB1_Agriculto+f_Effders_B1_CDaQ_Produ+by+cry_90._S+ac_Prots9ropp_in_Ethiopia#:~:text=Core Idfie ConservaCB1 agriculto+f (CA,moS<<9.8 e+ac in humid a+fie.l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iire 0 0]/g9.8.net/publicaCB1/237655605_Early_PredicaCB1_of_S+ybean_YI7e0_+uLm_Canopy_Refldera9c._Mfieo+fmentsl4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iire 0 0]/g9.8.net/publicaCB1/237655605_Early_PredicaCB1_of_S+ybean_YI7e0_+uLm_Canopy_Refldera9c._Mfieo+fmentsl4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S037842900100140Xl4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S037842900100140Xl4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S037842900100140Xl4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S0378429009002809l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S0378429009002809l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S0378429009002809l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S0168192314001269l4+3Iimal4+3Iimal4+3Iim3.+y1.is.6.lds+Iiscw49c.dirderder[0 cw49c.0arB1cle/abs/pii/S0168192314001269l4+

	Corresponding author
	Abstract 

