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GRCYTH, DeVelCOPHLRT ARD YIL,LD O PUTATCES

Ixmeriments were conducted i:n growih roowms to study the ohoto-

neriodic ressouse of Pertlornd Crown. Iun fleud exoeriments the effects
of soroulirs Lechrisues wnd the nossiblllty of mixirg of differe:t
nhysiologicully sged tubers ard 2 use of »lant growth regulator, 03353
were studied. Sorout srowth of the tubers used for »nlunting wus studied
dﬁring stor:ise.  Light interceotion i+ the »hotosyuathetically active
runge (PAR), wis meassured in the cros c.novies. Reievunt literuture
eliting to tae »nresent luvestigition wis nrieflly reviewed.
Tuverte otion 1o Pent’ and Crown vas stimul.ated by relatively, short

duys, tower temaerturs uid cigher irradice.  op332 wllowed closer

niont snacling (61 x 20cm) without

—

<

visibie crowding effect, further

it ivcrensed the i.oc:tlon of ussimil.tes to the tuovers, which resulted

3 3 el

iv. higner tuder yields wd with w nigher oronortion of medium sized
tubers.

Sprout srowlh wos lineurly re..ted to the initi-l tuber weight and

. . o, . . ~ . . .
.y degrees tove LYC from dormincy bre k. Storivs tubers in the cold

-
tefore plu.ting increased the soroui nusover .ad thus the proportion of

rain stems ir the fleld, T[Tlme to reach 500 emerzernce was not reduced

. . o o
with increnses ir ohysiologic.l ige over 50 diy degrees bove 4°C,

, . 0. s U :
Cold (tubers stored .t 5 % 1°C until : 4.y before piuating) delayed

tuber initi.tior hut orce the tuber h:d been iritiated then the effect

of ohysiologic.l .ge disunpeured und further tuber or overull plant

growth or development wis no more uffected by the physiologicul age

Of the seed tuber. Yields from mixing different physiolegically aged



tubers were rot different from those cxpected.
The mwjer fuchtor wffecting the growth of the crop w.s the witer
sunnly. The overail shotosynthetic conversiorn effeciency of the cunopy
L. | -1 AT 3 | - i 3 . -} s oIy 3 P .
(g dry weight MJ AR intercented) was 3.427 in 1980 in ivsence of
v stress while ir 10Y¢ it wis only 2.49g due to water

Ay wpparent wohter

stress.



1 T TRCGDUC IO

Crop cuanooy is busicully w couverter of solur energy to dry matter.
Dotato erop srowth hns oeen considered only in terms of leaf arex index
(LAI), lexf =ren durstior uad net ussimil.tion rate. Cron growth rate
for various ugriculturil crops has teen {ourd to be positively corre-
lated to the light interceptied by the corony (Piscoe and Gallagher,
1977 Williwms et zl., 1965). Published renorts on light interception
in votatoes are few (Scott and Uilc@cson, 1978).

IS

There “poeur to be w considerable genetic difference in the photo-
veriodic denendence of potatoes (Murti et zl., 1975; lMendoza and Haynes,
1976)., Potutoes ure planted at different times in the field due to
various rensons such s weather. It i1s accepted that there is a2 balance
befween growth of tubers and rest of the plant, unything which fuvours
the growth of one will retard the growth of others (loory, 1978;

Ivins and Bremner, 1965).

Varieties differ in their rates of sp}out grovth at o given temp-
erature (Headford, 1962; Short uand Shotton, 1970). Physiologically old
seed has been found to increase tuber yield euriy in the season but the
effect changed us the hurvesting wus delayed and in some cuses it became
negative (O'Brien -nd Allen, 1978; Allen et al., 1979) which was assoc-
lated with lower LAl in the case of old seed, which may be overcome by
manipulating spucing. ligher tuber yields huve been reported by mixing
early and l;te crop varieties (Schepers :nd Sibmay. 1976), but the mixed

product may be orly useful for starch industry or other uses for which

& mixed wroduct is ucceptuble.

In this thesis resnonse of Pentlund Crown to rhotoperiod and irr-

4diance is studied in Growth rooms. Effects of shysiological age,



sorouting techninues, mixing of different physioclogically aged

tubers uind vp333 (2lunt growty resgulator, 1C1) h:s been studied in the

field vy sczuential hurvests for cron growth wnalysis along with regular

light meuasureme:ts,



2. PHOTOPERIOD AND LIGHT



§

2.7 LITUREATURS  KVIZW

“ffects of environment huve lonpg bee: recosmised ns among the most
immort:nt frctors lufluencing tuber formatiorn oy the »not-to nlant
(Guorner and Allsrd, 1922; 3uzhnell, 1925; MceClellund, 1928; Dorosherka
et al., 1930; Arthur et 2l., 1930; Yeruer, 1940; Driver und Hawkes,
1943), There is wlwost zenceral agreement that environmeat:ul factors

wnich stimulate houin growth wlso deluy or inhibit tuberizution.

22141 Effects of nhotoneriod

There 2poreur to be consideridble genetic differences in the photo-
period deverdence of potatoes. Schick (1931) observed that four German
varieties showed little response to a reduction of photoperiods to 12
hours, while three 3outh American varieties showed 2 very striking
response, Different resvponse to photoperio@, for the varieties Alpha
ind Eerstelinz has been reported by Bodluender and Marirus (1969), and
¥urti et zl., (1975) revorted for the varicties Kufri Lauvlar, Kufri
Jyoti, Kufri Jievan .d SLB/Z LOS & . Mendoza and Haynes (1976) re-
vorted differences in critical day lergth among potiato clones of three
taxonomic grours: andigensz; phureia; tuberosum.

The variety Kufri Sindhuri, previously grown ot continuous light
for 47 duys did sot form tucers for 6O days ot 14 hours day length while
~only 11 short doys (8 hours) were reauired for tubers to initiate (Murti
and Barerjee, 1976u).

Murti et a2l., (1975) reported increase in tuber yields in vorieties
Kufri Lauvkur, Kufri dyoti, Kufri Jeevun and SLB/Z L405: under short days

compared to nutural doy length in summer (temperate climate).



h

Higher tuber yields under short duys (8-10 hours compared to long
days (18 hours) hive dso beer revnortied by some other workers, Gregory
(1954), for the viriety ilennebec; Chomin (1958), for Triumph; Ckormawa
snd Chapman (1962) for Red ¥McClure., Incontrust to these, sone workers
huve reported higher yields under long duys (18.hours) compuared to
short days (12 hours), Borih (1959) for the variety Arrun Pilot and
i 1969 .
Bodluender wnd MarlnusL or Lersteling and Alphu,

Increuse in tuber inductiorn due to photoperiodism huas veen reluted
to ircreuse in levels of cytokinins (Lungille and Forsline,1974; Forsline
and Langille, 1975), and decreuse in levels of gibberellins (Okazawa,
1960; Railton =and Yaieing, 1973), with increase in short day cycles.

N

2ol Effects of temnerature

The effect of temperature is similur to that of photoperiod, higher
temperature oromoting vegetative growth and lower temverature stimulat-
ing tuberization. Plants of the variety Sebago vreviously grown under
non induciug counditions guve higher tuber yields ut 22/18 compared
to 32/18°C (iienzel, 1920). Boruh and Milthorne (1962) reported decrease
in the percentoge of ussimilates diverted to the tubers with increase
in temperature und Gregory (1954) reported 2 decrease in tuber to top
weight ratio with increuase in temperuture. Tuber initiation was in-
duced by lowering the temperature to 70C for sbout a week, in plants
growing at 20/15 or 25/15OC (16 hours day length) bj Burt (1964),

Saha et al.,.(1974) renorted un increase in tuber yield with decrease
in only night temperature. Like photoperiod there is considerable

variance among potator varieties in temperature dependence. With in-

. . 0 . . .
crease in night temperuture from 20 to 30°C, reduction in tuber yield



\

was 80 and 7% for the vurieties Xufri Jyoti und Xufri Chardramukhi
) . R .. . A0 .
respectively, wihile Kufri Sindhuri fuiled to form tubers at 30°C (Saha

et al., 1974).

Ootimum temperuature requirement for uny variety is influenced b
N i 1 v
other environmeatul foctors such as shotoperiod and irrzdisnce.
s . - . v fam©
Gregory (195%) obtuined higher tuber yields, ut 17/17°C uwhere dzy leagth

5 73O R
was 8 hours and. wt 17/107C where day length wus 16 hours.

2e1.3 Lffects of light

The influence of light on growth and yield of potatoes is deter-
mined‘by the irradiance level, its duration and quality of the light.
“hotosynthesis of a single leaf us well us of the canopy as & whole
increases with increase in irradiance until an optimum is reached
(Ku et al., 1977; Sale, 1974). Pohjahkallio (1951) reported change in
top to tuber ratio in fuvour of top with decrease in irradiance. Borah
(1959), revorted a 68 to 77! decrease in tuber dry weight with decrease
in irradiance by 45/ in the variety Arran Pilot, in both the green
Louse and field. Differences were higher in growth rooms, tuber weight
ver plant at 64 and 128 cul cm_2 d  was 1 and 14g respectively.
Similar results were renorted by Bodluender (1963), in this experiment
tuber initiaﬁion was deluyed oy 27 and 54 duys with decreuse in irradi-
snce from 16000 to 8000 nd 3000 lux respectively.A Even in a region of
high solur input (duily solur input awverages 25-30 MJm’a), Sale (1973)
revorted decreuse in tuber number wuid increuse in time between tuber
initistion and muximum bulking rate, with increase in shading.

Zxperiments under controlled couditions provide very useful



information, but spectral »hoton distribution (3PD) nay affect several

sspects of »lunt growth and develooment (McLoren und Smith, 1978) and

SPD is different for differeat light sources (McCree, 197:).



2.2 0BJ2CTIVAS

There are considerable differences in response of various votito
varieties to the eivirormert (Chapter 2.1). Potutoes are nlunted at
different times nnd so some vhotoveriodic nnd light treatments were
given to the vuricty Pentlund Crown to underst:mid its resnonse to the
environment as this viriely was to be used in 2 number of experiments

in the field.



2.3 HATERIALS  AND  METHODS

Out of three, two (ixperiments: GR1 ard GR2) were carried out in
growth rooms and third one in glasshouse (ixperiment GH1). Potato

variety Pentlund Crown was used for all the experiments.

2e3.1 Experiment GE1

2e3ele Preparation of vots and plunting

Pots of 25cm diameter were washed thoroughly in hot water and
filled with John Innes potting compost No.1 (details given in Appendix A).
Cne mm nylon resh was kept over the compost and apically sprouted
tubers (details for seed source given in Apvendix B) of uniform size
were planted on top of the mesh to study tuber initiation and stolon
growth periodicilly. Pots (individually) were covered with double
polythene sheet white inside and black outside, with a hole for sprout
to come oyt. Pots were kept in growth rooms at constant temperature

of 15°C and 16hrs photoperiod until emergence.

CeB3e1.2 Treatments

After emergence on 12 Feb. 1979 pots were given photoperiodic
treatment according to Table 2.3.7.1. In growth rooms (Saxhill),
warm white fluorescent tubes were used as the source of light.
Irradiance in photosyntheticually active range (400 - 700nm) was main-

2

tained as 450 UEm~ s (Photor fluence rate) on pot level (measured

using quantum meters with cosine corrected sensor heads; lambda



instrument). Photoperiod: 16 hours day in case of long day (LD) and
10 hours day in case of short day (SD) und day-night temperatures of
20°/15°C was maintained. The temperature in the growth rooms were
continuously recorded on thermographs, fluctuations being of the order

of t1°C,

2e3s7.3 Experimental design and vractical details

Due to limitation in the number of growth rooms available, plants
were treated as replicates and data was analysed as completely random-
ized design. DNumber of replicates used at different time are given
in Table 2.3.7.2. Although there were 1-3 SEDs, depending upon the
number of replications for different treatments (Table 2.3.1.2), but
for simplification only one SED is shown which is for comparing the
treatments with different number of replicntions.

After roots had grown to the bottom of the pot; 15Cml of supplem-
entary solution containing: 50g (NHq)ZSOQ, 9.2g KNOz and 7.5g RHLHoPOY
‘perllitre was given every week (Burt, 1964). Plants were irrigated
with ordinary tap water as and when required. Data on length of
stolons, leaves of axillary branches and number of: stolons, leaves,
axillary branches and tubers were recorded without harvesting. Tuber
was judged when tip was swollen, twice the diameter of the actual

~stolon.

2e3.1.4 Growth Analysis

Due to fewer number of plants availuble only 2 growth analyses

were carried out: 49 und 66 days after emergence.



Plants were stored in a cold room (4°C) until they could be
dissected. The number of lenves per »lant on main stem and axillary
branches were counted senarately, at the same time, the leaflets were
removed from the petiole, Length of the main stem and the axillary
branches messured and petiole and stems were éombined for stem's dry
weight. The leaf area was determined using the punch method,

(Watson and Watson, 1953) as modified by Radley (1963), which
involves taking discs of krnown diameter and dry weight was used
instead of fresh.

Mumber of main znd brinched (defined in Apneﬂﬁx E) stolons, were
removed, counted anditheir total length measured. Roots were difficult
to separate from the peat and were not coliected ard roots which were
attached to the stem and stolons were removed and discarded. Tubers
were removed, riddled, counted and weighed before being sliced finely
with a knife and dried. Dry weights were obtained by drying different

varts sevarately in the oveun at 85°C to constant weight,

2e3e2 Experiment GR2

2e3.241 Preparation of vots and planting

Same as described eqr%ier, 2e3.%.1. except that tuber pieces
weighing 7g (instead of whole tubers) with single eye were taken
using a cork borer (same diameter in 211 the cases) and planted in
moist sand Z2cm deepn at 15°C (Details for source of seed given ih,
Appendix C). After one weesx tuber pieces were selected for uniform-
ity of svrout ond planted on top of the mesnh and covered with verm-

iculite before covering with double polytheue sheet,



Coe%elel Tre.:tments

Thic experiment waus conducted during 1980 und there were 4 tre:nt-
ments: combirations of 2 vhotoperiods i.e. 16 nours (LD) i3 10 hours
(SD) and 2 irradicnce levels (on pot level) i.e. 400 Us4~2S~1 (HI) and

2. =1

290 UENM 8 (LI) (400 - 700mm). Constuut temverature of 15 * 1°C was

maintaireds Rest same w5 described eurlier, 2.3.1.2.

2e3e2463 Exverimental design and vructicol details

Same ns descrived eurlier, 2.3.7.3 but no datu wus recorded with-
out growth annlysis excent tuber initiution and height of the main stem.
Five plants per treitment were used for measuring height of the muin
stem. 5,7,3,4,:d 3 plunts were harvested for growth znalyses carried

out after 29, 41, 51, 66 and 31 days of emergence resnectively.

2e3.2. 4 Growth .nalvsis

Same 2s described earlier, 2.3.7.4, but growth wunulyses were carried

out at frequent intervals.
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2e3e 3. Dxperiment GH1

24331, Preparaztion of pots and plunting

Szme as described earlier, 2.3%.2.7, except that seed pleces

r

(2.3.2.,1) were plinted iz 17.5cm wnots, 2ecm  deep in J.I. potting
comnost number 1., Pots were kept irn zreen house where temverature
varied from 10°C min. to 20°C max. Pots were not covered with any

polythene sheet. Detail for source of seed is given in Avpendix C,

2eBe342, Treutments

10 days after emergence (on, 11.4.1930), plunts were selected
for uniformity and were either left under notural glasshouse light
or under, muslin, red or blue shades (Cinemoid filters were used for
red and blue shades) in an unheated gluasshouse. Alr maximum and
minimum temperature obtained from nearby meteorological station is
givén in Figure 3.3.2b. Troansmittance (400 - 700nm) measured (2.3.%.2.)
through the shudes was 21.97, 33.10 and 32.67, nercent for red, blue
and muslin shades respectively. Spectral photon distribution measur-
ed using scarning spectroradiometer is given in Fig. 2.3.3.7.
Phytochrome state was 0'561 0.49 and O.44 for muslin, red and blue

shades respec¢tively and 0.54% for naturuzl glasshouse.

2.3.3.%. Exvperimentul desigh  and pructical detuils

Due to number of limituations of shudes, availuble, plants were

used gs replicates and data was analysed as completely randomized



design and there were three replicates. Only main stem length was

measured without harvesting. Rest sszme us described earlier, 2.3.7.3.

253t Growth 'nalysis

Same as déscribed earlier, 2.3.1.4., but only one growth analysis

was carried out.

Table 2. 30 1 . Te
Details of treatments

Treatmert

name Detail
LD Long duys from emergence onwarde.
LS 17 long days from emergence onward,

followed by short days.

LSL 17 long days from emergence onward,
followed by 20 short days and then
long days onlye.

SD Short days from emergence onward.

SL1 17 short days from emergence onward,
followed by long days.

SL2 - 37 short duys from emergence onward,
followed by long days.



Table 2.3.7.26 Fumber of replications for different treatmerits used

for analysing data at different time.

Days after 10,13 23, 206,
emergence and 18 31 and 35 45 Lg 66

Treatment

LD 17 5 5 2 2
LS - 12 g 3 5
LSL - - & 2 2
5D 18 12 6 2 3
SLA - 5 & 3 3
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Figure 2.3.3.1 Spectral scan (400-800mm): (a), glasshouse (12=00);
(b), red shade (12=40); (c), blue shade (12=30); (d), muslin shade
(12=42), taken on Uth March 1980, with a scanning spectroradiometer.



2.4 RISULTS

2 4.1 | Exoeriment GR

2eh.1.1 Stolon

Length of the muin and branch stolons (Appendix E) and their number

is given in Figures 2.4.7.7. and 2.4.7.2. Stolon number znd their length

was not affected by the treatments until tuber initiation after which
LP continued tb oroduce more; main as well us branch stolons and their
length was also more., Plants which had 17 short days in the beginn-
ing and then moved to LD (treutment, SL1) behaved like treatment LD
and trectments LS and LSL like SDe Data for stolon weight is given in

Table 2.4.1.2 and was higher in treatments LD and SL1.

2el4.1.2 Stem

Length of the main stem (data not presented) wus not affected
until few days after tuber initiation, after which plants in SD started
diverting most of their assimilates to the developing tubers while in
LD stem length was still increasing. Axillary branches, which started
develoving little before tuber initiation (Fig. 2.4.71.3) continued to
develop and grow at fuster rate in treutments LD and SL1, while in
others rate was very low. Data for totul stem weight is given in

Table 2.4,1.1 which was higher in treatments LD and SL1.

Due to shortage of number of plunts for growth unalysis it was



[oh

decided to count number of leaves znd measure their length without
harvesting. Internode length was not affected by any of the treat-
ments thus number of leaves and their totul length did not vary until
tuber initiation after which LD olunts hod more leaves and their total
length was also more. Number of leaves on axillary brunches were more
in treatments LD and SL1 and their total length was also more (Fig.2.4.7.4).
Lower leaves from treatments: LD and SL1 started coming off after uzbout
40 days of emergence, but they were still growing, while in others it
started slightiy later., Total leaf area after 49 and 66 days of emerg-
ence is given in Table 2.4.71.%1. Specific leaf area and ratio of leaves
to stem is also given in Table 2.4.1.1, and was lower in treatments LD
and SL1, Thus leaves in these treatments were either thick or stored
carbohydrates which were beiug diverted to tubers after tuber initiat-

ion in other treatments.
2obe1.h Tuber

. Percentage of plants forming tubers is given in Figure 2.4.1.5.
Plunts which were only under LD did not initiate tubers until 66 days
after emergence when the experiment was terminated, while all plants in
case where they had only 8D or given SD after 17 days of emergence
formed tubers by the end of experimernt, suggesting thuat tuber stimulat-
ing conditions have more efféct if given few days after emergence,
father than straight from emergence onward. Data on number of tubers
per plant is presented in Figure 2.4.1.5 und weight of tubers in Table
2.4.1.2. Although plants which were shifted to SD after 17 days of LD,
initiated tuber but stimulus in the begining wuas not enough, as they
had lower number of tubers, but by the end of experiment (66 days after

'emergence) they did not vary from the plants which were only under SD.



2.4.1.5 Total dry matter accumulation

It was observed that roots were more in treatments LD znd SL1,
but could not be senarated, thus totzl dry weight presented (Table
2.4.1.1) is excluding roots. Percentage of nssim lates out of total
dry weight diverted to tubers were lowest ir treatment SL1. It appears
that LD given after 37 days of emergence {(trestments: LSL wad SL2) did
not offect the assimilate distribution us indicuted by the percentuge

of tubers out of total dry weight.

Table 2.4.1.1. The effects of photoperiod on some morphological

chiaructers of votato,

Ratio of
Specific leaf Leaf area leaf to stem Stem drz1 Total dry
area dm g'1 dmzplimt“”I (wt basis) wt g plant wt g plant"1

Days after
emergence

49 66 49 66 L9 66 L9 66 L9 66

Treatment

LD  2.18  1.91 40.3 632.2 1.45 1,26 12.85 26.19 32.6 61.4
LS 3.52 3.03 57.3 42.6 1.68 1.90 9.64 7.50 34.9 53.3
LSL 2.S4 2.51 44,2 38,3 1.66 1.86 8,92 8.35 37.5 7h4.1
SD 3.64 - 32.71 48,0 W1.8 2.10 2.19 6.30 5.17 43,4 52.0
SL1 2.39 2.04 45.8 55.7 1.34 1.41 14,68 15.60 39.2 63.7
SL2 3.41  2.48 h0.8 29.5 1.61 2.51 7.94 L.74 L3.6 73,7

SED 0.456 0.179 7.48. 4,85 C.211 0.149 1.79k 1.451 6.89 7.42



Tuble 2.4.1.2. The effects of photoperiod on dry weight of:
(a) tuber, gz plant-q, (b) stolon, g plant—1,

and (c) percentuge of tubers out of total dry weight.

4 D c

Days after

emergernce 49 66 Lo 66 49 66

Treatment
1D "0 0 1.16 2.15 - -
LS 8.0 31,0 1.13 0.70 22.9 58.0
LaL 12.0 49,6 1.61 0.71 29,2 67.3
SD 23.2 25,0 0.68 0.56 53.5 64,8
SLA 3.3 14,8 1.65 1.75 8.0 21.5
SL2 22.8 5641 0.62 0.63 46,6 76,5

SED 7,86 7.78 0.437 0,546 15.85 9.23
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main and branch stolons.
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2ehe2 Lxperiment GR2

In general there was no interaction between photoveriod and
irradiance levels except in few psrameters of the plant growth, thus
the results in generul are presented zus the effect of photoperiod and

irradiance levels.
2.4,2.1 Stolon

Humber of main stolons (average) went up to 19 plant—1 and was
not affected by any of the treatments; irradiance did not affect their
total length either. After tuber initiation growth of main stolons in
SD was negligible while in LD they continued growirg (Fig.2.4.2.1).
Branch stolons started coming little before tuber initiation. HI in-
Creased the total number of branch stolons as well as their total
length in LD while LI increased number :u.d their total length in SD.
Taking SD and LD together, HI increased slightly number of branch
stolons as well as their totul length (Figs.2.4.2.2 ard 2.4.2.3).

LD increased number of brunch stolons and their totul length was also
more (Figs.2.4.2.2. and 2.4.2.3). Specific weight for main stolons
went up to 2.hmgz cm-1 of its length and of branch to 2.03 and was not
affected by any of the treatments. Datz for total stolon weight is
présented in Fig. 2.4.2.4 and was much higher in LD, after tuber
initiation, Stolon weight was also sligntly higher in HI as compare

to LI.
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2.4,2,2 Stem

LI stimulated extension of the main stem (Fig.2.4.2.6) and little
after tuber initiation (TI), effect was more in LD as SD almost stopped
growing. Rate of appearing axillary branches (AB) in SD was slightly
lower (Fig.2.4.2.8) and difference increased after TI. AB present in
SD almost stopped growing after TI, thus at the time of final harvesting
their average léngth was 11.52cm while in LD it was 21.25cm. Total
length of ABj which is product of number of AB present and their average
length, is presented in Figure 2.4.,2.7 and was much higher in LD.

Effect of irradiance on number of AB was variable; more AB were present
in HI before TI, after that rate of appearance was higherin LI. Their
total length was higher in LI (Fig.2.4.2.7). Data for total stem
weight is presented in Figure 2.4.2.5. 51 days after emergence SD
stopped diverting assimilates to the stems as their weight was almost
constant, rate of stem growth in LD was very high after 41 days of
emergence., Irradiaonce did not affect the total stem weight at all

(Fig.2.4.2.5)
2.4,2.3 Leaf

Photoperiod did not affect the internode length and length of the
main stem and total length of AB were higher in LD (Figs.2.4.2.6 and
2.4.2.7), thus ro. of leaves present on the main as well as AB were

higher in LD (Figure 2.4.2.9). Increase in stem length (Figs.2.4.2.6

and 2,4,2,7) due to LI was primarly due to extension of internode
length, thus there was no difference in number of leaves due to irrad-

lance, Leaf size in general was not affected by any of the treatments.
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and average leuf size for the leaves on muin stem went up to 2.05dm2.
Total leaf area was much higher in ID especiuolly after TI, while irrad-
iance levels did not wuffect it (Figure 2.4.2.10). Leuves weight did
not increase in oroportional to leaf urea thus resulted in difference
in specific lexf srex (Fig.2.4.2.11). Doth LD =nd EI decrensed spec-
ific leaf arew, therefore they ircrexsed, either leaf thickness or
cellular density or stored carbonydrrtes or compinztion of these factors.
Effect of irradionce wad photoperiod on et assimilation rate (HAR) is
given -in Figure 2.4.2.12; which shows thut leuves were more efficient
in producing dry matter in treatment HI. This may be explained by the
fact that more photous were available per uait LA. Lower NAR in LD
could be attributed to the mutuul shading of the leaves due to higher
LA, LD increased leaf to stem ratio in fuvour of stem esvecially after
TI (Fig.2.4.2.13). Although irradiunce did not affect the total stem
weight (Fige2.%4.2.5) but leuf weight was higher in HI, which resulted

higher leaf to stem ratio (Fig.2.4.2.13).
2.h.2,4 Tuber

Tuber initiation (TI) wus examined by removing vermiculite, at
intervils of 3 to 5 duoyse Irradiance did anot affect TI in combination
with SD, where nlunts initizted tubers after 32 days from emergence,
bu£ HI enhunced TI in LD where it wus 338 duys after emergence. Some
Of the plants under treatment combination of LD and LI intitiated tubers
after 41 days of emergence but w21 »lunts did not have tubers even when
harvested, 51 days after emersence, when 3 out of 4 plants had tubers.
In generud totsl number us well 28 their weignt woas much higher in 8D

.
. ) e . . C e .
(f15-2.4.2.14). i1 1ncreused tuver number in LD but decrensed in SDe



Tuber weight was increused under both vhotoperiods by HI but effect was

more evident in LD,

2.4,2.5 Total dry matter uccumulution

Recots could not be separated from the peat so total dry weight
(TDW) presented in Figure 2.4.2.15 is without roots. LD incrensed TDW,
vhich was affectéd in two ways: due to higher leuaf area, they inter-
cepted more photons and further they had more time for vhotosynthesis.
Later in the season leaQes started coming off the stem and were not
included in TDW. HI also increased TDW primarily due to more number
of photons available, which increased NAR also (Figel2.4.2.12).

Little after tuber initiation there was no competition for assimi-
lates between tubers and huulms in SD as indicated by the evidence that
stolons stems and leaves, almost stonped importing assimilates
(Figs.2.h.2.4; 2.4.2.5; 2.4.2.10; 2.4.2.11), which resulted in to a
higher percentage of tubers out of TDW (Fig.2.4.2.16). HI zlso in-
Creésed the proportion of tubers out of TD¥W (Fig.2.4.2.16). In SD
effect was one way, as there wus enough induction so vercentage increase
in tuber weight was due to higher cuantity of assimilates available,

In LD it might have affected in two ways: one by stimulating tuber-

- 12ation and another by making more assimilates, available.
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Figure 2.4.2.9 The effects of photoperiod on number of leaves

coming from the main stem (a) and the axillary branches (b).
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Figure 2.4.2.11 The effects of photoperiod and irradiance on
specific leaf area (SPLA).
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2.4.3 Experiment GH1

Due to fewer number of replications there was more variation in

the data.
2.4.3.1 Stolon

Lumber of main as well as branch stolons and their total length

was higher in control (Table 2.4.3.1).
2.4.3.2 Stem

Length of the main stem is presented in Figure 2.4.3.1. All the
three shades used stimulated stem extension and difference was visible
even two days after moving them under the shades. Control had higher
number of axillary branches uand their total length was also more
(Table 2.4.3.1), but difference was not significant due to variation
in the data. Although plants were taller under shades but total stem

weight was higher in control (Table 2.4.3.1).
2.4,.3,3 Leaf

;Increase in leugth of the muin stem by shades wus vurely due to
extension of internode, us there was no difference in total number of
leavés (yellow or dead + green) recovered from the main stem (Table
2.4,3,1), Lo. of leuves present on uxillary branches were higher in
control and leaves were bigger in size in control and their total leaf

area was also more (Table 2.4.3.1) increase in leuf weight was not in



proportion to the leaf area, resulting, differential values for specific
leaf area. All shading increased specific leaf area (Table 2.4.3.1).

Leaf appeared slightly thicker in control but were not measured.

2.4,.3,4  Tuber

Plants under muslin shude did not form tubers at all, while in
red shade there was only 1 tubver p‘lzmt~1 as compured to control where
there‘were 12.7 tubers plant'1, tubers dry weight for red shade was

negligible (2.7mg plant™'), while in control and blue shades it was

1.42 and O.bg plant™ respectively (Tible 2.4.3.1).

