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Executive Summary

1. Introduction

Highland is rather a limited area for agriculture. Although, it is the watershed
area, it usually suffers from long dry spell during the rainy season (water shortage), lack
of permanent water reservoir and expansion of growing area affects the community
consumption and overall highland agriculture. Royal Project Foundation has therefore
encouraged the farmers to grow in greenhouse and apply fertilizers by fertigation system
in order to fully utilize limited area and water resource. The products from greenhouse
will have the best quality, free from pesticide with high market demand and high price
which will bring more income to farmers. However, long-term and intensive cultivation
usually results in high amounts of nutrients accumulated in soil due to excessive and
continuous use of fertilizers in crop production without proper fertilizer management
and efficiency of fertilizer use. Those nutrients will gradually be accumulated and fixed
onto soil particles and dissolved in soil solution in the form of soluble salts, especially,
available phosphorus and exchangeable potassium. High amount of accumulated
nutrients may affect nutrient balance in soil and nutrient uptake by plant, for example,
the high level of exchangeable potassium in soil will inhibit the magnesium uptake by
plant root as both elements are antagonistic with each other. This can cause magnesium

deficiency in plants.
2. Objectives

The objectives of this study were to study and survey (1) the methodology of
fertilizer and irrigation water use and (2) the best practice of water and fertilizer
management from the farmers who successfully produced important vegetable crop of

The Royal Project Foundation.
3. Results

The study on improvement of water and fertilizer use efficiency in 6 important
vegetable crops, pak choi, cos, baby cos, table tomato, green sweet pepper and
Japanese cucumber in highland area was carried out at 4 Royal Project Development

Centers, Mae Tho, Hot district; Khun Wang, Mae Wang district; Mae Tha Nuea, Mae On



district and Tung Rao, Samoeng district, Chiang Mai province during April - September
2016. Each vegetable crop was cultivated in greenhouse and plant samples were
collected weekly. Fresh and dry weights of root and shoot from each plant were
recorded and nutrient content (nitrogen, phosphorus and potassium) in plant parts were
analyzed for evaluation of nutrient requirement and crop removal. In addition, amount
of fertilizer and irrigation water use in each crop and climatic data were recorded for

evaluation of crop water requirement, water and fertilizer use.
3.1 Nutrient requirements

The result showed that to produce vegetable in 180 m?greenhouse at Mae
Tho Royal Project Development Center, nutrient requirements for pak choi were about
0.88-1.29 kg N/180 m?-greenhouse, 0.20-0.23 kg P,05/180 m*greenhouse and 2.33-2.40
kg K,0/180 m?-greenhouse. Nutrient requirements for cos were about 0.90-1.66 kg N/180
m?-greenhouse, 0.17-0.34 kg P,05/180 m?-greenhouse and 1.65-3.19 kg K,0/180 m?-
greenhouse, while baby cos needed about 0.34-0.36 kg N/180 m?-greenhouse, 0.06-0.07
kg P,05/180 m?-greenhouse and 0.61-0.65 kg K,0/180 m*greenhouse. For vegetable
production at Khun Wang Royal Project Development Center, nutrient requirements for
table tomato were about 5.95 ¢ N/plant, 2.53 ¢ P,0Os/plant and 10.54 ¢ K,0O/ plant.
Nutrient requirements for green sweet paper were about 2.39 ¢ N/plant, 0.43 ¢
P,0Os/plant and 3.19 g K,O/plant. For Japanese cucumber production at Mae Tha Nuea
Royal Project Development Center, about 4.48 ¢ N/plant, 1.88 ¢ P,Os/plant and 8.07 ¢
K,O/plant were needed.

3.2 Fertilizer requirements

Amount of fertilizer for each crop was estimated from nutrients requirement
data. The results showed that 1.44-2.14 kg N/180 m*greenhouse, 1.16-1.33kg P,05/180
m?-greenhouse and 4.00-4.11 kg K,0/180 m?greenhouse should be applied to pak choi,
1.50-2.77 kg N/180 m?greenhouse, 0.96-1.97 kg P,05/180 m?-greenhouse and 2.83-5.46
kg K,0/180 m’greenhouse should be applied to cos, and 0.50-0.57 kg N/180 m?’-
greenhouse, 0.33-0.3¢ kg P,0s/180 m?greenhouse and 0.93-1.04 kg K,0/180 m?-
greenhouse should be applied to baby cos. For vegetable production at Khun wang
Royal Project Development Center, 9.92 ¢ N/plant, 582 ¢ P,Os/plant and 12.64 ¢
K,O/plant should be applied to table tomato and 3.98 ¢ N/plant, 1.11 g P,Os/plant and
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3.83 g K,O/plant should be applied to green sweet pepper, while, 7.47 ¢ N/plant, 4.34 ¢
P,0s/plant and 9.68 ¢ K,O/plant should be applied to Japanese cucumber production

at Mae Tha Nuea Royal Project Development Center.

However, the amount of fertilizer applied by farmers via fertigation system was
higher than nutrient requirement for each crop. For pak choi production, the farmers applied
nitrogen, phosphorus, and potassium fertilizer about 2.29-3.51 kg N/180 m?-greenhouse,
1.10-1.32 kg P,05/180 m?-greenhouse and 2.44-2.93 kg K,0/180 m?-greenhouse and 4.32-
4.94 kg N/180 m?-greenhouse, 1.62-1.86 kg P,0s/180 m2-greenhouse and 3.60-4.12 kg
K,0/180 m’-greenhouse were applied to cos, while 4.40-4.95 kg N/180 m?-greenhouse,
1.66-1.86 kg P,0:/180 m?-greenhouse and 3.68-4.12 kg K;0/180 m?-greenhouse were
applied to baby cos production. At Khun Wang Royal Project Development Center, the
farmers applied 17.08 ¢ N/plant, 14.86 ¢ P,Os/plant and 14.86 g K,O/plant to table
tomato production and 11.33 ¢ N/plant, 9.86 g P,Os/plant and 9.86 ¢ K,O/plant to green
sweet pepper production, while production of Japanese cucumber at Mae Tha Nuea
Royal Project Development Center, 7.91 ¢ N/plant, 5.56 ¢ P,Os/plant and 13.47 ¢
K,O/plant were applied.

