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AGAT STl AR AU Ul @A T @ AFEAH S X B aen gidie v R R v
AGATH! AT SARUHT AEAE AHT TTA GhT T T | 1 T&T G g e
| FGE AT TRGHT AZART TS L0 FHlb! SR T AT T TN T
TIT3Y T4 |

9. A (Sorting)

T HHAT IURA  TIAAE W
AZAT HET Ghb! qAT G el
AAHT AT T TR B
el PeAIUL Taeed U e
qHEE WA AT | a9 HHAT
AT, GIMRT THT MAqHRT A
ATEAIF AE(EE GHA  AGATH
g9l =T B2 g7 TAR Mg |

g ajlﬁ' gfafe (Agricultural Technology), R09%



R. E%T (Washing)

TE SR el GeARUR  TATL
THTATS TREHT GAT g 9 | gt
AT fheey MU 9 SRUT SargrHr
AZATH] TS I HUCT g | 79 [
ATSET IATHT T AIET Toag | ShH [
ST AgATTe g2 s SAEETE A
q e g gl T wrae [
GO T Vg | I UATG CATSINT G
WUHT BIEE THT R T THT T AR s
AZAT qEIelg | TS AgATH -
TS STl AUBT ¢ AT @ Fealiil
At T AIC], AT, GOl B¢ | IqY GhT TRUH! AgATAs T@Uae et Hber
BTAcl 99 Wiy W Off type T€ 8T8 |

e — 3. =T UM (Slicing)

79 HEA 90 TH TH WEH TR
Fferg | Y U@er T AT AT GHL
gl g AT HIST = HUHT TGF qHEA
T BT AT BT REEHT TN g/
THAEH! AT FIC] Te, | T efia
AUATHT AET HET  HEFET  Iudsd
A ATHAl STEAIHI TINGT AL HT
ATHTCAT AT Frile T 9 | =1 o1
fafts =TS sraE gbrg wed uE |
FHISET WHAH T THAT a1 HHH AIh TART T GHIST Aibrg | AW GHUH
AFATATs HATAHAT Sterilize T AA wATI <74 |

Y. ETHAT GHIST (Sundrying)

TG IO UHAEH] AR HIEH
TAEEAS AAAHT TEX HHAT GHES |
icx20 fhed! Fue@r 300 st @A
YHET G| TE A RCHT A
FEW T| AT TGEAT T Il TRGA
PG W T AEYTF g AUHIT GHTST
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Aterar B8 e i wde | gHSET T A e g T e i e w5
Gifctfed T g | R gHed q@@! T Gedr 93/ a9 iR UF 9ed T«
q_c’r{i?:‘vrqa?l wﬁwmnﬁwaﬁwqqﬁwamwﬁﬁw
SAECHT gaFTas (@ & T dnEg | A a%ﬁ?ﬁmaﬁmnﬁfqﬁwx
%—ﬁwl

Y. gaw e (Hand picking)

Tq IO AEE  Ghahug
P 9@ e g g q
Hleet Bllgre | I HHAT 0.1
T F @ qUHT AefEEae
AR GOET THEE 8ae g
STFTATA st e | 3
IS B PET BET TS
w9 Mg | e ffEsar
e 9w e fegeg
?;ﬁ WY, T NI, ISl TGHH! AT T TREEH ] [GEeE 2SR T ghab! =
g |

&. Wiy (Packaging)

QhHH FEE FAlc qg AHuy Taers
AR by Mg | Ghal Agar Y
PO ANAIHT A AMET T SIAH
TYI! TH A TAA AR &g | WA
TEAT LED poly bag AT ¥@X =ASA (&t
TR ORawg 99 aMEA TEAT PP plastic T
s fafery #fer fer W iy
T AT T | GaAmT T WIER T

1 At faaw ua Feriewr i qereeg |
TR oTE Rl HHAT T FINTET JISTHT Lot no
T Batch no IecT@ T 93 |

IoqIfed SR PR, A ATAR TG 7T
T TH gog | Wi Jedad iy A
A /5 He BfET AgAEE QB
FhH! FANGd AZAT TR & T4 g |
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IeqTEehed T3+ TTATe

Narayan Kafle
Senior Agricultural Officer
PMAMP, PIU Rupendehi

I

HeEITAT AT H U TeTeTIeedl FHa=Aid qierer Jre qrefl ATl Searas fer 96T 2 |
e ORI FIHFH! AT TR TGTSTHT AL FqE F e HIG ARTrs TSt
AN T | TN Hee e a1e o Heequrer fok AT9e UNUeR T darifee fhed srear
T3 JIFHT FANT &l A IR oI, sifer] 3 agT T ANd =g T [
EARTHT AR F@TSTH Agd TS |

A% AEIIATH < [QUHT THEAET

. WY HeEATETH JeUTE T FeAEehed Figaht [Hied Y TeaT, a1 qa Herars, rfe srear
I UG AHIEEH! 90 AN TRUFH! §og, el T@LHT a6+ SHAT (Carrying Capacity)
Hers fimg |

o AT Hield AlFES TN T AT TAT Wb &R Sash! Bcd adl g1 U3l Agdeild
HAETH] G B T8 AGESATH! B g A7g T AGIb! A 3 q¢! T IR [{od 75 |

- TEaH fRETE 3 TE & AR gied AaEeEal g ATE WGl gededrsy ey T AT
THIHT @1 e fae FIEar g Aadr ey Redl g |
g = 3R 2 Tew Wit T e TR Safea o 3R e deed g oo

. TN TAN 9 U ORERET SRR Sedll SE GradsT U FATET el T e
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UBRATETS Sreieal W 8L WgMIes® HUS! el aHed g |
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T A EET ST e et st F e T w
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BIEZEN

U3l g—ﬁs@ f&ga TRUeTT &-¢ Fgl GFASD Icded dr@ddls A@as 9rd 4 94 |
USehl TE TRTIET T@d! gell SAherdl Adaa T |

e Y-& o9 Ued fge URUSTH! WINT &t HigT Gqedl A4S gaucaTs WHEd Bl
g, afe X geH g T Up AU I UeH IoURT o TR WUHT G |

feg fem w-5 o5 Uger URUSTH TN T Wign W A TR SAfE 9UE g oae
HEGF dig W $H1E L AL TgPT TMSUH! F |

HIge URUSTS Gradieh! TiishT TUTEaY ArelTaT T ATLEr earg= g9 18 wies
vadTa 9 wEq qEiusr sy |

TEHLT SIS T YRUSTHT [5ET T8 YU =eal <ol @9 4+ %3 g a1dg T Agial
Ffe T g TR dlie HE ICNETAT cal [N |

Zipaddiehwheelacrator Timer controller for fountain aerator HIS T

T AT AT AT TR0, ey ety e 14, Regfern, vy

N
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HEAAATAT The< T T9HT Had

ATHICH [HSTAT el (G AN =AM T 00 H.5. THH FHAT S Mg T qAmdig
FHIAT WAR AT AEA Y0 fhe o™ 9+ T TIaeg T S AHad GguanT
AT HHFT Wea g |

ATHICH [hetel Uoic TN GEda! aNdR FHF [HaAe gRIGET Agel I 9T
FEUANT T a5 T THAEH Al TR 575 |

Ferife et Tt T Uele ST @S+ FTh! TELar Wrgr sie qaR HUhT T & G
TE AGRT .4 Ho 3 @R Q HN BT A B AT AAT FCR 1.5 TEUHT F |

TEA T AR IR WS fheeer Boel @ud werg awvas qwaw ae e gt
T B SR @ =g TR A WeaT B e o we e ATaraRe Sl g |

ol AATE q@H! UH FHAH Hleal THEHT AR HS, A T8 99 AER TI8 T
TRETHT YIRS TFT W W8 Icde- aNTd Ui udahl |

Solar based automatic fish feeder Solar based automatic fish feeder

Tl e F R0y, Riguy ey PICTebl A T BT oy,
> 3l SIST, TUva gl
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HITET AT I TR S=aiTd RV YANT fESar 5T/ R GHIAT @/ Aaedamd
et ol T wer qaw wue femE w@nr wogeg ® wEe wE St e e
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EGIRECEY
U M1 WRE T AH GET T WIS TET AN Aflatoxin WEAT Egel URISIEETE FORT
FITg |
TEIIATH] AN Ucle I AErd JaRT T 96 |
AR AN oAl AGFSTH] HH g2l YRUSTH! FART B T TMAT A@ gaT fheeal wanT
g ARET TEH HE {9 |

*  JaY ANE T YA TET AqEeaeIe U 9 WUET fAeears h AiE oA 96

HETUTAT STAIIATS TE FHUT WGIh! IcaE" ¥ Icqeshcd TeT3 aih+e |
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Dr. Hemchadra Jaiswar
Senior Livestock Officer
PMAMP-PIU, Bara

9=

B FOE T3 s STeedn A T4 Sl drsiem! @ Hi ar=w/ F¥ @l wuar 9+
TH T Weed ICAETAT FHUH MR HRE U [dels A Whl g | J9H @ BRI
DT TR T Wi FUeAlDT AT YA BlUb] ATGIABHROT o fafdt a0 g
o] YT Wl G| HeATIRd ST qA7 AUbHT IJeaabed AT YAHEeh! AT b a7

WA G

T AR ATERIHT 14, HY HHAE 7 AFEHAH] BRI ICAEH o0 a7 =T SATATERET
& gl GeArET FAEE ASHCHT Wit e ou it BE IUBT T <qhAT Jqw
F=aAETd R AT I HEFIRUIAHT L FeT TRANIRT q47 & 9T MIUIfeThT el oy forearar
TAEET §,59,008 WH G| ITAR FUHEed ARUH! AR Sodl HU IcaET 97 Sad
gfEle srEertan M oSt 3R ST W AU g1 AR Seeler Heed s S
T FYEAE AAEH | PGS AT FARIT TR Goard T8 Ned@Ie qg 97
fafSrer s et Sonfea gt ATy T W g

EEIC G|

STl I I8 Ush YhRebl oIet 3 g Bl TS ST aquaticfemqﬁ e | A0 AT
T o qUHT O oS AT AT WEd] Afaeg | SIERIEA A U SHEl oS e, Ta
TAREHT g | AWH! (A-HEE el TEE a7ag | qIakh! Adedl AHHT HARR TEee
e SEH] WIAe A THET TR T T | SR B g Sf9 ANE uger @i o Wbt
TG A AAET SAF AT TEwe |

foraen st 3 YR g o afF e ey asien e @t Frede auw e |
AT A & MR R0-:Y, W Jeiag T E I WUH Wiy | A€H qrg et
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MR L-q0 U Fediom w=ar FH T 3%-¥o U Jediom vl W IR wiich A 20 g g |
aireTer afe FRLgERy T M Sl wed e | A FEd e e e, g9 qor ae aw
TIIEEHT TETg | W FA T Hierg | SR - 3 2R 3 fewn qer g 7w ferg
THleg R 3R 3 T H qerd AeBeu qersdl T g ¥ g |