2.4.3.5 Total dry weight

Control had higher total dry weight (Tzble 2.4.3.1) and quantity
reduced by shudes was almost proportionsl to the number of photons
transmitted through the respective shades. Percentage ussimilates

directed to the tubers were ecual in control and blue shades.
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Tzble 2.4.3.1. The effects of different type of shading on morphological

churacters nnd tubers, 49 days ufter emergence.,

Treatment cor.trol muslin Ted Blue SisD

Ko. of axillary
branches (AB)P1” b7 1.0 1.33 0.33  1.728

Total length of
AB, cm p1”] 22.7 6.k 5.8 2.2 7.73

No. of green leaves
on main stem, p1_1 13.25 11.67 11.67 9.33 1.2k

o. of yellow or dead
leaves coming from

mein stem,pl™] 0.50 2.67  2.67 4,00 0,894

Average size of leuves

coming from main sten(dm?) 1.03 0.61 O.h47 0.56 0.096

Soecific leaf area,dms™ | 2.66 3.94 4,82 5.02 0.3k

Lo. of main stolons,pl“1 15.3 10.7 10.0 9.0 2.96

Length due ‘o main

stolons,cm pl~ 57.1 24,6 17.9 21.1 17,48

No.qof branch stolons,

nl~ Ye3 2.3 0.0 0.7 2.9

Length due to branch

stolons, cm »l~ 9.3 1.6 C.0 0.6 3431

Tuber numbers, o1~ 12,7 0.0 1.0 4,0 3.35

Tuber dry weight, g vl 1,42 0.0 0.0027 0.0  0.304

Total dry weight, g ol™] 10,57 3.91 3,16 2.97  1.035
. —1 ;, . 7

Total stem weight,s ol 3.16 1.62 1.63 1432 0.39

Totzl stolon weight,

g ol-7 C.33 2.07  0.05 0.03  0.11

Percertage of tubers out
of TDW 13.4 O.O 001 1303
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Figure 2.4.3.1 The effects of shading on main stem length.



2.5 DISCUSSION

There is general ugreement between experiments: GR1 and GR2 that
53D stimulated tuberbzation (even there were some séssile tubers) and
decreased  haulm growth after tuber initiation. In Experiment GR2
wnere growth unalysis wus done regulurly, after 41 duys of emergence
there was no increase in length of stolons or stems and after 51 days
of emergence there was orly regligitle growth of stolouns, stems aund
leaves (in term of weight) so zlmost 21l the assimilutes oroduced, were
being directed to the tubers. It may be eusy to explain this after
understanding the theory of tuberization,

It has already been mentioned (Chapter 2.1.1) thut lower levels of
gibberellins and higher levels of cytokinins were detected in 58D as
compare to LD. Further exogenous apvlicution of gibherellins have
been found to inhibit tuberization (Lovell and Booth, 1967; Hammes and
" Beyers, 1973; Menzel, 1980), on the other hand Palmer and Smith (1969,
1970) demonstrated the reguirement for cytolinins in tuberization of
excised stolons of Soluanum tuberoswn in vitro; similar results were
obtuained by Mauk ard Langile (19Y8), using Ziatin riboside instead of
kinetin, Wareing and Jenaings (1930) found that endogenous Abscisic
acid (ABA) suonlied by the leaves was neceséary for tuber development

in Solanum andigena, but there wus no significant difference in ABA

‘content in diffusateg from induced to non-induced leaves. Further

more a non=induced leaf could induce tuberization when grafted on to

an induced stem cuttings (Wareing and Jennings, loc. cit.). Suoply of
€xogenous cytokinins plus ABA did not cause tuber formution in one-node

cuttings from a non-induced nlant of Solunum andivena (Wareing and

o

Jennings, 198C). They argued thut the clones of Solunwm andigena, they



used have «n obligate short-day requirement where as many cultivars of

Solanum tuberosum have rno ubsolute requirement for 8D; but give a

quantitative SD response, Thus it might be possible that a second
factor was present in Solanum tuberosum independently of the photo~
veriodic pre-treatment. Thus 1t may now be concluded that the tuber-
ization in potato is promoted with increase in ratio of cytokinins
and unknown tuberization stiuulus (UI'S) to gibberellins. Production
of the UTS has been suggested to be promoted by SD (Wareing, 1982).

~ Tuberization involves cell divisions in the sub-apical region of
the stolon apex (Booth, 1963; Cutter, 1978). Cytokinins, have been
suggested to irhibit apicul meristem and oromote cell division in the
subsapical region (Palmer and Smith, 1970); thus with increase in levels
of UT3S and cytokinins, tuber initiatiorn occurred znd with a further
increase in number of short days, the ratio of cytokinins and UTS to
gibberellins ircreased. This further stimulated cell division in the
Sub-apical region of the stolons and the aoical meristem might have
been inhibited to the extent that stem and stolons stopped growing
and all assimilates produced by the leaves were directed to the tubers.

In Experiment GR1, after 35 days of emergence treatment LS had

3.64 tubers ver vlant and 85.7% of the plants had formed tubers, while
in treatmeﬁt SL1, there were only 1.5 tubers per plant and 66.7% of the
plants had tubers; but both of them had equal number of short days by
'thut;time, with the difference that LS was given short day after 17
days of emergence and SL1 straight after emergence. Furthermore
number of axillary bruanches, their total length, no. of leaves on
axillary branches and leugth of stolon, =1l were higher in SL1 as
Compare to treatment LS. In un another treztment, LSL, which had 20

short day cycles but sfter, 17 days of emergence; tuber weight after
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49 und 66 days of emergence wus 23.2 and 35.00g pluut-1 while in SL,
it was 3.3 and 14.8g pl;’uzt—1 resvectively. Stem weight which is in-
creased by non-inducing conditinns was also higher in SL1 than LSL.
Specific leaf area was lower in S5L1,., As we have seen earlier that
effect of photoperiod is suuntitative, thus difference of only 3 short
day cycles cannot be the only reuson, thus there must be some other
factor affecting it.

Murti and Saha (1975), found thuat 20 8D cycles given immediately
a?ter emergerice or 20 duys ufter emergence, failed to initiate tubers,
while 15 SD cycles were enough when given 40 or 60 duys after emergence,
where plants were kepot in continuous light and harvested after 90 days
of emergence. In un experiment where plants in addition to 7 old
leaves had: 3 young (less than 3ecm) terminnl leuves or one young
termiral leaf or without :ny terminal leaf. Tuber weight was highest
wnere there was no young term.n»l lexf wund lowest where there were
three young term.nal leaves (Hommes und Beyers, 1973).

Thus it follows that the ratio of »roduction of cytokinins and
UTS to gibberellins is more in old leaves compared to younger ones
énd obviously ratio of oid to young leaves increases with age of the
plont,

In cuse of treutment LD: in Exveriment GR1, there was no tuber-
izution until 66 §ays =fter emefgence wher this experiment was term-
‘in;téd, while in Exvneriment GR2 under higher irradiance level (40 0
UEM-ES-q, still lower thun GR1), some tuters were recorded (10g plant’
This élearly shows that tuberizuation is favoured by lower temperature
38 in Experiment GR2, temperuture wus 15°C during day ond night while

ir | . . . o .
1% Experiment GR1 temperature wos 20°C during day and 157°C night.



Results are in general agreement with privious workers (Gregory,
1956; Borzh and Milthorme, 1962; Sluter, 1968; Saha et 2l., 1974
lenzel, 1980).

At lower irradiance level in experiment GR2 in combination with

LD, tuber weight was 0.52 slant”]

after 31 days of emergence but =t
higher irradiance level in combination with LD tuber weight was 14.5g
plant'q. Similarly in experiment GH1 plunts under muslin shade did
not tuberize while nlunts growing in nutural glass house uttained
1,42z of tuvers per »lant (there wus no difference in spectral photon
distribution). Similar résults in growth rooms were obtuined by

Borsh (1959) in vuriety Arrun Pilot (irradiunce levels were 64 and

128 cal em™@ day-q). Either induction incrensed with increase in
irradiance levels, or alternatively, tuber induction was already there
and the additional assimilates available due to higher number of photons,
were diverted o the tubers., Favouring the first hypothesis, analysis

of endoge:nous hormones in Solanum nndigena  showed that low light

intensity increased levels of ncidic gibberellins in leaves of short

duy plants (Woolley and Wareing, 1972). Thus under higher light intens-
ity ratio of cytokinins and UTS to gibberellins might have been higher,
which resulted higher tuber weigzht.

Total dry mutter oroduced was reduced oy decrease in irradiance as
‘earlier reported by (Pohjahkallio, 1951; Bodluender, 1963; Sale, 1973
Boruh,1959). NAR was low in LD due to mutual shuding and high in HI due
to higher number of photons azvailable for photosynthesis. OSpecific leaf
area increased with decrease in irradiunce levels; e.g. ixperiment GR2
and GH1, and was higher ir 8N us comvure to LD as found by Borah (1959).
Ratio of lesves to stem (on weight busis) decreased in LD after tuber

initiation, due to continuous growth of the stem.



With decrease in irr.disnce »lwt neignl wos incrensed due to in-
crease in interrnode lengiln (ces. coripure tre:tments 11 .rd I in Exper-
iment GR2 and musliin —ad control in Exverimect Gii1). Increase in stem
length of potuto due to decrense in rudintion has.ulso been reported
earlier (Rorsh, 1959; Zodl.ender, 1963) «wd may ve rel:oted to higher
amount of gibberellins nroduced under lower irrudiunce levels (Wolley
and wareing, 1972). Lengtn of the potito stem wus nlso increased with
decre:se in nhytochrome state. For exumnle, 1n lretment olue and
musiin shude ir Exverimert GH1, tot:l radiution was the sume, but oplants
were tuller under blue shade where phytochrome state wus lower than
under muslin. Stimulutlory resvonse (Lengthr) of fur red ( >700nm) and
inhivitory of red lizht (<700nm) is est.blished in v.rious crops
(Imnoft et al., 1379; Juicgues, 1308; Satter und Wether21l, 1968).

Lffect of spectral photon distribution on tuberiz:tion is not ocuite
cle:r from this experiment as totul rudiztion wos .confounded with light
nuxlity., However blue light aonears to have some stimul.atory effect on
tuderizution a2s percentuge of wssimilutes diverted to tubers were egual
in nlants grown under blue shudes ond nuturcl gluss house while irrad-
iznce was much less under blue shude. Further there was no tuberization

in plants grown under muslin or red shade.



3, CHEMICAL CONTROL OF GROWTH
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rowth 1nnidit tuber-

izntiorn (Chanter 2.1). It is recorised thint the grovith of cron »nlunts

Cay be ultered i sever: ' beneficinl ways by the use of »l:nt growth

regulstors (Wittwer, 127°1; [ cLuren, 1202), There re several revorts
3

sherellic acid (G4) fto the loliagze stimulates

that soonlicrtion of si
howlnm growth -wd del ys or irhibits tuberis tior wnd thot surtially
Zrown tﬁbers muy respound vy ccusing to vulk and by growirg out stolons
(Hommes and el, 1975; Meuzel, 1080; turti -nd Bucerjee, 1976b;
Kushiz:¢i cnd loshi, 1961; Lovell 'nd looth, 1967; Timr et :l., 1960
19625 Tizio, 1964; Dyson, 1065).

The inhibitory effect of Gia on tuber Jormution hus led to the
exnerimentil wpnlication of growth returdent such s 2-chloroethyltri-~
methyl wmmonium chloride (CCC). When nlunts were either sorayed with
CCC or they were wutered with this substunce, heiphl s well as weight
of ueriul stems v.d lenf wre. were decreused (Kruz, 1961; Dyson, 1965;

-~

Gurasens -nd Horris, 1969, 1971; Kumar .ud YWareing, 19745 lMurti and
Sahx, 1975b), tuber weight wis lucre:sed esneciilly following CCC appli-
cation (Dysous, 1965; Iunmes .ad lel, 19755 lienzel, 1280). If CCC was
avoplied around tuber initigtionﬁ(TI), ther tuber numbers were increased
.(Gunqsen; and Hurris, 1969; Gifford w.d Foorby, 1967).

bThe effect of CCC is ygrewter under conditions, which stimulate
nauln growth und decreuse tuverizition, such 4s loﬁg deys, aigh temp-
erotures snd high nitroges tzpliciticr. Fenzel (1980) reported greater
increase in tuber welight due to CCC uvpiic.tion in nl.nts growing at

} e . o0
“lgher temper:utures (32/15 or 22/257C) comnired to lower temnerature

20 - . . . . . .
(22/16 C). Ir = ohotoperiod.c exneriment, ! uwmes ~nd Lel (1975)



revorted greater incrense in tuber weight due to CCC spolicution in
vlants growing ot 18 hours doy lengtn comrired to 12 nours. The effect
of CCC was more in fuvour of tusers when nitrogen wus sonlied at higher
rates (Gunusena and Harris, 1969).

The inhibitory eflect of CCC on growth is tronsitory and decreases
steadily over « oseriod of 42 duys (Kruz, 1961). hen CCC wus used at
the raites of 5Cml, 790 or 3100spm per oct before tuber initiation,
rute of the stem growth wuis low for u »eriod of 30 duys following CCC
application and tuber initiution wuas enhiiiced but final tuber weight was
not sffected (Dyson, 1965).

U~dimethyl :minosucciiamic acid (139) hed similor effects to those

CCC givi;g @ general decrexse 1n huulm growth (Dyson =nd Humphries,

1966) wnd tukber rumver und tuber growth were increased nurticularly in

the neriod followirg its upalication but Finul tuber yield was not
i g N
cffected (Nlumphries cnd Dyson, 1967).
A more recently sy.:thesised growth rezulator, H9333 (Imperial
J O =) L n

Chemicul Industries) hus tees shoun to decreuse culm leagth and in-
Creuse seed yield in grusses (Mebblethusite et wl., 1982). Uptuke of
D333 wus largely [rom the soil viu roots und activity, or =2t least the
Observed resjponse was miintuined over « long period. It was considered
that the generil resnonse to »n3373 wus similar to that of CCC and B9

"dut the effect my sty for =« loager time.
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3.2 C33.LCIIV..E
n

he effecis of »2235 on notatoes were iuvestizaoted in order to

determiie whether hiuln growth could de decreused withoul detrimental

eflec

ot

s on tuber yields. A higher nronortion of tot:l olunt dry m:tter
in the tubers would n»rovide the notentinl Tor increused nroductivity
ner unit areq. Liﬁtle is known wboulb the re.ctiecr ol the potito cron
to »1333% g so in . oarelimiicary ws the time of nmilication was in-

,

vestigated in single plois, with senueunili.l hurvests for crop growth

wnulrsis,



23 FMATERIALS  AND  METHCDS

The experiments were carried out on the University of Kottingham
farm, at Sutton BDonington, over the two yeurs, 1979 and 1980. In 1979,
soil was sandy clay loam (Field 32) =nd in 19280, it was sundy loam
(Field 10).

On receint, seed (detuil for seed source in Appendices B and C) of
the vmriety Peatlund Crown, was examined for diseise etc. In 1979 seed

was infected with Rhizoctoniua soluni Kuhu (Black scurf). All severely

affected and deformed tubers were discarded ond remaining tubers were
arranged 'Avical' end uvpermost in « single layer in chitting trays.
Seed was then stored (Table 3.3.1) until planting und irradiance to
avoid etiolution of the sprout during storage wus 2.3 © Ok U2 g7

(warm white fluorescent tubes), on top of the tubers. Relutive humidity

was 90 40 ot 4°C and 65 T $0 st 12 and 8%.

3¢3.1 Exverimental design and wractical details

‘freatment detoils are given in Table 3.3.71., Single application of

PP333 29405 w.i. ho  was giver as o spray, covering the whole plot
equally i.e. plants znd bure soil. There were no cultivations after
.Plaﬁting and weeds were effectively controlled, usirg a mixture of
Paragust snd linuran ot recommended dose, 1t about 5. emergence. Over
the period when stems were emersing, number of stems were counted for

10 plants ver vlot, on every other day in the beginning,when stems were
émerging 2t fust rote ond on every 4 - 5 duys later ou, until no further
increase took place. Datu for rainfull, screen temperuture and soil

temperature =t 10¢m denth wus obtiined from 2 neurby meteorological



stution, within one kilometre of the experiment:l site. Rainfall
totalled for every five duays is »resented in Fipgure 3.3%.7 and screen
(max. and min.) and soil temperature ot 10cm deoth, both uveruged for
every 5 duys ure preserted in Figures: 3.3.2(2,b) urd 3.3.3(x,b)
resvectively.

Light interceptiocn ir the photosyutihetically active range

(400 - 700nm) was measured in situ usirg Juuntum meters (Lumdx

instrumerts) with remote cosine corrected sensor heuds. Simultaneous
readings were taken from above und below the cro» canopy zat randomly
selected vositions. Reflectunce in the 400 - 700nm range was considered
to be low (Scott et al., 1968) und relatively constunt und consequently
wis not included in the rexdings. To decide, the number of readings
per plot; in 1979, 40 reudings per plot were tuken for few plots of
Lxperiment F1 and co-efficient of vuriation wus worked out for all the
42 readings and thern selecting randomly 5 and 10 out of 40 (Table 3.3.2).

It was decided to toke 10 readings ner plot. In order to minimise
the infiuence of solar height, all readings were takern bdetween 10,30 -
14.00 hours. Early in the season when ground was not covered completely;
readings were taken around the plants and thus percentage light inter-
cevtion wzs adjusted for ground cover, measured using the grid.

The grid consisted of 2z reetangular metal frame, with strings, at
'150mjspacings pulied tightly across the frume. Size of the frame was,
150 X 90 sqe.ctt to cover, 2 ridges. The ground cover was recorded by
dblacing the gridbut two pluaces in u nlot and looking downwurd.

Recommended plert protection measures were taken und crop stayed
héalthy during both years as f.r us insect pest und diseases were

Concerned,
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3e3.2 Growth anlvsis

Seven growth wunulyses were curried out during both years.
Sampling was freauent eurly in the season, to obtiin zn ides of earlier
tuber growth. Zuch sumole cousisted of, 2 in 1972 .and 4 ir 1980,

>

adjacent plunts and care was tuken thuat at least one guurd plunt was

)

left vetween euch samvle. At ecch harvest folizge of the selected
plants wos cut off «t soil level und the:n underground purts of the
plarnts were 1ifted curefully, using a fork. All the tubers, however
small, were recovered. Plunts were stored in labelled polythene bags,
at 47C until dissected. Lo uttempt wus mude to recover roots and those
which were attuched to the stens were removed and discarded. Labora-

tory procedure for growth zn-dysis wus the sume us descrived in 2.3.1.4,

except that stolons were 1ot mensured,

-

Sarly in the seusorn the leaf urnd stem muteriil from the whole
Sumple were used in determiring the dry m.lter conternt, but us sample
size ircreased, - random sub-simple of 3502 to 1.5H; was tiken depend-

ihg on the size ol sumole,

3.3.% Pin horvesting

-After comple%e senescing, guard »lunts on either side of the row
Were harvested with . fork, rem:iring plints, excluding guard rows
Yere harvested with 3 tractor overated notato digger (Jonson), znd then
picked manuxzlly. Tuvers were stored in labelled sucks in o cold room
ut 40C, until paissed through the riddle. Riddles avuiluble for grading
large cuuntities of produce were slightly different from the one used

s

for growtn snclyses. Records were ride for the numbver and fresh weight



Table 3.3.17.

1979
Pre-planting g7 days at 4°C,
storage. followed by 13 duys ut
12°C und 22 days at 89C.
Planting dite st Moy
Seed size 105.3 * 1.31g
Plot size 5 rows of 6.56M e:.ch

Spacing

76X41cnm

Treatments There were 5 treut-
ments: »n333 syprayed
on; 5th Jure or 13th
June or 2nd July or
16th July nd control
(no spray).

" 3 . 03 /]
Fertilizer

(£11 given before
Planting)

1318Kkg hn~
(15:15:15; R:iPp05:K20)

Dose of pPp333 TREOE tel. ha_1

Experimental detnils

-
O

oo

<

90 duys =t 4°C,
followed by 39 daysoat
12°C and 1 duy at & C.

15th Anril
77.5 Lt 1.26g
8 rows of 7.20M each
(control)
10 rows of 7.20M each
(pn333)

76X36cm (control)
61%X20cm (vp333)

There were 2 treat-
ments: p»333 sprayed

ou; 23rd Muy and
coatrol (no spray).

1218 g ol
(15:15:15; 11:P205:K20)

75bg Gele ha—1



of tubers in each grude =znd '« sub-sample of 350g to 4kg was taken,

depending upon the guuntity of tubers irn e:ch grude, for dry weight.

o+

Tuble 3.3.2. Meun percentuge light interceotion before adjusting

for ground cover aud CV) on 21.6.79.

») y- .
VARIETY Pentl.nd Record
Crown
‘ o, of
Replicutior  reudings mearn Cv% me:n CV%
40 86 to.9 1 83.6 T 1.78 2.13
1 10 &y t3 1.5 83,4t 2,77 3,23
5 8zt 1.3 1.5 82 t 2.5 4,3
40 83.2 1 1.18  1.42  86.5 T 0.8 0.99
2 10 84,7 L a6 1,737 88.5 Y o.02 1.06

5 83.5 = 2.6 .12 86.76 - 0.89 1.02
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Soil temperanture, uat 10cm depth and screen, muxe. and min. air
temperature did nrot vary substantizlly between yeuré (Figures 3.3.3(a,b)
snd 3,3.2(a,b) ). lowever, r.inf:ll (Fig.3.3.1) did differ vetween
vears with z noticeubly dry period, in the months of June .nd July
during 1979.

Depending unon tac results of 1979, there were only 2 treatments
in 1980 i.e. p0333 sprayed on 23rd Moy, 1930 and control, and a further
treated plot was planted at closer snucings (61X20cm). Generul growth
of the crop was more rapid in 1980, in the abseance of « dry period.

3elte Stolon «and stem growth

Before tuber initiction, immedi..tely ufter s»nraying the »p333,
totnl dry weight of the stoloas .nd tot:l .umber of stolons were in-
creused in tre:sted plots. ivt the import.nt result w.s thit, whern
plant growth regulutor wos spriuyed vefore tuber initiation, the per-
centuge of stolons out of totu: dry weight was higher in treated plots,
for example, after 4 duys of plunting, in cuse of G5 vercentage of
Stolons out of totul dry weight wus 3.55 comnured to 1.85 for control.
Similarly in 16380, 48 duys after nlanting the vercentuage of stolons out
of toful dry weight was 4.35, while in control it was 2.50.

Ho effect of'pp533 wus found on the rumber of stems, nor the
¢xillary bronches (AR), present. However, stem extension was decreased
in both years in trented »l:ivts. Tisure 3.4.1 shows that np333 decreased
the average length of the muinstems und the resporse wns substantially

grezter in 1980, with adecusnte rodnf A1, Sproying ot li:ter dates 2lso



e

affected stem height (197%), rather where snraying was done earlier in
the season for exazmple, G5, the rite of stem extension, later in the
seusorn was not much lower thun control. This may be expluired by
lower uptuake of the chemicul due to dry wewther. The puttern of

op333 effects on avernge internode length was similur to that for stem
length (Fig.3.#.2), indic.ting thut w1l internodes zrowing ufter appl-
ication were shortened. In 1979, leuves for the last two growth
unalyses were not counted, thus uveruge internode length could not be
cglculatéd. Data for totul dry weight of .ibove ground stems (AGS) is
oresented in Figure 3.4.3 and was reduced in both yeurs by the growth
regulator. Growth of under ground stem (UGS) was not uffected, re-
sulting in differentinl vilues for AGS to UGS rutio, on weight basis

(Fige3.4.4 ) und wuas higher in control in both years.

C 34402 Leaf growth

Decfease in stem lergth wus due to decreuse in internode length,
thus le:f rumoer were uot uffected. During both yeurs the foliage was
a darker shade of green following uptuake of pp333. The area of individual
leaves was decreused by pn333 und the effect was more pronounced in
1980,
The growth of leaves in control nlots wus lower in 1979 compared
to 1980 (Fig.3.4.5 ), and, in addition, uptzke of pp333 muy have been
lower under the drier conditions.
Irrespective of time of upvlicution, in 1979, the vn333 - treated
plants had a lower leaf areu index since lenf uren pl:mt“1 was decreased
and plunt spucing was the sume us the control. In treutment, G5, plants

had 2 higher LAT than, G18, 1.ter in the seuson d olints started



1

growing out of its effect. Since leaf -re. per »nlant wus expected to
e decreaised, the treated ire:s in 1980 were olanted =t closer spacing

2)
in order to utilise 211 the availuble weri:l space, for comparison of

-1 '
oroductivity =re: , under full canopy cover. Therefore, :1lthough the
uveruge leaf areu was decressed by »n333, the lef nres index wus
similar to that of the control during the 1980 experiment, except ut
the peuk, wher control LAL went uv to 5 und vp333-treuted was 3.5.
Ir 1980, pp333-trented plints senesced i few days eurlier thun the
control, resulting in 2 more rupid decline in LAI.

Changes in leaf area reflect chunges in leaf exnansion in two
dimensions but actual leaf growth occurs in three dimensions. There-
fore, although »n333 decrensed leaf ure: the differences in leaf dry
weight were not in proportion, resulting in differentiul values for
specific leaf ares, Specific leaf nreu was decreised, in both years,

. by pp33% and the decreuse wus evident throughout the growing season
(Fig.3.4.6). It ompeured that v9333 hud increased either leaf thick-
ness,,ceilular density or stored carbohydrate, or & combination of these

factors. In the cazse of G5 (1979), the effect on specific leaf area

seems to diminish later in the season.

34,3 Light intercepntion

Figure 3.4.7 shows that the vroportion of PAR intercented by the
Crop canopy was 2ltered oy vn333 trexatment. In 1980, light interception
wis similar for control and pp333 treutments between 70 - 105 days after
planting (middle of the growing se:ison), during this period LAI was
higher than 3.0 wnd light interception wus independent of LAI at indices

of more than 3,0, LAI hardiy reached 3.0 in 1979 and consequently



treatment differences were evident throiyzhout the growing season ruther

than at varticulur times.

Zeko bt Tuber growth .nd development

The effect on tubver number during 1979 wus vurioble (Fig.3.4.8).
G5 decreased tubver @umber, may be due to very low leuf areu index at
the time of tuber initi:tios. Although G12 slightly reduced LAI, but
increaseAin availnability of sssimilutes by decreuzsing the stem growth,
increased tuber rumbers. In 1930, tuber number in pp333-treated plot
were uffected in two wuys: firstly, due to closer spucing, there was
higher leuf urex index a2t the time of tuber initiation, «nd secondly,
due to returdation of stem zrowth more assimilates were available for
tubers. Thus tuber numbers were incre:.sed severalfold (Fig.3.4.8).
\Since total light interception wus not much different, :lthough stem
growth was reduced, but there were not enough zssimilites available for
all those'tubers to grow, thus differences at final harvest were re-
duced.,

In 1979, G18 increased tuber weight, e«rly in the seuason by making
more assimilates available. Since leof uren index was reduced by all
'the pp333 apvlications (1979), thus fincl tuber yield wus higher in
control (Fig.3.4.9). In 1980, pp333-treated plot wus planted at closer
Spaciﬁg, thus total light interceonted by the cunopy duriﬁg the growing
Season was the szme. If then total ussimilates availuble were egqual in
both treutments, p»333 by reducing stem growth znd muking more assimi-
lates avuilable for tuber .zrowth, resulted in 163 higher tuber yield
1

srea” ' over control (Fige3.4.2) 2t final huirvesting.

“Although totul tuber yield is impori.nt, the distribution of tuber



sizes making up the totul yield muy also be of importince in practice.
In both years, the pv333-trexted crop h:d n higher vroportion of tubers

in the 35 - 60mm runge tharn the control (Fig.3.4.102,b).

%.4.5 Totzl dry nutter occumuliation

Roots were not colfected wid those nresent on stems or stolons
were removed and discurded, thus tots:l dry weight (TOW) vresented is
excluding roots. Lailer in the seuson (end of July) leaves started to
fall off =nd were not collected from the ground. The TDW achieved in
1979 was substantiully lower thaa in 1280, reflecting the lack of rapid
growth during the dry veriod in June and July of 1979 (Fig.3.4.11).

In 1979, pn333 at 211 times of 1onlic:tion reduced TDW, since plunts

O

were shorter ud took u» less ‘erisl sp.ce. In 1980, wp333 treatment
Wis grown ot closer spacing to determine if dry nmutter production area
could be increuased. There wus very little difference in dry weight m~2
with »p3%3 and closer spacing compured to the corntrol (Fige.3.4.11).
Although the growth regulator 2llowed closer spucing without visible
crowding effects, inter-plant competition for water, nutrients and

s01l space muay huave influenced the crop performuice.

Given that totzl dry matter production ares” was slightly de-
creased (1979) or similur with closer spacirg (1980) it was of obvious
importance to determine the distribution of that dry mntfer since tuber
yieldsvare the commercial product. Figure 2.4.12 indicates that in both
Yeurs there wus a higher pronortion of totil dry weizht wllocuted to the
tubers ir the pp3233 tre:tment. The redistrivution of dry weight was

5

more evident earlier in the seuson, vrobably because tuber initiation

occurred 4 - 5 days carlier with pp333.
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Similar cuniitztive resoonses by the notato croon to the apalicat-
ion of the growth regulator, 50333, were fouad in two ye:rs of exneri-
ments. lHowever, the mugnitude of the ressonse was lower in 1979 probably
beciuse of drier conditions (Fige3e3.1)e The interuction with soil
moisture proob:bly relites to uptdic .nd subsequent trouasport in the
xylem ruther thuun differerce iu growth reguultor activity per se.

