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Optimization of shading levels and fertilizer application on commercial
production of vegetable fern (Diplazium esculentum)
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ABSTRACT: This aimed to assess the effect of shading and fertilization on safe vegetable fern production on a
commercial basis. The experiment was carried out in a split-plot in a split-plot in randomized complete block design
(RCBD) with 4 replications. There were 3 main plots of shading; 1) no shading, 2) 50% shading and 3) 80% shading,
and 5 subplots of fertilization; 1) no fertilizer application (control), 2) chemical fertilizer (15-15-155¢ g/ + 46-0-055
xrat) At the rate of 52.5 kg/rai, 3) cow manure at the rate of 700 kg/rai, 4) cow manure at the rate of 1,400 kg/rai and
5) cow manure at the rate of 2,100 kg/rai. The results showed that the soil before and after treatments were very
strongly acidic (pH 4.60-4.97). In addition, the decrease of soil organic matter was lower under the higher shading
level than that under non-shading, whereas the available phosphorus and potassium increased with the rise of cow
manure application. For the vegetable fern yield, it was found that the 50% shading combined with the application
of cow manure at the rate of 1,400 kg/rai produced the highest amount throughout the 3 harvesting months (3-6
months after planting), which were 125.45, 177.10 and 152.43 kg/rai or average in approximately 152 kg/rai/month.
Even considering the selling price throughout the year at 50 THB/kg, the investment can be returned within 1.5 years
after planting, which it could be able to pay back 8.1 years faster than without shading and fertilization applications.
Keywords: acidic soil; cow manure; shading; edible fern; economic return
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Table 1 Background plant nutrient contents in various fertilizers applied at each different shading condition

Proportion of primary elements in

Application
Fertilizer treatment PP fertilizer applied for each treatment

rates (kg/rai)

N (kg/rai) P (kg/rai) K (kg/rai)

Control 0 0 0 0
Chemical fertilizer 52.50 kg/rai 52.50 14.85 1.97 3.75
(15-15-155 yg/rai + 46-0-02 5 yg/ra)

Cow manure 700 kg/rai 700 14.85 6.16 24.78
Cow manure 1,400 kg/rai 1,400 29.70 12.32 49.56
Cow manure 2,100 keg/rai 2,100 44.55 18.48 74.34
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Figurel Shading preparation for vegetable fern plantation with different shading treatments
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125.45, 177.10 way 152.43 Alansusials audiu Fdlunmsiiuifensiown 3 Usinawandavesingaludmeassiana il
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WU NININNERTISEAU 50 Wesidud Saudunistddeyaladnsn 1,400 Alansusels vhlidngafivsunawandauinndinisly

wirsuaagliladedia 8-16 win (Table 3)

Table 2 Number and fresh weight of vegetable fern fronds grown under the different treatments of shading and

fertilizer application at each harvesting month after planting

Frond number Fronds fresh weight (g/frond)
First month Second Third month First month Second Third month
shading Fertilizer (90-120 month (150-180 (90-120 month (150-180
day after (120-150 day after day after (120-150 day after
planting) day after planting) planting) day after planting)
planting) planting)
Control 0.49e" 0.32h 0.49 1.84e 2.36¢hi 2.73fg
CF 52.50 kg/rai 1.31bc 0.85d 1.05 4.00bcd 3.75cde 3.81cde
0% CM 700 kg/rai 0.98d 0.58efg 091 3.25d 2.88fgh 3.30ef
CM 1,400 keg/rai 1.06cd 0.78de 1.62 3.43cd 3.00efg 3.56de
CM 2,100 kg/rai 1.08cd 0.92d 1.47 4.06bcd 3.26def 4.56bc
Control 1.11cd 1.15¢c 1.39 3.51cd 3.74cde 4.15cd
CF 52.50 kg/rai 1.39ab 1.55b 1.42 4.47abc 4.42bc 4.5Tbc
50% CM 700 kg/rai 1.58ab 1.51b 0.97 3.46cd 3.95cd 4.47bc
CM 1,400 keg/rai 1.64a 1.98a 1.91 5.31a 6.10a 5.45a
CM 2,100 kg/rai 1.52ab 1.67b 1.94 4.97ab 4.82b 5.18ab
Control 0.14f 0.52gh 1.67 1.21e 1.95ij 2.31g
CF 52.50 kg/rai 0.14f 0.54fg 1.93 1.37e 1.54j 1.93¢
80% CM 700 kg/rai 0.12f 0.49gh 1.84 1.27e 2.21hij 2.63fg
CM 1,400 kg/rai 0.17f 0.55fg 2.25 2.06e 2.10jj 2.49fg
CM 2,100 kg/rai 0.14f 0.74def 2.24 1.74e 2.15hij 2.39¢
F-test shading x fertilizer ** ** ns ** ** **
0% 0.98b 0.69b 1.11 3.32b 3.05b 3.59b
Mean for shading 50% 1.45a 1.57a 1.53 4.34a 4.61a 4.76a
80% 0.14c 0.57b 1.98 1.53c 1.99c 2.35¢
F-test for shading ** ** ns x> x* **
Control 0.58b 0.66d 1.19¢ 2.18c 2.69¢ 3.06c
CF 52.50 kg/rai 0.95a 0.98b 1.47b 3.28a 3.23b 3.43bc
Mean for fertilizer CM 700 kg/rai 0.8%a 0.86¢ 1.24c 2.66b 3.01bc 3.47bc
CM 1,400 kg/rai 0.96a 1.10a 1.93a 3.60a 3.74a 3.83ab
CM 2,100 kg/rai 0.92a 1.10a 1.88a 3.59a 3.41ab 4.0d4a
F-test fertilizer ** ** ** ** ** **
Mean 0.86 0.94 1.54 3.06 3.21 357
CV. (%) 16.45 14.22 16.04 16.68 15.67 14.91

