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Preface

ThiMSct.hesitsoget her withComyduMSd.ngirmtneErnred hliopEX INé t r 0 g €

Use Efficiencies of Potato Prodaceéi oombinndééiil atrop
May 2017 to June 2018. @&hiPh Dp ipo pajfefic th est wpeaat Ndr rNox
Gaps, Resource Brei rEdfmenteanicylr mphadct i ofi nPoMa@ftbhdo nh B g «

Uni versity from January 2016 to December 2019.

I took part in the field experriomenttheofe mehreg e2n0cle7 t
The data coll ected on the field and received fron
reported in the internship report. The report als
cblection and eventsdg ecgperieamdntu(iigmg é whme , feltet. § . -
on the data analysi s, tries to find the relaa@ti ons
tuber yield, wintdh cotmpearmr est u dieens . Due to the | imiteé
the impact on the environment is not discussed in
Ildeeply appreciate everyone in the Plant Product
atmosphere in the office and inspired me through
report. In particulawvpetviweoold s di kePytoritkhaRe&i dng/ma
hel ped me through the whole process, | eaded me to
taught me the methods of scientifiterceesvaardieags i ol
me out of the struggling with statistics.

It haynoku i n advance for reading this thesis and | w

Xiaohan Zho
Wageni ngen, Jun



Abstract

Potato became the fo201%h wittalpltehd opwr p ;ms e&€hod fnas atni

coumst rgr owing popul ation. Due to the I imitation of
the economic and environment al costsr,cd tuse dfnfpioc
The | aw of diminishing returns | eads to a trsadeof
have shown correlations between the water wuse eff
rel atd ommmdngp the tuber yield, water wuse efficienc)
Il nner Mongol i a, China were analyzed based on a fi
2017. Four Il evels of N26@&r ¥g lahnade rt hirrepeu tl e(v0e,Insd 84, w
280 mm) were designed in the experiment. The weig

al so analyzed to help explainingheheuléef désgegaoesi
increased with irrigation % robfud® tath@er23mcmmaGe&5.i n
push up dry vyield. N input did not significantly
Hi gh weeedachieved Ad td KReeRwIttNei nput o between tut
i nput) increased with irrigation from 0O to 235 mm
' and t hékepdt i9824 (N he ratio between N uptake and
mm. Al sqq¢it W\&JEr ati o bet ween the tuber dry yield ov
t h peakimm)3 uknglera 235 mm WUEI.(g artei ama.t i Ho et evre,e n t |
i rri gdaetciroena)sed with i(irrimgatbenatisemt &85 penc&rBtlage

(0]

exceeded that in the tuber dry yield. No trasdeof f
positively related to @mhdit NEsatainad WMWUEwWeenx ctelpe IiNt
and the increashNfdrnt iN iuzpattaikoen)dueT hteo anal yses i ndi
mi ght have beenppliighat iaonmd dfh uN ftehret ial i zer s ds d not
in N uptake showed that the excessive N input was
dry vyield. Thus a soill test shegldnbeon®inage rbienf g
management of the former crop in the rotation. |t
Al so, the compaxeamnsdnNUEtewereant idUBD et ween tuber dry
t hat ncheease in irrigation only improved theyeffic
in utilizing the N uptake to produce dry yield.

significant for most wvariabl es.
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1. Introduction

l.1Background

Potato is one of the( Abeua anhai,m 20ddlp sy eiam 20 d 3wo rll9c
across the world was used for potato cu(llu,vazlom),
Originated from ei gh(tfLuthalusdinad & e@aosttaalgdiwias2 PE®X)u o
from the wdesetntiWriytchhe & 7Kauwr ,t h2M16M)i dely spread in
resistance to the hamd abitliittudet @a ngr cew | i tWh ddanfefr e r
et al ., e204aV7., ,Al204d1)

China is currently thewolrd dageestk yaplo.t,at 20 0pB;o dluw.,e h20 ]
production and ft hpeotcautla iivnatGhoinnseerhcaaveo @@ @&, oGhit ha

million tons)potfattdes wondd 2106 &n o f f 0 h e pWhdiseet d nc wI0tli3y, a
(5.8 million hmgt atfo tdhwel twiowvdtdi on area was | ocated
million tons, which made up 24% of the world prod
56 milliooautbnsawi oh ar dae M nwdcft Mmgldil ¢ wiht dniaal 13d c &£t

6 .niMiildnofhal and to potatMi pirotduy tofonAdryi QWI2t0ur e of t
201b6hn 29i1B,provinces 2@irm vti mtceels time rCeh i anrag contri bi
product i qneiti nalCh,iNéa®rll5y hadcf poft at lone scovemter wyr oduc e
(Alevta al . ,1 RMdrl)Mongolia in northern China, as one
the cowumotrgto | and and pot afte2,lréoducti on in the r

In 2015, the Ministry of tAgrfiowultthuarfa amfl eGHiemal whiesa
in order to supply enough food for the growing po

as well as contributin@QLuo 20k safhahRadligt aplvel fo
noadnly provides carbohydrate, but also carries ptr
fla ne@mtri mum bal ance of nutd(iAdevttasa If.orP @tarbhon hceol npssu np
stress of l and anadwhwater 6 %hod t ahes iwowdtiem &nd 9 %

farmlands should be well&managtdeindgdefnelen®? GAIRYN toif o rnt I
potatoes can help reducdeqursiotiyi, etrhoesrieoni.s As WHiogg «

yield of potato than that of rice, wheat or corn
compared to the world | evel s, whi | eavtelrea gyi. elldh @f0
average potato yielld whi €Chi was wa@%llbowert onham t he
h3d , and much | ower than that) ianndt hNeor Neht hAemrélra ncdas

(Kempenaal7.;,, FPAOSTATLt 2®&®8)al so | ower t htame tMien it |atr
of Agricul,t whe cohf aGhmisna o i ncr@gaseottbe yield to 189



l2Wat er, nutrients and yield gaps

As the world populbatliiilomngoes tlhhpep theaovdruture, cr of
able to maintain the food security even i f all ex
i s necessary fwvan hlenaeals wimmRidAvigot efnor yi el d increac
regions, and it can be) eisrt i enadcte dr ddgifdrh.ed yas | tt hgarc
potential ygmel dhd Yactwrmderyiierdrdi glat ed cwadeitmianesd,
potential axuekvéer ( Yai nfednclendeatlsTohmes2 @1 2y e al so ot h
of c.According t ¢286,a8ddse fo tntetad . dbieftfweereenn ctewo | evel s
di f fYess®@me chcoosedn nggc t o t he research purpose

Yris achieved when adequate water and nutrients

cont r(olalne datt eals.upY f2 0al 3ccreorpt giiimmnar ies d e tleirgnhitn e dt ebnyp etr
CQsupply, anafstthlee gewleti var. Since the access to i
affects the | evel off i micthe & v @ b e niitytsi raedl ddwy ¢ stthae  Wwodt teenrt
that can be fedcbeddWhamnnutariinents and biotic stre
crop under iinadequattaeendv.rYrSignactei otnh el ifeise |bde t$vmdpdong tr Ya |p
(water holding capadiltuenared trheotwiang@rdesputplpl y t o cr
bet weamdyfYan | tter sum eett aall..,Y 2001853)acSadlk agi el d of
a region, isnutimiaertds byaswawelrl, as all thednpdsYsi bl
Sadra¢20déhl nedt annadwhecmhebttest yield achieved t
best availlo@ghyl e techno

For theofi poatit oinmprhliurca, o@AR n22001R3K eamhpoeert a aarl . 20
cal cul atttead ntatbhd ea t ubét NTUkespgrgwehdmwdeéelh for five
Mongol i a. The attainable yieldlHd iamdChihrea yr &n gle dg afp
attainabl esyi shds edntbe¥YwelenFdrR2 DBaldatdéd Qidrei rdpalon neecr
proposed that the atltawhmiabhealymestd adasbl7€d tYome hlao
while the | ocal actual vyield was already much hig

Al t hough timediybiaedleds tgeanpt i al of yi el d i ncpoetaesret iianl ay
is not commonly preferred (dwen tlettttdards.u,a RIO0ABI;.diSakifai
When wmater or nutritetimé scalrzeiappdliie@® bet ween yield
(de Wit ,who®B) means a decrease in the efficiency
tredd between tédeoyli e¢ dusedet hieci enci es

Silva(2@t@&@iaompetcedfiYyned to be thand) YfierenE&bfbei &

Resougacned YTechethoWbgy ¥Y¥wo inputs (water and N) are
crop yieehdboomct hbend&EfReé £0 elmcegr &/asi ng one i npaut <car
of this input, while better managegundnt tof another



13Resource use efficiencies
1.3.1 Nitrogen use efficiency (NUE)
Since the Worl d War |1, chemical fertilizers have
food and the deve( dbde m&intt, Hoh@&&2xecrh,nodsogpyredi cted by
retuwrlnshhough the yield can stild]l increasegwi hgg dHa
without new i mproSiemeatmometfeehmiolliogegr i nput i's n
producti ohni ghs, aa rleaardgye porti on of the nutrient 1is
Thus the excess application of chemical fertiliz
environment al poll utronsewbiimpomékesodb hdiet stusit laii mn
of fertilizers.
Every ton of potato tubers remdwean & hauntsl o3i.In8s ukfgf i N
unbal anced supply of fertilhnsei s8( Elega kil mi,Ce&dddhed
with othegrNnmamageameant has been consiiedledr.e dT hteh ed enmoa
N is the highest among the demands f orCANIRINEGfALelrsta,l
while the N surplus | argely fl ows i(nBoou vietaenaé nvi 201
Bouwmanareglt badda. ki ngauoasemmfoatiled and woawhdtlasminntdg nNUW B ¢
i ncroelaiséeind Chi na
A)
ﬁ.20!]
%IOD
ESI]
2
2015 2016 2017 2018 2019
H Nitrogen (N) ® Phosphate (P205)
u Potash (K20) m Total (N+P205+K20)
B)
120 ——a—e— ==World
?110-
gll]l!- &= Asia
2 90 -
2 80 —+Europe
=] ——a—s—=
E 60 —=—North America
5 50
'E‘ 40 4 =#—Latin America
i 30 4 & Caribbean
20 Africa
10
0 . —+—Qceania
2014 2016 2018 2020
CAIdeNB 0 ¢KS F2NBOFada FT2N 6KS 62NIR RSYFYR F2NJ FSNIACL A
F2NI b FSNIAEATSNI AY RAFFSNBY (I NOERIRNMI | NB.diyRA I KiSn w2 NI R
Defini NUBns of
Di fferent deéiuesietdiecrSomith NYEt h etmh a rgeH yhsaisop dooge mcsas|
Somaeest abrlagairedi ng t he agwhoinloera odechiredfrsa d ¢ mentd ocal de



For a same system, di fferent definitions of NUE u
of the system.