Totﬁl dry matter vroduction was slightly decreased in 1979 irrespect-
ive of the time of uwplication of the growth regulator und it may be
thiat had uptike of »p333 been greater then « larzer effect would have
been found. In 1979, there wus i decreuase in dry welght plant-1, and
since plunt deusity wus the sume s for the control, then o decrease in
nroductivity unit uren_1 with p»333 resulted. llowever, since individual
_dlant size wus decreused tne notenti:l existed to increuse vlant density
without suffering a detrimerntul degree of »lunt comnetition. The experi-
rent ;n 1980 indlcated that Luis Liysothesis muy e true since totul dry
weight unit arex-q was not decreused at closer piant svacing combined
with pn333.

Total dry matter produced by the cunopy depends on the light inter-
Cented by the cunony. Since LAL wus reduced by «ll the pr333 treatments
in 1979, light intércepted ner unit "re:n was lowered und this resulted
in lerr totul dry matter in the treuted nlots. In 1980, LAIL was
sligntly reduced during the »ewd but LI wus rnot s LAI in nn333 during
thit geriod wis over 3.0, for light I.tercention was independant of LAI
4t indices of more thnn 3.0, Ireated »l.ntis intercented more radiation
€zrly in the seuson when sol:r radiation wos aigh, und so-total dry

weight wus net offected in 19c¢0.



An additional fuctor, other thun solely the degree of pn333 uptake
which may have influenced the 1279 resulis is the possible interuction
between the physiologicnl stuatus of the plunt and water stress. The
control nlunts grew more slowly nd yielded less iﬁ 19279 thun in 1980.
The crop was visibly affected by drought ir 1979 und the culculated
net assimilatior rate (IAFP) decrensed during the dry »eriod, whereas no
decreszse in AR Wwas found in 1930. 00333 had little effect on MNAR in
1980, or in 1979 with the excention of the dry veriod. During the
d;iest périod (second week of July), the control NAR fell from 7.0 to
1.g m"2 day-1 while the NAR of G5 und G18 treatments were maintained
at 3,0 and H.ng_a clay._1 respectively., Therefore, the efficiency of
dry matter accumulution was chree to four times higher in the pp333
treatments during the drought period. Other growth regulators such as
CCC have been reported to increase tolerance to water stress (Teubner,
. 1961) and the effect may be related to changes in physiological status
ir response to a general retardation of huulm extension growth.

Beduction in votato haulm growth and some degree of redistrubution
of dry mutter to the tubers hus been reported following application of
CCC (Dyson, 1965; Gunasena and Harris, 1969, 1971), and B9 (Humphries
and Dyson, 1967). With the application of pp333, haulm growth was de-
~Creased and there was some redis}ribution of dry mutter to the tubers.
In 1979, the percentuges of ussimilates diverted to the tubers were
lowef in G5 . compared to G18. This was probably relafed to a greater
uptake of the chemical by the G18 treatment as LAI was C.7 at the time
of its application while G5 was sprayed 4 - 5 days after emergence and
501l uptake must huve been very low as weather wus dry in that year.
Percentages of‘assimilates diverted to the tubers weré higher in treated

plots and since s»nuacing wis the same for treuted as well as controls
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which resulted in lower LAI in »p333 trested plots und so the final
tuber yield was higher in the coutrol. 1In 1980, the npercentages of
assimilztes diverted to the tubers were much higher than in the control
and differences were evident througnhout tne season, orobably related to
more uptoke of the chemical in a wetter seuson. Since total light
intercepted by the treated nlots wus the same as in the controls, final
tuber yield wus 16 per cent higher urea-1 than control. The foliage
was darker green, as occurred with CCC (Gifford and Moorby, 1967),

and the ieaves were either thicker or denser. Chlorophyll content per
unit area was 25 - 35% higher in leaves from pp333 treated vlants in

an adjacent exveriment in 1980 (McLuren, pers. commun.).

The higher proportion of dry weight fourd in the tubers of chemically
manipulated plants is useful only when present in the appropriate tuber
size., np333 resulted in « higher proportion of tubers in the size
.range of 35 -60mm., VWhen nitrogen wus apolied early in the season, LAI
was higher at tuber initiation compared to late zpplicution or no
nitrogen; Since LAI was high, the assimilates available for tubers
were more and this resulted in a higher number of tubers (Gunasena and
Harris, 1968). Pratt, et al., (1952), have shown thuat irrigation during
the period of tuber set increased the yield of the crop by increasing
_the number of tubers set, whereas when water was applied later in the
Season, irrigation had the effect of increasing the average tuber size
rathef than tuber numbers. Photosynthetic efficiency of.the canopy 1is
higher when soil mosture content is high (Moorby - et al., 1975; Legg et
aly, 1979) thus irrigation at tuber set increased the availability of
assimilates for the developing tuvers, which resulted in higher number
of tubers. The mechanism underlying the presenrnt experiment may be re-

lated to dry matter redistribution «t an early stuge of growth. For



b7

example, the number of tubers present wuis similur but it mey be that
the amount of asimilates diverted to those tubers wus initially higher
in the pp333 treatment., If a maximum rate of growth for individual
tubers is assumed thern the udditionul assimilate muay huve stimulated
growth of tubers which otherwise would not huve grown at that time,
Since more tubers would then have attracted more assimilute produced
subsecuently, individual tubers would hove hud fewer assimilates due
to inter-tuber comnetition. ‘The result of such :. mechanism, rel:ted
to assimilate zvailability ot particular growth stages, would be to
oroduce more tubers within the medium size raunge, us was found with the
pPn333 treatment, Increuse in nrumver of tubers huas also been reported
vwhen CCC (Gunusena and Horris, 1969; Gifford =nd Moorhbyy, 1967), or
ethrel (Garcis -~ Torres and Gomez -Cumve, 1972; Murti et al., 1978;
Bonerjee et al., 1979; Perumal et zl., 1979) were snrayed at tuber
~initiation phase.

Ifenkwe =nd Allen (1978), showed that ut lower plunt density (24960
tubers hé—q) #ll tubers developed from those initiated but at higher
vlant density (74880 tubers ha-q) about 1000000 tubers ha~1 were
initiated (June) but only 78000, develowved (Auguét). In 1980, all the
tubers initiated in pp333 treated plots did not de#elop. It may be

.explained that at higher plant density LAT at tuber initiation was very
high,‘thus more tubers were initiited, but the rate of ipcrease of LAI
was low due to interplant competition., Thus all the tubers which had
initiated could not develop because the assimilutes aviiluble following
tuber initiation were not enough for ull those tubers to develop.

In addition to any benefits from manipulation of the physiological
Processes within the crop, the altered canopy structure may have agro-

nomic benefits under purticular circumstances. For exumple, the canopy
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micro-environment may influence the build-up and spread of pathogens,
and the decreased canopy height may decreinse the degree of lodging
and rotting of stem tissue which often occurs under wet conditions.
In 1980 lodging occurred in cortrol plots :nd rotting of stems was
observed, but rotting of stems wus more in Experiment ¥4 where stem

numbers area were increased by using large seed. llo lodging occurred

in the snrayed (pp333) nlot.



4, PHYSIOLOGICAL AGE, SPROUTING

TECHNIQUE AND SPACING
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Lo LITZRATURE  REBVISY

bo1.1 Physiological azge

It is well known that for a period immediately after harvest, no
aporeciable sprout growth will talze place on seed tubers, even when they
asre stored in conditions ideal for growth. The lengtn of this period
of inactivity is referred to as the 'dormant' period (Burton, 1963) and
it ranges in normal storage conditions (10°C) from 5 to 14 weeks after
harvest. The dormant period is largely determined by variety (Krigthe,

. 1962; Burton, 1963; Bornman ind Huammes, 1977; Reust, 1978) though not
related to maturity classes i.e. early varieties do not necessarily
start groQing before main crops (Emilson, 1949). Many features of seed
crop husbandry also affect the length of the dormant period e.g. time
of planting (Jones; O'Brien (both quoted by Ali, 1979); Allen et al.,

1979); site of production (O'Brien and Allen, 1975; Wurr, 1978b); time
of haulm destruction of the seed crop (Hutchinson, 1978a; Wurr, 1978b);
time of harvesting (O'Brien and Allen, 1975; Toosey, 1964 ); and state
of maturity of the tuber ut the time of harvesting (Krijthe, 1962;

Hutchinson, 1978b; Wurr, 1978b). Temperature during storage also affects
the length of the dormant period (Schipnpers, 1956; Sadler, 1961; Headford,

'7962; Burton, 1963; Short and Shotton, 1970; Wurr and Allen, 1976;
Eornmén and Hammes, 1977; Hutchinson, 1978b; Allen et al., 1979; Jones
et al,, 1981). Wurr (1978b) stated that differences due to date of
defoliation of seed crops on sprout length were due to its effect on
dormancy break and O'Brien and Allen (1981) regarded all seed stocks

which do not sprout i.e. until dormancy break as the same. Thus the

Period of post dbrmancy break is important for this may affect the field
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growth,

Or.ce buds huve begun to grow however, the environment in the
store, especiully the temperature, becomes extremely important in
determining subsequent sprout growth. The growth of sprouts is nositively
related to temperature over the runge from a minimum of 4°¢ to 25°C
(Sadler, 1961; Headford, 1962; Morris, 1906). Growth rate of sprouts
at 30°C was low due to deatk of the sprout apices, luter death of
sprout apices occurred ut 2500 also (Heudford, 1962). Moreover sprouts
produced at such high temperatures are bulbous in shape and restricted
at the base whereas those produced at lower temperatures are more
firmly qttached (Davidson, 1958; Short and Shotton, 1970). Due to this
reuson temperatures higher than 1500 are not usually used in the store.
A linear felationship between total sprout growth per tuber and temp-
erature accunuluted over base temperature from dormancy breuak has been
reported by several workers, when tubers were stored in conditions
" ideal for svrout growth immediutely after dormancy'break (Wurr, 1978b;
Ali, 1979; Rawi, 1981). Toosey (1963) and Madec and Perennec (1962)
described physiological age as the physiological state of the tuber at
any given time, Recently the research groups at University College of
Wales and VRS, Wellesbourne have suggested the measure of physiological
age as day degrees above a base temperature from dormancy break.

- (O'Brien and Allen, 1981; Ali, 1979; Wurr, 1978c).

Varieties differ in their rates of sprout growth at a given temp-
erature (Headford, 1962; Headford and Ingersent, 1962; Short and Shotton,
1970; Allen et al., 1979; Bodlaender and Marinus, 1981) and thus may
emerge at different times in the field. Greuter differences in sprout
length at the time of plaﬁting have been found to affect the emergence

and tuber initiation (TI), physiologically old seed emerging and



initiating tubers before the physiologically young seed (Headford, 1962;
Toosey, 1963; Fischnech and Krug, 1963; Younger, 1975; Raquf, 1979;
Ali, 1979; Rawi, 1981). LAI and total dry weight ut the time of TI
were higher in physiologically young seed (Raquf, 1979; Rawi, 1981;
Younger, 1975) though difference varied between yeurs and varieties.
In the variety Home Guard 2 close relationshin between tuber yield and
vhysiological age has been found, tuver yield being increased with in=-
crease in physiologicul aze but the effect changed as the harvesting
vas delayed and in some cases it became negative (O'Brien and Allen,
1978; Allen et al., 1979; Raquf, 1979). Decreuase in tuber yield with
increase in physiologicual age ut later harvests was associated with a
decrease in LAI and total dry weight with increase in physiological age
(Raquf, 1979; Rawi, 1981), which may be overcome by decrease in spacing.
Ali, (1979) working, with the variety Desiree and Jones et al., (1989)
with the vorieties Arran Comet and Desiree also reported increase in
“yield with increase in physiological age but in thése cases also the
effect disappeared as the harvesting was delayed. Major concern in main-
cron varieties is not the early yield but the final vield which may also
be affected by the total duration of the bulking period of the crop.
Younger (1975) found that physiologically old seed emerged earlier and
senesced earlier thun the physiologically young seed. But still if
'early in the season LAI in the case of vhysiologically old seed is in-
Ereaséd by decreasing plant spacing and thus making greater use of solar
radiation of that time of the year (Allen and Scott, 1980) then even if
it senesces earlier, the potential exists for higher tuber yields.

Stem number is now considered as the unit of population in potato
(Allen and Bean, 1978). fhere are two types of stems which may emerge

above ground i.e. main and branch stems (defined in Appendix E).



52

Differences in sprouting regimes cause differences in nrovortions of
different tyvpes of stems produced by the seed tuver (Aillen, 1978;
Younger, 1975; Bagley, 1971). So stem numbers us such may not give the
right idea of vpopulation but sizes of different types of stems have not

been studied.

bo1.2 Inter-crowvping

) Different crops or varieties are mixed depending upon their habit
of growth to ensure better light intercention and extensive exploration
of the soil for removal of wuter und nutrients. Inter-cropping of
maize and beans is quite common in several nartsof tropical America
(Pinchinat et al., 1976). Finlay (1974) reported thuat 987 of the cowpea
is inter-crovped in Africa. Inter-croovving of cotton and summer onion
is practised in Egypt (Nasr, 1976). Over yielding of grains for mixtures
due to the early flowering and muturation of one c;mponent than the other
has been reported by the International Rice Research Institute (1974).
Ir potatoes inter-cropping muay be useful when one component emerges
first and grows at the exoense of znother while the latter may have
advantages later in the season. Schepers and Sibma (1976) obtained
higher yields in vurious experiments by mixing eurly und late crop
'Varieties of potato. Smith (1978) obtained significantly (P= 0,05)
highef yield by mixing Arron Comet and Pentlund Crown in alternate rows,
compared to Pentland Crown grown alone. Chowdhury (1980) also obtain-
ed higher yields, when Desiree and Mujestic were mixed within or be-
tweern rows than the higher yielding monoculture. This increase in yield

Was associated with increase in leaf area duration. Mixing of different

Varieties especiélly within the row may be only useful when the product
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is required for starch industry or for other uses for which 1 mixed
nroduct is acceptuble, when sprouted :nd unsnrouted seed of the same
variety were mixed alternately within or between rows higher tuber
yields were obtained thun the higner yielding monoculiture but the in-
crease was higher in Mujestic than Desiree uand thne effect also varied

be tween years (Chowdhury,'1980).

L.o1.3 Light intercention

Potato crop growth hus often beern considered in terms of the T.AI,
leaf area duration and net ussimilation rute (Watsorn, 1952). A linear
relationship hus been reported between tuver yield und leaf area duration
when leuaf ares indices wbove three were ussumed to be three (Bremner
and Radley, 1966; DBremner znd Taha, 19663 Gunasena and Hurris, 1968;
Chowdhury, 1980), which imolies that light intercention, or photosynthetic
- efficiency, does not limit yield at leaf aureax indices greater than
three. Published reports on light intercevtion in potutoes are few
(Scott and Wilcockson, 1978; Allen and Scott, 1980; Bean and Allen, 1981),
while crop growth rate has been reluted to radiation intercepted in
barley, wheat und sugsrbeet (Biscoe und Gallagher, 1977) and maize
(Willioms et ul., 1965).

Total glob:l radiation has been fourd to be nositively correlated
'with the yields o£ several crops {Sibma, 1970) und votato tuber yields
have been reluted to total radiztion during the growing season (Scholte

Ubbing, 1959). However, leusf photosynthesis is essentiully a wave-
length dependent with photosyntheticully active radiation (PAR) being
defined as radiation between 400 - 700nm (McCree, 1972). Although the

ratio of PAR to total rudiation uppears to be relatively insensitive to
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atmospheric factors, uand when considering both direct znd diffuse
radiation is often tuken zs being 0.5 (Monteith, 1969), it may be im-
vortunt to measure PAR intercention within crop curonies. Orne fuactor
which may influexnce within canopy meusurements of totel ridiaztion,
relative to PAR, is the trunsmission of wuvelengths :bove 700nm (Holmes
and Smith, 1977; Scott et al., 1968), with the relative differences
being related to leaf cunony size und churacteristics. Puckridge and
Rutkowsky (1971) in wheut und Jeffers und Shibles (1969) in soybeans
rgported~increases in photosynthetic efficiency of the crop canopy with
increase in LAI.

Thus a study involving regular measurements of sprout growth during
storage and various crop characteristics in the field along with regular
measuremeﬁts of light interception may help in a better understanding

of the growth and development of the potato crop in relation to yield.
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L,2 OBJZCTIV.LS

Greater physiologicul age results in un increise in the percentage
of total dry matter found in tubers but reduces LAI which ultimately
results in lower final yields. If LAL is increased by manipulating
the density then potential existed for higher tuber yield at final
harvesting. With this in mind the exveriment in 1979 was curried out.
Denending upon the results obtained in 1979, where vhysiological age did
not zffect the emergence or senescence or tuber yield, but bigger seed
emerged first and seresced first, in 1980 it was decided to repeat the
treatments of 1979 (Exps. F2, F3) and since different seed sizes emerged
and senesced at different times, in theory if they :re mixed, then
potential exist for increuse in totul durution of the cron. So Experi-
ment F4 was undertaken to investigate this and seed with greater differ-
ences in physiological age were mixed.

Emergence in 1979 may have been affected by tﬁe growth rate of
sprouts rather than physiologicul age or length of the sprout. There-
fore sprouting technicues were changed before plarting by keeping them
in the dark, to see its effect on emergence and further growth and develop-
ment,

In 1980 cold treatment of seed took more time to initiate tubers
'than apical or mulﬁi sprouted when counted from the date of 50% emergence.
This ﬁay have been uffected by longer days, as cold treuted seed emerged
later and day length increases in spring and short days do stimulate
tuberization (Chapter 2). Thus in 1987 it was decided to see the effect
of time of plunting on early tuber yield und other treatments were in-
cluded to have results fof two yeurs. Since emergence was not affected

by differences in physiological age of the seed (except cold) in 1979
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and 1980. It was decided to investigate minimum number of day degrees

above which emergence would not be enhanced (Experiment F6).



L, 3 MATERIALS AND METHODS

The experiments were carried out ut the University of Nottingham
farm, at Sutton Bonington, over the three years: 1979; 1980; 1981.
In 1979 (Exp. F1), soil wus sandy clay loam (Field 32) und in 1980
(Exps. F2, F3 and F4) und 1981 (Exps. F5 and F6), it was sandy loam
(Field 10 and 6 respectively). On receipt, the seed (details for seed
source in Apvendices: B; C; D) in general was handled in the same way
as described earlier (3.3), except that in 1981 seed was affected with
Rhizoctonia and thus was treated with Polyram {dithiocarbamate)

(100g Polyram dissolved in 50 litres of wuter and seed dipped for 2

minutes).

43,1, Experiment F1

S 43,101 Experimentsl design and practical details

There were 2 varieties, Pentland Crown and Record. IKach variety
was given two sorouting treatments (physiologiczl age), apical
(stored at 12°C for 110 days, starting from 20 December, followed by
22 days at 8°C) and multi (stored at 4°C for 97 days, starting from
' 20 December, followed by 13 days at 12°C and 22 days at 8°C), and then
piantéd at 2 spaciggs between plants, 30 and 40ecm. Thus there were 8
treatments, all combinations of 2 physiological ages, 2 spacings and
2 varieties., 27th December was taken as the date when dormancy of the
seed was broken zs total sprout length per tuber on the tubers stored
at 12°C was about 3mm (Nufr, 1978b). Thus apical and multi had 912

and 192 day degrees above 4°C from break of dormancy resvectively.
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The seed sizes used in the experiment are given in Table 4.3.1.1.

Table 4.3.1.1, The weight of seed sizes used (g).

Replicates I IT - IIT
Variety

Pentland Crown 34,1 T 0.39* 61.6 * 0.52 105.3 ¥ 1.3

Record ©39.6 Y 0.59 51.5 © 0.72 63.0 T 0.48

* SE, calculated by weighing 40 tubers individually in every cuse.

The experiment was planted on 1st. May 1979 in rundomized block
design, consisting of 3 blocks. OSpacing between rows was 76cm. There
were 6 or & rows (depending on spacing treatment) of 48metres each to
accommodate 96 tubers ver plot. Fertilizer at the rate of 1318Kg ha-1
(15: 15: 15; N: P205: Kao) was given before planting. Other details
such .as: stem emergence; light interception; plant protection measures;
weed-confrol; rainfall and temperature etc. were the same as those

described in Chapter 3.3.1.

L,2,1,2. Growth snalysis

jNine growth ;nalyses were carried out for the vuriety Record and
eleven for the variety Pentland Crown. In addition a few plants were
harvested from sﬁecific replication (as size of the tubers used affected
slightly emergence) to have a better idea of tuber initiation. Methods
of harvestingrand laboratory progcedure, were the sare as those described

in Chapter 3.3.3 (2 plants were harvested at each growth analysis),



except that foliage was not cut off the ground in the field rather it
was harvested along with underground parts 2nd separated into main and
branch stems in the laboratory, to study the contribution made by
different types of stems, particularly the LAI. In general statistical
analyses were done as factorial randomized block design, thus residual
degrees of freedom (RDF) was 14. DBut for studying different type of
stems analysis was done as a split plot design. RDF for split plot

analyses is given on the Figures itself.

b.3,1.3. Sprout growth during storage

Length of the sprouts on 40 tubers (10 per truy) each of the 3
sizes (Table 4.3.1.1) and of the two treatments (apical and multi) in
the both varieties was measured on: 23rd Juan.; 7th Feb.; 13th March;
11th and 28th Aoril, in the cise of apical and 1th and 28th April in

the case of multi,

4.3.1;4 Measurement of soil water content

Volumetric soil water content was determined at weekly intervals
between May and October for all the 24 plots using a modified version
' of the Wallingord neutron probe kBell, 1969). Essentially this consists
5f thé emission of fast neutron from a sealed radioactive source
(some Am/Be mixture) and a count of the density of the cloud of slow
neutrdns resulting from collisions with the hydrogen nuclei in the soil
water., Aluminium access tubes were installed iu the furrow about one
hetre inside from guard plant. Soil profile was monitored to a depth

of 100cm at 10cm depth interals. The date of initial extraction of



water by roots for individual soil horizons was determined as described

by MéGowan (1973).

L.3.1.5 Final harvesting

This was as described earlier (Chapter 3.3.3)

L,3,2 4 Exveriment F2

b,3,2.1 Experimental design and oractical details

There'were 9 treatments, details are shown in Table 4.3.2.1. The

variety used was Pentland Crown.

Table 4.3.2.1. Details of experimental treatments.

Treatments Details
Apical Stored at 12°C from 28.11.79 to 12.4.80
(both days inclusive)
Multi Stored at 4°C from 28.11.79 to 26.3.80
and at 12°C from 27.3.80 to 12.%4.80.
Cold Stored at 4°C from 28.11.79 to 12.4.80
A+M 25, A+M 36, + = two sprouting treatments mixed by

y ‘ planting alternately along the row. 25
A+C 25, A+C 26, and 36 is the spuacing in cm within row
M+C 25, M+C 36, for that particular treatment.

N.B. Apical, multi and cold were planted ot 36cm spacing within row.

All seed was moved to 8°C 24 hours before plunting on 14.4.1980,
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14th December was taken as the date when dormancy of the seed
was broken (Chapter 4.3.1.1). Thus apical, multi and cold had, 972,
140 and 4 day degrees above 4°C from break of dormancy, respectively.
Seed sizes used were 116 ¥ 2g in revlication 1 and 62 * 0.9z in

replicationg2 and 3.

The experiment was planted on 14th April 1960 in randomized block
desigh, consisting of 3 blocks. Spacing between rows was 76cm. There
were 10 or 7 rows (depending an spacing within row) of 5.40 metres each
éo accommodate 150 tubers in the case of 36cm and 147 in the case of
25cm spacing within the row., TFertilizer ut the rute of 1318g ha_1
(15: 15: 15; N: Px05: X0) was given before planting. Other details
such as: stem emergence; light interception; plant protection measures;

weed control; rainfall and temperature etc. were the same as those

described in Chavpter 3.3.1.

4,3,2.2 Growth analysis

8 growth anulyses were carried out and 4 plants were harvested

per plot at each growth analysis. In addition a few plants were
harvested from specific reélicates (as size of the tubers used affected
slightly emergence) to aid the dssessment of tuber initiation. Methods
'éf harvesting and‘laboratory procedure were the same &s.those described
for Experiment F1 (Chapter 4.3.1.2).‘ In general stutistical analyses
were done as randomized block design, thus residual degrees of freedom
(RDF) was 16. But for studying different tyve of stems analysis was

done as a split plot design taking stem type within the plot as a sub

plot. Similurly for studying growth of 2 types of plants within plot



was also done as svylit plot design, taking the 2 types of plants in a
plot as sub plots. RDF for svlit plot unualyses is given on the Figures

itself.

4.3,2,3 vrout growth during storuge

To study the growth of individual sprouts, eyes were numbered, the
first eye (eye NO.T) on the apical end :nd then working down towards
heel end systematically with last eye number given to the eye closest
to the heel end. 40 tubers (10 per tray) each of the 2 seed sizes
(62g and 116g) in case of apical and 30 tubers of seed size 62g and 20
of the 116g in case of multi were used for sprout meusurements.

Apical sprouts were measured on 14 and 271 December; 8 and 21 January;
4 snd 18 February; 3,17 and 31 March; 11 April and in multi on 1 and 11

April,

4,%3,2.4  Measurement of soil water content

Soil witer content was measured for 18 plots (Replications 1 and 2)

s described eurlier (4.3.1.4).

" 4,3,2,5  Final harvesting

This was as described earlier (Chapter 3.3.3).



4,3.3. Experiment F3

L,3,3,1, Experimental design and vdructical details

There were 4 treatments, combinations of two vhysiological ages
(apical and multi) snd 2 sprouting treutments (fust =and slow). Details

are given in Table L.3.3.1. Again the variety used was Pentland Crown.

Table 4.3.3.1. Details of experimental treatments
Treatments Details
Apical slow Stored at 12°C from 6.12.79 to 12.4.80
Multi slow Stored at 4°C from 6.12.79 to 4.3.80 and

at 12°9C from 5.3.80 to 12.4.80.,

Apical fast Same us apicul slow, but covered with
black polythene sheet from 6.4.80 until
planting.

Multi fast Same as multi slow but covered with black

polythene sheet from 6.4,80 until planting.

N.B. All seed was moved to 8OC 24 hours before planting on
14.4.80.

15th December was taken as the date when dormancy of the seed was
broken (Chapter 4.3.1.1), thus apical and multi had 964vand 316 day
degrees above 4°C from break of dormancy respectively., Seed size used
was 77.5 ¥ 1.26g.

The experiment was plunted in randomized block design, consisting
of % blocks. Spacing between rows was 76cm and between plants 3b6cm.

There were 6 rows of 5.40 metres each accommodating 90 tubers per plot.
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All other details were the same as those described for Experiment F2.

4,3,3,2 Growth analysis

Six growth cnalyses were carried out and 4 plunts were harvested
per plot at each growth unalyses except for one (6th June), when 2
plants per plot were hurvested. Method of hurvesting and laboratory
procedures were the sume as those described for Experiment F1
(Chapter 4.3.1.2). In generul statistical unalyses were done as a
f;ctorial randomized block design, so residual degrees of freedom
(RDF) was 6. But for studying different type of stems (mwin and branch),
it was done as split vlot design tuking stem type within plot as sub

plots and RDF was 8.

4,3,2.3 Sprout growth during storage

91 tubers out of 12 trays in cuse of apical (46 slow + 45 fast)
and 34 tubers (out of 4 truys) in case of multi (14 slow + 20 fast) all
with numbered eiyes were used for sprout meusurements. In the case of
apical slow sprouts were measured on: 15th and2hth Dec.; Sth and 22nd
Jan.; 4th and 18th Feb.; 3rd, 18th and 31st March; 10th April and for
- apical fast, the first 3§ dates were the sume snd after that these were
'ﬁeasdred on 9th,1{th and 13th April. In cuse of multi slow sprouts
were measured on: 12th and 18th Harch; 1st and 9th A»bril and for multi
fast in addition fo these 4 dutes sprouts were ulso measured on 11th
and 13th April.

In sddition some tubers (6 ver treatment before the start of fast

and 3 after that) were used to study the svrout weight, 3 times before
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planting and 2 times after planting but before emergence.

4,%,3.4 Finul harvesting

This was as described earlier (Chapter 3.3.3).

ho3.4 Experiment Fh

bo3,4.1 Experimental design snd practical details

There were 4 treatments: B36; S25; B+S25; B+S36, where:

B = Seed stored at 4°C from 6.12.79 to 4.3.80 and at 12°%¢
from 5.3.80 to 12.4.80 and seed size was 204 ¥ 5.7g
(316 day degrees above 4°C).

C = Seed stored st 4°C from 6.12.79 to 12.4.80 and seed
size was 62 ¥ 0.9 (4 day degrees above 4°C),

+ = Two seed sizes (B,S) mixed by planting alternately
along the row.

25 or 36

The spacing in cm used for that particular treatment

within row.

All seed was . moved to 8°C é@ hours before plﬁnting on 14.4,80.
The Qariety used was Pentland Crown., The experiment waé planted in a
randomized block design, consisting of 3 blocks. Spacing between rows
was 76cm. There were 6 or 4 rows (depending on spacing within row) of
5.40 metres each to uccommodate 90 tubers in case of 36cm and 84 tubers
in case of 25cm spacing within row. All other details were the same

as those described for Experiment F2,
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4,3.4,2 Growth «ualvsis

Six growth analyses were corried out and 4 olunts were harvested
per plot out on 1st July oaly one renlicution wus hurvested and on 15th
July 2 replications were harvested, while on remuining dates all the
three replications were nurvested. In additiorn a few plants were
harvested from soecific revnlication to help with the determination of
tuber initiation.' Methods of harvesting and laboratory procedures were
the same as those described for Exveriment F1 (Chuapter 4.3.7.2) except
that different type of stems and axillury branches were not studied.
Statistical annlyses were done us rundomized block design, thus resid-
uzl degrees of freedom (RDF) wus 6 where «w.l the three replicutions

wvere harvested and 2 where, only 2 revlications were harvested.

bo3.4.3 Sprout growth during storage

tyes were numvered s described earlier. 20 tubers from 2 trays
were used in the case of B36 for snrout measurements on: 12th and 18th

bMarch; 4th and 11th Anril.

bhoz b4 Finul harvesting

"This was the sume os described euriier (Chupter 3.3.3).
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L. 3,5 Exveriment F5S
bo3.5.1 Exverimentul design and procticul details

There were 6 tre_tments: cold 63 unicel 13; A+C 13; cold 16;

apical 22; A+C 22, vhere:

cold = Seed stored .t 4°C from 14th Dec. 1980 until 24
hours before plunting.

apical =  Seed stored ut 12°C from 14th Dec. 1980 until 2k
hours before »lunting.