3.3 Water requirements

For the amount of water supplied to the vegetables grown in soil, we found
that the average of water that the famers supplied to pak choi was 3.30-3.83 mm/day,
to baby cos 2.37-2.54 mm/day and to cos 3.11- 3.50 mm/day. For green sweet pepper
and table tomato, they supplied 6.03 mm/day, while for Japanese cucumbers planted
under substrate culture system in the ereenhouse at Mae-tha Nuea Royal Project, we
found that the average of nutrient solution was applied by 40.7 mm/day. However, the
estimated crop water requirement of pak choi, baby cos and cos was 3.4-4.7, 3.2-4.5 and
3.2-4.5 mm/day, respectively. For green sweet pepper and table tomato, the average of
water requirement were 3.9 and 4.5 mm/day, respectively, while for the average of water

requirement of Japanese cucumber was 3.5 mm/day.
3.4 Cost of production

In addition, we found that the production cost of pak choi, cos and baby cost
were 3,546, 4,816, 3,756 Baht/180 m?-greenhouse, respectively. Production of table
tomato and green sweet pepper cost 24,619 and 37,696 Baht/rai, respectively. For
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Japanese cucumber planted under substrate system, the cost was 22,185 Baht/2,000

plants-greenhouse.
4. Conclusions

Amount of fertilizer for each crop was estimated from nutrients requirement
data. The results showed that 1.44-2.14 kg N/180 m?-greenhouse, 1.16-1.33kg P,05/180
m?greenhouse and 4.00-4.11 kg K,0/180 m?greenhouse should be applied to pak choi,
1.50-2.77 kg N/180 m?greenhouse, 0.96-1.97 kg P,0s/180 m?-greenhouse and 2.83-5.46
kg K,0/180 m?-greenhouse should be applied to cos, and 0.50-0.57 kg N/180 m*greenhouse,
0.33-0.34 kg P,05/180 m?-greenhouse and 0.93-1.04 kg K,0/180 mZgreenhouse should
be applied to baby cos. For table tomato production, 9.92 ¢ N/plant, 5.82 ¢ P,Os/plant
and 12.64 ¢ K,O/plant were needed and 3.98 ¢ N/plant, 1.11 ¢ P,0./plant and 3.83 ¢ K,O/plant
should be applied to green sweet pepper, while, 7.47 ¢ N/plant, 4.34 ¢ P,Os/plant and
9.68 g K,O/plant should be applied to Japanese cucumber.

The estimated crop water requirement of pak choi, baby cos and cos was 3.4-4.7,
3.2-4.5 and 3.2-4.5 mm/day, respectively. For green sweet pepper and table tomato, the
average of water requirement were 3.9 and 4.5 mm/day, respectively, while for the

average of water requirement of Japanese cucumber was 3.5 mm/day.

Drip irrigation (drip tape) for pak choi, baby cos and cos production was the
best practice for water management. The average water supplied quite met crop water

requirement of each plant.
5. Suggestion

The results suggested that nutrient or fertilizer requirement for each crop was 2-3 times
lower than applied rate by the common practice of farmers, whereas the water supplied
to crops quite met the crop water requirement. Therefore, the appropriate rate of
fertilizer application for each crop production should be evaluated for fertilizer

management efficiency and reduction of production cost.



GUEIVY

g

AnANSSUUSENA n
AR %
unasudmsuduins 3
Executive summary £l
ansUsy 3
GUPIATIMPRE Yl
G TERT i
unenga Bl
Abstract i
unil 1 unhuazinguszash 1
il 2 MIRTIALeNans 3
2.1 519N TNY 3

2.2 Gsnaumsliiwesity 5

unil 3-33mside 9
3.1 5u08UKkarIsIeVeIlAINIg 9

3.2 aenuiimiiumsite/ iudeya 13

unil 4 wansdy 14
4.1 Anwsruunswaniivin 6 vie luituiiqusvaudasemsvans 14

4.2 MsfnwUTIaRINReINTTTRIE eI sYRNd Ay 6 viln 28

4.3 m‘aﬁmsnm’mﬁfa:m']'3{1auasﬁw’luwuuwﬁmﬁﬂﬁnﬁﬂﬁm 6 Uiln 75

4.4 msnwiamunesnsledmiuivdinddny 6 il 105

4.5 suvumsuaniivenddny 6 ¥ia 108

4.6 LLu'mqmﬁmnﬁﬁwLLazﬂﬂﬁmm:amﬁm%’uﬁsﬁ 113

4.7 msUfURTIvnzay (best practice) dmiumssanisiuasie 116

VBANWAINT



#1508y (siv)

Ui 5 3950INaNSIVY

Uil 6 agunanTie
Jolausluz
LONEANTD1D1
ANANUIN

H19NANUIN 1.

$H1319N1ANUIN 2.

H1TINNIANUIN 3.

A1TNNIANUIN 4.

H1TINNIANLIN 5.

AIFINNIANUIN 6.

