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Abstract

Deficit irrigation has beenvidely used in crop production, btitere is not enough information about how and whether
water stress and nitrogen (N) fertilizer interact withize(Zea mayd..) growth and nitrogen uptake in pot experingeifr
this study, the effestof deficit irrigation and Nfertilizer application ratet different growth stagesn physiological and
morphological parameters potted maize wrestudiedto determine whether the jointing stage was the key period of maize
water demandThe experiment was arranged in a randomized complete block design with two factors (5 irrifation levels x 4
N fertilizer application rates) anteplicatesdthree times. Leaf area, plant height, root length, root activity, dry matter
accumulationand N uptakelecreased with the increaseNofertilizer application ratesThe plant height imleficit irrigation
at mature stagéD,,,) was the highest, which was 9.4% ~ 20.5% highean that of deficit irrigatiorat other growth stages.
Deficit irrigation atfilling stage(Ds) had the highest chlorophyll contemthich was3.6%~ 9.4% higher thahat of other
irrigation treatmers on averaging N fertilizer application rat@&e root number increases first and then decreases with the
increase oN fertilizer applicationrateon averaging irrigation treatmenihe mearwater use efficiency (WUE)rder from
high to low was D (deficit irrigation at seedling stage) D, > F (full irrigation) > Dy > D; (deficit irrigation at jointing
stage)on averaging Nertilizer application rate WUE was only significant correlated with plant height. The NUE was
significanty correlated with leaf area, chlorophyll content, root actiwdiy, matter accumulation and nitrogen uptakiee
results showed that the jointing stage was sensitive to water and nitrogen requir€heRts, (full irrigation, and0.1 g N
kg™ sail) treatment ranked first aftanalyses in the combinatioretaluation which provides aeferenceor evaluating and
selecting bettefield cropmanagememnnethods

Key words: Maize;Leafarea,Dry matter accumulatiorRootactivity; Wateruse efficiencyNitrogenuse efficiency, PCA

Introduction period to water stresfdMa et al, 2012 Rodrigueset al,
2013. So, the irrigation water requirements and sensitivity
Soil water content and soil nitrogen (N) availability are phase to water deficits of maize is of great importance to
two important factors that influence the crop growth andagronomists for planning irrigation strategies. Some
production (Gautamet al, 2008 Mitchell et al, 2000. researchers have carried out the field experiment and
Maize is a crop of highvater and highN consumption, and confirmed that tasseling stagettie critical period of water
the input of water and N directly influences the dry matteidemand in maize crops, followed by jointing stéidall et
accumulation and yield formatioffdamteyet al, 2010  al., 1982 Yang et al, 2017). Meanwhile, the grain yield
Echarteet al, 2008. Many researchers have conductedshowed decreased with water stress, and the more serious
experiments of deficit irrigation techniques on vegetablepf water stress the more significant influence of the N
ornamental plants and field crofi3acosta& Huang 2006 fertilizer rate(Castronavat al, 2014 Pandeyet al, 2000.
Du et al, 2019 El-Mageed& Semida 2015 Igbadunet Many researchers focus on coupling effects of deficit
al., 2008 Kloss et al, 2014 Yonts et al, 2018, and the irrigation and Nfertilizer levels on maize growth and
results indicated that deficit irrigation can significantly yield, which is beneficial to determine the indicators for
improve water use efficiency (WUE). Furthermore, theprecision agricultureg(Han et al, 2013 Pandeyet al,
grain yield of maize showed no significant difference in2000. The interactive influences of irrigation and- N
moderate deficit irrigation than full irrigation under the fertilizer was significantly effect on nitrate loss, which is
particular maize varietieKamanet al, 2011). Moderate the most effective measure for reducing nitrate leaching
deficit irrigation only showed a slightly reduced plantout of the root zone under a proper combination of water
height and total dry weight, antiet flowers number and fertilizer managemer(Gheysariet al, 2009 Wanget al,
colour parameters have no obvious difference an@®019a). There was a synergistic effect of irrigation and N
statistically significant with that of full irrigation in potted fertilizer on maize yield, and a propriate watertilizer
Carnations(Alvarez et al, 2009. However, the severe management can both obtain a relatively higher grain
deficit irrigation was significantly decreased grain yield,yield and large economizenefit(Hanet al, 2013 Prunty
even more seriouswhich induced higher leaf pressure & Montgomery 1991). The optimal amounts of irrigation
values and cannot meet the normal growth of maizand Nfertilizer is important for field management, the
(MansouriFar & Saberali 201Q Yin et al, 2016§. The water resources pollution by N and otheutrient
time of deficit irrigation was most important to plant elementsbecomes a byproduct when the fertilization
growth and qualitfAlvarezet al, 2013, this demonstrates input exceeds the crop consumpti(Jia et al, 2014
that crop growth does not only depend on the irrigationWWanget al, 2019h. These higfertilizer inputs and the
amount supplied but also on the time when the deficiextremely low crop recoveries of fertilizer nutrients have
irrigation is applied, and that flowering is the meshsitive  caused the marked deterioration of soil and groundwater
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quality. In recent years, researchers and public figure28.5cm, the below diameter is Zdm, and the height is
have increased their concerns on the praiactif water 24.5cm. Nine holes was designed for a plum blossom
resource from pollution attribute to N from agricultural like arrangement by artificial in the bottom of the bucket
sourceqGodfrayet al, 2010 Wanget al, 2015. S0 as to provide good ventilation conditionsedwhile,