A+C = Apical und cold mixed by planting alternately

along the row (Fig.lh.3.1).
6, 13, 16 and 22 are the d:tes of planting in the month of
Aopril for varticuliw treatments. ALl seed was moved to 8°C
24 hours before »lunting,.

The variety used wis Pentland Crown and seed size was 52.8 £ 1.1g.
22nd December was talien ss the dute when dormuncy of the seed was
brokén (Chopter 4.3.1.1).  So avical 13 and apnical 22 had 892 and 964
dey degrees above 4°c from dormuncy breox respectively and cold had 4
day degrees only.

The experiment wus plunted in a randomized block desigh consisting
of 3 blocks. Spucing between réws was 70cm and between plants 36cm.
.Theré were 5 rows of 7.92 metres each uccommodating 110 tubers per plot.
Fertiliser at the rate of 1125Kg na (172172973 11z P205: K20) was given
before planting. All other details were the sume us those described

for Experiment F1.



4,3,5,2 Growth znulysis

Seven growth wralyses were carried out und for euch, 4 plants were
harvested ner colot. iHethods of hurvesting wnd labor:tory srocedures
were the sume s those used for Experiment Th. Stutistic:l znalyses
was done as fuctorial (2 dates x 3 treatments i.e. apicidl, multi and

A+C) randomized block designe. Thus residun deprees of freedom was 10.

4,2,5,3% Sorout growth during stor.ge

ilyes were numbered s described carlier (Chunter %4.2.2.4) 29 tubers
out of 3 trays were used for sprout meusurements on: 22nd Dec.; 5th and

20th Jan.; L4th wud 17th Pebey 3rd wd 17th March; 14th April 1981,

L4.3,6 Exneriment F6

4,3,6,1  Exverimental design and nructicol details

There were 10 treatments: 4D; 24D; 48D; 80D; 123D; 184D; 232D;
280D; 352D; 920D, where numbers before D stund for the number of day
degrees given ibove 4°C" from bre.ik of dormancy. BSeed used was the same
as that used in Experiment Fb5. hTreatment 920D was the same as upical
in E%periment F5. For the remaining treatments seed was stored at 4%
until moved to 12°C on: 3rd, 12th, 13th, 24th, 31st laorch ard 6th, 10th
and 13th Aorii, to obtuin the required number of duy degrees mentioned
above, All seed was moved to 8°C, 24 hours before olanting on 16th

April 1981.

The experiment was planted in a rundomized block design consisting
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Figure 4.3.1 Planting patterns in mixed plots.
Key: @ , sprouted (i.e. multi or apical); @, unsprouted (Cold).



of 4 blocks. Spucing between rows was 76cm «nd between piants 3bcm.

There were 3 tubers per renlication. ALl other details were the same

as those described for Experiment F5.

k.3.6.2 Growth cnalysis

All plants were harvested 64 duys after plunting und growth para-

meters studied are oresented in Table 4.4.8.2.

4,2.6.3 Sorout growth during storage

Ten tubers per treatment were used for sprout meusurement orn 23rd

Varch, 8th and 14th April.
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bl RuSULTS
Lok, Sorout growth during storage

The following dates were taken as the days when dormancy of the
seed was broken: 27th December (Exp. F1); 14th December (Exp.F2);
15th December (Exp. F3); 22nd December (Exps. F5 und F6) when soprout
length per tuber‘reuched sbout 3mm (Wurr, 1978b), and the number of
day degrees shown were counted from these dates. In the case of multi
treatment, it took about 50 - 60 day degrees to reach u sprout length
of 3mm tuber™ (Figs.4ot4.1.2 and 4.4.1.3) but day degrees shown here
are from the date they were moved to wurm conditions (above 4°C) as
it was thought that tubers had broken dormancy by then. Residual
degrees of freedom and the way the data were analysed is shown in
Table L. b.1.7.

Total sprout length per tuber increased with increuse in tuber
size (Figsebolo1.1; bobo1.2y 4.4.1.5). Tubers of the same size of
two varieties: Pentland Crown and Record (Figeltede1.1) had the same
sprout length. Linear regression between tuber size and total sprout.
length per tuber for both varieties (Exv. I'1) of apical treatment
measured on 28th April (900 day degrees above 4°C from dormancy break)
~accounted for 98% of the variance (Fig.ho4.1.5). Similar relationships
aré evident for other dates of measuremernts (Fig.4.4.1.1). Sprout
numbers also increased with increase in tuber size (Tables 4.4.1.2 and
4.4;1.3). Total sprout length per tuber increased with increase in
day degrees woove 4°C (Figs. hobioray bobo1.25 bobo1.33 hobo1.65 bob.1.7).
Growth rate (extensiorn) of the sprouts was increased by storing the

tubers in cold (3 £ 1°C) before moving to wurm conditions for sprouting



(Figs. Loh.1.75 hoba1.2; 401035 4UL1.7). For exumple in 1979 srowth
rate of Pentlund Crown from 11th April to 28th April was 33.6mm ner 100
dzy degrees zbove 4°C for multi while this figure for zpical was 7.66
(averuge of 3 seed sizes). Storing the tuvers iu cold (3 T 1°C) before
moving them to worm conditions for swnrouting also incrensed the number
of sorouts (Tubles 4.4.1.2 and 4.4.1.3).

In 1979 it was observed that some snrouts stopned growing during
storage in the cuse of ioical treatment. To investigute this in detail,
iq the following two years, eyes were numbered (Chunter 4.3). If there
were more than one soprout on any eye then they were lso numbered, in
this way the growth of irdividual sprouts was moniteored. In case of
apicual, on the busis of the length of the snrouts nttuined by the end
of the storage period, sprouts were divided into four cutegories: those
that had reuched between 2 to 3mm; 3 to bum; & to 9mm or over Omm
(Fig.ho4.1.44). Sprout growth rate of 11l sprouts less thun Smm was
low but the importuut result was that they stopued growing, while okhers
(>9mm) continued to grow (Fig.ld.t.1.4 ). Similar results were obtained
for Zxperiments F3 mnd F6, where for simolificution growth of only two
types of sprouts is shown l.e. £ 9 und >3mm (Figs.b.4.1.4  und 4.4.1.7).
Further it wus found thut sprouts which continued to grow were usually
present on the eye number 1 (Tuble 4.4.1.3). But if this eye was
damaged then it wus not necessarily so thit eye number 2 would continue
to gfow, as in many cases sprouts on the heel end were seen growing
while others stovned. The leugth of the sorouts on different eyes is
shown in Figure 4.4.1.8. In Exveriments F2 and F6 only u few tubers
had damoged eyes und so the sprout leagth is gre.ter on eve No.1, while
in Exveriment F3 eyes wefe dumaged in mon

v tubers, .nd so there was no

o

difference between different eye vositious s fur =s sprout length is



concerned. Data in Figure 4.4.1.8 for growth of sprouts on different
eyes is presented only for 3 dutes but similur results were obtained
for the remaining dutes of measurements also. Another factor which
should be tuken into consideraution is the number of eyes present on the
tuber and data for this is shown in Tuble 4.4.71.5. Storing seed in the
cold (3t 1°C) vefore moving them to wurm conditions for syrouting
removed the inhibiting effect of the domiuating eye (Table 4.4.1.3% and
boh,1.4). For siﬁolificution, data from different experiments is pre-
sented for the lust measurement only but similar results were obtained
for other measurements also. Lower values for sprout length and their
number from eye no.7 onwards were not due to the fact that their growth
was inhibited by other growing sprouts but becuuse these eyes were not
present on all the tubers (Table 4.4,.1.5).

Total sprout length in case of multi wus equal to upical by the end
of storage in =1l the four experiments (Figs.4.4.1.71; hob4.1.2; 4.4,1,3;
L,4,1.7), but length of the longest sprout (LS) in the case of multi
was much lower thun that in the apical in all the experiments (Table
4.4.4.6). To investigate this further, growth of the longest sprout of
2 types of treatments is presented in Figure 4.4.1.9. Although total
sprout growth rate was much higher in multi (Figs.4.4.1.1; L.b4.1.2;
bobho1.3; 4.b4,1.7), due to intersprout competition, growth of the longest

Sprout was not higher than the apical.
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Table 4.4.1.1. Residuul degrees of freedom (RDF) for various Figures

and Tables oresented in this Chupter.

Fig,/Table Fo. RDF Remurks

Fige 4ob4.1.1 118 Anzlysed us completely rundomized design

(CRD) tuking tubers us replicates.

Fig. 4.b4.1.2

apical 78 sume us above
multi - 48 same as above
Fige 4.4.1.3 Different number of tubers were involved

for computing their mean;

apical (slow) 91 for first & dates and 46 for last date
avpical (fast) L5
multi (slow) 34 for first 3 dates and 14 for last date
multi (fast) 20

Fig. b h.1.4
(a) 18 Analysed as split plot design taking seed
' sizes as main plots and categories as
sub-plots. Trays (8) were tuken as replicates.
(b) 10 Anazlysed as CRD, trays (6) were taken as

replicates. (Fust not included).

Fig. L.4.1.5 4
Fig, 4.4.1.6 . Mean for 19 tubers.
Fig. 4.4.1.7 For totul sprout length mean for 29 tubers

in case of apical and 10 in case of multi
For different

categories 4 Analysed s CRD, tuking trays (3) as replicates,

continued..



Fig./Table No.

Fige 4.4.1.8
(a)

(b)

(c¢)

Fig. 4.4.1.9
(a)apical
multi
(v)apical

mul ti

Table 4.4.1.2

Table 4.4.1.3

Table 4.4.1.4
Tavle 4.4.1.5

Table L,4.1.6
(a)

(b)

E,g
=]
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22

110
50

23k

11

23k

r?/'-

Remurks

Analysed as split plot design, taking seed
size as main plot and eyes as sub plot.
Trays (8) were tuken us replicates.
CRD, truys (3) tuken us replicates.

All dates analysed as
For first 2 dates CRD tuking travs as
For lzst date reolicates (fust not

included).

Mesnn for 19 tubers
Mean for 10 tubers
Meun for 46 tubers

Mean for 14 tubers

Analysed us factorial (seed size X physiological

zge) CRD, taking tubers as reslicates.

Meun for different number of tubers specified
earlier for different exveriments. In Exp.F3

tubers from fast treatment were not included.

For Exv. F3 and T4 analysed as CRD taking trays
(2) us replicates. In case of Exp. F6 they

are mean for 10 tubers,

Cualculated from different number of tubers:
Exp.F2, 70 for 62g tubers and 60 for 116g one;

Ixp.F3, 125; Exv.Fh4, 19; Exp.F5, 40,

Analysed as factorial (seed size X physiological
age) CRD, taking tubers us renlicates.

Diff. for different Exps.: Exv.F2, 126; Exp.F3,
121 (both cnualyses as factorial CRD). Exp.Fh,
mexn for 19 tubers; Exn.F6, mean for 29 tubers
in the cuse of apical and 10 tubers in the

case of muliti.



Table 4.4.1.2. The effects of variety, tuber size (TS) =nd physiological

age (PA) on s»prout number on 28.4.1979 (Lxp. F1).

. . -1
Lumber of svrouts over 2mm tuber

Pentlond Crown Eecord
PA Apical Hulti Yenn PA Aoic~l Multi Mean
S8 TS,g
3 2,70 5.27 3.9 40 3.5 4.83 4,20
62 2.90 6.17  5.03 52 3.85 5.55  4.70
105 ENS 8.82  6.72 63 3.90 6.30 5.10
mean 3.7k 6.75 mean 3.78 5.56
P Crowﬁ Record
SED for age (menn) 0.267 0,187
SED‘for tuber size (mean) 0.328 0.229

SED for body of the tuble 0.463 0. 324



6

Table A4.4.1.3. The effects of tuber size (TS) und eye number on sprout
number of different size category (SC), (2-3 days before

planting).

fiumber of s»routs, tuber_1 on different eyes.

Exp. F2 Lxp. F3 fxov. F& . Sxp. FS and F6
TS,s 62 116 78 204 53
' L . - :
. e . apical multi 3326 anical 352 D
reatment,>@p1c@l apical g (slow) (slow) (multi) j (multi)

CSC, mm 2-9 >9 2-9 39 2-9 >9 2-3 >3 2-3 >3 2-9 >9 2-3 >3

Eye no.
1 0.13% 0,58 0,08 0.7 0.39 0.30 C 1.21 0.16 1.63 0.14 0.52 0.2 1.0
2 0.23 0,08 0.35 0.03 0.39 0.17 0,07 0.71 0 1.75 0.38 0.14 0.2 0.8
3 0.18 0.10 0.3 0.10 0.28 0.35 0.09 0.79 O 1.37 0.34 0.10 0.3 0,8

=
O
L ]

—
AN ]
(@]
L ]

(@]
oo

0.48 0,08 0.35 0.35 0.29 1.07 0.05 1.32 0.45 0,14 0.2 0.7

0.25 0.08 0,33 0.13 0.46 0.26 0.29 1.64 0,05 1.32 0.45 0.14 0.1 1.0

6 0,70 0O 0,25 0.13 0,26 0.24 0,14 1.36 0,21 0.95;0.38 0.03 0.4 0.7
7 0;13 0.10 0,13 0.05 0.41 0.20 0.36 0.71 0.42 1.32 0.10 0 0.3 0.9
g 0.15 0,10 0,10 0 0.26 0.0k 0.21 0.57 0.26 0.8% 0,17 0 0.4 0.3
S 0,10 0.25 0,10 0,13 0,13 0.24 0,07 0.21 0.16 0.63 0.14 0,06 0 0.1
10 0.15 0.13 0,2 0,08 0,02 © 0 0.1% 0.05 0.26 0.14 0.03 0.1 =
11 0.05 0,08 0.05 0,10 - - - 0,07 0.14 0,05 0,16 0,07 0.03 - -
M2 - - 0.030.03 - - 0 - 0 0.05 - -

Total 1.6 1.45 2.4 1.53 2.96 2.02 1.5 8.57 1.42 11.57 2.75 1.34 2.2 6.3



Table 4 be1.l. The effects of tuber size and eye number on total sprout

length (2-3 duys before planting).

Sorout length, mm ’cuber"1 on different eyas

Exveriment 3 Fl F6 r6 F6

Treatment (iiiﬁé (mifii) 352D 280D 232D
Tuver size,s 79 204 53 53 53

Eye No.

1 1M.42 19.12 9.45 9.25 9.15

2 6.91 19. 14 6.40 6.70 8.25

3 6454 16.72 6.15 6.75 545

L 11.61 14,49 5.15 3.85 9.35

5 13.98 14.53 7-7% 5.75 6.05

6 11,96 9.75 7.30 6.80 3,15

% 6.82 12.42 6.30 6.10 2.95

8 4,86 7.34 2.40 3,90 3.55

9 ﬂ 2. 5.68 0.55 2.35 0.50

10 1.18 2.72 1,00 | 0.20 0.60
Y 1,20 2.01 - - -

SEBD 1.65 3,01 - -
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Table 4.4.1.5. The effect of tuber size on number of eyes.

Percentuge of tubers had these eyes

Experiment F2 F3 Tl F5

— Tuber size,g 62 116 78 204 53
Eye Ko

6 97 98 oM 97 100

7 o 98 82 93 100

8 86 95 50 90 97

) 61 88 29 80 90

10 19 65 14 60 62

11 6 23 8 37 ok

12 O P 0 17 3.k

lN.B. At least five eyes were present on every tuver.
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Table 4.4.1.6(2). The effects of physiological age (PA), variety and

tuber size (TS) on length of the longest sprout,

mm tuber”™ ! on 28.4.1979 (&xn. F1).

Pentland Crown
PA  Apical Nulti  lMean
TS,g
3h 19.05 8.68 13,86
62 }18.70 9.07 13.39
103 20,43 9.85  15.14

mean 19.39 9.20

SZD" for age (mean)
SED for tuber size (mean)

SED for body of the table

PA Apical  Hulti Mean

40 16.35 10.50  13.43
52 17.75 11.22 14,49
63 19.32 10,68 15.00

mean 17.81 10.81

P Crown Record
0. 440 0.415
0.538 0.509

0.761 0.720



Table 4.4.1.6(b).

The effects of physiological age (PA), sprouting

O
&0

treatment (ST) and tuber size (TS) on length of the

-1
longest sprout, mm tuber (measured 2-3 days before

planting).
Exp. F2 I3
TR SPL TR
(mm)
TS, g ST
62 14,7 fast
116 18.5 slow
SED 0.53 &8ED
PA PA
apical 22.3 avical
multi 7.0 multi
SED .54  GED

Where; TR = treatment;

TR

Flh
SPL TR SPL
(mm) (mm)
29.8 B3 16.0 T 0.48 920D

2h. b

1.07

1.20

SPL = sprout length.

352D

280D

232D

184D

128D

80D

48D

F6

19.6

10.9

10.5

10,4

9.1

8.3

k.9

SPL

(mm)

I+

0.56

0.87

0.55

0.50

0.63

0.62

0.53

T 0.3
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Figure h.bh.1.1 The effects of tuber size, variety and
sprouting technique on total sprout length during

storage (Experiment F1).
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Figure L4.4.1.3 The effects of sprouting technique on total sprout

length during storage (Experiment F3).
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Figure L.L.1.2° The effects of tuber size and sprouting technique

on total sprout length during storage (Experiment F2).
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(see text for details) during storage.
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bb4,2 Experiment F1.

Soil temperature, at 10cm. depth, screen, max and minimum air

temperature and rainfall data are presented in Figures 3.3.3%a, 3.3.22a,

3.3.10

4oh.2.1 cmergence and stem number

The variety Record started emerging about 10 days after Pentland
Crown, but emergence was more homogenous in this variety thus the
difference in time to 50% emergence was reduced to 8 days (Fig.4.4.2.1.).
Cnce emergence had started the rate of emergence was higher in Record
while physiological age and spacing did not affect it. Inspite of
differences in the length of the longest sprout at the time of planting,
vhysiological age did not affect the emergence, may be due to the fact
that total sprout growth rate was higher in case of multi (Fig.l4.4.1.1.).
Stem number stopped increasing after the end of June and thus were
averaged for the various dates of growth analyses carried out after that
as there was no significant difference between different dates. The
total number of stems vper unit uarea were higher at 30Ocm. (22.11,M—2)
spacing as compared to 4Ccm. (17.09,M_2) but this increase was in pro-
portion to the increase in number of plants per unit area. Apical
treatment increased the numﬁnr of branch stems in both varieties
(Fig.4.4.2.1.), Record had a higher number of branch stems but a lower
number of main stems and total stem number was also higher in this
variety (Fig.4.4.2.1.). There was no increase in the number of axillary

branches (AB) after the end of June and so they were averaged for all

dates of growth analyses. AB were higher in Pentland Crown (Fig.4.4.2.2.).



Apical treatment increased the number of AD in Pentland Crown but
decreased in Record (Fig.4.4.2.2.). It may be explained by increase
in total stem number by this treatment (Apical) in Record, which in-
creased shading of the lateral buds. Similarly planting at closer
spacing also decreasea the number of AB, In Pentland Crown about 98%
of the AB present were contributed by the muin stems, this may be
because branch stems were fewer in number (Fig.4.4.2.1.) and further
they were smaller in size (Fig.4.4.2.15), thus lateral buds may have
been shaded and stayed dormant. Development of AB depends on the
release of dominance from the apical bud, which may be related to the
lower auxin production by the lateral buds. Thus development of AB
may be related to the speed of ground cover by the crop canopy. To
investigate this the leaf area duration for a period of 30 days from
the date of 50% emergence (LAD'E30) was calculated and plotted against
number of AB present (Fig.4.4.2.2.). HNumber of AB present decreased
with increase in LAD'E30 i.e, with the increase in speed, with which
ground was covered by the canopy. Speed of ground cover was faster in

Record.

Lo4,2.2 Stolon growth and development

The variety Pentland Crown increuased stolon weight (Figeh.4.2.3)
for a longer time and this may be related to delay in tuber initiation
(TI). The variety Record initiated tubers 5 days before Pentland Crown
(Table 4.4.2.1), when counted from the date of 50% emergence. Thus while
- Record started feeding its tubers, assimilates in Pentland Crown may
Still have been used for stolon growth. Stolon growth slowed down

after TI in both the varieties (Fig.4.4.2.3). Early in the growing
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season before TI, apical treatment increused stolon weight per unit

area (Fig.4.4.2.3). Percentage of stolon dry weight out of total dry
weight was also higher in this treatment. Spacing, did not affect
stolon growth or its number (Fig.4.4.2.3). Stolon number were also
unaffected by ohysiological age. Like stolon weight, stolon number

also stopped increasing after TI. Stolon number were higher in Pentland
Crown. In general before TI stolon growth was found to be linearly

related to the LAI of the canopy (Fig.h.b.2.4).

4,4,2,3 Growth and development of stem and leaf

In general main stems were slightly longer than the branch stems
but on an overall basis they were longer in Pentland Crown than in
Record (Fig.4.4.2.5). Physiological age and spacing did not affect
the plant height. Total number of stems were higher in Record (Fig.4.4.2.1)
and they had higher weight ol under ground stem (UGS) (Fig.4.4.2.7).
Incresse in weight of above ground stem (AGS) was not proportional to
thé UGS, in fact Record had decreased AGS weight. This may be explained
by the decrease ir height of the plant (Fig.4.4.2.5). Physiological
age did not affect the stem weight, while planting at closer spacing
increased stem weight (UGS as well as AGS) per unit area (Figs.4.4.2.6 and
b.4.2.7). This may be due to—higher number of plants per unit area.
Record emerged 8 days later (Fig.4.4.2.71) and thus had lower LAI
early in the season (Fig.4.4.2.8), when considered from the date of
planting but it was much higher in Record when considered from the date
of 50% emergence, and the rate of increase in LAI was also higher thus
later on it had higher LAI than Pentland Crown, but later it declined

rapidly due to earlier senescence (Table 4.4.2.1). Apicul treatment



decreased LAI (may be due to decrease in stem no.) Although the effect
was not significant at any date of Growth analysis but was consistent
during most of the growing season (Fig.4.4.2.8). Planting at closer
spacing (30cm.) increased the LAI and the effect wus consistent through-
out the growing season (Fig.4.4.2.8). This may be due to the higher
number of plants per unit area. Overall about 80% of the LAI was
contributed by the main stems in Pentland Crown while in Record this
figure was 52%. .Apical treatment increased the number of branch stems
thus decreased the proportion of LAI contributed by the main stems,

from 82 to 57% and this degree of decrease (25%) was the same for both
varieties. Although there was no increase in the number of AB after

end of June but existing branches continued to grow. Size of AB may

be studied by working out their leaf area separately and is presented

in Figure 4.4.2.9. LAI contributed by the AB (LAI'AB) was higher in
Pentland Crown. Number of AB were also higher in this variety. Closer
spacing and multi treatment decreased the LAI'AE. This may firstly be
due to a lower no. of AB present in these treatments and secondly due
to'higher competition, as they had higher number of stems (main + branch)
(Fig.4.4.2.1). Higher LAI'AB in Pentland Crown and the treatment apical
was mainly due to the higher number of leaves present on the AB of

these treatmenfs. There was also a slight increase in the average leaf
size of the leaves present on the AB, due to these treatments,

‘ Apart from the leaves present on the AB, the total leaf numbers
were neither affected by the varieties nor by the physiological ages.
While planting at closer spacing did significantly increase the total
~ leaf number (Fig.4.4.2.11) but average leaf size was slightly decreased.
Although total leaf numbers were not affected by the varieties and

physiological ages but the important result was that leaves coming from



different type of stems were affected. 1In the case of Record more
leaves were contributed by the brunch stems and the reverse was the
case for Pentland Crown (Fig.4.4.2.12). Apical treatment which in-
creased the number of branch stems, also increased the proportion of
leaves contributed by the branch stems (Fig.4.4.2.12). Leaves present
on the AB were much smaller in size, thus average leaf size for main
and branch stem presented (Fig.4.4.2.13) was calculated without
including these leaves. Leaves coming from the branch stems were much
smaller and difference was greater in the variety Pentland Crown
(Figo4.4.2.13). Branch stems of multi treatment had much smaller leaves
than those of the apical treatment.

Decrease in leaf size resulted in differential values for leaf to
stem ratios (Fig.4.4.2.14). Brunch stems had a lower leaf to stem
ratio and the difference was greater in Pentland Crown. Leaf to stem
ratio of branch stems was increased by the apical treatment
(Fig.4.4.2.14), Spacing did not affect the lea} to stem rutio of any
particular type of stem. In generul leaf to stem ratio was slightly
decreased by planting at closer spacing.

Total above ground stems are usuzally accepted as criteria for plant
population in potato, thus it may be important to study the size of the
differenf type‘of stems, Size of the stem is presented in term of LA
per stem (Fig.lk.4.2.15). Branch stems were much smaller than the
cérresponding main stems and this difference wus greater in Pentland
Crown. Apical treatment increased the size of main stem in Pentland
Crbwn,but decreased it in Record. However size of branch stem was
increased by the apical treatment in both varieties but degree of in-
crease was more in Pen£land Crown (Fig.l4.4.2.15).

The effects of varieties and spacings on specific leaf area is
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presehted in Figure 4.4.2.10., Specific leaf area was higher in Record
and at closer spacing, this may be related to the mutual shading by the
leaves as both these treatments increased the LAI also., Decrease in
specific leaf area due to decrease in irradiance was also found in the
experiment GR2 (Chapter 2). Physiological age did not affect the

specific leaf area.

4,h,2,4 Light Interception

Figure 4,4.2.16 shows the proportion of PAR intercepted by the
crop canopy. Quantity of PAR intercepted by the canopy was increased
by planting at closer spacing and this increase was in proportion to
increase in the LAI (Fig.4.4.2.8). Effects of variety and physiological
age on PAR interception were also similar to their effects on the LAI
(Figs.4.4,2.8 and 4.4.2,16). Relationshiv between LAI ard light

interception is shown in Chapter 4.4.6.

4,4,2.5 Tuber growth and development

Tuber initiation (TI) was considered as the date when tuber dry
'weight of 0.25g plzatnt-1 was reached and was calculated by interpolation
f;om the growth analyses andﬁadditional sampling data, taken frequently
dﬁring the early growth of the crop. TI in Record occurred 3 days later
than in Pentland Crown (Table 4.4.2,1) but when considered from the date
of 50% emergence it was in fact 5 days earlier in Record (Table 4.4,2.1).
Apical treatment enhance, TI (one day) by enhancing the emergence
(Fig.4.4.2.1) thus there was no difference in the number of days taken

-for tuber to initiate‘when counted from the date of 50% emergence.



Table 4.4.2.1. The effects of variety, physiologicul age and spacing
on number of days taken: from planting to tuber initiation (TI) (TIP);

from 50% emergence to TI (TIf"); from planting to senescence (SENP).

TIP TIm SENP

Variety
Pentlaﬁd Crown 49,92 20,83 159.8
Record 52.67 15.58 137.9

Physiological age

Multi 51.92 18.25 150.3
Apical 50.67 18.17 147.5
30cm 51.50 18.17 - 149.3
4Ocm 51,08 18.25 148, 4
SED 0.453 0.497 2.90

Record gave consistently higher tuber weights as well as tuber numbers
throughout the growing season (Figs.4.4.2.17 and 4.4.2.18) but final
tuber yield was higher in Pentland Crown because it stayed green in the
field for a further period of 22 days after Record héd senesced

(Table 4.4.2.1). Just after TI apical treatment did give higher tuber
weight and number (Figs.4.4.2.17 and 4.4.2.18) but this difference soon
disappeared and final tuber yield was not affected and tuber numbers
were increased by the multi treatment. Planting at closer spacing

‘increased tuber number as well as tuber weight (Figs.4.4.2.17 and 4.4.2.18).



The effect of spacing on tuber numoer was more, early in the season
(Fig.4.%4.2.18), which may be attributed to the increase in LAI by plant-
ing at closer spacing but subsequently percentage of increase in LAI
decreased along with the season due to higher interstem competition,
thus differences at final harvesting were reduced. Tuber numbers are
usually related to the total stem numbers as the latter increase the
LAI at the time of TI and this was found to be the case in the present
experiment (Fig;4.4.2.19). Tuber numbers which result seems to depend
on assimilates available for their growth for some period after TI.
Thus it was of interest to look at this in further detail. Leaf area
duration for a period of 30 days (LAD'TI30) was calculated from the date
of TI and is plotted against tuber number (Fig.k.4.2.20). About 98.7%
of the variance in tuber number was accounted by linear regression
between tuber number and LAD'TI30 in Record and 72% in Pentland Crown.
Record and Pentland Crown huad two separate significuntly different
regression lines. Record developed 1.10 tubers per unit of LAD'TI3O,
thile this figure for Pentland Crown was 0.78. This difference may be
e#plained by the fact that a higher percentage of assimilates were
allocated to the tubers ir the case of Record (Fig.h4.4.2.25),

Total tuber yield was found to be linearly related to the total
leaf area duration (LAD) accumulated over the whole season by the crop
canopy (Fig.l4.%.2.21). Tube; yield per unit of LAD was 5.371 in case
of Pentland Crown and 6.34 in case of Record. Higher efficiency of
Record may be related to the higher percentage of assimilates allocated
to the tubers (Fig.4.4.2.25). Since higher tuber numbers were found in
Record, assimilates available for the growth of individual tuber were
lower, which resulted in higher proporfion of medium sized tubers

(Fig.4.b4,2.22). At final harvesting Record gave 7% of the medium
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sized tubers (32—57mm), while this figure for Pentland Crown was only

237% most others being larger. Closer spacing (30cm) and multi treat-~
ment also increased the proportion of med:um sized tubers but difference
was not significant. Tuber size may ce related to the vresence of AB,
Because AB present, may increase the amount of assimiluates available

for a particular tuber to grow and thus increase the tuber size. To
examine this leaf area duration contributed by the AB (LAD'AR) was cal-
culated and 1s plotted aguinst tuber weight over 57mm (Fig.4.4.2.23).
L@near regression between tuber weight over 57mm and LAD'AB accounted for

635 of the variance in the tuber weight over 57mm.