Based on t he masosneb aclaathebgee fpyreicoaftiicoonl at es t he ratio
inpwmtd, tdae definitions offdriddtepemns admdiwmbE inensdt s N
NUE& ¢l{oM S show three typical t hought(SEU nNiatdragpge m gE

Panel |, 2015; ,R4A49®9& Dobes omn@enn.,al 2NWER:¢BScrud mtt es t h
bet ween the total N outpubhafvemtedepspsdtuems{)jr amdyv
system from all sour ces, and it plays a good rol
SystemesieNelBE s oi | N stock as a source of i N ihapwest
crops comes from fertilizers, St @die dailc tf tr mdvk sdmd kN
and N fromrdoaendaddiet pan i n tuhsedl nfurnoenn aft eohdee al oi dzienpa taosr
show the conveyance of the fertilizer N.

NUE&sr écovery efficiency of fertilizer) ignore the
come from different sources (fertilizerr,vessotield, crrac
(al so called N uptake) and20i8¢dN &Hr ofimrkfmecabhdpepheri s
which contains fertilizer, manur e andNUEegedMm I$, as
Thiext ®soatces by Conant-l ekeabouwees, alvhi ferthekiee
and rainfall were not consideféedn ReedvasyNWER 1 ai
et al. ,Ofé@bhdldage i s thabythédey agei d &b edieamnnanned ftohre No
fert@8lieleease of N, which is influenced by ndhe cr

thus very wuseful (IER Niammomigrg ffEdpeirltiyPaciedh L26a&86Yye
arccommonly empl oy®dei of rexb edhrs@pddaalrieendd r e cog vaekreys e f
t hdee fference in N uptake between fertilizedrgznd un
simply used the N uptake as the numerator.

Theecond category of NUE nbopslalfeid@piuined MNUE &s o
bet ween the crop dry wei gRUEadne ytithoad.Tahyeoye mar aotf e N t
NUE into two components basuwept ake téfebiphiyse oyl amtga Ic al
to N uptaktei | iaznadt itiohmeo re f N i ot pheen kogr otpo. NUB:H{ wertr g hal f a
productivity of applN@BE:Nd-ubiiysi udsiibsntg ntghue seéhreadu nftr oarf
denomi(rEdt oNi t rogen Expert PanelNyJEs0drbe dfobtehenamaos:
definitions f orasatgrsihcouwst utrhael epfrfaicctiiecnec,y oAnbdbeher | i
wi dely used NUE, t he r@¢g rod $0 misc deff fi ineide msy t (hNUEBEU I t
recovery efficiermkyamd et phygzeol dNiUEabny)EtEfU ci e
Nitropgent ERPanelNWUERXWAWY tdhbalpiltayntt o Nupatnaskiftcoa my it ehle
Extremel ynybiagg®dd8dEBCi ency of ot herdmuttroioemus homMN mip
Whil eipNaW&E veimpzlaoiys t he tot al N availpadphe AJdis&d htehae
amount of N from fertilizers. Theraoml WU t hat ehbe
without N fertglizededpptiedatNtUlsm { Ne numer a

NUEnybigl ongs to the thijrred NdJEimd oM E« f¢& BEhsi ws( INSUE



t ter ansf oNf mipigatkaeaf crl opg eyinalld.uti |l i zat) oins eddfiichmedcy:
of crop dry weTlgadtdioveer &nuea & kiliiwiee ni NUEhet her t
yi alnd N wiptthackkiet N fH&rdJi fFromtitdhe OQY¥mer atrerspamrcd i v
NUE prod*ee pirnditsteentdsr y wei ght which canobRempendueed A
198ThINUE defiimtirtdadomces the concepts of N residen
NUE prod*rie$ ticm@d !l cul ated as the multiplication of N r
(dry wéNghblpygwhere thenemneasimddameceeti md during whi ¢
used for <coarbon fixation

There atrlkremal sioews on tChea pdaoafiB8iONyi ttiwend otheNUWEOpP resp
streshoatthdat the efficiency defined as hhtrwiaeot nt
al so t hoef itnivsesrusee Heo npeceeintreaddt n eodtlE hdaw | d be i rsfelsuenc
|l i ke develroapmegtariefe sfpis le pthiodrosynt hetic, or n&t as:
m gihe a better measure of efficiency.

¢FroMrSb! 9 RSTAYAGAZ2YaA

Caggory Name Equation
1. FromNUEut/in NUEutFi nNt pwt in harvested prod
input t wheNei mpNuti nput to the system
out put at mospheric deposition,, bpbhct
mat e)yi al s
(ENitrogen Expert Panel, 2015
NUEer« NUEer: ONt plthtd) TNk d r ol s tgkodt &7 N

depositedkdd) r/aifnd@athil i zer N
(Raun & Johnson, 1999)
NUREe: NUEeF(UnT Ug dpp N
whermnwe o uptake & tmareNprpideircta tlii
U= N uptake wi& honauraprpd f ea t
Napy &Nppl(ikgd
= NrédmrtiHgh efrmamy rke )
(Dobermann, 2005)
NUEEe?2 NUEe= N in hanfk@ydextde gm(@@dignN i
where exterhafl f eNmti(irkpglt esrma mu r ¢
(kg)fixé&d)N

(Coneatntal ., 2013)
2. FromNUEptakerutit NUEptake*utilization
input t [g dryg'Wé =N uptake effizaitemay e %) cigiic
yield =(N JN(Gw/ )N

= wB aN

whernwe Gdowei ghtdry wéiaght) per

Na= &lvai ( g b Noelpyenrt
Ne= tot al N i n t(lge Nplpamt ) at

9



( Moeltl al ., 1982)
NUEFrp NUErFF NY Nt
[ kg kgN] d = ofNe+t NAEE
where PFP = partial factor pr
Y= yield with N fertilize
Yo= yield without N fertild]
Niert N from fertilizer (kg)
(EU Nitrogen Expert Panel, 2C
NUEE NUEe= (1Wo) erN
[ kg kgN] d = RE * PE
where AE = agronomic efficien
RE = apparent recovery eff
= (W +erN
PE = physiological efficie
= NiWo) AT WU
Yn= yield with N fertilizel
Yo= yield without N fertil:.i
Uv= N uptake with N fertil
U= N uptake without N feri
Neert N from fertilizer (kag)
(EU Nitrogen Expert Panel, 2C
3. rbhM NUEnhysio NUEnhysi oTWo) UnT Wo)
upt ake [ kg drykgidi Wherve Yield with N fertilizer
yield Yo= yield without N fertil:.i
(Utiliz Uv= plant N uptake with N
efficie U= plant N uptake without
(Chetn al ., 2012)
NUEe NUEscrdpy wWedh@hNupt &lkhed)
[ kg drykgiNndi where | E = internal utilizati
(EU Nitrogen Expert Panel, 2C
Mel il |l o, 19948) Brown,

NUE_pr od*res_
[g dryg'wé

NUE_prod*r:eA[ane
wheAe= N producti UNtday g dry
Ln=t hNe r ecpuei rr  UNpirte saafn t heg PN @
d aly
1/hE mean
= the
fixation
& Aerts,

regidlhggnce t i me

mean period during

(Berendse 1987)
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NUEBE n Chi na

China is the liamr gtehsat woerrltd,|l iwietrshu uap effeordt? .16i6z emi Inluito
of yearwBDO6B equals 32% of( Jdihre,, wBHdA2dt hetfaér ciolhis zen
China is Ireawas ThepdNUtEed t o beac®88% oenBY Woahfl afvetr M

|l evel . ‘Aind QHIEsa have been dec(rBRBawswengnas i.n A& Otdh7g i n
t o (J2i0nl 2i)n China approximatel y e34 % aosf |tohsee N hfrrooung hc
denitrification, 11.5% through ammonia volatiliza
In case of patrRrévDeproluichi Gmangxi Provi ncrewasout h
bet ween 35.16% andl 80el99d. e Amar it hentl 58Nhowed t hat
potato was from N fertilizers applied in that sea
(Weeit al. ,l 20HA&)! ong | (-eeansgt Prrrov@émi na) , a field expert

a Ndbf 3@JP&Ng, whO@xh) was similar t oHotvheev elre,veiln itnh
provincegot heo NUEt esttiing zfadrinul ateeadc hfeedr 81 . (71% u n a
et al. ,AQddilIBNhg(t be I nternational Pl ant Nuwtirni ti or
China was 34 kg!N ufbreorm ffreersthi lyiizeelrd bkegt Wdéem,t RO1Re¢ar

1.3.2 Water use efficiency (WUE)

Gl oball yfr ®e22RBatmer is available per capita, and 7
agricwWettaurae ., 2016; CRrenkewjtBRO&A2per capitd hferesh
world | evel, also has to push wup its total iamgg i cu

popul ati on.

