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Summary 

The modifying effects of applying the plant growth regulators (PGRs) benzylaminbpurine 
(BAP), gibberellic acid (GA3) and BAP+GA 3 on physiological age were studied. Two 
experiments with two cultivars, differing in rate of physiological ageing (medium-early 
Pampeana, medium-late Huinkul) and two storage systems were performed during 1988/89 and 
1989/90 in two different potato areas of Argentina. 

In both seasons seed tubers stored in heaps reached an advanced physiological age at 
planting, compared with tubers from the cold store. Seed tubers of cv. Pampeana were older 
than those of Huinkul. Compared with control crops, those sprayed with BAP maintained 
ground cover and photosynthesis for longer, and those sprayed with GA 3 for a shorter period. 
Consequently tuber yield was decreased by GA 3 in 1988/89, but in 1989/90 all crops treated 
with PGRs outyielded the control. BAP could overcome effects of advanced physiological age 
on crop senescence and tuber yield. 

Introduction 

Health status, size and especially physiological age of seed tubers are crucial in 
modern potato production (van der Zaag, 1986). During the last 25 years much 
attention was paid to the effects of seed crop and storage environment on the 
physiological age of seed tubers (van der Zaag, 1973; Claver, 1975; Perennec & 
Madec, 1980; Caldiz et al., 1985; van der Zaag & van Loon, 1987; Caldiz, 1991). It was 
demonstrated by O '  Brien et al. (1983) that early-potato growers could maximize 
their yield by planting physiologically old seed for the earliest harvest and 
progressively younger seed for later harvests. Many efforts have been carried out to 
provide potato growers with seed of suitable age according to cropping purpose. Seed 
age can be manipulated by production in special areas and seasons, by crop 
husbandry and storage management ,  and also by applying plant growth regulators 
(PGRs) either to the seed crop or the seed tubers (Bodlaender & van de Waart,  1989; 

*This work was carried out with a research grant from CAFPTA (249/89). 
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Caldiz et al., 1989; van Ittersum et al., 1993). 
PGRs are mainly used to break dormancy for rapid virus testing or in vitro 

production, and they are not commonly used in field crops (Bruinsma, 1982). 
However, CCC, GA, 2-4 D, B9 (Alar) and other PGRs have proved to be effective 
for different purposes in seed potato production (Marinus & Bodlaender, 1978; 
Bodlaender & van de Waart, 1989; van Ittersum et al., 1993; Mikitzel, 1995; Caldiz, 
1996; Caldiz et al., 1996), while Iritani (1983) stated that the use of PGRs could be an 
important tool in potato production. 

In the southeast area of the Province of Buenos Aires, Argentina, seed potatoes 
from cultivars with a long absolute dormant period are stored in heaps in the field 
from harvesting to planting. Hence, the physiological state of the tubers at planting 
depends on the environmental conditions experienced during the storage period 
which are not always suitable and tubers may reach the new planting season with 
inadequate physiological age (Caldiz et al., 1984; Escande et al., 1985, 1986). Cold 
storage facilities may not be available for all the seed that is being produced and 
cultivars sensitive to physiological ageing also reach the new planting season with too 
advanced physiological age; hence crops develop rapidly and yields are relatively low, 
given the long available growing period (Caldiz, 1991). 

Therefore two experiments with two cultivars, differing in their rate of 
physiological ageing, and two storage systems were performed. The possibilities of 
modifying the effects of physiological age of the seed on the crop grown from it by 
PGRs applications were studied. Analysis focussed on ground cover, photosynthetic 
rate and tuber yield. 

Materials and methods 

Field experiments were carried out during 1988/89 at Loberfa (38 ~ 10' S) and in 
1989/90 at La Plata (34 ~ 54' S) both in the Province of Buenos Aires, Argentina, using 
certified seed tubers of cvs Pampeana INTA (medium-early) and Huinkul MAG 
(medium-late). 

In both seasons seed tubers were harvested in the southeast of the Province of 
Buenos Aires during April-May and stored in: (a) a cold store at 2--4 ~ (C) and (b) 
heaps in the field (H), until 4 weeks before planting. Seed tubers from both storage 
systems were then pre-sprouted under natural diffuse day-light. In 1988/89 the tubers 
were planted on 21st October 1988, with 0.75 m between rows and 0.25 m between 
plants within the row using a four-row planting machine. In 1989/90 the tubers were 
planted by hand on 4th October 1989 with the same plant arrangement. In both 
seasons, a sample of 50 tubers per treatment (2 cultivars x 2 storage systems) was 
taken at planting time to determine physiological age by assessing the length of the 
incubation period, following procedures described by Caldfz et al. (1984). 

