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Photosynthetic Rates of Ilex crenata

Thunb. 'Helleri' during Propagation
by
Michael C. Dupras
(ABSTRACT)
A series of experiments was conducted to determine the
effect of 1light, auxin, carbohydrate levels, mineral nut-
rients and rooting on the net photosynthetic (Pn) rate of

unrooted Ilex crenata Thunb. 'Helleri' cuttings. Optimal

photosynthetic activity occurred at PAR levels of about 600
micro-Einsteins m~2 sec~!. The emergencelof roots increased
the Pn rate. High plant carbohydrate levels were correlated
to lower Pn rates while higher Pn rates were correlated to
lower CHO levels. These relationships may be indicative of
source-sink interactions on the Pn rate of Helleri holly
cuttings. An exogenous basal application of indolebutyric
acid (IBA) contributed to an increase in cutting Pn, as was

the case with the addition of mineral nutrients.
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INTRODUCTION

The propagation of woody ornamentals is a key opera-
tion in most commercial nurseries, since its success can ul-
timately affect the entire production schedule. Practices
such as the application of a rooting hormone, the mainte-
nance of shade to control temperature and intermittent mist-
ing are commonly utilized propagation techniques. Net pho-
tosynthesis (Pn) 1is not a priority consideration, even
though it may contribute significantly to the success of
propagation. Experiments were conducted to study the rate of

Pn, of Ilex crenata Thunb. 'Helleri', during propagation as

affected by rooting, rooting hormone, fertilization and car-

bohydrate levels.



LITERATURE REVIEW

Over the years, there has been much speculation as to
the role of photosynthesis in the rooting of cuttings. More
specifically, researchers have tried to resolve whether or
not photosynthates produced after the cutting is excised
from the stock plant are utilized in the initiation and em-
ergence of new roots. If these photosynthates do not signi-
ficantly contribute to the rooting process, then it follows
that the cutting must rely on stored photosynthates. During

the propagation of Cryptomeria japonica, Struve suggested

that new photosynthate did not contribute significantly to
the plant's total carbohydrate pool (42).

Since light is required for photosynthesis, some stu-
dies have concentrated on the effect of different light lev-
els on rooting. One such study, by Hansen et al. (19),
concluded that photosynthetically active radiation (PAR)

levels are more beneficial for the stock plants than the

cuttings of Pinus sylvestris. This conclusion was based

upon the observation that the carbohydrate pool of the cut-
tings was enhanced more by higher PAR levels while still at-
tached to the stock plant than when removed and put in the
propagation bed. Consequently, it would seem that stored

carbohydrates are of more importance to the rooting process.
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While it is true that light may contribute to a greater
accumulation of carbohydrates in the stock plant, the Pn of
the cuttings may still be of importancé to the rooting pro-
cess (16,46). Eliasson (14), demonstrated that the number
of roots which developed was directly related to the PAR
level received by the cuttings. After placement in total
darkness, no roots emerged, solidifying the conclusion that
a decrease in cutting Pn adversely affected subsequent root-
ing. Davis and Potter (12) demonstrated similar results,
with P. sativum, reporting a reduction in Pn to cause a cor-
responding reduction in the carbohydrate level in conjunc-
tion with decreased rooting. Results and conclusions simi-
lar to the two previous studies were reached, using excised

cotyledons of Sinapsis alba (27).

The concept of whether plant growth determines to some
extent the Pn rate, has received continued attention over
the years. Since carbohydrate utilization is essential for
plant growth, it has been proposed that the rate of utiliza-
tion directly affects the Pn rate (10,43,47). When £first
proposing this theory in 1868, Boussingault (8) hypothesized
that the accumulation of assimilates could directly effect a
reduction in the Pn rate of an illuminated leaf. Over one-
hundred years later, the wording of this theory has not been

significantly altered.