L4, 2,6 Total dry matter accumulation

Roots were not collected and those present on stems and stolons
were removed and discurded, thus the total dry weight (TDW) presented
is excluding roots. Later in the season (end 6f July) ledves started
to fall off and were not collected from the ground. Pentland Crown
cdmpleted 50% emergence wbout 8 days earlier than the variety Record
(Figo4.4.2.1) and thus had higher total dry weight early in the season
but crop growth rate was higher in the variety Record and thus TDW
produced by the canopy of this variety was higher during the middle
part of the growing season (Fig.4.%4.2.24). Later it senesced before
Péntland Crown (Table 4.4.2.1). Planting at closer spacing also in-
creased the TDW per unit area (Fig.i4.4.2.24) which may be due to the
higher number of photons intercepted by the canopy (Fig.l4.4.2.16).
Physiological age did not affect the TDW (Fige4.4.2.24). Various
components making up £he TDW may bve of importance as tubers are the

~economic part of the crop. Record allocated a higher percentage of
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assimilates to the tubers (Fig.h4.4.2.25) and less to the AGS. Apical
treatment also resulted in an allocation of a higher percentage of
assimilates to the tubers ana this effect was consistent throughout the
growing season (Fig.4.4.2.25). Planting at closer spacing increased
the percentage of assimilates allocated to the stems and decreased to

the tubers,

bob,3, Lxperiments: F2; F3; Fhk,

bobh,3,1 Emergence and stem number

As in experiment F1 (1979), apical and muifi treatments of
experiments F2 and F3 started emerging at the same time (28 days after
pianting (DAP) (Figs.4.4.3.1 and 4.4.3.2) but the time to reach 50%
emergence in case of apical was 34,3 days in experiment F2 and 31.7 in
experiment F3, which may be due to the fact that apical in experiment
F2 made more total stem number and proportion of branch stems was
higher (Fig.4.4.3.2 and Table 4.4.3.1) and branch stems may have emerged
léter. Cold started emerging 34 DAP but emergence in cold was more
homogenous and difference in time to reach 50% emergence was reduced
to 5 days compared to multi and 3.7 days compared to apical
(Fig.4.4.3.1), while in experiment Fk4 the difference in time to 50%
emergence was 8 days, between S25 (cold) and B36 (multi). This may

.be explained by the difference inseed size in two experiments.
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Tuble Lolbo3.1.  The effects of mixing seed tubers of different physio-
logical wge on: io. of days from olunting to tuber initiat-
ion (TI) (IIFP); llo. of duys from emergence to TI (TIFs);
Io. of duys from olanting to senescence; (SENP) main stem
number (}STL); DBr.nch stem number (B3TH); number of axillary

bronches (A).

TIFP TIF. SiiP HSTE, BSTY 43
) m m m
Treatment
Apical 52.67 19, 34 161,00 10,15 16.05 26.03
Multi 54,00 21.00 162,67 17.5% 6.58 30.33
Cold &Lk, 00 26.00 161,67 17429 5.11 17.63
A+l 25 53.67 20.67 158,00 17.65 14,38 17.65
A+l 34 53400 19.67 156.67 14,02 10.83 22,04
AC 25 59.33 23,33 160.67 20441 11.37 18.23
i+C 36 58.17 21.03 161.67 12,42 9.60 25.32
M+C 25 58.83 23.56 157 GO 22.39 be39  29.7
M+C 36 58,00 21,67 159.6Y 18.33% 344 23,27

SED 0,778 1,092 2,031 1.09 1.92 5.06



In experiment F3, 3 tubers of each treatment were dug up before

emergence to study the growth rate of sprouts after planting. With

Table 4.4.3.2. The effects of physiological age and sprouting treatments

on total sprout length after planting but before emergence (Bxp.F3).

Total sprout length, mm ’cuber—1

Date 21/@ 30/L 21/4 30/L
Tieatmen? Treatment

Apical 795 121 Fast 79.b 204

Multi 87.5 251 Slow 87.4 167

SED 13.68 5841 13.68 58.1

~availability of moisture and nutrients after planting, extension rate

of sprouts was increased in all treatments (Table 4.4.3.2 and Fig.4.%4.1.2),
and so the initial difference in length of the largest sprout between
apical and multi of various experiments (Table 4.4.1.6 a,b) did not
affect the emergence. Numbers of main sprouts were greater in multi

and so this treatment had higher total extension rate of sprouts than

. apical after planting (Table 4.4.3.2), while the higher extension rate
of fast (Fig.4.4.7.3) was not maintained in the field (Table 4.4.3.2).
As a>result there was no difference in emergence due to-sprouting treat-
ments (Fig.4.4.3.2). In case of multi the growth rate of sprout weight
was also higher (Fig.4.4.3.3) mainly due to a larger number of sprouts.
Due to increase in extension rate of sprouts, specific sprout weight

was decreasedvafter planting in all treatments (Fig.4.4.3.3). Apical

had higher specific sprout weight becuuse sprouts were thicker than



those of multi. Mixing of different physiologically aged tubers or
different seed sizes (Bxp. F2, F4) did not affect the emergence. There
was no significant difference in stem numbers between different dates
of growth analyses in all the experiments, and so they were averaged
for various dates of growth analyses until the middle of August for
after that they started to die. Like experiment F1, apical increased
branch stems, compared to multi in both experiments F2 and F3
(Table 4.4.3.1 and fig.4.4.3.2), but the proporticn of increase was
more in experiment Fe compared to F3 and total stem numbers were
increased in F2 and decreased in F3. Planting at closer spacings and

( using bigger seed size increused total stem number per unit area
(Table 4.4.3.1 and Fig.4.4.3.1). ' Mixing of different type of seeds
and sprouting treatments did not affect the stem number or their type
(Table 4.4.3,1 and Fig.4.4.3.1). Numbers of axillary branches (AB)
were averaged for various dates of growth analyses after they stopped
increasing in number. Cold had lower number of AB. compared to multi
(Table 4.4.3.1), this may be because emergence was more homogenous in
cold (Fig.4.4.3.1). Apical, in experiment F2 decreased the number of
AB (Table 4.4.3.1) while in F3 it increased (34.9,m—2) compared to
multi (25.4,m_2), this may be explained by the fact that apical increased
the total stem number in F2 and decreased in F3, thus lateral buds in
F2 may have been shaded more. dn an overall basis over 90 per cent of
.the AB present were contributed by the main stems which may be due to
two reasons: firstly, branch stems were lower in number (Table 4.4.3.1
and Fig.4.4.3.2) and secondly they were smaller in size (Fig.t.4.3.26)
and thus may have emergedllater, so their lateral buds were shaded and
stayed dormant. In fact most of the effect appears to be due to the

second reason because numbers of AB contributed by the branch stems
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were not in proportion to their total numbers. For example in apical
(Bxp. F2) the numbers of branch stems were more than the main still
main stems contributed about 85% of the totul AB present. This is also
supported by the fact that in case of mixing diffefént physiologically
aged seed where cold was one of the components, cold only contributed
23% of the AB present, because it emerged later, so its lateral buds
were shaded by the plants those emerged before it. As in 1979

(Bxp. F1) a linear-relationship was found between leaf area duration
accumulated for a period of 30 days from the date of 50 ver cent
emergence and the number of AB present (Fig.4.4.3.9). Data shown in
this Figure is from experiments F2 and F3 and every point is average

for 3 revlicates.

4.4,3,2 Stolon growth and development

Cold and 825 increased stolon weight (Fig.4.4.3.4 and 4.4.3.7)
for a longer time and this may be due to delay in TI (Chupter 4.4.3.5).
Stoloﬁ nunbers were ulso higher in these treatments. (Figs.4.4.3.5 and
L.4.3.7). Stolon growth slowed down after TI in a1l the three experi-
ments. Mixing of different type of seeds and sprouting treatments did

not affect the stolon weight or their number (Figs.4.4.3.4; 4.4.3.5;
4.4.?.6; 4,4,2.7). As in 1979 (F1), a positive linear relationship
was found between LAI and stolon dry weight for 2all the three experi-
ments (Fig.4.4.3.8), until tuber dry weight of 1g plant-1 was reached.

Data in Fig.4.4.3.8 is from all the three experiments and every point

is average for 3 replicates.



L4, 3.3 Growth und development ol stem und leaf,

As in the previous year main stems were slightly longer than the
branch stems, but overall plant height was not affected by any treat-
ment (Figs.4.4.3.10; 4,4,3,11; 4.4,3.12), except that early in the
season plants were smaller in cold and 825 treatments because they
emerged later,

Due to this their stem weight was also lower early in the season
(Figs.4.4.3.12 and 4.4.3.13). Increase in stem numbers per unit area,
either by planting at closer spacing or by using bigger seed size,
increased the stem weight per unit area, while other treatments did
not affect it (Figs.4.b.3.12; 4.4.3.13; 4.b.3.10; b.b.3.15).

Increase in stem number also increased the LAI early in the season,
(Figs.4.4.3.16 and 4.4.3.19). Cold (Experiment F2) emerged later
(Fig.4.4.3.1) so had lower LAI early in the season compared to

| Apical and Multi  when considered from the date df planting, but

there was no difference when considered from the date of 50% emergence,
for éxample after 15 days of emergence multi had LAI of 0.7 compared
to 0.99 for cold and after 30 days of emergence multi and cold had LAI
of 3.32 and 3.33 respectively. S25 (Experiment F4) also had lower LAI
early in the season (Fig.l4.4.3.19), compared to other treatments in
that experiment, which was affected in two ways: firstly it emerged
'latejand secondly it had lower total stem numbers (Fig.4.4.3.1).

In mixed treatmentswhere, cold or S25 was one of the two components,
LAT eérly in the season was lower (Figs.4.4.3.16 and 4.4.3.19).
Competition between different components within plot is presented later
(Chavpter L.b.%.). Physioiogical age and sprouting treatments did not

differ in experiment F3 (Fig.4.4.3.18).
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After about 70 duys from planting in all the 3 experiments LAI
was over 4.0 and effects due to different treatments disappeared
(Figseloelo3.165 4o4.3.18; 4.4.3.19). 1In experiments, F2 and F3
senescence of the canopy was not significantly affected by any treat-
ment, thus there was no great difference between different treatments
in the decline of LAI. In experiment Fk&, 6 S25 stayed green for 16 days
after other treatments had senesced and thus had higher LAI later in
the season. For ekample after 149 days of planting it had LAI of 1.73
and BZb had only 0.25 (Figelate3.19). Although physiological age
(apical, multi) did not affect the LAI but the proportion contributed
by different types of stems was affected. For example in experiment F2,
main stems of apical, multi and cold contributed 62, 91 and 97% of the
total LAI respectively. In exveriment F3 these figures were 83 and 96
percent for apical and multi respectively. Difference between the
results of experiments may be explained by the different sources of
‘ seed which affected the type of stems (Table 4.4.3;1 and Fig.lh.4.3.2).
Other treatments such as mixing of different types of seed (Exp. F2)
and éprouting (Exp. F3) did not affect the proportion of LAI contributed
by different types of stems. As in 1979, the size of AB was studied by
working out their LAI (LAI'AB) separately. LAI'AB was decreased by
cold and planting at closer spacing (Fig.4.4.3.17), these treatments
decreased the number of A3 also; In Experiment F3, apical had higher
numbér of AB and thus had higher LAI'AB compared to multi (Fig.4.4.3.21)
while sproutirg treatment showed no effect,

in general over 90 percent of the LAI'AB in both experiments F2
and F3 was contributed by the AB present on the main stems, Number of
leaves present on the AB were proportional to LAI'AB, Apart from leaves

coming from the AB, treatments those increased total stem number also
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increased leaf numbers, for example, planting at closer spacing in
Experiments F2 and F4 and use of big seed size in Experiment Fl4
(Figs.4.%4.3.22 and 4.4.3.19). Physiological age (apical, multi, cold)
did not affect the total leaf number except that cold emerged later and
thus had lower leaf numbers early in the season; but the important
result was that the leaves contributed by different types of stems were
affected. In apical branch stems contributed a higher proportion of
leaves, while in multi and cold most of the leaves were contributed by
their main stems (Fig.h.k.3.23).

Size of the leaves coming from the AB was not affected by any
treatment but their size was much smaller than those coming straight
from the main stems. Thus average leaf size for main and branch stems
presented in Figure 4.4,3.24 was calculated without including the leaves
coming from the AB, In all the treatments leaves present on the main
stems were much bigger than those present on the branch stems. Leaves
present on the brunch stems of cold were smullest i sive. Differences
in leaf size resulted in differential values for leaf to stem ratios
for different types of stems (Fig.4.4.3.25) leaf to stem ratio decreased
as the season advanced due to increase in stem length. This ratio was
higher for main stems than for branch stems apparently because the
latter were smaller in size and so were more affected by interstem
_competition., Increase in stem numbers decreased the leaf to stem ratio
(Fig.ba.3.27).

Specific leaf area in Exveriment F2 was only slightly affected by
interstem competition, increased by planting at closer spacings and
was not affected in Experiment F3. Thus leaf dry weight was prop-
ortional to their LAL (Figs.4.4.3.18 and 4.4.3.20). In Experiment Fk

due to greater difference in stem number specific leaf area was increased



with increase in stem numbers (Fig.4.4.3.19). As in Experiment F1,

the size of different tyvwe of stems was studied in Experiment F2 and

F3 and the results are presented as leaf urea ver stem (Fig.h4.4,3.28),
Main stems in gerneral were much bigger than the brinch stems, owing to
increased leaf size and the presence of higher numbers of AB., Apical
increased the size of branch stems compared to cold and multi
(Figelohe3.26) and this difference was consistent throughout the season.
Mixing of differenf physiologically aged tubers or sprouting treatments

did not affect the size of specific types of stems.

44,305 Light intercention (LI

Early in the season the effects of treatments on photosynthetically
active radiation (PAR) interception were similar to their effects on
LAT,

The relationship between LAI and LI is presented later (Chapter
L,4.6). Cold and S25 intercepted less PAR early in the season because
they emerged later and had lower LAI. Increase in stem number due to
closér planting or the use of big seed increased PAR interception until.
about 65 days after planting. About 90 percent and most of the times
over 90 percent of the PAR was intercepted by the canopy of all treat-
ments during the middle part of the growing season (65 to 120 days)
and differences due to treatmen%s disappeared (Figs.4.4.3.27; 4.4.3.28;

boh.3.29).

L,o4,2,5 Tuber growth and development:

Tuber initiation (TI) was calculuated by interpolation from growth

analyses and additional sampling data, taken during early growth of the
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crop. Cold and 825 delayed TI for 4 to 5 duys when considered from

the date of 50% emergence., Thus sproutiang tubers before planting

may have increased the tuberization stimulus. TI for mixed treatments,
in which cold or 3825 was one of the two components, was calculated
separately for the different type of plants and then averaged to obtain
a figure for that treatment. Apical or multi sprouting treatments and
mixing of different type of seeds did not affect the date of TI.

In Experiment FE, cold increased tuber number over apical and
multi and the effect was more immediutely after TI compared to final
harvesting (Fig.4.4.3.3%0)., This may be explained by the fact that LAI
at the time of TI in cold (2.69) was higher compared to apical or
multi (1.74), thus higher number of tubers initiated but this difference
did not last very long due to better growing conditions (higher rain-
fall, Fig.3.3.1). As growth rate was very high, it did not take very
long to reach LAIL of 4.0 when most of the incoming radiation was being
intercepted., In apical LAI of 4,0 was reached aftér 14 days of TI
while in multi and cold it reached after 12 and & days of TI respect-
ively; Therefore assimilates available for the development of the
tubers after 14 days of TI may be similar in all the three treatments,
but cold had initiated more tubers and so the percentage survival of
tubers was more in apical and multi compared to cold. Similarly as
| in Experiment F2 S25 had higher}LAI (2.8) at the time of TI compared
to B% (2.40) thus S25 initiated higher number of tubers but percent-
age survival was more in B36. Apical and multi did not differ sig-
nificantly, but multi had higher numbers of tubers and this difference
was consistent throughout the season (Figs.4.4.3.30 and k.4.3.31).
Planting at closer spacings also increused tuber numbers which may be

attributed to the greater LAI at the time of TI (Figs.4.4.3.30 & 4.4.3.32).
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Grading of tubers showed that tubers which did not survive never attain-
ed a size of 25mm diameter and most of them did not attain the size of
10mm (Figselelde3.30; 4.4.3.31; 4.4.3.32). Some wrinkled tubers and

few in the process of shrivelling were found especially at the last

two harvests. As in 1979, a linear relationship between total stem
numbers (main + branch) and tuber numbers was found. Linear regress-
ion between them accounted 31% of the variance. S25 and cold appeared
different from other points, may be due to different physiological
status éf the seed. excluding only S25 from the regression, improved

the linear relationship (accounted 43.5% of the variance (Fig.4.4.3.36) ).
Data in Figure 4.4,3.36 is from all the three experiments (F1, F2, F3)
and every point is an average for 3 replicates. Since stem number do
not tuke any account of stem size, thus regression equation between
tuber number and LAD, accumulated for a period of 30 days from the date
of TI accounted more variance (53.6%) and removal of S25 from the
regression improved the lirear relationship (accounted 60%.variance)
(Fig.4.4.3.37). Data in Figure 4.4,3.37 is from all the 3 experiments
(F1, F2, F3) and every point is an average for replicates. Cold treat-
ment in Experiment F2 initiated tubers later than the apical and multi,
thus had lower tuber weight early in the season but when considered
from the date of TI there was no difference. TFor example after 12 days
. of TI, cold, multi and apical yielded 78.3, 88.7 and 87.8g m~2 respect-
iveiy. Similarly after 26 days of TI their yield was 352, 2329.8 and
226.6g m.2 respeétively. 825 in Experiment F4 also gave lower yields
early in the season. This effect wus not only due to delay in TI but
this treatment also had a much lower LAI but then it senesced later
than other treatments and so the final tuber yield was not less.

Other treatments did not differ significantly but planting at closer
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spacing in Experiment I'2 and F& and apical in Experiment F3 gave con-
sistently higher tuber weights during the growing season (Figs.4.4.3.31;
bob,2,22; 4,4.3,33), As in Experiment F1 (1979), tuber weight was
related to LAD, which accounted 305 of the variance (Fig.4.4.3.43).
Data in Figure 4.4.3.43 is from all the three experiments and every
point is average for 3 replicates. Tuber yield per unit of LAD was
4,3, which is lower than in 1979. This may be due to higher rainfall
during 1980 which étimulatedmore haulm growth. Tuber yield is usually
related to LAD, calculated by assuming LAI over 3.0 as 3.0 (LAD'3)
(Bremner and Radley, 1966; Bremner and Taha, 1966; Gunasena and Harris,
1968; Choudhury, 1980)., This relationship was examined here. Linear
relationship between LAD'3 and tuber weight accounted only 6 percent of
the variance and was not significant (tuber weight = 1038.57(% 343.29) +
1.81(* 1.28) LAD'3, RSD = 90.6). This may be due to the reason that
PAR interception was still increasing with increase in LAI over 3.0
(Chapter 4.4.6). Although there was not much increase in PAR inter-
ception with increase in LAI after 4.0, even than assuming the LAI over 4.0
did ﬁot give the significant linear relation between tuber weight (TW)
and LAD'4(TW = 982.95(t 310.16) + 1.64(* 0.94) LAD'4, RSD = 87.89).
This may be explained by the fact that although there was no increase
in PAR interception with increase in LAI after 4.0 conversion efficiency
of the canopy was. improving (Chépter L o4,6).
\ " Thhber size grades are of practical importance. Percentages of
5 various size grades for two dates of growth analyses in addition to
finai harvesting are presented for all the three experiments (Table 4.4.3.3,
Figseh, 4,3.34 and 4.4.5.35). Similar results were obtained for other
dates of growth analyses not presented here. For simplification in

some cases tuber weight less than 35 or 38mm is not presented as their




proportion was low (most of the time less than 2%) and there was no
difference between treatments. In Experiment F2 the cold treatment had
higher tuber numbers compared to apical and multi thus assimilates
available for the growth of individual tuber were lower, and this
resulted in higher proportiors of medium sized tubers. For example at
firal harvesting cold had only 3.6 percent of tubers over 76mm while
this figure for apical and multi was 19.9 and 21.3 percent respectively.
The percentages of 38157mm tubers were 25.3, 7.0 and 9.8 percent for
cold, apical and multi repectively., Percentages of 57-76mm tubers did
not differ significantly among these treatments.S25 in Experiment F4&
also gave increased proportions of medium sized tubers (Fig.4.4.3.35).
Apical and multi of Experiment F2 did not differ but in Experiment F3
multi gave a higher proportion of medium sized tubers compared to
apical maybe because multi increased total stem number in Experiment F3.
‘ Planting at closer spacing in Experiment F2 increased tuber numbers

and this resulted in a higher proportion of medium sized tubers

(Table 4.4.3.3). 1In Experiment Fh, planting at closer spacing only
slightly increased the tuber number and did not affect the tuber size
grades. Tuber size over 76mm was related to leaf area duration con-
tributed by the AB, and linear regression between them accounted for.495% of
the variance (Fig.4.4.3.38). Data in Figure L4.4.3.38 is from experiments

F2 and F3 and every point is average for 3 replicates.

b.h.3.6 Total dry matter accumulation

Roots were not collected and those present on the stems and stolons -
were removed and discarded; thus total dry weight (TDW) figures which

are presented exclude roots. By the end of June leaves started to fall
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off and these were not collected from the ground. TDW figures presented
in this chapter also exclude those leaves. Cold and S25 treatments
had lower TDW because they emerged later. Planting at closer spacing
had consistently higher TDVW throughout the season,'while other treat-
ments did not affect it (Figs.leHe3.39; Lobo3.41; L4.4,3,42), As in
1979, (Exp. F1) the percentages of various components were worked out
for these experiments. Cold and S25 recorded a lower percentage of
tubers out of TDW (Figs.4.4.%.40 and 4.4.3.42) when considered from
the date of planting. But when considered from the date of TI there
was no difference. For ekample after 12 days from TI cold had 18.7
percent .of tubers, out of TDW while this figure for apical and multi
was 20.8 and 20.9 respectively. Similarly after 26 days from TI cold
had 45.8 percent of tubers while apical and multi had 47.2 and 43.9
percent respectively. Other treatments did not affect the percentage
distribution of TDW but apical of Experiment F3 did record a consist-
ently higher percentage of DW in tubers compared to multi, but the

differernce was not significant on any date (Fig.4.4.3.41).

Gk, b Competition between two components within plote.

In experiment F2 there was.no interaction between apical and multi,
‘éo results are présented as sprouted and cold (average for apical and
multi). Similarly in Experiment F4 there was no interaction between
2 spacings used énd so the results vresented for that experiment are
averaged for 2 spacings. In all the three experiments statistical
analyses were carried out as split plot design taking two components
(sprouted and cold) within olot as sub plot and residual degrees of

freedom (RDF) is given on the figures itself. RDF for SED No. 5,6 of
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Table 4.l 3. 5. The cifecls of mixing sced tubers of different

Duys after
planting

Size (mm)

Treatment
~ Avical (4)
Multi (M)
Cold (C)

. A+M

A+l

A+C

A+C

M+C

25

36

25

36

25

36

vhysiologiciul uge or percentige of tubers in different

size grades out of total tuber weight,

<35

2-5
1.4
19.7

4,0

1.3
10.3

18.8

90

35-45

15.0

18,0

65.2

14.6

2041

-3
(@A)
.
~J

1841

20.6

1541

81,4

35-60

T 4

2h 1

?3.6

h2.9

24,0

53.7

33.6

60.5

35.6

7.40

21

> 60

8L,k

5.3

2k, 7

56.1

5.2

Lk,5

6502

63.4

7.26

Final hurvesting

25.3

17.6

7.6

23,6

18.0

72.9

68.7

68.6

63,8

66.1

4,69

19.9

21.3

3.6

9¢5

16.5

7.0

13.0

6.3

10,2

3.73
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Figure 4.4.3.6 The effects of physiological age and sprouting

SEDs

treatments on stolon dry weight and stolon number (Experiment F3).
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Figure L4.4.3.10 The effects of physiological age on average plant
height (Experiment F3). '
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Figure 4.4.3.9 The relationship between number of axillary branches (AB)
and leaf area duration accumulated over a period of 30 days from the

date of 50% emergence (LAD/E30). Data is from experiments: F2,0 ; F3,aA
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Figure L4.L4.3.12 .The effects of mixing seed tubers of different

size on average plant height, above ground (AGS) and under ground
(UGS) stem dry weight. Key:OQyB36; A yS25; 0O yB+525; 4B+536
(Experiment F4).
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Figure 4.4.3.15 The effects of physiological age and sprouting
treatments on stem dry weight (Experiment F3).
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Figure 4.4.3.18
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Figure L.4.3.21 The effects of physiological age and sprouting
treatments on leaf area index contributed by the axillary branches
(LAI/AB) (Experiment F3).
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Figure 4.h.3.22 The effects of mixing seed tubers of different
physiologically aged tubers on leaf number (Experiment F2).
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Figure 4.4.3.24 The effects of physiological age (PA) on leaf size of the
different types of stems (leaves coming from the axillary branches
were not included). For meaning of SEDs, symbols and residual
degrees of freedom, see figure 4.L.3.23.
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Figure 4.4.3.25 The effects of physiological age on leaf to stem
ratio (dry weight basis) of different types of stems.
For meaning of SEDs and residual degrees of freedom, see
figure L.4.3.23.
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Figure k.4k.3.27 The effects of mixing Seed tubers of different

sizes on leaf to stem ratio (dry weight basis) and photosynthetically

active radiation interception (PAR) (Experiment FL).
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Figure L4.4.3.29 The effects of physiological age and sprouting
treatments on photosynthetically active radiation (PAR)
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Figure 4.4.3.31 The effects of physiological age and sprouting
treatments on total tuber number,tuber number over 10mm and

tuber dry weight (Experiment F3),
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Figure 4.4.3.36 The relationship
between tuber number and total stem
number (main + branch).Data is
average for replicates and is from
experiments:

F2,0; F3, A ; F4, O . One point

encircled was not included in the

regression (see text).

Figure 4.4.3.37 The relationship
between tuber number and leaf area
duration accumulated for a period
of 30 days from the date of tuber
initiation (LAD/TI30).

average for replicates and is from

Data 1s

experiments:
F2, 03 F3, A ; Fh, o
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regression (see text).

Figure 4.4.3.38 The relationship
betweén tuber dry weight over 76mm
and leaf area duration contributed
by the axillary branches (LAD/AB)
Data is average for replicates

and from experiments:

F2,0; F3, A
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The effects of physiological age and sprouting

treatments on total dry weight (TDW) and percentages of tubers

out of TDW (Experiment F3).
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Figure 4.4.3.42 The effects of mixing seed tubers of different
sizes on total dry weight (TDW) and percentages of tubers,
out of TDW (Experiment FL).
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Figures 4.4.4.1 and 4.4.4.2 varied for different sampling dates, but
there is not much difference in 7 value (Table) for the range of RDF
found, so for simplification, average (for all dates) RDF along with
range is given. In Experiment F2 the mixture never &ielded signific~
antly different from the expected yield, i.e. the average of sprouted
and cold, when grown alone (Figs.i.4.4.1 and 4.4.4.2). Replacement
diagrams for LAI and TDW (Figs.lt.4.4.1 and 4.4.4.2) show that competit-
ion between 2 components within mixed plot, started after about 60 days

from planting, -5 sorouted in mixture gave higher values for LAI and

TDW compared to sprouted in mono und cold in mixture gave lower
values for LAI and TDW compzred to cold in mono (Figs.h.b.l4.1 and

4ok h,2). Similar results were obtained for tuber weight from 90 days
of planting onward (Fig.4.4.4.2). In Experiment F2 at 25cm spacings
differences between sprouted and cold were the same as found at %6cm
.Spacings (Figs.bololo1, 4.4 4.2 and 4.4.4.3). For example out of total
LAI for mixture, after 63, 76, 90 and 105 days of planting sprouted
contributed: 638; 64; 59; 60 percent at Z6cm spacing and 673 57; 69; 64
percent’at 25cm spacing respectively, Similar results were for TDW

and tuber weight. In Experiment Fi4 where difference between cold and
sprouted was further increased by using different seed size, sprouted
contributed about 907 of the total yield of mixture (Figolboboliat),
During 1980, in both -the experiments sprouted had an advantage over

cold eafly in the season but both compone:nts senesced at tﬁe same time
i,e. cold did not show any advantuge over sprouted later in the season.
But it was found that in case of Experiment Fh4, where cold was suppressed
more, the proportion of oversize (>76mm) tubers were increased thus it
*may not be useful tq have bigger differences. So in 1981 it was decided

to use-the same seed size with difference in sprouting only. Planting
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pattern was slightly changed (Chioter 4.3). There wis no interaction
between 2 planting dotes, und so the results presented are averaged

for 2 dates. Results for Experiment F5 show thut competition between
sprouted and cold wuas not affected by chunge in plaﬁting nattern as

results were quite similar to those obtained for Experiment F2 (Figs:h.h.l4.5;
hohbo1y boh b.2; 4.4.4.3), For example in Experiment FS after 77, 98

and 119 days of planting (planting dute‘tuken as average of two plant-

ing dates), in mixture, sprouted contributed: 62; 63; 56 percent of

LAI, thesé figures are quite similar to those obtained for Experiment F2,

reported earlier.