At the time of tuber initiation, foliar applications were made of: (a) BAP, 50 mg 1-1; 
(b) GA3, 50 mg 1-1 and (c) BAP+GA 3, 50 mg 1-1, with four replicates on rows of 6.25 
m length of each treatment in a factorial design (2 cultivars x 2 storage systems x 4 
chemical treatments). Untreated controls were included in the design. PGRs were 
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app l i ed  with an ul t ra  low vo lume spraying  mach ine  and the total  vo lume of  wate r  
app l i ed  to each p lo t  was equ iva len t  to 35 1 ha q.  T w e e n  80, 0.5% was a d d e d  and the 
cont ro l  t r e a t m e n t  was sp rayed  with water .  

F o r  each  p lo t  g round  cover  was per iod ica l ly  m e a s u r e d  (5 observa t ions  pe r  
rep l ica te )  with a r ec t angu la r  f rame desc r ibed  by CIP  (1986), and  the pho tosyn the t i c  
ra te  (Phra te )  of  the  5th leaf  f rom the top  was assessed on 5 p lants  pe r  rep l ica te  using 
an in f ra red  gas ana lyze r  (Licor  LI  6200, Lincoln,  Nebraska ,  U S A ) ,  as desc r ibed  by 
Cald iz  & Be l t r ano  (1992). Pests  and  diseases  were  con t ro l l ed  accord ing  to local 
prac t ice  and in bo th  years  350 m m  wate r  were  app l ied  by spr inkler  i rr igat ion.  
Me teo ro log i ca l  da t a  for  each  yea r  a re  shown in Fig. 1. Two weeks  af ter  na tura l  hau lm 
dea th  each  p lo t  was ha rves t ed  af ter  d iscard ing  0.5 m f rom each borde r ,  and  tuber  
n u m b e r  and  fresh yield in the  f ract ions  <80 g; 80--400 g and >400 g were  de te rmined .  
The  s ta tg raphics  v. 2.0 c o m p u t e r  p r o g r a m  was used to pe r fo rm  an analysis  of  var iance  
and averages  were  c o m p a r e d  by T u k e y ' s  test  (P<0.05). 
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Fig. 1. Meteorological data from Loberfa, 1988/89 and La Plata, 1989/90. 
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Table 1. Physiological age of  seed tubers (days) of two cultivars at planting in 1988/89 and 
1989/90. 

Storage t reatments  Pampeana  INTA Huinkul M.A.G.  

1988/1989 
H 50 b 65 b 
C 65 a 86 a 

1989/1990 
H 41 b 62 b 
C 61 a 82 a 

H, storage in heaps, C, storage in cold store. Within each cultivar and year, means  followed by 
the same letter  do not differ (P < 0.05). 

Table 2. Ground  cover (%)  of crops from seed tubers of two cultivars previously stored in 
heaps in the field (H) and a cold store (C) after foliar applications of  BAP,  G A  3 and 
B A P + G A  3 in 1988/89. 

Trea tments  Days after planting 

47 54 62 73 87 103 
Pampeana  H 
Control  43.9 a 51.7 a 63.1 a 63.3 a 63.3 a - 
B A P  50.0 a 57.9 ab 60.8 ab 64.5 a - 
G A  3 49.3 a 58.1 ab 56.0 b 62.6 a - 
B A P  + G A  3 47.5 a 54.3 b 55.4 b 59.3 a - 

Pampeana  C 
Control 39.1 b 54.7 a 58.9 a 59.3 a 65.3 a 
B A P  53.3 ab 58.6 a 61.1 a 60.0 a 
G A  3 51.3 ab 63.1 a 61.0 a 61.3 a 
B A P  + G A  3 48.1 b 57.9 a 57.3 a 55.8 a 

Huinkul H 
Control  35.8 b 43.3 b 55.1 a 54.2 a 55.1 a 11.9 a 
B A P  42.1 b 55.3 a 56.0 a 58.7 a 13.2 a 
G A  3 47.0 a 60.3 a 57.3 a 56.2 a 12.8 a 
B A P  + G A  3 43.1 b 53.8 a 53.5 a 55.7 a 8.3 b 

