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INTRODUCTION

The guava (Pstdium gualava Linn.) la native to tropical America 

and la grown throughout the tropical and subtropical regions of the 
world. The fruit la a rich source of vitamin C and la used as a 
dessert fruit, In jams and jellies, and as nectar.

The guava Is readily propagated by seed hut because of inherent 
heterogeneity and late bearing of seedlings, vegetative methods of 
propagation are preferred. Asexual reproduction la new performed by 
air-layering, Inarching, root cuttings (38, 17, 45, 73), and grafting 
and budding (15, 23, 41, 45, 67). Also rooting of guava stem cuttings 
has been reported to be successful with the use of growth regulators 
and the mist-box technique (1, 5, 6, 31, 40, 42, 57). All of these 
methods are used to same extent, implying that no one method has proven 
markedly superior to others.

^ils study Is an attempt to investigate the rooting ability of 
cuttings of different ages, from different aged trees and from girdled 
and non-glrdled branches as affected by four different environmental 
conditions. Carbohydrate and nitrogen contents of the cuttings (stem 
and leaf) as affecting rooting and the origin of the adventitious roots 
were also Investigated.



REVIEW or LITERATURE

BOTANICAL ASPECTS
The guava (Psfdixsa gualava Linn.) belongs to the fsally Myrtsceae 

and has been described ee e smell tree or shrub, 10 to 30 feet tell. 
The trunk branches rather freely near the ground. The young twigs may 
be reddish or light green, pubescent and square in cross-section 
(13, 43).

The leaves ere opposite, 3 to 6 inches in length and finely 
pubescent below, with the veins prominently impressed above and balow. 
The flowers ere produced in the axils of the leaves and are about 1 
inch in diameter with four petals and a ball-shaped calyx. Stamens 
ere maarous with white filaments and yellow anthers (2, 13, 45).

The fruit shape varies from round to pyriform end tipped with 
remnants of calyx lobes. The skin color of the ripe fruits ranges 
from yellowish green to bright yellow. The flesh color varies from 
white through shades of pink. Yellow-fleshed clones are also known 
(2, 13, 45).

ROOTING ASPECTS
There are certain internal and external factors associated with 

rooting of cuttings. Some of these factors are: Juvenility,
carbohydrate and nitrogen contents, physiological and anatomical 
character1stice, affect of native and applied growth regulators, end 
environmental factors.

Effect of juvenility and type of shoot; Juvenility is associated 

with the youngness of plants end so young pleats may differ



significantly from old plants in vigor, morphology, and in rooting 
ability. Young parent trees generally tend to provide better rooting 
naterlal and the rooting ability decreasea with increase in age of 
trees (3). Gardner (19) investigated the relationship between tree 
age and rooting of cuttings in apple trees. When cuttings were taken 
Iron 1-year old seedlings, roots were easily produced, but whan taken 
from 2- or as>re year old seedlings, considerable difficulty in root 
production was encountered even though 1-year old wood was used. When 
older seedlings were cut back and cuttings were taken froa forced 
sprouts, roots were readily produced.

Thimsnn and Delisle (68) took cuttings from trees of different 
ages of white pine (Pinua strobus), red oak (Quoreua borealis), spruce 
(Picea punxena), and staple (Acer aaccharu»). In all cases, the 
percentage of rooting decreased steadily with increasing tree age. The 
better rooting characteristic associated with juvenility was also 
observed by many other workers in a variety of plants (16, 27, 48, 34). 
It is not clearly understood why cuttings taken from juvenile plants 
root wore easily, although a high auxin content is suspected as one of 
the reasons (43).

The type of shoot was also reported to have considerable influence 
on the rooting ability of cuttings. Singh (33) investigated the effect 
of the type of shoot on the rooting of citrus cuttings. Os obtained 
three types of hardwood cuttings of Kagsl lima, i.a. shoots from 
dehorned trees, water sprouts, end normal shoots from bearing traaa.
The water sprouts and shoots from dehomed trees showed better rooting 
as compared to that of the normal shoots.
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Manohar (36) examined the effects of various types of guava shoots 
on rooting. He took cuttings of about 3 Inches long from five 
different sources, I.e. from normal shoots, water sprouts, root suckers, 
forced sprouts and shoots from 1-year old rooted cuttings. The cuttings 
taken from 1-year old rooted cuttings were the best and cuttings taken 
from root suckers, water sprouts and forced sprouts ranked second, 
third and fourth, respectively. Normal shoots did not root at all.
He concluded that the mein possible factors responsible for these 
differences lie In the vigor, juvenility, hormone balance, and food 
supply.

In general, soft-wood cuttings root better than hardwood as shown 
by many workers (27, 28, 33, 32, 74). However, In phalsa (Crewla 
as1stlea, L.) hardwood cuttings proved better than semi-hardwood ones 
In respect to root growth (51), and In olive basal portions of the 
shoot root more readily than terminal sections (24, 35).

Effect of carbohydrate and nitrogen content upon rooting: The
carbohydrate and nitrogen status of the parent plant have a strong 
Influence on the development of adventitious roots In cuttings.
Studies conducted by Starring (59) using tomato and Tradescantla. 
shaved that when carbohydrates were present In abundance, roots were 
readily produced; when carbohydrates were lacking or very low In the 
cuttings, root development was poor. If the carbohydrate content was 
not too low, roots were Initiated but they made little growth. On the 
other hand, roots were freely produced whether nitrates were high or 
low In the cuttings, indicating that the nitrates were not directly 
Involved in the production of new roots. Although Carlson (8) suggested
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that a high starch content may be correlated with easy rooting of rose 
cuttings, results obtained by Brandon (7) disproved such an assertion.

A high starch content Induced by girdling Is associated with 
better root production in stem cuttings of many species of plants.
Stole (60) conducted experiments on hibiscus to study the effect of 
girdling on rooting. The red variety, which is easy to root, 
accumulated about three times as much search as compared with the 
d if £ icult-to-root Wilson's white variety. Aaino acids also accumulated 
In large amounts after girdling In Wilson's white variety. However, 
there was no correlation between amino acid content and rooting 
response, suggesting that nitrogen has no direct bearing on rooting. 
Preaton at al. (44) reported that in acaleas succulent cuttings from 
plants receiving a low level of nitrogen had a greater degree of 
rooting than those from plants receiving a high level.

Treating cuttings with sucrose solution prior to planting In some 
cases gave better rooting, indicating a probable increase In 
carbohydrate content (1, 18, 21, 22, 42, 58, 62, 68, 71).

Effect of physiological and anatomical differences: Effects of
physiological and anatomical differences on rooting of stem cuttings 
have been Investigated in many species of plants, van Overbeek and 
Gregory (72) found that If an easy-to-root red variety of hibiscus Is 
grafted upon cuttings of a difficult-to-root white variety, an 
abundance of roots were formed on the latter cuttings, provided the 
base of the cuttings was treated with auxin. They suggested that the 
root-forming factor present in the leaves of the red variety Is
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translocated downward through Cha phloem, thus promoting root Initiation 
at the base of the white variety.

The structure of the stem may also affect the rooting potential 
of cuttings. Beakbana (4) stated that difficult-to*root plants possess 
a band of tissue composed of schlerenchyna cells which mechanically 
blocked protrusion of the developing roots. However, Sachs at al. (46) 
found that the rooting ability among olive varieties is related to the 
ease of formation of root initials. It has been reported that 
difficult-to-root varieties fora fewer root initials, which develop 
slowly, and that mechanical restrictions by schlerenchyaa cells had no 
influence on rooting.

Effect of growth regulators upon rooting: The use of growth
regulators in plant propagation, particularly in the rooting of 
cuttings, is one of the most important contributions to propagation 
technology. Various investigators have coopered the root praootlng 
abilities of rasny different growth regulators on staa cuttings. A 
considerable amount of Information is available on the rooting of guava 
stem cuttings. Chandler (12) stated that the rooting of soft-wood 
cuttings of gueva with the aid of hormones was highly variable— ranging 
from excellent rooting to poor rooting in different lots, even with the 
seme method. Webber (73) also reported poor success with guava stem 
cuttings and recommended propagation by root cuttings. Other workers 
have failed or obtained poor results in inducing the rooting of guava 
stem cuttings treated with growth regulators (69).

