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A B S T R A C T  

Nitrogen fer t i l izat ion,  irr igation,  and cul t ivars  affect  

t ube r  charac ter i s t ics  such as tuber  size, specific gravity,  

and N concent ra t ion .  Few studies,  however ,  have investi-  

ga ted  the in te rac t ion  o f  i rr igat ion and N fer t i l iza t ion on 

the tuber  charac ter i s t ics  o f  po ta to  cultivars,  par t icular ly  

in At lant ic  Canada.  The objec t ive  o f  this on-farm study, 

conduc t ed  a t  four  s i tes  in each o f  t h r ee  years ,  1995 to  

1997, was to de t e rmine  the effects  o f  supplementa l  irri- 

ga t ion  and six ra tes  o f  N fer t i l iza t ion (0-250 kg N ha -~) on 

the  number  o f  tubers  per  plant,  the  average f resh  tube r  

weight ,  t ube r  N concen t ra t ion ,  n i t r a t e  (NOa-N) concen-  

t ra t ion ,  and specific gravity of  the cul t ivars  Shepody and 

Russet  Burbank. Nitrogen fer t i l izat ion increased the aver- 

age fresh tuber  weight,  tuber  N and NO3-N concentrat ions,  

and decreased specific gravity. Effects  of  increasing N f e r  

t i l iza t ion  on tuber  charac te r i s t i c s  were  o f ten  more pro- 

nounced for  Shepody than  for Russe t  Burbank,  and for  

i r r igated than for  non- i r r igated conditions.  Shepody had 

g r ea t e r  average fresh tuber  weight  and tube r  N concen- 

t rat ion,  lower  specific gravity, and fewer  tubers  per  plant 

than  Russet  Burbank. Supplementa l  i r r igat ion increased  

the average fresh tube r  weight  and the number  o f  tuber,  

pe r  plant,  but  i t  had a l imi ted  e f fec t  on specif ic  gravity 

and tuber  N and NOa-N concent ra t ions .  Tuber  NOa-N con 

cen t r a t i on  and specif ic  gravi ty  were  s t rongly  re la ted  to 

tube r  N concent ra t ion ,  which in tu rn  depended  primaril~ 

on N fer t i l izat ion.  Inc idents  of  lowest  specific gravity and 

h ighes t  NO3-N c o n c e n t r a t i o n  o c c u r r e d  wi th  a r e l a t i ve  

yield close to or  equal  to 1.0. We conclude that  the risks of 

low specific gravi ty  and high tube r  NO3-N concentra t ion 

are  grea te r  when fer t i l iza t ion exceeds  the N r equ i r emen t s  

to  reach maximum tube r  yield. 
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I N T R O D U C T I O N  

Supplemental irrigation and N fertilization generally in 

creased tuber yield of two potato cultivars in New Brunswick 
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but  the  r e sponse  va r i ed  wi th  s i tes  and c l imat ic  cond i t i ons  

(B61anger et al. 2000). Nitrogen fertilization, irrigation, and cul- 

tivars also affect tuber characterist ics such as tuber size, spe- 

cific gravity, and N concentrat ion (Gregory and Sinmlonds 1992; 

Harris 1992; Storey and Davies 1992). In the potato-producing 

region of  Atlantic no r theas t  North Anler ica  (Prince Edward  

Island, New Brunswick,  and Maine), increased  N application 

reduced  the specific gravity of  tubers  (White and Sanderson 

1983; MacLean 1984; Por te r  and Sisson 1991, 1993). In Maine, 

| rogat ion reduced the specific gravity and increased the tuber  

size of  the cultivar Superior  (Porter  et al. 1999), and N fertiliza- 

tion increased the tuber  size of  Russet  Burbank and Shepody 

(Porter and Sisson 1991). 

Public concern about  the need to reduce nitrate (NO3) con- 

centrations in human food and water  followed reports that high 

NO 3 c o n c e n t r a t i o n s  in food and w a t e r  a re  a s soc ia t ed  with  

increased g~kstrie cancer  and methaemoglobinaenfia in inl~mts. 

In the European comnmnity,  the maximum concentrations for 

NO:~ in spinach and lettuce is set at 2500 mg NO:~ kg' fresh prod- 

uct (approximately 2800 mg NO3-N kg' DM) (Anonymous 1997). 

