
MORPHO-PHYSIOLOGICAL EVALUATIONS
OF ALEPPO AND BRUTIA PINE SEEDLINGS

UNDER TWO DIFFERENT MOISTURE REGIMES
(SYRIA, AFFORESTATION, CHLOROPLASTS).

Item Type text; Dissertation-Reproduction (electronic)

Authors ABIDO, MOHAMMAD SULEIMAN.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:15:06

Link to Item http://hdl.handle.net/10150/188171

http://hdl.handle.net/10150/188171


INFORMATION TO USERS 

This reproduction was made from a copy of a manuscript sent to us for publication 
and microfilming. While the most advanced technology has been used to pho
tograph and reproduce this manuscript, the quality of the reproduction is heavily 
dependent upon the quality of the material submitted. Pages in any manuscript 
may have indistinct print. In all cases the best available copy has been filmed. 

The following explanation of techniques is provided to help clarify notations which 
may appear on this reproduction. 

1. Manuscripts may not always be complete. When it is not possible to obtain 
missing pages, a note appears to indicate this. 

2. When copyrighted materials are removed from the manuscript. a note ap
pears to indicate this. 

3. Oversize materials (maps, drawings, and charts) are photographed by sec
tioning the original, beginning at the upper left hand corner and continu
ing from left to right in equal sections with small overlaps. Each oversize 
page is also filmed as one exposure and is available, for an additional 
charge, as a standard 35mm slide or in black and white paper format. • 

4. Most photographs reproduce acceptably on positive microfilm or micro
fiche but lack clarity on xerographic copies made from the microfilm. For 
an additional charge, all photographs are available in black and white 
standard 35mm slide format. • 

*For more information about black and white slides or enlarged paper reproductions, 
please contact the Dissertations Customer Services Department. 





8613802 

Abido, Mohammad Suleiman 

MORPHO-PHYSIOLOGICAL EVALUATIONS OF ALEPPO AND BRUTIA PINE 
SEEDLINGS UNDER TWO DIFFERENT MOISTURE REGIMES 

The University of Arizona 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, Ml48106 

PH.D. 1986 





PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark _..j_. 

1. Glossy photographs or pages-L 

2. Colored illustrations. paper or print __ _ 

3. Photographs with dark background ,/ 

4. Illustrations are poor copy __ _ 

5. Pages with black marks. not original copy __ 

S. Print shows through as there is t~xt on both sides of page __ _ 

7. Indistinct. broken or small print on several pages __ _ 

8. Print exceeds margin requirements __ 

9. Tightly bound copy with print lost in spine __ _ 

10. Computer printout pages with indistinct print __ _ 

11. Page(s) _____ lacking when material received, and not available from school or 
author. 

12. Page(s) _____ seem to be missing in numbering only as text follows. 

13. Two pages numbered ___ . Text follows. 

14. Curling and wrinkled pages __ 

15. Dissertation contains pages with print at a slant. filmed as received ___ _ 

1S. Other ___________________________________________ ___ 

University 
Microfilms 

International 





Morpho-physiological Evaluations of Aleppo 

and Brutia Pine Seedlings Under Two 

Different Moisture Regimes 

by 

Mohammad Suleiman Abido 

A Dissertation Submitted to the Faculty of the 

SCHOOL OF RENEWABLE NATURAL RESOURCES . 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN WATERSHED MANAGEMENT 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 986 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by ____ M_o_h_a_rnm __ a_d __ S_u_l_e_im __ an __ A_h __ i_do ____________________ _ 

entitled Morpho-physiological Evaluations of Aleppo and Brutia 
------~--~~----~-----------------------~~--------------------

Pine Seedlings Under Two Different Moisture Regimes. 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy 
------------------------------------------------------------

Date 

Date 7 

~/fl% 
Date ....,Il 

.I 7~t JlC 
Date 

Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 

•• quir... t. ~ 4/J?7/fy 
---------------~------------------Date 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations from this dissertation are 
allowable without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the head of 
the major department or the Dean of the Graduate College 
when in his or her judgment the proposed use of the material 
is in the interests of scholarship. In all other instances, 
however, permission must be obtained from the author. 



ACKNOWLEDGMENTS 

I would like to express my sincere appreciation to 

my major advisor and dissertation director, Dr. Peter 

Ffolliott, for his friendship, support and encouragement 

during the progress of this study. Also, I would like to 

thank members of my committee: Dr. Malcolm Zowlniski, Dr. 

Martin Fogel, and Dr. Martin Karpiscak for reviewing my 

manuscript. 

My deepest gratitude goes to the following people 

for their help, time, and encouragement: Dr. John Thames, 

Watershed Management; Dr. Kennith Foster, Arid Land Resource 

Sciences; Dr. Wayne Ferris, Molecular and Cellular Biology; 

Dr. Paul Bartels; and Dr. Kaoru Matsuda, Plant Sciences. 

Special thanks goes to David Bentley, Agricultural 

Experiment Station, for his professional touch during 

scanning electron microscope work, and to Dr. Phil Ogden for 

providing the laboratory. 

Finally, a special note of thanks goes to my wife, 

Wahiba and to my daughters, May and Suzan, whom probably 

still do not know why I like Aleppo pine. 

iii 



TABLE OF CONTENTS 

LIST OF ILLUSTRATIONS. 

