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YIELD DEVELOPMENT IN POTATOES AS INFLUENCED 
BY CULTIVAR AND THE TIM ING AND LEVEL 

OF NITROGEN FERTILIZATION 

I. De la Morena  ~, A. Guill6n, 2 and  L.F. Garcia del MoraP 

Abstract 

Path-coefficient analysis based on an ontogenet ic  model  was used to 
study the relationships between tuber  yield and  yield components  as influ- 
enced by cultivar and nitrogen fertilization. Four experiments  were carried 
out  f rom 1987 to 1989 in Granada,  southern  Spain. Two of  these experi- 
ments  used six potato  cultivars with a single N rate, while the other  two 
experiments  used one cultivar and nine levels of  N, split between planting 
and top-dressing. Variation in tuber  yield between cultivars resulted mainly 
f rom differences in stem n u m b e r  per  m ~ followed by tubers per  stem and, to 
a lesser extent, average tuber weight. In N experiments,  however, average 
tuber weight was the only yield c o m p o n e n t  that showed a significant direct 
effect on yield, while the n u m b e r  of  stems per  m 2 and tubers per  stem had 
negligible direct effects. In addition, the ontogenet ic  model  used indicated 
compensatory mechanisms during the format ion of  the three yield compo- 
nents in the potato, which resulted stronger in the N experiments.  

Compendio 

Para estudiar las relaciones entre  la producc i6n  de tub~rculos y los 
c o m p o n e n t e s  del r end imien to  en funci6n  de la var iedad y fertilizaci6n 
n i t rogenada  en el cultivo de patata, se ha  realizadado un anS.lisis mediante  
coeficientes de sendero (path-coefficient analysis) basado en un diagrama 
ontog6nico.  Se ban  llevado a cabo para  ello cuatro exper imen tos  entre  
1987 y 1989 en Granada, Sur de Espafia. Dos de ellos con seis variedades, y 
otros dos con nueve dosis de N total, repar t ido entre  rondo y cobertera.  
Las variaciones en la producci6n de tub6rculos debidas a la variedad han  
depend ido  pr incipalmente  del nf imero de tallos po r  m ~, del nf imero  de 
tubfrculos  por  tallo y e n  menor  proporc i6n  del peso medio  de los tub6rcu- 
los. Sin embargo,  en los exper imentos  de aplicaci6n de N, el peso medio 
po r  tub6rculo fue el finico componen te  del r end imien to  que mostr6 un 
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efecto directo significativo sobre la producci6n final, mientras que el 
nf imero de tallos por m 2 y el nf imero de tub6rculos por tallo s61o 
ejercieron efectos directos insignificantes. E1 diagrama ontog~nico utiliza- 
do revel6 tambi6n la existencia de mecanismos de compensaci6n durante 
la formaci6n de los tres componentes del rendimiento en la patata, que 
resultaron ms pronunciados en los experimentos de N. 

Introduction 

Yield in the potato is influenced by cultivar and nitrogen availability. 
Yield development in potatoes is the result of three physiological processes 
leading to the formation of yield components.  After planting, stems 
emerge from "eyes" on the seed piece, tubers grow from stolons that devel- 
op from the basal buds on the stems, and the tubers then enter a period of 
growth and weight increase called "bulking". These processes result in 
three yield components: number of stems per m ~, number of tubers per 
stem and average tuber weight. 

Of the three yield components, stem number per plant is most affect- 
ed by cultivars (Susnoschi (14) and Petr et al. (12)). Nitrogen stimulates 
haulm growth and reduces available dry matter for the tubers in the first 
growth period, but tuber weight is finally favored by the increased size and 
duration of the haulm (Moorby (11); Beukema and Van der Zaag (3)). 
Thus, tuber yield responds to nitrogen mainly through tuber weight and, 
to a lesser extent, to variations in the other two yield components (Petr et 

al. (12); Giardini et al. (7)). 
The sequential system of yield development of the potato involves 

interactions among individual yield components, with later-developing 
components dependent  upon earlier-developing ones. Path-coefficient 
analysis, originally developed by Wright (15), separates the direct effects of 
each yield component on tuber yield from the indirect effects caused by 
the mutual relationships among yield components. This analysis has been 
used successfully to clarify the relationships between yield and its compo- 
nents in many crops, including wheat (Bahtt (2)), barley (Garcia del Moral 
et al. (6)), and field beans (Duarte and Adams (5)). Studying the potato, 
Lynch and Tai (9) used path-coefficient analysis to determine the differen- 
tial tolerance of eight cultivars to water stress. 