With edd0hirgtigrag ioofn,i as of 2006 the area equippe
62.6 mitldtiaoln araabl e | and & area unddr whdrcrha men t2 % n
wi t h annual( Forre nfkoeond,Ob2e0olp2a)r eas wi th irrigation wer
and other crops. As of 2016, thesiftfoodageedathidom
2016)

Thwater resource allocation in China i $peerxtyeanelpy
i nhabitant) atpdert hyee anro rpiefr @ nBh@anonN b2r0hihZe)r n yC h2i On% , o0 fwi
t he c® utweéirowrresses, i s pr odubgrnagi nh aanfd oafl mohset caoluln torfy

65% of tBecoadbtunwmayed | and, andd&c tPr i tei mvat €5 % d
northern China is e mec2t0éB8d0choi bet @6 to4Bokm ti me

Nowadays, al most 13% of the cultivated | and in no
conflict in droughts and | arge demand fo( Fwané&eni
2012)65% of the water withdrawal in the five nor

1 The definition of NUEh&tis used by Bouwman et ak the ratio between theamount ofN in harvested cropartsandN inputs
(fertilizer, manure, atmospheric depositioandbiological N fixatiop(Bouwman et al., 2017)
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groundwater, which has | argely depleted the groun

The WaterCoaseér 8aiti on Law and the Water Law were |
2002 repemtaitveobhafl f masteer resources andFpeonkenoti 2@
I ncreasing WUE is one of the focuses of the Water
The irridgiani 6hi WaJEwas about 45%, which was much |
(around 7(0)%ta a8 0 %L RRiOM& )has been spending WHhE2 WIIEI,
and the agriiwewmltt wrpalb yWUEO % i (nFrtehnek ema 3§ t2e0tlé2moy et r
withdrawal decreased while the total producti on
productPjvint yCh(Wa was st il whoinclhy whSs$ 3v. ér yp elrown c o mg
mi ddl e i ncome count F)i easn d( awaesr and YU AE 4108 odom hiat i e 8
perd) m

Definitions of WUJUE and water productivity (WP)

Therved dhaarc udsiss ons afriomuintdi d rmseVPddfa WiitHo uanntdr y r esear ch
FAQ Sacrtasal, ,i go6@&a3 ed out e fhfaito @ empe ¢ iealyds yoofBJES

of tminsused or used winhloiuhecdtelmmge def Badvtaiss rodyti ga In.a
estabffiromedeawpoi nt of engoanselde o myge yaanrdc a( rWUkEgiac deomc
¢-ro) S whereests of water (water at egaspt! l1s miheaka
evaporation freoemorhagwhicel pepepbtedalpdl i catio®n eff
( WUEei ¢ afph oJaSifoprhehéexbhess of water (total water del
t o ptlhaent rgoooets ztooner)unofsfoj | psucdlaztei evapor ati on.

In the deWURBhigitakROMUEBE: 0§ ap5i1a dalt @% ( 20 1 Bdgl a fedfefd 0 a e nay

di mensionl essviaawuieor afn gwlswhinlodnh@kPaso rtdilebdl ibmeetd benef i
frommgricul tut &vea tseyrs t cam stFuomp t8amrp hievhi ch set t he e
social benefits as the tmheme2eGdr® afdhas @& edisinntehde B WUkt
bet ween the gYyaiandyitbékedsehgohHann)@admpos ranApihmsg i i
definitliaormegwa sieevda paost r a n D ISk a@trtia eanl .\WPeaPyld on)omi ¢ e f f i
WUEg ¢! oH) § al so referredstiadehy agredndmi cagWR,nomi st
bet ween c rwapt eyri (e ade daens |; van Itte2sQmi et gl2013. A def i nii $ i ®inmit ha
to WUEs WJUEwhich uses irrigation water as the d
(Fairwaataher | f20t0Be cl i mate (precipitatiaornea tiesmpsetra
the defUMé¢aimem WM practical wuse for agricultural

According to RaioOowByNIEherwhenh alsed for the relatic
agricultural product or economic return, i s actu:

2 A definition of tre irrigation WUE used inthispaperwa2 i F2dzyR® ! f 1 K2dza3K G(KS GSN)Y dz&ASR 4t
definition from WU in Table2.

31 RSTAYAGAZ2Y 2F GKS ANROdzAZ GdzNF £ 2! 9 dzaSR Ay GKAa NBLERNI 41
different definition from WURyiin Table2.

4 A definition of the economic WP used in this report was not found. But we expect it to be similarigdMEn Table2.
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commonl y

i ncl

uded

us

étdh e oe fdfeescctriivbeeness of owhh giag i soinmiwaare rt
OWUEngianWUEield ai)pmk@hlftiéo-r[hey prODOSGd t hat WUE sho
t wo parts, one of which was dime@siitcon!| es
of performance indice 0

l' i ke crop yield per mm water

¢l oMsSSTAYAGA2Yya 2F 2! 9 yR 2t

Name Equati on
WUEngineer WUEBngineer
[ %] =water awpailljam)ewatter @poiafmmdp)| e
where point 1 & 2 are diffegaht
(Saentasual ., 2011)
WUEieid ap WUEieid application
[ %] =water delivered (tno)t thvea tad ra ndteol ri
fi € md)
(Saetasal ., 2011)
WPeconomic WPeconen@ € 0N 0 m$ @ chaeamide f wat é mmy s ed
[h & mntY] (Saentasal ., 2011)
WUE/ BT WUE,esgrain yil)édd elagdkmalhaevdpnat)r ar
WPy, T (Sadras & Angeits,al2006205h)r as
[ k g™ nhnal]
WUE gy i WUEBgrgrain ynidél dva e ghm)
WPagri where water used
[ k g nhna] = plaavmati | abl e soi(mm)ater at pl
+ -pason (man)nf all
+ appliedmm)rigati on
iresi duavlaapbllaentwat er immat tutrmm)y
(Sacnasal;, ,vaeritttadrrsur@013)
WUE ¢ WUEz; vi gl d (ikgigati dn water a
[ kg? ml (Fairweather et al., 2003)

Rel ati ameWebsWBINUEBNnd crop yield

Adeq
one

uat e
of Wwu

i nherent

Bet ween

when

wi t h

mor e

su
E
f e

NUE

N

pplies of water and nutrient f
(or WP), NUE or crop yield is

ul d
nput .
il t he
not comm

atures caebupredessem ahd &daatpbdyls.b,e 20
and aWém u@wkr) N whiplueghi WUEBee NEBE WDl | abe
i s s uwepplaiwe do fa cdci omri @nio meghatmaogs e t amarsg
aerobi t hkehiiclei pipni nes and rainfed and i r rCiAg@aeNB dl hmasi :
datmahPehi | i (ptpri mpisc)al speghmwed t he tr adeo€XIdgoNStcRee e n
a hdiggibher oWUE) had a | ower gr aigfif y oedbavejvlean t
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téar eani sexampl e

floacheadli ti opewnattthgeudIS@a eetasal . Thi230l)ght

the grain
increase i
tradeoffs
expl ored.

Water productivity (kg ha™ mm'1]

CAIdmXK S
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be

from Javhetrleét YyphRer abe cr e g ctetegtu t upred & |
d une
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ield from higher wat eraghs wopml yo wdtrthhe rtnhien
the water amount (Gdhe nddarhomi rcatscer. iTrh
re inherent in the agricultural system

(a) flooded rice
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(c) rainfed maize
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Water productivity flooded (kg ha” mm™)
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Si

ons

Yield flooded (t ha™)

CA JaMeBr LI Nib 55 6 G\ DR @l RSNI F SNEGAO O2yRAGAZ Wy yiikK Sdzy RS NI

1.4.1 Major research question

Wh a't i s the r etlhidtUIEQ n SAHJiEpu haendoynifge e d h i n
production in Hail ar, Il nner Mongol i a,
I nterrelationships among the NUE, WU E
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experi ment, do the NUE, WUE and tuber fresh yielod
three values go up simultaneousl y?

1.

4. Juewlshh i ons

1)

2)
3)

4)

5)

6)

Wh aatrteh e relslheti woasmi fnfuivat aydet @& tuber
Tuberyifelkd®, tuber  ,adrdy traet tneurmbcecea st eemtds si zes of
Wh aatrteh e r elslaeti wasmi Rngunacdbd

Whatt he erelslheti woasmif & waNedE? i nputs and

What wvariabl sl papxptausedgtohe relationships be
and WUE?

The explanatory variables to ®dec dridgicrug stea time t
processes and the availabilietighotos taamd &PKerciome e
pl ant parts were selected duébtid itthyeitro pugisteaikbel ea
& nutrients, the prhodeossyemgs.hesi s and ot her

Badeon this field experamenwWUE tlme wihmpgr cewd e nitrs Haa
Chi Aad8 how

What herdifferences tinyadNdJEds WebHEssmeletasn dchfe o wam df i e |
ot her experiments in the same region or the gl ol
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2. Materials and methods

2.Flield experiment

2. 1.1 Site description

1) Locati on

The field experi ment was conducted in Hai |l ar , I n
producing regions in the country. Potato @Gmomdwct i
Province in the west and Inner Mongolia Autonomou
northern China Ri aghiairett hiPd agleatueausoe(ss Pl at.eau,
Due to the mountsaiascasndf domfehenbcdan, the effec
ocean currents on the <c¢limate various across no
topographies and soi l conditions.

Hai l amg(t uNjeAZB® A2Bat i6NjulBR,4 %A03 tnu de TBAINBH el ongs
the Hailar inland fault depressidmai basiht20ils)thkee
where Hailar Ri ver and Yimin River confluence
Mount ai ns.