In addition, wherthe irrigation amount applied during the bottom of bucket covered with 80 mesh nylon and fine
whole growth stages does not meet the cropand is effectively for prevention water and nutrient loss.
evapotranspiration demand, thefetilizer applicationrate The topsoil (in the plough |
based on calculations for full irrigation may cause arfarmland wasisedas soil samples in this experiment. The
unobservant oveapplication of N, which could increase Sélected soil waair dry in natural conditions, and then
the poential for low nitrogen use efficiency and Sieved the aidried soils through 5 mm sieve.
environmental impact of future N losses to the groundwater. The experiment was arranged with two factors (5

However, the requirement of water was different inirrigation levels x 4 N-fertilizer application ratgsand
different development stage of maize cr¢@skir, 2004 three replicatedrive irrigation treatments were assessed:
Fanet al, 2020. In arid regions, the main limiting factors (1) f ul 1 i r r i gwheredoisthe (fieldoc@pswiy
for maize production isthe water shortages. Deficit In the whole growth stage {ff (2) deficit irrigation (6%
irrigation is the normal water saving irrigation measures3 0 %dvas only applied in the seedling stage, (fom
in these areas. Although deficit irrigation might reducelO to 24 days after planting); (3) deficit irrigation (65
crop yield to a certain degree, the quality can improve i 0 % dvas only appliedn the jointing stage (Pfrom 25
the meantime. Mertilizer is able to implement sughe {0 48 days after planting); (4) deficit irrigation {@&0 %d
functionality that neutralizes the water stress on yielddv@s only applied in the filling stage {Dfrom 49 to 70
and has a positive impact on crop growth if the deficitdays after planting); (5) deficit irrigation (68 0 % dvas
irrigation is appropriate levels and appropriate time. Inonly applied in the maturity stage fDfrom 71 to 89 days
sensitive period of water and-fartilizer requirement, after planting). Four Nertilizer application rates were
temporary water stress@nd N shortage have significant @8ssessed: (1) no-fertilizer applied (N); (2) N-fertilizer
influences on maize growth, as well as the fresh and drgPplied as 0.1 g N Kgsoil (Ny); (3) N-fertilizer applied
matter accumulations of the whole plants. So, it is veryS 0-3 g N kg soil (No); (4) Nfertilizer applied as 0.5 g
important and extremely urgent to optimize a water andY K3~ soil (Ns). The Nfertilizer was used the analysis
N-fertilizer management strategy for maize grown topureN of urea and all the treatments were applied 0.2 g
balance the input of water and-rtilizer resources and KH2POs kg* soil (same phosphate (P) and potassium (K)
maize growth. In this study, we carried out a pot maizdertilizer application rate).
experiment tries to (1) investigate the coupling effects of ~ The maize breedZga mays.., cv. 2®&afang
deficit irrigation at different development stages and N local variety) was sown on f2May 2017.Before sowing,
fertilizer application leels on maize growth and N uptake €ach treatment received the total amount gffNand k-
and (2) assess the sensitive period of water and Nertilizer, which were applied at the soil and mixed until
fertilizer requirement in maize growth by principal well combined. Each plot added finished product soll
component analysis (PCA) in a calcareous soilsamples of 15 kilogramsnd controlled thesoil bulk
Answering these questions is important for selectinglensity of 1.3 g cit The surface is added to vermiculite
better field manageent techniques and providing better (10 @ per pot) that in order to keep soil from packing