L. 4,5 Crop evaporation

In 1979, crop evaporation (ET) calculated from the neutron probe
data was always lower than the potential evaporation (Penman, 1956)
(Fig.4.k.5.1). This may be related to the lower LAI during that year
(Figeh.4.2.8) and evaporation from soil surface may have been very
little as the soil was dry during most of the growing season (Fig.4.4.5.2).
For convenience the ratio of actual to potential evaporation (Fig.lh.k.5.2)
is also presented which appears to be increasing in favour of actual,
yith a decrease in soil moisture deficit und an increase in LAI
(Figs.holte5.2 and 4:o4.2.8). It shows that potatoes zre very sensitive
to droﬁght. Another factor which may have contributed to-the lower
values (calculated) of ET, is the capillary movement of ground water
which was not measured in the present experiments. In 1980 the field
had a slight slope, thus during heavy rains due to surface runoff and
drainage loss, ZT could huve been over-estimated (Fig.4.4.1.3), and

when the crop wus senescing, measured values were lower than the



3 2
| | | i ~_ b,
3.0 —__ | I | 5 o
. T - - & — 61
x--e 7|
2.0 4, » 1O | | L 2.0 ﬁ ‘ﬁ)
7 Y- T Ke L o5
1.0 = 1.0
0 0 0
105 121 139 153
I
< |
| l ' |
N R=~-_ | o__e _
0.5 - \@ ¢
| = 4.0
Gl A K~ |
N\ | [ R 4 L - 3.0
0.254 I ' 'ﬁD { 'Q
| ' 1
0 | | ~ 0
48 63 76 90

Days after planting

Figure 4.4.4.1  Replacement diagrams for LAI. The scale on left hand side
is Jjust for one-diagram.
Key: O, Cold; @O, sprouted (average for apical and multi);

® , Mixture for whole plot; 1, SED to compare between sprouted
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and sprouted (whole plot basis); 4, SED to compare between sprouted
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basis) and its counter part in mixed; 6, SED to compare cold (half
plot basis) with its counter part in mixed. Residual degrees of
freedom are: 16 for SEDs 1, 2, 3; 8 for SED 4; 21 (17-24) for SEDs 5, 6.
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Potential, which is relited to declire in LAIL. For further calculations,
Potential evaporatiorn data for 1930 und meusured for 1979, are used.

Evaporation for various treatments of Experiment F1 (1979) is
presented in Fig.4.4.,5.1. LDvuporution wus only siightly affected by
varieties. Apical treatment had 2 slightly higher evaporution rate early
in the season but later on multi had higher compured to apical. For
example, total evaporation (M) from 4th June to 30th July and 31st July
to 7th Cctober wus 78.5 and 93.2 for upical and 71.0 and 101.,2 for
multi fespectively. Spucing did not =zffect the evuporation (Fig.l.4.5.1)
except that during the lgter part of the growing season evaporation was
slightly higher in S4@. During severe drought roots of the variety
Record penetrated slightly deeper thun those of Pentland Crown (Fig.4.4.5.3),
other treatments had no effect on rooting depth (data not presented).

In 1980 before the onset of heavy rains the soil was quite dry early in
the season and roots by 11th June were extructing wuter from 70-80cm
depth and there was no difference amongst the various treaiments. After
that root penetration could not be followed as most of the time the field
was near field capacity. At the end of the season (beginning of Sept.)
it was found thut roots did not go deeper thun 80cm.

The relationship between crop evanoration and crop growth rate is
presented in Figure 4.4.5.4. Leuf senescence within the canovy wus
.evidgnt in 1980 2t n e rlier duote than in 1979, which mzy have been due
to differences in humidity and LAL between the yeurs. Counsequently, the
total dry weights for 1980 were zdjusted to .iccount for the early leaf
loss, with estimutes of leul weight loss being related to the dry weight
of senesced leuves und number of missiug leaves. Crop growth rate data
presented in Figure L4.4.5.4 is adjusted (roots not included) and refer

to harvests up to 15th August in 1980 and 20th August for Record and



108

10th September for Pentland Crown in 1979, since it wus rot possible to
account for weight losses due to stem rotting after these dates. The
five points encircled on the Figure 4.4.5.4 were not included in the
regression, four were for the year 1980 when ground wus not covered

and thus Potential evaporation wus over-estimated «and one point for 1979,
Pentland Crown, 27th July to 8th August, as a lot of the leaves had
senesced during that period zud no adjustment was made., Linear re-
gression for the remaining pnints accounted for 79.5 vercent of the

variance in crop growth rate,

4,L,6  Light interception and potato growth

L,h,6.,1 Lexf areu index and vhotosythetically active radiation (PAR)

intercention.

The relationship between leaf urea index (LAI) and the proportion

of PAR intercepted by the crop cuanopy is shown in Figure 4.4.6.1. Up

to LAI values around two the relationship appeared to be almost linear,
while above four, PAR interception was relatively constant. The charact-
eristics of light transmission in crop canopies have béen related to
Beerls Law by the equation I, = Ig e—kL, where I; = the irradiance on
. & horizontal plane below « leaf uzrez index of L, and k = a light ext-
inction coefficient, assuming a homogenous canopy, which depends on the
transmission chuaracteristics of single leuves and their geometrical
arrangement (Monteith, 1965). The relutionship generated by this
equation did not fit the meusured data over the range of LAI found in
these experiménts (Figehob,6.1). From the analysis it appeared that the

light extinction coefficient value, k, wus not constunt as LAI increased.
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In these experiments, increased LAI was associated with crop growth
as a function of time and therefore it may be expected that changes
in leaf angle, size, distribution and transmission characteristics
with leaf age would occur. A significant (P = 0.001) quadratic re-
lationship was found between k and LAI and could be represented by the
equation; k = 0.335 + 0,151L - 0.013L° (Fig.4.4.6.2) (where L = LAI).
When these calculqted vilues for k were substituted into the Beer's
Law equation the resulting fit to the data accounted for 92% of the
Yariancé compared with 88 when a constant k(= 0.72) was used
(Fig.4.4.6.1). Thus the duta indicated that k was relatively lower at
lower leaf area indices, earlier in the seuson. Differences in leaf
angle which may occur during the season would obviously affect the
light interception characteristics of the canopy, but such differences
were probably confounded with other changes for example leaf distribution,
and individual effects could not be determined, from these experiments.
The PAR interception data (Fig.4.4.6.1) was obtained from all the
treatments of Experiments: F1, F2, F3, F4 and although LAI varied, the
relationship between LAI and PAR interception did not vary systemat-

ically with any of the agronomic treatments.

L,4,6.2 Dry matter production

Daily incoming PAR datu was obtained from a site wifhin one km, of
the experiments (courtesy of H. Butemun, Environmentul Physics Section)e.
On a few occasions when instruments failed, total solar radiation (ST)
values were obtuined from a nearby Meteorological Station and PAR was
calculated as PAR = 0.53 (ST), from the relationship shown in Figure

L+.L+.6. 30
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A significant linear relutionship was found between cumulative
total dry weight (TDw) (TDW, used in the chupter is adjusted see
Chapter 4.4.5) and cumulative PAR intercepted in both years, and the
1980 data are shown in Figure 4.4.6.4. When forced through the
origin, total dry weight (TDW) = 2.49 (PAR) und 3.42 (PAR) for 1979
and 1980, respectively, indicating thut conversion of light to dry
matter was more efficient in 1980, Although such an effect may be
explained in terms of water stress in 1979 (Chapter 4.4.5), relation-
ships Based on cumulative data are not entirely satisfactory since
other variables, and time, may be confounded with the apparent effect.

The photosynthetic conversion efficiency (g dry wt #3™1 PAR
intercepted) for the canpoy was calculuted for each growth analysis
period. In generul, the experimentul treatments had no significant
effect on photosynthetic efficiency and therefore the general temporal
patterns for vurieties in 1979, and individual experiments in 1980,
are shown in Pigure 4.4.6.5. In general, photosynthetic efficiency
was higher in 1980 compared with 1979, probably as a consequence of
differences in water stress. The variety Record had & higher con-
version efficiency than Pentland Crown, during early August, and it
may be that Record was less affected, since neutron probe data indi=-
cated that Record had a slightly deeper root system. Later in August
‘ the photosynthetic efficiency of Record was lower than that of Pentland

Crown due to earlier cuanopy senescence,

Crop growth rate (CGR) us a function of PAR interception is shown
in Figure 4.4.6.6. A linear relationship was evident for 1980, while
CGR was severely restricted under the drought conditions of 1979.
Calculation of intercepted PAR, assuming constant k = 0.7, from LAI

values resulted in A similar relationship between CGR and PAR.
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However the relutionshin with meunsured PAR accounted for 91% of the
voariance in CGR while that with calculated PAR interception accounted
for 84%. The difference was due to the fuact that k waes not constant
throughout the season as discussed previously, |

Although CGR and totul dry mutter production are immortant the
factor of major concern in potatoes is tuber yield. The relationship
between tuber yield and intercepted PAR is shown in Figure 4.4.6,7.
Although photosynthetic conversion efficiency (g tuber dry wt MJ—1PAR
intercepted over the whole season) for tuber weight was slightly
different for two yearé: tuber dry weight = 1,97 (PAR) and 2.37 (PAR)
for 19?q and 1980 respectively, but still o significant linear relation-
ship between tuber dry weight and total PAR intercevted over the whole
season existed (Fig.4.4.6.7). Between two varieties in 1979, Record
vas 13.4% more efficient than Pentlund Crown in converting light to

tubers.

hob,7 Uxperiment F5

Soil temperature, at 10cm depth und screen, max. and min. air
temperature and rainfall from April to October 1981 are given in

Figures 4.4.7.1 and 4.4.7.2.

hob,7.1 Emergence and stem number

The cold treatment took 45 days to reach 50f% emergence compared
to 31.7 for apical, o difference bigger than the one found for Exp. F2
(1980). This may be explained by the difference of temperature at the

time of plunting of two treatments in this experimert. Similarly



Figure 4.4.6.1 The relationship between LAI(L) and intercepted
PAR in 1979 and 1980. Each data point is the mean of
replicates for a particular treatment. Excludes data from
late in the 1980 season when LAI was declining and stems
were intercepting a higher proportion of radiation (total
number of points 278).

(a) PAR interception = 1—e_kL, where k = 0.72 (-~-=)
residual standard deviation (RSD) = 7.90
% variance accounted for 88.26.

. . *1kL

(b) PAR interception = 1-e (-—) 2
where 'k = 0.335 (+ 0.038) + 0.151 (+ 0.030) L-0.013(+0.005)

RSD = 6.L9

% variance accounted for 92.1

Key: O, Experiment F2; A , Experiment F3; g , Experiment
F4; & , Record /Experiment F1); v , Pentland Crown
(Experiment F1).



~(0

o)
SN
ey
- QO
-

% [ T U T T e |

S A A RS R p= b

uorydeoasqutr  yyg %

LAT



144
12,
10.
T
. 8l
o
s
N 6.
' PAR = 0.53 (+ 0.001) ST
2 4] ' % variance accounted for 99.9
E o residual standard deviation = 0.20
0 A
0 2 10 152 29 29 30

ST, MJ m  day
Figure 4.4.6.3 The relationship between photosynthetically active radiation
(PAR) and total incoming radiation (ST) on a horizontal plane. Data from

144 days between May-October, 1979.

x107 1

3! el el . : 2
~ & k=0.335(+0.038)+0.151(+0.030)L~0.013(+0.005)L
A © % Variance accounted for L2.2
1] \ residual standard deviation = 0.14
1 D L. T T T ¥ o
0 1 2 3 4 ) 6
L

Figure L., k.6.2 The relationship between k and leaf area index (L).
Data from experiments: F1; F2; F3; F4. Excludes data from late in
‘the season when LAI was declining and stems were intercepting a

higher proportibn of radiation (total no. of points 195).
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307  c6R = -2.97 (+1.56) + 3.85 £ 0.28) PAR
% variance accounted for 91.3 o
257 residual standard deviation = 2.48 o
T 207
2
"d "
v
E
a0 104
o
)
O -y
5
O
0 1 ! I 1 T T T |
o 1 2 3 L 5 6 T 8
PAR, MJ m ° day |
Figure L4.4.6.6. Crop growth rate (CGR) as a function of PAR interception
for three experiments in 1980 (each data point is a mean for total
number of plots in that experiment) and 2 varieties in 1979 (each data
point is a mean for 12 plots). Regression line fitted through 1980 data
only (see text).
1700 4 .
™ = 428,71 (+13L4.74) + 2.98 (+0.23)PAR Oq
1600 % variance accounted for 87.9
Oa
4 residual standard deviation = 103.03. fo)
o
|
& 14004
w0
S .
®
-+ 1200
v
=
> -
18
e
& 10004
0
9 ,
=
& 4
80 s 7
350 400 450 500 550 600 650 700

PAR, intercepted MJ m 2

Figure Lk.kh.6.7 Total tuber dry weight produced during 1979 and 1980
as a function of PAR interception. Each data point is a mean for

replicates.

. Note: For meaning of symbols see figure 4.4.6.1.
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early planting ulso took more duays to reuch 50% emergence compared
to late due to difference in temperature. (Tabvle 4,4.7.1.). Unlike
Experiment F2, cold took more days (6.7) from appearance of the first
stem to reach 50% emergence compared to apiczl (6.4), this may be
due to the reason thot apical in Experiment F2 increuzsed total stem
number., Stem numbers were averaged for all dates of growth analyses,
as there was no difference between different dates and they were not
affected by any treatment (Tuble 4. b4.7.1.).

L,h4,7.2 Growth and development of stem and leaf,

Cold emerged later uand thus had lower LAT early in the season
(Figol4eh.7.3) but when considered from the date of 505 emergence cold
had slightly higher LAI compared to upicnl, For example after
14, 21 and 28 days of 5075 emergence, cold had LAL of: 0.42; 1.14;
1.65 and apical: 0.40; 0.86; 1.34 respectively. Late plunting had
lower LAI early in the season but when considered from the date of
5C: emergence there was no difference. TFor example after 12, 19 and
26 days of 50} emergence late had LAI of: 0.53; 0.97; 1.51 and early:
0.43; 0.87; 1.54 respectively.

Ais found for Experiment F%, mixture gave significantly lower
.~LAI’early in the-seuson compnured to apical, Svecific leaf area
was not affected, thus leaf dry weight wus proportiouui to LAI,
Effects on stem weight wus similur to LAI. Leuf to stem ratio de-
creased during the growing season as was found in the previous two
years and was not affected by any of the treatments (data for

leaf and stem weight is not presented).
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hok,7.3 Tuber growth uand development.

Tuber initiation (TI) was culculated by interpolation as in
previous years. Unlike 1980, TI was not delayed by cold (Table 4.4.7.1.)
when considered from the date of 50% emergence, but when considered from
the appearance of first stewn, it was 2.7 days later in cold compared
to apical; still the difference was slightly less then the Experiment
F2 (4.3 days). Tuber weight was lower in cold and early vlanting
(Fig.#.h.?.B) but when considered from the date of TI there was no
difference. For example after 5, 15, 36 und 57 days of TI cold yielded:

2 and apical: 12.1; 102.8; 378; 600g m_z,

36.7; 92.4; 4425 561g m”
respectively. Similarly in case of date of planting (data used only

from mono plots as date of TI for mixture was not worked out), after

6, 21, 37 and 58 days of TI, late planting yielded: 33.6; 110.5; 416.5;
580.5g m~2 and early planting: 28.7; 122.7; 422.8; 611.2g m=2 respect-
ively., As found for Experiment F2 (1980) tuber weight in mixture was
significantly lower than apical early in the season. ‘

AAs far as tuber size grades are concerned cold did increase the
percentage of medium size tubers (Fig.h.4.7.6) but the difference was
not significant., Late planting had a higher percentage of medium sized
tubers, but maybe because it was trailing about 4 days behind (difference
.in time to reach 50% emergence), early planting.

As found in 1980 (Exp. F2) cold had slightly highef LAI (1.30) at
the time of TI then apical (0.38) and initiated a higher number of
tubers (Fig.4.4.7.4). Planting date did not affect the tuber number.

More tubers were found in mixture compared to anical, maybe due to

presence of cold in the mixture.
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Lob,7.4 Totsl dry matter accummulation,

During this year roots present on the stolons und stems were not
removed. Leaves started to full off, by the middle of July and were
not collected. Like LAI znd tuber weight, total dry weight (TDW)
was also lower in cold aud late planting (Fig.4.4.7.7) due to diff-
erence in time of emergence (Table 4.4.7.71.). Percentage of tubers
out of TDW were lower in cold and late planting (Fig.h.4.7.7) but
when cﬁnsidered from the date of TI there was no difference., For
example, after: 5; 15; 3G; 57 days of TI cold had: 16.2; 35.3; 60.5;
68.6 percent and apical: 9.25; 32.9%%; 57.38; 68.3 percent tubers out
of TDW, respectively. Similarly in the case of date of planting after:
6; 21; 37; 58 days of TI, late planting had: 16.4; 34.5; 59.3; 67,0
percent and early planting had: 14.7; 37.0; 60.4; 70.6 percent tubers

out of TDW, respectively (data used from the mono plots only).

4,4,8 Experinent T6

This experiment was specially designed to study the effect of
physiological age on emergence. There was no difference in time to
reach 50% emergence between 80D and 920D suggesting that once the
sprouts had become visible (ubout 2 to 3mm) after that longest sprout
or physiological age has not much to do with emergence (Tables 4.4.8.1.
and 4.4,1.,6.). Time between appearance of first stem and reaching
the 50/ emergence varied from 2 to 6 days and was 4.0 for 4D and 5.5
for 920D,

All the plants were harvested after 64 days of planting. Although

LAI was higher in'treatment 920D it did not differ significantly from
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the treatments which emerged with it (Tables 4.4.8.1; 4.4.8.2.).
Similer results were obtained for stem weight, leaf weight and total
dry weight (TDW) (Tuable 4.4,8.2,). Tuber weight, tuber number and
percentage of tubers out of TDW, were higher in tfeutment 920D
(Table 4.4.8.2.) probubly becouse it initiated tubers earlier. But
21l other treatments of those which emerged at the same time did not

differ significantly (Tuble 4.4.8.2.).

Table L,4,7.1. The effects of physiological age and time of planting

on: stem No., emergence and tuber initiation (TI).

Days between

Total Days taken appearance
stem to reach Days taken of 1st stem
num?er 50% to TI from to reaching
mo emergence planting 50% emergence
Treat-
ment.
Cold 14,9 45,17 68.17 8.69
Apical 13.6 31.67 S5ho33 6.35
A+ C 13.4 40,0
" SED - 0.68 1,322 14139 | 1.139
Early 13.3 40,78 63.33 8.19
Late 14,7 37.11 59.17 6.85

SED 0.55 1.088 1,344 1.139
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Figure 4.4.7.3 The effects of physiological age and date of

planting on leaf area index (LAI).
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tuber dry weight.



Cold

70 T

56

Early Late

ght

no =
™ ™
1 1

=
1

o
L

14 August

-3
o
)]

= \N
no (o)}
i i

N
@
i

=
1

o
L

% size grades out of total tuber dry wei

» 24 July
Figure L4.4.7.6 The effects of physiological age and date of planting

on percentages of tuber size grades out of total tuber weight

(dry weight basis). Vertical bars are the SEDs.



1000

800

200

-3
o

% tuber, out of TDW

n w = \N1 N
(@) o o (@) o

_..
o

600

4004

2004

707

60

>0

Lo

30

204

104

— T I 04 | T

June July Aug. June July Aug.
Figure 4.L.7.7 The effects of physiological age and date of
planting on total dry weight (TDW) and percentages of tubers
out of TDW.



116

9°¢¢
o<
Q°6¢
9l

¢ 0%

8ousfaawa %G

yowal

01 usiel sfeq

752
geze
gl
S hL
0°9L
L°GL
0°9L
2°GL
6L
9 9L

491

oS

L2
¢£e02
6°2L
S L
Y

#°GL

o~

*GL

gL

6°6L

oGl

7°9L

St

ale
002
9°cL
Gl
gL
L°gL
gL

A"

2

69°2
7°61
oL
2cL
8°¢L
Sl
9°¢tL
gL
oGl

g*oL

o

Hee gL°e
8 gL 6L
LoLL 0°g
AR m.m
6°2L g°6
Gl 0°2L
2 ¢t 0°zL
6°LL LoLL
°¢L 26
£°g g
A% 2L
8¢ %
N:E msmum.mo

29
L
o
876
9°8

77

e

Jaquny

cedousfrswe uo s8e Teo1tS0T0TSLYyd 0O $398J 79 ayf

452 29°L

L 8°9 9™
6°0 ¢ 0

L*g 2L

g i

¢ 2 L

2°s g2

6°2 c 2t

49

QP Omuo.‘wl.‘w vaQND.rN

0¢

G40

2°l

82

ass
aoeé
acss
aecge
azgee
gL
agel
aog

. agy
axe
at

juswleay,

Sutjuerd
I917e2 sfeq



117

Table 4,4.8.2. The effects of vhysiologicul age after 64 days of planting

on, tuber, LAI, TDW and 1ts components.

Dry weight, g m™e
Treat LAI Tuber % tuber
ment no,m'a out of
' Tuber Leaf AGS UGP TDwW TDW
4D 1.03 0.9 0.01  42.3  27.5 14,0 83.8 0.01
24D 1.26 13.5 1.9 524 33.5 15.6 103, 4 1.8
48D 1.36 21.7 7.6 59.9 38.5 17.3 123, 3 6.2
80D 1.80 23.4 10.6 73,7 47,1 21.4 152.7 5.5

128D 1.79 2545 21.9 75.7 47,9 21.0 166.5 1.2

. 184D 1,70 20.9 10.9 711 45,8 18.4 146.2 6.0
232D  2.09 40,0 30.8  87.8  Hv.4 23,4 199.5 13.8
280D 1.65 26,9  11.5  72.6 47,1 214 152.5 6.0
352D 1462 211 10.6 68.5 h2.3 22,3 43,7 6.8

920D 2.25 52.3 47,6 95.0 59.3 25.8 227.7 20.4

K
\O
.

M
o
\O
.

(o)
~J

" SED 0.237 12. 7.25 2.95 25.02 4,34
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L.5 DISCUSSIOK
4,5,1 Sorout growth during storage

Similar results were obtained over three years for sprout growth

during storage. Totul sprout length per tuber as well as growth of

the individual sprout increassed with increase in initial tuber weight
and there wus a significant linear relationship between total sprout
‘length per tuber and initial tuber weight. This may reflect the avail-
ability of substrates (Morris, 1966, 1967; Wurr, 1978a). Total sprout
length per tuber increased with increase in day degrees above 4OC after
dormancy breuk for a similar type of treatment (sorout growth rate was
different for different types of treatments e.g. apical, multi, fast
and slow). When lines of cumulative total sprout length per tuber as

a function of cumulative day degrees above 40C from dormuncy break over
three years for upicul trestment from the experiments: F1 (both varieties);
F2; F3 were compared, they differ in intercept and slope which was
related to initizl tuber weight. Thus for these lines multiple re-
gression was done in which day degrees ubove 4°C from dormuancy break
accounted for 705 of the variance (significant, P = 0.001) in total
sorout length per tuber und when tuber weizht wus included the variance
accounted for inéreased to 80% and this increase due to initial tuber
weight was significant (P = 0,001). So the total sprout length may

be represented by the equution,

SPL = 2.25( * 2,08) + 0.31( £ 0.002)DD + 0.118( t 0.023)TW

Where, SPL = Total sprout length, mm tuber

, DD = day degrees above
MOC from dormuhcy break and TW = initiul tuber weight, g and residual

standard deviution = 4,58 und residuzl degrees of freedom = 53,



When data from the experiment I'3 wus also included in the multiple
regression the variance sccounted for decrezsed from 8% to 70%; perhaps
the dormancy of this seed lot had already broken before it was re~
ceived, for this seed hud muny damaged sprouts which increused the
number of growing sprouts and eventusally the total sorout length per
tuber. Increase in sprout length with increase in day degrees, when
stored at different temperatures during storage immediately after
dormancy break has been reported by severul workers, Rawi, 1981; Ali,
1979; Wurr, 1978b. When tubers were under idesl conditions for
sprouting immediately after dormancy break, apical dominance established
within the sprout population, larger sprouts inhibiting the smaller
ones as reported by Goodwin (1963), for the variety Arran Pilot.
Storing tubers in cold (3 % 1°¢) stimulated more sprouts to grow, as
reported by Wurr and Allen, 1976, and totul sprout length per tuber
per day degree increased as reported by Krijthe, 1962 and Wurr, 1978a.
Thomas and Wurr (1976) reported . build up of the gibberellins in
votato tubers following cold storage for 14 days, which may have in-
creased sprout rumber and thus the total sprout length per tuber.
Although totul svprout length per tuber increased due to greater number
of sprouts following cold storage the extensien rate of the longest

- sprout was not changed. When tubers were stored in the dark extension
‘rate of the sproufs was increased , this confirms the report of Rawi
(1981).

If the physiological stute of the tuber is to be judged from the
state of the sprouts present then tuber weight must be taken into
consideration. If tubers were stored ut conditions idexzl for sprout
growth immediately after dormancy break, then total sprout length or

length of the longest sprout may be u good indicutor of the physiclogical
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state of the tuber. But if tubers were stored for different periods
in the cold (3 % 1°C) then length of the longest sprout alone appears
to be the parameter for judging the vhysiological state of the tuber.
Mean sprout length as used by Morris (1966), may not be the useful
parameter especially in the cuse of apicully sprouted tubers where

some sprouts stovned growing.

L,5.2 - imergernce

In these exveriments the longest sprout in the case of apical
treatment was 7 - 16mm longer thun that of multi and in three out of
the four éases, apical emerged a day vefore multi but this difference
was not significant and muy not be of much vpractical importance,
similar but slightly different results have been reported by other
" workers e.g. Wurr «and Allen (1976), could not findldifferences in time
to emergernce in seed lots sprouted either from 15th September, 15th
November or 15th January until planting. Ali (1979) found a difference
of 1 - 4 days in appearance of 50% plants in various experiments where
difference in length of the longest sprout vuried from 6 - 3Omm,
Younger (1975) found s difference of & days in one yeur (planted on
' 23rd April) and 1 duy in another year (planted on 3rd May) between
ltwo éreatments, LS (sprouted for 12 - 13 weeks at 1200 before planting)
and 88 '( sprouted for 18 days at 12°C before planting), in time to
reachv5Q% emergence. Rawi (1981), reported that 50/ of plants appeared
4 to 5 days eurlier in physiologicully old seed (longest sprout over
100mm) compared to physioiogically young seed (longest sprout 32mm in
one experiment and 62mm in another). However tubers with such long

sprouts may be impractical to be used for commercial »lanting.



Harvesting before emergence showed thut after planting, with the
availability of moisture and nutrients, the exteasion rate of sprouts

1 sprout™! between 7 to 14

increased meny fold and it was 2.0mm day”
days of vlanting (Exveriment F3, 1980) and this may have further in-
creased before emergence with increase in soil temperature (Headford,
1962; Bremner aand Radley, 1966; Borah, 1959). Furthermore it is not
only the longest sprout which has to emerge and in the case of apical
sprouting some branches had already initiated in the store on the

main sprouts, and these developed as branch stems. Brarch stems
usually emerged later than the main stems. In one experiment (F2)
where apical hud a higher proportion of branch stems compared to
other experiments 50% emergence wus one day later than the multi treat-
ment. Thus greater differences in emergence due to differences in the
length of longest sprouts mav not be expected especially when planting
" is done late e.g. after the middle of April.