) a

i
i .
i
§

CAIuvlBS 20FGA2Y 2F | FAfINE LYYySN az2y32tAlX /KAYl A& Y
I'FAETF NI @Y2NI RHEA® I &3 Hamy O

2 Cl i mat e

Summer s in Hailar are mild and( BherBuyr evdhu | eef whHing tec
Hail ar., A30 B6 ymedudu¢mmp é r @atre ds ecoint i nent al monsoon cl
and darhrei eéor ef fect of the Greater Khingan Mountain
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evapotranspi faantd oméel aitni veedryi nijbi {t er the s achinat i on i
t hrloougt t he yewmempéhanwmesedtOhi8gAnt i n Januarlyi s$toorRi5c &
avehlagend the precipitation ranges between 3.36 m
(National Met eor ol ogi cal Qeinstterra toifo nChi2n0al 7Met eor ol

3) Soil conditions

Soi | tAynywergy: tdemmamw et ypes of soil ihrer H®&tear  h Ka snb .
commomeopl e's Governhmeetexpe Hamémtral 2046mM i s | ocat
Hail ar .

Soi l physical propertiPhhys&cahemroplertoprsemans chert
takenuliyn 20 1¢5 odjve rtea el awhén pl anning NPK applicati
samples of 20 c¢cm depth from the experiment al fiel
exper (@ mafddad op) S These soil samples were sent to a

were received after the experiment.

¢l oo R At LIKE&AAOFf LINRPLISNIASE 3 OKSYAOFt O22yaiNamiia@®oNe Y

Content Amou
Organi d “WWatte 1. ¢
NH-N( kgl ha 11.
NON( kgl ha 29.
P( kg! ha 35
K(kgh ha 223
ca kgl ha 750¢
Mg( kg ha 113
S(kgh ha 41.
Cu kgh ha 0.
Mn( k g!) ha 3.
Zn kgl ha 1
B(kgh ha 4. ¢
pH 8 0
Ca/ Mg 6.
Mg/ K :

*Sample depth: 0~20 cm; soi
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¢ om{RAf LIKEAAOLT LINRLISNI SEFLISNAFESYYiA DI F AVSE Vi IDSSF PHNBF TLA KIS
alYLXS g61a GF1Sy FTNRY SIFOK adzoL) 2G 60aSS {SOGA2Yy HOMDHI
YIEAYdzYa FyR (KS YAYyAYdzyao

Mi nw m Ma x i m Aver
SOM% 1. ¢ 2.1 2. :
pH 5. ¢ 7. ¢ 6. ¢
Al k-Ay dr ol N(zlddd) e 30 63 42
Av ai IPalwloemk de &)t ( 77 22 13
Av ai IKazloemk da &)t ( 38 65 9 50 9

*Sample depth: 0~260 d&ae gsodill bdurlyk wleeifigslytt;lyaf 20
soil type: sandy | oam.

¢ op{SRAf LIKEAAOIE LINBPLISNIASA g OKSYAOIfT O2yidSyda 2F GKS
a2Af AL YLX S 4l&dzAILNBY FNRY SIOKA2Yy HoOMOH0OI (GKS NBadzZ i
YFEAYdzYa FyR (GKS YAYAYdzrao

i a

Mi ni m Ma x i m Aver
Al k-ay dr ol N z@hd) e 26 72 36
Avai IPaltloemk de &)t ( 58 16 93
Avai lIKakkloemk d &)t ( 26 93 43

*Sample depth: 0~20 @&mg gsoacihh bdurl yk wleeifigshi ttt.lyaf 20

2.1.2 Field experiment design

The fi el d( Waxnpge, reirBieln7e)d a r a n d opmi ozte dd ebsliogcnk wsiptlh tt hr e
(three |l evels of irrigation) and four KA IpzNSa thme n
experimenta? fwiaes!l di (v2 d2Hb Imonctko ifnoduerx b4 olc,ks2, 3, 4
of which had three wholeplots (whdhepkotwatprdexr e

randomly allocated to tkeoft)hr esea chh oMheod leptl 0t o fc oenasd
(subpl ot index = 1, 2, 3, 4 from west to east),
subplltotsmeeds to be noticed that N3m waesr tdelsiizgenresd, tw
the same amount of N from fertilizers as in?the p
and consi stneed-lroeef g 8 dheer cludft i yvatrat oes planted in tt
Il nnovator, which was the same as in the | ocal far

(from emergence to maturity) wast9bedagsts Sihaocer |
seeded with cuts were added on the west of the ex
and cuts are not included in the ttthesids,t albwats et hd
i nforoomatpl ease readCobhducthmitegnahiFpelrdp&xtperi ment
Efficidmdiaea ®froduction in Hail XiaotanwSZh dparnoggor | ain
Wageni ngen University.
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Three twaetaetrment s

1) Ful | it hegabi bnwater contents of wholeplots witdl
the Bpatcdt g-Maryom-Amigd dt (early and raapi dedmwewinn @
65%t art Augmsmited growing period);

2y Lociarlri gation: the frequencies and amounts of ir
foll owed the practice of | ocal farmers. The infc
ddiy communication with | ocal far mers.

3) No dgatrivbhol epltohtigsevaittntent wer e not irrigated thr o

A watermark detectwhowapgl oatnsamad | sdi i nwaetnaeth potent
(Sectionha@hadi MSXu | nternsmi pgRepodt amolThestbobf irr
according to the soil water potenti al records, wh

12m E

54m

h 4

CAIpINBCA St R SELBNRYSDy n2iudmdlaNe K2t SLX 2040 2mMZ 2n3 2 ¢

ANNRIFGA2YT 2T 2¢c3X 2y 2mMMm 6SNB GNBFGISR gAGK f20Ff AN
9 OK ¢gK2tSLX 20 61 a RAGARSR Ayi2 %N 4 &y 13B0Z0 3 YRS HES G2y
SIFOK &adzoLX2G Ay (GKS FTA3Idz2NBE AYyRAOLFGSa GKS b GNBFGYSyd

O2yaraia 2F 2wm 9 oT .t201 w O2yarada 2F 2n 9 &T! 2201/
YR 5 2y (GKS tS¥i aARS 2F G(GKS FA3dzNB 6SNB aSSRSR 4AGK
¢KS aGFNIAY | &dzoLX 2G YSIya GKFG GKS 6F GSNXYIFN)] aSyaz2Nl
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Fourtrdat ment s

Urevaas used as N fertiIBiazer fiemttihe zfeiresl| dvearp druir men
the time of sowing, and top dressing®samwkire od &rri e
The amount of N applied each¢ltod BieFofroral é a ahh et rf eoautr
fertilizers were applied at the same ti me.

¢l ocY SbAGNRISY FSNID CRIAINT X Xy S 143 26F Ko g BB i YHE I K86 RO hi K NBISH
FSNI A €A $ NIh 2ty SINTAAREYAST ol A 2y 0 @
N1 N 2 N 3 N4 Met hod
0 18 26 22
Base 0 12 17 14 Solid urea buriei
204 Jutdy 'R 0 37 53 45 Root watering
FqQIulty B 0 27 40 34 Micro sprinkler i

Tot al

2.2 Data collecti on

Data from the field experi méntMSaa si nctoelrl neschtiepd, daunrdi
studitéhse ismme area and the gl obal l evel s were der
equi pment used in the field &8xMSESci manterasdi pe Repad

According to the originametermpbsaamehouptdabhe Bakbar
ridges of each subplot. But since somemefr éhgeamphb
and strange yields compar endettroe ogahmpl e bwd rddost,a koenn
Details are recér diSkc ilmtXirancshhamp ZRequrt .

From the field experiment

1. Soi | physical properties and chemical content s:
pH may cause the differences between the field
the fiel dcoekpdPKme mahltleendteagdvelpeeant i ng &Nndeafswer dl
was i n the-hfyadrmlofz ahll kea INi.

2. NPK contents in tubers, roots, and aboveground
t wo or-mginal s8mples taken at harvest.

3. Aboveground (main stems, | ateral stheemsg hatnsd alneda vce
di ameters of three plants randomly selected fro
growi ngAblbewesg@maund hei ghttsi nweesr €"Jméndday2de du'glbs ee 1
whiclasnopy di omdngershi meectaeri @ n@d4 J'fibegcu$@@ t he abovegr
haldodged-Augusmi dand thus the canopyFdéametwer ght
abovegpraorutnsd of Mmwo rer is@gimpales3 were measured at he
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4, Dry yields and fresh yields: fresh yields and p
measur ed -nfertorne aslampld es (both ori gimwmrmbearndamdkewyi :
harvested tubers per sample were also recorded;

5. Preci mintdattieonper at uaneds :t epmpeecrigpbitidaetd oene e eyrday. Pr
measured with a rain gauge i nstalwedt itne mpher atxy
day, as well as the |l ocal average highest and |
derived from the China Weather website;

6. lrrigation and soil water contents:isoigathaoer.
who!l evelretc or ded;

7. Di seases, pests and weeds: the phenomena, area

8. Phneol ogic stages: emergence, tuber initiation ar
subpl ot shopwmeerafain phe

9. Petiole N contents: measured every 10 days from
ridges of each subplot (8 samples from each rid

Fom | iterature

I nformation on the NUEs, WUEs sansgld hyeitehled ss anfe paateaat |

were collected from |literature. Il nf ormati ons,on ¢t}

etc.) were also collected this way. Literatdams us:«
such as wuniversities, the United Nations and the

2.3 Data analysi s

2.3.1 The main model

The relationship betwkenwat eres&| N vaeaalmkeat andn

randomi zedplbotocdke ssipgn twas 1Ifddd @l 1& dL oansg. nEeReksetr i, b 2v0adr8

include al/l the variables we measured during or |

treatments. Subplots treated with no irrigation a

yi ek dP.ameat dasdkr epresent the fixed effects of the |

on the result variabl e fpesdpmpecataindelmy. The effect o

Yig=e #+ WOt «+0u+ 0y O~ N(fH, independé®Egualli on
wh eire wat er treatment index = 2, 3 (2 = 1local
j= block index = 2, 3, 4
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k= N treat ment i ndex = 2, 3, 4 ;

Yiy= the value of the'lreevsedl tofv await aelrilae medd eod n
N treat mebnltocikn t he j

e= the mean value of the resul t vari able of
N1 in block 1);