ideas to reduce Jertilizer overuse in calcareous soils. ~ together and reduce surface soil moisture loss. After all
preparations have been completed, two maize seeds were

Materials and Methods planted at the depth of@n. Almost immediatelyall the
treatments irrigated to field capacity on behalf of ensure
Study site description The potted experiment was the moisture needed for germination. The determination
performed at Ansai County, Shaanxi province, Chinapf irrigation amount is adopted by weighing method. The
located a3 6 A39Nj N and 109A11N;jirBgationTwascarted guetaoil wagmcbnteny geduces to
performed between May and September720t a rain  or approximate to low irrigation limit, and the irrigation
shelter belongs to Yanoanambuntiwasedntsolletl atthe upperarrigationpinsitrofifieie nt a
sites have an altitude of 1100 m. The annual average agapacity. The graduated cylinder was used to measuring
temperature is 8.7°C and annual average pretipit is the required amount of irrigation in each timedathe
531 mm (from 1952 to 2@). Calcareous soil was used total irrigation amount was determined by the added
(Pan et al, 2017, with details on its physical and irrigation amount in each time.
chemical characteras follows: soil pH, 8.2; soil bulk
density, 1.3 g cff; soil organic matter content, 12g3g  Sampling and measurement During the whole growing
% soil total N content, 0.83y kg’ soil available season, the leaf area, plant height, chlorophyll content,
phosphorus content, 11.8 mg kg soil available root number, root length, root activity, dry matter
potassium content, 782 mgkg soi | f i gl cccynalptiancand y upfake were measured four times.
vol%), 24.1%; permanent wilting point 12.5%. The four measurement times were at the end of seedling
stage 24 days after plantifgjointing stage48 daysafter
Experimental design The maize was planted in the planting, filing stage {0 days after plantg) and
plastic bucket The above diameter of plastic bucket is maturity stage&9 days after plantigrespectively.
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(1) The leaf area (LA, cf) was measured by measuring software, 16.0, SPSS Inst., USA). The correlation among
rule and used the leaf area calculation formulathe all parameters used Pearson as correlation coefficients

(Amanullahet al, 2009;Wanget al.,, 2014): (two-tailed). PCA was used to analyze all the mean
parameter values at the maiyr stage for different
LA=L3W30.75 (1) irrigation and Nfertilizer treatments.

whereL is the leaf length (cm) and W is the leaf width Results
(cm), and the leaf area per plant was sum of each leaf area. o o
Leaf area The deficit irrigation significantly affected the
(2) The plant height (cm) was measured by measuring ruld€@f area during seedling and jointing stage, and the N
(3) The chlorophyll content was measured by SPFR2 fe_rtll!zer S|gn_|f|cantly £<0.01) gffected the leaf area during
chlorophyll mete(Korkovelos& Goulas 20179 jointing, filing and maturity stage, however, .t.he
(4) The root number and root length were measured by thigteractions between th_e.se factors only had a S|g.n|f|cant
root samples ireach treatment were scanned with affect on leaf area at filling stag&gple 1). At seedling
scanner (Epson Perfection v700 Photo, Epsonptage, the mean leaf area was highersi2D1 cm) than F
Company, Japan). (183 cnf) on averaging thé\-fertilizer application rates
(5) The ro,ot activity was measured  using (Fig. 1a). At jointing stage, the influence degree of deficit
triphenyltetrazolium ~ chloride  (TTC) (Hawrylak irrigation on leaf area was increased as the growth period
Nowaket al, 2015. progresses that the mean leaf area was higher (2786
(6) The two subsamples of roots and aboveground cnt), which was 18.7% higher than, Bnd 15.%6 higher
biomass from the same treatments were pooled to forfigan § on averaging Nertilizer application ratesHg. 1b).
a composite roots and aboveground sample. Befor&€ negative correlation betweenféitilizer application