To our  knowle(Ige, there are no n~Lxil'mlIn regulatory limits for 

NO 3 in potato tubers in North America an(I Europe. Carler an(I 

Bosma (1974), in Idaho, concluded that N():~ a( 'cunmlation in 

tubers does not ret)resent a health hz~ar(L I Iowever, we know of 

no stu(ties on tut)er NO 3 concentrat ion in Atlantic Cana(la. 

The objective of  (llis stu(ly was to (tetemfine how supl)le- 

mental | rogation and N fertilization affect the tuber characWris- 

tics of  Shepody and Russet Bin-bank, two widely grown potaI.o 

cultivars in Atlantic Canada. 

MATERIALS A N D  M E T H O D S  

The study was conducted  for three years (1995 to 1997) at 

four different sites in the upper  St- John  River Valley of  New 

Brunswick, Canada. The sites are referred to as S1 to $4 in 1995, 

$5 to $8 in 1996, and $9 to S12 in 1997. At each site, the experi- 

ment  consisted of two large areas (irrigated and non-imgated) 

within one field. Each area was divided into four replicates of  a 

split-plot arrangement of  the experimental  treatments, with cul- 

tivars as main plots ~md N fertilization as sub-plots. Two potato 

(Solanum tuberosum L.) cultivm~ were ttsed with a row spacing 

of  0.75 m and different in-row spacings; 0.30 m for Shepody and 

0.46 m for Russet Burbank. Nitrogen, in the form of ammonium 

nitrate (containing 0, 50, 100, 150, 200, or  250 kg N ha ' )  was  

banded 2 cm to the side and 2 cm below the seedpiece at plant- 

ing. Individual plots consisted of six rows 7.6 in in length. Bor- 

ders be tween plots within a block were  1.5 m wide, with 24.3 m 

between the irrigated and non-irrigated areas. Phosphorus (165 

kg P.205 ha ') and po ta s s ium (165 kg K20 ha") were  sur face  

broadcast  prior to planting as a 0-17)-15 blend. Plots were planted 

be tween 18 May and 6 June  (B61anger e ta l .  2000). 

Irrigation was scheduled with the Wisdom�9 computer  soft- 

ware program (IPM Software, Madison, WI), which uses a water  

budget  approach (Curwen and Massie 1984). Water was applied 

when soil moisture reserves were  65% or less of the soil's water- 

holding capacity. The potential  evapotranspirat ion (PET) was 

calculated using the Priestly-Taylor equation, but a4iusted for 

canopy cover. Dally maxinmm-ra in imum air temperature  and 

raiiffall were recorded at each e.xpeliment~fl site, and daily water 

balances were calculated by subtracting PET from the rainfall. 

In igat ion was applied at a rate of  0.68 cm h '  with a portable, 

overhead  irrigation system. The exper imenta l  sites and other  

expefinmntal procedures are (lescribe(I in Bdlanger etal .  (2000). 

Plots were harvesle(I between 3 0 ( ' t o b e r  ~m(I 17 October. 

The nfi(l(lle two rows of  ea(.h t)lot were harvesled to ('ount Ihe 

number of tubers and to (lelernline tokil lnl)er yiel(l. The nulnher 

of tubers per planl in |he  mi(hlh, rows was c~fl('ulale(I by dividing 

lhe nllluber of tuheFs [)y |he  Ulllul)er o[" l)lanLs after elnergence. 

The average fresh ml)er weight at harvest was measm'ed {'ronl a 

22.%kg sample. Specific gravity was meauure(l using tile weight- 

in-air an(I weight-in-water m(q ho(I. Tuber  N and NO:I-N concen- 

trations were detennine(l  on sampk's  from four N rates: 0, 50, 

100, and 250 kg N ha '  at nine of  the 12 sites: $3 in 1995, $5 to $8 

in 1396, and $9 to S12 in 1997. Tubers ~ 'ea ter  than 5 cm in length 

were  washed in distilled waler  to remove  any soil, blotted dry, 

and slice(I into strips that were  10 nun wide but of  differing 

lengths. The strips were dried at 65 ~ C for 48 h and then groun(t 

to pass through a 1-mm stainless steel sieve. Total N concentra- 

tion was detemfined by dry combust ion using a LECO CNS 1000 

ana lyse r  (LECO Corpora t ion ,  St. J o seph ,  bl ichigan,  USA). 