U=maier ffeocrt't @eeviat®fr treat ment

j=ef fdeucetb | oc k | (random effects);

U interact hi'drevbedt wefe nwarntdhfebt oekt ment
rk=ma ierf ffeocrtk't ee NIt r @fat ment s

Uk= interactidrevedt wdenwattheetlitvedt méntN ame at

Ui%= random error

2. Hanpl e sel ection

As i s mentioned i(isebDai anCdelelRg et iaddptieenawkera taker
severe | odging andtheneupectedeyheVYidel dOnl yuber dr
of main $t emsrpiegre mumblertsh e f ntuundbeerrss vpifetrh mhengt hs
and the fresh weights of tubers with I-metgrté ss amamll
while other variables were not. Tests of signific
metre sampl es amed rthastampd @em alelre3 conduct eWalolni st h
Tests with 95%LEKy)RedThve dt ésnt SR Were firstly done
group of each N or water treatment. Since no si gl
were basesmdtor abhmpBes. More di sdulfgRakEn non | odging

2.3.3 Selecting definitions of NUE and WUE for da

The focus of this thesis is on the process from g
Probl ems | i ke the tefafreectnootn itnhcel uednevdi.r oChormebni ni ng t
the data we coll ectesixf NoBs It dvieSN BhEre INdd Hdkpie rNehie n t
NUEand MkEocand t wo ¢WBHESVUERa th WWUiEwer e calcul ated. |
Section 1.3.1n NWBE NWH fMEE NS andE&NWBEJibe i n th
whet her the | evels of wvariables under zero N fert
them ar e: (1) to avoid that t hreatcuornec |duusei othes tbhee oa
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definitions; (2) by el i minati nag tNage®& NNLEESE arne alcehlepd
explaining t heep pNadft eNlhEs (8f) NWE show the effects of
the conclusions through comparisons of these pair

Cal cul ations of variables in these definitions we
definitiiromMdWEGNURIENd NWMWBSs cal cul ated as the total
harvested tuber s, roots at harvest and aketvleegr ou

numer at oar veastNed ngrhai n a c(c2o0rad3idin ¢ hteo NC ourpa natk ee twaasl .d
the aboveground (RaOrOt5§i bge Dbbher emawas no manure app
experinexter ha® MNUHEzprpgputhbs N from fertilizer (N

iwWat erof wused he daegdwansi tciaodncuWwwa ed as t he sawalnorjdsf Tvhaet e

soi l water bal ances were ignored because during
| aboratories for wat er content me a ¢ thruesmemmatdse, tlhaer |
i naccurate. And according to these results, the s

precipitation.

According to (Fal,03tdaet uern tetafpaplil.i eidgatni o mewatméd hit i

(ml) and the unit of yield is kg. I n the callcul at
for yield wéeequabsedl0Q mhm Ghewanwituwsi af | dNfUiendi)t.i on s
al so modi ti eAd stog lagsoMsshionwns oirme papers it is not cl

dry yield owi dilrrg shhy.Ena\tdtEe U&E WU JE i dgrdai i pi WWPE | n
this theyi gy,jettubavasdused for althdetfifhettohsomntaa
when discussing the influences of water treat ment
NUEs and WUEs was kg ha

¢hoyS2FGSNJ dzZaAaSR oYY0 gl & OFfOdzAZ FGSR a GKS adzy 2F LINBO.
Wat ereat WatereatmPrecipitatlrrigatio Wat er (unsg
i ndex name

1 No irriga?1l54 0.0 154
2 Local irr 154 235 38
3 Ful I irri 154 280 434

2.3.4 Assumpoiodrynwéhehts and aboveground dry we

The root dry weights and aboveground dr ylThygyewghte s
calcul ated from the tab¥eudadd ymayritedtdiopndmmdyea s set o
abovegroAaoadopadtirhhe .rteosul t s of LI NTUplr ogreocvit hC hmondae IP o
201201 &Kempenaatl, ,b229dd )on t he environmental dat a
is partitioned to the tubers at the end of20h2&) gr
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supported the valueo pGAR Z2®UBBtb ys hCchwenda tPhoataton t h
emergence, the harvest index ranged from 69% to ¢
1.5% to 2.1% no matter whether it wd20do6mpeedwih
growth of three cultivars (Blinwoitiifkgasemndi andn®Kua

fractions of DM partitioned into tubers md ttdetstee
end, and the fractions were around 70% ~ 80 %. I n
partitioned into tubers, 23.2% was partitioned in

(the median ofndg h& MaER®Wjod3dd by Jenki

2. 3.5 The relationships between the tuber yield a

Three groups oferasal yzedrfladl efari ewelp ayitel dslt)&rtt ub
& Nreat mentsdry2matude contents (DM contents) vs.
sizes of tubers at harvest vs. water 28 tNhet rferaaontein
tubers shorter thaw 6idcim) t hEhenpi wemapg&RE (Eigmeart | fom
dry vyield, and DM content were analyzed separatel
the tuber dry yield, while the tubezi g etsthe yDMI| do
can help explaining the relationships between the
Whet her the change in N or water input has signif
concludedvéaroemst he fphteheANnDoVdRelo deri ved from R. Th
significance | evel of 0. 05. The assumptions on

compari sons between treat ment s, figures eofRddel tvse
(Section 3) rather than plots of the mean values
bl ocking effects Wdr ol @phgk oty Idietsei grna nodfo ntileee f i el d e
val ues wer e sieanptd gp eatvietriagress. oFi gthr es wi | | be show
axi s, N treatments on the horizont al axi s, asmnad wa
water or N treatment signieefipanwtal wei nfnl ANOY¥AdwE bk
effect is not clearly shown with afore mentalbned

axis and this treatment on the horizontalt hax95% wi

Cl) for predicted values between different N or w
esti mat est essntds tthoeierx ptl ain the pattern of thegechangq

LSD bar is shewn it hetpai fiwgse compari sons were ba
Sampl e means and variantlke wariecearmrtsbdtargpovaeidals| e
in the Results to notice the possible failure of

For the sihzee sf roafc ttiudbne rosf, ttuber s BBdoauxse $bhame Smaiml
rejected by the buyers. Two types of fractions we
(b) the fracftriessmh dphatasbaedofen t he
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2.3.6 The rel aNUB n(sdhin pWUBbs)t wered t he water & N tre:

The rel ati anNUEp (bet WABJ&Er) and t he water & N treatn
(Equation 1). The analyzing met hodsasweNlkE &I J ar

NUEE& NWR&EAare not defined when tlheadmouzmrtr ogf tKHef dem
N2 (183 lgdhaero irrirgeafteiroenn cweass iuns etdh easse tfhigvie hmeo d e
l evel with Il ocal irrifatwiacsn send aNl tthree aterheenrte n(ct® .k

2. 3.7 Amel exipha@antatory variabl es

Expl avmatrormapl es were used to help explaining the
the yield, NUEs & WUEs.eRitrtbelgxpthpratel gt vanshabbe
were explored by fitting the explanatory wvari abl e
bet ween the explanatory variables and the NUEs &

For the swasntdestep, sittistically whether agw expl
yield or N uptake, because NUEs and WUEs only con
in their definitions. Tnhteo eax pllianneaatro rrye gvraersi saebbl de nmoac
and the N uptake respectively. The intermediate v
was set as the predictand. Duepltoa tdheesa myand, mn rtehfefo é c t
bl ocks and whol eplots were also insbudeddinofthhbhes

were reported.

In case an explanatory variable was showwvatlt @mebefr
theO¥YAN (95% CI) , a scatterwiptlhott hoef ttuhbee re xdpreyr iymeenlt
vertical axis and the explanatory variable en t he
derived from the regrkessneadmotel pbewnet ptedteedat

N uptake influences some of the explanatoryavari al
regressions, N uptake was set ast etphéea sproendiychteon dj.e t
an explanatory variable was related to the N uptas
variable and NUEs & WUEs todetkenrn hwitt th otwh & Wwae fNi mip

t heand waternotmpstat watsi cally tested because the
were calculated based on the assumption stated in
NPK contents (%) indtpertr.ots and abovegroun

As mentioned in Data Collectiome (Beadurnad 2t ee att

Jul Yand Audgusatndlé& anopy di amet er s!awed el'limeyafdugiocsgd et w
N contents wemes médasiumgdt se xf it HufexhHRGU seundtf s(tJ ull2
Augudt @2m®d Séfpifhemlygerski on model s wer e et b anbheiecshh e d
stages of the abbmpgibantdfyjuewchngetde tuber dry
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2.3.8 The relationship among NUE, WUE, and yield

Theent er bet wWekB& WWHE i near regr & iwiRdrms awme rNAJEr tars t h e

and a WUE as the predictor, the random effects of
sqguaredabndspof the ANOVAs werevaleporwes. smal Icars e
scatter hplsotNWE tdchn tt he vertical axis and WUE on
experimental data. A trend |line with the intercep

Tuber fresh vyielld nesar NLWHsh eafi AMiGREISSUE or a WUE as t
and the tuber fresh yield as the predictor were u
the fresh yield. A scatter plot of the experiment
pledtwhen t hvea lAUNNOVAf pa regression was small er than
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3. Results

3 The relationship between the tuber yield and

To show the pattern of tuber yield in this exper.i
fresh yield, NUEs and WUEs, three groups of wvaria
treat ment s: (1) Tuber fresh yields (Section 3.1.1
(Section 3.1.3) ;ze(s3)oft hteu brnewrnsb earts haanrdv essit ( Sect i on
while the tuber fresh yield is commonly wused as t

tuber dry yield is used in the Mefoinnietnitomsi I1df bMNU
explain the relationships between the tuber fresh
m’can show the pattern ofFadrubtehre ysiiezleds forfo nt ualeortsh,er
cmewe rejected by the main buyers, the fraction o
and the fresh weights).