weighing, all root and aboveground samples were ovefft€ and leaf area, meaning the higher théerlizer
dried at 75°C to constant weight. applied, the lower the leaf area at jointing stdgeg. (Lb).
(7) The N concentration (mg g% in roots and At filli ng stage, the leaf area was also decreased with

aboveground were determined by a modified KjeldahFhe increasg of Mgrtilizer application rate, the mean leaf
digestion methodXiao et al, 2017, and the N uptake 2aréa was higher in N(5548 cr) treatment, which was
(mg plant) equal to roots and aboveground N 2-3% (279 crf) and 22.5% (1019 ciphigher than Nand
concentration multiply by roots and abovegroundNs On averaging irrigation treatments, respectivehyg(

biomass, respectively. 1c). On averaging Pﬁertilizer application rates, the order
(8) The water usefficiency (WUE, g L) was calculated ©f 1€af area from high to low are P D > Ds > Dj at
using the following formula: f|II|ng_stage Fig. 1c). At maturity stage, the_ mean leaf
area in D(3974 cnf) and D (3806 cm) were higher than
DMA F, (3753 cni) on averaging Nertilizer application rates,
WUE=—— and the follows that D(3615 cri) and D, (3371 cm)
IW (2) (Fig. 1d). On averaging irrigation treatments, the mean

leaf area was also decreasetth the increase of N
where DMA is theroots and aboveground biomass (g), fertilizer application rate, the mean leaf area was higher in
and IW is sum of irrigation amount (L). N; (5189 cnd) treatment, which was 8.9% (422 Yrand

15.9% (711 crf) higher than Mand N, at maturity stage,
(9) The nitrogen usefficiency (NUE, %) was calculated respectively Fig. 1d).
based on the following formula:

Plant height The individual factor of irrigation andl-

N - fertilizer significantly (p<0.01) affected the plant height
NUE = —£=e__tPee03 10Q during seedling, jointing and maturity stage, and the
application (3) interactions between these factors had a significant

(p<0.01) effect on plant height at maturity stagal{lel).
where Nyyake iS the N uptake amount per plant in N At seedling stage, the meglant height was higher in F
application treatment (g plantNypwakeo IS the N uptake (64 cm) than D (59 cm) on averaging the -fértilizer
amount per plant with noffértilizer applied treatment (g application ratesHig. 2a). The mean plant height was
plant®); Nappiication IS the Nfertilizer application rate per decreased with the increase ofétilizer application rate,
plant (g plant). and the value in N(62 cm) was 2.6% (2 cm) and 11.6%

(7 cm) higher than N and N at seedling stage,
Statistical analysis Two-way analysis of general linear respectively Fig. 2a). At jointing stage, the mean plant
model (GLM, univariate with equal variances assumedheight was lower in {124 cm), which was 9.9% (12 cm)
LSD tests at the significance level of 0.05), with irrigationand 10.7% (13 cm) lower than,Bnd F on averagingN-
and Nfertilizer as the two fixed factors, was used tofertilizer application rates, respeatly (Fig. 2b). The
assess variations in the leaf area, plant height, chlorophytilant height was decreased with the increase eof N
content, root number, root length, root activity, dry matterfertilizer application rate on averaging irrigation
accumulation, N uptake, WUE and NUE. The meantreatments at jointing stage, and mean plant height;in N
comparisons were detected using @ay ANOVA  was 7.6% (15 cm) and 11.7% (22 cm) higher thamid
( T u k-b tedissat the significance level of 0.05, SPSN;, respectivelyFig. 2b).
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Table 1. Treatment effects (P values) on leaf area (LA), plant height (PH), chlorophyll content (CC), root numbe
(RN), root length (RL), root activity (RA), dry matter accumulation (DMA), nitrogen uptake (NU) in seedlingstage
(SS), jointing stage (JS), filling stage (FS) and maturity stage (MS), using irrigation (I) and nitrogen fertilizer (N)
and irrigation (W) as two fixed factors.