** Significance at the 0.01% levels of probability

Y Mean followed by the same letters are not significantly different at p<0.05 by Duncan’s multiple range test
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Table 3 Vegetable fern yield (kg/rai) grown under the different treatments of shading and fertilizer application at

each harvesting month after planting

Yield (kg/rai)

Shading Fertilizer First month Second month Third month
(90-120 (120-150 (150-180
day after planting) day after planting) day after planting)
Control 12.75f 11.00¢ 19.13h
CF 52.50 kg/rai 72.20d 44.27e 59.03d-g
0% CM 700 kg/rai 44.60e 22.25fg 40.70gh
CM 1,400 ke/rai 49.68e 33.78ef 82.73bcd
CM 2,100 kg/rai 77.20d 41.10e 84.38bcd
Control 54.78e 66.13d 88.05bc
CF 52.50 kg/rai 90.53¢ 99.68c 104.65b
50% CM 700 kg/rai 74.58d 90.00c 68.60c-f
CM 1,400 kg/rai 125.45a 177.10a 152.43a
CM 2,100 kg/rai 107.53b 121.30b 146.28a
Control 2.75f 14.25g 51.63efg
CF 52.50 kg/rai 2.75F 11.50¢ 46.18fg
80% CM 700 kg/rai 2.03f 14.25¢ 62.08c-¢g
CM 1,400 kg/rai 4.68f 15.80¢g 73.78cde
CM 2,100 ke/rai 3.50f 21.93fg 75.60cde
F-test shading x fertilizer ** ** **
0% 51.29b 30.48b 57.19b
Mean for shading 50% 90.57a 110.84a 112.00a
80% 3.14c 15.55¢ 61.85b
F-test for shading ** ** **
Control 23.43d 30.46e 52.93c
CF 52.50 kg/rai 55.15b 51.82c 69.95b
Mean for fertilizer CM 700 kg/rai 40.40c 42.17d 54.13bc
CM 1,400 kg/rai 59.93ab 75.56a 102.98a
CM 2,100 ke/rai 62.74a 61.44b 102.08a
F-test fertilizer ** ** **
Mean 48.33 52.29 77.01
CV. (%) 16.75 19.47 22.29

** Significance at the 0.01% levels of probability

Y Mean followed by the same letters are not significantly different at p<0.05 by Duncan’s multiple range test

2. guiAneaivasiu

Auusnawlamaassdanmdunsadauin (pH 4.63) TUunadunieTngluszauliunans (1.67 wWesidus) dw
U3maisrgeinandn wudh Slulasiauiomn (0.09 wWesidud) Tnunadeniidudsslovd (52 fadnfudenlanu) uay
woavesamiUuusslov (19.00 fiadn3udedlansy) eglusedusimnn Uiunats uazgemudidu @inineimansiiiens

Wawfiay, 2547) WelaszaudAiniaaiivesiundalgndngaiduian 180 Ju wudn anudunsa-ang (pH) vesAunas
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Ugnmnamaassiaindidssiuiuneulgn Tnedideglurag 4.60-4.97 Feflanudunsadesnn daamsthlaih wud fiu
vdagningedilésunsnsauas 80 Wedidud sruulddeyaladng 1,400 Alanfusiels Tanshlnlihgsiian Ae 8.26 ia
FHusiowms Felalumnsnafuiundsugningaiinsauas 80 Wosidud saufulddeyaladng 2,100 Alansusiels (8.08 1%
Fruusiowns) wazn1shinswassiudunisladeyalagnsi 1,400 Alansusiols (7.58 waTuusaiuns) kagdnsn 2,100
Alansusiels (7.39 ndTwusiolns) wagmnTeuiisuluudazsedunisnsisuas wuin msladeyndmaaewilimunds
Ugnilrnsilifihgsnimslalateegadidod iy dmiutinudunieingnuin ynameaesdiviinuduieinganauile
Wisuiiuiuiiudeuuan Tnsmnfiansanitazdadenuin msnsisuasiisedu 80 wWesidud viliAundswanivium
dunivinganastiosdign Ao 1.33 Wedldusd WoiUSsuiisuiunislangaueas (0.89 Wefldud) uaznn swsrauasiiszdy 50
Wadidud (1.07 wWaesidud) uaznui1 mslddenndmaassillivsmnadunisingiaunnniinislilals Tneviliaund
UgniiunaBunisingeglurag 1.09-1.25 Wesidud dedsasegluseiuamiunans dmuuiinusigemsnd nuesiivlufu
waaUan nud Yunalulasiuinanisveassaenndesiuliinadunioing nanifie n1snsiauas 80 wWesidus duusliy
vilvRuvdsgniiusinailulasiausmvdesglufivinnniinishinsauamionisnsauasiissdiv 50 wWesidud uva 7
Uimnaleave¥ai Juusslovilufundsignnduiidianamiussfunisnsauasiindu lnswudn nnsnsiauasit 80
Wedidud shliAundagningafivameanssaiiduusslovivosdian e 9.73 fadnsusedlansu uazdmsuuiua
Tnuvadeuidulssloviiuiiinnsnnauadsifinademsiasuuvamesuinalnunadenidulsslondlufundsugn Tng
finnogluts 86.13-89.67 fladn3usedlaniu winuin mslateynuiauazsnsviliaundagnivmnalnumadouiidy