3.1.1 Tuber fresh vields vs. water and N treat men

The factors that had significant effect on the tu
while the interactions between wat e oéamd! oV hter esatmp
means of the fmrmeghtyioml, dd owiatth imao iigmti on (235 mm
irrigation) were 1Thedpea&tioosdlaynodwhd4 2. h5 sthomwellaa big
irrigated and irrigated situbyiohe.pdhiwi pattempa
with 95% Cl) of the vahkdgopIrTencei cstaemp | ey mehlmen maidesl
(N1), 184 (aNd6,7 RgNNh(aNAN) from fertilizer rangence be
pattern of pr esdi cN etdr ef atensehn BysiNaSb sd 3s htohmen aipnp | Tt at i on
brought a | ower preoediNctfedtfidéegltwaaslpd bshgmheédahnt
applicationmNofreza2za5tkd ha significanti¥N, higbeerasge
fertilizattdind tmot2 6p/uskhy thpa t he fer ensoht iycieedl d hfaur tthheer
constant variance on the error CrId)f dandt hdalti nda

of fresh yields undetofe@®cho N treatment was big (
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CAIdmMB O t NBRAOGSR YSIya 2 FENSNRAFTNSANSY &GA DRROAT2TAKY:
GNBFGYSyia H&RIKKISOYNRIRBS M{ TSN NY Sy ol ENB ANNAIFGA2Yy T |
YYO FYyYRABUAA2YNIOHYn YYO NBaALISOGAGSted ¢KS fAySa 02yySO
GKAOK F2dz2NJ LRAYGA I NB dRPSNIOD &ENBEAOGHSRNIYENBHI FHRYNG d2o S

GNBFadYSyida ¢A0Kpd SN BISR FMABS oA Wi NI €

3.1.2 Tuber dry vields vs. water and N treat ment s

As i s showmlwietsh itnh@MOVAw&at er tsriegati hd ctamtheaed f ect s
yield while N treatments did not .-i rTrhieg adtiegd eanred cier

was bi g, but there was no significantd obeafid edl €énce
irri gacAodNBE(I n ot her words, the tuber dry yield we
while further |inorneame&kei mniyr rdiigdteiremPeinwdeTmeberal ¢

from the freshagydetdbe(tbM dant enWsSyR»E, mand ar e

f

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

water

R R 30

¢ dzo S RJA

Aveg LSD 0 184 225 267

b FNRY FSNTA
CAIUMNBBRAOGSR YSIya 27T ™idookSiNS RYNBYNS AT ROLD BAY FRINI RAF TS NI
g GSNI IyR YAGNRISY (GNBFHIYSyia o068 Wik SN2 REFEy&Hali ENE 05 NNH
f20Ff ANNRIFGARNNIOFHIolpA YW 06 Hyw/R WYZH INBALISOGAGStEed ¢KS fAY
RFGFY GKSe aK2g gKAOK F2dzNJ LRAYyGA FNB dzy RSNI F &l y$S g1 G
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3.1.3 Tuber dry matter contents vs. water & N tre

The sample mean tubVercodrtyometst¥®raldontremtt mMedit s wa ¢

¢Hoftm $m!.n Both N and water treatments siwalidd ca
< 0.05), while the interactions betNDeve¥n owmdt.beT and
pairwise comparisons ofshpwedi dthaad , mdaon Mt eonttearet
from O mm to 235 mm irrigation and the decrigasn® f
yo h.As for N treatments, tMHa&gdeardad8ddlkgge hBMl cpeat eh
signididdat The predicted mean tuber DM content f ¢
are s hcaagzNB n

The tuber DM content decreased with N input whil
bet ween different pairs of N treat mdsntashi Ilitt ys utgog et
store water. Theénftaetastlawi DM c¢omti gmt i on amount f
as the change in tuber fresh yield, can explain

treat ment s.

¢

20.50

o2y i

20.50 (a) (b)

o}

20.25

20.00 20.00

¢dzo SNJ 5a
¢ dzo SNJ 5a

2 GEBMBF GYSY b TNRY FTSNGAEATSNE o013 KI
CAJg¢NE NBRAOGSR YSIya 2F (GdzoSNJ RNE YIFGGSNI O2ydiSyid &:0 ¢
2 G§SNJ GNBIFGYSYd MZ H 9 o YSIya FHyRNE df NNWMNNRATD G3A 2ty2 Gluty n)
b GNBFIGYSyiliao

(oF

205+ Ta water

¢dzo SNJ 5 a
—
q

b FNRBY TSNIA
CAIINBNBRAOGSR YSIya 2F (dzoSNJ RNE YIGGSNI O2ydGSyid 630
GNBFGYSyiGa o0& GKS Y2RSt WA IR NIZOGSENT g3580 I NeR  OAF NNNROT pii»A 2/y130 d
YYO yR Fdzf f ANNRII AKSy fanySe YOry yNBEIWS/ @0 AL@Sfydida R2 y2i
GKAOK F2dzNJ SIIAlY GaElF YNBs diyRNI G NBF GYSyidao

29



3.1héumbers & sizes wvws. tRAdttesabmehtsvest

The bkammean number of 2hmarvbetéedrigheed pkotsm (I o
doubl ed t hiartr iigna tteholdppn,oontvéi ( e t he means for differe
22.5 and ??@Bof®m®) pepThem main effects of water treatm
bet ween water and N tr eatthmee nntusmbweerr eo élr adt &fp ARiQie df i tc
¢-oftm® .! pThe mean numbers of harvest edCxi Idah&S VB tphroeudt i
separating the interabei pas rivi esm TCloempmai soprff ettt §
the increases in the riimbmr Oofmmheaovi@gstddmt wmar s rpx
280 mm irrigati onCABeEMNE ibroght somliny fiircfalnuen(ced the
m*when the irrmmatafloneétvehsdtrg2®)5Ntp 235 mmtiher ingiantbiea n .

harvested?wiuble7 skRigefhamt i | i zat itomatwawi thHi ghtehert hM nt
ot her N treat ments dliidferoenmakéramstiligai fetMnence
fertilization had positéelveimefifects (Estimate of p
As for the fraction of harvested tubers with | eng]

for Mbhethegults based on the numbers anhdatms hapl pbase
Based on tChauziB® mbehe @redicted mean fraction of s
irrigation from O mm to 235 mm (local), and did
increa8uhbhgthe fraction under O mm and 280 mm irri
when based on Cciloegsibobshpwedghbht ed( mean fraction of
was significantly | ower than that under zero irri

As shown in Section 3.1. 1, the tuber fresh hyatel ds
underf erdadchot i on. Compared to the dhiabregess iin tstueggre

average fresh weight of each tuber increased with
the fraction of small thubiesr sf abvacsreedd on fresh wei gh

o

S

z

>

=

m W'rlll“!

2 :

<|(g I

X

©

Ko}

b FNRBY TSN&A
CAIMMBIBZERAOGSR YSIya 2F GKS yHERINS NNAZFHF SKNBNAAIS 30250 AlydzaliSANeRy” &l
GNBIFiGYSyida o0& GKS Y2RSt WA (R NIZOGENT y38S0 T[ NGB 0A NNNLAOT pizA 2/y130 o
YYO YR Fdzf ANNRIFGAZY OHyn YYO NBaLSQMyHSx ad RIKESE I Ay
GKAOK F2dzNJ LRAyda FNB dzyRSNIJ I alyYS 4FGSNI GNBIFGYSyGao
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bdzyo6 SNJ 2T KI NBS5:

2} GSNI GNE

CAIMMBIBRAOGSR YSIya 2F (KS vy tFY20NS NG I 20FS NG | iNNEBS alilYSSRY (15dz06SANBK
/Lo 2FGSNI GNBFGYSyia mMZ H 3 o YSIFEya TSNR ANNARIFIGAZ2YS ¢

(£ @
5 .

E @ s | ®
E\ ! E}? 0.06
N

0 > 0.06
> N
N < 004
v Qo
0
~ 011 z 0.02

21 G SN G NE 2 GBNB Y

CAJdMINBERAOGSR YStya 2F (KS FNIOGA2Yy 2F KINWSaGSR GdzS
[{5 O0FNJOopps /LOD® 2 GSNI GNBIFIGEZOVEAAMRAABlI 6ABY YShygp YV BOP
YY0O NBaLSOGA@Sted 60 . FaSR 2y ydzyoSNBRT 660 o6lFaSR 2y ¥

3.2 The relationships between the NUEs and wa

NUEs of six definitions ar e hanpasl ywzietdh iwna ttehri sa nsde cN |
& NUEgs how the emtm ntéhepmModeputfrno the t kbRrNWEyYy Vyi
show the process from the N input,& oNL:Eweh oNv utphtea |
utilization of N uptake to produce tuber dry mass
potato growth. And analyzing the pair of NUEs for
t he val ue wi tihnpzuetr owaNs fdeerdtuicltiezde rf rom t he definitic

3. 2. heaNmMWE NUE

The sample meangeddf.f2NUUBE o 1 ot5dkdflegent N2t Dbdat me
2.64 'korkdifferentelwa earm) tcr dNaetgmagsdwveu ®NUEwWhen t he t
yield withouty) Neteedddd ztali 0 vew) WiYtFh t Nl efde nwii it Ihi 2z d&tei on
water nor N treat mentEaeb6¥ @uviaflipucea nftdry tinef | niaeinnc eedf fNelk
= 0. wmll,uep for the main ef fveacltuse offorN tthree aetfnieencttss =o
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water and N treatments =t iDe Bfbdidt t Mbbdi wdenbvrbexzxpl
yield withoutg Nafeérthosta dwizian wkbine e cYlecd £ € t,looaznedr a h(l

the a change i pn)sttdedderaobmmakeoa (Nfference.