Some positive responee to growth regulator treatments in the 
rooting of guava stem cuttings have been obtained. Slnha at al. (57)
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Created 9-Inch long guava stem cuttings with indolaacatic acid (ZAA), 
indolabutyric acid (ISA), naphchalenaacetic acid (NAA), and phenyl- 
acatic acid at 40, 60, and 90 ppm under normal and reduced pressure 
for 12, 24, 40, and 60 hours. Maximum rooting was obtained with an 
90 ppm XAA dip maintained for 48 hours wider reduced pressure. Effects 
of IBA followed closely that of IAA. Cooper (14) investigated the 
effect of ZAA on the rooting of subtropical fruit plants and reported 
that positive results were obtained by treating guava stem cuttings 
with 200 ppm ZAA for 24 hours.

Blcimnnert (5, 6) showed that the rooting of guava stem and leaf 
bud cuttings could be induced successfully with the aid of hormones. 
Cuttings from the current year's growth were trimmed to two nodes, 
leaving two leaves, each of which was halved and allowed to root in 
sand under intermittent mist. Softwood cuttings, treated with 4,000 
ppm of XBA by the quick-dip method before insertion, showed 75 per 
cent rooting, and leaf bud cuttings— including an axillary bud and a 
portion of the stem— showed 80 per cant rooting. Controls which 
received no hormone treatment virtually failed to root. Positive 
rooting responses of guava stem cuttings to XBA treatment have bean 
observed by other workers (31, 36, 56).

Effect of environmental factors: Among the external factors
affecting the rooting of cuttings, moisture, temperature and light 
play important roles.

With the advent of mist box propagation, many difficult-to-root 
plants axe now more readily propagated from cuttings. Intermittent 
mist will keep slow-rooting cuttings alive for a long period of time,
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giving than a chanca to root before they die frost dessication. The 
combination of the mist and growth regulator treatments is more 
effective than the use of each by itself. Many workers have obtained 
good results in the rooting of various species of plants, including 
guava, by the proper use of the alst box, combined with growth 
regulator treatments (S, 6, 20, 25, 26, 31, 35, 40, 42, 50).

The effects of a shaded mist box and other propagating 
environments such as a polyethylene-covered frame, have been 
investigated by many workers. Singh et al. (55) planted softwood 
cuttings of apple in three different environments, namely, open air 
frames under intermittent mist sprays—-with and without shading— and 
closed propagation frames. Excellent rooting was obtained in the 
shaded mist treatment, and a marked failure in the closed frame 
treatment. The performance in unshaded mist was intermediate.

Shahl and Singh (49) reported that citrus softwood cuttings 
planted in a polyethylene-covered frame, placed under direct sunlight, 
were killed within a fortnight, whereas the same, when placed under a 
lathhouse, produced as high as 70 per cent rooting.

Light is necessary for the manufacture of carbohydrates and 
auxins, both of which are Important factors in the rooting of cuttings* 
Stoutemyer and Close (63) investigated the effect of the quality of 
light and its duration on the rooting of cuttings. Their propagation 
flat was placed in a basement darkroom and illuminated with a 30 watt 
fluorescent lamp, suspended 10 inches above the rooting medium, for a 
period of 16 hours. The cuttings tested included cinchona, severinis, 
hibiscus, and bougainvillea. A fairly high percentage of rooting was
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obtained In each case. In testing light quality, they found that blue 
light during the period of the rooting of cuttings, was usually the 
least favorable for cuttings and that radiation in the orange-red end 
of the spectrum favored rooting.

Chadwick (11) also tested the effect of light quality on the 
rooting of rose cuttings by illualnatlng with either gold, red, 
daylight, or white lamps in a basement darkroom. The most favorable 
rooting response was obtained with the daylight lamps; red light gave 
the poorest response. The other lamps gave intermediate results.

The origin of adventitious roots: The origin of adventitious
roots has been studied in various species of plants. Generally, it 
has been found that roots may be Initiated in various tissues, either 
from cells which have remained merlstematlc, or from cells which have 
become so. In certain plants, adventitious roots originate in stems 
and other organs during thalr normal growth (9, 10, 70).

The origin of adventitious roots in white pine cuttings is from 
the parenchyma tissue of the leaf trace (16), in phalsa (Crewis 
asiatlcs L.) from callus tissue (51), and in Indian jujube (Ziayphus 
maurltlana Lam) from the secondary xylem (30).



MATERIALS AND METHODS

MATERIALS

Two different clonal varieties of guava, viz. Beaumont and Fatlllo, 

were used as source material for cuttings used in these experiments. 

There were three different age groups In the case of Beaumont, i.e.,

5-, 10, and 17-year old trees, and a one 10-year old Patillo tree. 

Ten-year old trees of Beaumont were growing on the Manoa Campus at the 

University of Hawaii, end ell others were growing et the Walmanalo 

Experimental Farm.

Single node cuttings were made from two ages of stem, designated 

as green end brcwn. These are described as follows:

Green stem: Tlie terminal green portion of the stem, succulent

and square in cross section.

Brown stem: Sub-terminal brown portion of the stem, semi-woody,

and round in cross section.

The following were the four different environments imposed upon 

the cuttings:

1. Fifty-six per cent shade over a mist box which received a

4-second Intermittent mist spray every 26 seconds from

7 a.m. to 7 p.m. (Fig. 1).

2. Unshaded mist box with 4-second intermittent mist spray

every 26 seconds from 7 a.m. to 7 p.m. (Fig. 1).

3. Polyethylene-covered frame, with 73 per cent shade, and

illuminated between 5 p.m. and 7 a.m. with one 40 watt 

fluorescent light suspended 1 foot above the medium (no mist).



This polyethylene-covered frame v u  placed under croton 
treee. The mean air temperature (F.) at 7 a.m. was 70°;
at 12 noon, 82°; and at 5 p.m., 73°.

4. Polyethylene-covered frame placed in the greenhouse (with
87 per cent shade). Mean air temperature (F.) at 7 a.m.,
69°; at 12 noon, 83°; at 5 p.m. 75° (Fig. 2). The dimensions 
of both polyethylene-covered frames were 5 feet long, 2 feet 
wide, and 3 feet high.

Coarse grade venaiculita was used as the rooting medium in all 
of the above mentioned conditions.

For carbohydrate and nitrogen determinations, Soxhlet extraction 
and micro-Kjeldahl apparatus were used, respectively. Microtome and 
stereo-soon microscope were used to prepare anatomical sections and to 
study adventitious root formation, respectively. For treating 
cuttings, 2,000 ppm of naphthalanaacetic acid and 10 per cent of 
diathana In talc powder, were used.

METHODS

Experimental design; The design was a three factor factorial, 
replicated four tines in a randomised block design*

Girdling: A group of uniform branches, 3/8 to 1/2 inches in
disaster, was selected; half of the group was girdled on December 28, 
1968, and the rest were left ungirdled. Girdling was done by removing 
an approximately one-inch-wide ring of bark. Samples from both 
girdled and non-girdled branches were collected at 0, 3, and 6 week 
intervals after girdling. From these branches terminal green stems
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and sub*terminal brown eterns were selected and used for carbohydrate 
and nitrogen determinations.

Planting of cuttings: Single node green and brown stems were
taken 6 weeks alter girdling Iron girdled and non-girdled branches of 
the Beaumont and Patillo varieties. A pair of leaves, each reduced by 
cutting off about two-thirds of the total leaf area, were left on the 
cuttings. The basal ends of the cuttings were first dipped In water 
and later In talc powder containing the 2,000 ppm NAA and 10 per cent 
dlathane; the cuttings ware then stuck Into the rooting medium and 
placed under four different environments. The cuttings were spaced 2 
Inches from one another, within rows 3 Inches apart. There were 10 
cuttings per treatment.