HI919NIARNUIN 7.

iﬁi’]ﬂ’]‘iﬂ"la‘szl,waﬁ:"lé”lﬁﬁa (evapotranspiration; ETo )
voandnyuluiiuiiqudiaunlasinisviansguns Wan
sewineduil 15 wwneu 2559 fia 2 nsnAs 2559)
ANNITAETEMEL81981 (evapotranspiration; ETo )
?Jawzl,%Lwﬂiuﬁuﬁ@uéﬁwuﬂmamwa'wqm'm

(Ugnsewinedudl 3 e 2559 fa 19 nsngia 2559)

£

AIN13AT8ILNYUIE1983 (evapotranspiration; ETo )
vauddanluiungudauilasinisvaitsuila

(sewineTuil 4 e 2559 fs 4 wguaAy 2559)

AINIIA1YTZLNYUI971984 (evapotranspiration; ETo )
& & 4 L '
yasiuldoanluiiungudimuilasinisnaraudlo

(sewinaduil 31 nsnguAm 2559 9 27 AsiiAll 2559)

AINITA18I2LNUN91984 (evapotranspiration; ETo )
vauudaealuiiufiqudWaiuilasinisvalcusila

(sewineTuil 4 vy 2559 9 4 waunnAs 2559)

ANT15A1852NYU91984 (evapotranspiration; ETo )
é’ cil cll & ot i
vouvulaealudiungudWauilasinisnalsuila

(sewineuil 24 nIngimu 2559 f4 22 Aavaw 2559)

AIN15ANYTELNEUND1984 (evapotranspiration; ETo )
vosppaluiiufdudimuilasinisualudlo (sening

Fuil 4 W 2559 f1 4 wgua1AY 2559)

119
122
125
126
128
128

130

132

133

134

135

136



d15U%y (vi0)

v

i

ATWAIANUIN 8. AINITAIBTZLNBUI198 (evapotranspiration; ETo ) 137
vosppaluiiufaudiauilaseinisuaiusdlo (sening

$uil 17 nsnAx 2559 f4 15 Awnas 2559)

AITNAIANUIN 9. AINITATYTEANYUTE19D (evapotranspiration; ETo ) 138
a éf o & at I
?JENLLGNm’1mwﬂuiuwquuﬂwmuﬂmamwmumm

wile Gewinetuii 7 Uy 2559 61 8 @A 2559)

M59as U yuisURAaNUITEAULHLINARY 142



A15799 2.1

o
M19191 4.1

A9 4.2

=
f15190 4.3

o
M19199 4.4

A157199 4.5

57199 4.6

A5799 4.7

A15199 4.8

A15199 4.9

A151497 4.10

GUEITLTE RN

UTunaanuneInsuivesnrnndAgy

A) at é’l @
'ﬁ:axnmm'ﬁﬂqmumaa WANIAKIUY (ADEA) LAZLUUEDILA

‘!‘l’ ldl & ot = ]
luiunvasgudimulasinisvaiudle .8e0 .10l

o

wnunsHARNIRNNEATY 6 vila vesmudiaulasanisvas

o af

= at cJ = ol = & ot
LNUNSHARNYRNNF1A 6 YRR (Fu/LFow) VDIAUYNAIUN

o

1AsanN151ane Useant 2559

Y1inan Uininiuiag LLasmmL‘ﬁ'wﬁ'ummﬁwgmm'mé’ﬂ
(N P.uag K) Tusinwazdrumitefuvaauidads Nsgesnis

W3Aulasineg Tudigeieu

m'ﬁﬁxauﬁmmﬁw}mmwé’n (N, P uaz K) 15282013

W3Aulasineg veauldeus ludnggiou

Wmtinan Uninuil kagAUtNduYeIsINemMTUAN
1 - é‘fl v o
(N P uaz K) lusnuazdrunileduveaulgoad Nssuznis

WIAUlaeneg Tudiegesu

nsazaudIus eI Ivan (N, P uaz K) fiszeznis

WinAulaeneg vauulsend Turiggeu

nlingn UImMTnU LagANUINIUYeIs NI MISan
' a =

(N P.uaz K) lusinuazdrunilefuvesnaa Nsyeens

WiAulasingg Tugasgasou

m‘ia:auﬂ“immmﬁ;mmwﬁﬂ (N, P waz K) Aszeuens

WSAULAGNNY vesnea ludnggiou

Umtinan Ymtnume uamuLduUadsIfneIvman
(N P waz K) Tusnuavdumilofuvesned Nszazmsiaseiule

#1199 lugnguu

20

26

27

31

32

34

35

38

39

40



#1505yn1529 (6i0)

= = w =
A159% 4.11 nmsazaudsuusmesvan (N, P uag K) Niszeznis
Wigdulafneg vasrea Mgnluyigauy
A15197 4.12 dmdnan Ui LaraudutuuesIneImisuen

(N P war K) Tushnuwazdruwilefuvasuinea Nszeens

W3gyAulaangg TutasggSou

o a ) P
A15°9% 4.13 nsasanuiuiusInemIsvan (N, P Lay K) N5gagn1s

3rLAUlasee 2ee dntudnea

A15999 4.14 Umnan UIninui LasAMULTLTUYRIS NI IHEN
(N P uaz K lusinuazduvilefuveaulaoa Nseeenis

wseysAulasingg Tutisggely

= = ) =l
M1319% 4.15 ﬂﬁaxauﬂﬁmmﬁmmmwan (N, P way K) nszazng

WSAulasineg veaulnea ludlegguu

@159 4.16 UmMUNUM wasAULNTUYRIEINE VAN (N P way K)
lusn wazduwmiloAuveuzWawmAlATINITNAN N58UENs

REATIEINGEET!

