






























































































































































































































































































































































































































































McCauley, A.. Jones, C. &Rutz C.O. (2017). Soil pH and Organic Matter:

Nutrient Management Module No. 8. 4449-8 Montana State University.

McMaster. D.N.. (1962). A Subsistence Crop Geography of Uganda. The world

land use survey.

Midwest Plan Service (MWPS-18) and University of Wisconsin-Extension
(publications A3411 and A3557). How much fertilizer do your animals

produce? (A3411 andA3557). Available at http://learningstore. uwex.

edu/assets /pdfs/a3601. pdf accessed on 27th may 2017.

Min, D. H., Islam, K. R.. Vough, L. R., & Weil, R. R. (2003). "Dairy Manure
Effects on Soil Quality Properties and Carbon Sequestration in Alfalfa-
Orchardgrass Systems™ Communications inSoil Science and Plant

Analysis 34 (5-6): 781-799.

Ministry of Agriculture, Animal Industry and Fisheries (2009). The Republic of

Uganda National Livestock Census, 2009, Uganda,Kampala

Minot, N., & Daniels, L. (2005). “Impact of declining global cotton prices on

rural poverty in Benin™. Agricultural Economics.

Mokolobate, M. S.., & Haynes, R. J. (2002). "Comparative Liming Effect of
Four Organic Residues Applied to an Acid Soil.” Biology and fertility of
soils.

Morteza, S., Alireza, N., & Shankar, L. L. (2011). Effect of Organic Fertilizer

on Growth and Yield Components in Rice (Oryza sativa L.). Journal of

Agricultural Science Vol. 3.



Mubhereza 1.. Pritchard D. and Prior R.M. (2014). Utilisation of cattle manure
and inorganic fertiliser for food production in central Uganda.Journal of

Agriculture and Environment for International Development (JAEID).

Muhereza, 1. (2012). Socio-economic and agricultural potential of cattle manure
application for crop production in Uganda. Ph.D. Dissertation, Curtin
University, Faculty of Science and Engineering. Department of

Environment and Agriculture.

Munshi, K. (2004). Social learning in a heterogeneous population: technology
diffusion in the Indian Green Revolution. Journal of Development

Economics.

Mwajuba, C. and Akinsami A. (2002). Organic Manure use among smallholders

in the rainforest of Southeast Nigeria.

Nakviroj, C., Paisancharoen, K., Boonsang, O., Wongwiwatchai, C., and
Roongruang, S. (2002). Cassava long term fertility trials in Thailand. /n

Proceedings of the Seventh Regional Workshop held in Bangkok,

Thailand.

Naramabuye, F. X., Haynes, R. J., & Modi, A. T. (2008). Cattle Manure and
Grass Residues as Liming Materials in a Semi-Subsistence Farming

System. Agriculture, Ecosystems &Environment.

N'Dayegamiye, A. (2009). Soil Properties and Crop Yields in Response to
Mixed Paper Mill Sludges, Dairy Cattle Manure, and Inorganic Fertilizer

Application. Agronomy Journal.



Nkonya. E.. Pender, J.. Jagger. P.. Sserunkuuma, D. Kaizzi, C. and Ssali H.,
(2005). Strategies for Sustainable land management and poverty

reduction in Uganda. Research Report Abstract No. 133

Nkwiine.C.T. Gumisiriza.C J.K.&Tumuhimbise, F.. (2004). Agro-diversity of

Banana (Musa Spp) production in Bushwere, Mbarara District, Uganda.

Norman. D., Janke, R.. Freyenberger, S.. Schurle, B., &Kok.H (1997). Defining
and implementing sustainable agriculture. Kansas Sustainable
Agriculture Series, Paper 1. Kansas State University. Available at :

www.kansassustainableag .org/Pubs ksaac/ksasl.htm. Accessed on 1%

June 2017.

North Carolina, Agricultural Extension Service. (1973). Dairy Waste
Management Alternatives. North Carolina Agric. Ext. Service Circ. no.

568.

Nowak, P. (1991). Farmer adoption of production technologies in Crop Residue
Management for Conservation. Proceedings of a National Conference;

August 8-9, 1991. Soil and Water Conservation Society.

Nuntagij, 1. (2009). Handbook of quality kluaikhai production: Fertigation to

kluaikhai. Quality kluaikhai producing program for exportation. The

Thailand Research Fund (TRF). Division of Agriculture (division 2).