Huinkul C 
Control  30.3 c 38.8 a 46.0 a 50.8 a 57.8 a 10.5 a 
B A P  40.2 a 44.1 a 47.3 a 50.8 b 11.4 a 
G A  3 40.2 a 45.3 a 48.0 a 51.5 ab 10.7 a 
B A P  + G A  3 37.5 a 45.3 a 46.2 a 52.6 ab 8.2 a 

Within each cultivar, storage system and column and for the first date, means followed by the 
same letter  do not differ (P < 0.05). 
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Results and discussion 

Physiological age at planting 
At  p lant ing  in both  seasons seed tubers  of both cultivars stored in heaps in the field 
were older  than  those tubers  held in the cold store. Seed tubers  of P a m p e a n a  INTA,  a 
cult ivar ageing more  rapidly than Hu inku l  (Caldiz, 1994), had a shorter  incuba t ion  
per iod and were older  than those of Huinkul ,  stored ei ther  in heaps or in the cold 
store (Table  1). 

Ground cover 
1988/89 experiment. A t  the t ime of P G R  applicat ion (47 days after plant ing,  D A P )  
g round  cover was largest in cv. P a m p e a n a  (H) t rea tments  (Table  2). This agrees with 
the advanced physiological age of the seed tubers at p lant ing and with the known 
behaviour  that  physiologically advanced seed promotes  early canopy deve lopment  
(Pe rennec  & Madec,  1980; O 'Br i en  et al., 1983; Caldiz, 1991). Fol lowing this pat tern ,  
cv. Hu inku l  (C) was the t rea tment  with the smallest  g round cover 47 D A P  (Table  2). 

Table 3. Ground cover (%) of crops from seed tubers of two cultivars previously stored in 
heaps in the field (H) and a cold store (C) after foliar applications of BAP, GA 3 and 
BAP+GA 3 in 1989/90. 

Treatments Days after planting 

33 40 47 54 61 68 75 83 87 97 
Pampeana H 
Control 21a 33a 47a 73a 82a 92a 92a 75b 69b 26b 
BAP 18 a 35 a 47 a 71 a 82 a 96 a 94 a 84 a 79 a 35 a 
GA 3 16a 31a 45a 64b 81a 91a 95a 79ab 73ab 29b 
B A P + G A  3 17a 33a 44a 73a 79a 93a 95a 79ab 73ab 28b 

Pampeana C 
Control 18a 31a 47a 77a 82a 98a 90a 73c 66b 32b 
BAP 17 a 33 a 48a 76 ab 82a 96 a 94a 83 a 77 a 38 a 
GA 3 13 b 30 a 45 a 68 c 78 a 95 a 93 a 78 ab 71 ab 30 b 
B A P + G A  3 20a 33a 49a 72bc 81a 96a 91a 75bc 68b 28b 

Huinkul H 
Control 6a 17ab 26a 54a 77a 95a 87a 71b 64c 35b 
BAP 6a 18a 27a 53ab 77a 96a 87a 87a 81a 45a 
GA 3 4 a 15 b 23 a 47 b 71 a 91 a 88 a 78 b 72 b 35 b 
B A P + G A  3 7a 18a 26a 55a 72a 96a 90a 76b 70bc 36b 

Huinkul C 
Control 8ab 2 l a b  33ab 60a 83a 96a 91a 77b 71b 36b 
BAP 11a 23ab 36a 59a 81a 96a 94a 88a 82a 47a 
GA 3 6 b 20 b 32 b 60 a 76 a 97 a 93 a 81 b 76 b 36 b 
B A P + G A  3 8ab 24a 35ab 65a 83a 97a 93a 80b 73b 42ab 

Within each cultivar, storage system and column, means followed by the same letter do not 
differ (P < 0.05). 
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F r o m  62 D A P  onward ,  ne i the r  B A P  or  G A  3 a lone  or  c o m b i n e d  increased  g round  
cover  of  e i the r  cul t ivar  c o m p a r e d  with the  control .  The  resul ts  ob t a ined  with G A  3 
app l i ca t ion  con t ras t  with those  of  B o d l a e n d e r  & van de  W a a r t  (1989) and its 
app l i ca t ion  caused  a t e m p o r a r y  ye l low d i sco lo ra t ion  of  the  leaves.  A s  expec ted ,  in 
the  m e d i u m - l a t e  cv. Hu inku l  na tu ra l  hau lm dea th  occur red  la te r  than  in cv. 
P a m p e a n a  (Tab le  2). 