0

Stage Factors LA PH CcC RN RL RA DMA NU
| * *k ns ns ns *k ns *k
SS N nS *% * *% *% *% *% *%
| x N ns ns ns ns ns ns ns **
| * *% nS *% nS *% * *%
JS N *% *% * *% * *% *%
| x N ns ns ns ns ns ns ns **
| ns ns ns *k ns ** ns **
FS N *% ns *% *% *% *% *% *%
| x N *k ns ns ns ns ns ns **
| ns * ns ** ns ** ns **
MS N *%* *%* *%* *% *% *% *%* *%*
I xN ns ** ns ns ns *x ns **
Notei © means @<meanls Oi. 01 <p <0.05 and Anso® means p>0.05
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Fig. 1 Leaf area per plant were affected by irrigation treatnignfu(l irrigation in the whole growth stage;Rieficit irrigation was only
applied in the seedling stage;, Deficit irrigation was only applied in the jointing stage; @ficit irrigation was only applied in the
filling stage; O, deficit irrigation was only applied in the maturity stpged Nfertilizer application rated\,, no NHertilizer applied; N,
N-fertilizer applied as 0.1 g N Kgsoil; N,, N-fertilizer applied as 0.3 g N Kgsoil; N, N-fertilizer applied as 0.5 g N Kgsoil) in seedling
stage (@), jointing stage (b), filling sta@? and maturity stage (dBars are the means + one standard error of the meaB)(
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Fig. 2 Plant height per plant were affected by irrigation treatmEnfu(l irrigation in the whole growth stage;Ddeficit irrigation
was only applied in the seedling stags, d@eficit irrigation was only applied in the jointing stageg; Beficit irrigation was only
applied in the filling stage; R deficit irrigation was only applied in the maturity staged Nfertilizer application ratedNp, no N
fertilizer applied; N, N-fertilizer applied as 0.1 g N Kgsoil; N,, N-fertilizer applied as 0.3 g N Kgsoil; Ns, N-fertilizer applied as
0.5 g N kg soil) in seedling stage (a), jointing stage (b), filling stégjeand maturity stage (dBars are the means + one standard
error of the meam(= 3).

At filling stage, there was no significant difference Chlorophyll content: The Nfertilizer significantly affected
between the deficit irrigation and-fertilizer application  the chlorophyll content ithe whole growth stage, there was
rate on plant heightFjg. 2c). On averaging Mertilizer no si_gnifican_t difference in th.e _single factor of irfigation and
application rates, the order of plant height from high tothe interactions between irrigation and-féxtilizer on
low are F (154 cm) > B (151 cm) > Q (149 cm) > D chlorophyll content during the whole growth stagafflel).
(141 cm) at filling stageRig. 2¢). At maturity stage, the At seedling stage, the highest chlorgibhontent value was

mean plant height in D(171 cm) was 12.1% (19 cm), observed in N(47.1) with F, which was only significantly

) higher than Iy (42.8) at the same irrigation treatmehig(
9.4% (15 cm), 20.5% (29 cm) and 18.7% (27 cm) higher, L
than F, D, D, and D, on averaging Nertiizer 3a). At jointing stage, the mean chlorophyll content was