LIST OF TABLES 

ABSTRACT • . . 

INTRODUCTION . 

LITERATURE REVIEW 

METHODS 

Plant-Water Relationship . 
Effect of Water Deficits •.... 
Drought Resistance . . . . • • • . . . • • . 
Causes of Drought Resistance • . • . . . • . 
Reactions of Aleppo and Brutia Pine 

to Drought . • . . . • . . . . . . 
Possible Answers to Drought Resistance 

in Aleppo and Brutia Pine .•.•••. 
Anatomical and Morphological Features .. 
Physiological Processes ..•. 
Ultrastructural Stability of 

Chloroplasts . 

Morphological and Anatomical Analysis •. 
Needle Morphology and Anatomy ... 
Root Shoot Characteristics . . . . . 

Carbohydrate Analysis ........ . 
Adequate and Inadequate Moisture 

Conditions •..•• 
Dry-Down Conditions 
Measurements . . • . • . 

Ultrastructural Stability 

iv 

Page 

vi 

x 

xiii 

1 

5 

5 
7 
8 
9 

11 

13 
13 
17 

20 

23 

24 
24 
26 
27 

27 
27 
27 
30 



TABLE OF CONTENTS--Continued 

RESULTS AND DISCUSSION . . . . . . . 

Morphological and Anatomical Analysis. 
Needle Morphology and Anatomy .. 
Root Shoot Characteristics . 

Growth and Carbohydrate Analysis . . 
Growth . . . . . . . . . . . . . 
Carbohydrate Trend under adequate pnd 

Inadequate Moisture Conditions .... 
CarbohydrateTrendUnderDry-Down 

Moisture Stress ...... . 
Ultrastructural Stability of the 

Chloroplasts . . . . . 

SUMMARY AND CONCLUSIONS 

APPENDIX . 

LITERATURE CITED . 

v 

Page 

31 

31 
31 
43 
47 
47 

52 

83 

91 

103 

107 

108 



LIST OF ILLUSTRATIONS 

Figure 

1. 

2. 

3. 

4. 

Classification of plants adapted to dry 
climates . . . . . . • .. . . . . . . . 

Glucose standard curve. 

Scanning electron micrographs of the cross
sections of the primary needles of Aleppo 
pine (top) (XI17) and Brutia pine (bottom) 
(Xl13) ............... . 

Scanning electron micrographs of Aleppo 
pine (top) (Xl17) and Brutia pine (bottom) 
(X77) primary needle surface ...... . 

5. Scanning electron micrographs of Aleppo pine 
(top) (X1,170) and Brutia pine (bottom) 

Page 

10 

28 

32 

33 

(X850) stomata. . . • . . • . . . . . . . . . .. 34 

6. Electron micrographs of cuticles of Aleppo 
pine (left) (X24,000) and Brutia pine 
(right) (X24,000) primary needles .... 

7. Scanning electron micrographs of epidermis 
of Aleppo pine (top) (X943) and Brutia pine 

36 

(bottom) (X1,180). . . . . . . . . . . . 37 

8. Shoot and root systems of ten-month-01d 
seedlings of Aleppo pine (left) and Brutia 
pine (right) . .. . . . . . . . . . . . . . . .. 50 

9. Height growth for Aleppo and Brutia pine 
seedlings under two different moisture 
regimes (each point represents the 
minimum average of 20 samples) .... 

10. Seasonal trend of TNC for Aleppo and Brutia 
pine seedlings grown under two different 
moisture regimes (each point represents the 
average of 4 samples) .......... . 

vi 

51 

54 



11. 

12. 

13. 

14. 

LIST OF ILLUSTRATIONS--Continued 

Seasonal trend of reducing sugars of Aleppo 
and Brutia pine seedlings grown under two 
different moisture regimes (each point 
represents the average of 4 samples) 

Seasonal trend of starch in Aleppo and 
Brutia pine seedlings grown under two 
different moisture regimes (each point 
represents the average of 4 samples) 

Seasonal trend of TNC in the shoots of 
Aleppo and Brutia pine seedlings grown 
under two different moisture regimes (each 
point represents the average of 4 samples) 

Seasonal trend of reducing sugars in the 
shoots of Aleppo and Brutia pine seedlings 
grown under two different moisture regimes 
(each point represents the average of 4 
samples) . • • . • • . • • • • • . . • 

15. Seasonal trend of starch in the shoots of 
Aleppo and Brutia pine seedlings grown 
under two different moisture regimes (each 

vii 

Page 

61 

64 

67 

69 

point represents the average of 4 samples) . 72 

16. Seasonal trend of TNC in the roots of Aleppo 
and Brutia pine seedlings grown under two 
different moisture regimes (each point 
represents the average of 4 samples) . . . . • .• 74 

17. 

18. 

19. 

Seasonal trend of reducing sugars in the 
roots of Aleppo and Brutia pine seedlings 
grown under two different moisture regimes 
(each point represents the average of 4 
samples) . . • • • . • . • . • . . . • • . 