Rating Of quality of rooted cuttings; Upon termination of the 
experiment, the cuttings were removed Individually and the number 
rooted, eallused and dead were recorded. The rooted cuttings were 
further classified qualitatively Into three different categories based 
on mean number and length of roots (Fig. 3, 4, S).

S ^ l e  ̂ reffluration for carbohydrate and nitrogen determination: 
Green and brown stems, similar to those used In the rooting experiments, 
were collected from girdled and non-girdled branches at 0, 3, 6 week 
Intervals, as already Indicated. The leaves and stems were separated, 
dried at 60° C. for 5 hours, ground In a Wiley Mill and passed through 
a 40 an mash. These samples were used for carbohydrate and nitrogen 
determinations.

Total sugar determination: Ground samples were dried et 60° C.
for 2 hours before being subjected to chemical analysis. Sugars wera



RAXING OF QUALITT OF ROOTED CUTTINGS:

GOOD * FIG. 3. AVERAGE ROOT NUMBER: 
AVERAGE ROOT LENGTH:

FAIR - FIG. 4. AVERAGE ROOT NUMBER: 
AVERAGE ROOT LENGTH:

5 CR HIRE,
MORE THAN 2 INCHES.

2.5 TO 5.0.
1 TO 2 INCHES.

POOR - FIG. 5. AVERAGE ROOT NUMBER: 2.5 OR LESS
AVERAGE ROOT LENGTH: LESS THAN 1 INCH.
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extracted frcxa 2 g samples with 100 ml of 80 per cent ethanol in a 

Soxhlet extraction apparatus for 3 hours. Alcohol was evaporated 

from the extracts by adding water from time to time while being 

heated over an electric burner; they were then poured into test tubes 

and made up to 20 ml by adding distilled water. Two ml of saturated 

neutral lead acetate were added, mixed thoroughly, and transferred into 

a 100 ml volumetric flask and made up to 100 ml with distilled water. 

This solution was filtered onto crystals of potassium oxalate to remove 

the lead. Fifty ml of lead-free solution were then pipetted into 100 

ml conical flasks and 25 ml of distilled water and 5 ml of concentrated 

hydrochloric acid added. After mixing thoroughly, the flask was placed 

in a water bath maintained at 7G±2° C. for 10 minutes. The flask was 

then immediately plunged into tap water and cooled to room temperature, 

with the pH of the solution being adjusted to 7 with a 10 N sodium 

hydroxide solution. The solution was transferred into 100 ml 

volumetric flasks and made up to volume by adding distilled water.

Five ml aliquots were used for total sugar determinations, 

according to the Shaffer-Somogyl micro method, by using 0.005 N sodium 

thiosulfate. For the calculation of sugar, the Shaffer-Somogyl 

dextroae-thiosulfate equivalent table was used (29).

Starch determination: Starch was determined from the residue

after the sugar extraction. The residue was transferred into 125 ml 

conical flasks by using small amounts of distilled water, and then 

gelatinized in a boiling water bath for 30 minutes. The gelatinized 

starch was digested with 10 ml of 3 per cent Malt-dlastase at 38° C., 

then incubated for 30 minutes, and boiled to destroy the enzyme. The
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solution was filtered while hot, end the filtrate was made up to 90 ml 

with distilled water. Ten ml of concentrated hydrochloric acid were 

added and boiled in a 500 ml digestion flask, with a water-cooled 

reflux condenser, for 2 hours. The solution was filtered again and the 

filtrate cooled to room temperature. The pH was adjusted to 7 as in 

the case of total sugar determination and transferred into a 100 ml 

volumetric flask and made up to volume with distilled water. Five ml 

aliquots samples were used for sugar determinations according to 

Shaffer-Somogyl micro method (29). The starch value was calculated 

by multiplying the reducing sugar value by a factor of 0.90 (glucose 

to starch).

Nitrogen determination: Leaf samples of 50 mg and stem samples

of 100 mg were taken for nitrogen determination. The samples were 

placed in 100 ml Kjeldahl flasks and approximately 1.5 g potassium 

sulfate, 0.15 g mercuric oxide and 6 ml of concentrated sulfuric acid 

were added. After mixing thoroughly, the flask was placed on an 

electric burner and digested for 1% hours. The digested sample was 

allowed to cool to room temperature and then transferred into a 

micro-Kjeldahl distillation apparatus. Eighteeen ml of sodium 

hydroxide-sodium thiosulfate solution was added, and the nitrogen 

distilled from this mixture. The distilled nitrogen was collected in 

6 ml of a 4 per cent boric acid solution, and back titrated with 0.02 

N hydrochloric acid, using a mixed indicator of methylene blue and 

methyl red. The amount of nitrogen was calculated from the volume of 

0.02 N hydrochloric acid used in the back-tltration (29).
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Temperature and humidity recordings: At 7 a.m., 12 noon and 5 p.m.,
the medium and air temperatures were recorded dally In the four rooting 
environments, I.e., two In each mist box and polyethylene-covered 
frame. In the polyethylene-covered frames, watering was done just 
after recording the temperature. Relative humidity was recorded at 
the three periods mentioned above only In the polyethylene-covered 
frames.

Origin of adventitious roots; In Investigating the origin of 
adventitious roots, 50 green stem cuttings were taken from a 10-year 
old Beaumont tree and planted In a shaded mist box. Ten cuttings 
were removed every 10 days, and were fixed In Craf III solution. The 
materials were dehydrated according to Sass's method by using tertiary 
butyl alcohol (47). After complete dehydration the materials were 
Infiltrated with 60±2° C. melting point paraffin, In an oven, and 
embedded in tissue mat; they were sectioned at 15 ailerons. Desirable 
sections were stained with safranln and fast-green and mounted In 
Canada balsam. They were observed under a stereo-room microscope to 
study the origin of the adventitious roots.

18



RESULTS

ROOTING TRIALS

Single node cuttings from two varieties (5-, 10- and 17-year old 
trees of Beaumont and a 10-year old Patillo tree), subjected to two 
different treatments (girdled and non-girdled), were collected 
separately from green and brown stems and were planted on February 10, 
1969 and removed on April 15, 1969 after 64 days.

Rooting trial in the shaded mist box
The results of rooting In the shaded mist box are shown In Table 

I and Figure 6. From the table it la evident that among the 
dlfferent-age trees of Beaumont, cuttings taken from the 5-year old 
tree showed maximum rooting, followed by 10- and 17-year old trees. 
Comparing 10-year old trees of Beaumont and Patillo, the former showed 
twice as much rooting as that of the latter. Examination of the effect 
of girdling on brown stems (Fig. 6) shows that there Is a slight Increase 
In the number of rooted cuttings In the case of the 17-year old Beaumont 
and the 10-year old Patillo, and a marked Increase— seven times— In the 
case of the 5-year old Beaumont when compared to non-girlded brown stems, 
with a slight decrease In rooting of the 10-year old Beaumont. However, 
Irrespective of variety and age, the percentage rooting was consistently 
lower In girdled green stems than In non-gridled green stems. This was 
particularly marked in the case of the 10-year old Beaumont, the 
difference being as much as two and one-half times. Irrespective of



variety, age or girdling, tha green stem was three and one-half times 
superior to brown stems in terms of rooting.

With regard to calluslug, cuttings of the 10-year old trees of the 
Beauzaont variety showed the highest degree, followed by the 5-year and 
17-year old trees as shown in Table I. The difference between 10-year 
old and 17-year old Beavuont cuttings was as high as five times. Between 
the two varieties, cuttings of the 10-year old Beaumont variety showed 
as much as three and one-half times more callusing than that of the 
10-year old Patillo. In 5- and 10-year old Beaumont trees, girdling 
resulted in a lesser number of callused cuttings over non-girdling.
Green stems, in general, produced a smaller number of callusad cuttings
than did brown stems, the proportion being about 1 to 3.