Nitrate was ext rac ted  from a 3-g dr ied  ground tuber  sample  

added to 50 ml distilled water  and shaken for 45 rain. After fi l-  

term(~ �9 " ~, NO:~ concentration was determined color|metrically using 

Cd-reduction (Maynard and Kalra 1993) and expressed as mg 

NO3-N kg ~ oven dry tissue. 

Analyses of variance across sites were  calculated (Table 1; 

Genstat  5 Committee 1993). Because irrigation treatments  were 

not replicated, we eotdd not statistically analyze the effect of ii~'i- 

gation for each site. We therefore considered sites as a random 

effect, and their interaction with irrigation was used to test the 
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TABLE 1-Analysi.v oj'variance' across sites (S) Jbr average fresh tuber weight, number of tubers pet" plant, spec'(fi(' gravity, 

nitrogc, n (iV) and nitrate ( NO.fN) concentratiot~s. 

Mean square values 

Sources of variation d.f. Average tul)er weight Tubers Specific gravity N NO;FN 
(xl0') planV (xl0") concentration concentration 

Sites (S) 11 (8): 68.4 85.7 234.1 3.099 37204 
Irrigation (I) 1 159.9"* 47.16" 4.0 0.295 38852 

Residual (Error A) 11 (8) 14.7 9.17 16.4 0.140 9382 
Replications (S'I) 72 (54) 1.1 1.48 2.4 0.046 1125 
Cultivm~ (C) 1 662.2*** 4339.28*** 167.1"** 2.128"** 4385 
I x C l 10.0" 3.57 69.7*** 0.197 1576 

Residual (Error B) 94 (70) 1.7 4.43 4.5 0.035 1698 
Nitrogen (N) 5 (3) 45.4*** 3.72*** 180.8"** 7.398*** 197912*** 

N linear (NI) 1 212.6"** 0.47 875.8*** 21.867"** 584567*** 
N quadratic ( N l) 1 13.7"** 14.2"** 1.4 0.196" 8006* 

I x N 5 (3) 4.8*** 0.13 10.5"** 0.074 3691 
I x N 1 1 16.4"** 0.32 49.8*** 0.213" 10959** 
[ x N(i 1 3.7** 0.09 0.1 0.008 65 

C x N 5 (3) 3.2*** 0.52 3.;~ 0.148"* 236 
C x N t 1 13.3"** 0.01 13.0"** 0.304** 556 
C • N 1 1.8 0.64 2.4 0.128 151 q 

I x C x N 5 (3) 1.3" 0.0(i 1.9 0.017 58!) 
R(,si(lual (Error C) 940 0.6 0.60 1.6 0.0:~4 151~ 

' Sites were ('onsi(lered random effects and the site x irrigation inWnwtion wa,~ 
: Values  ill [ )arenthes( ,s  ;u'(, fo r  N ~md NO:~ ( 'OllcentFatioiis. 

* **, *** Signifi('mlt at P<0.05, P<0.01, :rod P<0.00 [, respeclively. 

Ilsed h) h'sl for  Ihe (,ffe('l ()f i r r igat ion.  

effe(:t of irrigation. Any fixed effect; (e.g., irrigation) can be tested 

with its interact ion te rm with sites; the interact ion t.erm will be 

a r a n d o m  effect in the model  an(I the F-statistic assesses  the  dif- 

ferential  due to irrigation when  sampled over  sites (K B. McRae, 

pers. comm.).  Regress ion  analyses  were  t )er fonned with Gen- 

star (Gens ta t  5 Commi t t ee  1993). Relative yield w~ts calculated 

as the ratio be tween  po ta to  yield for each  rate of N fertilizer m~d 

the  m a x i m u m  pota to  yield at  each  site. Statistical s ignif icance 

was chosen  at P<0.O5. 