IR HET qAT BISEAET

1 U BT A BT, Tl ATIAS AT HUHT ATEESTAaTs SHTH SEATe T4 7gd T8 |

T UTH AT L-90 . I aravsior Aedeears THFaTST TOH S gere T
qaqg |

AT G YA Gl T&T A7 ATATH FRAEe (=20 Teg |

TEATE ST TTAT GHA WANT T 0, A, FeT, S, W a9 Fgqers gars aiheg |
AAATT TEET HIATHT W] /AT qRdfe T4 |

AT WS e ASSTH] Fal GEIANT el qdT TS 6 eH 15 |

AR FART Cost AN HH g T AGMT J0-3Y T g @ g1 1o |

AR TRIZERE

a1 gl fget afe g wuel e T e gy |
T, U, TR AU STIHT S 9abiel AT ®Iex 3R e |

AMTTS BRAT AT BIAT HIA AN T iepra)

AAATCATS UFAT AMIHT TIAT S T SFASSd] T AN I G AT Weal digel T
B! GAAT AW et T Eear G I R | [oh! Aaearar a1 JAush! Faar
Y-© o IF I SIS T WOl T AT ATEaede AIATHT Uil T @Ted dcd WH T8 s
T 9fg WS @dHl WA Gbudley A FRUT RAT A, AT T INAT HABT CIHT HIH
WY |

Chemical analysis of Azolla

1  Crude Protein 25.08
2 Ether extract 3.95
3 Crude Fibre 14.39
4  Nitrogen Free Extract 38.73
5 Total Ash 17.5
6 Calcium 2.06
7  Phosphorus 0.72

Solrus : https:youtub.be/XrNHrKmnfqg
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Bishnu Sharma
Senior Agriculture Officer
PMAMP-PIU, Nawalparasi

AT, "‘?IF@ET, =T, @'ﬁﬁt e Wi STEdr W‘i’\”’f SEEANFE I Qdé T Solanaceae A~
TRUET g | REEH W U THRET TN T4 HREE ATHAT T HUSHT ael 996 ATAaT
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TRl R HRHA Avid TR FH FAFIFAE B.Sc.Ag. TH A TH TS TH FHU FH,
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Rakesh Kumar Ojha
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Figure 10: Cost per unit water in different pumping technologies in Nepal
Source: (Renewable World, 2018) |
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Kalas Ram Chaudhary
Senior Agriculture Officer
PMAMP-PIU, Kailali
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R TN WeRT S Al WOHT TEeg | AR ehHl T WA AU YW 9 ®UAr SREE
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Krishna Prasad Upadhaya
Agriculture Officer
PMAMP-PIU, Nuwakot
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Roshan Adhikari
Senior Agricultural Officer
PMAMP-PIU, Okhaldhunga
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. B sIaUT GFEaIhT TART
TAHT THNT AT URAdE®  Dreamwork solution Pvt Limited @ TAR T FLHTA

FHTHD! IAET T ARIAD] qTeATFeATs sAACId IAT T HUFHATS MBI T T (37T
U ELTcir http://cvspc.seednepal.com T2l qided AThd WHS! T HAhd Jcae- adr
AW TAAHT TEATFATS sFaRdd T@ AHBN & HH! A Iq HHAE HUH!
T | 9 [HEHET YUeiiaie BRIAT IcdE- ARTdH! 98l Ui T4 Icare @9 uars— 3
AT FererFaaT WednT TR A Sedred AT B9 T At e & s adE
TE g WEA TH Mgy | A9 [HEHST SHATAOT YUl od ST WBH qd
STAUH FIHECHTH (@A T AHAT Fal Fahel [ b sfdeg |

‘ﬁ\ Farm Management Systen L 01-5523141
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anage your farm... ONLINE

& info @cvspc.gov.np

HOME ABOUT US CONTALCT US

Vegelable Crop Development Center

WeR arclt o™ o —_

Password *

*  Request new password

il '!r.ﬂ" .
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Drip Irrigation Technology for
Tomato Production

A Dr. Jeet B. Chand
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Background

Water is a valuable resource and is fundamental for human life, the economy and the
natural environment (Valipour 2015; Du et al. 2018). It is estimated that 57% largest
aquifers in world have been seriously overexploited, as water consumption is increasing
by 1% every year (Garcia-Caparros et al. 2017). Projections for future population and
consumption trends indicated that demand for water of enough quantity and good quality
for various uses will present serious problems into the future (Godfrey et al. 2009;
Montenegro et al. 2010; Giuliani et al. 2018). Drivers including urbanization, population
growth and industrialization, and corresponding increases in the demand for food, energy
and environmental sustainability have seriously impacted the existing water planning,
management and allocation processes (Biswas &Tortajada 2009; Hooshmand et al.
2019). The 2030 Agenda of the United Nations was approved in 2015, consisting of 17
sustainable development goals, with overall aim to “End hunger, achieve food security,
and promote sustainable agriculture” (Duque-Acevedo et al. 2020).

Agricultural irrigation represents the main water use sector accounting for about 70%
of the global freshwater withdrawals and 90% of consumptive water uses (Siebert et
al. 2010; Pulido-Bosch et al. 2018; Montazar 2019).Nearly 70% of freshwater is used
in agriculture globally compared with 20% and 10% for the industrial and domestic
sectors respectively (Lea-cox et al. 2013; Du et al. 2015; Francaviglia & Bene2019).
However, competitive users of water in different fields have put pressure on agriculture
to use water as the most scare resources (Montazar 2019). Water is expected to be a
major constraint for agriculture, particularly in developing countries and the countries
located in arid and semi-arid regions (Falkenmark 2009; Stikic et al. 2009; Prazeres et al.
2016). Insufficient supply of water for crop production will be the norm rather than the
exception, and irrigation management will shift from emphasizing production per unit
area towards maximizing the production per unit of water consumed (Fereres& Soriano
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2007; Zhang et al. 2017). According to Djurovic et al. (2016), modern agriculture has
been faced with two tasks: (1) to produce enough food for a growing population, and (2)
to ensure satisfactory crop quality while using water resources efficiently.

Irrigation is defined as manipulation of soil moisture content (SMC) to achieve desired
plant responses that can be fulfilled through application of the right volume of water
at the right time, and delivered by the right method (Davies et al. 2002; Meron 2007,
Scherer 2017). Irrigation influences many important processes essential for crop growth,
including soil organic matter decomposition, microbial activity, soil aeration and nutrient
turnover (Huang et al. 2007; Scheer et al. 2013). However, globally the level of irrigation
services provided to date has not been very successful because of poor irrigation efficiency
(Fujihara et al. 2008; Aranda-Martin 2009; Corcoles et al. 2012; Jha et al. 2017; Lu et al.
2019). Lovelli et al. (2017) identified the following three key reasons necessary to improve
agricultural water productivity: a) sustainability in use of environmental resources, b)
food security, and ¢) grower’s income increment due to judicial use of water. In the view
of increasing water demand by other sectors, and expected reduction of water availability
in the future, it is necessary to adopt water management strategies aimed at water saving
while maintaining satisfactory levels of production (Costa et al. 2007; Montesano et al.
2015).

Drip irrigation and greenhouse tomato production

In general, the goal of irrigation is to provide a uniform supply of water to field crops.
Different irrigation methods based on water-efficient design have been studied to increase
water productivity (Cahn et al. 2001; Morison et al. 2008; Liu 2011; Qu et al. 2020).
There are many irrigation methods including surface, sub-surface, sprinkler and drip
irrigation. Among them, drip irrigation is a popular method as it can minimize losses due
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to evaporation, deep percolation and surface runoff (Sahin et al. 2005; Capra & Scicolone
2007; Amor & Amor 2007; Liu & Huang 2009; Biswas et al. 2015).The water application
efficiency of a well-designed drip irrigation system is reported to be around 90% or more
which is quite high as compared to other irrigation methods (Stevens et al. 2008; Montazar
etal. 2019; Qu et al. 2020).

Most of the vegetable crops, including tomatoes, respond well to drip irrigation and a
considerable amount of water can be saved (Hao et al. 2013, Biswas et al. 2015). 70%
or more of the root systems of greenhouse tomato are in the upper 20 cm of the soil.
Therefore, a drip system equipped with a fertigation device is always recommended for
proper use of water and maximum profitability to growers (Haifa 2018). However, the
cost of the drip system and the net profit from the product should be evaluated before a
decision is made on installing drip irrigation in farm.

Comparison of tomato production in greenhouse and open environment

Tomato is the member of genus Lycopersicum that are tolerant to a wide range of
environmental conditions, and, it is characterised for large amounts of water (Hobson&
Grierson1993; Soria &Cuartero 1998; Maham et al. 2020). CWR for tomatoes can be
different from one region to another region (Solakhe et al. 2005). In the Netherlands,
it has been reported that water consumption for tomatoes is between 0.5 and 0.9 m® /
m? greenhouse area (Papadopoulos 1991). Another study conducted by Soria and Cuartero
(1998) revealed that the plant water consumption of tomatoes ranged from 0.19 to 1.03
L per plant per day depending on the season and the size of tomato plants cultivated. New
transplants need only about 0.05 L per plant per day, and generally, about 1.8 to 2.7 L per
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plant per day is adequate for fully grown greenhouse
tomato plants (Snyder 1992). The tomato crop is most
sensitive for soil-water excess and inadequate oxygen
supply in the soil; thus, adoption of DI in tomato
production can contribute significantly for improving
water productivity (Ho 1996; Singh et al. 2013; Mattar
et al. 2020).

Tomatoes can be grown in a wide range of climates in the
open field as well as greenhouses. However, tomatoes
grown in an open area and under-protection have some
differences agronomically because of growth periods
and micro-climates (Atherton &Rudich 1986; Jones
2007; Gopichand et al. 2016).Greenhouse cultivation
is synonymously called as protected farming is
attracting growers all over the world due to year-round
production possibility (Harmanto et al. 2005; Yang et
al. 2017; Liang et al. 2019).Weather uncertainties like
heavy rain, high temperature and heat wave increases
the probability of blossom-end-rot, fruit cracking and
ultimately poor fruit quality in tomatoes which can
be, however, solved by using greenhouse technology
(William 2009; Shao et al. 2015; Cui et al. 2020).
Tomato is a staple commercial vegetable, commonly cultivated in greenhouse facilities
in all over the world to bridge the seasonal gap in its production (Maham et al. 2020).
According to Yang et al. (2017), greenhouse horticulture has contributed employment
generation for120 million people in the world. Thus, for making the agriculture sector more
competitive and commercial, and to fulfil the desire of consumers getting horticultural
commodity year-round, the contribution of greenhouse-based production is significant.