Rooting trial in tha unshaded mist box
The results are shewn in Table II and Figure 7. The data show that

among the dlfferent-age trees in the variety Beaumont, 5-year old trees 
produced the highest number of rooted cuttings, followed by those of the 
10- and 17-year old trees. Cuttings taken from 10-year old Beaumont 
trees gave more than twice as many rooted cuttings compared with those 
taken from the Patillo tree of the same age. Reference to Table II and 
Fig. 7 shews that girdling has consistently produced poor rooting in 
both clones, at all ages of trees, and in both green and brown stems. 
Particularly, the cuttings taken from the girdled 17-year old Beaumont 
produced no rooting at all. Green stems gave consistently better results 
than brown stems in all cases. Note that the brown stems taken from 
the 10-year old Patillo tree did not root at all. In this planting
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TABLE 1. EFFECT OF AGE OF PARENT TREE, GIRDLING AND AGE OF STEM ON 
ROOTING OF GUAVA STEM CUTTINGS PLANTED IN SHADED MIST BOX 

(40 CUTTINGS PER TREATMENT)

Parent tree Type of rooting Callused Total Per cent
and agea Stem Good Fair Poor only Rooted rooted

Beauaont HG-G 1 2 3 2 6 15.0
(17) G-G 0 0 2 0 2 5.0

NG-B 0 0 1 2 1 2.5
G-B 0 0 2 5 2 5.0

Total 1 2 8 9 11

Beaumont NG-G 12 6 7 3 25 62.5
(10) G-G 0 1 9 7 10 25.0

NG-B 0 1 2 25 3 7.5
G-B 0 0 2 7 2 5.0

Total 12 8 20 42 40

Beauaont NG-G 4 9 3 3 16 40.0
(5) G-G 2 4 8 5 14 35.0

NG-B 0 0 2 18 2 5.0
G-B 0 5 9 7 14 35.0

Total 6 18 22 33 46

Patillo NG-G 1 4 6 2 11 27.5
(10) G-G 0 3 4 1 7 17.5

NG-B 0 0 0 4 0 0.0
G-B 0 0 I 5 1 . 2.5

Total 1 7 11 12 19

Grand Total 20 35 61 96 116

*Age of tree in parenthesis 
t>NG~G: Non-girdled green stem
G-G: Girdled green stem
NG-B: Non-girdled brown stem
G-B: Girdled brown stem
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TABLE II. EFFECT OF AGE OF PARENT TREE, GIRDLING, AND AGE OF STEM 
ON ROOTING OF GUAVA STEM CUTTINGS PLANTED IN UNSHADED MIST BOX 

(40 CUTTINGS PER TREATMENT)

Parent tree 
and age* Stem*1

Type of rooting 
Good Fair Poor

Callused
only

Total
Rooted

Per cent 
rooted

Beaumont NG-G 0 3 2 0 5 12.5
(17) G-G 0 0 0 0 0 0.0

NG-B 0 1 0 0 1 2.5
G-B 0 0 0 2 0 0.0

Total 0 4 2 2 6

Beaumont NG-G 7 10 1 0 18 45.0
(10) G-G 1 3 4 2 8 20.0

NG-B 0 1 I 1 2 5.0
G-B 0 0 1 1 1 2.5

Total 8 14 7 4 29

Beaumont NG-G 6 8 5 0 19 47.5
(5) G-Gq 1 4 7 0 12 30.0

NG-B 0 2 7 12 9 22.5
G-B 1 0 5 10 6 15.0

Total 8 14 24 22 46

Patillo NG-G 0 6 5 2 11 27.5
(10) G-G 0 1 0 1 1 2.5

NG-B 0 0 0 1 0 0.0
G-B 0 0 0 0 0 0.0

Total 0 7 5 4 12

Grand Total 16 39 38 32 93

*Age of tree In parenthesis 
NG-G: Non-girdled green stem
G-G: Girdled green stem
NG-B: Non-girdled brown stem
G-B: Girdled bream stem
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environment the green stems were also better, having up to four times 
more roots than the brown stems In all cases.

Brown stem cuttings taken from both girdled and non-girdled 
branches of 5-year old Beaumont trees gave the highest number of 
callused cuttings as compared to all others where the number of callused 
cuttings were negligible (Table II)*

Rooting trial in the shaded polyethylene-covered frame with supplementary 
light

The results are shown In Table III and Fig. 8. Data presented In 
Table III show that cuttings taken from 5-year old Beaumont tree showed 
the highest number of rooting, followed by the 10-, and 17-year old 
trees. The 10-year old Beaumont tree was about 7 times superior In terms 
of rooting to the Patillo tree of the same age. Girdling Increased 
rooting in cuttings taken from brown stems of 5- and 17-year old 
Beauaont trees, while those from both the 10-year old Beauaont and 
Patillo trees showed poor rooting (Fig. 8). Particularly, no rooting 
was observed In girdled stems of the Patillo tree. Generally, green 
stems rooted better than brum stems; however, girdled green stem 
cuttings from 17- and 10-year old Beauaont trees shoved poorer rooting 
than brown stem cuttings. Irrespective of age of tree and girdling, 
green stems showed about 2 times better rooting than brown stems. Very 
few callused cuttings were observed in all treatments as reported In 
Table III.

Rooting trial In the polyethylene-covered frame In the greenhouse
The results given In Table IV show that the cuttings from the 5-year 

old Beaumont trees showed the best rooting; those from the 17-year old
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TABLE III. EFFECT OP AGE OF PARENT TREE, GIRDLING, AND AGE OF STEM 
ON ROOTING OF GUAVA STEM CUTTINGS PLANTED IN SHADED 

POLYETHYLENE-COVERED FRAME WITH LIGHT 
(40 CUTTINGS PER TREATMENT)

Parent tree Type of rooting Callused Total Per cent
and age* Stem Good Fair Poor only Rooted rooted
Beaumont NG-G 1 4 0 0 5 12.5

(17) G-G 1 1 0 1 2 5.0
NG-B 0 1 0 0 1 2.5
G-B 2 1 1 1 4 10.0

Total 4 7 1 2 12

Beaumont NG-G 14 3 1 0 18 45.0
(10) G-G 0 1 1 0 2 5.0

NG-B 3 3 1 0 7 17.5
G-B 0 0 0 I 0 0.0

Total 17 7 3 1 27

Beaumont NG-G 10 5 0 0 15 37.5
(5) G-G 11 4 0 0 15 37.5

NG-B 0 4 2 0 6 15.0
G-B 2 4 2 0 8 20.0

Total 23 17 4 0 44

Patillo NG-G 1 1 0 0 2 5.0
(10) G-G 0 0 0 0 0 0.0

NG-B 0 1 1 1 2 5.0
G-B 0 0 0 0 0 0.0

Total 1 2 1 1 4

Grand Total 45 33 9 4 87

*Age of tree in parenthesis 
NG-G: Non-girdled green stem
G-G: Girdled green stem
NG-B: Non-girdled brown stem
G-B: Girdled brown stem
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TABLE IV. EFFECT OF AGE OF PARENT TREE, GIRDLING, AND AGE OF STEM 
ON ROOTING OF GUAVA STEM CUTTINGS PLANTED IN 
POLYETHYLENE-COVERED FRAME IN GREENHOUSE 

(40 CUTTINGS PER TREATMENT)

Parent tree Type of rooting Callused Total Per cent
and age* Stem0 Good Fair Poor only Rooted rooted