Seasonal trend of starch in the roots of 
Aleppo and Brutia pine seedlings grown 
under two different moisture regimes (each 
point represents the average of 4 samples) 

Total non-structural carbohydrates, reduc
ing sugars, and starch in Aleppo and Brutia 
pine seedlings subjected to dry own. (each 
point represents the average of 6 samples) 

77 

79 

87 



LIST OF ILLUSTRATIONS--Continued 

20. Total non-structural carbohydrates, reduc
ing sugars, and starch in the shoots of 
Aleppo and Brutia pine seedlings subjected 
to dry down (each point represents the 
average of 6 samples) • • • . • . • . . . . 

21. Total non-structural carbohydrates, reduc
ing sugars, and starch in the roots of 
Aleppo and Brutia pine seedlings subjected 
to dry down (each point represents the 
average of 6 samples) . • ..•••. 

22. Electron micrographs of an Aleppo pine 
mesophyll cell showing the chloroplast 
arrangements of fully hydrated needles 
(X22,000) (left), (XI3,500) (right) . 

23. Electron micrographs of a Brutia pine 
mesophyll cell showing the chloroplast 
arrangements of fully hydrated needles 
(X13,OOO) (left), (X13,200) (right) . 

24. Electron micrographs of partially hydrated 
needles of Aleppo pine (RWC of 87 percent) 
showing chloroplast arrangements of a 
mesophyll cell (X14,OOO) (left), (X5,000) 
(right) •....•.•........•. 

25. Electron micrographs of partially hydrated 
Brutia pine needles (RWC of 86 percent) 
showing chloroplast arrangements of a 
mesophyll cell (X20,OOO) (left), (X14,000) 
(right) ........•......•.. 

26. Electron micrographs of partially hydrated 
Aleppo pine needles (RWC of 63 percent) 
showing chloroplast arrangements of a 
mesophyll cell (X24,OOO) (left), (XI3,500) 
(right) .....•.•.......... 

27. Electron micrographs of partially hydrated 
Brutia pine needles (RWC of 62 percent) 
showing chloroplast arrangements of a 
mesophyll cell (X25,OOO) (left), (XI4,200) 
(right) .........•........ 

viii 

Page 

89 

90 

93 

94 

95 

96 

97 

98 



LIST OF ILLUSTRATIONS--Continued 

28. Electron micrographs of partially hydrated 
Aleppo pine needles (RWC of 52 percent) 
showing chloroplast arrangements in a meso
phyll cell (X13,000) (left), (X4,400) 
(right) •••....•.•.•••.•.. 

29. Electron micrographs of partially hydrated 
Brutia pine needles (RWC of 50 percent) 
showing chloroplast arrangements of a 
mesophyll cell (XI8,000) (left), (XI4,000) 
(right) ...•...........•.. 

ix 

Page 

100 

101 



Table 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

LIST OF TABLES 

Mean values for the anatomical features of 
primary needles of ten-month-old Aleppo and 
Brutia pine seedlings grown under two 
different moisture regimes (each value 
represents the average of 20 readings) 

Analysis of variance for the morphological 
and the anatomical features of the primary 
needles of ten-month-old Aleppo and Brutia 
pine seedlings grown under two different 
moisture regimes •......•.••.. 

Mean values for the morphological features 
of the roots and shoots of ten-month-old 
Aleppo and Brutia pine seedlings grown under 
two different moisture regimes (each value 
represents the average of 10 readings) .•. 

Analysis of variance of the shoot and root 
characteristics of ten-month-old Aleppo and 
Brutia pine seedlings grown under two 
different moisture regimes •....•. 

Mean height growth values (cm) for Aleppo and 
Brutia pine seedlings grown under two 
different moisture regimes •.•• 

Analysis of variance for the growth in 
height of Aleppo and Brutia pine seedlings 
grown under two different moisture regimes 

Mean monthly values (mg/g) of total non
structural carbohydrates, reducing sugars, 
and starch for Aleppo pine seedlings grown 
under adequate moisture conditions (each 
reading represents the average of 4 samples) 

Mean monthly values (mg/g) of total non
structural carbohydrates, reducing sugars, 
and starch for Brutia pine seedlings grown 
under adequate moisture conditions (each 
reading represents the average of 4 samples) 

x 

Page 

39 

40 

44 

45 

48 

49 

55 

56 



LIST OF TABLES--Continued 

9. Mean monthly values (mg/g) of total non
structural carbohydrates, reducing sugars, 
and starch for Aleppo pine seedlings grown 
under inadequate moisture conditions (each 
reading represents the average of 4 samples) 

10. Mean monthly values (mg/g) of total non
structural carbohydrates, reducing sugars, 
and starch for Brutia pine seedlings grown 
under inadequate moisture conditioris (each 
reading represents the average of 4 samples) 

11. Species, treatments, months, and the inter
action effects on the amount and distribu
tion of total non-structural carbohydrates 
in the seedlings of Aleppo and Brutia pine 

12. Species, tr.eatments, months, and the inter
action effects on the amount and distribu
tion of reducing sugars in the seedlings of 
Aleppo and Brutia pine •..•••..... 

13. Species, treatments, months, and 
action effects on the amount and 
ution of starch in the seedlings 
and Brutia pine. • . . . . • 

the inter
distrib
of Aleppo 

14. Species, treatments, months, and the inter
action effects on the amount and distribu
tion of total non-structural carbohydrates 
in the shoots of Aleppo and Brutia pine 

15. 

seedlings ...•..•....•.••... 

Species, treatments, months, and the inter
action effects on the amount and distribu
tion of reducing sugars in the shoots of 
Aleppo and Brutia pine seedlings •.... 