Should high levels of photosynthates act to suppress
the Pn rate, it follows that increasing the latter is possi-
ble by reducing the assimilate level. Assimilates are uti-
lized in areas of growth and development, often referred to
as "sinks". These sinks remove carbohydrates from the
plant's carbchydrate pool, which is replenished by the pho-
tosynthesizing areas of the plant. The term "source" has
been applied to these areas, which are composed mainly of
the leaves. The concept of a source-sink relationship has
arisen in an attempt to justify and support Boussingault's
original theory. Basically, the concept states that if there
is a sink present on the plant, the rate of Pn remains uns-
uppressed. There is competition between sinks for the assi-
milates produced by photosynthesis and some sinks will be
"sfronger" than others. In other words, specific sinks will
be able to control a larger percentage of the total amount
of assimilate produced. Using rooted cuttings of Populus
tremula with reduced leaf areas (15), Eliasson found that
there was normal, progressive root growth as long as there
was no shoot growth. Decreased root growth was observed
shortly after the initiation of shoot growth and root growth
did not increase until the leaf area had expanded. This stu-
dy illustrated that source-sink interactions are present in

cuttings and are not restriced to larger, more structurally



complex plants. When considering cuttings, one usually
thinks of both the rooted and unrooted condition. In terms
of assimilates, the cuttings should have ample. assimilate
reserves, provided that the stock plant was not nutritional-
ly deficient or otherwise stressed. There are then several
observations which should bé made regarding unrooted cut-
tings. First, assuming the cutting is leafy, there is a
source of photosynthate. Secondly, it should have a carry-
over supply of assimilates from the stock plant. Thirdly,
until roots or shoots emerge, there is the absencevof a
sink. The presence of these conditions could result in an
accumulation of carbohydrates. Then according to Boussin-
gault's hypothesis, the Pn rate may be suppressed.
It has been shown that the translocation of photosyn-
thetic products to the roots of young pine seedlings 1is
greatly affected by the extent of root development (38).

Root removal from Phaseolus vulgaris plants increased the

amount of soluble sugars present in the entire plant (17).
A substantial reduction in Pn rate was also observed in root
pruned plants of P. vulgaris (1l1l). Following the excision of
70-80% of the roots, the Pn rate followed a continued de-
cline with the greatest reduction occurring six days after
excision. These studies show that the excision of roots can

effect an increase in the soluble sugar level and a decrease



in the Pn rate. Okoro and Grace (34) demonstrated that both
phenomena can occur at the same time in one plant. Using un-
rooted hardwood cuttings of Populus sp., they discovered
high carbohydrate levels assosiated with decreased Pn, until
subsequent developmént of callus, roots or shoots.

Many other studies havé demonstrated a relationship
between source and sink, and its effect on the rate of pho-

tosynthesis. In Sorghum saccharatum it was found that the Pn

rate peaked during times of active root or tiller growth
(25,26). Similar results have been obtained using pétato,
spinach, sugar beet and spinach beet (22,23,24,33,44). One
of the better illustrations was done utilizing sugar beet

and spinach beet (44). Both are varieties of Beta vulgaris

but the sugar beet root has a higher capacity for storage of
assimilates. Although containing high levels of assimi-
lates, the sugar beet leaves maintain a high Pn rate as com-
pared to the spinach beet. If spinach beet leaves are graft-
ed to sugar beet roots, their Pn rate increases, while a
reciprocal graft between sugar beet leaves and spinach beet
roots causes a reduction in Pn. It would appear that the Pn
rate of photosynthesizing areas of the plant may be depen-
dent, to some extent, on the ability of the sink(s) to ac-
cept photosynthates. However, in two other separate cases,

studies conducted with sunflower, soybean and barley have



shown that this may not always be the case. In all instanc-
es, large amounts of assimilates have been a;lowed to accu-
mulate in the plant without a significant decrease in the Pn
rate (30,36).

Growth regulators also influence the photosynthetic
process. These compounds ha&e been used for years in the
area of plant propagation, particularly to enhance rooting.
The auxin compounds utilized include indoleacetic acid
(IAA), indolebutyric acid (IBA) and naphthaleneacetic acid
(NAA). An application of an auxin to the basal end 6f the
cutting significantly increases the initiation and subse-
quent number of roots (20,40,41l). This effect, in itself,
may serve as a sink and possibly increase the Pn rate. In
addition to the increase in sink size, auxin application has
been shown to increase the accumulation of sugars at the ba-
sal end of the cutting, primarily attributed fo an increased
mobilization of assimilates from the source to the basal end
of the cutting (2,3,9). Thus, the combination of greater
sink strength and enhanced mobilization of assimilates could
have a significant effect on the Pn rate, compared to a cut-
ting which was not treated with an auxin.