Beauaont NG-G 0 0 0 0 0 0.0
(17) G-G 0 0 0 0 0 0.0

NG-B 0 2 0 0 2 5.0
G-B 0 1 0 2 1 2.5

Total 0 3 0 2 3

Beaumont NG-G 6 3 1 0 10 25.0
(10) G-G 0 2 0 0 2 5.0

NG-B 0 0 0 3 0 0.0
G-B 0 0 0 0 0 0.0

Total 6 5 1 3 12

Beaumont NG-G 0 1 0 0 1 2.5
(5) G-G 4 3 0 0 7 17.5

NG-B 1 0 2 4 3 7.5
G-B 3 3 1 4 7 17.5

Total 8 7 3 8 18

Patillo NG-G 0 0 0 0 0 0.0
(10) G-G 0 0 1 0 1 2.5

NG-B 0 1 0 0 1 2.5
G-B 0 0 0 2 0 0.0

Total 0 1 1 2 2

Grand Total 14 16 5 15 35

*Age of tree In parenthesis 
NG-G: Non-girdled green stem
G-G: Girdled green stem
NG-B: Non-girdled brown stem
G-B: Girdled brown stem
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tr«c were the poorest, and those of the 10-year old tree were 
Intermediate. Cuttings from the 10-year old Beauaont tree were as ouch 
as six times superior In terms of rooting to those of the 10-year old 
Patillo tree. Examination of Fig. 9 make it clear that In the 5-year 
old Beauaont tree girdling Increased rooting ability of both green and 
brown stem cuttings. In the 10-year old Patillo tree, girdled green 
stems showed better rooting. In the 17- and 10-year old Beaumont trees, 
girdling decreased rooting. Green stems taken from 17-year old trees, 
and brown stems from 10-year old trees of the Beauaont variety did not 
root at all. Irrespective of the age of trees and girdling, green stems 
shewed slightly better rooting than brown stems. The best callusing was 
observed in cuttings taken from 5-year old Beaumont trees. Callusing 
was rather poor with all others (Table XV).

pgpg.ral comparison of rooting In relation to age of trees, girdling and 
axe of stem

Summaries of the analysis of variance, Including all four environ­
mental conditions are given in Tables V and VI.

A comparison of the results of rooting under four different 
experimental environments shows that cuttings from 5-year old trees 
rooted best, followed by those of the 10- and 17-year old trees. When 
the rooting results of the 10-year old Beaumont and Patillo (also a 
10-year old tree) were compared, cuttings of the former clone were found 
to root better, Indicating clonal differences. With respect to the age 
of the tree and the age of the stem in the clone Beaumont, girdled stems 
tended to decrease rooting when compared to non-girdled stems. At all 
ages, green stems shewed better rooting than brown stems.
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TABLE V. SUMMARY OF ANALYSIS OF VARIANCE OF ROOTED CUTTINGS TAKEN FROM DIFFERENT AGES OF BEAUMONT
(5-, 10- and 17-year old). DATA TRANSFERRED /s/artT BASIS FOR ANALYSIS OF VARIANCE

Source of 
variation

Degrees of 
freedom

Mean Square =ss8a™-r=s mmmmmmmm
Shaded 

mist box
Unshaded 
mist box

Shaded 
Polyethylene-covered 
frame with light

Polyethylene- 
covered frame 
in greenhouse

Replication 3 0.0465 0.1401 0.3457 0.0920
Tree age (T) 2 1.7667*+ 2.3685** 1.4221** 0.0462
17 vs 10+5 1 3.3488** 3.7882** 1.8178** 0.7368
10 vs 5 1 0.1845 0.9486** 1.0264** 0.1876
5 vs 10+17 1 1.6564** 3.3004** 2.4067** 0.6468
10 vs 17 1 1.8769** 1.4365** 0.4375 0.2754

Girdle (G) 1 0.0784 1.1907** 0.8034* 0.0093
Stea (S) 1 4.0137** 3.3496** 1.5588** 0.1131
Interactions
T x G 2 0.7537** 0.0025 1.0053** 0.5670
T x S 2 0.5999** 0.4149* 0.2376 0.5028
G x S 1 1.7404** 0.3781* 0.4900* 0.0380
T x G x S 2 0.0841 0.0215 0.0345 0.1968

Error 33 0.0842 0.1031 0.1342 0.3910

*: Significant at 5% level. 
**: Significant at 1% level.

K>
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TABLE VI. SUMMARY OF ANALYSIS OF VARIANCE OF ROOTED CUTTINGS TAKEN FROM 10-YEAR OLD BEAUMONT
AND PATILLO TREES. DATA TRANSFERRED ^ xrt-l BASIS FOR ANALYSIS OF VARIANCE

■in Mean Square
Source of 
variation

Degrees of 
freedom

Shaded 
mist box

Unshaded 
mist box

Shaded 
Polyethylene-covered 
frame with light

Polyethylene- 
covered frame 
in greenhouse

Relication 3 0.0317 0.3360* 0.1925 0.0427
Variety (V) 1 0.9180** 0.8096** 1.4408** 0.3403*
Girdle (G) 1 0.6441** 1.1213** 1.4408** 0.1922
Stea (S) 1 5.9685** 2.6113** 0.8224** 0.5305**
Interaction
V x G 1 0.3321 0.0075 1.3654** 0.1922
V x S 1 0.1431 0.2162 0.1288 0.5305**
G x S 1 0.6441 0.8353** 0.1288 0.0861
S x G 1 0.0820 0.0536 0.1069 0.3403*

Error 21 0.0781 0.0688 0.0999 0.0467

*: Significant at 5% level. 
**: Significant at 1% level.
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Comparative rooting response under four environments
Considering the total number of cuttings rooted under the four 

different environments, those grown in the mist boxes were generally 
superior to those in the polyethylene-covered frames. Table VII shows 
the average number of rooted and callused cuttings out of 160 cuttings 
under four different environments. Shaded mist box was superior to 
unshaded mist box. Shaded polyethylene-covered frame with light was 
superior to the polyethylene-covered frame with no light kept in the 
greenhouse. There was no statistical difference in the rooting per­
centages between unshaded mist and shaded polyethylene-covered frame 
with light.

The number of callused cuttings under four different environments 
are also shewn in Table VII. More callused cuttings were observed in 
the mist boxes than in the polyethylene-covered frames. Shaded mist 
box produced a large number of callused cuttings; the differences were 
statistically significant when compared with other environments.

Quality of rooted cuttings as affected by environments
In considering the quality of rooting, mist boxes were inferior to 

polyethylene-covered frames. Percentages of ’’good," "fair” and "poor" 
ratings of rooting, based on total numbers of rooted cuttings, are shown 
in Table VIII.

Polyethylene-covered frames produced nearly three times more "good" 

rooting than mist boxes. Shaded polyethylene-covered frame with light 

produced the highest percentage of "good" rooting. Percentage of "fair" 
rooted cuttings were almost similar in all environments.
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TABLE VII. ROOTED AMD CALLUSED CUTTINGS UNDER FOUR DIFFERENT ENVIRONMENTS

Shaded 
mist box

Unshaded 
mist box

Shaded 
Polyethylene-covered 
frame vith light

Polyethylene- 
covered frame 
In greenhouse

Average number 
rooted out of 
160 cuttings 
L.S.D. at 5Z level

29.0 23.3
4.2

21.8 8.8

Average number 
callused out 
of 160 cuttings 
L.S.D. at 5% level

24.0 8.0
13.7

1.0 3.7



TABLE VIII. RATING IN PER CENT OP GOOD," "PAIR" AND "POOR" TYPES OF ROOTING*

1 Rooting Percentages
Shaded 

mist box
Unshaded 
mist box

Shaded 
Polyethylene-covered 
frame with light

Polyethylene- 
covered frame 
In greenhouse

"Good" type 
rooting
L.S.D. at 5% level

10.8 11.3
16.6

37.2 23.6

"Pair" type 
rooting
L.S.D. at 51 level

37.2 50.9
40.1

43.2 57.6

"Poor" type 
rooting
L.S.D. at 51 level

56.5 37.8
23.6

0.1 12.5

* Refer Pig. 3, 4 and 5 on page 15.



More "poor" rooting van produced in the mist boms. Shaded mist 
box produced the highest proportion of "poor" rooted cuttings, and 
shaded polyethylene-covered frame with light the lowest.

CARBOHYDRATE AMD NITROGEN ANALYSES 
Total Sugars

The results of total sugar analysis of stems are given in Table IE. 
The analysis show that In girdled stems of the Beaumont clone both green 
and brown stems showed a greater amount of total sugars at 3 weeks than 
at 6 weeks for all age groups. In the stems of Patillo, however, there 
was a continuous Increase up to 6 weeks. Girdled green stems contained 
more sugar than girdled brown stems at 6 weeks, but It was variable In 
the non-girdled stems. In general, girdled stems contained a greater 
amount of sugar compared to non-girdled stems In both varieties.