The purpose of this research was to examine the influence of geno- 
type as well as time and rate of N fertilization on yield development, by 
using path-coefficient analysis. 

Material and Methods  

Four field experiments at the Agricultural Research and Development 
Centre in Granada (southern Spain) were conducted on typic xerofluvent 
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TABLE 1.--Soils characteristics at the beginning of the four potato experiments. 

Soil Characteristic 1987 1988 1989 

Sand (%) 37.20 34.95 38.85 
Silt (%) 52.33 52.69 47.73 
Clay (%) 10.47 12.36 13.42 
pH/H20 7.9 7.9 7.9 
Total N (%) 0.097 0.120 0.143 
Available P (pg gl) 37.0 57.0 47.0 
Exchangeable K (pg gl) 95.0 129.0 89.0 
O.M. (g Kg 1) 16.1 17.6 17.7 

soils. Physico-chemical characteristics of  the soils are shown in Table 1. 
Six d i f f e r e n t  p o t a t o  cul t ivars  were  used ,  f o u r  o f  these  in 1987 

(Claustar, Red Pontiac, Spunta and Turia),  and tive in 1988 (Draga, Jaerla, 
Red Pontiac, Spunta  and  Turia).  The  exper imenta l  design was a random- 
ized comple te  block with four  replicates. Plots were fertilized uniformly 
with 56 kg N / h a ,  112 kg P ~ O J h a  and  168 kg K 2 0 / h a  prior  to planting, and 
top-dressed before tuber  initiation with 78 kg N / h a .  

Two other  exper iments  on the same farm in 1987 and 1989 using the 
cultivarJaerla. Prior to planting each year, three ni t rogen t reatments  (0, 56 
and 112 kg N / h a )  were followed by three top-dress N t reatments  before 
tuber initiation (0, 78 and 156 kg N / h a ) ,  in a 2 x 3 factorial design with 
three replicates in 1987 and four  in 1989. These piots also received 112 kg 
P~O5 k g / h a  and 168 kg K20 / ha  before planting. 

The  four  exper iments  were sown in the first two weeks of  March each 
year in rows 10m long with 75 cm between rows and 30 cm between plants. 
Plots were furrow irrigated to field capacity as required,  according to con- 
ventional practices. Dates of  planting, N top-dressing, crop watering and  
harvest each year are shown in Table 2. 

For measur ing yield components ,  stems were counted  f rom two rows 
5m long in the middle  of  each plot  at harvest,  and  tuber  n u m b e r  and  
weight were obta ined after harvesting these rows by hand.  The  tuber  num- 
ber  pe r  s tem was then  calculated dividing the n u m b e r  of  tubers by the 
n u m b e r  of  stems. 

Variance techniques were used to analyze the data, and differences 
between means  were compared  by using the Least Significance Difference 
test (Steel and Torr ie  (13)). 

Direct effects between yield componen t s  in the ontogenet ic  diagram 
were obta ined by using the me thod  described by Doting and Knight (4). 
Path coefficients were calculated by sequentially solving three linear mod- 
els in which tuber  yield, tuber  weight, and  tuber  per  stem were each in turn 
considered dependen t  variables. 
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TABLE 2.--Dates of planting, top-dressing, harvest, watering and amount of rain- 
fall (ram~month) for the four potato experiments. 