AN 4.17 nisazaulsnasmewnvan (N P uaz K) Tusin druvitiedu
LaLAIUARLANNNTRILLBIMALATINITUAN NSLeENS
LATYLAULARY

d =3 =y L2 L2 =]

A1519% 4.18 USHURANER ANUNTUEINE NS LasUSinausnemsasay
Tunziawalasanisyads

A19197 4.19 USinasmenmsiusilomelasinmsvaigaldlunis
L3gLAuLe

A19197 4.20 Umtinuie uavAudutuvessinemisvan (N P uag K) u
] = = d = =
51N hazdiuwmilofuveaninuudide) szeenisasqydule

$IN4°)

41

44

45

47

48

53

54

55

55

63



AM51991 4.21

A15197 4.22

A15197 4.23

A15197 4.24

A15147 4.25

A151991 4.26

AN5197 4.27

A15197 4.28

A15197 4.29

mswﬁ 4.30

A15197 4.31

m's'mﬁ 4,32

#1505yn1529 (6i0)

nsazanUIIusmomImvan (N P uaz K) lusin druvilediu

] at 1 g =y =l EJ - =y I
LAZAIUAALLANNIYBDINTNAN ']L!EWL?LI'EJ'J NIBHENITLATEYLR ‘UIﬁW]'N 9

USinaunandin AMuNTUsIneIMs wardIunasne s

avaulunandnnsnuaen

USinusmemsinsnnnudideagaldlunisiasyiule

UL dagAMITLTuYIsInemMIsHan (N P uag K) Tu

570 kaTAIUNTBAUYBIAINYUY HiszeNISIeTyAuLnmae

msagaiUIinasnemsuan (N P uaz K) lusin dumilefiu

WATAIUAALAINIYDILAINIYUY NTEEENITRTYAULAAINY

USHNEUHAKER ﬂ'J']iJL“FJJEJ‘?JIuﬁ'W]E]’WﬂTZ LazUIIN mﬁ']ﬂ@'lﬁﬂ‘iﬂtﬁl,ﬂau

w1y
Unasnermsiwnenndiduaaldlunisiasayiule

USunaunstid (gnuaeiluns) uinsnmudiden wazugiie
wirlasINsvaNIUgnuuAY a WUasgnueununsng

AUGHRINTATINTNANYUIN 8.4 2.Fesln

asrUsznauveslyrianing  AlvlunswSeuasasaedeudu A
ez B (fvsuusung 40 8ns) wasAnultNTUYeds IR MISHaN

N, P uay K Tuansavangdariuty
Uiinasigevnsvdnitldlifunisuandinudazaiaselsasou
Tugneggsou

U
Usinasmemsvdnildlnnunsuandnusasyiinselsasou
Tugrangru

v

Wsunsumslielumsugnninmudiden uavuzilome
1ATINTVANVANYATNT AUSHMLILATINTUAWYUIN

2.13719 2.\ Tealny

64

65

65

72

73

74

74

76

78

81

81

82



#1505yn1529 (6i0)

A13199 4.32 Waunsumslidelunsugnninmudiden uavuzilome
1ATINTVANVDANYATNT AUIHUILATINTUAIYUIN

213719 9.\ Jealny

A157199 4.33 osausznauveslevilanng o Aldluniswieuaisazaneiduty A
wag B (@ wiudiunns 100 &ns) uayAuLTuture3s1neIMIs

vian N, P uay K luansazaigdeidadu
A15197 4.34 YSinasmernsvanildlvinunisndaussnndgiusolsaseu

o At = = c‘i’l ar n‘l’
A1519% 4.35 audAnululsaseugn widead winea uay Ao veq
nuAIng Audiaunlasinsratale wagAvlulsaiauugn
WINUNUATYT LaruziUamAlATINITNAIY YBUNYATNIAUE

NAWILATINITUNANYUIN
A15191 4.36 AuRensldvesisinuiazsiiniugnuuiuias
A1599 4.37 AnuReInslevaansindlfisy 6 viin

A15197 4.38 AURDIEINRIMTUAZINTRINTRNUAaz YTln

i v o= -3 I 24
M15199 4.39 sununsaauigeas TulsuSeuruin 180 m319LNs
A15999 4.40 suvuNINEnADd (ul339UTUIA 180 AT

o v a & <
A15197 4.41 suvunmswaauieea Tulsasauruin 180 A5 ns
A15199 4.42 FUNUNSHAAULTBMALATINTVAA
A157199 4.43 AUVUNISHAANINUELTE?

A15199 4.44 AUNUNISHAALAINYUY

82

83

83

85

105

107

108

109

109

110

111

112

112



AWl 4.1
AN 4.2
mwﬁ 4.3
Al 4.4
AW 4.5
AW 4.6

AW 4.7

mw“?'i 4.8

ﬂ’]Wﬁ 4.9

AN 4.10

AN 4.11

AN 4.12

mwﬁ 4.13

d1sUnynn

Wi
ADE
&
winea
UL BmAlATINITNALS
WINUIIU

),
Um9nIRYu

=i & at

sUkvunsnaadnluiungudiauilasinisuaiuila .80

L)
. Bealndd
sULuUM ARSI UERgLazNzlamAlATINNTNAN SEUY
= é‘(’ = & at
Uanuufu vaununsluiunaud fauilasainisnaingulig

241719 2. Feeluyd

SULUUNISHAANSAMIIUALTYY wasazilamAlATINITuaIN
Uanlagldtanugn meldanmlsusou veanunsluiuiiaud

WALATINITNaNYaLT 8428l 2.3e4ln

o = @t g
sUkuuMsHAALRINYY sruudgnludaguananelaanin
T5a5ou vaunuasnsluiuiigudiaulassnisvaisiinivile

1 = 1
9.Wipau 9.1edlu

= C‘I L) = lﬁ’ CJ
sULUUNSRAALMINNYUL SPUUYENULAY Yaununsluiug

Audimulasanisvalannie a.udesu 2.13u4ln

mssyiulaveaulgons NUgnuuiu meldanmlsasou o

Audiannlasinsvaasdln o.9en 2.3l Turggiau

r

nsavaunimidnuisvesudgeannlgnuusiu nglaanin
lsasauraanunsns a audinuilasinisvaludln o.9ea a.