There are plenty of evidences that horticulture production in greenhouses reduces the
environmental impact compared to open fields, hence providing tools and techniques
for efficient water management in a protected cropping facility is an important factor
(Stanghellini 2014; Montesano et al. 2015). Smart soil moisture sensor-based irrigation
scheduling is promising strategy compared to other methods like visual assessment on
plants to reduce environmental impact in greenhouse production (van lersel et al. 2013).
Among the various approaches proposed for improving water and fertilizer use efficiency
in greenhouses, recycling of nutrient solution produces minimum pollution (Vox et al.
2010).

Cultivation of tomato under open field and greenhouse condition has its own merit and
demerits. A critical analysis of the benefits and drawbacks of growing tomatoes under two
systems; open field and greenhouse are summarised in Table 3.6 which is based on the
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materials covered in Kumar et al. (2016), Silva et al. (2017), Ntinas et al. (2017), Kafle
and Shrestha (2017), Yang et al. (2017), Suzuki (2019) and Subedi et al. (2020).

Table 1: Benefits and drawbacks of tomato production in open field and greenhouse settings

Description

Climatic impact

Cost

Resource use
efficiency

Productivity

Profitability

Disease and
pest

Quality

Risk

Conclusion

Greenhouse tomato cultivation

Global warming has less impact on

greenhouse tomato production. The artificial
environment is crafted to cope with weather

challenges; however, achieving cooler

temperature is more difficult, causing many
physiological disorders in tomato production.
It has higher greenhouse gas emission but also

has higher water use efficiency.

The cost of cultivation is higher compared to
open field condition. It requires high initial

investment.

Less labor-intensive with high utilization of
production inputs like fertilizer and irrigation.

Yield is stable with higher productivity. It
offers the opportunity to produce marketable
product when supply is low with increased

availability period.

It is not profitable in the first year due to high
initial cost but from second year onwards it is
good and long-term return is good. Greenhouse
farming contributes income rise of farmers by

more than 30% compared to open fields.

Chances of the rapid spread of insect and
disease if not properly managed.

Higher fruit quality.

Greenhouse tomato cultivation is hard and

risky business, but chances of risk on low
yield and low market price is less.

Open field tomato cultivation

It exposes the crop to climatic
conditions, hence greater impact of
global warming on open field tomato.
It has lower greenhouse gas emission
but low water use efficiency.

It needs a low initial investment.

Labor intensive and most production
inputs are underutilized.

Yield is less stable and more impacted
by climatic factors. Not possible to
produce during off-season

The profitability of open field tomato
is generally low, with less benefit-cost
ratio in the long run.

Slow spread of disease and insect.
Generally lower quality standard

High risk on low yield and fewer
market prices.

Drip irrigation not only provides the highest efficiency but also increases the quality
of the agricultural product, including tomatoes. For example, several studies (Yohannes
&Tadannes 1998; Hanson & May 2004; Hao et al. 2013; Zhang et al. 2017) concluded
that drip irrigation helps significantly to increase the fruit number, fruit size as well as
soluble solid content in tomatoes. Thus, although having some limitations like clogging
of emitters, high initial capital cost and intensive management (Ngouajio et al. 2007,
Thompson et al. 2009, Oliver et al. 2014), drip irrigation has been an integrated part of
commercial agriculture in both open and protected growing environments worldwide.
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Mechanical Rice Transplantation

Sandesh Poudel
Agricultural Engineer
PMAMP-PIU, Chitwan

Introduction

Nepal has a well-established history of agriculture and rural mechanization starting with
the introduction of tractors (2 wheeled and 4 wheeled), low lift pumps, pump sets, mills,
etc. in the 1970s (Biggs & Justice 2015). Since then many different types of machines and
agricultural equipment have been introduced in Nepal, the rice transplanter being one of
them. A total of 1,491,744 hectares (ha) of land is cultivated paddy in Nepal in FY 2075/76
BS (Department of Agriculture, 2020).In the present context of Nepal, there is a problem
of labour force in agriculture. This scenario of labor shortage has greatly affected rice
production. Thus, in order to mitigate this problem and also the timely transplantation of
rice seedlings, alternatives should be explored. On this hand, Prime Minister Agriculture
Modernization Project has been continuously devoted to its aim of well-mechanized
agriculture and introduced a walk-behind type rice transplanter in FY 2076/77 and two
4 wheel drive ride-on type rice transplanter in the following year (FY 2077/78). After
this breakthrough program, more than a dozen of self-propelled rice transplanters have
been bought in Nepal. Self-propelled transplanter is found to be cost-effective (Athul
Chandran et al., 2020). This clearly shows the inclination of Nepalese farmers towards
rice mechanization.

What is Mechanical rice transplantation?

Mechanical rice transplantation is the process of
transplanting younger rice seedlings using a rice
transplanter. A special type of nursery preparation
i1s required for this process, i.e. mat type nursery
preparation. In general practice of manual rice
transplantation, about 12-15 workers are required to
transplant 1 bigha of land in one day while one 4-wheel
drive 6-row rice transplanter can transplant 5 bighas of
land in a single day. Let’s briefly discuss the types of
rice transplanter:
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1. Walk Behind type rice transplanter

It is the type of self-propelled transplanter which is driven by hand. It can usually
transplant four line up to 6 lines in a single pass. Levers and handles are provided
through which required depth and spacing of seedlings can be adjusted. It helps in
uniform planting of rice seedling.

The transplanter in the given figure is a self-propelled machine operated by petrol
engine which transplants seedling in 4 rows maintaining 30 cm row to row spacing.
Special kind of tray is required with specific dimension of 24 cm x 60 cm. This
transplanter can generally transplant upto 1 bigha in a single day.

Saediing tray
Fuel tank inklet
Fuel tank

Sl sy i ey i

3

2

3

4 Engine

5 Floating platform
& Planting wheel

7 Planting finger

B Left marker

L} Fender rod

10 Seedling press.

11 Seedling platfarm
12 Center row marker

3 Shift
14 Planting clatch
15 Main clutch

Figures: Walk behind type transplanter in operation (chitwan) and Different Parts of
Walk behind Rice transplanter with labeled diagram (Source: (Operational Manual
for Mechanical Transplanting of Rice, n.d.)

2. Riding type transplanter
It is the type of transplanter which is operated by riding on it. Riding type transplanter
is easier to operate than walk-behind type transplanter. Based upon the fuel used,
there are petrol type and diesel type. It can usually transplant four lines up to eight
linesin a single pass depending upon
machine. Generally 4 wheel drive 6 row
riding type transplanter can transplant
upto 4-5 bigha in one day. Hill spacing
can be adjusted by the use of lever. |
Similarly depth and density of seedling
can be also be adjusted according to the
requirement. Thus, in present context
of Nepalese agriculture, 4 wheel drive = —

= s | -
6 row rice transplanter is seen more . : i
e Figure: 4 wheel drive 6 row riding type

rice transplanter in operation in Chitwan
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Advantages of Mechanical Rice transplantation

There is no point in arguing against the benefit of mechanical rice transplantation over
conventional/ manual type. Some of the major advantages of using self-propelled rice
transplanter are listed down below:

1. Maintains uniform plant-plant and row-row spacing consequently leading to
optimum plant density.
2. Higher productivity can be obtained in comparison to conventional rice
transplantation.
Lower stress to seedling.
Problem of drudgery and health risk of farm workers is reduced.
Uniform crop stand can be obtained,
Source of employment opportunities for rural youths.
Problem of Labor scarcity is addressed.
8. Overall net income of Farmer is increased.
Challenges of mechanical rice transplantation
Intervening new technologies among famers is itself a challenging task. Moreover,
farmers with conventional mindset of agricultural practice feel difficult to accept the
technology of mechanical rice transplantation easily. There are some drawbacks and
challenges of mechanical rice transplantation:

S A S e

1. Skilled manpower is required to operate the machine.

Land should be prepared a day before the transplantation.
Seedlings should be prepared in tray or mat.

Height of the seedling should be of average 15 cm.

Proper calibration of the machine should be done before operation.
6. Larger the land plot lower is the production cost.

A e TR

Operation Procedure

__—Spring

Planting arm

‘/// —Push rod

~
Drine shalt

At the planting

Figure: Seedling cutting by planting fork (Source: (Hoshino, n.d.))
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Mostly, Self-propelled rice transplanter has two sections:
e Transport section
e Transplanting section

Transport section is the main part of the machine which consists of engine. All the
other components like levers for space adjustment, a PTO shaft, steering and driver’s
seat are provided in this section. Similarly, transplanting section has nursery platform,
transplanting arms with forks, levers for depth adjustments and so forth. Several other
main components in riding type rice transplanter are:

»  Planting depth control

»  Seedling density control

» Plant to plant space control

» Planting marker

»  Accelerator, steering, planting/driving lever,etc.

Seedlings which are prepared in the tray or mat are taken out and placed in the seedling
platform. The boards moves sideways sliding on a guiding plate. After the forks starts
stumping the seedling, gradually the mat slides downward in the lengthwise direction.
The planting fork is attached to the planting arm. There is the mechanism to release the
seedling from planting form once it reaches the land. Similarly, the seedling placing board
is placed inclined in order to make seedling mat slide very easily on the board.

Stepwise Procedure

There are number of steps that should be followed during mechanical rice transplantation.
Ranging from nursery preparation, land preparation to transplantation many things should
be taken care of. Steps involved in the process are described here below:

Nursery Preparation

One of the major challenges during mechanical rice transplantation is the preparation of
propermate type nursery. Nursery is prepared in tray of specific dimension. Soil should
be sieved in order to separate any kinds of stone particle. Stone in the soil of mat type
nursery tray provides stress in fork which can ultimately lead to the breakage of fork.
Thus it is mandatory to separate stone and other unwanted materials from the soil. Various
steps are involved in nursey preparation:

1. Separation of unwanted particle from Soil
Mixing of compost and fertilizer

Salt water treatment of seed

Treatment of seed with fungicide

Filling of Tray with soil

Sowing seed in soil filled tray

Placement of trays in low tunnel

S
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8. Time to time inspection until seedling become ready to transplant
9. Transplantation of seedling with transplanter

(6) (3) (4)

(N (8) ()

Land Preparation

There are several aspect that should be taken care of during land preparation:

Land should be prepared at least one day before the actual transplantation day.
Proper tilling should be done.

The land should be properly puddled and leveled.

Good water management in the field should be ensured.

1-2 cm standing water should be maintained before transplanting.

Efficiency of machine is directly proportional to the size of Land. Thus larger
the land plot more economic it will be.

YVVVYVYYYVY
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Transplantation

Transplantation is done after the seedling is of appropriate height and land is managed.
In general, the appropriate seedling is taken of the height 20 cm in average. The mat type
nursery is placed in nursery platform. After that the levers are adjusted so that the desired
requirements are met. Precise calibration of the machine is very important. Well-skilled
manpower is required to operate the self-propelled rice transplanter.