16. Species, treatments, months, and the inter
action effects on the amount and distribu
tion of starch in the shoots of Aleppo and 
Brutia pine seedlings ....••...••. 

xi 

Page 

57 

58 

60 

63 

65 

68 

70 

71 



LIST OF TABLES--Continued 

17. Species, treatments, months, and the inter
action effects on the amount and distribu
tion of total non-structural carbohydrates 
in the roots of Aleppo and Brutia pine 

18. 

seedlings ••.....••.••.....• 

Species, treatments, months, and the inter
action effects on the amount and distribu
tion of reducing sugars in the roots of 
Aleppo and Brutia pine seedlings ...•. 

19. Species, treatments, months, and the inter
action effects on the amount and distribu
tion of starch in the roots of Aleppo and 

xii 

Page 

75 

76 

Brutia pine seedlings. . . . . . . . . • . . • 78 

20. Mean values (mg / g) for total non-structural 
carbohydrates, reducing sugars, and starch in 
different parts of Aleppo and Brutia pine 
seedlings subjected to dry down (each point 
represents the average of 6 samples) • • . . 84 

21. Analysis of variance of total non-structural 
carbohydrates, reducing sugars, and starch 
in various parts of Aleppo and Brutia pine 
seedlings subjected to dry down. Seedlings 
were harvested at 100-90, 90-80, 80-70, 70-
60, and less than 60 percent RWC . . . . . . . .• 86 



ABSTRACT 

The mechanism of drought resistance in the seedlings 

of Aleppo pine (finus halepensis) and Brutia pine (Pinus 

brutia) was investigated. Both species showed anatomical and 

morphological adaptations to conserve moisture. Aleppo pine 

had a thicker cuticle, fewer stomata per unit length, per 

unit area, and per needle than Brutia pine. A significant 

number of Aleppo pine stomata were sealed with a waxy layer. 

Brutia pine had shorter needles, smaller needle surface 

area, a smaller surface area-to-volume ratio, and longer 

main root length. 

The two species were similar in height growth and in 

the seasonal trend of total non-structural carbohydrates 

(reducing sugars and starch). Brutia pine had more reducing 

sugars and less starch in its shoots than Aleppo pine. The 

latter had a greater amount of total non-structural 

carbohydrates and starch when the seedlings were subjected 

to dry down moisture stress. 

Electron microscopy techniques were used to monitor 

ultrastructural changes in the chloroplasts of mesophyll 

cell s. Aleppo pine was found to contain chloroplasts 

exhibiting water stress-related damage at a relative water 

content of 62 percent, where as Brutia pine chloroplasts 

were disrupte"d. 

xiii 
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It is suggested that future investigations examine 

the physiological manifestation of drought mechanism at the 

cellular and molecular levels of both species. 



INTRODUCTION 

Most of the forested area in Syria, once about 47 

percent of the area of the country but now only 2.4 percent 

(Zoght, 1978), is degraded and unproductive (Nahall, 1982). 

Currently, efforts are being made to protect old forests and 

increase the percentage of the forested area by planting new 

stands. These reforestation and afforestation programs are 

directed toward protection of the eroded soil in mountainous 

areas, where the soils are shallow and stony, and dry out 

quickly at the end of the rainy season. 

Brutia pine (Pinus brutia) forests are naturally 

distributed on more than 40,000 ha in northwestern Syria. 

This species grows in association with false-serrated oak 

(Quercus pseudocerris) in cooler, damper locations, and with 

Kermes oak (2~ercu~ calliprinos) in drier places (Nahall, 

1982) • 

Aleppo pine (Pinus halepensis) is also present in a 

limited distribution in the Al-Kadmous and Safita areas of 

the country (Nahall, 1982). Aleppo pine is a common species 

throughout the Mediterranean region, ranging from southern 

Europe to Asia Minor. It occurs in the eastern 

Mediterranean areas in stands mixed with several kinds of 

1 
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oak, such as berry oak (Quercu§. coccif era). Al so, it grows 

mixed with several broad-leaved maquie-shrubs to form the 

upper story of these stands (Zohary, 1982). Aleppo pine 

occurs in uneven-aged stands and, usually, on shallow 

limestone soils and those derived from sandstone. It is 

reported that Aleppo pine is resistant to soil salinity 

(Francois and Clark, 1978), to drought (Goor and Barney, 

1968), and to a reasonable amount of frost. 

Because of its ability to endure severe edaphic and 

climatic conditions, Aleppo pine has been used for 

reclaiming poor soils and for afforestation in most of the 

Mediterranean countries. The species also has been 

introduced into several arid and semi-arid regions of the 

world. 

Brutia pine, once recognized as a variety of Aleppo 

pine, is at present considered a different species (Mirov, 

1955; Nahall, 1962). Allegri (1973) and Nahall (1982) 

regarded Brutia pine as a complex species. Unlike Aleppo 

pine, Brutia pine is restricted to the eastern Mediterranean 

regions. It is found from Greece to Iraq, concentrated 

principally in Turkey and Cyprus. 