1+

UsgloviiavudlowSoudisuiunslilads Tnensladeyaladng 2,100 Alansusiels viliRundsgnivsunalnuwnades

9 Y

fifuustlovigefian Ao 109.67 Sednsusoilaniu egslsfimumnfiansaniidninavowisntmmsuauaznislaose
UsnauleaneSauasinunadouiidudstlevilufundaign wuin msnsisuasiisziu 50 wWedldud smfunisladeyala
8051 2,100 Alanfusiels YinlviRundsUgniiusunamleaneadiuusslovimdomniiaade 18.33 fadnsusedlandy Tuvas
finslinsrauassantunisladeyaladng 2,100 Alansusisls lvdusinalnumadeniduusslonivdounigade
119.33 fladinsusiefilansu (Table 4)
3. AUNULATHANIUUNUNNNATEFRD

mﬂmiﬁﬂmﬁw@uﬁy’ﬁawmmLLi&ﬁwuLLazﬁﬁa@V'?a%ﬂaﬁ’uﬁ‘: szuuih Uy uazn1sns1auas wuln yndawaaesd
AuvunsHARngeegluYae 79,972 - 123,412 vnsals Tngludruveansasmuadausn Aviousg (avemisas 3.50
v) Berdudunundniidemesudnags Feituil 113 aunsaugnldvssanm 17,600 fu uasnudrdaldineegd 62,222
v vioAndulszann 78 Wesifud vesiunuitamuedlifinswsauamieldades uenanidmniiarsaniiduyuvesnis
dnnslusesvesmsnanauasuagnstideiiumnsnaiu Jasfidupludemwesdedliiusuingrazunnsiultunin us
wud madansifeatunswssashlifunuiiuis 42-08 WeRdud WenSsuifisusswinamslinmauauasnisneis
wasfiszdy 50 u13e 80 wWoediud mudy Hetlannamnasessduldd msdaninieatumemsauaasnislied
uanAsfudsraroUsinanandmedsroiouogwinaundifio mnldinsdanistaimamssuasagmslive dnnaas
annsalyinandniiond 14 Alanfusioldreifou uddifiunsdanmaiferdummmaaasnsTidefivmnzay wu ms
WINUATITENU 50 Wosldus sadunisladeyaladng 1,400 Alansusiols ﬁﬂﬁﬁﬂgmﬁmamamLa?i'wialﬁamﬁu%mﬂu 152
Alansusiolireifion Fnfiansaniisaenandnaisnaentitiineluiomarnegiisailaniuas 50 v1n agvilild
iﬂﬂiﬁﬁ]&jﬁ 7,583 unsiaLeu ﬂUéfﬂLL@Mﬁﬂﬂ’]iUQﬂﬁﬂQﬂiULLé”J 90 Yu nioUsEann 3 Weu LavdlofuinsyesnaIvesnis

Auyuagldinaiuszana 18 Weou vieda3e FaduIeudisudunislidanisla 4 nansnsrswasaznislads wudn dedld

szeznaTunsAuuedi 9.6 U egelsinu annanisveas@liiiuin mndanislussuunisugnlaivnga wu nsiiiy
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sgaunsawanu 80 wWesidud Fuidneglddaniiviedeyalaludnlanau uenanasilidunulunisudaiugund,

o

AngadailuTununandmipyaiuwagyilvisseziailunisaunuuiiu (Ussanu 6-10 U) (Table 5)

Table 4 Selected soil properties both of before and after experiments

EC Organic Total N Available P Available K
Shading Fertilizer pHY
(dS/m)¥ matter (%)% (%)Y (mg/kg)™ (mg/kg)®

Before experiment 4.63 0.04 1.67 0.09 19.00 52.00
After experiment (180 days after planting)

Control 4.73c-7 1.46fg 0.87efg 0.043de 11.00d 77.00k

CF 52.50 kg/rai 4.97a 3.22de 0.68fg 0.033e 11.67d 94.67f
0% CM 700 kg/rai 4.60f 4.69¢ 0.83efg 0.043de 14.00bc 66.00Nn

CM 1,400 ke/rai 4.87a-d 7.58ab 1.09de 0.057bcd 8.00ef 91.33¢

CM 2,100 ke/rai 4.93ab 7.39ab 0.96def 0.050cd 14.67b 119.33a

Control 4.90abc 0.74¢g 0.65¢ 0.033e 12.33cd 75.00L

CF 52.50 kg/rai 4.87a-d 3.93cd 1.06de 0.057bcd 6.00f 70.33m
50% CM 700 kg/rai 4.73c-f 3.99cd 1.21bcd 0.060bc 8.00ef 77.33j