o ) | X increased with the increase offétilizer applicationrate,
application rates, respectivel§ig. 2d). On averaging 5nd the value in N(46) was 1.7% (0.8), 4.9% (2.1) and
irrigation treatments, the mean plant height was alsq g go (6.6) higher than N, N; and N, on averaging
decreased witithe increase of Nertilizer gpplication jrrigation treatments, respectivelfig. 3b). On averaging
rate, the mean plant height was higher in(®11 cm)  N-fertilizer application rates, the order of chlorophyll
treatment, which was 24.6% (33 cm) and 16.9% (24 cmgontent from high to lowra Oy (43.7) > ) (42.9) > F(42.8)
higher than Nand N at maturity stageNig. 2d). at jointing stageRig. 3b).
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Fig. 3 Chlorophyll content (SPAD value) were affected by irrigation treatnignfu(l irrigation in the whole growth stage Dieficit
irrigation was only applied in the seedling stagg;deficit irrigation was only applied in the jointing stage, @eficit irrigation was
only applied in the filling stage; | deficit irrigation was only applied in the maturity stagad Nfertilizer application rates\, no
N-fertilizer applied; N, N-fertilizer applied as 0.1 g N Kgsoil; N,, N-fertilizer applied as 0.3 g N Kgsoil; N3, N-fertilizer applied as
0.5 g N kg soil) in seedling stage (a), jointing stage (b), filling stégjeand maturity stage (dBars are the means + one standard
error of the meam(= 3).

At filling stage, the chlorophyll content was increasedwhole growth stage except the irrigation effect on root
first and then decreased with the increase dérilizer number at seedling stage, however, there was no
application ratesHjg. 3c). On averaging irrigation treatments,Significant  difference in the interactions between
the order of chlorophyll content from high to low are N irrigation and Nfertilizer on root number during the
(43.3) > N (42.7) > N (41.8) > N (33.5) at filing stage whole growth stage Table 1). The ability of rot
(Fig. 3c). Atmaturity stage, the mean chlorophyll content in YPerplasia depends on the amount offeNilizer

lied and the trend of root number from high to low
Dy (37.4) was 3.6% (1.3), 4% (1.8)4% (1.6) and 9.4% (3.5) 3PP root !
higher than F Ds D, and D, on averaging Mertilizer are N> Ny > Ny > N at jointing stageRig. 4). In the

application rates, respectivelyFig. 3d). On averaging whole growth stage, seedling and jointing stage are the

L eriods of rapid growth of the roatumber, and the
irrigation treatments, the mean chlorophyll content Wagrowth ability of rootsystemis weakened during filling

decreased with the increase offeétilizer application rate, znq maturity stageF{g. 4). At seedling stage, the mean
the mean chlorophyll content was higher in(88.1), which  root number was increased first and then decreased with
was 4.4% (1.6) and 6.4% (2.4) higher thanadd N at  the increase of MNertilizer application rates on
maturity stageKig. 3d). averaging irrigatiorireatmentsKig. 4a). Compared with

Fi, the root number in Dreduce by 26% in N 25.8% in
Root number: The individual factor of irrigation andN N, 25% in N and 27.87% in K at jointing stage,
fertilizer significantly affected the root number in the respectively Fig. 4b).
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Fig. 4 Root number per plant were affecteditrigation treatmentK;, full irrigation in the whole growth stage;sDieficit irrigation
was only applied in the seedling stags, d@eficit irrigation was only applied in the jointing stage; Beficit irrigation was only
applied in the filling stage; R deficit irrigation was only applied in the maturity staged Nfertilizer application ratesNy, no N
fertilizer applied; N, N-fertilizer applied as 0.1 g N Kgsoil; N,, N-fertilizer appled as 0.3 g N kg soil; Ns, N-fertilizer applied as
0.5 g N kg" soil) in seedling stage (a), jointing stage (b), filling stage (c) and maturity stageafd)are the means + one standard

error of the meam(= 3).