Nopburee Press Company Printing Ltd. Chiangmai, Thailand.

Nyamangara, J., Gotosa, J., &Mpofu, S. E. (2003). Cattle Manure Effects on
Structural Stability and Water Retention Capacity of a Granitic Sandy

Soil in Zimbabwe. Soil Tillage Research.

140



Nyiraneza, J.. Chantigny. M. H.. &N'Dayegamiye. A. (2009). Dairy Cattle
Manure Improves Soil Productivity in Low Residue Rotation Systems.

Agronony Journal.

Odiya, N.J. (2009). Scholarly writing: Research Proposals and Reports in APA
and MLA publication Style. Kampala: Makerere University Printery,

Kampala.

Ogwal R, (2003). Adoption of Integrated Pest Management (IPM) in Groundnut

production in Eastern Uganda, Unpublished MSc.Thesis. Makerere

University.

Omamo, S.W., &Mose, L.O. (2001) Fertilizer trade under market liberalization:

preliminary evidence from Kenya. Food Policy

Omamo, S.W., Williams, J.C., Obare, G.A.. &Ndiwa. N.N. (2002). Soil fertility
management on small farms in Africa: evidence from Nakuru District,

Kenya. Food Policy.

Onduru, D. D., du Preez, C. C., Muchena, F. N., Gachimbi, L. N., de Jager, A.,
&Gachini, G. N. (2008). Exploring options for integrated nutrient
management in semi-arid tropics using farmer field schools: A case
study in Mbeere District, eastern Kenya. International Journal of

Agricultural Sustainability.

Oso, Y.W., &Onen,D. (2005). A General Guide to Writing Research Proposal
and Report: A handbook for Beginning Researchers. Kampala: Options

Press and Publishers.

141



Oster. E., & Thornton, R. (2009). Determinants of technology adoption: Private
value and peer effects in menstrual cup take-up mimeo University of

Chicago.

Panda. S. C. (2008). Soil Conservation and Fertility Management. Jodhpur.

India: Agrobios (India).

Pennington.J.A.. Van-Devender K. & John A. (2015).Nutrient and Fertilizer
Value of Dairy Manure.Director Cooperative Extension Service,
University of Arkansas. The University of Arkansas Division of

Agriculture, Cooperative Extension

Pingali, P.. Bigot, Y., & Binswanger, H.P. (1987). Agricultural mechanization
and the evolution of farming systems in Sub-Saharan Africa. World

Bank. John Hopkins University Press.

Pocknee, S., & Sumner, M. E. (1997) Cation and Nitrogen Contents of Organic
Matter Determine Its Liming Potential. Soil Science Society of American

Journal.

Posner B. (2016). What Does Standard Deviation Mean? Available online from:

http://www.leadershipchallenge.com/resource/what-does-standard-

deviation-mean.aspx

Potter, P., Ramankutty, N., Bennett, E. M., & Donner, S. D. (2010).
Characterizing the spatial patterns of global fertilizer application and

manure production. Earth Interactions.

Potts, R. C., & Hewitt, P. H. (1973). The Distribution of Intestinal Bacteria and
Cellulase Activity in the Harvester Termite

TrinervitermesTrinervoides(Nasutitermitinae). InsectesSociaux.

142



Powell, J.. & T.O. Williams. (1993). Livestock Nutrient Cycling and

Sustainable Agriculture in the West African Sahel London. Vol 11.

Pryanishnikov, 1., & Katarina, Z. (2003). Multinomial logit models for

Australian labour market, Australian Journal of Statistics.

Randolph, T. F.. Schelling, E.,Grace. D..Nicholson. C. F., Leroy. J. L., Cole, D.
C... Ruel.M. (2007). Role of Livestock in Human Nutrition and Health
for Poverty Reduction in Developing Countries. Journal of Animal

Science.

Rekhi, R.S., Benbi, D. K., &Bhajan, S. (2000). Effect of Fertilisers and Organic
Manures on Crop yields and Soil Properties in Rice-Wheat Cropping
System in New Delhi, India: Rice-Wheat Consortium for the’ Indo-

Gangetic Plains, New Delhi.
Rogers, E. M. (1995). Diffusion of Innovations. New York: Free Press.Rogel6

Rubaihayo, P.R., Odongo, O.J.B. and J.A. Bananuka. (1994). Some highland
banana production 18 constraints in Masaka District of Central Uganda.
In African Crop Science Conference 19 Proceedings; vol. 1.pp. African

Crop Science Society, Kampala.