Wealvd Tudeggsou

14

15

15

16

17

18

19

22

23

24

25

29

30



#1505yA N (6i0)

a |
= )

AW 4.14 nrsazaudmtnuisresuigendnignuudu aelaanin
lsai3auvaanunsns o qudiauilasenisvalaudle

0.800 .Tedln Tutisggelu

A = = d L= @
A9 4.15 n1swsgiiulavesaea Nugnuuiu nelaaninlsusou u

Audiaulasinisvaldla o.90a .88l ludnggiou

Al 4.16 sazautmdnuivesneaivanuuiu aneldaninlsadou
VOUAYATNT B AudiRuIlATIN a2l 8,800 A.4T8dlny
lugiggou

il 4.17 m‘sa3auﬁwwﬁ'ﬂuﬁwadﬂaaﬁﬂqﬂuuﬁu mulagninlsesou

VoUNEAINT U AudiiannlasiMvalaile 8.800 9.9l

lugnguu

A:l no’ %) 2 A’ cJ =Y 2/
AN 4.18 nrsavandivtnuisvesuinea Nlgnuuau argldanan
lsa5auraanensns al gudinuilasanisvaludla 0.9e0 a.

Wealvd Tudaeggdou

Ml 4.19 masyiulavedulinea NUgnuudu meldanmlsesou o

AugiaulasainMvalile 8.8on 2.13elui Tudiegaiou

e g @t £ 4’ =i = @ =]
NN 4.20 Msavaslmilnuisesiuiaeanignuuiu aeldanimlsadeu
V0uNEAsNT ol Audimnnlasanisvaisilo o.90n 28usln

Tudegauu

A 4.21 nsesdulnvesmemalasInIvia ugnuuRumelianm

15959U ol AUETRUTASINTVANYUIN .4 AUTedln

33

36

37

39

42

43

46

50



#1505yA N (6i0)

A7 4.22 nsazaudminuisvesusilamalasanisais vgnuuiu
aglaanmlsusouvaunsnsns s gudimuilasinismais

YU 943119 2.4Teslnyl

A = =3 cJ =Y £
A 4.23 YSunaumandnuziamamalasinisvas nugnuuauniele
annlsa3auaUNYNINT . AUdiauIlATINITNAIYUIN

2.4319719 2.4989bmi

AR 4.24 uzderlasanisvan Mugnluiandgn neldanmlsageunes

NWATNT Q) AUENALIATIN VAT 9.audls Tfudlv

AN 4.25 nisarandmiinuiseszidemalasinisvain iugnludandgn
lulsaauveanensns AudiannlasaNIvaInius o.asi

9.\ Fgaluy

d = = ql at
AN 4.26 Msiasgivlaveslamalasinma nugnluianuanty
154130U28UN¥ATNT AUGHAUILATINITUAIWUTT 9.axiil

RGN

AWl 4.27 nsesgavlaveaninuudileandgnuudu aelaanv

1550w o AUETAILILATINNTNANYUIN 8.1 2.4Tedlnd

= 5 @ w = = = = = v
AN 4.28 N15AZANUINUNLYIYDINTNUITUALVYD wﬂqﬂuumumaim
an1lsausournunYAINS o AUGTALILATINITUANYUIN

2037979 2.4 7eelnd

AR 4.29 Msavaudminuisvesninuudides Mugnluiaguan Tu
154130U20N¥ATNT AUGHAUILATINITVAIYALTT 0.8zl

RGNS

A9 4.30 MsSyiulnveansnuudwe) nugnlutanugnlulsaseu

VOUNYAINT AUGNAUILATINITVANYUST B.audl .1Tesln

51

51

56

57

58

60

61

66

67



AW 4.31

mwﬁ 4,32

AN 4.33

mwi'?'i 4,34

mwﬁ 4.35

mwi"'i 4.36

mwﬁ 4.37

mwﬁ 4.38

#1505yA N (6i0)

S ) E = = o o
nsaraudmtnuisresunengUu Nugnludandan aels

annlsusouvaunensns a. Audiauilasinisvalausng

= 1 =l 1
WD B.uieau 91389l

= =i @ o
wnanguu Ndgnlutanuan arelaaninlsuseu vesaud

WUIlASINITNAN LN UL .kipew 3.1Tedlun

Ustnamandauaannglu Manluanugn aglulsaSeuves

ﬂuéﬁﬁuu'ﬂmamwmmﬁmmﬂa 2.4300U 4789l

Y3uanihinlv dwmsunisugniutigeas (pak choi) tulined
(baby cos) kazaaa (cos lettuce) NUgnuuAu aelaanin
T5a5ouveanunsns ad Audimuilasinisvaliuilo 8.800

.1%8alml 5599 4 Wwey 63 3 wgun1Au 2559

a Y odn v 9 =y A w
Ysunanhlwdmiunisdanunannglundgnluianuan lu
lsuSouvasdudiauilasanIsnaludniivile o.utlosu

RGN

Ysuunisiansavanedeavay wazUsuiaaisazatse
Fudu A uay B AlWluszuuihlundazszeynisiadgivie

& v oo v & <
vpaulgads NugnnelaanmlsusouveununIng o, gud

funlasan1sualil o.80a 2.4%58909

Ysuunisiiasavanedoasay wavUsuiaaisazanse
Wutdu A way B nlnluszuuinluwsazszeznisiasgaule
vosulpea Nugnaelaaninlsusourounsnsng . gud

