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Abstract. Selected gibberellin A3  (GA3) rates and application dates on yield and har­
vest efficiency of the savoy spinach (Spinacea oleracea) cultivar ‘Iron Duke’ were eval­
uated. The most favorable yield response was achieved under fall conditions with 15- 
20 g GA3/ha applied 7-14 days prior to the anticipated harvest date. When cool tem­
peratures (5° to 12°C) prevailed during the treatment and posttreatment periods, in­
creased GA3  rates and prolonged response times were necessary. Gibberellin A3  did 
not induce bolting when applied as early as 1 Nov. but applications later than 15 Feb. 
enhanced the rate of seed stalk development.

Texas produces about 35% to 40% of the 
total annual United States spinach acreage. 
The savoy type grown for the fresh market 
dominates the industry. Historically, fresh 
market spinach has been hand harvested. 
Shrinking labor supply and rising costs are 
major concerns of fresh market spinach pro­
ducers. Consequently, a need exists to de­
velop cultural p ractices which enable 
mechancial harvest of fresh market spinach.

Gibberellin A3 (GA3) induces upright 
growth habit in many plants (1, 2, 5, 7, 8). 
Gonzales et al. (2) demonstrated that GA3 
could be used to increase spinach yield. The 
objective of this study was to develop use 
patterns for GA3 to aid mechanical harvest 
of savoy type fresh market spinach.

In Expt. 1, the influence of 0, 5, and 20 
g GA3/ha (10% liquid formulation, Abbott 
Laboratories, Chicago, 111.) at 3-, 7-, and 14- 
days application to harvest intervals (AHI) 
were evaluated for improving machine har­
vest efficiency of full savoy spinach in the 
fall of 1981. Treatments were evaluated us­
ing a randomized block design having 4 rep­
licates. Each treatment combination consisted 
of single bed plot (0.96 m x 1.53 m) with 
double plant rows. The savoy variety, ‘Iron 
Duke’, was planted on 12 Oct. The GA3 
treatments were initiated when the plant fo­
liage began to touch within and between the 
double rows. A surfactant (78% alkylphenyl 
hydrox-polyoxyethylene 4- polarized resins 
and fatty acids, Helena Chemicals, Lub­
bock, Texas) solution at the rate of 1 ml/liter 
was included in all sprays. Sprays for the 
14-, 7- and 3-day AHI were applied on 7,
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15, and 18, Dec. respectively. A hand-held 
Ultra Low Volume battery powered appli­
cator calibrated to deliver 51.4 liters/ha was 
used to apply the GA3. Plots were cut me­
chanically, using a tractor mounted sickle 
bar set 6.4 cm above the bed surface, on 21, 
22, 23 Dec., respectively for the 3-, 7-, and 
14-day AHI treatments. The severed leaves 
then were hand-gathered and weighed. The 
remaining plant stubble was hand-cut at the 
bed surface, and weighed.

The treatment variables were evaluated 
under late season conditions in Expt. 2, us­
ing a split-plot design having 4 replicates. 
The AHI treatments were established as the 
main plot factor and the GA3 rates, as the 
subplot factor. Each subplot consisted of a 
single bed (0.96 m x 3.05 m) with double 
plant rows. The test plots were planted on 
12 Dec. 1981, and the 14-, 7-, and 3-day 
AHI treatments were applied on 4, 11, 15 
Mar., respectively. All plots were harvested 
on 18 Mar.

The treatment combination selected for in­
vestigation on Expt. 3 consisted of 4-, 8-,

and 12-days AHI and 0, 10, 15, and 20 g 
GA3/ha rates. In this experiment, the GA3 
rates were used as the main-plots and the 
AHI’s as the subplots. All other experimen­
tal conditions were similar to those of Expt.
2. The plots were established 21 Oct., and 
the GA3 treatments were applied 9 Dec. sub­
plot harvest (AHI treatments occurred on 13, 
17, and 21) Dec. Fifteen random leaves per 
treatment per replicate were harvested, and 
total leaf length, petiole length, leaf weight, 
petiole weight, and leaf disk weight were 
determined. Leaf disk weight was obtained 
from disks cut with a No. 5 cork borer at the 
basal portion of each leaf next to the midrib.

In Expt. 1, 20 g GA3 was the most effec­
tive rate in enhancing the efficiency of fo­
liage removal by mechanical harvest (Table 
1). Of the treatment combinations, only 20 
g + 14 days AHI was found to be signifi­
cantly better than the other GA3 rate-AHI 
combinations in increasing yield (P <  0.05). 
Yield increases were detected, however, with 
all other treatment combinations except 5 g 
+ 3 AHI. Earliest evidence of a GA3-in- 
duced hyponastic plant response occurred 3 
days after the 20 g application. A similar 
response occurred with 5 g GA3 after 8 days. 
Upright growth was observed in all GA3 
treatments 14 days after application. Data for 
percentage of plant removed at harvest shows 
that GA3 did improve machine harvest effi­
ciency. The percentage of plant removed with 
the 20 g treatment combinations ranged from 
36% (20 g + 7 day AHI) to 41% (5 g + 7 
or 14 day AHI). In contrast, only 29% of 
the plant was removed in the untreated plots.