Brutia pine is usually distinguished from Aleppo 

pine by its straighter trunk, coarser and longer needles, 

and cones which are not deflixed. Also, Aleppo pine is 

susceptible to the attacks of Matscoccus josephi while 

Brutia pine is not (Mirov, 1955). 
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Although Brutia pine grows in almost every soil, 

best growth can be obtained on soils with pH 5.8 to 7.2 

(Giulimondi, 1972). According to Urgenc (1971), Brutia pine 

is a fast-growing species in its early stages. It is 

reported that Brutia pine and Aleppo pine are the most 

important species in afforestation, control of erosion, and 

sand dune fixation in arid and semi-arid regions of the 

world (Satcioglu and Pamay, 1962; Melzack, Grunwald, and 

Schiller, 1981). Both species are recommended for use in 

large scale afforestation projects in Syria (Nahall, 1982), 

but problems occur in determining where these species should 

be introduced with respect to drought or rainfall. 

There is only limited knowledge concerning the 

influence of anatomical, morphological, and physiological 

features on seedling growth and survival in both species. 

Before improved afforestation techniques can be developed, 

such information is necessary to form the base for future 

research concerning the two species. The research reported 

here is the investigation of possible differences in anatomy 

and morphology, total non-structural carbohydrates, and the 

ultrastructural stability of chloroplasts between the two 

species under two different moisture regimes. 

The objectives of this study were to investigate the 

basis of drought tolerance in Aleppo pine in comparison with 

Brutia pine by analyzing: 
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1. foliage anatomy of both species; 

2. root morphology; 

3. the overall growth of both species, and the 

seasonal trend of total non-structural 

carbohydrates (level and cycle of distribution) 

when seedlings of both species were grown under 

adequate and inadequate moisture conditions; 

4. level and distribution of total non-structural 

carbohydrates when seedlings of both species 

were subjected to a dry down period; and 

5. the sensitivity of each species to gradual 

increases in water stress, in terms of the 

ultrastructural stability of the chloroplasts. 



LITERATURE REVIEW 

Plant distribution and development is limited, to a 

great extent, by the availability of water. In fact, the 

water supply controls establishment, survival, and 

productivity of plants throughout arid and semi-arid regions 

of the world. The variability in the distribution of 

moisture is reflected in the diversity of plant adaptations 

to utilize water efficiently. 

In dry areas, the efficient use of water by plants 

is more essential than in wetter areas, and one goal of a 

dry land management system is to maximize the use of this 

limited resource. Morphological and physiological 

characteristics of plants play an important role in 

determining the ability of certain vegetation types to 

survive and grow in habitats of various moisture regimes. 

Plant-Water Relationship 

Water plays an important role in controlling 

survival and productivity of plant communities. The 

importance of water comes from its being: 

1. a prime constituent of physiologically active 

tissue; 

2. a raw material for most metabolic processes; 

5 



3. a solvent for salts, sugars, and gases; and 

4. essential for maintaining cell turgidity, which 

isnecessaryfor cell enlargement and growth 

(Kramer, 1969). 

6 

Transpiration can be defined as the loss of water 

from plants in vapor form through evaporation and diffusion 

processes. Absorption is the process of water uptake from 

the soi 1 by pI ant roots, either by active or passive means 

(Kramer and Koz lowski, 1979). Both transpiration and 

absorption are important in controlling the water status in 

plants. The rate of transpiration is controlled by several 

factors: leaf area and structure, extent of stomatal 

opening, and the vapor pressure gradient between the leaf 

and the surrounding atmosphere (Kramer and Kozlowski, 1979). 

The rate of water absorption is controlled by 

transpiration (water loss), by the extent and efficiency of 

the root system, and by edaphic factors such as soil 

temperature, soil aeration, soil moisture, and the 

concentration of soil solution. Because many factors affect 

the rate of transpiration and water absorption, water status 

in plants changes daily and seasonally. water deficits can 

develop either by excessive loss of water, by insufficient 

absorption, or by a combination of these two measures 

(Kramer, 1963). 
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Effect of water Deficits 

Shortage of water, or a water deficit, not only 

reduces the amount of growth, but also changes the pattern 

of growth. Vegetative growth is related to cell turgidity; 

loss of turgidity stops cell division and enlargement and 

results in smaller plants (Hsiao, 1973). The ratio of root

to-shoot is increased by water deficits. Leaf area usually 

is reduced, but leaf thickness is increased. Under drought 

conditions, an extensive and dense network of veins and ribs 

is formed, and the epidermal and stomatal cells decrease in 

size. Also, the amount of lignification and cutinization is 

increased. Hence, water deficits result in xeromorphic 

characteristics in plants. 

Moisture stress is beneficial in reducing water loss 

from plants; on the other hand, it has an indirect effect on 

photosynthetic processes by reducing leaf area, which, in 

turn, interferes with gas exchange. A direct effect of water 

stress on photosynthesis is dehydration of protoplasm, 

lowering its capacity for photosynthesis. 

Water deficit has a variable effect on respiration. 

Brix (1962) found a gradual decrease in respiration of 

loblolly pine (Pinus taed~) seedlings, followed by an 

increase and then a decrease as the moisture stress 

advanced. Scheneider and Childers (1941), on the other hand, 

stated that respiration of app1 e (!1~us co!!!!!!uni~) 1 eaves 

was increased with decreasing soil moisture. 
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water stress can modify physiological and 

biochemical processes in plants. A decrease in starch 

content (depletion of food) is common. Disturbance of 

nitrogen metabolism (hydrolysis of protein) and destruction 

of ribonucleic acids are increased (Henckel, 1964). Slatyer 

(1967) pointed out that accumulation and demand for 

nutrients are reduced during the period of water stress. 