The influence of mineral nutrition on photosynthesis
has been studied in some detail. The rate of Pn declines in

the absence of optimal quantities of all the macro and near-



ly all the macro elements (29),yet the extent of the rate
drop depends on the element in deficit. An inhibition of
the photochemical activities within the choloroplast has
been cited as one of the major reasons for this reduction
(35). Of course, all of the mineral elements do not exert
an equal influence on the Pn rate. A deficiency in one of
the primary plant nutrients appears to cause a greater re-
duction in the Pn rate than in one of the secondary or micro
elements (7). Nitrogen deficiency causes the greatest re-
duction in Pn rate mainly by increasing mesophyll and étoma-
tal resistance (37). Studies have repeatedly demonstrated
this phenomenon 1in a wide variety of species (13,28,32).
The fact that nitrogen and other mineral nutrients are es-
sential to photosynthesis emphasises the need for optimal
stock plant nutrition prior to propagation. This 1is espe-
cially important since subsequent cuttings will not absorb a
significant amount of nutrients until roots are present (6).
Blazich and Wright (4) have shown that there is no mobiliza-
tion of nutrients from the upper to the lower areas of the
cutting during the period of root initiation. Therefore, it
is conceivable that the nutrients which are stored in the
upper regions of the cutting would be adequate for the pho-
tosynthetic process. In light of this, it would seem advan-

tageous to have a source of mineral nutrition available to



the cuttings as soon as roots begin to emerge. Especially
since mobilization of nutrients begins to occur as soon as

roots are present (5).



MATERIALS AND METHODS

Expt.1l. This experiment was conducted to determine the
level of photosynthetically active radiation (PAR) required
for light saturation in 'Helleri' holly cuttings. Rooted
cuttings which had been keﬁt in the greenhouse for six
weeks, under full light, and fertilized at regular intervals
were transplanted into 6 cm. (200 cm3®) pots filled with a
medium consisting of 1 peat:1 perlite:1 Weblite (Webster
Brick Company, Roanoke, Va., 24012)(v/v/v). Plants. were
grown, from 12 April- 15 April 1982, in a greenhouse envi-
ronment. During this time, a nutrient solution was applied
daily consisting of 75 ppm N, from a 15N:3P:6K fertilizer,
micronutrients according to Hoagland and Arnon (21), and Fe
at 5 ppm as NaFeEDTA.

On 16 April 1982, Pn of five cuttings, at various lev-
els of irradiance was determined with an infrared gas ana-
lyzer, according to Halfacre et al. (18). Cuttings were
enclosed in a 400 cm3® plastic chamber and exposed to 50-900
micro E m~2 s°! radiation supplied by four 500 watt reflec-
tor flood lamps. Irradiance level was regulated by the in-
sertion of wire mesh screens between the light source and
the chamber. Infrared radiation emitted from the lamps was

filtered out by an 18 cm deep flowing water bath placed 2 cm
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below the lamps. The temperaturé within the chamber was
maintained at 25° % 2°C and air flow rate was regulated to 1
liter min~!. Total leaf area determinations, for each cut-
ting, were made by multiplying the length x width product of
each leaf by a conversion factor of 0.88. This factor was
determined by correlating the actual leaf areas to the
length x width product of several leaves, in a manner simi-
lar to that of Ackley et al. (1)