CM 1,400 ke/rai 4.70def 4.25cd 1.41abc 0.070ab 10.67d 95.67e

CM 2,100 ke/rai 4.83a-e 3.45cd 1.01de 0.053cd 18.33a 112.33b

Control 4.77b-f 1.70fg 1.51ab 0.077a 8.33e 63.670

CF 52.50 kg/rai a.67ef 2.07ef 1.54a 0.077a 11.33d 78.33i
80% CM 700 kg/rai 4.83a-e 6.85b 1.23abc 0.060bc 6.67ef 87.33h

CM 1,400 ke/rai 4.77b-f 8.26a 1.24a-d 0.063abc 11.33d 97.33d

CM 2,100 ke/rai 4.63f 8.08ab 1.14cde 0.053cd 11.00d 106.00c
F-test for shading x fertilizer ** x> x> x> ** **

0% 4.82a 4.87a 0.89c 0.045c 11.87a 89.67
Mean for

50% 4.81a 3.27b 1.07b 0.055b 11.07a 86.13
shading

80% 4.73b 5.3%a 1.33a 0.066a 9.73b 86.53
F-test for shading * x> * x> ** ns

Control 4.80 1.30d 1.01b 0.051b 10.56b 71.89d

CF 52.50 kg/rai 4.83 3.07c 1.09ab 0.056b 9.67b 81.11c
Mean for

CM 700 kg/rai 4.72 5.18b 1.09ab 0.054b 9.56b 76.89cd
fertilizer

CM 1,400 kg/rai 478 6.70a 1.25a 0.063a 10.00b 97.67b

CM 2,100 ke/rai 4.80 6.31a 1.10ab 0.052b 14.67a 109.67a
F-test for fertilizer ns *x *x * ** **
Mean a.79 4.51 1.10 0.055 10.89 87.44
CV. (%) 1.94 16.28 14.92 13.74 10.60 6.45

Y pH (soil:water =1:1), % EC (soil:water =1:5), ¥ Organic matter (Walkley and Black method), % N (extracted by H,SO,, Kjeldahl
P

method), ¥ P (extracted by Bray Il) ¢ K (extracted by NH;OAc pH 7.0)

" Mean followed by the same letters are not significantly different at p<0.05 by Duncan’s multiple range test

ns= Not significant, *, ** Significance at the 0.05% and 0.01% levels of probability
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39150l

¥ v oy
N a o '

funvhnsmeaesdmsunisugningaluaddensail wud fufiaaulunsndaunn (pH 4.60-4.97) Fawunn33de

Aountnfsenuin inpanseivnsenaiisuiuldaiunsansyiulalalufunsandan pH eglugig 5.0-5.5 (Raine, 2021)

<

v '

vioAuieadadafian pH ity 4.5 @euigeaulat, 2563) Wudu egslsfimuduiindannd fundagnluemiadeds
USinudundsingaandoaginndumussiumanauasegaildedfey vadnsnaauasenainistisanyiinanuiey
Mnuasefingfinnnsenuiuuds Sstheannsszveresaruiulufudsdmaligamailufudaliganndesudoud
Autnailinnuamiensauadduseduiinni wazanmsanamesumgiiluiwhliianssunsihauvesgiuniduas
nszvumamatuedifietulufuanasisdmalimstesaaeresdunisTagistulddas shlviinasunistagfivaely
fudleldsunsmsuadidnnaidlenSouisufuliinaduiengluauildlssumswsuassensauaduseduin
n41 (Dodd et al,, 2005; Onwuka and Mang, 2018) 8nvisn1snsnauassssasannsgaydeduniotnganelufuananin
AT SeunFeuiaudaiiefuduiatuuauanlagnss (Ofori-Frimpong et al., 2010) uazillofinnsaniidvsnavenisnga
wasseUSInusImesvaniimdelufiundsnisugn fusinlinuuwnlduiidaauvesdninavesnisnsrauassiondnudy
UselovivesoanlasanarnunadouiindeluiundsugnislowSouiiiou ssninsmsnssuasaylinsiauas usinudt a3
wuAsTiintu (nsuasiisedy 80 wWedidiu) dwmalviusialulasouslufundsgnasviesnmiinslinsauawide
nsnauaslusedufisng wsrauasdisedu 50 Wedldud) Fnhazdumaramanvansuszms sndegiatu 1) msgeld
TulnsiauvesiivdiAranasannisiasgivlafianasmeldssdunsne wadiunniuly vlglulaseulufueandenniu
(Whitehead and Isaac, 2012) uaz 2) magaydeduvisingluiuiasndvswamanauaifisdu Sdunietngieidy
wasdAguessmemsitlnanmglulasiau (ssews wazany, 2554) Wusu wasdmsuladenislddenuin nmsladeyala
fifutudmalifundsgnivsinamoarodauasinunaiBeniidulssloviifndu faaenndoatutiunmomoaotauas
Tnunadouildadulufulumiafod seiluamndurtudinslddeyalauonanaglivimumnewnandniiiulsslovd
sefivuds oyaladigaulufmesinemssesuazqasiniinesq Januassesnunliiiviluldluniseiydvlnldsely
(89gn5 wagAUE, 2554)