Use of Technology in PMAMP

Rice zone of Prime Minister Agriculture Modernization Project chitwan has been
actively intervening mechanical rice transplanter since FY 2076/77 starting with walking
behind type 4 row rice transplanter. It was challenging at first to convince farmers to
use transplanter but later on after farmers had witnessed the transplanting procedure and
cost reduction due to its use, they were more inclined and motivated towards the use of
machine for rice transplantation.

In fiscal Year 2077/78, around 25 bighas of land were mechanically transplanted in eastern
chitwan. Similarly, in the following year around 50 bighas of land were transplanted only
in spring season. Farmers are satisfied by the use of rice transplanting technology in their
field. PMAMP chitwan has supported cooperatives in order to buy total three 4 wheel
drive 6 row rice transplanter in chitwan. The office has been continuously providing
several other technical support for rice mechanization not only in Chitwan but also in
different parts of Nepal.

Conclusion

As a conclusion, mechanization in rice cultivation is the need of country. Due to labor
shortage and increase in cost of production there is no any other alternatives rather than
mechanization. Rice can be transplanted by use of different types of rice transplanter i.e.
walk behind type and riding type. Based upon number of rows, four rows to eight rows
can be transplanted in a single pass. The machine should be properly calibrated before
using.

Mat type nursery should be prepared to use mechanical rice transplanter. There are
various steps that should be taken care of for nursery preparation. Land should be
properly puddled and prepared maintaining 1-2 cm of standing water. In overall, use of
self-propelled transplanter reduces the cost of rice production. Prime Minister Agriculture
Modernization Project has been promoting the use of such machines in rice zones of
various district of Nepal.
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Household Urban Farming With Implementation
and Deployment of Cross-Platform Mobile
Application Focusing Terrace Farming

|\ w25a

¥
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Er. Rupesh Acharya Er. Anupam Subedi
Activist, Inspire Agriculture Activist, Inspire Agriculture
Background:

Urban agriculture is loosely defined as the production, distribution, and marketing of
food and other products within the geographical limits of a metropolitan area. From*“The
natural farmer” The Newspaper of the Northeast Organic Farming Association, ‘’Urban
agriculture projects include: community gardens established on vacant land that’s
cultivated and maintained within an urban neighborhood; school gardens cultivated and
maintained on school grounds, and factor into the curriculum; entrepreneurial gardens
that grow produce and flowers for profit; backyard gardens, windowsill gardens, and
rooftop gardens that provide vegetables, herbs, and flowers to individuals and/or small
families.”

General Practice Based on Kathmandu Valley

Among the various dimension of urban farming, this concept focuses on the backyard
gardens, windowsill gardens, and rooftop gardens. The trend on such types of cultivation
practice have already begun in Nepal. The COVID-19 pandemic played a vital role in
the enhancement of these methods of cultivations. People are growing various kinds of
vegetables and fruits on their terrace, backyards, window sill. The common practice of
this method is planting the crop in a clay pot or a plastic pot. People have been using
Styrofoam Package and Plastic sacks as well. The pot is filled with soil and mixed with
some organic and inorganic fertilizer and crops are planted.

Advantages of rooftop gardening includes:
e  Utilization of space around the residence
e Availability of fresh fruits and vegetables
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e  Greenery and positive environment
e And alot of indirect advantages including Better Health , Decrease in Pollution,
Financial management

Identification of problem:

e People practicing urban farming system are generally lagging the proper
knowledge of agriculture practices.

e No modern techniques are equipped to urban farming.

e  Furthermore, most of them do not have access with agricultural professionals
who can guide them throughout the base period of crops.

e Identification of diseases and timely treatment is not an easy task as a result a lot
of their produce are damaged discouraging the people.

e Agricultural operations like planting, irrigating, manure management,
fertilization are not well managed.

e Delay in irrigation and fertilization has been a troublesome problem which is
reducing the productivity. Interesting fact during this study shows that, they are
not getting proper freedom to enjoy their holidays and festivals by travelling to
a further distance and spending some days away from their homes.

e  Various materials required in rooftop farming are not easily available. People
are compelled to buy the materials from different location which is a tedious
process and time consuming.

After learning about these problems, Team Inspire Agriculture came up with the solution
of developing a complete packageof urban farming on backyard gardens, windowsill
gardens, and rooftop gardensthat includes the automation and cross-mobile application.

Main Vision

The main vision is to design and develop a complete package of establishing the garden
along with a mobile application that supports the urban agriculture by allowing users to
digitally get the services. The needs of people can be fulfilled by constantly interacting with
our team and the agriculture experts through an easy-to-use mobile application. People
can even control the moisture and manure content on their soil. Clients can subscribe
and order for quality services and assets through the mobile applications. Our team will
grow forward to the next level by implementing new information and communication
technology through a mobile application. This will allow farmers and enthusiasts to
become part of the large community through this application.

Objectives
Specific Objective
e To design, estimate and implement the model of the Rooftop Farming System
with or without automated system.
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General Objectives

To establish a modern agricultural trend in an open rooftop of houses in urban
cities.

To attract youth with modern technology in agriculture by reducing drudgery.
To implement green house and various modern cropping patterns and methods.
To establish efficient irrigation system within the farm and proper water supply
for the crops with proper discharge measurement.

To create a chemical free cropping pattern i.e. organic farming.

To provide employment to the skilled and unskilled manpower by utilizing their
skill in sustainable agriculture.

To implement the modern automated system with the use of various kinds of
Sensors.

To digitalize the farming using mobile apps and market system.

Functionalities in the Application.

Service to maintain active community between farmers and enthusiasts by
allowing social network between users.

The inventory services to manage their agricultural assets. Controlling of
irrigation and fertilization.

The agricultural asset buying and selling by maintaining a digital stores.
Platform for buying agricultural machineries.

Platform for obtaining required farm designs provided by company through the
mobile application.

Consultation service provided by professional counselor by implementing tele-
agriculture service through application.

Application Testing:

At first, a mobile based application was developed, whose main functionality
was to run the entire irrigation system.

Then, all the required hardware like drip irrigation systems, digital electronic
board were collected and the system was defined into certain programming.
Afterwards, the system was installed and was successfully operated through
mobile application. A limit was defined to measure moisture content level and
system used to on/off considering this level.

Achievements:

Successfully designed and developed a prototype of the complete smart irrigation
system.

Successfully implemented and tested the working efficiency of the entire
system.
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Fig: A complete package mobile application system
Summary

A cross-platform mobile application is developed and deployed for offering consultation
services and other value-added services provided by the Inspire Agriculture through digital
platforms. Farmers and agriculture enthusiast can get quality agricultural machinery, assets,
and farm design services using proposed mobile application. The domain of the Inspire
Agricultural will be shifted to the digital arena after designing and deploying the proposed
mobile application. The complete mobile application can be developed with different
functionality for both Android and 10S users. The IOS and Android app users can order
desired agricultural design services, consultation services, and other machinery using the
company’s mobile application. The complete mobile application development process
from market analysis and research to application testing, can be handled by the company.
The maintenance and regular support can be further provided by the software company
to maintain operability of the project. All the application development, maintenance,
and support can be provided by the team of software professionals associated with our
company.

Installation of Complete Rooftop Garden System with Mobile Application Controlled
Drip Irrigation System
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Agricultural drone: A technological
intervention in chemical spraying

Sameer Shrestha P

Agricultural Engineer ‘ y
PMAMP-PMU, Khumaltar ﬁ

Introduction

An agricultural drone is an unmanned aerial vehicle used in agriculture operations mostly
in yield optimization and in monitoring crop growth and crop production. Drones for
agriculture have revolutionized an ancient practice with a range of sensor options. In
addition, they can spot plant distress earlier and precisely target fertilizer or pesticide
applications. The major applications of drone in agricultural sector are:

Agricultural Applications:
o Agricultural planning
e Crop inspection
o Weed detection
e Irrigation planning
e Leak detection
e Map crop health
e Predict crop yields
o Identify pest infestations
o Identify diseases
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distressed and healthy plants which can’t be viewe
Advantages of agricultural drone:

e  Monitor and control the use of pesticides properly which allows minimizing the
environmental impact of pesticides

e The inputs such as pesticides and insecticides spraying, the mass of crops to be
sowed, irrigation can be optimized by intelligent identification. This reduces the
input cost and risk to the farmers.

e Early identification of crops disease, lack of nutrients and irrigation can be
determined by the data and images collected by the cameras and sensors in the
drones. This will help to a greater extent to mitigate the crop losses.

e  Proper monitoring of the crops via intelligent farming using drones will definitely
enhance the crop yield.

e  Optimizing input to reduce costs and increased profits at harvest time.

There are some drawbacks and challenges of agricultural drone. The major limitations
are:
Drones are best suitable for larger farms.
Initial capital investment is higher. For example, a typical drone using extensively
under PMAMP area costs around 1.6 million NRs. (LJ16L/606 model plant
protection drone).

e Local level authorization and permission must be taken before using drones for
any activities. For research and study purpose, permission should be taken from
Ministry/Department relating to the subject matter of research/study, Ministry
of Home Affairs and Civil Aviation Authority of Nepal (Nepal, 2015)

e  Drones seem expensive for rural and poor marginal farmers of Nepal.

e There is serious scarcity of skilled technician to operate/repair and maintainance
of drone.

PMAMP Practices in drone

The Prime Minister Agriculture Modernization Project, Project Implementation Unit,
Chitwan has procured LJ16L/606 model plant protection drone and tested this technology.
The drone was purchased in the participatory approach between Prime Minister
Agriculture Modernization Project, PIU, Chitwan and Yuwa Adhunik Sahakari Krisak
Samuha, Bharatpur -25 in 2079-02-07. The capacity of this drone is around 8 minutes per
ha with specific chemical saving of around 50% compared to manual spraying.

Media Coverage of drone technology

Recently, Nepalses top level media are giving special coverage to the application of drones
in agricultural purposes. For example, Kantipur Media Group and Setopati Publication
have published extensive report about drone uses under PMAMP area of Chitawn. The
summary of media coverage is presented in Figure
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Figure2: Drone in ekantipur Figure3: setopati

LJ16L/606 model plant protection drone

It is mainly used for crops that are difficult to spray by traditional pesticide
application methods such as fruit trees and paddy fields which do not need the
ground pesticide operations.

It has short take-off adjustment time, high efficiency and high attendance.

The intelligent spraying flow control system can automatically adjust the spraying
flow according to the working speed to effectively avoid respraying and burning
seedlings.

It can use 100% carbon fiber material propeller, strong and lightweight, umbrella-
type folding structure, easy to transport; six axes six oars, flight more stable; with
broken oar protection.