The dramatic plant response to GA3 found 
in Exp. 1 did not occur under the late season 
conditions of Expt. 2. No significant inter­
actions between AHI and GA3 rates were 
detected (P<0.05). Only a slight increase in 
yield was induced by the GA3 as an average 
of all AHI’s. The nonsignificant differences 
in plant response under late season condi­
tions can be attributed to the initiation of

Table 1. Influence of gibberellin A3 (GA3) rates and application to harvest intervals on savoy type
spinach planted 12 Oct. 1981.

Treatments

MT/ha
Marketable yield 
(foliage removed 

at harvest)

Residue 
remaining 
in field2

Plant
removed

at
harvest

(%)
20 g/ha + 14 days 

(AHI)y 2 2 . 8 26.7 46
20 g/ha + 7 days 

(AHI) 18.8 33.6 36
20 g/ha + 3 days 

(AHI) 15.7 26.2 37
5 g/ha + 14 days 

(AHI) 14.6 2 1 . 1 41
5 g/ha -1- 7 days 

(AHI) 13.9 20.4 41
5 g/ha + 3 days 

(AHI) 1 1 . 2 23.1 33
Control - no treatment 1 2 . 1 30.2 26

lsd at 5% 1.7 3.8 9
Represents plant stubble remaining in the field after once-over harvest. Simulated mechanical cutting 
6.4 cm above bed surface. 
yApplication to harvest interval.
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Table 2. Influence of gibberellin A3 (GA3) rates as an average of all application to harvest intervals
on yield and quality of savoy type spinach planted 21 Oct. 1982.

Treatments
Yield

MT/ha

Length 
whole leaf 
cm/leaf2

Length
petiole

cm/petiole

Wt
whole leaf 

g/leaf

Wt
petiole

mg/petiole

0  g/ha 3.0 1 1 . 2 1 . 2 4.3 160
1 0  g/ha 3.0 11.9 1 . 6 4.6 2 1 0

15 g/ha 3.5 1 2 . 1 1 . 8 4.6 240
2 0  g/ha 4.1 1 2 . 6 2 . 1 5.0 310

l s d  at 5% 0.7 0 . 6 0.4 0 . 6 NS

zBased on a 15 leaf sample/treatment/rep.

seed stalk development (bolting) prior to 
treatment application. Bolting in spinach is 
normally accompanied by an uplifting of fo­
liage due to increased concentration of en­
dogenous gibberellins produced under long 
days (4). Because bolting is a function of 
day length and temperature (6), these stimuli 
requirements for the variety ‘Iron Duke’ were 
satisfied prior to GA3 application. As a re­
sult, leaf uplifting also occurred in the un­
sprayed plots.

The yield response to GA3 in Expt. 3 were 
similar to the response noted in Expt. 1. In­
creased yield occurred with increasing GA3 
rates. Only the 20 g rate was found to be 
significantly better than the untreated check. 
No significant yield differences were de­
tected between the 15 and 20 g rates (Table 
2). Leaf measurements indicated a signifi­
cant portion of the yield increase induced by

GA3 was due to increased harvest of petiole 
tissue. This was not expected to be a limiting 
factor, because petiole removal can be re­
duced by adjusting the cutting blade height 
during harvest. Nonsignificant differences in 
leaf disk weights were obtained. As ex­
pected, yield obtained among AHIs, as an 
average of all GA3 rates, increased signifi­
cantly with increasing AHI (Table 3).

Gibberellin A3 has been shown to induce 
flowering under certain conditions (8). In this 
study, GA3 seemed to exert a greater influ­
ence on the rate of seed stem development 
than on the initiation of bolting. No bolting 
was evident when GA3 applications were 
made under early to mid season conditions 
(November-January), whereas all plots, in­
cluding the unsprayed checks, bolted in the 
late season (after 15 Feb.) when the day 
length/temperature requirements for bolting

were satisfied. Similar results regarding stem 
development of overwintered spinach were 
reported by Gonzales and Marx (3). Reduced 
rates and shorter AHI were required for the 
GA3 induced hyponastic plant response when 
warm temperatures (13° to 20°C) prevailed 
at and during the posttreatment.

The findings of this study suggest that 15 
and 20 GA3 g/ha applied 7-14 days prior to 
anticipated harvest can be used to increase 
mechanical harvest efficiency and yield of 
savoy spinach by rendering more leaf tissue 
available for cutting. These results agree with 
Gonzales and Marx (3), who reported that a 
single application of 20 pm GA3 2 weeks 
prior to harvest increased plant height and 
yield of spinach. Therefore, GA3 merits con­
sideration as a harvest aid for savoy type 
fresh market spinach.
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Table 3. Influence of application to harvest intervals as an average of all gibberellin A3 (GA3) rates 
on yield and quality of savoy type spinach planted 21 Oct. 1982.

Treatments
Yield
MT/ha

Length 
whole leaf 
cm/leaf2

Length
petiole

cm/petiole

Wt
whole leaf 

g/leaf

Wt
petiole

mg/petiole

4 days after 
application 1.9 10.7 1 . 2 3.8 130

8  days after 
application 3.2 12.4 2 . 0 4.6 270

1 2  days after 
application 5.0 12.7 1.9 5.5 290

LSD 5% 0.4 0.5 0 . 1 0.3 60
zBased on a 15 leaf sample/treatment/rep.
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