For ONWMEt he influences eoaft nweanttesr, tarnedattnheentisnt e\ atcrt i
significamito t®ANOAVA, €hddgnBE bbiEe cr eased with N fertil|
hat o 26% kagndhai ncreased with irrigation amount frc
no significantdbghangeeasni NWJEt he irrigation from
According to the pairwise pe@mpaot s onlse o¢ h'pme & 261t @
kg *Naertilizer input an#tto h2e6 “Nhkafnegtetiflriozne r2 2i 5n pkugt |
This pattern oft hceh annugnee riastt ¢fru éorftc oNetdEls &td wi t h i rri ga
(Section 3.1.2), whil e the denomignfahteo ri netgeuraa cst itohne
water and N treatments was o4vlayfuoeti egénticfiidcAaa t2 6art ktgh
haN treatment, ifnicoma? &5 ibnrooiu2gBhdtg ammdkoBnee r mAlUE of pa
¢Hoftm® .! c

|t needs to be noticed that the variancdgsrofNUNUEs
the standard deviation under each N trceéeatmesnct cr an

H) .

water

b6l 31

Aveg LSD 184 225 267

b FTNREY FSNIUA
CAIMMINBRAOISR! B9 WA RAFPDBABLERI RETFSNBY (G O2YoAyliliAzya 27
08 GKS Y2RSt 6AGK WS & NS Y[8{ 5 a0l NINROpENNAIEFF B A2y S f 20l f
ANNRIFGAZ2Y O0Hyn YYO NBALISOGA DSt a@R yeikASy dz2AdgaS &R | Qig yry SidkiSAey 3
LR2Ayda FNB dzyRSNIJ I &aryYS 4F SN iNBFGYSyGiao

3. 2.2 Recover yvre@ainidi ibdEnci e s : NUE

Samples memanangtdNUEom 4.5% to 11. 8% 8%Brtal 14 N4d%r
water tr eaitvree pRN&E Cc uNFergeadt when the N upt avkes wimah | M r
t hat withoutoN fwer tcihl isaagtgiesrt s( W hat the soil N sto
No treatment signid{ifcasvttallpuptehdfolnaencetif BUEs O wat
pval ue for the main 89fmdtue dforN tthree aetf herctts =of0.i M
N treat mMeynt sSi=miOha?7r t e NWEUB t hat t henadndvwie eanlkcese bi
zero. The N amounts in plant parts can( 2x)p.l ain it
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The sampl e rpie@am Ddr NUIEr ri gati on was 40. 6%, which
(¢croftm .! chetwvs ohlbgncell by watercitafeSptl mast €h @OV A ,
the increabeomfndNUEBEY rligadli oinrrigation (235 mm) W ¢
significant difference between | gqeaNUEnpdthel vairi
of NdhEnd NUBder each treattmeimmd smrce al so | arge (

water

-.
p— 3
0.59
o]
Aveg LSD 184 225 267

b TNRY FTSNIA

CAIdMANBRAOGSR ! MFR2WA RAFTSNBY (i O2WOMYNHEIARW ai RFI Y $\6NA | /R
F SNF 3S [ { 59 b CANDINVET Walod BN ANNRARIF GA2y T 20t ANNRIAIFGA
NBalLISOiABSted ¢KS fAySa O02yySOlAYy3a LRAY(Iada RENF 2dzy RSNI I (
gl GSNJ GNBIFrGYSyiao

3.2.3 Utilizatippymppaf fNeUEI enci es: NUE

Fittbdtlwet main model, t he ANOMA®r sMidlse d ntfH aute nceidt
treatddeonitds.! CExpl anati ons wvaimolunke mand ep |l vaintth ptalrd sN &
variabl e, (890t.i oni nB.lda.rl to what was shown in Sect
NUEnyaind NUnEder a certaincltatelatsme.atT hvee rsea mplimgaesmegan
24.5 agrkgs all treatmemwas, 423A8l kgthke mean NUE

3.3 The rel ati baesWihhds whaetteweed N treat ment

WUEwias only itnhfevhtience@dABE®YVheINdiss CA adzaB, 0 whi l.evaBUE

i nfl uencedmabyn bedudhetettd atfment s and the interaction
(ANOVALIbhRChEdzamI® G WWEcreased with irrigation from
hamm) to 280 mm (sampimd heeamnse&lthekgubar dry yiel
water input increasedisi mothidefi aemge.atSizerce® WUE i ge¢
from O mm to 235 mm is unknown.

As shcwBuwaiB0 t he i ncadgbiasm 0Of ( VvEph @mne atno 220356 nknyg i r
(sample medmmP3afdkgheéadecrease from 235 mih kg 28
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hamm) were both signifis.glhmom Zédeoinhar kbasal of r WUgs

percentage increase in the tuber dry vyiel cA@adsS hi
M9y the pairwise comp@rweoast sbhosvamethat wsV&JIE any
The etsthse oenstti mates of model pamametaert s omewevert r &

irrigation 8N N3 on267rkig lhiazer ), 280 mm irrigation
haN from fertidjdizéfprmatdef WdBh the reference | evel
|l ot her words, interactions between wgamhern arhdk N ntpr
water and N Twee ei rhddfUeafsheogrhn0 t o 235 mm irrifNati on
treactmepbred to ot haeust Ne tea=tait Mmetnd sqogf bpar amet er of
mm i rrigatisang &rwhBhlaen tOh,e i nteraction between 235
235 mm irrigation & N4 did not bri nog of@gShicnfiilcaarnlty
the decregkeomn23VEto 280 mm irrigaiNi onAtwss8 0a lnmsno
i rrigatagiomgr eMJUEed with N ilhpakedfeame@ wbtRBR2B kgph
kg 'hBEsti mate ofvap arctaaftaittoén) .&c p

(@) (b)
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GKS Y2RSt 6AGK | SSHWI ES N VBS [oghaNd 10N> AMNNRdEF GA2y s f 201 ¢
ANNRIFGAZ2Y O0Hyn YYO NBAaLISOGABSTRYY OXKSI X yZWdfSda ORIYISO il

LRAYGa 'NB dzy RSN I &l FSa®lowRI ®BNBSIF dYSydaod o610 219
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2} GSNJ GNE b FNRY TFSNIGA
CAJdzMBNE RAOGSR YShy®YR™ BAGK | OSNI IS [ {5 06N 6cps /LU
GNBFGYSYyld mMZ W 9 o YSEya TSNRB ANNRIFGA2yT 20Ff ANNRIL
GNBFGYSyiao
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3.4 Exphananbfit es

Explanatory wvariables were employed to explain hc
NUEsnd aWUESs. Firstly, t he rel ationships bet ween
analyzed (Seéeniexpl3wdaed) how these explanatory var
dry yield o3ed loa @ncdep Ctakkee t(uber dry yield and the
contained in the definitions of (tNU&ESsr elnat iWUESh ibpess
explanatory variables and the NUEs & WUEs can be

3.4.1 The relationships between the explanatory v

1) Sizes and weights of pl ant partéde( ad&bbesdg rweun
aboveground part, and the fresh weight of roots)

Aboveground heightwedmaaddreednit nnpehatdtyerrendsoifnr oJmu nt eh oas
June and August,wabevegtounfll hengbdd byt ,'ttaemat med
increased with irricgaddinadAiBsohm ws tao s213i5g4ntme dr op e d
aboveground height from 235! tDhe8dr oopm was i mat i 8n
aboveground h'éwigthht 2080 Jnunmei r2r4i gati on was stil|l S i
irri.galtmohul vy, however, the aboveground height ke
mm C{ 3 ozl ¢ and was posiitnipwdl yb ert eMeatned0 flabnedN dleBcdr ekag
aboveground height showc22dpiBwas2@dtkgi ynhéaicant,
bet ween 0 3Awals 2%i7g rkigf ihaant .

Canopy diameters were not measur egriedi Au eus tc achwe y
significantly increased whe@AdudhBi d at Janh ymeth theu gah
only significantly increascaduz® t§h biutr iad atoi ®sn gfnr d i
with N input fri(Ch3idz880t dh22bnkgehaéarhdomhe® decrnéd
225 t o "2s6h7o wkag\ dkeBN0OEe r e not significant.

The fresh wei ght sanmdo oddroei emfaltauvemde epda rbtys t h ¢ aftrnfe d tr me
nf. The increase of abovegranwmie tsHirz)e wiatbho viergrrioguantdi
mm and the unchanged aboveground fresh weight i nc
(fresh weight per unit volume). And since the abo
assumption of fixed dry matter partitioning (Sect
from O to 235 mm, it suggests that the abovegroun
root water contents decreased.

Theample means and standard deviations of dlhod Ssi z
!'m 9. T The variances are acceptable.

35



~ (‘ﬁ

F @ & . ()

£ %

g:‘\? gl

m m

d )

8 1 s ¢ 1

ISV N

(@] '© N .

21 8N G NE 2l UBMB O Y

CAJdzZKBEt NERAOGSR YSIya 2F GKS | 02@S3ANRBdzyR KSAIKGA 60Y0
2} SN ONBlFGYSyda mI W 3 YSIyad TSN ANNAIINBapwsSOtroO6t

juult

o] |
60 1 620S3ANRPdzyR KSAIK(GaoYS aaRERNR ozy RVdM SAHIK G4 YSI a4 dzNBR

& @

. @ O
¥ S

;} wb\ljv g )

m Soom {
«N o

Q Q

s S

ffe) ©

b FNRY TFTSNIA b FNRBY TFTSNIA

CAIMAKBOF 0O t NBRAOGSR YSIya 2F (KS | 0 2F2NURIyTR SHNENVTK OR Y
6FGSNJ YR YAGNRISY G(GNBIFHiYSyia o0 Wik SN2 REFy&ali ENE 05 NNH
f20RAEIENRY oOoHOp YYUO YR FdzZf ANNAIFGAZ2Y OHyn YYO NBaLIS
60Y0 YSI adzNBfRR Ndyp WdiBd GwtSy i d 6AGK | gSNIF IS [ {5 o NJ 6 cdpz
O2yliAydz2dza RI (il ZdzZNIKISRA K2 6 MBEA@RKRINI I &l YS 41 GSNI GNBI G
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—
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CAJd2Bt NBRAOGSR YSIyada 2F (GKS Ol y2ER2RABNGESESNANBOYYSYSa
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@ (b)

R Wizty &
R Wizty &

/b y2 LR
—

I Fy2 LR
[

b FTNRBY FSNIA b FTRENI AL AW &
CAIWMBOF UV t NEBRAOGSR YStya 2F (GKS JOMfy22MIR ARFATISWSYSINED 20YGYAY |
YR YAGNRASY GNBIFiYSyida o0& (GKS Y2RSt gAGK | @SNY¥3IS [{5
60Y0 YSI &dzNBFRR N2 yb WidetBd iwtSyia 6AGK | gSNF IS [ {5 o6F NJ 6 cp:z

2)The nuonfbeeisnt e nrs ?np e

As shotwmmy §m he number ofwamainnots tiennfsl upeenrcerd by wat e
variance undeér isaakctepeatbme. Thus the number of m
variable in this experiment.