WU lasINIsvalile 9.900 2.18g9ln

Ysuaunishiarsavareleazan wavUsuuaisazatsde
WaTU A waz B Aluluszuuin Tuwsiazszoznisiaiyiiulnuss
Aea Mgnanglaaninlsausoureunynsng a Audiaun

Tasansvaiaidle 9.900 9.4Teqln

69

70

71

75

77

79

79

80



mwﬁ 4.39

mwﬁ 4.40

AW 4.41

AN 4.42

ANl 4.43

mw‘ff'i 4.44

AW 4.45

AN 4.46

ANl 4.47

#1505yA N (6i0)

= a o a @
nstUasuLUasgunilada-agn(s1eiu) suaaquéwmm

Tﬂ‘iﬁﬂ'rma’awmw(‘sij’]ﬁuﬁ 15 WU 2559 04

2 n3nNQIAN 2559)

ANIANEIZIABUID19B (evapotranspiration; ETo ) U9IWsn
éf P & at i v o
‘WJ’luiu‘wmflquEJW%IIU’]Iﬂ'Nﬂ’]'Wﬁ’N‘Qu'J’N (5¥¥7197UN 15

WWIBY 2559 842 N5N41AL 2559)

msiasuwlatenmniigege-iaauazUnaniu(s1eiu)

YIAUIHAULATINITUANYUIN (SeNITUT 3 lwgu
2559 93 19 n3ng1Ax 2559)

AINITANESEINENE1984 (evapotranspiration; ETo ) U84
uz\damAluNUAUENMULATINTVAIYUIN (Seninedud 3

WwgY 2559 3 19 nsngIAu 2559)

cJ - 5 ar & at
NI UL UNUZNEAA-AIER (318711) VBIAUIWAILN
Tasensvaauala (519U 4 Wwwegy 2559 9

4 WwnAY 2559)

ANNIIAN8TELUEUNE198Y (evapotranspiration; ETo ) 9931Ul
L} J a & at | v oo
gounlunungudimunlasinmsvawile (seninedun

4 Lwgu 2559 83 4 WeuA1AY 2559)

mawdsuluaseumniiasan-fan (1994) vosrudiaun
lasanmvaawidle (53m3193ul 31 nsnganu 2559 69
27 @Ay 2559)

AINITANESEINEUNE1984 (evapotranspiration; ETo ) U84
wigsasluiuigudiaunlasanisuadudla (seninedui
31 ASNYIAY 2559 3 27 @AY 2559)

cJ - 6 at & at
N3LUABULUAQUNONAIEA-AEA (31877U) VOIFUDWUUD

U Al 9

Tasensvanawala (581n9iui 4 Wwiegy 2559

4 WewAAU 2559)

87

88

89

90

91

92

93

94

95



AW 4.48

AW 4.49

AN 4.50

mw“?'i 4.51

ATWH 4.52

AW 4.53

mwﬁ 4,54

mwﬁ 4.55

AW 4.56

#1505yA N (6i0)

ANNIANEIEIEUID1984 (evapotranspiration; ETo ) U84
wilmea Tuiungudiannlasinsvaraudle (senineiud
4 L31w18U 2559 03 4 WA 2559)

]

ﬂ1‘5LﬂﬁauLLUaﬂqquﬁqqumqm(ﬁwi’u) maaquéﬁ'@um
lasan1suadgiaila (53m3197uil 24 nsngaax 2559 A
22 @Ay 2559)

8

AINNSAESEANEUNB1984 (evapotranspiration; ETo ) U84
C‘f d’) C‘I & at I 1 al dl
Wined luiuiigudiaulassnisvalauwdla (sevaneiu

24 nsnIAY 2559 B 22 FAu 2559

'
o

msidgunlasgmiigage-san(sg i) vesrudwaun
1 st CJ =f
Tasenisvanauadla (5ernaiui 4 Wwwney 2559 09

4 waun1AN 2559)

ANIANEIZAEUID1984 (evapotranspiration; ETo ) U8iA8d
Tuiungudimunlasinisvatadla (senineiun 4 wwey
2559 D3 4 WauNAY 2559)

]
]

nMsasuiUasgumniiasan-nan(siedu) vesudiinmn

Tassnsvanaualla (sevinedudl 17 nInganar 2559 fis
15 @Ay 2559)

ATNI3AN8 52U E1984 (evapotranspiration; ETo ) ¥9iA8d
d’l dl & ar I 1 ot ‘i
Tuungudinulasinisaluaila (senineiud 17 nsngre

2559 4 15 @9eu 2559)

1
= o

mMUasuiUasgunnilasan-nan(sneiu) vesmudian

U
=1

1 I ﬂJ =
Tmamwmmummua (ixm'lﬁuw 7 Haueu 2559 fi

8 #9n1AY 2559)

ANNIANEIEIEUID1984 (evapotranspiration; ETo ) U84
waannguuluiuiigudianlasanisvaluinunie

(3¥1773 7 dquigu - 8 dwnau 2559)