1989/90 experiment. In cv. P a m p e a n a  (H)  and (C) and cv. Hu inku l  (H)  and (C),  B A P  
m a i n t a i n e d  a la rger  g round  cover  f rom 83 to 97 D A P ,  the end  of  c rop  g rowth  (Table  
3), while  B A P + G A  3 only modi f ied  g round  cover  s ignif icant ly in one  case ove r  the  
en t i re  g rowing  p e r i o d  (Tab le  3). In bo th  cul t ivars  the pa t t e rn  of  g round  cover  no rma l  
for  phys io log ica l ly  o ld  seed  was modi f ied  by fol iar  app l i ca t ions  of  B A P ,  resul t ing  in 
la rger  g round  cover  than  in the  con t ro l  at  the  end  of  the  season  (Tab le  3). 

Photosynthetic rate 
1988/89 experiment. M e a n  Ph ra t e  was s imi lar  to p rev ious  values  o b t a i n e d  by Caldiz  & 

Table 4. Photosynthetic rate ( lamol CO 2 m -2 s -l) of crops from seed tubers of two cultivars 
previously stored in heaps in the field (H) and a cold store (C) after foliar applications of BAP, 
GA 3 and BAP+GA 3 in 1988/89. 

Treatments Days after planting 

47 62 73 87 103 
Pampeana H 
Control 17.1 b 14.8 b 11.1 b 11.5 c 
BAP 22.8 a 15.4 a 16.1 a 
G A  3 12.3 b 12.5 b 15.4 ab 
BAP + GA 3 15.5 b 12.7 b 14.1 b 

Pampeana C 
Control 23.1 a 20.2 b 17.2 b 15.5 b 
BAP 29.1 a 21.8 a 16.6 a 
G A  3 23.8 b 17.8 b 13.1 bc 
BAP + G A  3 22.4 b 19.8 ab 12.2 c 

Huinkul H 
Control 17.4 b 14.2 c 23.5 a 17.1 ab 
BAP 24.4 a 21.6 ab 18.2 a 
G A  3 18.8 b 21.2 ab 15.8 b 
BAP + G A  3 20.4 b 16.9 b 10.9 c 

4.5 b 
9.0a 
6.6 ab 
9.4a 

Huinkul C 
Control 18.0 b 22.9 a 18.6 a 15.2 ab 4.4 c 
BAP 21.3 a 19.0 a 18.6 a 12.8 a 
G A  3 14.4 c 18.8 a 16.0 ab 8.2 b 
BAP + G A  3 17.4 bc 17.1 a 14.6 b 0.3 d 

Within each cultivar, storage system and column and for the first date, means followed by the 
same letter do not differ (P < 0.05). 
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Be l t r ano  (1992) with the same cultivars. Af t e r  P G R  appl icat ion the Phrate  was 

higher  in P a m p e a n a  (C) than in o ther  t r ea tments  and B A P  increased Phra te  in 

P a m p e a n a  (H) and (C) up to the end of  crop growth (Table  4). In Huinkul  (H),  an 

increase in Phra te  was obse rved  62 D A P  fol lowing B A P  applicat ion,  while in 

Huinku l  (H) and (C) B A P  also increased the Phra te  at 103 D A P .  Occasional ly  also 

G A  3 or B A P + G A  3 affected photosynthesis .  

1989/90 experiment. Dur ing  this season B A P  appl icat ion increased Phra te  (Table  5), 

f rom 78 to 99 D A P  in cv. P a m p e a n a  (H) and (C), while in cv. Huinkul  (H) and (C) it 

was main ta ined  at a h igher  level  until 106 D A P .  No major  differences were  found 

be tween  o ther  t rea tments ,  except  for G A  3 appl ied on Pampeana  (C) and Huinku l  
(C), which decreased  Phra te  during the per iod  78-92 D A P .  This could be associated 

with t empora ry  yel lowing of  the leaves.  
B A P  p r o m o t e d  an increase in ground cover  and Phrate  in both seasons and 

cultivars. In cv. P a m p e a n a  this effect  was not iced th roughout  crop growth in both 

seasons, whereas  in cv. Huinkul  this was true in 1989/90 and at the end of  the season 

Table 5. Photosynthetic rate ( lamol CO 2 m -2 s -l) of crops from seed tubers of two cultivars 
previously stored in heaps in the field (H) and a cold store (C) after foliar applications of BAP, 
GA 3 and BAP+GA 3 in 1989/90. 