dmumasgivlavesinga wudn Msnseasisedy 50 wWedidud shldingefinsaiadulndsdudle
Wisuileufumshinsuas uimnnssuaafindudy 80 Wosidus ndunuiningadinsisydulafianacuazwuindingg
Wwigiulaitosninnislinseuas vedifnanswiaorfivu fnTrg (Moniruzzaman et al, 2009) uazluthun (Usveed
WaTANY, 2558) mﬁmaaamﬂé’aaﬁ’umﬁ%’duﬁﬂgm%wudw nINTaLad 50 Wesius deusysunisnsneuasfiinga
sonsiasaiulauaznslinanan Snveainn1sseauwes Shim et al. (2011) Fmuth mswsuadlugag 30-60 wWedidus
Husssumsnnuaiivnzadailnisdlindalu 3 via loun Dryopteris nipponensis Koids., Cyrtomium falcatum
(L.F.) Presl. wag Onychium japonicum (Thunb.) Kunze :ﬁmiLﬁﬁglﬁd@ﬁﬁﬂ’hmﬂzjwmqmeﬁamiWiNLLaqﬁisﬁuqﬁu
SnamnuantaAutoyadiuanmuandenvesnisugningalusAdeidmui nswsauasd 50 wWedidus vligumgily
Uinagniimanasuszana 2 ssmwadea WenSsuifisuiunslinsisuas aeandesiunssenvlufivedndu Wy win
Ay (7303 uaganuy, 2558) Oudu B Gardner et al. (1985) WimmaiinswsauasivenyauuenINazTIBARHANTENY
vosmslisuanudunasiinniiuly Sseliguuniivinuivgnimanasdadududdniivisdaaiunisaiiuaznsg

uvesgesiuusandulazivivasaduliiivsednsamunniu viliisdvsunanandansedmidndiamuduluign

N91989TlsN89°UIN NISNINLEIEILITAVBNLNITNTEANVoIasF U UL AU LT slldute TunsimunUsEansaannis

'
| =

Fuaziuasazdwmaliiinisasydulaiinadu (Shaban et al,, 2016) wazuinarsandnswavesnslatanuanm1eiu

sonmandadnna Audidufinsuiuid Jeedidudefivanddessmemslaiiiniieduniddailbiivlisuuasgaldsnn

gmsandednaniaunninieiiluiinduiukassesrusvegadaiuiiedansy waedwaliiglasaniziivinlud
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Usnamandainnniudleieuiieutumsladedunigviotenentissiululnaauiviniu Fuwildudendndannsany
IoluamAdeduiisdnvatesda 1wy Annievie (@3Usenn wazn1agune (2558) wavusenlad (ASugana wazane, 2560) 1u
du pgdlsfimuainuanamaaestimiiuin mnlddeyalafiuihisanmsvanudesdininieind uimnldluumaiigedu
gouhliftuilondlssusigemamdniiaududugel uauisss fuiine wnesoniaiasydulauasnsliuandn adain
MsTenuTNAeTsiUsnas e nsludeyalaveiiudsudeanladouariau wuit Slulnsusmegludas
1.3-2.0 Wosidus woanesasmeglutag 0.4-0.9 wWosidus uasTnuvadeusmegluras 15-2.1 Weddud uenaniluai
Jusswaleyaladausznaulumesnemsseuazqasndnuinune 1wy uwpaidey (0.6-1.8 wWesidud) uunildew (0.2-0.8
wWasidud) mugdu (0.05-0.5 Wesidud) man (1,515-5,000 fadnsuseilansy) uueniila (40-235 dadnfuseflaniu)

Fined (8-165 fadnsusanlansy) nasuas (2-30 fadnsusdanlansy) wazlusou (14-21 fadnsusanlansy) wWudu (F1n3dy

W UadunsHann1anIsinems, 2548; Brady and Weil, 2002; Schick et al., 2013) 8nvivann1TilAT I RauUANIgLATives

Joyalanldlunisveaes Sanudn ddnsdiuseninansvewsolulasiau (C N ratio) windu 14.11 Fsdisladninnuaunse

]

lun1suanvasesigernsiiulselevisefivagissioiios waznuinfialndifesiunsmenunsunthdmuadinseives

o W awv W
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d

Mmneanusddeaenegyala dalndidswmietesnit 13:1 avansavandaessalulasiausenunlvidglugiam
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o A o
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° o
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§
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152 Alansusolsroiou %ﬂﬁﬁiﬂﬂéﬁENﬁ’uu%mmmamémmaﬁﬂqmﬁﬂqﬂiuﬁuﬁauLﬂgmﬁm @leanudunsa-sasnii 4.5)
yosguidnumeimunfinanssdudlonnainnsyswds (2561) fiinanandndiiufeldfutifoud 7-12 ndmsugn
fidaduogil 150 Alanfuselsreiiou uazainns@nwivesiidu uazame (2559) IRBatunsUgningaseianuani
wanssfumeldanmlsnFounsuasiilinondndourony 6-18 e nuin SUutamandnadseyf 155.33-331.25
Alanfuselsroiou wiousdusnisnaasswes Trail et al. (2021) AAnwINSNSLEAsEFURERTUNMTIelunded Famum
MSNTE 50 1Wosidus ﬁwiﬁﬁﬂgmﬁu%mmmamﬁmqaﬁqmﬁgﬂuﬂhm@ué’qLLasqamuLﬁaLiJ'%EJ‘ULﬁavﬁ’umﬂﬂmmmum
ASNTIES 80 tWasidud uagnuin ﬁﬂﬁlﬁmamémLa?{amaamﬁgﬂaghﬂm 147-393 Alandusieldsaiiiou fatuainuanis
naaesdadunisifunandaiiows 3 Wouwsn (6 Wwaundasgn) wudldnananilndidsaiunsinuneunting waziiaany
Lf]ulﬂléfdw’%mmwamam%ﬁLLuaIﬂuqasﬁuLﬁaLﬁULﬁm‘l,uizazlfgml,ﬁu%u LazoravilinandnaderoieuiiAnuniuainns
iiauslurideluaded ogdlsfinumnnunsnsfesnisnisfunuiisatu e1adanislugiuuumsugninganaumauiudn
ﬁjﬁmguﬁfﬁfaﬂmiamwLmﬁammmiUQﬂiﬂé’Lﬁmﬁ’u gty fnTelSs (Moniruzzaman et al, 2009) wazluthun (Uszesd
wavAnz, 2558) Wudu fiFeanisseunsnseuasiiviniufie msnsauasiiszsu 50 Wasidus Ssasdielinunsnsanunse