RESULTS AND DISCUSSION 

Average  Fresh Tuber Weight a n d  Tubers p e r  
P lan t  

The average f resh t ube r  weight  increased  with increas ing 

N applicat ion,  and  the  l inear  and  quadra t ic  c o m p o n e n t s  we re  

b o t h  s ign i f ican t  (Tab le  1; Figure  1). This  agrees  wi th  r e s u l t s  

r e p o r t e d  by P o r t e r  a n d  S i s son  (1991) and  Harris  (1992). The  

in terac t ion be tween  the  l inear  c o m p o n e n t  of the response  to N 

a n d  c u l t i v a r  w a s  s ign i f i can t ;  a v e r a g e  f r e sh  t u b e r  w e i g h t  

increased more  for Shcpody than fi)r Russet  [3urbtmk with each 

N i n c r e n m n t  (Figure la). The incre~Lse in average  fresh tube r  

weight  with  increasing N was gre / er with in iga t ion  I han  with- 

ou t  i r r i ga t i on  (F igu re  lb ) ,  as i n d i c a t e d  by the  i n t e r a c t i o n  

be tween  in'igation and bo th  l inear an(1 qnadrat ic  c o m p o n e n t s  of 

the N response  (Table 1). 

The  ave rage  f resh  t u b e r  weight  of  Shepody  was g rea t e r  

than ihat  of  Russet  Burb;mk, tm(I the difference was greater  with 

irrigation. Without  irrigation, the average fi'esh tl fi)er weight  was 

147 g tube r '  for Russet  Burbank  and 189 g tuber  ~ for Shepody; 

wi th  | rogat ion,  the average fresh tuber  weight  was  160 g tube r '  

for  Russe t  Burbank  and  219 g t u b e r  I for Shepody.  In Alberta,  

Shepody had  a grea ter  average fresh tuber  weight  than Russet 

Burbank,  bu t  there was no  significant interact ion be tween  water  

s t ress  and  cu l t |va t  (Lynch and  Tai 1989). 

hTigat ion s ignif icant ly  inc reased  the  average  f resh tube r  

weight  by 14% (Table 1; F igure lb) .  In Maine, Por ter  et al. (1999) 

repor ted  an  incre,'Lsed tuber  size with supplementa l  irrigation for 

two out  of  three  yem~. Qjala et  al. (1990) repor ted that  a wa te r  

s t ress  during nfid-bulking reduced  tuber  size in Idaho. 
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FIGURE 1. 
Average fresh tuber weight as a function of  applied N in interaction with cultivars (a)  and irrigation 
treatments  (b). Data averaged over 12 sites. Bars indicate the standard error  of the mean for N by cul- 
t ivar interaction (a) and N by irrigation interaction (b). 

The number  of  tubers per 

plant was significantly different 

for cultivars and was affected 

by N application and irrigation; 

there were no significant inter- 

actions (Table 1). The response 

of  the  n u m b e r  of  tube r s  pe r  

plant to N application was qna- 

dratic; the number  of tubers per 

plant  increased  f rom 6.5 with 

no N applied to 6.9 with 100 kg 

N ha", fol lowed by a decrease 

to 6.7 with 250 kg N ha ~. Both 

positive and negative effects of 

N fertilization on the number of 

tubers per  pkmt have been re- 

ported (Sommerfeldt  and Knut- 

son 1968; Dubetz and Bole 1975; 

Do la Morena et al. 1994). 

Russet Burbank had more 

tubers (8.7 tubers plant ~) than 

Shel)o(ly (4.8 tubers phmt').  A 

similar  result  was reported in 

Alberta by l,ynch ml(I T;fi (198!)). 

The m raft)or of lul)et.~ per l)lanl 

was g rea t e r  t rader  i rr igal ion 

(6.9 tubem plant ') lhm~ without 

i r r igat ion (6.5 tubers  planl  '). 

L ~ c h  and Tai (1.98.q) reported 

a d e c r e a s e  in the n u l n be r  of  

t, fi)ers per stem with a moisture 

stress in Alberta. 

It could be argued that cul- 

t ivar  d i f f e r ences  in average  

fresh tuber weight and number 

of  tubem per  plant is an artifact 

of  the greater  plant density of  

Shepody (4.4 plants  m ~) com- 

pa red  to tha t  of  Russe t  Bur- 

bank (2.9 plants m:)  since both 

average fresh tuber  weight and 



1.094 number of tubers per plant 

depend on plant  density 

(Allen azltl Wurr 1992). The 

average fresh tuber weight 

of Russet Burbank was 

around 75% of that of Shep- 

ody in our study and 70% in 

the study of Lynch and Tai 

(I989) who used the same 

plant density for both culti- 

vars. Lynch and Tai (1989) 

also reported a greater nm~- 

ber of tubers per plant  for 

Russet Burbank compared to 

Shepody, a finding similm" to 

otu~. Hence, even thou~l we 

used different in-row spac- 

ings/'or Russet Burbank and 

Shepody, our results agree 

with those obtained by 

Lynch and Tai (1989) who 

used the saute in-row spat:- 

ing for both (:ult ivars. 