At filling stage, the root number in;ave a clear
recovery, and the root number i i2duce by 16.2% in
Ng, 18.8% in N, 18.2% in N and 13.3% in N
compare with Fat the same Nertilizer application
rate, respectively Hig. 4c). However, the recover
ability of full irrigation at later of jointing stage is
limited. The root number in Dreduce by 15.2% in §
16.3% in N, 15.4% in N and 19.5% in N compare
with F under the same {fertilizer application rate at
maturity stage, respectivelyFig. 4d). In particular
deficit irrigation at maturity stage () was also

Root length: The NHertilizer significantly affected the root
length in the whole growth stage, but there was no significant
difference in the single factor of irrigation and the
interactions between irrigation andféttilizer on root length
during the whole growth stag&gblel). At seedling stage,
the root length was decreased with the increase -of N
fertilizer application rates, and the root length in(88 cm)

was 17.1% and 48.8% higher thapn(BB cm) and B(30 cm)

on averaging irrigadin treatmentsHig. 5a). At jointing stage,
the mean root length was increased first and then decreased
with the increase of Nertilizer application rate, and the
value in N (59 cm) was 17.1% (9 cm) and 65.3% (23 cm)

decreased the root number, which reduce by 12.1% |ﬁ|gher than N and N, on averaging i'i'gation treatments,

No, 9.3% in N, 11.5% in N and 9.8% in N compare
with F under the same {fertilizer application rate at
maturity stage, respective(¥{ig. 4d).

respectively [Fig. 5b). On averaging Nertilizer application
rates, the order of root length from high to low ar&8.1) >
Ds(51.6) > D (50.6) at jointing stagd~{(g. 5b).
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Fig. 5 Root length weraffected by irrigation treatmenE;( full irrigation in the whole growth stage;,Ddeficit irrigation was only
applied in the seedling stage;, Deficit irrigation was only applied in the jointing stage; @ficit irrigation was only applied in the
filling stage; O, deficit irrigation was only applied in the maturity stpged Nfertilizer application ratedN,, no NHertilizer applied; N,
N-fertilizer applied as 0.1 g N Kgsoil; N,, N-fertilizer appied as 0.3 g N kgsoil; N5, N-fertilizer applied as 0.5 g N Kgsoil) in seedling
stage (@), jointing stage (b), filling stage (c) and maturity stag8#d} are the means + one standard error of the meaB)(

At filling stage, the positive relationship between Root activity: The individual factor of irrigation and -N
root length and deficit irrigation, and the order of rootfertilizer significantly <0.01) affected the root activity in

length from high to low are D> D; > Ds > F on
averaging Nfertilizer application rate Kig. 5¢). On

averaging irrigation treatments, the roanfjth was

decreased with the increase offéttilizer application

rate, and the root length in;N65.2 cm) was 4.9%

(3.1 cm) and 30.3% (15.5 cm) higher thap ahd N

at filling stage, respectivelyFfg. 5¢). On averaging
irrigation treatments, the meamat length was also

decreased with the increase offértilizer application
rate, the mean root length was higher in(X6.5 cm),

the whole growth stage, and the interactions between
irrigation and Nfertilizer have a significant effect on root
activity at maturity stage T@ble 1). The root activity
decreased with the increase offéttilizer application rate,
and the root activity order from high to low wag NN, >

Nz (Fig. 6a). On averaging ffertilizer application rate, the
root activity in 13 increased by 9.2%, compared withalE
seedling stageF{g. 6a). The root activity decreased with
deficit irrigation, and the root activity order from high to low
was D > F > D, on averaging Mertilizer application rate at

which was 22.8% (14.2 cm) and 44% (23.4 cm)jointing stageKig. 6b). Onaveraging Nertilizer application
higher than N and N; at maturity stage, respectively rate, the mean root activity in; Decreased by 33.8% and
(Fig. 5d).

37%, compared with fand F at jointing stageKig. 6b).
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Fig. 6. Root activity were affected by irrigation treatmet full irrigation in the whole growth stage;,,Dleficit irrigation was only
applied in the seedling stage;, Deficit irrigation was only applied in the jointing stage, @&ficit irrigation was only applied in the
filling stage; O, deficit irrigation was oyl applied in the maturity stagand Nfertilizer application ratedN,, no NHertilizer applied; N,
N-fertilizer applied as 0.1 g N Kgsoil; N, N-fertilizer applied as 0.3 g N Kgsoil; N5, N-fertilizer applied as 0.5 g N Kgsoil) in seedling
stage(a), jointing stage (b), filling stage (c) and maturity stageRdjs are the means + one standard error of the meaB)(