Drought Resistance 

Drought resistance in plants can be defined, 

according to Meyer and Anderson (1952), as the capacity of 

plants to survive periods of drought with little or no 

injury. The lack of water caused by drought is usually 

associated with high tissue temperatures. Plants which live 

in arid and semi-arid environments are continuously exposed 

to the impact of harsh environmental conditions; therefore, 

these types of plants have various kinds of adaptations to 

water scarcity and extremely high temperatures. Plants 

which grow under these xeric conditions are called 

xerophytes. 

Henckel (1964: p. 363) defined drought resistance 

plants "as those which in the process of ontogenesis are 

able to adapt to the effect of drought and which can 

normally grow, develop and reproduce under drought 

conditions because of a number of properties acquired in the 

process of evolution under the influence of environmental 
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conditions and natural selection." Figure 1 presents a 

classification of plants which are adapted to dry climate. 

Causes of Drought Resistance 

Stress can be defined as any environmental factor 

which is potentially unfavorable to 1 i ving organisms 

(Levitt, 1972). Stress resistance is the ability of plants 

to survive unfavorable conditions. Drought resistance 

depends on a number of phenological, morphological, and 

physiological factors. Some plants are considered drought

avoiding because they can escape periods of drought by means 

of completing their life cycle before drought is initiated. 

Some plants are considered drought-postponing. This group 

of plants is able to store large amounts of water (Cacti 

sp.), possess heavily cutinized leaves (carob), has good 

stomatal control which leads to a low rate of transpiration 

(Aleppo pine), or has deep root systems (acacia) 

(Oppenheimer, 1968). Other plants are considered 

desiccation-tolerant; the protoplasm of these plants is able 

to tolerate or survive severe dehydration without 

irreversible injury (Levitt, 1972). It should be mentioned 

here that the majority of higher plants (including woody 

species) belong to the category of desiccation-postponing or 

desiccation avoiding group (Levitt, 1972). 
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Ability to stay alive 
(Drought resistance) 

Ability to prevent 
reduction in water 
content. 

(Drought avoidance) 

Adaptability to dry climates 
(Xerophytism) 

Ability to grow and develop 
(no name): 

Ability to survive 
reduction in water 
content. 

1. ability to germinate and 
grow. 

2. suitable photo-thermo
periodic responses. 

(Drought tolerance) 
(desiccation resistance) 

Dehydration avoidance Dehydration tolerance 

Ability to complete life 
cycle before extreme 
drought 

Ephemerals 
(Drought escaping) 

Ability to obtain large 
amount of water during 
drought 

Water spenders 
(Drought evading) 

Ability to reduce 
water loss to a 
minimum 
water savers 

(Drought enduring) 

Figure 1. Classification of plants adapted to dry climates (after Levitt et 
al., 1960; Levitt, 1972). t-' 

o 



species. 

Reactions of Aleppo and Brutia Pine 
to Drought 

11 

Aleppo pine and Brutia pine are drought-resistant 

They can withstand hot climates and long periods 

of drought (Goor and Barney, 1968). Moulopulos (1951) , and 

Papajoannou (1954) reported that Brutia pine is more 

resistant to injury from freezing than is Aleppo pine. 

These authors also noted that Brutia pine can withstand 

higher temperatures and greater fluctuations in moisture. 

In general, Brutia pine grows at higher elevations. 

According to Waisel (1959), Aleppo pine showed 100 percent 

survival for nine days beyond the permanent wilting point of 

sunflower (Helianthus sp.) plants, while Brutia pine was 

able to survive (with 100 percent survival) for four days 

beyond the permanent wilting point of sunflower plants. 

Recently, Mugnozza (1980) found that 18 months old 

seedlings of Aleppo pine recovered from exposure to water 

potentials of -49 bars. He added that there was a high 

degree of variation among individual seedlings in response 

to water stress. 

Heth (1980) studied the relationship between shoot 

and root water potentials of Brutia pine in comparison with 

M 0 n t ere y pin e ( R. !'~3.i~!~ ). Up 0 n e x ami n i n g t his 

relationship, he came to the conclusion that Brutia pine is 

a drought tolerant species. 
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The mechanism by which these two species survive 

long periods of drought is unknown. Several anatomical 

studies have been conducted to reveal what adaptations 

enable the species to survive droughts. Leshem (1965, 1974) 

attributed the mechanism of drought resistance in Aleppo 

pine to root activities. He stated that when the soil 

becomes dry, root extension ceases and the layers of cells 

under the root cap become suberized. This suberized tissue 

forms a continuous layer with the endodermis. When soil 

conditions improve, root apices penetrate the suberized 

layer, enabling root elongation to resume. Also, he stated 

that the mucigel (gelatinous material at the surface of 

roots grown in normal soil) may retard desiccation of apical 

meristems and young tissue before suberized lamellae 

develop. 

Oppenheimer and Shomer-Ilan (1963) ascribed the 

cause of drought resistance in Aleppo pine to the lower 

cuticular transpiration in comparison with stone pine (f. 

pinea). After examining the stomatal system in Aleppo pine, 

Whiteman and Koller (1965) attributed the success of the 

species, when planted under adv~rse moisture conditions, to 

the possession of an effective stomatal control against 

water loss. 