Specific Gravity 
Increasing N fertiliza- 

tion significantly (lecreased 

specific gravity (Table 1). 

Applied N often reduces 

specific gravity (White and 

Sanderson 1983; MacLean 

1984; Porter rout Sisson 1991; 

Potter and Sisson 1993). The 

change in specific gravity 

with N depended on inigation 

(Table 1). With 50 kg N ha ~ or 

less, the specific gravity was 

greater with irrigation than 

without (Figure 2b). With 

150 kg N ha-' or more, how- 

evm, the specific gravity was 
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FIGURE 2. 
Specif ic  gravity  o f  po ta to  tubers  as  a funct ion  o f  appl ied  N in in terac t ion  with cul t ivars  ( a )  and irri- 
gat ion  t r e a t m e n t s  (b) .  Data  a v e r a g e d  over  12 s i t e s .  Bars indicate  the  s tandard error  o f  the  mean  for 
appl ied  N by cult ivar in terac t ion  ( a )  and  appl ied  N by irr igat ion in terac t ion  (b) .  



274 AMERICAN JOURNAL OF POTATO RESEARCH Vol. 79 

greater without irrigation. The probability of in-igation having a 

negative effect on specific gravity is, therefore, less under N-deft- 

cient conditions than under N-sufficient conditions. The inter- 

action between the linem" component of applied N mid cultivar 

was significant (Table 1). The decrease in specific gravity with 

increasing N applications was greater for Shepody than for Rus- 

set Burbank (Figure 2a). 

The specific" gravity of Russet Burbank was significantly 

higher (1.088) than that of Shepody (1.086) (Table 1; Figure 2a). 

The specific gravity of late-maiming cultivars is reported to be 

greater than that of early-nmturing cultival~ (Storey and Davies 

1992). Russet Burbank is a late-maturing cultivar as compared 

with Shepody, and this might pm~ially explain its greater spe- 

cific gravity in our study. Our results also show that specific 

gravity is affected by N fertilization and cultivam, and that the 

response of specific gravity to N fertilization depen(Is on the 

degree of water stress zul(l tim cnltivar. 

The main effect of irrigation on specific gravity was not 

significant ('Fable l), an(I equale(I 1.087 with an(l without irri- 

gation. In Maine, irrig:t!ion re(luted specific gravity only when 

!ttl)er yield was increased t)y more than 10 t ha' (I)orter et al. 

1999). Although irrigation in('rea~e(I tul)er yiel(I by more than 

!) l ha' at four siles (S l, $2. S!); and S I 1 ) in our stu(ly (B61anger 

et al. 2000), it reduced sl)ecifi(' gravity at. only one of these 

sites (SI i). While water st ress will increase specific gravity in 

general, its intensity and wheth(w it. oc('urs during tul)er initi- 

ation, bulking, or both is also important (Slorey an(t Davies 

1992). 

The irrigation cult ivar interaction was significant (Table l ), 

with a greater effect on Shepody ( 1.085 with irrigation an(I 1.087 

without irrigation) than on Russet Burbank (1.088 with irriga- 

tion and 1.089 without litigation). Our results suggest that the 

way in which irrigation ~fffects specific gravity (lepends on the 

cultivar grown. 

Nitrogen Concentrat ion in the Tubers 

Tuber N concentration increased linemly with increasing N 

(Table 1; Figure 3). The positive effect of N fertilization on tuber 

N concentration has been reported (Carter and Bosma 1974; 

White and Sanderson 198:3; Millard 1986). Tuber N concentra- 

tion was significantly ga'eater for Shepody (1.36%) than for Rus- 

set Burbank (1.24%) (Table 1; Figure 3a). The difference in tuber 

N concentration between cultivars increased with increasing N, 

as indicated by the significant N cultivar interaction (Table 1; 

Figtu'e 3a). 