Rufino, M. (2003). On-farm Analysis of Nematode Infestation and Soil Fertility
as Constraints to 2lthe Productivity of Banana-based Production
Systems in Uganda. MSc Thesis Plant 22 Sciences, Wageningen

University. The Netherlands.

Rufino, M.C., E.C. Row, RJ. Delve, and K.E. Giller (2006). “Nitrogen cycling
efficiencies through resource-poor African crop-livestock systems,”

Agriculture, Ecosystems and Environment.



Rumsey D.J. (2015). How to Interpret a Correlation Coefticient r. Available

online from: hup./Avwww.dummies.com/education/math/statistics/how-1o-

interpret-a-correlation-coefficient-r/

Russell.E.W. (1973). Soil conditions and Plant growth (10lh Edition). London,

UK; Longman.

Sanyakamthon, W. (2009). Critical recovery using the sufficient economy.
Nenvork of Agri-nature. Life Return Exhibition to the Land .March 17 —

18 2009. Agri-nature Foundation.

Saunders, M., Lewis. P.. & Thornhill. A. (2003) Research method for business
students. 3rd edition. New York: Prentice Hall.17and W.H. Prins (Eds.).
Dutch Association of” Fertilizer Producers (VKP), 1 Leidschendam,

Netherlands

Schoenau, J. J.. Mooleki, P., Assefa. B. A., Grevers, M. C. J.., Qian, P.,
&Hultgreen, G. (2002). Benefits to Soil from Livestock Manure:
Manure Management in Direct Seeding Systems. Paper read at
Proceedings of Direct Seeding “Optimizing Production Systems” 14th
Annual Conference of the Saskatchewan Soil Conservation Association,

Febuary 13 &14, at Regina, SK.

Seastedt, T. R. (1984). The Role of Microarthropods in Decomposition and

Mineralisation Processes. Annual Review of Entomology.

Sekaran, U. (2003). Research method for business: A skill building approach,

(4th edition), John Wiley & Sons. USA, New York

144



Sergeant A., Rutabingwa D., Karamura E.. Muranga F.. Pedraza F.. Ssemwanga
J.. Christy R.D.,Tushemereirwe W.& Kalema W.S. 2004). A market-
driven transformation strategy for the banana industry in Uganda. 4
public—private sector partnership.

Shapiro, B.l., and B.W. Brorsen(1988). Factors Affecting Farmers™ Hedging

Decisions.” N.C J Agr. Econ. 10(Julyl1988).

Shivani, R.. Joshi, P.., Asokan, M., &Bantilan, M. (2002). Adoption of improved
chickpea varieties: KRIBHCO experience in Tribal Region of Gujarat,
India. Agricultural Economics.

Smale M and De Groote H. (2003). Diagnostic research to enable adoption of
transgenic cropvarieties by smallholder farmers in Sub-Sanharan Africa.

African Journal of Biotechnology. Vol.2.

Smalling, E.M.A., Nandwa. S.M., & Janssen. B.H. (1997). Soil Fertility in
Africa is at Stake. In Buresh, RJ., Sanchez PA and Calhoun F(Eds),

Replenishing Soil Fertility in Africa. SSA Spec.Publ. Pretoria

Souza F. H.M. de. (1997). The Adoption of Sustainable Agricultural
Technologies: A Case Study in the State of Espirito Santo, Brazil.

Brookfield, VT: Ashgate.

Sseguya, H., Semana, A.R. and M.A. Bekunda. 1999). Soil fertility management
in the banana-based agriculture of central Uganda: farmer’s constraints

and opinions. African Crop 19 Science Journal.

Stockdale, E. A., Shepherd, M. A., Fortune, S., &Cuttle, S. P. (2002). Soil
Fertility in Organic Farming Systems -Fundamentally Different? Soil

Use and Management.

145



Suddhiyam. P.. Witee. K.. Sangla. L.. and Tungmunkongworakul, N. (2011).
Integrated fertilizer application in aromatic vegetable soybean

production. KhonKaenAgriculture Journal.