Experiment F6, which was tuken for emergence showed that when at
least 80 day degrees above L°C were given Jjust before plunting emergence
was only delayed for @ day or so and the difference was not signifi-
cant but less than 80 day degrees above 4°¢ did sugnificuantly delay
the emergence. Devending upon the time of planting in different exp-

" eriments and different treatments in the same experiment, cold emerged
'4 - 14 days later‘thun the seed which had at leaust 80 duy degrees above
4°C before planting. Similar results were reported by Younger, (1975).
It was seen that about 50 day degrees ubove 4°C were required to have
sprouts of about 2.3mm in the store. About 50% to 60 of the sprouts
were either removed or daﬁaged in mechanical planting from seed lots
which were either stored at 1200 for, 12 - 13 weeks or 15 days, before

planting (Younver,,j975). If further tuber development is not affected



(discussed later, 4.5.3), then tubers given zbout 50 duy degrees before
storage may be of practical importance for commercial plunting where
mechanical handling is necessary, although emergence muy be delayed

for about 2 to 3 days. Results may vary from one variety to another

as in Experiment F1, where two varieties had little difference in
sprout length but Record started emerging ten duys later than Pentland
Crown. Similar results were obtoined in 1930, when few tubers with
similar physiological state of two varieities were planted to see

the effect on emergence. Th2 period vetween planting and emergence
reduces as nlanting is deluyed (Bremner and Radley, 1966). The variety
Pentland Crown took 24 days in 1979 (vlanted on 1st May) and 33 to 34
days in 1980 und 1981 (planted on 15th or 16th April) from planting

to reach 50#% emergence., Similur results were found by Younger (1975),

These results were confirmed by date of planting experiment (F5)
in 1981,
4,5.3 Tuver growth and development

New tubers may form on mother tubers during longer storage period
in the dark without foliage being produced (Claver, 1975; van Staden
and Dimalla, 1977). Van Loon and Houwirg (1981) reported reduction in
'incubation period.(peiod between the apvearance of the first sprout
on the tuber and formation of tubers on the snrout when stored in
darkness (Claver, 1951) ) by storing at 12°C compared to 4°c. Rawi
(1981), reported failure in emergence due to 'little potato' disorder
in physiologically very old seed. In the present experiments no diff-.
erence between tuber initiation (TI) or luter tuber growth was found

among apical, multi, fast and slow treatments of various experiments,



but cold (seed stored ut 400 urtil o dsy before planting), did delay
the TI even wher considered from emergence. This confirms the report
of Raguf (1979), LAI uat the time of TI wus higher in cold compiared
to apical and multi =s found by Raquf, (1979). Thomas and Wurr (1976),
reported an increase in gibberellins following cold storage for 14 days.
wurr et ol., (1980), found higher concentrutions of cytokinin and
gibberellins in 'little potuto! compared to unormal tubers and further
they stated that 'little potato' initiation may huve occurred at low
gibberellins levels but that gibberellin uctivity subsequently increased
with tuber growth. It may be thut during storage ut 12°C concentrations
of cytokinins in the sprouts may have increased while in cold stored
tubers concentrations of gibberellins were increased, so the ratio of
cytokinins und unknown tuberization stimulus to gibberellins may have
been more in sprouted tubers (apicul or multi) compared with unsprouted
(cold) at the time of emergence. This resulted ir. differences in time
to TI (Chapter 2.5). Although there were differences in physiological
age between upical usnd multi treatments, TI was not uffected. Possibly
the ratio of cytokinins uad the unknown tuberization stimulus to
gibberellins increase at nigher rates immediately on trunsfer to warm
conditions (1200) following cold storage and after that it increases
at a slower rate, thus differences muy not have been big enough between
'apicél and multi to affect the TI. It uwpears thut certain aspects of
tuberization are‘varietal characteristics us Record took less time to
initiate tubers and further it ullocated more assimilates to the tubers,
compared to Pentluand Crown.

In the apiczl treatﬁent a siightly higher percentage of assimilates

were allocated to the tubers compared to the multi treatments in Exp-

eriments F1 and F3 but not irn Experiment F4, although this was not
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significant. This effect uppears to oe due to competition between

stems rather than ohysiological age, @s total stem number were higher

in multi of Experiments F1 and F3 und decreuse in spacings between
plants did slightly decreuse the percertuge of ussimilates allocuted

to the tubers. ['o difference in vercentuage of tuber by weight out of
total dry weight wos found between cold and apical or multi when con-
sidered from th. dute of TI. So it avneurs that once the TI had occurred
the effect of »nhysiological age disappeared and major factor affecting
the tuber growth may then huve been the environment. An effect of
photoperiod could not be detected us the difference in emergence between
early and late plunting of Exveriment F5 was only four days and day
length, dﬁring mid-May, when plunts were emerging, was increasing at

the rate of 20 minutes per week. It iz uccepted thaut there is a balance
between growth of tubers and rest of the plunt anything which favours
the growth of one will retard the growth of othersv(Hoorbygi 1978;

Ivins and Premner, 1965). In 1979 due to witer-stress haulm growth was
reduced and this resulted in allocation of « higher percentage of
assimilates to the tubers compared to very wet yeur of 1980. For
example after 26 and 47 duys of 505 emergence percentage of tuber dry
weight out of total dry weight was 36 and 53% in 1979; (average of apical
"and multi for Pentland Crown only) 28 and 47¢ in 1980 (Experiment F2,
average of apical and multi); 30 and 48% in 1981 (Experiment FS, for
apical, average of two dates of planting) resvectively. Although a
higher percentuge of ussimilates was wllocated to tubers in 1979 the
overall growth of the crop was very much reduced (4o5.4 qev.) which
reduced the bulking rate pér unit area. For example after 36, 47, 57,
69 and 81 days from 50% emergence tuber weight g;m—2 was 107, 227, 362,

4232 and 525 in 1979 (mean of apical and multi for Pentland Crown); 154,



349, 557, 795 and 1091 in 1980 (mean of apical und multi for Exp. F1)
and 88, 234, 359, 503 and 637 for 1981 (for apicul, mean of two plant-
ing dates, Experiment I5) respectively. These figures appear to be
related to rainfall data for three years (Figs.3.3.1 and 4.4.7.2).
Similar results were found by Chowdhury, 1980. Llewelyn (1967) in-
creased tuber bulking by irrigation. McDermott and Ivins (1955),

found a linear relationship between total tuber yield and the May -
September rainfall over eight years (1947-54)., There was increase in
yield of 1.4T/ha for each cm of rainfall, which Harris (1978), states

is similar to yield responses found in irrigation experiments in
Britain. Mixing of two type of seed tubers did not affect the bulking
rate as their yield was not significantly different from that expected
i.e, average of two types of seeds when grown alone., But sprouted seed -
had the advantage over cold early in the season as found by Chowdhury

\ (1980). In general senescence (4.5.4 g.v.) was no£ affected by any
treatments within @xveriment, so finul yield did not differ due to
treatments, but final yields of 1979 were much lower than 1980, as the
crop was affected by drought in 1979. Significunt linear relationship
was found between final tuber yield and leaf area duration (LAD) as
reported by several workers (e.g. Gunasena and Harris, 1968, 1969, 1971).
' Several workers (efg. Gunasena and Harris, 1968, Bremner and Radley,
'1966;jBremner and Taha, 1966) have reported improvement in the relation-
ship between LAD and tuber yield, when leaf area indices above three
were assumed as three, but this was not the case in the present in-
vestigation ever assuming LAI over 4.0 as 4.0 did not give any relation-
ship with tuber. Probabl& light interception increases with increase

in LAI over 3 and further efficiency of the canopy was inpreasing with

increase in LAI (4.5.4 gev.). In fuct later Gunasena and Harris (1971)
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also could not improve relationship between LAD und tuber yield by
assuming leaf srea indices over 3 as 3 or over 4 as 4 or over L.5 as
4,5, A linear relutionship between tuber number and totzal stem number
was found as reported by Allen, 1972; ‘ioosey, 1962; Wurr, 1974, Since
stem number does not toke zny account of the sive of different types
of stems the relationship between LAD accumulated over a period of

30 days from the date of TI accounted for more variance. This confirms
the mechanism discussed in Chupter 3.5 that tuber numbers which develop
depend upon the assimilates available ut the time of TI wand a period
after that. Sizes of the tubers depend upon the total assimilates
available for their growth from TI until harvesting. Since LAD was
much greaier in 1980, there were higher percentages of bigger sized
tubers in 1980 . compared to 1979. The n.mber of axillary branches
(AB) decreased with an increase in stem numbers per unit area

\ (Ifenkwe, 1975), which in the opresent investigatioﬁ were related to
ieaf area duratior (LAD) for u period of 30 days from emergence (i.e.
speed‘of ground cover). Tuber numbers increased with decrease in
spacing so their average size decreased (Ifenkwe, 1975) thus the pro=-
portion of bigger sized tubers may be reluted to the AB. In the
present investigation tuber yields of relatively bigger sized tubers
were significantly linearly related to the LAD contributed by the

axillary branches.
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L,5.4 General crov growth

Stem number is now considered as the unit of population in the
potato crop (Allen and Bean, 1978). Apicaol treutment increased the
proportion of branch stems compured with multi and cold treatments in
all the experiments as earlier found by Younger (1975). Main stems
were much bigger th;n their COunterpartbr&nCh stemns. It may be that
because branch stems emerged later they were suppressed by the main
stems. Hence the type of Sprouting treatment given to the seed tubers
must be taken into consideration when calculating plant populations.,
Water stress may inhibit the formation of new leaves (Munns and Pearson,
1974; Zaag and Burton, 1978) and so may reduce the LAL (Boyer, 1976;
Munns and Pearson, 1974). Ir the present experiments due to more rain
fall in 1980, stems were much longer than those in.1979 and leaf numbers
>were increased. This resulted in higher LAI values when compared with
1979 and 1981. Increase in LAI or groumd cover with irrigation has
been feported by Llewelyn, 1967; Mohindea,. 1975. In the absence of
any apparent water stress, higher LAI in 1980 resulted in higher rad-
iation interception and thus total crop growth was higher in 1980 when
compared with the other two yeurs. It muy become more clear if light
interception and crop evaporatiog are taken into consideration. In
general different treatments within a particular year did not diffef
in their photosynthetic efficiency or evaporation rates thus the results
are discussed in general for two different years.

The fraction of radiation intercepted by a cunopy depends mainly
on LAI (Shibles and Weber, 1966; Horie and Udayawa, 1970), and trans-~
mission of individual leaves and their geometrical arrangements. Light

ihterceptionJ(LI) ircreased linearly until LAI was about 2.25 and



thereafter LI increased ut « diminishing rate, due to inter-leaf shading.
Furthermore, leaf angle may vary with un increase in leaf size and so
may affect the geometrical arrangment within the cunony. In the present
investigation these combined effecis were detected s a chunge in k as
LAT increased. The efficiency of conversion of light to dry matter
can be estimated from the linear relationship between accumulated total
dry weight and accumulated intercepted rudiation (Littleton et al.,
1979; Milford et al., 1980). Wwhen forced through the origin (Smillie,
1966), the relationships found here indicated that for every 1.0MJ of
PAR intercepted, the crop produced 3.42z of dry weight in 1980 and 2.49g
in 1979.. The 1980 results ure comouruble with results reported for
other croﬁs, for example; 3.2gMJ PAR for barley and wheat grown at
Sutton Boningtorn and Rothumsted (Gullagher and Biscoe, 1978); 3.5gMJ PAR
for sugarbeet (Biscoe, and Gallagher, 1977). The conversion efficiency
Tin 1979 was much lower than that in 1980, probably'because 1979 was a
dry year. Reductlion in photosynthetic efficiency due to water stress
has béen reported for potato (Shekhar and Iritani, 1979; Chapman and
Loomis, 1953; loorby - et al., 1975), barley (Legg et ul., 1979; Biscoe
et al., 1975; Gallagher and Biscoe, 1978), maize (Verdun :and Loomis,
1944 ), apple (Schreider and Childers, 1941), soybeans (Schibles and
"Weber, 1966) and wheat (Gallagher and Biscoe, 1978). A reduction in
Qaterfsupply will frequently cause stomatul closure (Moordy et al.,
1975) and thus increase the resistance to COp uptuke. Also decreased
crop evaporation may result in higher respiration rates, associated with\’
higher leaf temperatures 2nd consequently net photosynthesis may be |
decreased (Lomas et al., 1972), (evaporution mesurements for the present
investigation are discussed later). Another factor which may have

affected the photosynthetic efficiency of the canopy is the irradiance



level in relution to the light satur.tion point of individual leaves.
Changes in LAL result in differences in the degree of iuter-leaf

shading and consegquently alter the irradiunce level required to saturate
the leaf canony. Individual leaves may be light saturated at irradiance
of 100w m™C for wheat (Marshal and Biscoe, 1977) or 850 UEM 8™ for
potatoes (Ku et ul., 1977). However, although incident irradiance may
reach 2000 UEM-ZS—1, in summer, the canopy as a whole is seldom light
saturated. In 1980, in the absence of any apparent water stress, the
photosynthetic efficiency of the canopy increased slightly with in-
creasing LAI, up to LAI values of around 5 (Figs.4.4.6.5; 4.4.3.16;
4,4.%,18; 4.4,3.19). Further evidence for increased nhotosynthetic
efficiencj of the canopy with increasing LAI comes from the relation-
ship between CGR and mean leaf area index (L) (Fige4.5.1). Up to LAI
values of 2.5 - 3 the relationship between CGR and L was similar to

" that between light interception and LAI. Ilowever dt values of LAI
greater than 3 totul light interception increased at u slower rate than
CGR i.e. the conversion of light to dry matter was more efficient per
unit area when LAI was higher than 3. Puckeridge and Ratkowsky (1971)
reported a similar effect in wheut although the values of LAI were
higher due to the characteristics of a grass type canopy.

At LAI vilues of 4 or more around 95% of the incoming radiation
was ihtercepted and it may be expected that for some of the lower leaves
the rate of respiration would exceed gross photosynthesis. However at
these vulues of LAI the total dry weight of the cunopy was over 1000g m-a
and :consequently the contribution to total canopy resviration, by the'
minor proportion of lower'leaves, wvould huave been small, As has been
shown in other croos (e.g. Gallagher and Biscoe, 1973), crop growth

rate was found to be lineurly reluted to PAR intercepted by the leaf
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canopy. The relationship was clearly influenced by water stress as in
1979, Although the efficiency of light conversion to total dry matter
was much reduced by water stress in 1979 the percentages of tuber dry
matter out of total dry weight were increussed (4.5.3 g.v.). A linear
relationship between tuber dry weight und total PAR intercepted over

the whole season was found for both years data as reported by Scholte

Ubbing (1959).
Soil moisture studies of the present investigation showed that in

1979 due to water stress and lower LAIL crop evaporation was much lower
than the potential evaporation (Penman, 1956). These differences were
greater than the differences detected for peas (Dawkins, pers. comn.)

for the same year but the peas were planted earlier than the potatoes

and so they were better established than potatoes by the commencement

of the dry spell. Fulton (1970) described potatoes as much more
nsensitive to water stress than maize or tomatoes. Burrow (1969) demon-
strated that the ratio of actual to potential evaporation fell more
rapidiy in potatoes compared to sugarbeet. Sheoherd (1972) reported

a greater reduction in crop evaporation of potatoes compared to mixed
crops of grass and clover, He related this to the greater sensitivity

of potato leaf diffusion resistance to a decrease in leaf water potential.
'Fuehring et al., (1966) reported-considerable reduction in crop evapor-
Qtionjif irrigation was not given at 75% available soil moisture.
Potatoes are considered to have shallow root systems compared to other
crops é.g. sweet corn, tomato, sugarbeet and barley (Corey and Blake,
1953; Durrant et al., 1973). In the present investigation roots extracted
water from a depth of 90cm in one year and 80cm in another i.e. in the
orders found by French, et al., 1972; Durrant et al., 1973, Arkley(1963)

showed that there was a linear relationship between the amount of dry



matter produced and the amount of witer evaporuted. Penman (1963)
related tuber bulking to the adjusted potential evaporation. In the
present investigation crop growth rate was linearly related to the crop
evaporation. Although there was a difference between years, within any
year, physiological age or storing tubers in the durk before planting
did not affect the overall total growth of the cron when considered
from the date of 50% emergence., However the proportion contributed by
different types of stems was different for different physiologically
aged tubers, as apical treatment increased the number of branch stems.
When total stem number were increased either by decreasing spacing or
using bigger seed, LAI and total dry weight were increased early in

the season, and this resulted in more tubers being initiated. The
average tuber size was reduced as found by Ifenkwe, 1975. General
growth of the mixed plots, where two types of seeds (i.e. sprouted and
uunsprouted) were mixed within rows was not different from expected
(i.e. average of sprouted (apical or multi etc.) and unsprouted (cold)
when grown alone). Sprouted occupied more space thun allocated to it,
this confirms the revort of Chowdhury (1980) but both treatments sengsced
at the same time.

One way of increasing the interception of total radiation is by
increasing the longevity of the érop. In 1979 senescence of the crop
Qas nét affected by the vhysiological uge or spacing but the variety
Record senesced after 138 days of plunting and Pentlund Crown after 160
days of planting. In the case of Pentland Crown it was observed that
small seed (3h4g) emerged later and senesced later than bigger seed
(62 or 105g). ‘In 1980 there was no difference in senescence among the
various treatmenfs of Experiments F2 and F3; all senesced after 162

days of planting. Treatment S$25 of Experiment F4 senesced 16 days



later than other treatments of that exveriment und 12 days later than
the Experiment F2 or F3. Differences in LAI due to different treat-
ments of Experiment F5 (1981) disuppezred from the middle of July and
light interception measurements showed thut about 935 of the incoming
radiation was being intercepted on 30th. September and 90% on 13th.
October, with no difference between treatments. It now appears that
senescence in 1979 Qas affected due to water stress. As large seed
emerged first it may have been affected more by the water stress than
the later emerging small seed. This hypothesis agrees with Bagley
(1971) who foung than an euarly developing crop suffered more from the
drought -in July than the less advanced crop. Younger (1975) reported
that cold treated seed emerged later and senesced later than the sprouted
seed. Senescing in 1980 was affected by the very humid weuther as stems
were over a metre long, lodgzing occurred and rotting of stem tissues
\was observed from the middle of August onwards. Another factor could

be the devletion of nutrients especially the Il (Ivins, 1963; Ivins and
Bremnér, 1965; Gunasena and Harris, 1969, 1971), as crop grew at a very
fast rate. Due to higher stem numbers total dry weight of all treat-
nents of Experiment F& but S25 was higher than the treatments of Experi-
ments F2 or ¥3, so they might have depleted the soil before others.
'Another factor which may have affected the senescence is the transmission
Sf wa&elengths cbove 700nm (Holmes snd Snith, 1977; Scott et al., 1968),
which may have affected the physiological status of the plants as LAI
was very high in that year. Another evidence for this come from

Chapter 3, where the pp333 treated plot in 1980 had a2 close canopy
compared to other treatments and this may have affected the transmission
and it senesced Before others. It can not be the temperature as some

individual guard plunts were seen green for at leust ten days after



the crop had senesced. MNow, since 1931 hus been the medium year for
rainfall and LAI did not reach above 3.5 and growth rate has been much
lower than 1980, thus soil may not huve been depleted for nutrients
and as there was no severe drought like 1279 the crop did not senesce
until the middle of October.

For delaying leaf senescence in i wet year, application of nitrogen .
later in the season may be helpful (Gunasenu and Harris, 1969, 1971).
Later application of N may slightly affect the bulking rate, but if
LAI of over 3 or so is maintained during September and the middle of
October could be very useful as due to short days most of the assimilates
produced may be used for tuber growth only. In a dry year like 1979,
if irrigation is given in such a way that crop does not suffer from
drought and LAI stays around 4.0, may be helpful in increasing the
duration of the crop.

Any of these technicues to extend leaf persisfence by delaying
leaf senescence could be frustrated by blight disease and of course
blight control in itself extends leaf persistence und the period of

tuber bulking.
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average for number of plots in that experiment.
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SUMMARY AND CONCLUSIONS

In the majority of tﬁé field experiments, final tuber yields
were not significantly different over a wide range of treatments
which included (a) different physiological ages (b) different
sprout growth rates at planting time (c) different stem populations
obtained by adjusting plant spacing and seed tuber sizes
(d) a mixture of seed tubers of different physiological ages
or even ée) the two different varieties. In 1979 drought in
early summer affected all treatments but there was scme recovery
when rain fell later, but because of this all yields were lower
than in 1980. Tﬁe photosynthetic conversion efficiency of the
canopy (g dry weight M3l par intercepted) was 2.49 in 1979
compared with 3.42 in 1980 when there was no apparent water

§tress.

Final yields are multiples of tuber numbers and mean tuber
weights and these two components, together with stem numbers,
were significantly different with different plant spacings,
seed tuber sizes and storage treatments. Record produced
more tubers ﬁhan Pentland Crown. The relationship between seed

tuber numbers and stem numbers was linear and significant.

Iﬁ treatments which gave higher stem numbers in the érop
L.A.I. and general crop growth rate were higher early in the
season but other treatments caught up later. PAR interception
increased lineafly with increases in L.A.I. up to LAI = 2,25

when over 70% of the incoming radiation was intercepted.
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.

Above LAI = 2.25 the rate of PAR interception slowed down until
LAI = 4.0 when around 95% of the incoming radiation was
intercepted. Final tuber yields were significantly'related to

the PAR intercepted by the canopy over the whole season.

No treatment other than varietal differences hastened

leaf senescence which was later than anticipated and this
probably explains why final tuber yields were not significantly
different for several different treatments. Growth analysis
studies showed how different aspects of plant growth were
affected, but in each case it appears that the crops arrived
at similar'final yields but by different pathways, i.e. bulking
rates x duration. Growth analysis results also showed that
had the crops been burned off or lifted earlier for final yield
then the different effects of many treatments would have been
much larger. Hence seed treatments are of vital importance with
early crops and probably second early crops where lifting
occurs befbre mid-August. However, with maincrops which are
allowed to mature late, by favourable environment, absence
of blight and by production treatments such as irrigation or ‘
higher N levels, then a great deal of catching up takes place
and at final harves£ there are not likely to be great differences
in yield from a range of seed treatments. The major effects
are likely_to be on tuber numbers and sizes which can have
implicafions for quality for various purposes.

| Drastic effects on leaf growth resulted from treatment with

a growth regulator . PP333. Although this investigation was no
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more than observation plots with no replication, it was evident
that leaf area per plant was reduced and higher tuber yields
resulted. It proved possible to plant closer without enhancing
interplant competition and PP333 appeared to increase the
allocation of assimilates to the tubers. The result was

more medium sized tubers. This preliminary trial suggests

that there might well be a future for plant growth regulators
with the potato crop and gives encouragement for further

investigations to be carried out.



1 ,’/”t'

N Y Y O
Fol SR Cu8
bl avaliowaiimied

ALI, S.i.d.E. (1979). Effect of temperature during sprouting on growth
and yield of the muiin cropn notato virlety Desiree. M.Sc. thesis.
Uriversity Gollege of Wales, Aberystwyth.

ALLEL, LB.Jd. (1972). The effect of row width on the yield of three
potato vurieties. Journul of Agriculturzl Science, Cambridge, 79,
315-321.

ALLEL, £.J. (1978)s Plont density. I 'The Potito Cron, The scientific
L451s for 1mprovement‘ (Ed. Horris, PuMe), np 273-326. Chunman and
Hall, Londone.

ALLEN, D.J. and 2BAll, Jd.0. (1978). Fuctors influencing the relation-
shin between tuber yields ind popul:tion. Potuto Research, 21, 51.

ALLEN, =ede, 3EAL, Ju0., GRIFFITH, B.L., O'IRI&L, P.j. (1979). Effects
of.letgth of sprouting period ou growth and yield of contrusting
early pot:ito vurletles. Journul of Agricultural Science,
Cumbridge, 92, 151-163.

ALLIEH, EJ.J. und SCCTT, EJ.l. (1980). An cnalysis of growth of the potato

crop. Journal of Agriculturul Science, Camoridge, G4, 583- 606.

KRKLEY, R.J. (1963). Relationshins between plant growth and transpir-
- etion. Hilgardin, 34, 559-584.

ARTHUR, J.M., GUTHRIL, J.5. ond LEWELL, J.M. (1930). Some effects of
artificiul climutes on the growth and chemical composition of plants
American Journal of Botuny, 17, 416-432,

BAGLEY, L. (1971). The effects of late and early sw»routing on the growth
and yield of maincrop potatoes. B.Sc. thesis. lever51ty of Mottingham.

BANIRIES, Voli., HURTI, G.S5.R. and KALRA, 2.8. (1979). Annual scientific
report of the Central Potuto Res exrcn Institute, Simlua, pp 31.

CBOAN, Ju. end ALLED, 2.J. (1987). Effecis of physiological age on
development of the leuf canony und light interception. Proceed-
ings of the 8th Trienniol Conference of the European Association
for Potato Research, pp 142-143,

BELL, J.P. (1969). A new design princinle for neutron soil moisture
gauge: the "Jallingford" seutron prove. Soil Scieuce, 108, 160-164,

BISCCE y P.V. =nd GALLAGHIR y deile ( 1977 ) - Weather s dr:f matter pI‘Oduction
and yield. In 'Environmental Effects on Crop Physiology' (Ed.
Landsberg, J.J. and cutting, c.v.), pp75-100. Academic Press, London.

BISCCE, P.V., SCOTT, R.K. and MONTEITE, J.L. (1975). Barley and its
- environment, III. Carbon budzet of the stund. Journal of Applied
icology, 12, 269-293.



BODLAFIDER, K.l.A. (16€3). Iufluence of temperuture, ridiation and
photoperiod on develovoment und yield. In '“he growth of the potato!
(Eds. Ivins, J.D. and Milthorpe, F.L.). v 199-210 Butterworths,
London,.

BODLABNDER, K.5.A. and MARINUS, J. (1969). The influence of the mother
tuder on zrowth and tuberization of potatoes. Hetherlands Journal
of Agric. Science, 17, 300-308.

BODLAZNDER, K.3.A. and MARINUS, J. (1981). Aspects aud préliminary
results of research on physiologicul -:geing. Plunt growth under
controlled conditions. Proceedings of the 8th Triennial Conference
of the Europeun Association for Potuto Research, pp 70-71.

BOCTH, A. (1963). The role of growth substonces in the development of
stolons. In 'The growth of the potato' (Eds. Ivins, J.D. and
Milthorve, F.L.). »p 99-113, 3Butterworths, London.

BORAH, M.K. (1959). The effect of light intensity, length of day and
temperature on growth and tuber formation in the potato. Ph.D.
thesis, University of Nottingham.

PCRAH, M., ard MILTHORPZ, F.L. (1962). Growth of the potato as in-
fluenced by temperuture. Indiun Journal of Plint Physiology, 5,

53-72.

BOREMAN, J.J+ and HAMMES, P.S. (1977). Dormancy and sprout development
of some South Air1Cin potuto cultivars durlng cold storage. Potato
Reseurch, 20, 219- 224,

BOYER, J.8. (1976). Water deficits und photosyuthesis. In 'Water déficits
and pluait srowth' (Ed. Hoslowski, W.r.) 4, 154-190, Academic Press,
iiew York.

BREMIER, PoM. and RADLEY, R.W. (1966). Studies in potato agronomy II.
The effect of viriety :nd time of planting on growth development
and yield. Journal of Agricultursl Science, Cuambridge, 66, 253-262.

BRUEMIGR, PoM. snd TAHA, Maf. (1966). Studies in potato agronomy I. The
effects of v“rleby, seed size .nd spucing on growth, development
and yield. Journul of Agriculturul Science, Cambridge, éé, 241-252,

2URROWS, F.J. (19689). The diffusive conductivity of sugar beet and
votuato, Agriculturul Neteorology, 6, 211 -226.

HURT, R.L. (1964)., Influence of short veriods of low temverature on
tuber iritiation., Europewn Potuto Journul, 7, 197-208.

BURTOL, W.G. (1957). The dormuncy 'wd sprouting of sotatoes. TField
science Abstr., 29, 1-d.

BURTCH, W.G. (1963). Concepts of mechunism of dormuncy. 'The Growth
of the Potuto' (Eds. Ivins, J.D. und Milthorve, F.L.). pp 231-246.
’ Butterworths, Londor.



159

BUSHHIELL, J. (1925). The rel-tion of temperuature to growth and resp-
iration in the potato plant. Tech. Bull. Minuesotu Agric. Exp.
St(’,’«to I‘]O- BL}.

CHAPMAL, H.W. (1958). Tuberization in the potuto plant., Physiologia
Plantarum, 11, 215-22k.

CHAPMAII, H.. . 2nd LOOKISZ, Wes. (1953). Photosynthesis in the votato
under field conditions. Plunt Physiol, 28, 703-716.

CHOWDHURY, A.RB. (1980). The growth, development und yield of pure and
mixed crons of »notato cultivars. Ph, D. thesis. University of
Leeds.

CLAVER, F.K. (1951). Quoted oy Loon und iouwing (19561).

CEAVER, F.K. (1975). Influence of temnerature during the formation of
potato tubers and its effects on the first progeny. Phyton, 33, 1-6.

COREY, A.T. and BLMKE, G.R. (1953). Quoted by Loon (1981).

CUTTER, 2.G. (1978). Structure und development of the notato crop. In
'"The Potuto Crop, The scientific basis for improvement'. (Ed. Harris,
P.Me), pp 77-152. Chapmar und 11211, London.

DAVIDSON, T.H.¥. (1958). Dormancy in the votato tuber and the effects
of storuge conditions on initizl sprouting and suosequent growth,
Americun Pototo Journzl, 325, 451-65,

DORCOSHEIKC, A.35., KARPECHLHO, G.D., and NESTEROV, i, (1930). Quoted
by Gregory (1965).

DRIVZR, C.i. und HAWKES, J.G. (1943). Photoveriodism in the potato.
Techn, Comm. Imp. Bur. Plant Breed. and Genet, Ko. 3%6. Imp. Agric.
3ur. London.

DURRAXT, M.d., LOVZ, B.d.G., M2ISSsEH, AJB. and DRAYCOT, 4A.P. (1973).
Growth of crop roots in relation to soil moisture extraction.
Annals of Applied Biology, 74, 387-30h4,

DYSCN, P.d. (1965). Effects of gibberellic acid and 2-chloroethyl
trimethylammonium chloride on potuto growth and development. Journal
of Science, Food und Agriculture, 16, 542-549.

DYSOK, P.W. ard HUFMPHRILS, .i.C. (1966). Hodification of growth habit
of Majestic votuto by growth regulutors applied at different times.
Annals of Anplied Ziology, 58, 171-182.

EMILSSCi, B. (1949). Studies on the rest period =nd dormant period in
the potato tuber. ACt. Agric. Suec., 3, 189-289.

FINLAY, R.C. (1974). Intercrovning soybecns with cereals. Regional
Soybean Conference, 1974, Addis Ababua.



140

FISCHHICH, O. and KRUG, . (1963%). Enviromrmentzl factors influenc-
ing sprout growth und subsequent plant development in the field.
In 'The Growth of the Potuto' (Zds. Ivins, J.D. snd Milthorpe, F.L.)
oo 72-78. Butterworths, London.

FORSLING, P.l. ond LANGILLE, AJR. (1975). Endoge:ous cytokiuins of
Solanum tuberosun s influenced vy vhotoperiod and temperature.
Physiol. Plunt., 34, 75-77.

