_3_

T e Wiweus wansynunaly lulesiou wWoarass Tuamdoy uas
3674 ¢ 0A MM WU rNaNE eI ﬁﬂgﬂ'lu
Augatdzaniy

Togidia wig Aglyy  A%iun

menenandamitituio EasEEad (Ussngas)

aneATINMIFBLINeN G

' demenganasd ou. @l Afyysar  dsssunssums
FNMEATANE 95, M09 GUAIIIE NIINMS
Whamaanysd anwan jeuslasaud nsmms
95 @3, dunmn ITIUEPT AIIUMS

Qs ]

uviRraa

ynmsuaaaldiondn N p K Wudmuduianludugmbmen Seiiniu
lagfidaslulasou Tuil 2535 0.60, 0.72 uaz 0.84 an. N/éu/il vaarasa 0.60,
0.72 udz 0.84 nn. PO, /6u/Y warludmBuy 0.60 uar 0.72 nn. K,076u/ dan
Qaimz‘a"uuuﬂm"lﬂt‘fju Tulasiau 0.95, 1.07 wax 1.19 nn. N/duAl Woawasa 0.72,
0.84 uar 0.96 an. P,O0./duAl warludmFun 1.02 waz 1.14 an. K,06uA Ll
2636 wiBnaWMsIAaE Fe, Zn, B waz cu uarhildnmiin 10 dumasas wih
hminedsmswandaludiunasadandnlifanuandumnaddudanda  wan
nnidrarhnudoussdy 9 Mllussfisznavuemanie Wy dwminsausmady
dedy wWilan mn Whnesenhdy dhwiaeieawion warmn essesuadoud
784 total soluble solids UAT total acidity wpuhdu lifiamauanshemeaduiu
ashalsfidiunbivhmslsiplulasuisdu 0.72 war 0.84 an.N/GuAl wiandas
mqaunsavishwinasaduwasadussnaving lmosdmsdiludadaesih
Wil wminmnae vdnasnhdu untafisusd ofal soluble sotids sy uallalaniin
mildgamainadndanuds sadflauredumaly rduvasdu ssndvmuunauvie
amUFru§miay

UBnamaldils N ez k Aviudilull 2536 mldemudiidumadluloseuua:
TdmSunlulud 8 uax 4 SavmaduBulihifiaduniil 2535 Aavn 2.75, 1.3796 1T
2.02, 1.32% @iy Yhnasmamslulud 3 uaz 4 Samnuaduinliludiou
ASNHAN HuLNsu uaziuﬁ 3 unt 4 Nnuaavasilidasaludaungadmeu anso



_q_

dnnssoaumsinsanmslitfouimudld  damndidureduloseu  Wearads
wadludmdon ludounsnmey agitsesiu 2.40, 0.14-0.15 uav 1.50% matdiudis
lumndaudonean- dudumnau seliduths vazasdldh nmsldis vex o 0.72-
n.ga pRN/GUA wdn o.00 anposauA war 0.72-0.80 nn. K 0/6m/1)
wisudemsldgasgamde ndlslummasasnihsaimmwadwiumsu Sadudnmu
80-100 NN, /4u /1

luhaidudulduma N, », & ludSinaionnean sshlddumisuomgs
ndmlu widen mn wambdy Gaveelui Wlasauiemudaeiy 1.07, 1.20 uaz
0.056% vlaadpFasianandudiu 0.08, 0.20 war 0.000% lUemFuuianudny
1.66, 1.45 udz 0.130% 9NEIGY

famoasmsidugedmanlufmisby fuSnaueadon wniifoy asan
gasIqen o loud Fe, Zn, B uar cu lududuin 0-25 wu. Tuseduddausaion
245 ppm, WNNTLEY 68 ppm, nEnlunseuadnn (trace), #ansd 1.5 ppm, Tusau
0.20 ppm UWAYNDIKA trace BNLIULUNTAIDAY Mn éqﬁag‘i 50 ppm uazzlufy 51
fuffudaandamyinnsiduuasfivhemlumsdalibuasumsldliodmnzay ms
Sianeidachidludl 3 waz + nnseeyadialifanalndsungrdmen szvnzaunh
Tuit 3 uaz 4 ﬁ'ﬂmﬂmaﬁ'n%u‘lﬂ‘famamz’luﬁmqtﬁu 5 wdau afvlwdaunsnmes)
USnumaueadon wunififoy Fned i uaslusen wamuiimsdindaldud
A9 1.68, 0.20 Wafwud war 10.5, 29.6, 25.1 ppm GWENY wrhueadon aas
wuniicoy faasiflussdud) lunsduesdansiiudanuduiululudinh 25 ppm 1
wilmnme za ety dnwrsmialulumdddlalalududianuduiunis 67.5
ppm uazaﬁm:ﬁuﬁ‘lafﬂuﬁﬁ myaTeEen mn wanhduwrh weadsudeny
Wndy 0.44, 0.19 uaz 0.012% wunilFaudamududy 0.07, 0.06 uar 0.047%
wndenadiudiy 35.2, 22.3 uax 2.06 ppm denzFTanuuiuii 18.5, 15.3 uay 0.48
ppm  wssmiladanudutu 13.3, 11.3 uaz 0.47 ppm ulusaulunifan wazma
AMIULENTY 7.1 WAL 7.5 ppm MKUEIBU

vanniiudawrh YSinadaneAlucFondy aansoventimema za 1y
adnd araflumedudszanas 11.2 ppm Tuwaedduisuysed a5 za afluszdu 18-
20 ppm Fufumsdunuidrdgdilumsliduunhiuguandy dhdusafuddvent
msnasmuaaon wasmrssauusnidoe TudatBnameadoudigaluhdueai
0.0069 d1uunpHLTEUTUSIIMGIsEWIN 0.047-0.0489%