Cultivar differences in tuber  protein concentrat ion are 

reported in a study of the cultivars Kennebec, Norchip, mid Nor- 

land in Minnesota (Snyder et al. 1977). During tuber bulking, pro- 

tein concentration decreases with increasing average fresh tuber 

weight (Snyder etal. 1977) or increasing tuber yield (Duchenne 

et al. 1997); this is attributed to the increased proportion of the 

N-poor storage component during starch accumulation. We 

could hypothesize from this that cultivars with larger tubers 

would have a lower N concentration. In our study, however, She- 

pody had a greater average fresh tuber weight and a greater N 

concentration than Russet Burbank. The greater tuber N con- 

centration of Shepody most likely can be attributed to a greater 

N-uptake potential. Shepody .also had a greater N concentration 

in the combined shoot and tuber biomass than Russet Burbank 

during the growing season (Bdlanger et al. 2001). 

The main effect of in~gation on tuber N concentration was 

not significmlt (Table 1). A significant interaction between the 

linear component of applied N and irrigation indicates that the 

tuber N concentration temled to be greater without irrigation 

than with imgation un(ler low N fertility (Figure 3b). Tuber N 

concentration was negatively affected by early and nfid-season 

iwigalion in Turl(ey (Giinel and Karadogan 1998). In Idaho, tuber 

N con('entration of Russet Burt)ank was re(luted by apl)lying 

more water, an(t lifts was attributed to the greater movement of 

soil N below the root zone by the litigation (Carter an(I Bosma 

U)74). 

N i t r a t e  C o n c e n t r a t i o n  in the  Tub e r s  

Nitrogen fertilization significantly increased tuber NO:I-N 

concentration (Table I). Other sludies reported similar results 

(Cm'ter and Bosma 1974; Nitsch and Vmis 1991). The irrigation N 

linear conlponent interaction was significant (Table 1). The 

increase in NO:fN concentration with increasing applied N was 

greater without imgation than with irrigation (Figure 4). 

Shepody and Russet Burbank did not differ significantly in 

tuber NQ-N concentration (Table i) even though Shepody had 

a greater tuber N concentration than Russet Burbank. Conse- 

quently, the proportion of N in the NQ-N form was significantly 

greater for Russet Burbank (0.33%) than for Shepody (0.26%). 

Cultivar differences in non-protein N concentra t ion  were 

reported in Minnesota (Snyder et al. 1977). 

The main effect of irrigation on tuber NO:fN concentration 

was not significant (Table I). Carter and Bosnia (1974) reported 

that tuber NO:FN concentration in Idaho was inversely propor- 

tional to the amount of water applied at each irrigation. 
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Tuber NO:vN concentra- 

tions in our study are similar 

to or less than those reported 

in other  arc'as of the world 

(Carter and Bosma 1974; 

Biedmond and Vos 1992). 

Since NOa-N concentrations 

m'e higher in the skin, peeled 

tubers destined for processing 

would have lower  concen- 

trations of NO3-N (Carter and 

Bosnia 1974). Boiling and 

draining the cooking water  

should also reduce NO:vN 

concentration. Tuber NO:I-N 

concentration at hmvest never 

exceeded 200 mg NO:I-N kg' 

DM. This concentra t ion  is 

much lower tlum lhe 2500 mg 

NO:l kg' fresh t)ro(ha't (280(,) 

mg N():vN kg' I)M) set as a 

maximum h'vel for sl)il/a(:h 

and h' l lu( 'e i l l lhe Eurot)ean 

( 'onuln ln i ly  ( i l l o l i y l uous  
1997). 

Relationships 
b e t w e e n  T u b e r  N a n d  

Nitrate 
Concentration, 
Specific Gravity and 
R e l a t i v e  Y i e l d  

Specific gra,Aiy was neg- 

atively related to tuber N con- 

centrat ion (Figure 5a) for 

both Russet Burbank and 

Shepody. A linear parallel 

curve analysis with grouped 

data (Genstat 5 Commit tee  

1993) indicated that the rela- 

t ionship be tween  specific 
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FIGURE 3. 
Nitrogen concentration (DM basis) of potato tubers as a function of applied N in interaction with cul- 
tivars (a) and irrigation treatments (b). Data averaged over nine sites. Bars indicate the standard 
error of the mean for applied N by cultivar interaction (a) and applied N by irrigation interaction (b). 
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Nitrate  c o n c e n t r a t i o n  o f  p o t a t o  tubers  as  a funct ion  of increa,sing appl ied N under  irrigated and non- irr igated  condi t ions .  Data  a~eraged 
over  n ine  s i t e s  and two  cul t ivars .  Bar ind ica te s  the  s tandard  e r r o r  o f  the  m e a n  for  al)piied N by irr igat ion  interact , ion.  