96

97

98

99

100

101

102

103

104



UNANED

mMsAinyideiiieiulsassavnmnsldiar Jeunivddgyuunuiigs 6 vialaun

o

aadl wiaea Aea Wiy uATen uslamAlasan1svian wasusinduu laliumsiden

=1
wi
Audimunlasinsrailo 2.800 AUTRLNlATIMANYLIN 8.4 AudRauIlATINTTEIN
wivnvile a.ueeau warAudTalATINIIaI AT Ay L.dednl seniudoumwey -
flugngy 2559 lagdingusrasdaiiiodne d15393Uuuu 38015 Ysuunishimluazdouniie
umsunslunsujuanalunisdnnisiiuazdovesinensnsnuszauanudnialuniswdn
&4 W ode w e o 2w [ ' | & o a
Wwinddyrasyailflasnisrans lngvinmsinuiegsilaudazalanugnluwaiuinsudnygn
duavt Guiinundnan unvdnuiavednunazytansludiuveisinuavdinumionu Jas1e
AMULLUTUYRI519011175 (N P wae K) luudazdiuvesity iatinnyszidiuainudein1ssis
9IM13VINY UanINUUGInIsTunnUTnansledenazirlunisnaniyinusazvia

aaendudayagndounisinens tiediuiussiiiuaiiudesnisidiivasivinuiazsdai

NINISAN®N

KamsAnyImudn Mandadnlulsaseuvuin 180 MU VBIAUETAUILATING
wanaalla widaud #RIN35Mem3lulasiau 0.88-1.29 Alansudsasou Weoanesa (P,0s)
0.20-0.23 Alansu/Asadeu waglnunalden (K,0) 2.33-2.40 Alansu/15950U ADARDINNS
Tulnsian 0.90-1.66 Alansu/lsasou Weanesa (P,0s) 0.17-0.34 Alansu/15u5ou way
Tnunanden (K,0) 1.65-3.19 Alandu/lsudeu dmduiudaeadenislulasiau 0.34-0.36
Alansu/lsausou wWeawasa (P,Os) 0.06-0.07 Alansu/lsasou uazlnunal@es (K,0) 0.61-0.65
Alansu/lsaseu dmsunsnannTaguaRaILlATINTNAIYUIN ULPamALATINITNAN
foanslulnsiay 5.95 nSu/mu Weanesa (P,O:) 2.53 nSu/Au warlnunaldey (K,0) 10.54
ndw/gu luvasindnmuddeadesnsiulasiau 2.39 ndw/du Weaweda (P,0s) 0.48 nSu/fu
uazlwuvaiBen (K,0) 3.19 n$u/du drunsvgnuasnandlu vesgudiannlaseinisvalaim
witte dadumsugnluiaguan uninndguudeanislulasiou 4.48 n¥u/du veanesa (P,0s)
1.88 n3u/du uazlnuvadon (K,0) 8.07 n3u/su luvariinumanslidelulasiaudmu wi
goad 2.92 - 3.51 Alansu/lsaseu Jeweanesa (P,0s) 1.10 - 1.32 Alansu/lsuseu wazley
Tnuvaido (,0) 2.44 - 2.93 AlansuAseow, wieea Iidelulasiau 4.40 - 4.95 Alansu/lsasey,

Jeveanada (P,0s) 1.66 - 1.86 Alansu/lsasou wavdelnunaidey (K,0) 3.68 - 4.12



Alansu/lsaseu, Aea idelulasiau 4.32 - 4.94 Alansu/Nsaseu Jeveawesa (P,0s) 1.62 -
1.86 Mlaniu/lsuseu wavdelnunaideu (K,0) 3.60 - 4.12 AlanTu/lsuiou dwiunisuin
winmudided uazuziomalasanisuads Mugnuuivlulsadeuveanunsns quiimun
lasamsuansyuane inwasnslade lulasiou 11.33 nfu/du Jevleanesa 9.86 n3u P,0s/6u
wazdelwunaidoy 9.86 n3u K,0/iu dwsunmsugnninuanu wagldlelulnsiau 17.08 niu/
au Yoweaneada 14.86 nu P,0s/0u uardelnunaiduy 14.86 n¥u K,0/6u dmiunisugn
uzi@onalasinsvas dumsgnuasnmndiuluianugnlulsaFeu vesgudinunlasimsnads

winmiledu Tidglulasiau 7.91 nsu/su Jevleanasa 5.56 a3y P,Os/fu wazlelnunaidyy

13.47 n5uU K,O/fu

dmsuusanhldlunswdaisdinivanlufunuin inwasnsiidulgeudiade
3.30-3.83 fladwims/du Winuinea way 2.37-2.54 faawns/Ju waglviinea e 3.11-
3.50 Jadwas/Au uinsnuuaiden wazuzidamalasinisnaid 1eag 6.03 Nadluns/iu
] a o = & ot I = - -
dmiumsugnuainaguu lulsasouvaaudimulasinisraluwinimids dadunisugniu
sTuvasasany In15iansazanesneIvis wae 40.7 laauns/u Tuvaeinuseainisin
YIULTRUA AINITUNRRY 3.0-4.7 Taatuns/Iu lwinodanoIn1suIea 3.2-4.5 Jadwuns/iu
LATADANBINIS 3.2-4.5 Uadluns/AU dnsSuNSNIMIUEALILATULLIIaWALATINSHAN ABINIS
Tduntade 3.9 uag 4.5 Tadwuns/du aruddy luvaeiunanangdudainisiiady 3.5
fdaaluns/Ju

r_" =1 2 =Y 1 =Y at - ] Fe a‘l’ EY -

diafinsansunumsaanuI nsuaaRniulgens aoa wasiuinea lsuyunisunas

=l = 0w P o o

WAy 3,546 4,816 way 3,756 UN/15950U MUawU TuTMsINamAlATINISRAIE Wavnsn

£ = d I i o @ Q at -y l:l ]
ﬁﬁ]UﬂUﬂW‘iNﬁﬁLﬁaﬂ 24,619 ‘LJ'WI/L? Waz 37,696 ‘U'Tﬂ/h nuaNay mmummammamwmﬂ}ﬂu