March April May J u n e  July 

1987 
Plant ing 9 
Top-dressing 21 
Water ing 15,23 8,15,29 4,10,19 
Harvest  
Rainfall 5 14 0 2 

1988 
Planting 8 
Top-dressing 5 
Water ing 24 18,22 3,20 3,17 
Harvest 
Rainfall 16 57 39 10 

13 

1989 
Plant ing 1 
T o p d r e s s i n g  21 
Water ing 5,26 9 
Harvest  27 
Rainfall 35 38 32 26 

TABLE 3.--Mean square values of yield characteristics of potato crops grown in 
Granada (Spain)from 1987 to 1989. 

Year Source d f  Yield Stems Tubers  Tuber  
(kg/100 m ~) per  per  weight 

x 10 ~ w m ~ s tem (g) 

1987 Cultivar 3 11.9 * 42.5 * 2.74 ** 435.8 
Error 9 2.9 10.6 0.44 273.8 

1988 Cultivar 4 14.7 * 15.3 ** 0.19 395.8 
Error 12 4.1 1.4 0.14 135.9 

1987 N.at p lant ing (P) 2 22.3 ** 2.1 0.02 1724.1 * 
N.at top-dressing (D) 2 16.5 ** 0.8 1.27 1213.5 * 
P x D 4 7.2 0.4 3.33 ** 727.6 
Error 18 2.4 2.4 0.76 285.1 

1989 N.at p lant ing (P) 2 2.3 * 1.0 0.33 399.7 * 
N.at tolYdressing (D) 2 1.1 3.2 0.78 35.4 
P x D 4 1.0 2.8 0.36 284.7 
Error 27 0.6 2.1 0.27 109.9 

* ** : significant at 0.05 and  0.01 probability levels, respectively. 
w Multiply repor ted value by l0  s to get  the  actual value. 



1994)  DE LA MORENA et al: YIELD DEVELOPMENT 169 

TAgLE 4.--Mean values of yield characteristics of potato crop grown in Granada 
(Spain)from 1987 to 1989. 

Year Experiment Source Tuber Stems Tubers Tuber 
yield per per weight 

( K g / 1 0 0  m ~) m ~ s t e m  (g)  

1987 Cultivar Claustar 418.95 8.72 4.25 113.71 
Red Pontiac 433.87 14.46 2.88 90.59 
Spunta 488.27 15.93 2.64 111.31 
Turia 355.38 11.08 2.39 107.38 
LSD (0.05) 87.59 5.22 1.07 ns 

1988 Cultivar Draga 514.00 13.17 3.92 100.51 
Jaerla 539.50 12.85 3.90 107.77 
Red Pontiac 585.47 16.31 3.76 97.14 
Spunta 596.47 14.49 3.38 122.91 
Turia 445.58 11.06 3.84 105.25 
LSD (0.05) 98.42 1.85 ns ns 

1987 Nitrogen P0 314.09 7.67 4.30 93.23 
P, 402.97 7.54 4.38 104.38 
P~ 397.30 6.76 4.39 120.75 
Do 326.51 7.56 4.79 94.91 
D~ 376.00 6.99 4.15 105.36 
D~ 411.84 7.43 4.13 118.10 
LSD (0.05) 48.09 ns ns 16.73 

1989 Nitrogen P0 445.27 8.46 3.28 159.92 
P~ 456.77 8.11 3.58 169.23 
P2 472.73 8.69 3.30 170.49 
Do 447.68 9.02 3.09 165.94 
D~ 461.12 8.11 3.56 168.48 
D~ 465.97 8.13 3.50 165.21 
LSD (0.05) 20.81 ns ns 8.78 

Three total dosages of nitrogen applied prior to planting (Po=0, P1=56 and P~=112 Kg/Ha) or 
at tOlZ~dressing (D0=0, D1=78 and D2=156 Kg/Ha) 

T h e s e  e q u a t i o n s  a re :  

Y = P14X1 + P24X2 + P34X3 

X3 = P~3X~ + P~3X~ 

X~ = Pt2Xt 

w h e r e  X 1 = s t e m  p e r  m s 

X 2 = t u b e r  p e r  s t e m  

X3 = a v e r a g e  t u b e r  w e i g h t  

D a t a  w e r e  l o g - t r a n s f o r m e d  a n d  t h e n  s t a n d a r d i z e d  p r i o r  to  ana lys i s .  