Expt. 2. This experiment was conducted to determine the
effect of the auxin (IBA), nutrients and the rooting pfocess
on Pn of 'Helleri' holly cuttings. Unrooted cuttings were
received from a nursery on 24 September 1982, cut to uniform
lengths of 12 cm and defoliated on the lower 4 cm. One-half
of the cuttings were treated with 5000 ppm IBA in 509% etha-
nol as a five second dip. All cuttings were inserted into
individual pots as described in Expt. 1., and placed in the
greenhouse under 479 shade cloth. The cuttings were inter-
mittently misted by a Solartrol (General Scientific Equipt-
ment Co., Hamden, Conn.) solar controlled system, for six
weeks. When roots were visible on 50% of the cuttings in the
total group, the complete nutrient solution as described in
Expt. 1., was applied to one-half of the IBA treated and un-

treated cuttings at three day intervals. A randomized com-

plete block design with three replicates, four treatments
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(O, O + N, IBA, and IBA + N) and 36 cuttings per treatment
was utilized. An additional twenty cuttings»were dried and
used to determine the initial nitrogen content.

The Pn rate for each cutting was determined weekly in
the same fashion as in Expt. 1. The cuttings for all treat-
ments were harvested, dried.at 70°C, ground through a 20
mesh screen and analyzed for total N using a modified micro-
Kjeldahl procedure.

Expt. 3, conducted from 12 March 1983 to 20 April
1983, served to investigate the effects of source—siﬁk in-
teractions on the Pn rate of cuttings. For this experiment,
the source was defined as the leaves present on the cuttings
at the time of insertion into the medium. Newly developing
‘roots and shoots were regarded as the sinks.

Cuttings were handled in the same fashion as in both
previous experiments. Half of the cuttings were treated with
IBA and, within each of these two groups other treatments
were imposed: 1) removal of roots 2) removal of shoots 3)
removal of roots and shoots 4) roots and shoots intact.
Shoots and roots were removed at three day intervals by
either manually rubbing off newly emerged roots or excising
new shoots with a scalpel. The eight treatments were ar-
ranged in a randomized complete block with four replicates

and 40 cuttings per treatment. The Pn rate of 20 randomly
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selected cuttings from each treatment, was determined on day
40. Unlike the previous two experiments, however, Pn rate
was expressed on a per plant rather than leaf area basis.
This was due to the presence of leafy axillary shoots on
cuttings within some of the treatments. Rate determinations
were made, on twenty cuttingé, with and without the shoots
intact. In this way, the percent of the total Pn rate attri-
butable to the axillary shoots was determined and subse-
quently subtracted to obtain the Pn rate of the original
leaves. -

A composite of six cuttings per treatment per rep was
utilized for carbohydrate analysis. The original leaves of
these cuttings were dried at 70°C, ground through a 20 mesh
screen and analyzed for total sugar and starch content.
Ground leaf material was extracted with 80% ethanol for
three hours using a micro-Sohxlet apparatus. The liquid ex-
tract was boiled for twenty minutes with 0.02N H,SO4 to hy-
drolize the sucrose. It was then filtered and analyzed for
total sugars using Nelson's method (31). For starch determi-
nation the tissue, from which soluble sugars had been ex-
tracted, was boiled for twenty minutes in distilled water to
gelatinize the starch. An amylase enzyme preparation (39)
and 0.20N acetic acid-sodium acetate buffer (pH 4.9) were

then added to each sample. Samples were incubated for 12



14

hrs. at 37°C (39), filtered, and Nelson's method was used to

determine the total starch content.



RESULTS AND DISCUSSION

Expt. 1. As can be seen in the mean light response
curve in Figure 1, Pn ceased to increase at PAR levels above
600 micro-Einsteins. Figure 1 illustrates the average res-
ponse of five cuttings. Although the value of 600 micro-
Einsteins should not be regarded as an absolute wvalue it is
still quite useful. For instance, in early summer cuttings
may pe—stuck in a glasshouse, under shade. In early June, on
a clear day, the PAR level is approximately 750 micro-Ein-
steins. This would indicate that the cuttings would be able
to achieve maximum photosynthesis in terms of light require-
ments. However, it is possible that excessive shade may be
detrimental. While it is important to provide shade to re-
duce temperature, we should take into consideration the res-
trictions placed on photosynthesis. The significance of this
latter point has been exemplified by the work of Eliasson
(14) and Davis and Potter (12).