FRENCH, B.K., LOING, I.F. and PEIMAKR, H.L. (1972). ‘ater use by farm
crovs II. 3pring wheat, buarley, pot:toes (1969); notatoes, beans,
wale (1968) Rothomsted Renort for 1972, Part 2, h43.

FUENRTIG, H.D., FAZAIERI, A., 2YA0RDI, M. -ad KHAD, AK.S. (1966).
Effect of soil moisture depletion or cron yield ard stomatal in-
filtration. Agronomy Jourtnl, 53, 195-198.

FULTON, J.M. (1970). Relatiorship of root extension to the soil moisture
level required for meximum y:eld of potutoes, tomatoes and corn.
Canndien Journal of Soil Science, 50, 92-94.

GALLAGHER, Ju¥e arnd BISCOE, P.V. (1978). Rudiatior :losorption, growth
and yield of cereuls. Journul of Agricultur:l Science, Cambridge,
91, 47-60.

GARNZR, W.W., ALLARD, H.4. (1923}, Further studies in photoperiodism,
the response of the »lunt to relative length of day and night.
Journal of Agric. Research, 23, 871-920.

GIFFORD, R.A. wud NOOR3Y, J. (1967). The effect of CCC on the initiat-
ion of potato tubers. Buropeun Potuto Journal, 10, 235-238,

GCODWII, P.B. (1963). ilechunism and significance of apicaldominsnce in
the potato tuber. In 'The growth of the potato' (Eds, Ivins, J.D.
ard Milthorpe, F.L.), pp 63-71. Butterworths, Londo:.

GRACIA-TORRES, L. and GOMIZ-CANPO,C. (1972). Increused tuverization in
nolatoes by ethrel (2-chloro-ethyl-phosvhoric ucid). Potato
Research, 15, 76-80.

" GREGCRY, L.&5. (1954). Quoted by Gregory (1965)

GREGORY, Le.i. (1956). Some fuctors for tuberization in the potato plant,
American Journal of Boteny, 43, 281-288.

GREGORY, L.se (1965). DPhysiology of tuberizatioa in plants, (tubers and
tuberous roots). Encyclopedix Pliut Physiol, 15, 1328-1354.

GUIASZNA, H.P.M. and HARRIS, P.ii. (1968). The effect of the time of
application of nitrogen and potassium on the growth of the second
early potato, variety Craig’s Royul. Jouranal of Agricultural
Science, Cambridge, 71, 283-296.



1

GUNASLERA, HoP.Ji. ond HARRIS, P.il. (1969). The effect of CCC nitrogen
and potassium on the growth and vield of the second early potato
variety Craig's Rorul. Journnl of Agricultural Science, Cambridge,
73, 245-259.

GUNASH A, HoPJU. »nd HARRIS, P.H. (1971). The effect of CCC, nitrogen
and notussium onr the growth and yield of two vurieties of potatoes.
Journal of Agricultural Science, Cambridge, Zé, 33-52.

HAMMES, P.S. and BEYERS, o.A. (1973). Tocalization of the rhotoperiodic
perception in votatoes. Potuto Reseurch, 16, 66-72,

HAMMES, P.S. ond FEL, P.C. (1975). Control mechuanism in the tuberization
process. Potato Resenrch, 18, 262-272.

HYARRIS, DM, (1978). Water. In 'The Potaio Crop, The scieatific basis
for improvemert'. (ids Harris, P.l.), np 245-278. Chapman and
Ha1l, London.

HEADFORD, D.W.R. (1962). Sprout development and subseguent plant growth.
Euronean Potato Journal, 5, 14-22.

HZADFCRD, D.W.R. wnd IKGERSLNT, Z.M. (1962). Sprout growth of potato.
Rept. Sch. Agric. Sci. University of ottinghum, 1961, 37-42,

PEBBLETHWAITS, P.D., HAMPTON, J.G. and McLAREN, J.S. (1982). The chemical
control of growth, development and yield of Lolium perenne grown
for seed. In 'Chemiccl monipulotion of crop growth and development!
(2d, McLaren, J.S.). Butterworths, London. (In press).

NOLMES, M.G. ond SHITH, H. (1977). The function of phytochrome in the
natural environment-II., The influence of vegetotiorn cononies on
the spectral erergy distributiorn of nutural daylight. Photo-
chemistry aud Photobiology, 25, 539-545.

iORIS, Te and UDAGAWA, T. (1970). Canooy wrchitecture and radiation
environment within suuflower communities. In 'Photosynthesis and
Utilization of Solar Erergy', Report of Level III Exveriments
JIBp/pp, Tdkyd.

HUKPHRISS, F.C. aud DYSO, P.wW. (1967). Effect of = growth inhibitor
H-dimethylammino-~succinimic acid (B9) on potzte nlants in the field.
Eurovesn Potato Journal, 10, 116-126.

HUTCHILSCL, Rev. (1978a). The dormincy of seed potatoes. 1. The effect
of time of huulm destruction wnd hurvesting. Potato Research, 21,
257-265.

IUTCHINSO, R.i. (1978b). The dormuncy of seed notitoes. 2. The effect
of storage temperature. Potato Reseurch, 21, 267-275.

IFEHKWE, 0.P, (1975). Effects of row width and plunt deusity on growth
3 / ) g
and development of itwo main crop notato varieties. Ph,D. thesis.
" University College of Vales, Aberystwyth. '



140

IFENKVE, CuoPe and ALLUN, 2.0. (1208). ilfects of row width und planting
density or growth .:d yle.d of Uwro muiicrop notuto vurieties. 2.
foumber of tubers, tot.l urd zr:ded vields and thelr relutionships
with =2bove-ground sten dessities. oournil of Agricultursl Science
Cumbridze, 91, 279-23%.

IMECFF, C.ile; LiCPARLY, A.; SACQUSS, R. wnd BRULFZED, J. (1979). Two
nhytochrome-denendent srocesses in Anwgzalils urrensis: flowering

wud stem eto.gation. Pluani, Ceil und muvirorment, 2, 67Y-72.

INTERHATIONAL RICE RuSIARCH ILSTITUTS. (1974). Quoted by Chowdhury (1980).

IVIKS, JuDs (1963).  Agronomic management of the nsotato. In '"The growth
of the votato' (£ds. Ivins, J.D. wnd Hilthorne, F.L.), po 303-309.
Butterworths, Londou.

IVINS, J.Ds and 3REMNZR, PJM. (1965). Growth develooment .nd yield in
the potuto. Cutlock or Agriculture, 4, 211-217.

JACQUES, F. (1968&). Quoted by Imhoff et .l., (1979).

JEFFERS, DoL. cnd STIBLZS, Ruie (1969). Some effecis of leuf area, solar
radiation, =ir temveruture, uand viriety on net nhotosynthesis in
field grown soybeuus. Crop Science, §, 762-76k4,

JCHES, J.L., O'3RIEN, P.J. und ALLEN, s.d. (1981). The effects of seed
crop husbundry und storage conditions on physiologicul uge.
Proceeding of the 8th Trienniul Conference of the Eurovean Assoc-
iation for Pot.to Reseurch, osp 78-8C. ’

KRIJTHE, No (1962). Cbservitious on the sprouting of seed votatoes.
Zuropean Potuto Journal, 5, 316-33

KRUG, H. (1961). Wachsumsbeeinflussung von kurtoffel-Augenstecklingen
durch Quarternare Ammoriumverbindungen und Gibberellin,
LandbForsch-Volkenrode, 11, 83-93,

KU, S.B., IDWARDS, G.£. and TANKER, C.3. (1977). Effects of light,
carbon dioxide, und temwerature on photosyuthesis, oxygen inhibition
of photosynthesis, and transpiration in Solanum tuberosum. Plant
Physiol., 59, £68-872. -

YUMAR, D. and WARZILG, P.F. (1974). Tuberization of Solanum andigena. II
Growth hormones. lew Phytol. 73, 833-840.

KUSHIZAKI, M. and LBOSHI, S. (1961). Quoted by Dyson (1965).

LANGILLE, A.R. and FCRSLINE, P.L. (1974). Influence of temperature and
photoperiod on cytokinins pools ir the potato, Solunum tuberosum L.
Plunt Sci. Lett., 2, 189-191.

LisGG, B.J., DAY, W., LAWLOR, D.u. aud PARKILSCH, K.di. (1979). The effects
of drought on burley growth: Models .and meusurements showing the
- relative impnortunce of leaf arew and photosyntnetic rate. Journal
of Agriculturul Science, Cambridge, 92, 703-716.



M4

LITTLETON, ©ede, DEELSIT, M.D., KCITWIN, J.L. and BLSTON, J. (1979).
The growth wund development of cowpeus (Vigru uncuiculata) under
tropical field conditions. 2. Accumu’.tion and vpurtition of dry
weight., Journcl of Agricultur=l Science, Cambridge, 93, 3209-320.

LLEWELYN, J.C. (1967). The influence of w..ier regimes on the growth
and develooment of the potato cron. Ph.D. thesis. University of
Hottinghum.

LOMAS, Je, SCHLESINGER, we, #ILKA, M. aod ISRASLI, A. (1972). The
relationshin of notato leaf temperatures to uir temveratures as
affected by overhead irrigotiorn, soil moisture ond water, .
Journal of Anplied Scology, 2, 107-119.

LOCIT, CuoD. van (1981). The effect of witer stress or sotito growth,
develppment, and yield. Americ:n Potato Journul, 58, 51-69,

LOO#, CuD. vin ond HOUWING, J.F. (1981). ‘"Aspects und nreliminary
results of physiologic.i age' 3. Incubation period and plant growth
under field conditions. Proccedings of thne &th Triennial Confer-

ence of the Europeun Associution for Potuto Reseurch, pp 72-73.

LOVELL, P.H. und 300TH, A. (1967). Effects of zibverellic ucid on growth,
tuber formation and carbohydrate distribution in Solunum tuberosum.
Iew Phytal, 66, 525-537.

MADEC, P. and PERENNESC, P. (1962). The rel:tions between the induction
of tuberisation und the growth of the ootato plant (Solanum
tuberosum L.) Ann. Physio. Veg. Puris, 4, 5-34,

MARSHALL, B. zad BISCCE, P.V. (1977). 4 mobile apparatus for measuring
leaf photosynthesis in the field. Journul of Experimental Botany,
28, 1008-1017.

MAUK, C.S. ond DANGILLL, AWR. (1978). Physiology of tuberization in
Solunum tuverosws L. Plunt Physiol., 62, 438-442,

McCLELLAND, T.B. (1928). Studies on the shotoperiodism of some economic
vlants. Journul of Agric. Reseurch, 37, 603-620,

_MceCREE, K.J. (1972). Test of current définitions of photosynthetically
nctive radiation uguilast nhotosynthesis datue Agric. Meteorol.,

J__Q’ 443—[4‘53. )

MeDERMCTT, e and IVINS, J.D. (1955). Ruinfall as o factor influencing
the yields of potuto crops. N.A.A.S. Quarterly Review, éz, 106-108.

YicGCWAN, M. (1973). Denths of water extraction by roots. Application
to soil-water balunce studies. In 'Isotope uud rudiation techniques
in soil physics und irrigation studies, 1973'. Proceedings of
the Internationzl Atomic Energy Agency, Viennu, 1974, »vn 435-Lh4lk,

McLARZN, J.53. (1982). Chemical munipulation of crop growth and develop-
ment, Butterworths, London. (In press).



144

McLAREN, J.S. and 8MITH, 7. (1978). Phytochrome control of the growth
and develoovmenrt of Fumex obtusifolius under simuluted canopy light
erviroments. Plunt, Cell snd Envirorment, 1, 61-67.

MEINDCZA, F.A. and HAYRES, F.L. (1976). Variability for photoperiodic
rezction among diploid and tetrunloid potuato clones from three
taxonoriic grouns. Americon Potato Journal, 22, 319-332.

MENZEL, ColMe (1980). Tuberizotion in potato at high temperatures:
Responses to gibberellin and growth irhibitors. Annals of Botany,

46, 259-269.

MILFORD, G.s.J., BLSCCH, P.V., JAGGARD, K.W., SCOTT, R.K. wad DRAYCOTT,
AP, (1980). Physiological potential for increusing yields of
sugarbeet.n YOnoortunities for increusing Crop yields' (ids. HURD,
R.G., BISCOIs, P.V. and DENNIS, C.) w»n 71-83%., Pitman Advanced
Publishing Progrum, Loudon.

FOHINDRA, M.K. (1975). Quoted by Harris (1978),

MONTEITE, J.L. (1965). Ulight distribution urd photosyrthesis in field
crovs. Annals of Botony, ¥.38., 29, 17-37.

MOLTEITH, J.L. (1969). Light iuterception aind rudiative exchange in
crop studs. In '"Physiological Aspects of Crop Yield' (Eds, J.D.
sASTIN, et. ule,), pp 89-115, American Society of Agronomy,
Wisconsir.

- MOCREY, J.(1978). The vhysiology of growth and tuber yield. In 'The
Potato Crop, The scientific btusis for improvement' (:d. Harris, P.M.),
pn 153-194, Chuomun and Hull, Lordor.

¥OORBY, J., MURLS, R. and WALCCTT, J. (1975). Effect of water deficit
on photosynthesis und tuber metabolism in potutoes. Australian
Journal of Plunt Physiology, 2, 323-333.

¥CRRIS, D.A. (1966). Irtersprout competition ia the notuto. 1. Lffects
of tuber size, sprout number and temperature on snrout zrowth
during storsge. sSuroveun Potuto Journul, 9, 69-85.

- MORRIS, DeA. (1967). Interssrout comvetition in the notuato II. Comp-
etitior for nutrients during sre-emergence growth after plunting.
zuropear. Potuto Journul, 10, 296-311.

FULES, Re aand PEARSOM, Cude (1974). Effects of water deficit on trans-
location of curbohydrate in Solunum tuverosum. Australian Journal
of Plnt “hysiology, 1, 529-53".

MURTI, G.S.R. and BERDRILE:, Ve, (1976..). Studies on photoneriodism in
potuto. Indiw Journal of 21.nt “hysiology, 19, a4 =100,

FURTI, G.S.R. and 34.sRJin, Vobe (1976b).  Annusl Scientific Report of
the Centr.l Potuto Reseurch Tustitute, Simlu, 5229,



MURTI, GeS.R., KAUL, Heio nnd BokbBRJZG, Vel (1978). innual Scientific
report of the Centrul “otuto Reseurch Institute, Simla, pn 28-29.

MURTI, G.S.R. and SAHA, S.N. (1975). Effect of stage of preception of
photoveriodic stimulus and number of short day cycles on tuber
initiation and deveionment of potito. Indian Journal of Plant
Physiology, 19, 184-188.

MURTI, G.S.R. znd SAH&, 8., (1975b). Annual Scirentific revort of the
Central Potato Research Institute, Simla, vn 50.

MURTI, G.S.R., SAHA, S.MN. and 2ANERIEw, Ve, (1975). Studies on the
photperiodic response of some newly-released varieties of potato.
Indian Journal of Plant Physiology, 18, 41-45.

MASR, H.G. (1976). Hultiple cropning in some countries of Middle-East.
In 'Multiple Cropping Svec. Pub. lio. 27' (Ld. Puapendick, R.I. et
ale,)e po» 117-128. Am. Soc. Agron., Madison, Wis.

O'BRILN, P.J. and ALLEN, m.J. (1975). Effect of aren of seed production
and date of lifting of seed crops on the performuance of the prog-
eny .tubers. Proceedings of the 6th Triennial Conference of the
European Association for Potato Research, op 41-42.

Q'BRIEN, P.J. and ALLEN, ©.J. (1978). The relutionship between storage
temperature of seed tubers and tuber yields. Proceedings of the
7th Triennial Conference of the European Association for Potato
Research, pp 18-19.

O'BRIEZN, P.J. and ALLEN, s.J. (1281). The concent of me.usurement of
physiological age. Proceedings of the 8th Trienniul Conference of
the Europesn Association for Potato Research, pnp 64-66.

OKAZAWA, Y. (1960). Studies on the relution between the tuber formation
of potato and its nutural gibberellins content. Proc. Crop Sci.
Soc. Junan, 29, 121-124,

OKAZAWA, Y. and CHAPMAN, H.W. (1962). Regulution of tuber forming in
the potuto plant. Physiologiu Plautarum, 15, 413-419.

" PALMER, C.5. and SMITH, O.o. (1969). Effect of abscisic acid on
elongation and kinetin-induced tuberization of isolated stolons
of Solanum tuberosum L. Plunt wund Cell Physiol., 10, 657-664,

PALKMER, C.Z. and SMITH, O.k., (1970). Effect of kinetin on tuber form-
ztion on isolated stolons of Solanum tuberosum L. cultured in vitro.
Plunt and Cell Physiol., 11, 303-314,

PilMAN, H.L. (1956). Evanoration: An introductory survey. Netherlands
Journal of Agricultural Scieunce, 4, 9-29. :

PElNMAK, H.L. (1963). Weather and water in the growth of votatoes. In
'"The growth of the potuto' (Eds. Ivins, J.D. and Milthorpe, F.L.).
pp 191-198. Butterworths, Londox,



1o

PERUNAL, Hefe, SATNERISS, Ve and HURITD, G.S.R. (1979).  Annual
scientific report of the Centr.l Pot:ito Research Institute,
Simlu, pp 31-32.

PINCHILAT, A.M., SORIA, J. aud BAZAL, R. (1976). Kustiple cropoing in
troniczl Americu. In 'Multiple cropwning. Spec. Publ.Ho. 27' (Edg.
Paperdick, K.I. et «l.,)e pp51-62. im. Soc. Agron. Madison, Wis.

POHRJAKALLIO, O. (1951). OCn the effects of the intensity of light and
length of day on the energy economy of certain cultivated plants.
Acta Agric. Scand., 1, 153-175.

PRATT, A.J., LAMB, J., WRIGHIT, J.D. ~nd ERADLEY, G.4. (1952). Yield,
tuberset, and cuality in potatces. Bull. Cornell agric. Exp. Sta.

876.

PUCKRIDGZ, D.W. and RATRCWSIY, Dl.A. (1971). Photosyrithesis of wheat

) under field conditions., IV. The influence of density and leaf area
index on the response to radiation. Australian Journal of agric-
ultural Resenrch, 22, 11-20.

RADLEY, R.W. (1963). Effect of plunting date, variety and fertilisers
or. growth ond yield of the potato crovw. Ph.D. thesis. University
of Nottingham.

RAILTON, I.D. and WAREILG, P.F. (1972). Effects of day length on
endogenous gibberellins in leaves of Solanum andigena 1. Changes
in levels of free zcidic gibberellin-like substances. Physiol.
Plant., 28, 88-9k4.

RAQUF, G.S.M. (1979). LEffects of physiologicul uge of sced tubers in
the early potato variety Home Guard. M.Sc. thesis., University
‘College of Wales, Aberystwyth.

RAWI, A.W.AL. (1981). Effect of storuge environmeant of the growth and
development of contrasting varieties of potatoes. Ph.D. thesis.
University College of Wales, Aberystwyth.

REUST, W. (1978). Physiologicul age of potato tubers and its import-
ance. Potato Research, 21, 53.

SADLER, =.1. (1964). TFactors influencing the development of sprouts
.of the »notuto. Ph.D. thesis. University of Nottingham,

SAHA, SJl., MURTI, G.S.R., BAiZRJaE, V.., PURCHIT, A.W. ard SINGH, M.
(1974). Effect of night temperatures on growth and development
of Indiun potato vurieties uander short-duy condition. Indian
Journzl of Agric. Scieunce, 44, 376-382.

SALZ, P.JdJ.M. (1973). Productivity of vegetuble crovs i:n a region of
high solur input. 1. Growth and development of the potato (Solanum
tuberosum L.). Australicn Journal of Agric. Research, g&, 733-759.



1 /+‘/’

SALZ, PJJ.M. (1974). Productivity of vegetuble crops in o region of
high solar input. IlI. Curbon b11*Lcc of potato cronm. Australian
Journal of Plint Physiology, 1, 283-296.

SATTER, R.L. and YETHSRELL, D.F. (1968). Photomorphogenesis in
sinningia speciosa cve Jueen Victoria 1. Chiracterisation of
ohytochrome cortrol. Plant Physiology, 43, 953-960.

SCHEPERS, A. and SIAMA, L. (1976). Yield und dry matter content of
early and lote potutoes, as affected by monoculture and mixed
cultures. Potato Research, 19, V3-90.

SCHICK, R. (1931). ~Quoted tvy Gregory (19635).

SCHIPPERS, P.A. (1956). De involved vun de bawaartemneratuur op de
Kiembra cht van aurdaonelen. Pub. Aardapvelbern, Wageningen Ser.
- A 109, p.32.

SCHIEIDER, G.W. and CHILDERS II.F. (1941). Influence of soil moisture
on photosyntnesis, resviration, and transpiration of apple leaves.
Plant Physiology, 16, 565-583

SCHOLTE: UBBIIG, DeW. (1959). De invloed van de watervoorsiening en de
totale instraling on de opbrengst van aardapvelen. Landbouwk.
Tijdschr, 70, 453-404.

S5COTT, D., MZNALDA, P.H. and BROUGHAN (1968). Spectral analysis of
razdiation truansmitted and reflected by different vegetable. New
Zealand Journal of Botany, 6, 427-449,

SCOTT, R.K. uud WILCOCKSO:, 8.0. (1978).  Application of physiological
and agronomic principles to the development of the potato industry.
In 'The Potuto Crop, The scientific busis for improvement' (Ed.
Harris, P.K.), pp 673-704. Chapman and Hall, London.

SHIKHAR, V.C. wnd IRITLAT, WloMe (1979). Influence of moisture stress
b} k]
during growth on CO, fixation and trunslocution in Solunum
tuberosum L. Americuni Potato Journal. 56, 307-311.

SH=PESRD, W. (19 972). Some evidence of stomatsl restriction of
evaporutior from well-watered plant cuuovies., ‘Water Resources
Res. &, 1092-1095.

SHIBL5S, R.if. und WEBWR, Coh. (1966). Intercention of solar radiation
and dry matter production by various soybeun »lanting patterns.
Crop Science, 6, 55-59.

SHORT, J.L. znd SHOTTOM, F.o. (1970). Storige conditions affecting
the sprouting of oeed notutoes :ud their yield, nurt III. Temper-
ature. Experimental Husbandry, 19, £9-72,

SIBMA, L. (1970). Relztionshio between totnl rudistion and yield of
some field crops in the Ketherl.nds. ietherlind Journal of
Agricultural Science, 18, 125-131.



G

o

SLATER, JewW. (1968). The ef ¢ of ight temseruture on tuber initiation
of the votuto. Lurcnen Potuto dours., 11, 14-22,

SMILLE,. K.d. (1966).

Ar introduction regression: «nid correlation,
London: Academic Press.

[

SHITH, R.J. {1673). studies or intercrop.ing eurly .wid maidncrop potatoes.
BeSce thesis. University of lottingh:m,

STADER, J. van and DIMALLA, G.G. (19¢7). The distrivution of cytoxinins
in tuberizing notutoes. Annils of Lotany, 41, 741-746,

TEUBLER, F.G. (1961). Cited in 'kExperimental »nliant growth regulunt
9 i = O =} 1
CCC' Cyan=amid Infer:itionul, vew Jersey,
k] v

THONAS, T.l. and WURR, DeC.e (1976). Gibbereliin .nd growth inhibitor
changes iun potuto tuber dbuds in respo.se to cold treutment., Annals
of Applied Biology, §é, 317-20.

TIMIK, H., RAPPAPCRT, L., ZISHOP, J.C. and LOYLE, 3.J. (1962). Sorouting,
plant growth, and tuber production as affected by chemical treat-
ment of white potato seed pieces, IV, Responses of dormant and
sprouted seed notutoes to giboerellic ucid. Americun Potato
Jgournal, 39, 107-115.

TIMM, H., RAPPAPORT, L., PRIMER, P. and SMITH, O... (1960). Sprouting,
plant growth and tuber production as uffected by chemical treat-
ment of white votato seed pieces. II Effect of temperature and
time of treuxtment with gibberellic acid. American Potato Journal,

37, 357-365.
TIZIC, R. (1964). ARuoted by Kumar und Wareing, 197k,

TOOSZY, R.D. (1962). Influence of pre-svrouting on tuber uumber size
and yield of King Edward potatoes. Euroveun Potuto Journal, 5,

23‘_270

TCOS=zY, R.D. (19263). The influerce of sorout develonment at planting
on subsequeat growth and yield. In 'The Growth of the Potato' (Eds,
Ivins, J.D. and Milthorpe, F.L.), »» 79-94, 3Butterworths, London

TOOSEY, R.D. (1964). The pre-sprouting of seed potatoes: Fuctors affect-
' ing sprout growth und subsequeut yield. Purt II Field Crop.
Abstracts, 17, 239-244,

VERDUIN, J. und LOOMIS, W.s. (1944). Absorption of curbon dioxide by
maize. Plant Physiology, 19, 278-293,

WARBING, P.F. (1982). The control of development of the potato olunt
by endogenous and exogenous growth regulitors. In 'Chemical
manipulation of crop growth and development'. 3utterworths, London.
(In press).



149

WAREING, P.F. wnd JELGINGS, A.i.Ve (1980).  The hormonal control of
tuberization in pot:to. In 'Plunt growth substances' (Ed. F.Skoog),
pp 293-300, Springer Verlug, sBerlin.

WATSCIT, D.J. (1952). The vhysiologicul husis of vuriustion in yield.
Advances in Agronomy, 4, 101-130.

WATSCL, Ded. znd WATSON, M.A. (1953). Compurative physiological studies
of field crops III. The effect of infection with beet yellow and
mosaic viruses on the growth and yield of the sugurveet root crop.
Annals of Ap»lied Biology, /0, 1-37.

WARNER, H.O. (1940), Resoonse of two cloral strains of Triumph votatoes
to various controlled environments. Journal of Agric. Research,

61, 761-790.

WILLIAMS, W.A., LOCMIS, R.S. :nd LEPLsY, C.P. (1965). Vegetative growth
of corn as affected by vopulation density. I roductivity in
relation to interception of solar rudiation. Crop Science, 5, 211-215.

YITTWER, S.H. (1971). Growth regulators in agriculture. Outlook on
Agriculture, 6, 205-217.

WOCLLEY, D.J. and WAREING, P.F. (1972). The role of roots, cytokinins
and apical domin:unice in the control of laterul shoot form in
Solanum ardigenz. Planta (Berl.) 105, 33-42.

WURR, D.C.ise (1974). Some effects of seed size and svicing on the yield
' ond grading of two main crop votato virieties. (1) Final yield
and its relationshin to »lant vopulation. dJournzl of Agricul tural
Science, Cambdbridge, Eg, 3705,

WURR, D.C.Z. (1978a). The effect of the site of seed noiuto production
on sudseouent sprout zrowth and tuber yield. Journ.l of Agricult-
ursl Science, Cambridge, 92, 227-233.

WURR, D.C.E. (1978b). The effects of the dite of defoliation of the
seed potuto crop und the storage temoerature of the seed on sub-
sequert growth. 1. Gprout growths. Journul of Agricultural Science,
Camoridge, 91, 737-745.

WURE, D.C.Z. (1978c). The effects of the dazte of defoliation of the

' seed pototo crop and the storuge temperature of the seed on sub-
sequent srowth 2. Field growth. Journal of Agricultural Science,
Cambridge, 91, 47-756.

WURR, D.C.l.; AKCHURST, JAYND F. and TEOMAS, T.H. (1980). A comparison
of gibberellin and cytokinin levels in normsl and 'little potato!
tubers. Potato Reseurch, 23, 243-247,

WURR, D.C.5. and ALLZEY, 5.J. (1976). Effects of cold treatments on the
sprout growth of three »otato vurieties. Journul of Agricultural
Science. Combridge, 86, 221-224,



YOULGER, A. (1975). The significince of sorouliing uud irregular
spacing i potuto yroduction. Pn.D. thesis. University of Nottingham.

ZAAG, D.fi. vander aud BURTCH, W.G. (1978). Quoted by Loon (1981).



APPENDICES

Appendix A

John Innes potting compost number 1 was prepared by mixing loam:
peat: Grit; 7:3:2 (volume basis). 372g of J.I.B (5% N,

7.2% P20 soluble, 1% P.0. insoluble and 10% K20) fertilizer

p) 275

and 70g of chalk was added per 100Kg of mixed compost.

Appendix B

Seed used for experiments: GR1 (growth room); F1; PP333 trial
1979, was obtained from UCW, Aberystwyth, where it was grown
at Rhayader, Powys, from Scottish FS3 (Pentland Crown) and

FS2 (Record) stocks. It was planted on 10 May, defoliated on

L August and harvested on 5 September

Appendix C

Seed used for experiments: GR2 (growth room); GH1 (glasshouse);
F2 was also obtained from UCW, Aberystwyth, where 1t was grown
at Dyfed, near Llanarth from a once-grown Scottish VISC stock
(Multiplied in 1978 at high altitude seed site near Rhayader,
Powys). It was planted on 22 May, defoliated on 10 August and

harvested on 17 September.

Seed used for experiments: F3; FL4; PP333 trial 1980 was grown
at Bunny (University of Nottingham Farm) from Scottish AA1.

It was planted on T May, defoliated by the end of August and



harvested from middle to end of October.

Appendix D

Seed used for experiments F5 and F6 was obtained from UCW,
Aberystwyth, where it was grown at Dyfed near Llanarth. It was
planted on 17 April, defoliated on 21 July and harvested on

4 September.

Appendix E
Main stem - The stems directly originating from the mother

tuber.

Branch stem - The stems originating from the underground stem

i.e. not straight from the mother tuber.

Axillary branches - The stems originating from the leaf-
axis above ground.
Main stolons - The stolons originating straight from the stems.

Branch stolons =~ The stolons originating from another stolon

i.e. not straight from the stem.
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