The quick changing liquid tank to realize quick change of medicine box and
improve operational efficiency.

Obstacle avoidance radar can detect obstacles 2-15 m in front of the machine, and
stops automatically.

Key specification of LJ16L./606 model plant protection drone:

E-NERVS I S

Model LJ16L-606
Dimension Mm 1800*700
Structure Type 6 axis & rotor
Manual Remote Distance M 0-1000
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-___
GPS (standard)/RTK

EEioning Mgl Centimeter Level(Optional)

Quantity and Capacity Ipc 125 22000 mah
Discharge rate Min 10-15
6 Protection rating IP 55
Voltage \Y4 44 4
Weight Kg 6.4
, Max flying speed m/s 10
Max wind speed resistance m/s 8
8 Standard spray range M 6
9 Tested efficiency in Western Chitwan Katha/min 4.5 kattha
10 Max spray rate Ltr/min 3
11 Max operating height M 50
12 Operating payload Ltr 16
13 Droplet size pm 100-200
14 Camera specification DA rton axagle 1280; 09 fg(;
15 Nozzle 4 pcs, high pressure nozzle

Source: Karma Digitech Pvt. Ltd., Sitapaila, Kathamndu

Basic Elements of Agriculture Drone

Frame

The frame is the quad's X or plus-shaped Frame that holds all components and pieces
together. It might be a solid structure with immobile arms and landing gear or a foldable
design for easy transportation.

Motors

The motors is the system that drives the propellers. Brushes have been largely replaced
by brushless motors, which are quieter and more powerful. It might require cleaning from
time to time to function effectively.

Electronic Speed Control (ESC)
The power is distributed through the D-box, which connects the battery to the motors and
sends signals to each drone motor instructing it to control propeller speed. This is how
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the drone interprets the data provided by the controller. This is usually hidden beneath the
shell in most drones, although this may not always be the case.

Flight Control Board
Flight Board Control is the brain or computer of the drone, which converts electrical
activity from the controller into actionable data by sending signals to the ESCs.

Radio Receiver

The drone receives the signal from the remote control with a radio receiver. It might be
mounted on a pole or stick out of the bottom of the drone.

Battery

Depending on the drone model, the battery may be charged in either the drone or a
separate charger. If drone has a detachable battery, it's a good idea to keep extras on
hand so you can enjoy more flight time.

Safety Precautions
Pesticide Usage
e  Pesticides are poisonous and pose serious risks to human safety. Use them in strict
accordance with their specifications.
e  Residue on the equipment caused by splashes or spills when pouring and mixing the
pesticide can irritate you skin. Be sure to clean the equipment after mixing.
e  Use clean water to mix the pesticide to avoid blocking the strainer. Clear any
blockages before using the equipment.
e Wear protective clothing to prevent direct body contact with the pesticide. Always
wash your hands and skin after handling pesticides.
e  Clean the aircraft and remote controller after applying the pesticide.
e Do not fly over rivers and sources of drinking water.

Pre-flight Checklist
*  Remote controller and aircraft batteries are fully charged.
*  Landing gear and spray tank are firmly in place.
*  All screws are firmly tightened.
*  Propellers and frame arms are unfolded, and arm sleeves are firmly tightened.
*  Propellers are in good condition and firmly tightened.
»  There is nothing obstructing the motors.
*  Spraying system is without any blockage and works properly.
»  Compeass is calibrated at every new flight location.

Operation

»  Stay away from the rotating propellers and motors.
*  Maintain a visual line of sight to your aircraft at all times. .
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* Do not answer incoming calls during flight.

* Do not fly under the influence of alcohol or drugs.

*  In the instance of a Low Battery Warning, land the aircraft at a safe location.

*  After landing, first stop the motors, then power off the aircraft, and then turn off the
remote controller.

Maintenance and Upkeep
* DO Not use aged, chipped or broken propellers.
*  Remove or empty the spray tank during transportation or when not in use to avoid
damaging the landing gear.

Conclusion

This innovative application technology can change one of the most physically demanding
jobs in farming. This digital technology not only contributes to make a better living,
but also helps making the hardest job on earth more attractive for younger generations.
This enables farmers to complete work in a less timeframe with the ideal climate and
environmental conditions, allowing for an even efficacy of crop protection products in the
field. Agricultural drone can help the farmers to transform the agriculture industry.
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Technology of Potato Seed Storage in mid
& high hills of Nepal
(Diffused Light Storage System)

Suman Sah
Agricultural Engineer
PMAMP-PIU, Okhaldhunga

Background

The first record of potatoes in Nepal dates back to 1793. Although it remained a relatively
minor crop for the next 180 years, some researchers say that its early introduction to the
high altitude Himalayas helped fuel the rise of Buddhist civilization in northern Nepal.
In the 1970s, a national potato development programme, focused on improving
the quality of seed potato, stimulated a rapid expansion of both cultivated area
and production, which increased from 300 000 tonnes in 1975 to a record 1.97
million tonnes in 2006. The potato is now Nepal's second staple food crop, after
rice, and per capita consumption has almost doubled since 1990 to 51 kg a year.
Potatoes are widely grown in Nepal, at below 100 m altitude in the south to as high as
4000 m in the northern mountains. The tuber is particularly favoured by farmers in high
hills areas (roughly 1800 to 3000 m): it is more productive than rice and maize and the
cool climate is well suited to production of seed tubers for sale at lower altitudes. If a
long storage period (longer than 5 months) is anticipated, the tubers must be stored at
temperatures of 4- 8 degrees celsius whereas, if such conditions are not available, the
tubers may be stored in diffused light conditions at ambient temperature in rustic store
until they start sprouting.

Introduction

Potatoes seed storage system is very crucial in the regards of production for the next
generation potatoes as well as economic aspects of the mid and high hills farmers as it
is the major crop of the farmers. The concept of cold storage for the storage of potatoes
seeds and others as well, is long, well researched and high efficient technology in the
sector of storage as it could maintain temperature, humidity, light and make favourable
environment for seed storage but the only problem with it is the economical conditions of
lower level Nepalese farmers. The major population of Nepalese farmers can’t afford the
cold storage system for the storage of the seeds as its initial cost as well as running cost is
quite high. In this scenario, the rustic store technology best suits the topography, climatic
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conditions and economical conditions for potatoes seed storage in Nepalese farm.

Rustic Storage is a type of potatoes seed storage structure which is made up of locally
available materials (woods, bamboos, stones etc). The main principle behind Rustic store
is to control unwanted sprout and utilization of diffused light to maintain the quality of
potatoes seed. The Light, Temperature, Air Circulation and Humidity are crucial, not only
for potatoes but all type of seed for storage. Typically elevation of 1800 m -2500 m are
best suited for construction of rustic store as temperature is relatively in feasible range,
low sunshine hours, high humidity and cool breezes of air makes mid and upper hills best
for the storage of potatoes naturally with certain modification in technology of old rustic
storage. According to the National Potato Development Program 2016, 160 numbers of
rustic store were made whose capacity was 1019 kg. Due to low construction cost and
lack of electricity, the rustic stores are best suited in mid and upper hills of Nepal for
potatoes storage.

The temperature in the store depends on initial temperature of the tubers at the time they
are placed in store and duration of storage. Before storage the tubers have to be cured at
ambient temperature. Air movement (ventilation) is necessary during storage to remove
the heat generated by the potatoes. Up to 80% of potato tuber content is water and this
need to be maintained to avoid loss of weight and vigor. Thus in order to achieve this,
maintain a 95 per cent relative humidity at all times. High humidity is also essential
for optimum wound healing and curing. Humidity can be maintained by flowing water
through the canal, wet jute bags etc.

Technical Consideration for Design of Rustic Store

The size and design of the rustic store might vary according to the materials available in
the locality. The key considerations are:

e Location should be selected such that optimum air circulation and shade can be
maintained with North Facing/Orientation of the store.

e  The roof should be long enough to cover the storage area, can protect from side
rain water and strong enough to withstand the natural calamities. Roof should
be made up of locally available material like thatch, hay etc., CGI sheet should
be avoided as far as possible as it increases inside temperature.

e The racks for potatoes storage should be made up of Bamboos or woods such
that proper air circulation can be maintained with minimum 9inch to 1ft rack
to rack vertical distance and 1-2 cm gap between planks, planks width should
be constraints to 5-6 cm. In each rack the nos of layers of potatoes should not
exceed 3 to 4. Racks should be made of 2 ft wide 6 inch depth and length as per
required.

e The canal can be made on the floor of store of different sizes and orientation
according to the humidity of ambient air and wet jute bags can be placed on the
walls to increase the relative humidity.It is recommended to maintain the RH
not less than 88%.
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e Direct light should not enter in the store. Light can be diffused with the help of
different types of shades like fiber glass.

e  Well ventilation system should be designed in order to proper natural air
circulation. Sufficient lower vent should be provided to intake cool air and
sufficient upper vent should be provided in order to serve as the outlet for the hot
air which have taken heat from the heat of respiration of potatoes. Ventillation
of minimum size 1x1 ft should be provided in sufficient nos at both upper and
lower sections with wire mesh net in order to block insects and pests.

e Inthearea having low natural air circulation and low humidity, forced circulation
system can be adopted to increase the rate of evaporation of water flowing in
canal to increase the relative humidity of storage.

e Efficient Thermohygrometer should be placed for continuous monitoring of
storage temperature and humidity.

Photographs

All the dimenssions are in meter unless stated
Tray size: 205cm X 80cm

Base of Tray: 3cm X 3cm ==

Plank size: 80cm X 6cm X 1.5cm mm

Gap: 2cm

Longitudeal %-section:of Teay ' Note: Not in scale

Fig.1: Typical Drawing of Storage Rack for Rustic Store
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Fig.3: Showing horizontal plank gap, vertical tray gap for air circulation &
fiber glass for diffused light system
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Fig.4: Discussion on rustic store technology between local Farmers & PMAMP Officials
Conclusions

In mid and high hills where temperature is low, flow of air is good rustic store can serve
as a good technology for storage of a year long potatoes seed without electricity. It can
be established and run by co-operatives and community groups. As it can be constructed
with locally available construction material and it doesn’t requires any type of electricity
or fuel for operation, it is best feasible technology for storage of potatoes seeds according
to topography and climatic condition of mid and high hills.
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Polyhouse Engineering: a Technology
Intervention in Protected Cropping

Aleena Rayamajhi
Agricultural Engineer
PMAMP-PIU, Morang

Introduction, Background, and Statement of Problem

Vegetable crop is one of the priority agricultural crops in Nepal. The Government of Nepal
has been emphasizing on the development of vegetable crops since the beginning of the
planned development project as it will help in poverty alleviation and improve family
nutrition by earning quick income from production.In Nepal, vegetables are cultivated in
an area of about 280,000 hectares.(“Precis. Prot. Hortic. Technol. Implement. Proced.,”
2075).