Suri, T. (2011). Selection and comparative advantage in technology adoption.

Econometrica.
UBOS (2012). Mbarara District statistical abstract, 2010/2011
UBOS (2014). Mbarara district Statistical Abstract 2014.

Van Asten P.J.A., Wairegi L.W.1., Bagamba F. and Drew C. (2010). Factors

Driving Fertilizer Adoption in Banana (Musa spp.) Systems in Uganda

Van der Vossen, H.A.M. (2005). A Critical Analysis of the Agronomic and
Economic Sustainability of Organic Coffee Production. Experimental

Agriculture (Cambridge University Press)

Vanclay, F., &Lawrence,G. (1993). Agricultural Extension in the Context of
Environmental Degradation: Agricultural Extension as Social Welfare.

Rural Society.

Von Moltke, Jewell, William J., ed. (1997) Energy, Agriculture and Waste
Management. Proceedings of the Cornell Agricultural Waste

Management Conference. Ann Arbor: Ann Arbor Science Publishers,

Ing., 19735.

Von Wirén, N., Gazzarrini,S. &Frommer,W.B. (1997). Plant and Soil.

doi:10.1023/A:1004241722172

Waithaka, M. M., Thornton, P. K., Shepherd, K. D., &Ndiwa, N. N. (2007).
Factors affecting the use of fertilizers and manure by smallholders: the

case of Vihiga, western Kenya. Nutrient Cycling in Agro ecosystems.

146



Waltz. C.F., &Bausell. R.B. (1981). Nursing research: Design, statistics, and

computer analysis. Philadelphia: F. A. Davis.

Waltz, C.F., Strickland. O.L.. & Lenz. E.R. (2005). Measurement in nursing

and health research (3rd Ed.) Springer Publishing Co.New York.

Wang, F. Wang, Z., Kou.C.. Ma, Z. &Zhao D.(2016). Yield, Macro- and Micro-
Nutrients, and Heavy Metals in Soil and Wheat following the

Application of Manure Compost on the North China Plain.

Wargiono, J. &lspandi, A. (2002). Cassava agronomy research and its
contribution to a secure food system in Indonesia. In Proceedings of the
Seventh Regional Workshop held in Bangkok. Thailand. October 28 —

November 1, 2002.

Whalen, J. K., Chang, C., Clayton, G. W., &Carefoot, J. P. (2000). Cattle
Manure Amendments Can Increase the pH of Acid Soils. Soil Science

Society of America Journal 64: 962-966.

Yamano T. (2008). Dairy-Banana Integration and Organic Fertilizer Use in
Uganda. Foundation for Advanced Studies on International

Development, Tokyo. Japan

Zake, Y.K., Bwamiki, D.P. &NkwiineC.. (2000). Soil management
requirements for bananaProduction on the heavy soils around Lake
Victoria in Uganda. In Proceedings of the first International Symposium

on Banana and Plantain for Africa. Craenen, K. Ortiz, R.

147



APPENDICES

Appendix I: Questionnaire

Enumerator: Before starting the interview, inform the respondent the essence
of this study. Read the consent form and ask them to sign on the TWO consent
Jorms afier accepting to participate. Leave one with the respondent and keep

one with you.

Name of the
enumerator
Name of Household head

Date of interview

A: FARMER SOCIAL-ECONOMIC CHARACTERISTICS
1. Sex

1) Male — i) Female —

2. Marital status
i) Currently Single  [] ii) Currently married [—_]
iii) Divorced/Separated [___] iv) Widowed (My husband/wife di{” ]

3. Age in years of household head

i) <18 years — ii) 18-35 years 1
iii) 36-53 years | ] iv) >53 years
—1
4. Highest level of education of household head
i) None — ii) Primary 1
iii) Secondary [ iv) Tertiary/University [___]

5. Monthly Income

i) <100,000 1 ii) 100,001-200000 [
iii) 200,001-300,000 1 iv) >300,001 —1
6. Your sources of income

1) Agriculture/Farming [__] ii). Business/selling produce [__]
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iii) Salary/Employment [_]  iv) Agriculture and business —
v) Agriculture and salary ]  vi) Salary and business [_]
vii) All the above [__]

7. Household members (you inclusive)

i) <3 members [] i) 4-6 members [
iii) 7-9 members [___] iv) >10 members [_]