Penananianatswazlase ey



KHON KAEN AGRICULTURE JOURNAL 50 (5): 1301-1316 (2022)./doi:10.14456/kaj.2022.xx

1313

Table 5 Production cost and payback period of vegetable fern planting under the different treatments of shading and fertilizer application

Components of

0% shading (under sunlight)

50% shading

80% shading

production CF CcM CM CM CF CM CM CM CF CcM CcM CcM
. Control ~ 52.50 700 1,400 2,100 Control  52.50 700 1,400 2,100 Control  52.50 700 1,400 2,100
efficiency kg/rai kg/rai kg/rai kg/rai kg/rai kg/rai kg/rai kg/rai kg/rai kg/rai kg/rai kg/rai
1. Labor cost
1.1 Land preparation 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250 4,250
1.2 Shade installation 0 0 0 0 0 14,340 14,340 14,340 14,340 14,340 14,340 14,340 14,340 14,340 14,340
1.3 Plant maintenance 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
1.4 Fertilization" 0 1,200 1,200 1,200 1,200 0 1,200 1,200 1,200 1,200 0 1,200 1,200 1,200 1,200
1.5 Harvesting 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000
2. Material cost
2.1 Shading net 0 0 0 0 0 11,600 11,600 11,600 11,600 11,600 16,640 16,640 16,640 16,640 16,640
2.2 Wooden pole 0 0 0 0 0 7,660 7,660 7,660 7,660 7,660 7,660 7,660 7,660 7,660 7,660
2.3 Rhizome 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222 62,222
2.4 Fertilizer
2.4.1 15-15-15 0 900 0 0 0 0 900 0 0 0 0 900 0 0 0
2.4.2 46-0-0 0 675 0 0 0 0 675 0 0 0 0 675 0 0 0
2.4.3 Cow manure 0 0 1,200 2,400 3,600 0 0 1,200 2,400 3,600 0 0 1,200 2,400 3,600
2.5 Irrigation system 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500 10,500
3. Total cost (Baht/rai) 79,972 82,747 82,372 83,572 84,772 113572 116,347 115972 117,172 118,372 118,612 121,387 121,012 122,212 123,412
4. Average yield 14 59 36 55 68 70 98 78 152 125 23 20 26 31 34
(kg/rai/month)Y/
5. Production price
(Bahtkg) 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
6. Income 714 2,925 1,792 2,770 3,379 3,483 4,914 3,886 7,583 6,252 1,144 1,008 1,306 1,571 1,684
(Baht/rai/month)
7. Payback period
from planting (year) 9.6 2.6 4.1 2.8 2.3 3.0 2.2 2.7 1.5 1.8 8.9 10.3 8.0 6.7 6.4

V Vegetable fern planting 17,600 plant/rai (spacing 30x30 cm)




unnwss 50 atufl 5: 1301-1316 (2565)./doi:10.14456/kaj.2022.xx 1314

GRY

MnraveImsAnysruuNMsianmsimsnsauazmsliletennudululdmaassgiavesnsdningauuy
Uaansioiiienisin wudn manssuasiiszdy 50 Weddud saudunisladeyaladas 1,400 Alansusiols 1Wusuuuunis
IansinzauiigasionsudndingaluanmAunsndaun (pH 4.60-4.97) Fililsnandnadeseiioudiiuielddou
FngAany 90 fuvdagn egfiuszann 152 Alansusielsreiieu warUssidiuszesnanlunisiuyuegil 1.5 ¥ damnlsidinng

dansle 9 NnensnskasarnsladevsiisveziatlunisAunuegi 9.6 ¥

AUBUAN

LY o a

NuATedidunanuidenlaSunuaduayunisive Ussianmuideimuidneninnasui e (Fast Track)

UNINYNFEFITUAIENT ANy 1auil TUFT 3/2564 wagaavauAMnauiAsIeiau AudAnwinisimuiiinansdu

Y

v
[

Wewnnlasamnseseans dmsunsiengisineimsiugalaildlunmsideasiil

LaNE1591994

nsuWAAY. 2553, gilemsufuRnunszuiumsiesiziiy U uardefuaiu. nsensianunsuazannsl, ngamwe,

ATYTANS UNTNY, aXSTY Yunes LaynIgAnA UIUFTNA. 2560. wamaq;ﬂaiﬂLLazﬁmﬁﬂ%amwﬁamm%ﬁy@dmas
NAKARYBIUTBALAR. INeMmansLaznalulad. 25(4): 627-638.