L o g - t r a n s f o r m a t i o n  was  p e r f o r m e d  to  o b t a i n  l i n e a r  r e l a t i o n s h i p s  b e t w e e n  
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tuber yield and yield components ,  and standardization was necessary to cal- 
culate path coefficients. 

Results 

The  analysis of  variance (Table 3) revealed that genotype affected the 
tuber  yield and stem n u m b e r  per  m 2 in bo th  years, and the n u m b e r  of  
tubers per stem in 1987. The  effect on average tuber weight was not  signifi- 
cant in any experiment.  Spunta and Red Pontiac cultivars (Table 4) had 
the highest yield in both  years, due mainly to a greater number  of  stems 
per m ~. 

Nitrogen treatments at planting (Table 3) affected tuber  yield and 
average tuber weight in both years. Nitrogen applied at top-dressing signifi- 
candy modified tuber yield and tuber  weight in 1987 but  not  in 1989. The  
N fertilization at planting (Table 4) increased tuber yield and tuber weight 
in both years, but  no statistical differences were found between the levels 
tested, P~ (56 kg/ha)  and P~ (112 kg/ha) .  The  top-dressing N treatments 
increased yield and tuber weight in 1987, but  not  in 1989 (Table 4). The  
two top-dressed N applications, D1 (78 kg /ha )  and D2 (156 kg /ha )  pro- 
duced no significant differences in yield or tuber weight in 1987 (Table 4). 

To investigate the compensatory mechanisms related to yield develop- 
ment,  as well as the direct effects between yield components ,  an ontogenet-  
ic diagram was used (Figs. 1 and 2). For the six cultivars, the direct effects 
obta ined (Fig. 1) indicated that  tuber  yield d e p e n d e d  mainly u p o n  the 
number  of  stems per  m 2, followed by the tuber number  per stem and, to a 
lesser extent,  tuber  weight. The  path coefficients obta ined between the 
three yield components  (Fig. 1) showed a negative relationship between 
the stem n u m b e r  per  m 2 and the o ther  two yield components ,  probably 
caused by compet i t ion dur ing plant development .  These negative direct 
effects, however, were not  significant for cultivars. 

The  path-coefficient  analysis for  N- t rea tment  exper iments  (Fig. 2) 
revealed that the tuber product ion  depended  mainly on tuber weight, with 
no  significant d i rect  effect  f rom the o the r  two yield components .  Th e  
analysis also showed  s t rongly  s ign i f ican t  c o m p e n s a t o r y  m e c h a n i s m s  
between the stems per  m 2 and tuber per  stem, and between tuber per  stem 
and tuber weight. These compensatory p h e n o m e n a  between components  
affected by ni trogen were stronger than those for cultivar experiments.  

Discu~ion 

In this study, variation in the tuber yield among cultivars was associated 
with the density of  stems per  unit area. Allen and Scott (1) indicated the 
importance of  rapid development  of  a high leaf area index by increasing 
the number  of  stems per unit  area to improve assimilation processes during 
early growth. The Mediterranean growing season is approximately 16 weeks, 
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FIG. 1. Path-coefficient diagram showing the interrelationships of four yield characteristics of 
six potato cultivars grown during 1987 and 1988 in Granada (Spain). Arrows indicate path 
coefficients. *, **, ***, significant at 0.05, 0.01 and 0.001 probability levels, respectively. 
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FIG. 2. Path-coefficient diagram showing the interrelationships of four yield characteristics of 
nine nitrogen doses for six potato cultivars grown during 1987 and 1989 in Granada (Spain). 
Arrows indicate path coefficients. *, **, ***, significant at 0.05, 0.01 and 0.001 probability lev- 
els, respectively. 

with the last month  characterized by high temperatures, which reduce dry 
matter gain for the tubers. Thus, a complete leaf cover early in the season 
when the assimilation processes are favored by weather, could be particular- 
ly helpful. In fact, in the studies of Petr et al. (12), weight per tuber is closely 
associated with integral leaf surface and thus influenced by stand density. 
These conclusions agree with those of Susnoschi (14), who found that high- 
yielding varieties in Israel were associated with high stem density. 