C: LEVEL OF USE OF CATTLE MANURE
8. Indicate your level of agreement with the following statements regarding
cattle manure in your banana plantation using a 5-point scale as follows:

5=Strongly agree, 4=Agree, 3=Not sure, 2=Disagree, 1=Strongly disagree

Statement SAGS) [ A@) [NS@3) [ D(2) | SD(1)

I regularly apply cattle manure in my

banana plantation per year

The quantity of cattle manure applied is

enough for my plantation

I also apply other inorganic fertilizers
in my banana plantation along with

cattle manure

The cattle manure 1 use in my banana

plantation is got from my own cattle

I apply cattle manure by heaping it in
one place after which it is dispersed of

allover the banana plantation

Cattle manure is very beneficial to my

banana plantation

Cattle manure is applied in the banana
plantation in a dry season than rainy

s€ason

I apply cattle manure only after

removing all the weeds
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9. Amount of cattle manure used per hectare

i) Less than 10 ton (<300 wheel barrows) [__]
i1) 10-20 tonnes (300-600 wheel barrows) -
iii) 21-30tonnes (601-900 wheel barrows) ]

iv) Above 30 tonnes (>900 wheel barrows[ ]

10. Frequency of cattle manure application

i) Once a year — i1) Twice a year 1
iii) 3 times a vear — iv) Once in two vears [ ]
v) Once in 5 years ] ~ vi) Once in 3 years 1

11. Duration of cattle manure heaping before disposal

1) Less than 7days [ ii) 1-2 weeks -
iii) 2-3 weeks — iv) 3-4 weeks —1
v) 1-3 months - vi) > 3 months —1

12. Type of other inorganic fertilizers applied along with cattle manure
i) None — ii) DAP 1

v) Any other (specify)

13. Percentage of other inorganic fertilizers applied along with cattle
manure

i) Less than 25% [__] ii) 25-50% —1

C: YIELDS OF BANANA RESULTING FROM CATTLE MANURE
USE

14. Portion of land occupied by bananas

i) Less than 1 hectare [__] i) 1 hectare —/
ii1) 2-5 hectares /1 V) > 5 hectares  []
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15. Average spacing given between banana stools

1
—

i) Less than 5 feet i1) 5-10 feet

iii) 11-16 feet iv) Above 16 feet
16. Plant population (Number of stools) per hectare
i) Less than 300 stools [—— i) 300-600 stools [
iii) 601-900 stools ~ [——] iv) Above 900 stools [ ]

17. Sustainability of Banana plantation

i) Less than 2 years [ ] i) 2-4 years ~ [—1

iii) 5-7 years 1 iv) Above 7 years _—

17. Quantity of Banana bunches consumed per month

i) Less than 15 bunches [__] i) 15-30 bunches —1
iii) 31-60 bunches /] iv) Above 60 bunches [__]
18. Quantity of Banana bunches sold per month

i) Less than 15 bunches [__] i1) 15-30 bunches —1
11i) 31-60 bunches — iv) Above 60 bunches [__]

19. Price and size of banana bunches

Price Small Medium Large

Less than 5000

5000-10000

10001-15000

15001-20,000

00070
i
I

Above 20,000
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20. Indicate your level of agreement with the following statements regarding
the yields of banana plantation arising from cattle manure use basing on the
scale below;

5=Strongly agree, 4=Agree, 3=Not sure, 2=Disagree, 1=Strongly disagree

Statement SAGS) | A@) [ NS@3) [ D) | SD()

My banana production has been in
existence for quite/very long time due

to cattle manure use

The cattle manure used is appropriate .
with every type of bananas in my |

banana plantation

I produce more bunches of banana
every months compared to other

farmers who do not use cattle manure

Cattle manure use makes bananas less

prone to wilting even in the dry season

My banana sales have increased

steadily as a result of cattle manure

I produce far more bunches of banana
currently than when 1 had not yet

started using cattle manure

The bunch size of bananas produced
after using cattle manure is much
bigger than when using inorganic

manures

I produce more bunches of banana in a

dry season than in a rainy season

The more the cattle manure dispersed,
the greater the number and size of the

banana bunches

My household eats at least one bunch
of banana every day as a result of cattle

manure use




D: FACTORS AFFECTING CATTLE MANURE

PRODUCTION

IN

BANANA

21. Indicate your level of agreement with the following statements regarding

the yields of banana plantation arising from cattle manure use basing on the

scale below;