The results of total sugar analyses for leaves are given In 
Table X. Leaf samples from girdled green and brown stems showed 
Increases In total sugar content up to 3 weeks, with values decreasing 
by 6 weeks, except In the case of leaves collected from girdled green 
stems of 17-year old Beauaont trees which showed continued Increase up 
to 6 weeks. At 6 weeks after girdling, leaves from the green stems of 
10-year old Beauaont trees and brown stems of the Patillo variety 
showed lowest total sugar content. Leaves from girdled brown and 
green stems of 5- and 17-year old Beauaont trees showed a constantly 
greater total sugar content than that of leaves from non-girdled stems.

Starch
The results of starch analyses for stems are shown In Table IX.
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These data show Chat there i» no marked Increase in search content in 
girdled stems up to 3 weeks after girdling. However, at 6 weeks after 
girdling there was a marked Increase in starch content in the 17-year 
old Beaumont and 10-year old Patillo trees. In the 10-year old Beaumont 
tree girdled brown stems shewed an increase in the starch content while 
girdled green stems actually showed a reduction. In the case of 
non-girdled stems, there was no marked differences in starch content 
throughout the sampling period.

The results of starch analyses for leaves are shown in Table X.
In the leaves collected from girdled branches there was an increase 
in starch content up to 3 weeks in both varieties at all ages, but 
the increase between 3 and 6 weeks was much lower and also variable.

Total carbohydrate
In Tables IX and X the total carbohydrates are given as the sum 

of total sugar and starch. The total carbohydrate content in the stems 
is shown in Table IX and Figs. 10 to 13. Total carbohydrate contents 
of girdled brown stems increased steadily, but at variable rates, from 
the time of girdling up to 6 weeks, in both clones of all ages; this is 
shown in Figs. 10 to 13. However, in the case of green stems, the 
pattern of carbohydrate accumulation showed some variation. Total 
carbohydrates in the girdled green stems of a 5-year old Beauaont tree 
(Fig. 12) showed an increase up to 3 weeks, with a rapid decrease in 
the next 3 weeks. This trend was also Observed in girdled green stems 
of a 10-year old Beaumont tree; however, here there was a slow rate of 
decrease (Fig. 11). In the case of the girdled branches of the 17-year
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TABLE IX. CARBOHYDRATE AND NITROGEN CONTENT IN GIRDLED AND NON-GIRDLED STEMS
FROM TREES OF DIFFERENT AGES (DRY HEIGHT BASIS)

Clone and 
agea

Stemb
Total Sugar 
Percent

Starch
Percent

Total Carbohydrate 
Percent

Total nitrogen 
Percent

W e e k s  A fa It a r G 1 r d 1 i n g
0 3 6 0 3 6 0 3 6 0 3 6

Beaumont NG-G 3.05 3.42 2.63 2.13 2.17 2.02 5.18 5.59 4.65 0.94 0.85 0.61
(17) G-G 4.15 3.64 1.61 3.16 5.76 6.80 0.61 0.46

NG-B 3.39 3.81 2.39 1.57 1.69 2.72 4.96 5.50 5.11 0.56 0.53 0.49
G-B 3.55 3.32 1.85 4.13 5.40 7.45 0.42 0.45

Beaumont NG-G 2.32 2.17 2.54 2.09 1.99 1.92 4.41 4.16 4.46 0.04 1.05 0.96
(10) G-G 3.99 3.56 1.63 1.32 5.62 4.88 0.94 0.69

NG-B 2.77 2.61 2.12 1.93 1.98 2.47 4.70 4.59 4.59 0.85 0.63 0.63
G-B 4.04 3.26 2.31 3.78 6.35 7.04 0.56 0.75

Beaumont NG-G 2.25 2.15 1.84 1.93 1.99 1.32 4.18 4.14 3.16 0.87 0.90 0.74
(5) G-G 4.53 3.33 2.04 1.63 6.57 4.96 0.69 0.65

NG-B 2.46 1.45 2.31 1.58 1.39 1.92 4.04 3.84 4.23 0.85 0.54 0.64
G-B 3.54 3.12 2.01 3.22 5.55 6.34 0.43 0.48

Patillo NG-G 2.71 1.67 3.58 1.94 1.91 1.74 4.65 3.58 5.32 0.91 1.02 0.83
(10) G-G 3.45 4.81 2.45 4.04 6.90 8.85 0.69 0.65

NG-B 3.35 2.75 3.36 1.85 1.33 1.56 5.18 4.08 4.92 0.85 0.75 0.61
G-B 3.85 5.37 2.15 3.82 6.00 9.19 0.61 0.49

*Age of tree in parenthesis 
NC-G: Non-girdled green stem
G-G: Girdled green stem
NG-B: Non-girdled brown stem
G-B: Girdled brown stem wO'



TABLE X. CARBOHYDRATE AND NITROGEN CONTENT IN LEAVES OF GIRDLED AND NON-GIRDLED STEMS
FROM TREES OF DIFFERENT AGES (DRY WEIGHT BASIS)

Clone and 
age*

Stemb
Total Sugar 
Percent

Starch
Percent

Total Carbohydrate 
Percent

Total Nitrogen 
Percent

W e e k s A f t e r G 1 r d 1 i n g
0 3 6 0 3 6 0 3 6 0 3 6

Beaumont NG-G 3.01 3.29 3.24 1.55 2.07 1.94 4.56 5.36 5.18 1.66 1.53 1.47
(17) G-G 3.46 4.45 2.34 2.72 5.80 7.17 1.28 1.13

NG-B 3.85 2.95 3.72 1.11 1.29 1.67 4.96 4.24 5.39 1.39 1.39 1.27
G-B 4.15 3.87 2.17 2.33 6.32 6.20 1.18 1.09

Beaumont NG-G 2.63 2.42 2.32 1.46 1.39 1.91 4.09 3.81 4.23 2.02 2.19 2.02
(10) G-G 3.68 2.24 2.03 2.51 5.71 4.75 1.75 1.47

NG-B 2.94 2.53 2.19 1.20 1.19 2.12 4.14 3.72 4.31 1.85 1.97 1.65
G-B 3.71 3.35 2.44 2.50 6.15 5.85 1.55 1.49

Beaumont NG-G 2.77 2.90 1.95 1.25 1.47 1.83 4.02 4.37 3.78 2.23 2.02 1.65
(5) G-G 4.12 2.95 2.30 2.29 6.42 5.24 1.69 1.23

NG-B 2.36 3.32 2.02 1.08 1.22 1.38 3.44 4.54 3.40 1.58 1.63 1.85
G-B 4.64 3.83 2.41 1.47 7.05 5.30 1.55 1.69

Patillo NG-G 3.34 3.37 3.23 1.59 2.01 1.58 4.93 5.38 4.81 2.01 1.82 1.55
(10) G-G 4.35 3.97 2.55 1.86 6.90 5.83 1.55 1.58

NG-B 2.83 3.34 3.43 1.28 1.38 1.52 4.11 4.72 4.95 1.38 1.45 1.49
G-B 4.32 2.45 2.01 2.05 6.33 4.50 1.28 1.49

®Age of tree In parenthesis 
NG-G: Non-girdled green stem 
G-G: Girdled green stem
NG-B: Non-girdled brown stem
G-B: Girdled brown stem w-Vj
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old Beaumont and Patillo traaa (Pigs. 10 and 13), tha total carbohydrate 
contant continued to increaae up to 6 weak*.

Tha data on total carbohydrates of tha leaves are also given in 
Table X. Leaves of girdled green steas shewed a rapid increase in 
total carbohydrates up to 3 weeks in all trees. In the second 3-week 
period, the leaves of the 5-year old Beauaont trees showed a sharp 
decrease in total carbohydrates, particularly in total sugars. Leaves 
of the 10-year old Beauaont tree end those of the Patillo tree showed 
a moderate decrease, while leaves of the 17-year old Beaumont tree 
actually showed an Increase. In the case of the leaves from girdled 
brown stems at 3 week* after girdling, all showed high increases in 
total carbohydrate content but later decreased in varying degrees.