Protected structure refers to a naturally ventilated greenhouse with micro-irrigation
infrastructure, agricultural net house, and plastic tunnel of GI pipe or iron pipe. Vegetable
farming in a protected structure means the production and management of highly valued
vegetables using plastic mulching (imprint) in plastic tunnels of naturally ventilated
greenhouses. Some advantages of protected cultivation include:

= outbreaks appear to be exacerbated during this time

= protection from the effects of excessive sun, water, wind, cold, etc.

= reduce the use of chemical pesticides

" to increase crop productivity

= can be cultivated out of season
Some technical interventions in precision and protected horticulture in Nepal include
greenhouse monitoring systems, farm management systems, mobile applications, sensor-
based temperature and RH management, screen houses, glasshouses, tissue culture
technologies, and soilless farming.Since its first year of operation in 2016 AD, the
Prime Minister Agriculture Modernization Project (PMAMP) has built several protected
buildings in its zone and super zone areas. In their various command regions, seven
provincial administrations have been conducting precision and protected horticulture
programs, as well as commercial agricultural programs, from the year 2018 AD.(Atreya
et al., 2020)
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Present Status of Protected Cultivation in Morang and Recommendation

Morang, now a district of Province No. 1, was once a district of the Eastern Development
Region's Koshi zone. The district spans 1855 square kilometers (716 sq. mil).The annual
rainfall is around 2623mm, and the temperature ranges from 17 to 31 degrees Celsius.
Agriculture in Morang is hampered by late monsoons, a lack of adequate irrigation, a
manpower shortage, and deteriorating soil fertility.(Mandal et al., 2020). The Prime
Minister Modernization Project has three zones in Morang which are Rice Zone, Fish
Zone, and Vegetable Zone. Out of these, the Vegetable zone started in 2021. The Vegetable
Zone covers Jahada (ward number 3 and 4) and Katahari (ward number 2, 3, 4, and 6)
Rural Municipalities. Jahada RM and Katahari RM.

There is a need for protected cultivation to increase the yield. After a local survey with
the farmers of the Vegetable Zone, we came to realize the need of protected structures, but
at the same time, farmers lacked the idea about the technology. However, the protected
structures like semi-hi-tech polyhouse and net house are added in 2078/79 budget.

In this fiscal year, we targeted to build six semi-hi-tech polyhouses and five net houses.
But as mentioned earlier, the farmers did not show their interest in this technology as
they were not familiar with it. Therefore, we built a semi-hi-tech polyhouse in Jahada 4
as a demonstration project. It is an 8%12 m? structure with general facilities like foggers,
sprinkler irrigation system, insect net, shade net, etc. The target was to make a minimum
operational cost for farmers so we avoided exhaust fan and other energy consuming systems
and made it a top-vent structure. As a result, some of the farmers became interested and in
this fiscal year, we are building three more such polyhouses. The biggest one is 8¥20 m?
which has exhaust fan, environmental meter, drip irrigation, and many more. All of these
are under construction and by the end of May 2022, they will be under operation.

Following the guidelines, GI structure with UV stabilized polythene film, UV stabilized
thermal net, and insect net in the polyhouse are recommended. If the structure is not
naturally ventilated, the farmer is suggested to build a top-vent structure as the temperature
of Morang is comparatively high. The farmers are supposed to add micro-irrigation
system like drip or sprinkler, and plastic mulch as per the requirement of the location
and crop-type. Moreover, for vegetable seedlings and nursery, they are advised to use
secondary layers plastic tray. Below is a table for general and technical specifications of
a demonstration polyhouse built in Jahada 4-Morang.

Table 1 General and Technical Specification of Semi-hi-tech polyhouse
General Specification of Semi-Hi-tech Polyhouse
SN Name Description
1 Gable Length (8Mtr x 1No.of bays) 8 mtr

Gutter Length (4 Mtr x 3No. of

i) 12 mtr
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Size of Unit
Total number of Units 1
Civil Works

Supply and fixing of Naturally

top Ventilated Poly House with
galvanized iron ,200micron UV
poly-film ,50% Black Net,40mesh
inset net all Complete as per
Drawing and Specification (8*12m
Size); with 1000 Itr water tank, with
foggers and sprinkler system for
entire plot

96 sq. mtr.

96 sq. mtr.

Technical Specification of Semi-Hi-tech Polyhouse

Name
Structure type

Description
Naturally Ventilated Polyhouse

Length: Multiples of 8mx4m (Length is the
side along the gable or side along the truss

Size line). Width: Multiples of 4m (width is
the side along the gutter or side along the
purlin line).

Grid Size 8m x 4m
North to South (Direction of Gutter run)

Orientation is preferable. Or as per the local condition
depending on available land, wind
direction, land slope etc.

Side Height 3m

Center Height S5.m

Top or ridge ventilation

Top (roof vent): Top vent of 80 to 120cm
of vertical gap,

Columns 60 OD 2.0 mm thick Hot Dip G.I. Pipe
Arch 42 OD 2.0mm thick G.I pipe

Purlin 4(1)2D OzDOil?nmm thick G.I pipe Top Purlin 48
Bottom 48 OD 2.0mm thick G.I pipe

Support 32 OD 2.0mm thick G.I pipe

Entrance Single door.



GI locking profiles with PVC Coated wire

14 Poly Locks spring with smooth finish for single and
double poly fixing.

15 UV Plastic 200 microns

16 Insect Net 40 mesh/120GSM

16mm Inline drip lateral, class-2,
Discharge: 1 to 2 Iph, Emitter spacing 20-

17 Drip Irrigation System (Optional) 40cm, HDEP mains/sub-mains, control
valves, flush valves, proper sectioning
based on water availability.

.............................

Figure 2 Perspective View of Semi-Hi-Tech Polyhouse in Jahada 4

Conclusion

As the Vegetable Zone was established just a year ago, there are some challenges in
protected cultivation. The farmers need more demonstration projects to understand
and adopt the practices of protected agriculture that includes protected structures and
micro-irrigation systems. With the initiation of the PMAMP in the domain of protected
agriculture in the coming years, we firmly believe that the farmers will come forward
to adopt this technology. Our objective will be to provide farmers with technical and
financial support to practice modern farming.
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A technology for climate smart agriculture:
protected cultivation

Bijaya Acharya
Agriculture engineer
PMAMP-PIU, Kailali

A technology for climate smart agriculture: protected cultivation

Protected agriculture (PA) refers to the use of technology to modify the natural
environment (temperature, rainfall, humidity, wind, etc.) that surrounds a crop to harvest
higher yields, of better quality, during an extended season. Protected farming is a farming
system that allows permanent cover of crop residues on a soil surface, with minimal or
no soil contamination, and promotes crop diversification. Thus, this farming principle
promotes biodiversity and natural biological activities above and below the surface of
the soil, which contribute to increased water and nutrient use efficiency to sustain and
improve crop production.

tonEBe e~

Protected structure prevents the plants from damaged caused by strong winds, Heavyrains
and insects. There are various type of protective agriculture structure in which some of
most commonly used structu are categorized with cost inbelow:
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Classification of greenhouse based on suitability and cost
a) Low cost or low tech greenhouse

Low cost greenhouse is a simple structure constructed with locally available materials
such as bamboo, timber etc. The ultra violet (UV) film is used as cladding materials.
Unlike conventional or hi-tech greenhouses, no specific control device for regulating
environmental parameters inside the greenhouse are provided.

Design of greenhouse

Overall dimensions of low Cost greenhouse of Area 50 m?

 Length of greenhouse=10m , Width of greenhouse=5m , Distance between Side poles
=2.5m, Distance between centre poles =2.5m , Depth of foundation = 0.6 m , Height up to
gutter = 2.0 m , Height up to top = 3.5 m ,Top ventilation = 0.5 m , Side ventilation = 0.5
m , The length of line joining between left side pole to central pole =2.7 m , The length of
line joining between right side pole to central pole =2.91 m , Angle between line joining
towards central pole to left side pole = 220 ,Angle between line joining towards central
pole to right side pole=31(RAJENDER, n.d.)

Fig a Gulmeli krishi foarm Tansen Municipality-5 Chaun bari Palpa

The cost may vary depending upon the type of polyhouse and many others reason although
(5m*10m) center height 3m, gutter post height 2.5m Bamboo greenhouse cost have
21000 or above .
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b) Medium-tech greenhouse

Greenhouse users prefers to have manually or semi-automatic control arrangement owing
to minimum investment. This type of greenhouse is constructed using galvanized iron
(G.I) pipes or MS pipe. MS pipe is lower price than GI pipe so that in generally medium
tech greenhouse used MS pipe rather than GI pipe. The ideal height of naturally ventilated
small green house up to (250 Sq. m) should be in the range of 3.5 to 4.5 m and 5.5 m to
6.5 m in case of large size poly-houses (India, 2011).

1) Dimension of greenhouse 6m*20m,2”, 2mm thick MS circular pipe C-C height 3.5m,
gutter height 2.5m from ground, foundation depth 0.5m, 1.5”,2mm thick MS square
pipe for king post ,purlin, top chord, Diagonal, vertical bracing ,bottom chord ,roof
covering material-UV plastic greenhouse cost have 230000 or above

Fig.b.6m by 20 m green house in Tansen municipality 1 Kharipani

2) Semi permanent green house: This structure is best for hilly region and also cost
effective. Material used 2”” 2 mm thick MS pipe for post, §mm TMT rod for top chord
and Bottom chord 16 mm TMT
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To overcome some of the difficulties in medium-tech greenhouse, a hi-tech greenhouse
where the entire device, controlling the environment parameters, are supported to function
automatically. Two polyhouses have been erected to facilitate protected cultivation and
for acclimatization purpose. Temperature and humidity could be controlled up to certain
extent in these polyhouses. To record various parameters as humidity, temperature, soil
water tension, soil temperature, rate of photosynthesis, sensors will be put with proper
control systems. The polyhouse conditions could be controlled remotely from the lab.
Plants that are brought from Solan or other places or those that have to be relocated to
final destinations will be acclimatized in these polyhouses. Crops such as tomato, pepper,
broccoli and other off-season crops such as cucumbers could be cultivated in these
polyhouses. Plants developed through plant tissue culture could also be acclimatized in
the polyhouses.

Its cost is higher than bamboo and MS pipe constructed green house. Its initial cost is high
but it gives more profit in certain years.

Different Type of cladding materials are describe in the table below
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Tablel.Characteristicsofgreenhousecladding materialavailableintropicalregions.