Uz fuLa, SHaan JUNes, SuednA Tns1s50d waznien oxSiiand. 2558, NAYDINITNIWLERNTLaS gL AUlaLAE
U%mmmﬂaL%aaiﬂiqjﬁmaqﬁ’ammaﬂ’uﬁ:miﬂmﬁmﬁaﬂuﬁuﬁﬁmi’m‘m'mim:u. NYATNTEITA. 12(1): 9-16.

Useyuns 8asede. 2564, "nna’ gusramtanduegaals shanuidndudlug. uvasteya: https:/stri.cmuacth/
article_detail.php?id=29. fudle 2 fueeu 2564,

fheimeunsnsldtvatsenu. 2557, Knna. ﬁ’]ﬁﬂu%%’ﬁﬂvﬂmiﬁ”]LLﬁzQVlﬂﬁEJ, ASHYAUTENIU. MRSV BAYATVAUTENIU.
18(71): 19-21.

WUA3 WA, 2555, Anne WSUALLA. 1M5aTnuRINIIUEIIHYIR. 15(3): 66-69.

wum3 winae uazddu adeen. 2556. Anga e1nsAueyyadese. 2sesrey I, 55(412); 10-14.

1UAS WAIA9, @18UA Funily, 157ns %umﬁ'a, Uszyns Naviag, iU an9an, WawAnA WAAS, qs§w§ 29EFTUIN,
¥a3Y1 UNausengid, Imen ansiies, qinn P13 wavasin WINT§EY . 2558. MTITBUATRALILA AT
msugndngadunisin. senuidvatuauysel. aniuideivenmansuwasimaluladuisszmalne, Unusid.

g9yns Teanani, ossnfvg 2edudlsnyd woswdn seUszys. 2554, Joufiontsinunsdsdu. Auviadedl 2, drindius
UATINGIFLNATANENT, NFIVINC.

IFu p9an, adud dunidly, 1530s FuAISe Lavuuns uimg. 2559, HavesianUgnaenisiagiulnlasnananvein
nA. NuFansaaiuasuns. 3(3): 30-35.

U

AUGANYINSNANANaNeITTDWNIINNTETIVAS. 2561. alanmsUaningaluiuifuiendn. audfnwinisiauniing

U

PNDIDUIDILNIIINNTTIIVANT, WS4,

a s a s

anidTeINemansarwmaluladuislsemelng. 2564, aanvuidedInendianswazinaluladwisUsemalng (37.) wugds

o a

Ugndnnavie. iiusels §ingalain-19. unastoya https://www.mhesi.go.th/index.php/en/news-and-

U U

announce-all/news-all/1434-19-12.htmL. ﬁmﬁa 10 AueeY 2564.

o

a193 fansuia, #3nsT widew, USeue 3any uasluzalng Nn1und. 2558. HATDINITNI AL SYEEUgNABnIsIasey

AU Towazanunmwdanininyiumednunielianzaumglias. Wemansinuns. 46(3): 769-772.

9 U



KHON KAEN AGRICULTURE JOURNAL 50 (5): 1301-1316 (2022)./doi:10.14456/kaj.2022.xx 1315

d1nuNERIgNNeAITIYY. 2558. KM online U 2558: dinna. drdinauduasuasiannisinuasi 3 Swiassees,
NTENTNINBATIAZANATAL. NFINNI.

dtinfuilnesy. 2561 annsallauiloride (g adsnu-neld-huas-Sdu. udsoya:
https://www.thairath.co.th/news/local/south/1412343. Fudle 25 NN 2563.

dinIveiunUadenisnaanIansineng. 2548. 5’6@5‘141/1%‘85&@5{4ﬂﬂaﬂiuﬁuﬁﬁwmimwa. NFUIVINTNEAT, NTENTN
INBRTILaannTIal, NIUNN.

dtininemansifensimuniiau, 2547, gllonsliamesisiednenu th o fi Tanusuusaiu uazmslinnzidensa
fusoRNAsEILAUA laNTl 1. nsuimuniiou, nsEnInnuRswazannTal, ngaumme.

agusgooulatl. 2563, guiimuninanas Anvgninnalufuiuiedailnels. wiasteyn:
https//siamrath.co.th/n/167994. duile 10 fueneu 2564.

93Us201 PUNaUITLIATY. 2560. n1sAnvnUSsuisunaves sduniduardsindsaniiuaiuisalun1sndndegaie.
Inenranswavinalulag. 25(4): 615-626.

a3Usn1 puNaUsHIasy wavn1aune qrslee. 2558 naveen1slddedunidauningwenislinandnuazamunInyed
NNN1AYEY. Thai Journal of Science and Technology. 4(1): 81-94.

03UsEN LMAaUIgWS uavaume BRSNS, 2563, Usgdvsnnvesleyalivazaudininseninuaiunsalunisudndn
adaiugnIulenluanmAunsa. MsanTIinermansuazinalulad. 28(7): 1267-1280.

Akter, S. 2014. Investigation of in vitro antioxidant, antimicrobial and cytotoxic activity of Diplazium esculentum
(Retz). Sw. International Journal of Advances in Pharmacy, Biology and Chemistry. 3(3): 723-733.