Possible Answers to Drought Resistance
in Aleppo and Brutia Pine 
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A plant water balance depends not only upon 

anatomical features, but also on physiological processes. 

The whole plant complex must be examined for a better 

understanding of the plant-water relationship. 

Anatomical and Morphological Features 

Foliage Characteristics. Various authors have 

pointed out the importance of foliage features on the water 

economy of plants. Slatyer (1969) emphasized the effect of 

leaf size on transpiration per unit of surface area. He 

stated that small leaves tend to be cooler than large leaves 

because of a thinner boundary layer which permits more rapid 

sensible heat transfer. 

Sutcliffe (1968) stressed the importance of surface 

area, external morphology and the internal structure of 

leaves in the reduction of water loss through transpiration. 

He stated that the IItotal leaf area has a significant effect 

on water loss of individual plants. 1I Usually, plants with a 

large leaf area transpire more than those with small ones. 

Watson (1968), Kramer (1969), and Levitt (1972) 

reported that reducing leaf size, total leaf area, rate of 

production of new leaves, and increasing cuticle thickness, 

stomatal resistance, and root-shoot ratio would help plants 

maintain a favorable water status. 
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In addition to leaf size and shape, there are other 

important anatomical features which are tradi tionally 

considered to be valuable for water conservation. The most 

important of these are cuticle and stomata characteristics. 

The cuticle is a layer of cutin and wax. Cuticle 

structure and constituent vary among species, and they are 

basically controlled by environmental and genetic 

differences. The waxy layer of the cuticle is relatively 

impermeable to water. Generally, the cuticle functions to 

hold the cellular tissues compact and firm, insulate the 

plant body from its environment, and prevent loss of plant 

components by 1 eaching. Al so, it has a physiol og ica 1 

function in supplementing the action of stomata in 

regulating movement of water from plant to the surrounding 

environment. The cuticle, in conjunction with the 

epidermis, forms an effective barrier to water loss 

(Slatyer, 1967). Kramer (1969) associated favorable 

moisture status in plants with cuticular thickness or 

waxiness of leaf surfaces. 

The role of the cuticle in suppressing water loss is 

not well understood. Saltyer (1967), and Kramer (1969) 

stated that the cuticle thickness is important in 

restricting water loss. Others (Mueller et al., 1954) 

pointed out that the external waxy layer is not of much 

importance in retarding cuticular transpiration. Also, 

Schieferstein and Loomis (1956) reported that the action of 
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restricting water loss is due to wax deposition ~ithin the 

cellulose-pectin wall and not necessarily on the top of it. 

Lee and Priestley (1924) observed that plants grown 

under high light intensities and/or in low moisture 

conditions develop thick cuticles. Later, Priestley (1943) 

reported that there is no relationship between the degree of 

xeromorphism and the cuticle thickness. Despite these 

contradictory views, all workers agree that water loss is 

greatly retarded by the presence of the cuticle. Generally, 

the cuticle restricts water loss by being a hydrophobic 

barrier, and by altering the spectral properties of the leaf 

(Thomas and Barber, 1974). 

Stomata play an important role in plant water 

relationship. In fact, the response of the stomata is a 

valuable protective mechanism against water loss. Although 

stomatal pores occupy 1 percent of the leaf surface, about 

90 percent of the water lost from plants vanishes through 

these pores. One of the most important features of stomatal 

adaptations is the reduction in the number and/or size of 

stomata (Pallardy, 1981). Number and density of stomata are 

extremely variable, even within a single species. For 

example, plants which grow in sunny conditions have more 

numerous but smaller stomata , while plants grow in the 

shade have fewer but larger ones. 

Thames (1963) reported some adaptations in needle 

anatomy in loblolly pine in seedlings grown in xeric 



16 

condi tions in comparison to seedlings grown in moist 

habitats. He concluded that these adaptations (fewer number 

of stomata per unit area , thicker protective layers, etc.) 

might help the seedlings of the species survive and make 

significant height growth on droughty sites. Knauf and 

Bi Ian (1977), after extensive studies of the root and 

foliage characteristics of the species, came to the same 

conclusion. 

It should be noted that there is an inverse 

relationship between stomatal size and density. Also, 

stomata differ within a single plants; lower leaves tend to 

have larger but fewer stomata than leaves of higher origin. 

Root Characteristics. Some researchers noted that 

seedlings with extensive root systems tolerate drought 

better than those with sparsely branched roots. Also, 

watson (1968) and Levitt (1972) stated that water stress is 

decreased when plants have deeply-branched root systems. 

The root-to-shoot biomass ratio or the ratio of 

absorbing surfaces-to-transpiring surfaces basically 

represents various degrees of carbon allocation to the 

foliage or roots. Kramer (1969) associated favorable water 

status in plants to greater root-shoot ratio. Kummerow 

(1980) reported that root-to-shoot ratios do not offer any 

clue regarding the adaptations of root systems to water 

deficits. Barbour (1973) concluded that perennial plants in 
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arid areas rarely show root-to-shoot ratios above one. 

However, Rodin, Bazilevich, and Miroshnichenko, (1972) found 

root-to-shoot ratios of 7 to 8 in the Syrian Artemisieta 

(Ar!:.§.!!!isi.§! sp.). 