Anti-drop UV- | Wide and of variable Expensive. Tequires Very good when
stabilized sizes,relatively mari)ntenan’ce a?n d Fair, kept
Polyethylene |inexpensive, UV- canpuncture and tear easil 2-3 years clean, 89% to
Film resistant P Y 91%
UV-stabilized zi\lzlgseraerllii(ilf;;/ar1able Requires maintenance and Fair Very good when
Polyethylene inex ’ensive [};V— can puncture 2.3 ’ cars kept
Film resisIt)ant ’ and tear easily y clean, >90%
Polyethylene |Inexpensive, wide |Requires maintenance and Poor Very good when
Film and of variable can puncture 1 ea;r kept
Non-Stabilized | Sizes. and tear easily Y clean, >90%
. Flammable, expensive, easily
Acrvlic aWﬂza}i;l;:;—;f:Slstant scratched, Very good, Very good,
Y resistant not applicable to tropical or |>5 years >90%
warm climates
Impact-resistant Easily scratched, reduced
q P . ’ light transmission .
exible, thin : . Good, Fair to good,
Polycarbonate . with ageing and expands/ 0 7
and relatively licabl 5 years 80% to 90%
inexpensive cont'racts, not app 1cable to
tropical or warm climates
For smaller greenhouses,
LTl f;peelrlsslzslénreduced light Very good
Fiberglass moderately ger scae, & 1y 8096, Fair, 80%
priced and easily cut {ransmission ) e
with ageing, collects dust
easily
Polyvinyl Allows UV through, | Not applicable to tropical or Fair Good when kept
Chloride (PVC) | heat warm cli- ’ clean,
and Ethylene- . ..
vinyl acetate | retention properties mates, slhent litzsipenn ifsr Hd <5 years 87% to 91%
A cladding

AdaptedfromVonZabeltitz andBaudoin(2005),VonZabeltitz(2011)andDeGannesetal.(2014).
Table 2. The importance of properties of cladding material for use in protected agriculture in arid,

subtropical, and tropical climates.

Property Arid climate Sub-tropical climate Tropical climate

Anti —Dust High High Low

Sczjltterlng of direct radiation No- Eih Medium Low

Drip

High Photo synthetically . . .

Activated Radiation i aEm IsiEn L85

Far —Infrared Radiation High High Low

Near Infrared Radiation. High 136 fm summer o7 0 High
winter

Adapted from Von Zabeltiz(2011).
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“Adaptation of Mechnization
Technology in Fish Farming”

Chhabi Dangi
Agricultural Engineer
PMAMP-PIU, Rupendehi

Background

Fish farming or pisciculture involves commercial production of fish, usually for food, in
fish tanks or artificial enclosures such as earthen ponds, concrete reservoir. Fish farming
is an ancient practice, dating back to about 2500 BC in China, when carp were raised
in ponds and in artificial lakes created by receding floodwaters. The motivations of fish
farming in that time were maximizing the food availability, reducing the energy needed
to search for, gather and transport the food; making food more predictable and less likely
to be influenced by factor like weather and predators; ensuring that the quality of the
resource remains acceptable over time. In context of Nepal, this practice was adapted in
traditional way for individual consumption not as commercial form. Nowadays, in Nepal,
fish production consumption is increasing dramatically because it is considered as healthy
food, low calories and cholesterol levels, but rich in protein.

Status of Nepal in fish Farming/Culture System

Generally, three types of fish farming systems are in practice; extensive, semi-intensive
and intensive. We are in between the phase of extensive and semi-intensive fish culture
system. Extensive fish culture- fish farming, economical and labor inputs are usually low.
Natural food production play’s vital role and the system’s productivity is relatively low.
Fertilizer is used to increase fertility and thus fish production. Semi-intensive fish culture
refers to moderate levels of efforts and production is increased by the use of fertilizer and/
or supplementary feeding. This means higher level of feed and labor cost but higher yield
of fish compensates the commercial farmers. Intensive culture system-it requires high
level of inputs as well as excessive care and stocking density is higher than others two
system. The fish are fed supplementary feed, while natural food production plays minor
role. In this system, difficult management problems can arise caused by high stocking
densities (increased susceptibility to diseases and dissolved oxygen shortage). The high
production costs force one to fetch a high market price in order to make the fish farm
economically feasible.
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Parameters Extep §1ve/ Semi-Intensive Intensive
Traditional
Pond Size 5 Hectares 1 hectare 0.2-0.4 hectares
Shape Any Rectangular Square
. . Mixed culture 50-100/m2
Stocking Density uncontrolled 8-15/m2 monoculture monoculture
Water exchange sometimes 5-10% per day 20-50% per day
Aeration Not needed 2 Hp 8-12 Hp
Production 500 kg/ha 3000-6000 kg/ha 15000 kg/ha
Feed used Natural feed Wit att{;lef(‘;)rmulated Pellet
Engineering Not needed Essential el .Of high
quality
Investment Very less high Very high

bry scs siops 1.5:1

)

Earlhen Pond E\evatlon

Fig: Implementing Engineering drawing in real field.

Fish Culture Enhancement through Mechanization

As above mentioned, both semi-intensive and intensive fish culture system requires
additional cares because of high stocking densities in the pond. Farmer faced problem
of massive death of fish during not only the season of winter but also in summer; both
high and low temperature are hazardous for fish production. To overcome this problem,
aeration of water is done by the application of mechanical device such as paddle wheel
aerator, fountain aerator, vertical aerator and many more.
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Principle of Aeration:

Aerating an aquaculture pond basically involves transferring gaseous oxygen from the
large reservoir in the atmosphere into the waters of the pond where DO concentrations
have dropped to critical levels. In general terms, the transfer rate of atmospheric oxygen
into a pond depends on the amount of turbulence in the water, the ratio of the surface area
of the pond to its volume, and how far the measured DO concentration deviates from the
concentration at saturation (i.e., when the relative amount of oxygen in the atmosphere
equals the DO concentration in water). The deviation between atmospheric oxygen and
DO is called either the saturation deficit or surplus, depending on whether the measured
DO concentration is below or above the saturation concentration. Saturation is influenced
by a number of water quality parameters, especially salinity and temperature. In addition,
oxygen is more easily dissolved in water at lower altitudes. For reference, in freshwater
under atmospheric pressure at 20°C, oxygen saturation is about 9.1 p/m. Oxygen moves
into or out of water by diffusion, and the rate of diffusion depends on the difference in
gas pressure between the liquid and gas phases. Oxygen moves faster from one phase to
another when this difference is at a maximum.

Types of Aerators:

1. Vertical pump

2. Pump sprayer

3. Propeller-aspirator pumps
4. Paddle wheels

5. Diffused air

In Nepal, Paddle wheels aerator is most commonly used device for providing aeration in
spite of its expensive price but this helps to reduce mortality rate of fish in the pond.
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Measured Aerator Efficiencies

Average SAE (Ibs. 02/

Aerator Type i) SAE Range (Ibs. O2/hp-hr.)
Vertical pump 2.3 1.1-3.0
Pump Sprayer 2.1 1.5-3.1
Propeller-aspirator pumps 2.6 2.1-3.0
Paddle Wheels 3.6 1.8-4.9
Diffused air 1.5 1.1-2.0

From above table, it is clear that paddle wheel aerator has highest efficiency rather than
other aeration system.

Fig: Two paddle wheel aerator
Why Paddle Wheel Aerator???

1. Increase the ponds’ oxygen levels and prevents oxygen depletion. Oxygen depletion

in a pond will cause massive mortality of all fish.

2. Increase productivity of ponds by 3 to 5 times over the normal production. You can
produce more in the same area of ponds with a paddle wheel aerator than without a

paddle wheel aerator.

3. Maintains an even uniform distribution of oxygen levels and temperature.
4. Mixes bottom nutrients and enable the microorganism (bacteria) to breakdown and

make them available for algae’s production.

5. Maintains water quality and enhances the growth of algae.

In conclusion, we have very limited area of land but the demand of protein-based food
(fish) is increasing day by day which can only be fulfilled, if we adapt technology in fish
culture system. As a technical person I strongly recommend fish producer to use suitable
technology for the improvement of fish productivity and better lifestyle of farmer.
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PR2 Profile Probe: An in-situ soil moisture
measurement technology

Dr. Jeet B. Chand
Senior Agricultural Engineer
PMAMP-PMU, Khumaltar

Background

Soil-water-plant relationship is a coordinated interaction which connects properties of soil
and plant that affect the movement, retention and use of water (Chand et al. 2021; Garg
2007). Soil provides the room for water to be used by a plant through the roots present
in the same medium. Water, as such and as a carrier of various nutrients, is required
for crop production. The rate of water entry into the soil and its retention, movement
and availability to plant roots are all physical phenomena (Arora 2002) that depend on
soil characteristics. Hence, it is important to understand and explore the influencing soil
characteristics such as physical properties of soil before hydraulic and water retention
characteristics are explored for efficient management of irrigation water.

Properties of soil

Mechanical composition of a soil refers to its solid phase composed of mineral fraction
(Arora 2002). It is a vital aid in managing the soil for plant growth purposes (Michael
2003). The mineral between 2 mm and 20 mmin diameter is called gravel, while the
material smaller than 2 mm in diameter is the fine earth (Garg 2007). Only the latter is
considered in the chemical and mechanical analysis of soils. The components of fine earth
are sand, silt and clay.

Soil texture and structure

The relative proportion by weight percentage of sand, silt and clay in a soil sample is
termed as soil texture (Rice 2002; Obayomi et al. 2019). Texture is designated by using
the names of predominant size fractions and the word ‘loam’ whenever all three major size
fractions occur in equal proportions. Sandy soils are classified as coarse-textured, loam
soils as medium-textured and clay soils as fine textured. Soils can have any combination of
sand, silt and clay, and the soil textural triangular diagram (Figure 3.1) is used to classify
the soil texture. There are 12 main textural classes. Soil texture has a strong influence
on water retention, drainage of soil water, air circulation and root growth (Schaetzl&
Anderson 2005; Alegbeleye et al. 2018).
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Figure 1: Soil textural triangular diagram (Schaetzl& Anderson 2005)

The arrangement of individual soil particles concerning each other into a pattern is called
soil structure (Scherer et al. 2017). Soil structure has a profound effect on porosity,
hydraulic conductivity, infiltration and water holding capacity, which are critical factors
for successful crop production (Leuther et al. 2019). Soil structure gets deteriorated due
to excessive tillage, compaction and over-irrigation (Hillel 2004; Scherer et al. 2017).
Controlled irrigation, application of optimum level of fertilizers and adoption of suitable
tillage practices at optimum SMC are scientific methods of soil structure management
(Patra et al. 2019).