Total Nitrogen
The results of total nitrogen analyses for steas are shown in 

Table IX and Figs. 10 to 13. Tha nitrogen content of green steas 
tended to be higher than in brown steas. Girdling tended to decrease 
the nitrogen content in both green and brown stems (Figs. 10 to 13), 
with a single exception, where girdled brown steas of a 10-year old 
Beauaont tree recorded a higher nitrogen content than its non-girdled 
counterpart at 6 weeks after girdling.

Total nitrogen content in leaves are given in Table X. Unlike 
steas, leaf nitrogen in girdled and non-grldled green or brown steas 
were found to be variable as compared to their counterparts in the 
steas. However, girdling tended to give slallcr results with steas. 
Leaves contain much higher amounts of nitrogen than steas.
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TEMPERATURE AND HUMIDITY IN THE FOUR ENVIRONMENTS
A suranary of temperature and humidity recorded during the period 

of the rooting experiment ere given in Table XI. The date show that 
both air and medium (vermiculite) temperatures in the mist boxes were 
lower than under polyethylane-coverad frames. Considering mean air 
temperature in the unshaded end shaded mist boxes, there was no 
discernible difference; however, the range et 12 noon, and 5 p.m., 
tended to be slightly wider in the former than in the latter. Mean air 
temperature at 12 noon, and 5 p.m., in the shaded polyethylene-covered 
frame with light, were slightly lower then in the polyethylene-covered 
frame in the greenhouse.

The mean temperature of tha medium also tended to be lower in the 
mist boxes than in polyethylene-covered frames. Temperature of the 
medium increased steadily until noon and remained constant up to 5 p.m. 
in the polyethylene-covered frames, but in the mist boxes there were 
slight decreases toward 5 p.m. There was a slight gain in medium 
temperature in the unshaded mist box over shaded mist box at noon.
The range of medium temperatures under the unshaded mist box was wider 
than under shaded mist box.

Per cent relative humidity was recorded at the same time 
temperatures were recorded but only under the polyethylene-covered 
frames. Generally, relative humidity was highest in the morning, 
decreased et noon and again increased slightly tcwards evening. There 
was no difference in relative humidity between the two polytheylene- 
covered frames.
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TABLE XI. SUMMARY OP TEMPERATURE AND HUMIDITY DATA IN PLANTING ENVIRONMENTS

Time
Air 

Temperature 
Mean Range

Medium 
Temperature 
Mean Range

Relative
Bwldlty

Range
7 AM 65(61-68) 68(63-71)

Shaded mist box 12 noon 69(63-71) 74(68-80)
5 PH 66(62-70) 73(65-79)

7 AM 65(62-69) 68(63-74)
Unshaded mist box 12 noon 70(63-75) 76(70-82)

5 PM 66(61-72) 73(66-83)

7 AM 70(65-78) 69(66-72) 76(68-79)
Shaded polyethylene-covered 12 noon 82(67-91) 76(69-80) 60(50-70)

frame with light
5 PM 73(66-82) 76(68-83) 68(61-77)

7 AM 69(64-80) 68(66-70) 77(70-80)
Polyethylene-covered frame 12 noon 83(69-90) 76(70-80) 60(51-73)

in greenhouse
5 PM 75(67-81) 76(69-83) 66(60-78)



ORIGIN AND DEVELOPMENT CP ADVENTITIOUS ROOTS

Green stem cuttings were collected from non-girdled branches of 
a 10-year old Beauaont tree and planted in the shaded mist box only.
They were removed at 10-day intervals and used for an anatomical study 
of adventitious root development.

Very few cuttings started callusing after 10 days. However, 
after 20 days, most cuttings shewed well-developed callus at the basal 
cut surface.

Photomicrographs of cross- and longitudinal sections of stems 
obtained at planting time are shewn in Pigs. 14 and 15, respectively. 
Since the stems were very young, the camblun was difficult to 
distinguish from adjoining layers of cells that were differentiating into 
xylem and phloem. Pigs. 16 to 19 shew photomicrographs of cross- and 
longitudinal section of cuttings removed 20 days after planting and 
Pigs. 20 to 23 show these removed 30 days after planting.

Root primordla were not detected in cuttings that had been in the 
rooting medlus for less than 20 days. Pigs. 16 and 17 represent cross- 
and longitudinal-sections showing initial stages of adventitious root 
primordla arising from the cambial zone.

As the root prlmordlum continues to develop, the bark is pushed 
outward. Enlargement of the cells occur in the central portion of the 
prlmordlum at about this stage (Pigs. 18 and 19). Further enlargement 
takes place while the root is growing through the cortex (Figs. 20 and 
21). The cortex is pushed out and partially crushed by the growing 
prlmordlum. The differentiation of xylem to connect with the xylem of 
the root begins at this stage. Adventitious roots external to the stem
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were seen after 30 days of planting. Figs. 22 and 23 are cross- and 
longitudinal-sectlons of steas harvested after 30 days of planting 
at which time the young adventitious roots were visible.
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FIG. 14.

FIG. 15.

FIG. 16. 

FIG. 17. 

FIG. 18. 

FIG. 19.

CROSS-SECTION OF GUAVA STEM(25X)
Co
Ph
Ca
X
Pi

Cortex 
Phloem 
Caablal zone 
Xylem 
Pith

LONGITUDINAL SECTION OF GUAVA STEM(26X)
Co: Cortex
Ph; Phloem
Ca; Cambial zone
X: Xylem
Pi: Pith

CROSS-SECTION OF CUTTINGS SHOWING INITIAL STAGE OF 
ROOT PRIMCRDIUM(25X). ARROW SHOWS YOUNG ROOT 
PRIMGRDIUM

LONGITUDINAL SECTION GF CUTTINGS SHOWING INITIAL 
STAGE OF ROOT FRIM0RDIUM(26X). ARROW SHOWS YOUNG 
ROOT PRJMORDIUM
CROSS-SECTION OF CUTTING SHOWING GROWING ROOT 
PRIMQEDIUM( 25X). ARROW SHOWS GROWING ROOT 
PRIHCSDIUH
LONGITUDINAL SECTION OF CUTTING SHOWING ROOT 
PRDKRDIUH(28X). ARROW SHOWS GROWING ROOT 
PRBfCRDIUM
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FIG.

FIG.

FIG.

FIG.

20. CROSS-SECTION CP CUTTING SHOWING ROOT INITIAL 
PENETRATING BARK(28X)

21. LONGITUDINAL SECTION OF CUTTING SHOWING ROOT 
INITIAL PENETRATING BARK(27)

22. CROSS-SECTION OF CUTTING SHOWING WELL-DEVELOPED 
R00T(20X).

23. LONGITUDINAL SECTION OF CUTTING SHOWING WELL- 
DEVELOPED R0OT(17X)
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DISCUSSION

Results of these experiments shcsr that cuttings taken from 
younger parent trees rooted better than those taken from older parent 
trees, and green stems rooted better than brown stems. It is not 
clearly understood why cuttings from juvenile materials root sore 
readily. Physiological and anatomical differences are most likely to 
contribute to differential rooting ability. Pllet (43) Observed store 
ready ensymatic oxidation of auxin In older pea tissues, suggesting 
that the superior rooting of Juvenile cuttings might be due to low 
ensymatic oxidation, resulting In a higher endogenous auxin content. 
Baakbane (4) studied root initiation of two types of shoots, i.e., 
shoots exhibiting juvenile characteristics and mature shoots, both 
derived from the same plant. He indicated that, in seedling apples, 
the basal Juvenile shoots are relatively free from schlerenchyma cells 
which mechanically block protrusion of developing roots. In white 
pine stem cuttings, Delisle (16) observed that living cells of the 
pith, cortex, and rays retained their protoplasm for a longer time in 
the cuttings from young trees than in corresponding cuttings from 
old trees.