TulsaSeu (2,000 Aulsusen) ﬁﬁunumwﬁmaﬁa 22.185 vw/lsa50u

ndayan1sAnwdlviiiudy fvdnudazeila deanissimormslulasiau weanesa

waglwuna@ey luuSunuimiseniimslddeveunensns 2-3 win luvaginmsdanisuilunis

HARINALAENUAINABINITUIYBINY Fatuasiinis@nwmdnsinisiddennunsaudmsunis
= o al |

nanfisnusazyinuuiuiigs welinmsldleduluegaivszdnsam wasilunisanduyunis

ARG uNslede



Abstract

The study on improvement of water and fertilizer use efficiency for 6 important
vegetable crops, pak choi, baby cos, cos, table tomato, green sweet pepper and
Japanese cucumber in highland area was carried out at 4 Royal Project Development
Centers, Mae Tho, Hot district; Khun Wang, Mae Wang district; Mae Tha Nuea, Mae On
district and Tung Rao, Samoeng district, Chiang Mai province during April - September
2016. The aims of this study were to study and survey (1) the methodology of fertilizer
and irrigation water use and (2) the best practice of water and fertilizer management
from the farmers who successfully produced important vegetable crop of The Royal
Project Foundation. Each crop was planted in greenhouse and plant samples were
collected weekly. Fresh and dry weights of root and shoot from each plant were
recorded and nutrient content (nitrogen, phosphorus and potassium)in plant parts were
analyzed for evaluation of crop removal. In addition, amount of fertilizer and irrigation
water used in each plant and climatic data were recorded for evaluation of crop water
requirement, water and fertilizer use.

The results showed that to produce vegetable in 180 m”greenhouse at Mae
Tho Royal Project Development Center, nutrients requirement for pak choi were about
0.88-1.29 kg N/180 m*greenhouse, 0.20-0.23 kg P,05/180 m?-greenhouse and 2.33-2.40
kg K,0/180 m?*-greenhouse. For cos were about 0.90-1.66 kg N/180 m?-greenhouse, 0.17-
0.34 kg P,05/180 m*greenhouse and 1.65-3.19 kg K,0/180 m?*-greenhouse, while baby
cos needed about 0.34-0.36 kg N/180 m?-greenhouse, 0.06-0.07 kg P,05/180 m?-
greenhouse and 0.61-0.65 kg K,0/180 m?-greenhouse. For vegetable production at Khun
Wang Royal Project Development Center, nutrients requirements for table tomato were
about 5.95 ¢ N/plant, 2.53 g P,Os/plant and 10.54 g K,O/plant. Nutrient requirements
for green sweet paper were about 2.39 ¢ N/plant, 0.43 ¢ P,Os/plant and 3.19 ¢ K,O/plant.
For Japanese cucumber production at Mae Tha Nuea Royal Project Development Center,
about 4.48 ¢ N/plant, 1.88 ¢ P,Os/plant and 8.07 ¢ K,O/plant were needed. However,
the amount of fertilizer applied by farmers via fertigation system was higher than nutrient
requirement for each crop. For pak choi production, the farmer applied N, P, and K

fertilizer about 2.29-3.51 kg N/180 m?-greenhouse, 1.10-1.32 kg P,05/180 m?-greenhouse



and 2.44-2.93 kg K,0/180 m?-greenhouse and 4.32-4.94 kg N/180 m?-greenhouse, 1.62-
1.86 kg P,05/180 m?-greenhouse and 3.60-4.12 kg K,0/180 m?-greenhouse were applied
for cos, while 4.40-4.95 kg N/180 m?-greenhouse, 1.66-1.86 kg P,05/180 m?-greenhouse
and 3.68-4.12 kg K,0/180 m?-greenhouse were applied to baby cos production. At Khun
Wang Royal Project Development Center, the farmer applied 17.08 ¢ N/plant, 14.86 ¢
P,Os/plant and 14.86 ¢ K,O/plant to table tomato production and 11.33 ¢ N/plant, 9.86
g P,Os/plant and 9.86 ¢ K,O/plant to green sweet pepper production, while production
of Japanese cucumber at Mae Tha Nuea Royal Project Development Center, 7.91 ¢
N/plant, 5.56 g P,Os/plant and 13.47 ¢ K,O/plant were applied.

For the amount of water supplied to the vegetables grown in soil, we found
that the average of water that the famers supplied to pak choi was 3.30-3.83 mm/day,
to baby cos:2.37-2.54 mm/day and to cos 3.11- 3.50 mm/day. For green sweet pepper
and table tomato, they supplied 6.03 mm/day, while for Japanese cucumbers planted
under substrate culture system in the greenhouse at Mae-tha Nuea Royal Project, we
found that the average of nutrient solution was applied by 40.7 mm/day. However, the
estimated crop water requirement of pak choi, baby cos and cos was 3.4-4.7, 3.2-4.5 and
3.2-4.5 mm/day, respectively. For green sweet pepper and table tomato, the average of
water requirement were 3.9 and 4.5 mm/day, respectively, while for the average of water
requirement of Japanese cucumber was 3.5 mm/day.

In addition we found that the production cost of pak choi, cos and baby cost
were 3,546, 4,816, 3,756 Baht/180 m?greenhousee respectively. Production of table
tomato and green sweet pepper cost 24,619 and 37,696 Baht/rai, respectively. For
Japanese cucumber planted under substrate system, the cost was 22,185 Baht/2,000
plants-greenhouse.

The results suggested that nutrients or fertilizers requirement for each crop was
2-3 times lower than applied rate by the common practice of farmers, whereas the water
supplied to crops quite met the crop water requirement. Therefore, the appropriate rate
of fertilizer application for each crop production should be evaluated for fertilizer

management efficiency and reduction of production cost.