Treatments Days after planting 

57 71 78 85 92 99 106 
Pampeana H 
Control 25 c 20 a 12 d 17 b 10 b - - 
BAP 22 a 17 b 24 a 14 a 9 a - 
GA 3 14c 15c 15c 8b 5 b - 
BAP + GA 3 18 b 20 a 15 c 9 b 6 b - 

Pampeana C 
Control 29 ab 19 b 18 b 12 c 9 b 4 c 
BAP 24 a 21 a 20 a 10 a 9 a 
GA 3 17 bc 15 c 7 d 8 c 7 b 
BAP + GA 3 18 b 17 b 14 b 9 b 7 b 

Huinkul H 
Control 30 a 20 a 15 b 17 b 12 b 8 b - 
BAP 20 a 20 a 19 a 16 a 10 a 4 a 
GA 3 16c 13c 14c l l b  l l a  - 
BAP + GA 3 18 b 13 c 15 c 9 c 10 a 2 b 

Huinkul C 
Control 28 b 19 a 16 b 17 b 11 b 6 b - 
BAP 20 a 19 a 19 a 14 a 11 a 4 a 
GA 3 19a 11 d 14c 9c 7b - 
BAP + GA 3 16 b 13 c 16 b 12 b 6 b 1 b 

Within each cultivar, storage system and column and for the 
same letter do not differ (P < 0.05). 

first date, means followed by the 
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in 1988/89. Such effects modified the no rma l  pa t t e rn  of physiological ageing for these 
parameters .  

Tuber number and tuber yield 
1988/89 experiment. B A P + G A  3 increased total  tuber  n u m b e r  in P a m p e a n a  (H),  
Hu inku l  (H) and (C), while B A P  and G A  3 increased it only in H u i nku l  (C). G A  3 
effects are in ag reement  with those repor ted  by Bod laende r  & van de Waar t  (1989), 
Struik et al. (1989) and Caldiz (1996), but  B A P  t rea tments  did not  increase tuber  
n u m b e r  as effectively as shown by Caldiz (1996) in o ther  cultivars. Consequen t ly  the 
n u m b e r  of tubers  in the fract ion <80 g was increased and the n u m b e r  and yield of 
tubers  in the fraction 80-400 g were decreased when G A  3 or B A P + G A  3 was applied 
in P a m p e a n a  (H) and  (C). In  Hu inku l  B A P + G A  3 also increased tuber  n u m b e r  in the 
fract ion <80 g (Table  6). 

With  regard to tuber  yield, as observed by Struik et al. (1989) fol iar-applied G A  3 
decreased total  yield in P a m p e a n a  (H) and (C) and H u i n k u l  (H). However ,  when 

Table 6. Tuber number and tuber yield of crops from seed tubers of two cultivars previously 
stored in heaps in the field (H) and a cold store (C) after foliar applications of BAP, GA 3 and 
BAP + GA 3 in 1988/1989. 

Treatments Tuber number m -2 Tuber yield (t ha -1) 

< 80 g 80-400 g Total < 80 g 80-400 g Total 

Pampeana H 
Control 28.40 c 28.48 a 56.48 b 14.30 ab 38.00 a 52.30 a 
BAP 26.23 c 26.84 a 53.07 b 11.00 b 38.80 a 49.80 ab 
GA 3 39.48 b 21.13 c 60.61 ab 12.30 ab 24.00 b 36.30 c 
BAP + GA 3 47.36 a 23.81 b 71.17 a 16.60 a 23.30 b 39.90 bc 

Pampeana C 
Control 30.56 b 25.06 b 55.62 a 14.00 b 31.30 b 45.30 a 
BAP 31.49 b 28.31 a 59.80 a 13.00 b 37.30 a 50.30 a 
GA 3 41.90 a 20.10 c 62.00 a 15.30 b 24.80 c 40.10 b 
BAP + GA 3 43.98 a 16.75 d 60.73 a 20.70 a 18.70 d 39.40 b 

Huinkul H 
Control 11.60 c 22.60 a 34.20 b 7.00 b 26.60 bc 33.00 b 
BAP 20.74 a 16.71 b 37.45 ab 7.20 b 31.20 a 38.40 a 
GA 3 15.24 b 21.80 a 37.04 ab 5.50 c 23.70 c 29.20 c 
BAP + GA 3 21.88 a 23.20 a 45.08 a 7.80 a 30.30 ab 38.10 ab 