For the cultivar experiments, path analysis (Fig.l) showed that the 
number  of  tubers per stem and tuber weight had less influence on yield 
than did the number  of  stems. However, the two components were signifi- 
cant and positive, in agreement with Petr et al. (12), who reported positive 
influences of  all three yield components  on total product ion in several 
genotypes of potato. 
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Variation in tuber yield according to N treatments were related to the 
tuber weight, while the number  of stems and number  of tubers per stem 
were not  significantly influenced by N. These results agree with other stud- 
ies on potatoes, indicating that the potato yield component  most affected 
by N is the mean weight of the tubers (Harris (8); Petr et al. (12); Millar 
and MacKerron (10); Giardini et al. (7)). The N application at planting 
increased tuber  yield in both  years, whereas N at top-dressing had  this 
effect only in 1987 (Table 4). It is generally accepted that increases in yield 
due to N applied at top-dressing are associated with condit ions which 
enhanced mineral leaching (e.g. light soils and heavy watering) (Beukema 
and Van der Zaag (3)). As 1987 was a very dry year (only 5 mm rain in 
March, Table 2), the crop was watered just a month  after planting. This 
could have leached part of the N applied at planting, thereby causing the 
N top-dressing treatment to have a significant effect on tuber production. 
As 1989 was a wetter year (35 mm rain in March, Table 2), the first water- 
ing was not  necessary until April 21. The late watering, together with the 
higher N availability in the soil this year (Table 1), might account for the 
poor response to N top-dressing. 

There were no significant differences in yield between the two N rates 
applied at planting or at top-dressing (Table 4). It is generally accepted 
that high rates of  N stimulate leaf rather than tuber growth. Allen and 
Scott (1) pointed out  that any improvement in light interception achieved 
by increasing N is likely to be counterbalanced by unfavorable alteration in 
the partitioning of assimilates. Supporting this, our study showed that dou- 
bling the amount  of N did not  increase tuber yield. 

The ontogenetic diagram showed compensatory mechanisms between 
the three yield components,  as reported by several authors for potatoes 
(Allen and Scott (1); Petr et al. (12)), with variation of later-developing 
yield components  being controled by previous ones in the developmental 
sequence. The standardization of data before analysis allows path-coeffi- 
cients to be compared to each other in the ontogenefic diagram, for a bet- 
ter understanding of component  compensation. For example, in cultivar 
exper iments  (Fig. 1), compensa t ion  between stems per  m 2 and  tuber  
weight (-0.29) represented 81% of the direct effect of this latter yield com- 
ponent  on tuber yield (0.36). Meanwhile, in nitrogen experiments (Fig. 2) 
this c o m p e n s a t i o n  effect  was negligible.  The re fo re  this on togene t i c  
approach seems to be of great interest to explain better how competition 
between organs affect yield formation in potatoes, a matter not  yet fully 
understood, as implied by Petr et al. (12). 

Conclus ions  

The results of this research indicate that variation in potato yield as 
affected by genotype were dependent  mainly on stem density, followed by 
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n u m b e r  o f  t u b e r s  p e r  s t e m  a n d  a v e r a g e  t u b e r  w e i g h t .  O n  t h e  o t h e r  h a n d ,  

m e a n  t u b e r  w e i g h t  was t h e  o n l y  y i e l d  c o m p o n e n t  h a v i n g  a s i g n i f i c a n t  

d i r e c t  e f f e c t  o n  t u b e r  y i e l d  as a f f e c t e d  by  N f e r t i l i z a t i o n .  D i r e c t  e f f ec t s  

b e t w e e n  y ie ld  c o m p o n e n t s ,  u s i n g  a n  o n t o g e n e t i c  d i a g r a m ,  s h o w  t h e  exis-  

t e n c e  o f  c o m p e n s a t o r y  p h e n o m e n a ,  w h i c h  w e r e  s t r o n g e r  f o r  N e x p e r i -  

m e n t s  t h a n  f o r  cu l t i va r  ones .  
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