Compared with F the root activity in Dreduce by was decreased with the increase efieilizer application
33.6% in N, 36.4% in N, 33.3% in Nand 31.7% in N rates, and the mean dry matter accumulation if2\ g
at filling stage Fig. 6¢). However, the root activity inD  plant’) was 36.5% and 79.5% higher thap &ahd N, on
reduce by 14.3% in ) 19.5% in N, 5% in N and 7.9% averaging irrigation treatments, respectivelyig( 7a).
in Ni, compared with Fat filling stage Fig. 6¢). Compared with f the mean dry matter accumulation in
Compared with F the root activity in [} reduce by 30.4% Dsreduced by 24.2% on averagiNgfertilizer application
in No, 27.7% n N, 31.7% in N and 29.9% in B at rate at seedling stag€i¢. 7a). At jointing stage, the dry
maturity stageKig. 6d). matter accumulation was decreased with the increase of

N-fertilizer application rates, and the mean dry matter

Dry matter accumulation: The NHertilizer significantly — accumulation in N(36.4 g plant) was 24.3% and 61.8%
affectedthe dry matter accumulation in the whole growth higher than N and N, on averaging irrigation treatments,
stage and the irrigation was significant effect on dryrespectively Fig. 7b). On averaging HNertilizer
matter accumulation gbinting stage, but there was no application rates, the deficit irrigation decreased the dry
significant difference in the interactions betweenmatter accumulation, and the mean value iméreased
irrigation and Nfertilizer on dry matter accumulation by 33% than Dand increased by 35%han [ at jointing
(Table1). At seedling stage, the dry matter accumulatiorstage Fig. 7b).
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Fig. 7. Dry matter accumulation were affected by irrigation treatmeptfigll irrigation in the whole growth stage; Ddeficit
irrigation was only applied in the seedling stagg;deficit irrigation was only applied in the jointing stage; @eficit irrigation was
only applied in the filling stage; [ deficit irrigation was only applied in the maturity stagad Nfertilizer application ratesN\,, no
N-fertilizer applied; N, N-fertilizer applied as 0.1 g N Kgsoil; N,, N-fertilizer applied as 0.3 g N Kgsoil; N3, N-fertilizer applied as
0.5 g N kg soil) in seedling stage (a), jointing stage (b), filling stage (c) and maturity stageafd)are the means + one standard
error of the meann(= 3).

At filling stage, the positive relationship between dryirrigation, and the mean dry matter accumulation order
matter accumulation and deficit irrigation, and the highesfrom high to low was F D, > D; > D; > Ds on averaging
dry matter accumulation was observed inWwhich was N-fertilizer application rate at maturity stadéd. 7d).

12.5%, 16.3% and 11.3% higher thBg D; and D on

averaging MNfertilizer application rate Hig. 7c). On Nitrogen uptake: The individual irrigation and Mertilizer
averaging irrigation treatments, the dry mattersignificantly (<0.01) affected the nitrogen uptake in the
accumulation was decreased with the increase of Nwhole growth stageand there havesignificant (p<©.01)
fertilizer application rate, and the dry matter accumulatiorinteraction impact between them on nitrogen uptalble

in N; (36.9 g plant) was 11.8% and 50.8% higher thap N 1). High nitrogen application can significantly inhibit
and N at filling stage, respectively{g. 7¢). On averaging nitrogen uptake at seedling stage, the mean nitrogen uptake
irrigation treatments, the mean dry matter accumulatioin N; (7.5 mg plant) was 16% and 103.3% higher thap N
was also decreased with the increase ofemilizer and N on averaging irrigation treatments, respectively
application rate, the mean dry matter accumulati@s  (Fig. 8a). however, the nitrogen uptake increased with
higher in N (58.4 g plant), which was 30.1% and 30% irrigation amount, and the mean nitrogen uptake jin F
higher than Dand N, at maturity stage, respectivellgi§g.  increased by 19% compared with & seedling stagéd-ig.

7d). The dry matter accumulation decreased with defici8a). At jointing stage, the higmitrogen continuous