¢ oyweSKS YStya |yR &ail yRIMBIR RSDIE NP ERE Wi Ky RAJAYVKGEFNII 2 F Y I A
LISN® Y22mwX | YR 20 YSIyaryn NNARAFGMR YyH WS ALISOGABSE@T bMI bHSJ
HHp PHE KENILAf AT I (WA 2iyS NOSBILISEN 3 WYWEd eddKS STFSOGAE 2F GKS Ay
iNBFGYSyldao

w1 W2 W3 N1 N2 N3 N4 I nters

Me an 12. 13. 13.112.12. 13.12. - - -
Sd 1.31.3.1.1'1.31.11.21.4---
pvalue (ANO.961 0.722 0.832
3) NPK contents (%) in different plant parts (tub

NPK in tuBers (kg ha

P cont enttwsbe(rds), iamboveground parts and roots were
(ANOMA Gt .!' yN contents (%) in tubers and roots wer
while in aboveground parts tist. wahse oinnltye riancftli wenrsc eb
treatments significantly influenced N content in
influenced by both the water and N treat ment s, as
content in tubers was influenced by water treat me
contents in each plant partc¢tfod® Yy fvfae i emtc et rod att he

each treatment was acceptable.
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AsshowngAJWawBt he effective change of irrigation was
aboveground K content, and roots N & K content al
Thef fects of N tr €a38dieh tsy nacree tphleoyt taerdeA BwamtS Talbea r INy
content went up wleniMcirrmwstedf rflo mwi i@l & iol 22 5¢c hkagn ghes
184 %gndat hat bet we'we rle8 4n o& 2sRiBgakisgh bhycaamdav € gr ound a
contents went up as N i n(u8dz®dachpoatoed Bbowmedr bandt
went up from N25 npadtdi2ugjR'ok Rolma K content, however,
N i nput bet wee(Aira@dzan)doyl84 kg ha

The |l evels of NPK contents omf ghlbhebel amf |l panted Byt
of aboveground parts and roots were calculated fr
NPK amoun®)swekgeg haalyzed here to complementethe

ANOVA, the amount of N in tubers at harvest was i
as the interactions betweéen®thy@dst & asaiB & thrhen tt u b A
amount increased with irrigation from 0O to 235 mm

But the change with N treatments N rcotnuableert ,N namreed n
as N input incredaed hoomi gnit bi 2ab6t kghdmgest Wed we!
& 2251(kRyIdogS. ' As €k DdsB 0i ;v tolO® t uber P & akita nyo u mtcsr ea

with irrigationtdsvtampu@ ff @r2 25vianfu. €0 Bfoo,r FK = 0. 000) .
¢dzo0 S5SNI b O2y i8Syl &2052@0SaNRdzy&: 0 w22i b Ozy
2.2 2.00
(@ o) ©
2.00 ." 175
. "“. 278 wale‘r
R R S S 150 - -2
] PR T. 250 e i|' 3
1.50
1.2
226
126
Aveg.LSD 0 184 225 267 Aveg.LSD 0 184 226 267 Aveg LSD 0 184 225 267
¢ dzoYOy G Sy i &0 1 02 @S INRWIRB Y w202y Sy
4
(d) (e) )
16 1.00
3
14 K -z 075
2 } ----------- s 2 ‘|' [T S, 050 :I: ‘~ T T +
1.0 025

Aveg.LSD 0 184 225 267 Aveg LSD 0 184 225 267 Aveg LSD 0 184 225 267

b FNRY FSNBACL

CAJWMBaz2 RSt LINBRAOGSR orsSt yRy 25FA BN SMANREILKHMBS A G T2 NI RA T
2F 6FGSNI FYR YAGNRISY GNBFGYSYda 6AGK | OSSN BE (BNES o4 NG
o YSktya TSNR ANNRIFGAZ2YS 20t ANNAII KByt Hyid TY¥yySPRA
R2 y2i YSIy O2ylAyd2da RIGIS GKS® &K26 6KAOK TFT2dzNJ LIRAY
b AY (dzoSNBZ 02@0S8S3INRPdzyR LI NI&A FyR NR2G&a NBaLISOGAQGSTE @
NE203G&d NBaAaLISOGAOBSted
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¢ dzo & NJ 2bdzy’ G ™6 ° ¢ dzot3 NO2 dzy {00 ] ¢ dz0¥3 N2 dzy (i ™06 |

= () 1 (b) (©

I | ‘ ]

Aveg LSD 0 184 225 267

b FNRY FSN®A
CAJWaBazRSt LINBRAOGSR YSlIya 2F "WKEHINFRAY (F 2R RA T NS i:
g GSNI FYR YAGNRISY (NBFGYSyGa 6AGK | @SNY IS Y[ {iB NG N Oappx
YSEya TSNP ANNARILIGA2Yy S 20t ANNARIAFGAZ2Y dH dpy 2¥850 T YO 0F c
t FY2dzydT 6000 GdzoSNIJ Y FY2dzyid o

4) The fluctuation of petiole N contents

Petiole Nasbpnppm) swe&NO® mefasluufeydA 2oy shw Py s A3 g B st 22
andptSemb'ler20117. The samplhé5tebénhsl tangefighbdbtt288er
(no irrigdyibar Aufgtietedt water trealtymdrmt 8,89&2n ¢ pfm
Augudt for differcamtm®@N! pTrheeayt naernet shi(gh compar Adcood
to a research on the white potato production 1in
application when the peti olReiENt ewIn.t,enz200%) hi gher

The fluctuations of emedantpetaitoméldh oN Se @ ririe @ s lBwn
LIS Y RAEN mMfoertili zer s"%wesred a)lpll 3 BDh@& omedsudry f2or t he
N content s‘tfor drathlygl2y3 b8 due utpot atkhee ocfo nN itnhuaitn gwas
2" tMind the secoemnxdlfadrntsi IwiHgah@nop®ugwdte N contents
on JuUwydeéB some treatMgazsf a®ndA(EUSHIBEI N40O2S) ,

applied for potato | ate blight. 't might be'the r
and A22fwsder some treatments. But the amountt of N
whi ch was small zadmmpar.ed to N fertil:@

On all the six dates, petiole N contlqQidsdzvSntéeads e

decreased with irricdaedNdnTlhieoen Wet® &350 msnore ot h
Jul ype&t3i ol e N contenirdéegréeamendf woamAAGEStnac22&G ed
i nput from 225and QEWFZAkgSaEti@dmbenrcrleased with N in
kg Lthabut these changes were smal/l, although they
interactions between N and water ¢F@fa® ments wer e

The significant increases o060 toet 1 ®ueerkal deaannstiesnttesn tv
results of the abovegr-08pd. NBegnobatdalbléopoBeent owa:
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by water treat ments.

t SGA2fScwdzDRY @By L tSGA2(S CWADBYGBY LIt SGA2E S cbdz®az(iSyaol
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(@) (b) (©
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Aveg LSD 0 184 226 267

t SGA2t S cbdDaz(iSyis o tSiA2tSchdBazppilgwd tSIA2fScPSOAFEHEFENI m
12000
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Aveg LSD 0 184 235 267 Aveg LSD 0 184 225 267 Aueg LSD 0 184 225 267

b TNRBY FTSNHALAI

CAJdzbB2 REINBRAOGSR YSIya 2P bdSiALAEOYSO bY SOAWINSRG &2y &AE  F
O2YoAyldA2ya 2F 6l GSNI YR YyAGNRISY GNBlFIGYSydGa 6AGK | @S|
Yl IOBNZYSFgaol SN2  ANNNWET HIARYYE dddd EYYO |yR FdzZt £ ANNRIL
O2yySOlAy3a LRAYGEA R2 y2G YSIy O2yliAydz2dza RIGFHYE (KS@& &K:
wdzt B wod 0NFWdzOd YHTalza ded (¥ zId&Sain Wiz3dA G { SLIHSTYOTSING ™

3. 4h2 relationships bet weaennd tthhee etxupblearn adtroyr yy ived rdi &«

The root fredh wheghumbkg hHatmai NPKt emantegat sm( %)
abovegr oumar weastt,s tate P amoumt, iandatrive spetdi alud eN
duri ng NONowtphpm) were not rel at 8d otro tthhee N!)uubpefl leder
fresh weight of abBovetgbenegdopmadtbei glotns hian July &
di ametduly (cm) and the amount s!) ofweNe &p &Ksii ni \nalr w e
tuber dey3ddghiEe IThe( fresh weight of aboveground par
di ameters in all/l mont hs, the tuber N cond e ner (%)
posi teilvaetleyd rt o CiAlHeipNBl Thpé aMeupPt ake was positively |
& tuber N d@moluencta uskeg ihbaa sved ol chésaeedari abl es

The data points are shown to be divided into two
increases of these variables with watérlbrcaat Meldb
anfdul I mr)2 8i0r ri gation (2/3 of the data points), whi
the data point ss)guaTheed caowdd IAINEOSVA®Ifp Rhe regression
¢l of @ !svmE mn
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