gravity and tuber N concentralion did not differ for Russet Bur- 

bank and Shepo(ly (data not shown). A negative relationship 

between DM concentra t ion  and N concentrat ion was also 

reported for a grassspecies (Thornton et al. 1999). The implica- 

tion o1" this relationship fi)r potato tubers is not clear. Because N 

concentrations in the tissue water of N-deficient and N-stifi]cient 

barley were similar, Leigh and Johnston (1985) concluded that 

any difference in N concentration on a dry matter basis wotdd be 

mainly due to differences in water content. We could, therefore, 

hypothesize that there would be no differences in tuber N con- 

centration in our study if it was expressed on a water basis 

rather than on a diT matter basis. The importance of expressing 

N concentration on a dry wei~lt  basis, as compared with a fi'esh 

weight basis, is discussed by Leigh and Johnston (1985) and 

Thornton et al. (1999) in the context of using N concentration 

to diagnose plant N deficiencies. Tuber N concentration at har- 

vest might be used to indicate the supply of N, in which case 

expressing N concentration on a dry weight basis may help to 

differentiate between liufiting and non-lin/iiing con(litions. 

W o: Tuber NO::N concentration as stronoly related to tuber N 

concentration for both Russet Burbank and Shepody (Figure 

5b). The shape of the relationship between NO:oN concentration 

and N concentration indicates that the proportion of N in the 

NO:vN form increases with increasing N fertilization; this 

increase is greater for Russet Burbank than for Shepody. The 

proportion of NO:vN in tuber N ranged from 0.15% in Russet 

Burbank aim 0.12% in Shepody, with no N applied, to 0.66% in 

Russet Burbank and 0.54% in Shepody with 250 kg N h a l  Simi- 

lar results  are reported by Carter and Bosma (1974) and 

Biemond and Vos (1992). The NO:y N concentration was less 

than 30 mg kg-' DM, with tuber N concentrations below 1.2%. 

These results are in agreement with Biedmond and Vos (1992). 

Both tuber specific gravity and NO:yN concentration of Rus- 

set Burbank and Shepody were related to relative yield (Figure 

6). Specific gravity decreased with increasing relative yieM (Fig- 

ure 6a). The seven data points with the greatest specific gravity 
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FIGURE 5. 
Relationship between 
specific gravity and N con- 
centration (a) and between 
NO3-N concentration and N 
concentration of potato 
tubers (b) for Russet 
Burbank and Shepody. Data 
averaged over nine sites  
and two irrigation treat- 
ments. 

were from $5; tuber N con- 

centration was also the low- 

est at $5. We have no 

satisthctory explanation for 

this result, but it does high- 

light the close relationship 

between specific gravity and 

N concentration. The inci- 

dents of lowest specif ic  

gravity and highest NO:)-N 

concentrat ion occur red  

with a relative yield close to 

or equal to 1.0 (Figure 6 a,b). 

Our results confirm that 

nitrate accumulat ion and 

the reduction in specif ic  

gravity occurs when pota- 

toes do not respond to 

increasing rates of N fertil- 

ization, that is, when an 

increase in N rate does not 

result  in increased yield. 

Consequently, the risks of 

having low specific gravity 

and high tuber NO3-N con- 

centrat ion will be greater  

with over-fertilization. 
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CONCLUSIONS 

Nitrogen fertilization increased average fresh tuber weight 

and tuber N and NO:)-N concentrations, but it decreased specific 

gravity. Effects of high N fertilization on tuber characteristics 

were often more pronounced for Shepody than for Russet Bur- 

bank, and for irrigated rather than/'or non-irrigated conditions. 

Shepody had a greater average fresh tuber weight and tuber N 
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concentration, and a lower  specific gravity than Russet Burbank. 

Supplemental irrigation increased the average fresh tuber weight 

and the number  of tubers  per  plant, but it had a limited effect on 

specific gravity ,and tuber N and NO;oN concentrations. The risks 

of  low specific gravity and high tuber NO3-N concentra t ion are 

greater  when  fertilization exceeds  the N requirements to reach 

max imum tuber yield. 
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