Expt.2. Roots were first observed on the cuttings
treated with IBA on the 21st day after insertion into the
medium. Roots were first observed on a few 0-IBA cuttings
on the 30th day; however, the majority of these untreated
cuttings did not root by day 42, the conclusion of the ex-

periment. Those treatments designated for supplemental nu-

15
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Figure 1. Mean photosynthetic response of 'Helleri' holly
cuttings to various levels of irradiance.
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trition began to receive the complete nutrient solution on
the 24th day.

Figure 2 illustrates the progression of the Pn rate,
for all treatments. Differences in the rates up until day 21
were minimal, especially at day 14 when there were no signi-
ficant differences among treatments. Starting at the 21st
day, cuttings treated with IBA exhibited higher Pn rates
than untreated cuttings.

It is doubtful that the IBA was directly responsible
for elevated Pn rates since the small amount applied.would
have been already metabolized by the cutting. The major
difference between the treated and untreated cutting groups
was the presence of a large number of roots on the IBA
treated cuttings compared to wvirtually no roots on those
lacking IBA. Differences in Pn rate between IBA and O-IBA
treatments were observed as of day 21 when roots were ob-
served on the IBA treatmented cuttings. The rate of Pn for
IBA treated cuttings never dropped as low as the 0-IBA cut-
tings and over time the differences in Pn rate became greaf-
er. No single explanation can likely account for these re-
sults, yet the presence or absence of roots on the cutting
is an important consideration. Many studies linking root de-
velopment to photosynthesis were previously discussed. Some

explained the differences using the theory of source-sink
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Figure 2. Pn rates of 'Helleri' holly cuttings over
time as influenced by IBA and nitrogen.
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interactions, in that as soon as roots were present, a sink
became available (10,11,16,22,24,25,33,34,43). thereby stimu-
lating the Pn rate to increase. This éxplanation is perti-
nent to our results, as shown in Fig. 2. It was evident
that the Pn rate increased upon rooting but decreased té
levels of zero or less until roots were initiated. The pos-
sible effect of IBA was to stimulate a larger sink in less
time and aid in the maintainance of higher Pn rates compared
to the untreated cuttings. These results are in concurrence
with those of two previously done experiments (data not
shown).

Another aspect of the experiment was that of nutrition.
Its effect on the IBA treated cuttings was noticeable as
early as day 28, when only two applications of nutrient so-
lution had been made (Fig.2). Those cuttings receiving the
solution exhibited a higher Pn rate which increased over
time. In the absence of IBA there was no response to the ad-
ded nutrients, most likely because the absence of roots pre-
vented nutrient uptake (6). The higher Pn rates achieved
with the addition of nutrients on the IBA treated cuttings
are supported by other studies where added nutrients in-
creased the Pn rate (7,28,29,32,35). Further, it was shown
that the % N contained in fertilized IBA treated cuttings

was higher than for other treatments, due to absorption fol-
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lowing rooting (Table 1). For the other treatments, % N was
lower because of a growth dilution effect.

Expt. 3. In Expt.2, the Pn rate of the individual cut-
tings started to increase with the emergence of new roots.
Since such roots can be regarded as a sink, then perhaps a
source-sink relationship exists in 'Helleri' holly cuttings.
This final experiment was established to further investigate
this possibility.

Regardless of IBA treatment, when both roots and
shoots, or either of the two, were allowed to develop, then
the Pn rate was higher compared to cuttings where both were
removed. The degree to which roots or shoots influenced Pn
was dependent on the IBA treatment. The development of
roots, without IBA, contributed to a higher Pn rate than
when only shoots were allowed to develop. However, within
the IBA treatment, shoot development appears to have exerted
a greater influence. In fact, the highest Pn rate, for IBA
treated cuttings, was attributed to the treatment where only
the shoots were allowed to develop.

This difference between treatments can be explained if
one considers the stage of development of each sink. For the
O0-IBA treatment, the initial shoot flush had stopped and the
plants were in a phase of secondary root development. Thus

it is possible that the roots were a more active sink than



21

TABLE 1

Influence of nitrogen on 'Helleri'
holly cuttings during propagation.