_ﬂ_

Thesis Title Effects of N P K Fertilizers and Trace Elements on Qualitity and

Yield of Tangerine (Citrus reficulata) Grown on Chiang Khan

Soil.
Author Mr. Pinyo Sirinant
M.S, Agriculture (Soil science)

Examining Committee |

Assit. Prof. Dr. Niwat Hiranburana Chairman

Assoc. Prof. Dr. Tragool Tunsuwan Member

Assist. Prof. Lakkana Rujanakraikarn Member

Lecturer Dr. Chuntana Suwanthada Member
ABSTRACT

A two-year, four replicates fertilization study was conducted during 1992 and
1983 by applying nitrogen, phosphorus and potassium to tangerine trees at the rales of
0.60, 0.72, 0.84 kg N/tree/year, 0.60, 0.72, 0.84 kg P,O,/tree/year and 0.60, 0.72
kg K,O/tree/year respectivey in the first year. The crop was grown on Chiang Khan Soil
Series m an orchard along the Nan river bank, Nan province. In the following year, average
levels of nitrogen, phosphorus and potassium in each trec were found to increase to 0.96,
1.07, 1.19 kg N 0.72, 0.84, 0.96 kg P,0, and 1.02, 1.14 kg X,0.

Since July, 1992, trace elements namely iron, zine, boron and copper were added
1o eight out of the ten treatments of the experiment. There was no significant differencee in
average yield of the crop. Furthermore, no statistical differences were found in fresh fruit
weight, pulp,rind (peel), juice content, residues , dry weight of rind, dry residue weight,
percent iotal soluble solids and total acidity of the juice. However, application of nitrogen
at the rates of 0.72 and 0.84 kg N/tree/year along with the trace elements could increase
fruit fresh weight whereas addition of patassium tended to mcreasc fresh residue weight,
Juice content and percent total soluble solids although a little. Obvious advantages of the
race elements application are disappearance of bittemess and increase of sweetness and
tang.

The increase of nitrogen and potassium levels in 1993 resulted in higher
concentrations of the elements in the third and fourth leaves above the fruits compared to
those found in the previous year. The amounts of nutrients in the third and fourth leaves
above the fruits observed during July and September and concentrations of the nutrieats in
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the third and fourth leaves (counting from the tips of non-bearing branches collected mn
November) were found to be useful in giving fertitization recommendation to tangerine
growers, that, if the levels of nitrogen, phosphorus and potassium in leaves above the fruits
fall n the range of 2.40, 0.14-0.15 and 1.50% respectively, addition of fertilizers from
mid August to early September may be not necessary. In conclusion, applications of NPK
at the rates of 0.72-0.84 kg N/tree/year, 0.60 kg PO, /tres/year and 0.72-0.80 kg
K,Ostiee/year with the suggested amounts of trace elements could be satified for
production of 80-100 kg /tree/year.

When tangerine frees received suitable amounts of nitrogen, phosphorus and
potassiumn, average content of the nufrients in rind, residues, and juice were as foflows :
1.07, 1.20, 0.056% N, 0.08, 0.20, 0.009% P, and 1.86, 1.45, 0.130% K
respectively.

The problem of soils (0-25 cm. depth) in Chiang Khan Series in Nan province
contaieing high level of 50 ppm Ma which may be toxic to plants, low levek of calciun,
magnesimn and trace elements such as iron, zinc, boron and copper (245, 68, trace, 1.5,
0.20 and trace respectively) could be solved by soil and plant analysis. Analysis results of
samples taken from the third and fourth feaves from the tips of non-bearing branches in
November were befter than those observed from the third and fourth leaves above fruits,
especially the leaves older than five months (collected in Tuly). The contents of calcium,
magnesium, zinc, iron, and boron after fertilization were 1.68 percent Ca, and 0.20 percent
Mg, 105 ppm Fe, 29.6 ppm Zn, and 25.1 ppm B respectively. Calcium and magnesium
temained at low levels whereas whenever concentration of zinc in leaves fell below 25 ppm,
ainc deficiency symptoms are likely to appear.

Analyses of rind, residue, and juice show that calcium conteats are 0.44, 0.19 and
0.012%, magnesium contents were 0.07, 0.06 and 0.474, iron concentrations are 35.2,
22.3 and 2.06 ppm, zinc contents fall in the range of 18.5, 13.3 and 0.048 ppm and
manganese contents were 13.3, 11.3 and 0.47 ppm while boron centents in rind and
residue were 7.1 and 7.5 parts per million respectively.

In addition, it was found that orange rind shows obvious symptoms of zinc
deficiency when the level of zinc was around 11.2 pacts per million whereas healthy fruits
should contam 18-20 parts per million. This is a major discovery in trace elements
application to tangerine trees. Orange juice was a good indicator of calcium deficiency and
accumuiation of magnesium. The lowest possible calcium centent in orange juice was

0.006 percent when magnesium content was as high as 0.047-0.048 percent.