Amit, S., and F.M. Singh. 2012. In-vitro anthelmintic activity of Diplazium esculentum (Retz.) Swiss rhizome extract.
Journal of Pharmacognosy and Phytochemistry. 14: 84-87.

Amit, S., K. Sunil, S.P. Bhatt, and N. Arvind. 2011. Antibacterial activity of Diplazium esculentum (retz.) Sw.
Pharmacognosy Journal. 3(21): 77-79.

Brady, N.C,, and R.R. Weil. 2008. The nature and properties of soils. 14th Edition. Prentice Hall, New Jersey.

Dodd, M.B., AW. McGowan, |.L. Power, and B.S. Thorrold. 2005. Effects of variation in shade level, shade duration
and light quality on perennial pastures. Journal of Agricultural Research. 48(4): 531-543.

Gardner, F.P., R.B. Pearce, and R.L. Mitchell. 1985. Physiology of crop plants. lowa State University Press, USA.

Kaushik, A., J.J. Kaushik, A. Das, S. Gemal, and D. Gaim. 2011. Preliminary studies on anti-inflammatory activities of
Diplazium esculentum in experimental animal models. International Journal of Pharmaceutical Sciences
Review and Research. 2(5): 1251-1253.

Moniruzzaman, M., M.S. Islam, M.M. Hossain, T. Hossain, and M.G. Miah. 2009. Effect of shad and nitrogen levels on
quality Bangladhonia production. Bangladesh Journal of Agricultural Research. 34(2): 205-213.

Natural Resources Conservation Service. 2004. Soil survey laboratory methods manual. Soil Survey Investigations
Report, No. 42, Version 4.0. United States Department of Agriculture, Washington D.C., USA.

Neumann, A.L. 1977. Beef Cattle. John Weiley and Sons, New York.

Ofori-Frimpong, K., A.A. Afrifa, and S. Acquaye. 2010. Impact of shade and cocoa plant densities on soil organic
carbon sequestration rates in a cocoa growing soil of Ghana. African Journal of Environmental Science and

Technology. 4(9): 621-624.



unnwss 50 atufl 5: 1301-1316 (2565)./doi:10.14456/kaj.2022.xx 1316

Onwauka, B., and B. Mang. 2018. Effects of soil temperature on some soil properties and plant growth. Advances in
Plants & Agriculture Research. 8(1): 34-37.

Qian, P., and J.J. Schoenau. 2002. Availability of nitrogen in solid manure amendments with different C:N ratio.
Canadian Journal of Soil Science. 82(2): 219-225.

Raine, R. 2021. What types of ferns prefer acidic soil? Available: https://homeguides.sfeate.com/types-ferns-prefer-
acidic-soil-51940.html. Accessed May 28, 2021.

Rasoulzadeh, A., and A. Yaghoubi. 2010. Effect of cattle manure on soil physical properties on a sandy clay loam
soil in North-West Iran. Journal of Food, Agriculture and Environment. 8(2): 976-979.

Schick, J., S. Haneklaus, D. Rickamp, and E. Schnug. 2013 Report on the chemical quality of different types of
manure (processed and unprocessed) including P-solubility: Baltic Manure Knowledge Report. Baltic
Forum for Innovative Technologies for Sustainable Manure Management, Germany.

Schlegel, A.J,, Y. Assefa, H.D. Bond, L.A. Haag, and L.R. Stone. 2017. Changes in soil nutrients after 10 years of cattle
manure and swine effluent application. Soil and Tillage Research. 172: 48-58.

Seal, T. 2012. Evaluation of nutritional potential of wild edible plants, traditionally used by the tribal people of
Meghalaya state in India. American Journal of Plant Nutrition and Fertilization Technology. 2: 19-26.

Shaban, N.T., N. Tzvetkova, R. Cherkez, and P. Parvanova. 2016. Evaluation of response of lettuce (Lactuca sativa
L.) to temperature and light stress. Acta Agrobotanica. 69(2): 1664.

Shim, M.S., Y.J. Kim, D.S. Lee, H.Y. Kwon, S.S. Kim, and U. Kang. 2011. Growth responses of various ferns on shading
and fertilizer application. Journal of Bio-Environment Control. 20(2): 109-115. [In Korean]

Trail, P., Y. Danmalidoi, A. Bicksler, and R. Burnette. 2021. Production of vegetable fern (Diplazium esculentum Reytz.)
under varying levels of shade. ECHO Asia Note. 2(4): 1-7.

Wang, Y., S. Gao, X. He, Y. Li, Y. Zhang, and W. Chen. 2020. Response of total phenols, flavonoids, minerals, and
amino acids of four edible fern species to four shading treatments. The Open Access Journal for Life and
Environment: 1-18.

Walkley, A., and .A. Black. 1934. An examination of Degtjareff method for determining soil organic matter and a
proposed modification of the chromic acid titration method. Soil Science. 37: 29-37.

Whalen, J.K,, C. Chang, and G.W. Clayton. 2002. Cattle manure and lime amendments to improve crop production
of acidic soils in northern Alberta. Canadian Journal of Soil Science. 82(2): 227-238.

Whitehead, M., and M.E. Isaac. 2012. Effects of shade on nitrogen and phosphorus acquisition in cereal-legume

intercropping systems. Agriculture. 2: 12-24.