Treatment Percent N
Initial 1l.53a
IBA + N l1.47a
0 IBA, No N 1.15b
0 IBA, + N 1.07b

IBA, No N 1.06b
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the shoots. However, with the IBA <treatments, the shoots
were in a phase of elongation and expanding leaves, with
minimal root growth. Therefore, the shoots appeared to be a
more active sink and probably contributed to a higher Pn
rate than roots. However, the actual mean Pn rate for that
treatment, where only shoots were present, mav be inflated.
It has been shown that the auxin produced in actively grow-
ing axillary shoots can effect a substantial increase in the
Pn rate of the adjacent leaf (45). Nevertheless, it is pro-
bable that, despite this possible effect, the Pn rate of
that treatment would be greater than that of the "roots
only" treatment.

The cyclic type of growth and development, discussed
here, is not uncommon to 'Helleri' holly. It has been shown
that root elongation precedes shoot elongation by 2-3 weeks.
Cuttings of the same physiological state were used in this
experiment, yet, by the end of the study they were in diffe-
rent phases of growth. In the early days of the experiment,
it was observed that shoot growth was progressing at a fast-
er rate than root growth, on those cuttings not treated with
IBA. For those cuttings which were treated, minimal shoot
growth occurred until a substantial number of roots were
present. Therefore, it would appear that the application of

IBA initially created an active root sink at the expense of
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shoot growth. However, with the 0-IBA treatment, shoot elon-
gation and growth was able to occur sooner. This would then
account for the switch in sink dominance for the different
levels of IBA treatment.

The presence of a source-sink interaction was indicated
by the occurrence of higher éarbohydrates in cuttings with
lower Pn rates (Table 2). A correlation coefficient of 0.73
was determined to exist between Pn rate and carbohydrate
level. There was however an exception tc this correlation.
When axillary shoots alone were allowed to develop on IBA
treated cuttings there was a high Pn rate and a high carboh-
ydrate level. This would further support the explanation
that the high Pn rate was due to an interaction of the
shoot-auxin effect with the source-sink relationship. Also,
in the 0-IBA treatment, the fact that roots had a greater
effect on Pn is in line with the theory because carbohydrate

levels were lower than when only shoots were present.



TABLE 2

Mean Pn rates and carbohydrate levels for Expt. 3 and accompanying ANOVA table.

Treatment Pn rate

CHO level

0 IBA/Roots/Shoots

0 IBA/No roots/No shoots 0.06
0 IBA/Shoots 0.09
0 IBA/Roots 0.50
IBA/Roots/Shoots 0.65
IBA/No roots/No shoots 0.16
IBA/Shoots 0.74
IBA/Roots 0.38

ANOVA Table
SOURCE

Level of IBA

Roots

Shoots

IBA x Roots

IBA x Shoots

Roots x Shoots

IBA x Roots x Shoots

HHHHHHHM

SS

0.51
5.96
5.21
4.16
0.13
0.00
0.89

0.95 mg CO, cttg™! hr7!

F Value

14.25%2
163.60%
143.07%
114.33*

3.65
0.04
24.45

12.51 mg/200 mg sample

20.76
14.55
13.92

11.21
17.30
14.18
11.84

SS

26.04

149.86
64.72
0.09
7.45
26.55
2.65

F Value

6.64%
38.21%*
16.50%*

0.02

1.90

6.77%

0.68

2

PR > F Test of hypothesis, significant at the 1% level.

ve



CONCLUSION

The emergence of roots and/or shoots contributed to an
increase in the Pn rate of unrooted 'Helleri' holly cut-
tings. This increase could be attributed to an increased de-
mand for photosynthate and a corresponding decrease in the
carbohydrate levels of the leaves. It is therefore possible
that a source-sink relationship exists for 'Helleri' holly
cuttings. In three out of four instances, the use of IBA
contributed to higher Pn rates. This may be due, in part, to
decreases time to rooting and increased foot number which
may serve to increase sink size. Pn rate was also increased
by the addition of mineral nutrients to the medium as soon

as roots were present on the cuttings.
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