Girdling Is practiced for a variety of reasons, e.g., to stimulate 
root initiation in tha stem cuttings and to Induce flowering. Stolts 
(60) suggested that improved rooting of girdled stem cuttings might 
be due to accumulation of carbohydrate and formation of root initials. 
It Is also reported by several workers that a low nitrogen content 
favors root Initiation (44, 59). A change in carbohydrate and nitrogen



content may be brought about by girdling. In lychee, Jonas and 
Beaumont (32) found that in girdled steas there was about a 28-fold 
increase in starch as coopered to non-girdled stems, but there were 
very little changes in nitrogen and sugars. Maskell and Mason (37) 
observed an increase In total nitrogen content in leaves and steas 
above the point of girdling in cotton plant. But Loomis (34) found 
that in apple trees the carbohydrate content above the point of 
girdling increased, while total nitrogen content decreased. He 
suggested that phloem rings on woody plants temporarily check the move­
ment of both carbohydrate and organic nitrogen compounds. Within a 
period of 4 to 6 weeks, the effectiveness of the rings seeaad to 
disappear as the cells of the ringed segments became increasingly 
permeable, with organic materials lost into the xylem and thus moved 
past interruption in the phloem. Murneek (39) also observed a low 
nitrogen content and high carbohydrate in the girdled stems in two 
varieties of apple.

In this experiment also, the total carbohydrate content increased 
and total nitrogen content decreased in the leaves and steas above the 
point of girdle as compared with those of non-girdled branches with an 
increase in time; this suggests that the normal downward translocation 
of carbohydrate and upward translocation of nitrogen were efficiently 
blocked out at the point of girdling.

Despite high carbohydrate and low nitrogen contents in the girdled 
stem, which are reported to be conditions favorable for root initiation 
in various plants, cuttings taken from girdled branches showed poor 
rooting as compared with those taken froa non-girdled branches.
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Reference to Table IX Indicates that 6 weeks after girdling, when 

cuttings were taken, stems of a 17-year old Beaumont tree contained the 

highest amount of total carbohydrate, 10-year old the intermediate, and 

5-year old tree the lowest values. However, rooting response was just 

the reverse, the 5-year old tree being the best, followed by the 10- 

and 17-year old trees, as shown in Tables I, II, III, and IV. The 

nitrogen content showed a somewhat variable picture as compared to that 

of carbohydrate in stems where a 10-year old Beaumont tree showed the 

highest total nitrogen content, followed by the 5- and 17-year old 

trees, when analyzed 6 weeks after girdling. Results show that stems 

from a 17-year old Beaumont tree were the poorest and those from 5-year 
old tree the best in rooting response.

Comparing 10-year old Patillo and 10-year old Beaumont trees, 

cuttings taken from the former contained higher amounts of total 

carbohydrate and lower nitrogen, but rooting was poorer in the Patillo 

than in the Beaumont. Similarly, for all age groups of Beaumont and 

Patillo, brown stems contained higher amounts of total carbohydrate 

and had a lower level of nitrogen as compared to green stems, but in 

this case rooting was poorer than for green stems.

It cannot be said that a high carbohydrate content and low nitrogen 

level in cuttings are invariably associated with ease of rooting, at 

least in the case of guava stem cuttings. There may be other stronger 

influencing factors associated with rooting. In this experiment mild 

chlorosis was observed in the leaves of girdled branches 3 weeks after 

girdling, possibly due to Interrupted translocation of food material. 

Stoltz and Hess (61) reported that, in hibiscus, auxin content
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decreased with time In tha tissue above the girdle. However, in this 
particular experiment, tha cuttings were treated with NAA. Therefore, 
the possibility of a lew auxin content, resulting in poor rooting is 
not likely to be a primary factor.

It has been shown that different varieties of the same species 
differ significantly in rooting ability (4, 5, 7, 46, 60). In this 
experiment, also, a considerable variation existed between Patillo and 
Beauaont varieties, even for trees of the same age, with the former 
being inferior in rooting ability.

Considering the effects of environment on quality and extent of 
rooting, the cuttings in mist boxes differed considerably from those 
under polyethylene-covered frames. Propagation with mist always tended 
to result in greater numbers of total rooted cuttings with excellent 
callusing, but with a high percentage of poor quality rooting. Total 
rooting was rather poor under polyethylene-covered frames but the 
percentage of good quality roots was high. A high proportion of 
callusing and high percentage of poor quality rooting in mist boxes 
suggests the possibility of slew root growth; it might therefore be 
advantageous to allow the cuttings to be under mist for a longer time 
for better rooting. However, this may have practical implications if 
rooted cuttings are urgently needed; polyethylene-covered frames, 
especially with light, should prove useful. But if one is primarily 
interested in better rooting, regardless of the time factor, mist box 
propagation seems more appropriate, as indicated by results given in 
Tables VII and VIII.
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Although formation of callus and root Initials are Independent
of each other there was a tendency for the better rooting lots of
cuttings to produce a high proportion of callusing as well under 
conditions of these experiments.

Temperature may be the most Important factor In obtaining better 
quality rooting under polyethylene-covered frames. The temperatures 
recorded Indicate that there are always higher air and medium 
(vermlcullte) temperatures under polyethylene-covered frames than In 
mist boxes.

In this experiment, maximum rooting occurred in the shaded mist 
box. It Is probable that reduction of light by one-half provided more 
nearly an optimum light condition. In the shaded mist box, no leaf
scorching was observed, but In the unshaded mist box some leaf scorching
was observed. Similar observations were also reported by Singh et al. 
(35).

Although temperature and humidity were almost similar under both 
polyethylene-covered frames, the one provided with fluorescent lighting 
during the night gave significantly higher amounts of rooting when 
compared with the non-illuminated one. Stoutemyer et al. (64), working 
on the propagation of Citrus. Hibiscus. and Bougainvillea, among other 
plants, obtained exceptionally good rooting under fluorescent lights; 
this surpassed the rooting obtained In similar propagation frames 
placed within an ordinary greenhouse, where the rooting medium and the 
temperature were the same under both conditions.

For optimum rooting, a combination of certain factors appears 
very important. Shaded mist box, fortified with fluorescent lights,
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and enclosed by a polyethylene-covered frame, may prove to be the beat 
conditions for rooting of guava stem cuttings.

Anatomical studies shew that root primordla of adventitious roots 
originate In the camblal zone. The origin of adventitious roots in 
stem cuttings of the following plants are also reported to be in the 
camblal zone: olive (35), tobacco (27), Forsythia suspense (65), and 
apple (66).
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SUMMARY

The rooting ability of single node guava stem cuttings of different 
ages of stem (green and brown), subjected to two treatments (girdled 
and non-girdled), from different-age trees (5-, 10-, and 17-year old 
Beaumont trees, and a 10-year old Patillo tree) were tested under four 
different environments, i.e., shaded and unshaded mist boxes; shaded 
polyethylene-covered frame with light; and polyethylene-covered frame 
in a greenhouse.

1. The rooting ability of cuttings decreased as the age of the 
parent tree increased.

2. Green stem cuttings were found to be superior to brown stem 
cuttings in rooting ability.

3. Guttings from 10-year old Beaumont tree rooted better than 
those taken from a 10-year old Patillo tree, showing clonal 
differences in rooting ability.

4. Girdling of branches increased the carbohydrate content and 
decreased the nitrogen content above the point of girdling; 
however, cuttings from girdled branches did not show better 
rooting than those taken from non-girdled branches.

5. Considering the total number of rooted cuttings in the four 
planting environments, the shaded mist box was best, followed 
by the unshaded mist box, the shaded polyethylene-covered 
frame with light, and the polyethylene-covered frame in a 
greenhouse, in that order.



6. The quality of rooted cuttings was much better in the 
polyethylene-covered frames than in mist boxes.

7. An anatomical study showed that adventitious root primordla 
are formed in the camblal zone.
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