Bulk density and porosity

Soil is a three-phase system comprising of the solid phase made of minerals, organic
matters and various chemical compounds. The liquid phase is called the soil moisture and
the gaseous phase called the soil air. Figure 2 shows a schematic diagram of typical soil
as a three-phase system.

s solid M,

Figure 2: Schematic diagram of soil as a three-phase system (adapted from Garg 2007)
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Note: M, = Mass of air (negligible); Mw = Mass of water; Ms = Mass of solid; Mt= Total
mass; V.= Volume of air; V= Volume of water; V_ = Volume of solid; V_ = Volume of
voids; V, = Total soil volume

Bulk density is an important soil physical property, considering its influence on the water
holding capacity of soil and its hydraulic conductivity. For example, when the bulk density
of clay or loamy subsoil exceeds 1.7 g/cm?, the hydraulic conductivity value becomes so
less that drainage might become difficult (Michael 2003). Bulk density (p,) is the ratio of
the dry weight of the solid particles to the volume they occupy (Garg 2007). Generally,
bulk density is expressed either in a wet or dry basis. Dry bulk density (p,) of soil is
defined as the ratio of the mass of dried particles to the total volume of soil, including
particles and pores (Schaetzl& Anderson 2005; Leuther et al. 2019). p is determined by
oven drying at 105°C for 24 hours, using a soil sample of known volume (Leeper & Uren
1993). The influencing factors for p, are soil texture, structure and compactness of the
soil. p, varies according to soil texture. For example, p of clay generally ranges from 1.0
to 1.6 g/cm? and for sand, 1.2 to 1.8 g/cm? (Nath 2015). Wet bulk density also called total
bulk density (p,) is the mass of moist soil per unit total volume.

Soil moisture constants

Soil moisture is always being subjected to pressure gradients and vapor pressure differences
that cause it to move. From the crop production point of view, specific moisture contents
such as saturation capacity (SC), field capacity (FC), permanent wilting point (PWP) and
ultimate wilting point (UWP) are of specific importance (Haghverdi et al. 2019). Figure
3.3 offers relative positions of these specific moisture contents using a conceptual soil
column (Arora 2002).

Saturation

Drainage water

FC
Readily available
water
MAD
Water available to
plants under stress
PWP
Water unavailable
to plants
UwpP

Figure 3: Status of water in the soil and their presence for crop production
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When all the pores of the soil are filled with water, the soil is saturated and is called SC.
FC is the SMC a few days after soil is saturated, and downward movement of gravitational
water has become very slow (Xu et al. 2019).1t is the amount of soil moisture or water
content held in the soil after excess water has drained away and the moisture content has
become relatively stable (Garg 2007). This situation usually exists one to three days after
the soil has been thoroughly wetted by rain or irrigation (Michael 2003; Xu et al. 2019).
At FC, the large soil pores are filled with air, the micro pores are filled with water and any
further drainage is very slow.PWP is the SMC at which plant can no longer obtain enough
moisture to satisfy CWR; and remain wilted unless water is added. The SMC at which the
wilting is complete, and the plants die is called UWP.

Soil moisture between FC and PWP is referred to as available water (AW). It is the moisture
available for plant use and is an input predictor of the crop yield (Wong & Asseng 2006).
The maximum soil water deficit or the quantity of water stored in the root-zone that is
easily available to the plant is known as the management allowable deficit (MAD).

Table 3.2 presents the range of AW holding capacities of different soil textural groups.
For irrigation system design, the total AW is calculated for a soil depth based on the root
system of a mature plant to be grown. Table 1 indicates that sandy soil has less FC, PWP
and AW compared to other soil types. Frequent irrigation should be needed in sandy soil
to meet CWR of plant.

Table 1: Water status and available water holding capacity in different soil textures (adapted
from Michael 2003)

Soil type FC (%, dry basis) PWP (%, dry basis) AW (cm/m soil)

Sandy 3-5 1-3 2-4

Sandy loam 5-17 3-8 4-11
Silt loam 12-19 6-10 6-13
Clay loam 15-30 7-16 10-18
Clay 25-40 12-20 16-30

Soil Moisture Content Measurement

The estimation of SMC is essential for efficient irrigation management and it should be done on
a regular basis throughout the crop growing season (Scherer et al. 2017). SMC measurement is
important for proper scheduling of irrigation and estimation of the volume of water to apply in each
irrigation event. There are many experimental situations where precise measurement and control
of soil moisture is necessary if the results of investigations on soil-plant-water relationships are to
be interpreted properly (Wei et al. 2019). The principal methods of expressing soil moisture are

9% ajﬁ gfefer (Agricultural Technology), R09%



a) by the amount of water in each mass of soil, and b) the stress or tension under which the soil
holds the water. Soil moisture measurement should be made in that part of the soil from which
plant roots extracts most of their moisture according to the moisture extraction pattern shown in
Figure 3.

(d/4) 40%
(d/4) 30%
Effective root
zone depth (d) | (4/4) 20%
(d/4) 10%%

Figure 3: Average moisture-extraction pattern of plants

The moisture extraction pattern shows the percentage of moisture extracted from crop root
-zone. As shown in Figure 3 which represents a typical water uptake pattern, 40% of the required
moisture for the plant is extracted from the first quarter of the root-zone while 30% from the
second quarter, 20% from the third quarter and only 10% from the last quarter. However, for
frequent drip or sprinkler irrigation, the water uptake fractions are skewed towards greater uptake
from the upper root-zone, or a 60-30-7-3% uptake pattern happens (Ayers &Westcot 1994). This
indicates the need for making soil moisture measurements at different depths (at least two) within
the root-zone to have a fair estimate of soil moisture status (Michael 2003). About 70- 90% of
water used by a crop comes from the upper half of the root-zone. Hence, the first half of the root-
zone is termed as the effective root depth.

Instead of routine fixed time irrigation strategy, monitoring soil water status by using
soil moisture sensor and adjusting irrigation accordingly helps to manage irrigation
water. Zotarelli et al. (2009) confirmed that irrigation water requirement can be reduced
by 51% through surface drip irrigation and by 7-29% through sub-surface drip if the
above procedure is adopted. They also found an increment of 20% tomato yield by using
soil moisture sensor technique in irrigation management. This shows the importance
of irrigation application based on actual CWR through real-time moisture data which
not only saves water without undesired stress but also contributes to reducing fertilizer
leaching in the soil profile. Soil moisture sensors for measuring water status within the
root-zone are a dynamic and most productive moisture measurement tools from both
technical and commercial reasons (Montesano et al. 2015). Souliset al. (2015) found that
advancement of soil moisture sensor has significantly contributed to automated irrigation
scheduling, however, the positioning and accuracy of the sensor play vital role on the
efficiency of an irrigation system.
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Feel by hand or “the feel method” has been the more traditional way although requires
experience while many other instrumental type techniques are currently available to
measure SMC. There are different in-situ soil moisture measurement techniques including
time domain reflectometry (TDR) includingPR2 Profile Probe; capacitance probes
and frequency domain reflectometry (FDR) including Diviner 2000 and EnviroScan,
amplitude domain reflectometry (ADR)such as Theta Probe, tensiometers and resistance
blocks. Some studies (Kirda et al. 2004; Yang et al. 2011) showed that neutron moisture
meter is the most reliable equipment for soil moisture monitoring. However, the neutron
moisture meter is very costly equipment. The sensing volume of the ThetaProbe is small
compared to other methods and best suited only to long-term installation for ongoing
moisture monitoring at a single point, rather than inserting and withdrawing at multiple
locations for one-off measurements (Lukanu& Savage 2006). PR2/4 Profile Probe,
Diviner 2000 and EnviroScan require installation of access tubes to position the sensor
head, and SMC measurements can be taken at 10-cm intervals. However, the EnviroScan
needs to be installed in a fixed position throughout the data collection period whereas
Diviner 2000 and PR2/4 Profile Probe can be used to measure SMC at many locations as
required within a short period (Sentek Pty Ltd 2003). Soil specific calibration is generally
recommended for using these sensors for best accuracy (Munoz-Carpena et al. 2004).

SMC measurement methods have their own merits and demerits. The Ministry of
Agriculture, Food & Rural Affairs, Government of Canada (2017) has compared these
methods which are summarized in Table 2.

Table 2: Comparison of soil moisture monitoring methods

Feel method XXX X All Very portable Cheapest
All Usually not moved
Tensiometer XX XX excluding once installed for the Expensive
clays season
Electrical All Usually not moved
Resistance XXX XX excluding once installed for the Cheaper
Block clays season
PR2/4 Profile
Probe, Diviner XXX XXX All Very portable Cheaper
2000

Note :( Legend: xxx Best; xx Good; x Least)

Table 2 indicates that although each method has relative merits and demerits, the soil
moisture sensor which gives most accurate results, economic and easy to handle should
be used. In-situ SMC measuring instruments like TDR, FDR and ADR are helpful,
particularly for continuous soil-water monitoring and research into irrigation and crop
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performance because plants could be significantly disturbed by the continual removal
of soil samples otherwise (Robinson et al. 2003; Gadani & Vyas 2008). These in-situ
techniques including PR2/4 Profile Probe also saves considerable amount of time, labor
and laboratorial works compared to gravimetric method. Relative cost of TDR, FDR and
ADR is cheaper, and they are easily portable, most widely used in-situ methods of SMC
measurement (Topp et al. 1980; Gaskin & Miller 1996; Jones et al. 2002; Xu et al. 2012).

Having explored soil physical characteristics, soil moisture constants and soil moisture
monitoring techniques, the next important subject of soil-water-plant relationship in
agricultural production is to explore aspects related to water sources. In the next section,
our focus therefore is to discuss about irrigation sources and water quality guidelines for
sustainable production.

PR2/4 Profile Probe

The PR2/4 Profile Probe measures soil moisture at different depths within the soil profile
on volumetric basis. SMC is measured before each irrigation event. For this, access tubes
have to be installed in the effective root-zone area of plant.

The PR2/4 Profile Probe consists of a sealed polycarbonate rod (25 mm diameter) with
electric sensors (seen as pairs of stainless-steel rings) arranged at fixed intervals along its
length. When taking a reading, one end of the probe is inserted into an access tube and
another end with HH2 moisture meter. The access tube is a specially constructed thin
walled (1 mm) tube, which maximize the penetration
of the electromagnetic field into the surrounding
soil. PR2/4 sensors are at 10, 20, 30 and 40 cm and
each sensor has a pair of rings 10 cm apart vertically.
Sensors are highly sensitive to soil moisture but
unaffected by temperature and conductivity. HH2
moisture meter read, and stored measurements taken
with PR2/4 Profile Probe. The moisture meter applied
power to the sensor, received readings as serial data,
processed these, calculated volumetric SMC and
displayed in the monitor. The PR2/4 Profile Probe
with HH2 moisture meter and access tube is shown
in Figure 4.

Figure 4:PR2/4 Profile Probe with access tube & HH?2 reader
In the field, the access tubes are inserted up to 40 cm from the topsoil bed level to measure
the SMC within the effective root-zone of the plant. The tubes are generally fixed at 11

cm from the centre of each plant to ensure accuracy of data measurement in accordance
with Soulis et al. (2015).
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