5=Strongly agree, 4=Agree, 3=Not sure, 2=Disagree, 1=Strongly disagree

Statement SA(5) | A(4) | NS(3) | D(2) | SD(1)
Cattle manure has more benefits than
other types of manures

—]

I sometimes borrow money from
financial institutions to support cattle

manure in my banana plantation

We have often hosted extension
workers coming to teach us about

manure/fertilizer usage

We have formed farmer groups to assist
in banana production and farm

improvement

The soil quality of my land is very
poor to the extent that it cannot yield

good bananas if manure is not applied

I have access to cheap labour that can
support me in carrying and disposing

cattle manure in my banana plantation

My banana plots are near to the road
which makes transportation of cattle

manure to the farm easy

1 use cattle manure because the land is
mine and therefore 1 am obliged to

improve its fertility.




22. Main sources of Credit? (Multiple responses allowed)

i). Commercial Bank [__] i) SACCO /1

) MFI [ iv) Money Lender [__]
v) Others (Please specify)

23. Frequency of extension contact

i)Never [_] ii) Once every 3 months [___]
ili) Once per month  [__] iv) 2 times per month  [_]
v) 3 times per month [__] vi) 5 times per month [__]

24. Type of organization (s) in which the farmer is a member

i) Cooperative Society [__] ii) Farmer Group [__]
ii1) Both cooperative society and farmer group ]

25. Distance of banana plantation to the road
D<lkm [—] i) 1-2km [
iii) 3-4km [——] iv) > 4km [

Thank you for your participation
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Appendix II: Interview Guide

Enumerator: Before starting the interview, inform the respondent the essence
of this study. Read the consent form and ask them to sign on the TWO consent

Jorms after accepting to participate. Leave one with the respondent and keep

one with you.

Do you apply cattle manure in your plantation

What is the quantity of cattle manure applied in your banana plantations

Do you apply other inorganic fertilizers along with cattle manure? If yes, what
are they?

Where do you get the cattle manure you use in your plantation

Explain the procedure you follow to before applying cattle manure

In which season do you apply cattle manure

Is there any need for removing weeds before cattle manure?

Do you think social economic characteristics influence cattle manure? How?
How has cattle manure influenced the sustainability of the banana plantation?
Is cattle manure appropriate with various types of bananas?

. How cattle manure influenced the quantity of has bunches produced?
12.

Do you think cattle manure leads to reduction in wilting especially in a dry
season?

How has cattle manure influenced the banana sales?

How has cattle manure influenced the size of the banana bunches?

What other factors influence banana yield rather than cattle manure?

Did you think cattle manure would benefit your plantation before you applied
it? If yes, how

Have you ever borrowed money from financial institutions to support cattle
manure in your banana plantation? From where?

. Have you often hosted extension workers coming to teach you about manure/

fertilizer usage? How often?

. Have you formed any farmer groups to assist in banana production and farm

improvement? Which ones?

Do you think soil quality of your banana plantation influenced you to apply
cattle manure? Why?

Do you think access to cheap labour has an influence on cattle manure? How?
Do you think ownership of land has an influence on cattle manure? How?

Do you think ownership of land has an influence on cattle manure? How?
What are the banana yields per hectare of your banana plantation?
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Appendix III: Focus Group Discussion Guide

Extent of use of cattle manure for banana production.

Household characteristics that influence adoption and use of cattle manure for
banana production.

Economic factors influencing adoption and use of cattle manure for banana
production.

Influence of advisory services on the adoption and use of cattle manure for
banana production.

Contribution of cattle manure use on banana production.

Strategies for improved adoption and use of cattle manure for banana

production.

What are the banana yields per hectare from your banana plantation

156



Appendix 1V: Observation Guide

1. Size of the banana plantation

2. Distance of the plantation from the nearby homestead

(98]

Number of cows reared by the farmers

4. Processes of collecting and managing droppings from cows for manure
5. Distribution of road networks in the area

6. Terrain of the area

7. Signs or remnants of a farmer having used cattle manure

8. Heaps of manure ready for distribution to the whole garden

9. Colour of the soil

10. Size of the bunches, clusters, number of fingers per cluster in the areas where
manure has been applied

11. Banana yields per hectare
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