Huinkul C 
Control 15.12 b 17.40 a 32.52 b 5.30 b 21.00 a 26.30 a 
BAP 20.71 ab 21.36 a 42.07 a 9.60 a 25.60 a 35.20 a 
GA 3 21.49 a 20.77 a 42.26 a 9.00 a 24.10 a 33.10 a 
BAP + GA 3 24.61 a 18.63 a 43.24 a 8.70 a 20.30 a 29.00 a 

Within each cultivar, storage system and column, means followed by the same letter do not 
differ (P < 0.05). 
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applied in combina t ion  with B A P  total yield was similar to the control  in Hu inku l  (H) 
and (C). B A P  increased total  tuber  yield only in H u i nku l  (H) (Table  6). 

1989/90 experiment. P G R  appl icat ion increased tuber  number s  in the fraction <80 g in 
all t rea tments  (Table  7). However ,  when  the crops or iginated from seed tubers  stored 
in (C), no effects of P G R s  were recorded in the fraction 80-400 g. With total tuber  
n u m b e r  and total  yield, P G R s  appl icat ion always outyielded the control  (Table  7). 

Tota l  tuber  yields differed be tween  years but  P G R  applicat ion increased it 
significantly in five of eight compar isons  when B A P  was applied. The beneficial 
effects of B A P  on ground  cover and Phrate  were probably  responsible for the 
increments  in tuber  yield. However ,  Dwelle  & Hur ley  (1984) did not  find beneficial 
effects on  yield of cytokinins applied to cv. Russet  Burbank .  

Al though  effects were not  always consis tent  be tween  years, it was shown that B A P  
can reverse the effects of advanced physiological age on crop growth, senescence and 
yield (Table  6 and 7). It might be possible to obta in  larger effects if differences in 

Table 7. Tuber number and tuber yield of crops from seed tubers of two cultivars previously 
stored in heaps in the field (H) and a cold store (C) after foliar applications of BAP, GA 3, and 
BAP + GA 3 in 1989/90. 

Treatments Tuber number m -2 Tuber yield (t ha d) 

< 80 g 80-400 g Total < 80 g 80-400 g Total 

Pampeana H 
Control 45.90 b 13.03 a 58.93 b 18.60 b 6.30 a 24.90 b 
BAP 67.30 a 2.86 b 70.16 a 29.50 a 6.10 a 35.60 a 
GA 3 64.40 a 2.44 b 66.84 a 27.20 a 3.60 b 30.80 a 
BAP + GA 3 67.10 a 4.12 b 71.12 a 28.00 a 4.00 ab 32.00 a 

Pampeana C 
Control 43.83 c 1.75 a 45.58 c 25.90 b 2.90 b 28.80 b 
BAP 62.10 b 3.77 a 65.87 b 31.70 ab 6.70 a 38.40 a 
GA 3 67.94 b 3.13 a 71.07 b 31.70 ab 5.90 a 37.60 a 
BAP + GA 3 80.38 a 3.14 a 83.52 a 36.80 a 2.60 b 39.40 a 

Huinkul H 
Control 16.68 c 5.37 a 22.05 b 17.50 c 9.40 b 26.90 c 
BAP 33.02 b 6.10 a 39.12 a 21.90 b 13.00 a 34.90 a 
GA 3 37.36 ab 4.87 a 42.23 a 20.40 bc 8.30 c 28.70 b 
BAP + GA 3 42.08 a 4.26 a 46.34 a 25.80 a 8.10 c 33.90 a 

Huinkul C 
Control 24.15 c 5.42 a 30.21 c 12.00 c 5.40 b 17.60 c 
BAP 39.25 b 6.34 a 45.59 b 22.50 b 10.70 a 33.20 b 
GA 3 59.65 a 6.40 a 66.05 a 29.10 a 12.70 a 41.80 a 
BAP + GA 3 45.40 b 7.28 a 52.68 b 27.30 ab 10.90 a 38.20 a 

Within each cultivar, storage system and column, means followed by the same letter do not 
differ (P < 0.05). 
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physiological age were larger (Caldiz et al., 1985; van der Zaag & van Loon, 1987). 
Nevertheless, other basic improvements  in crop and storage management  should be 
matched before deciding on the use of P G R  in field crops. 
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