Physiological Processes 

Carbohydrates are an important constituent of plant 

tissue, because they are direct products of photosynthesis. 

Principally, reserved and currently produced carbohydrates 

are used in growth throughout various seasons of the year, 

and also as materials to provide energy for physiological 

processes. 

Carbohydrates are classified into three broad 

categories: monosaccharides, oligosaccharides, and 

polysaccharides. The most common monosaccharides in plant 

tissue are glucose and fructose, which are mainly reducing 

sugars. within the oligosaccharides, sucrose, which is a 

disaccharide, is the most abundant sugar in plant tissue. 

In fact, sugars are transported in plants in form of 

sucrose. Starch and cellulose are considered the most 

important sugars in the category of polysaccharides. 

Cellulose and starch are composed of hundreds of glucose 

molecules. They differ ~rom each other only in the type of 

the bonding. Starch is considered the most abundant food 

reserve in woody plants ( Kramer and Kozlowski, 1979). 
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Starch is the main storage form of carbohydrate in 

conifers. However, some carbohydrates are stored as fat 

(Ishibe, 1935; David et al., 1959; Ziegler, 1964; and 

Kimura, 1969). In general, sugar levels are high in winter 

and low in summer, while starch levels are high in spring 

and autumn and low throughout the rest of the year. 

Even though conifers are able to produce 

carbohydrates throughout the year, reserve carbohydrates are 

essential in early growth (Allen, 1964; Kozlowski and 

Winget, 1964). Krueger and Trappe (1967) found that shoot 

expansions in one-year-old Douglas-fir (f~~~QQ!~~g~ 

menziesii) shoots were mainly sustained from carbohydrates 

stored in the previous season. Clausen and Kozlowski (1967) 

and Gordon and Larson (1968) reported that the mobilization 

of carbohydrates from old needles to be used in shoot and 

needle growth. 

There have been numerous attempts to relate the 

amount or the type of carbohydrate utilization pattern in 

plants to environmental stresses, in particular cold and 

drought. Iljin (1957) reported that some physiological 

processes (such as stomatal function, photosynthesis, 

respiration, carbohydrate metabolism and several other 

processes) are modified to enable species to survive times 

of stress. Parker (1959) found that certain types of sugars 

(including sucrose, glucose, and fructose) increased in 

colder months in some conifers. 
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The role of sugar as a protective agent in drought 

or cold resistance is uncertain. Parker (1968) believed 

that certain sugars are capable of replacing the water in 

the crystaline lattice of proteins. Also, he emphasized the 

importance of sugar in protecting the RNA-DNA complex and 

drought or cold sensitive enzymes. He also, suspected that 

the mechanism of starch-sugar conversion may well be tied to 

the ability of plants to tolerate drought or cold periods. 

Spoehr and Milner (1939) reported that in certain 

cacti monosaccharide sugars decreased, and hexosans and 

pentosans increased during summer drought. Also, they 

indicated that the pentosans imbibe water and may retard its 

loss. The specific relationship between drought hardiness 

and carbohydrate concentrations is not well defined. 

Julander (1945) and Sosebee and Wiebe (1971) stated that 

plants accumulate carbohydrates during drought periods, and 

that these reserves are essential to heat resistance. Eaton 

and Ergle (1948) reported the accumulation of starch in the 

roots and the conversion of starch into hexose sugars in the 

tops of cotton plants during drought. 

Total non-structural carbohydrate (TNC) reserves 

were reported to be increased in times of droughts in some 

grass species (Brown and Blaser, 1965, 1970; Blaser §.! al., 

1966). Meanwhile, Sysakian (1940) stated that the 

accumulation of soluble carbohydrates in the leaves of non-
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irrigated plants is attributed to the inhibition of 

translocation. 

Starch decomposition was reported by Iljin (1957) in 

plants adapted to moist habitats, when water loss reached 

the range of 15 - 30 percent (fresh weight basis). Also, he 

added that the same phenomenon occurs within the range of 50 

to 60 percent water loss in plants adapted to dry habitats. 

Wadleigh and Ayers (1945) reported the depletion of starch 

in bean leaves when subjected to water stress. 

Carbohydrate analysis is usually used as a basis for 

comparison between species. Species which are adapted to 

particular conditions are expected to have higher levels of 

carbohydrates throughout the annual cycle of growth (Russel, 

1940). According to Sysakian (1940), drought hardy plants 

are capable of maintaining their synthetic activities at a 

higher level during drought than under normal conditions. 

Ultrastructural Stability of Chloroplasts 

The effects of water stress on the ultrastructure of 

plant tissue are complex due to several complicating 

factors. The disruptive mechanism of of water stress has 

been debated for years. It is not clear whether the damage 

results from denaturation or mechanical disruption of cell 

components. While Iljin (1957) favored the idea of 

mechanical damage (distortion), Samygin and Mateeva (1967) 

believed that the dehydration of plant tissue causes·a 
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mechanical rupture of cell membranes and dehydrative 

denaturation. However, these latter authors concluded that 

dehydrative denaturation is more important than mechanical 

damage. 

The ability of plants to survive drought depends 

mainly on the capacity of a species to limit or tolerate the 

damage (maintain physiological processes) and to repair 

it se 1 f once damage occurs. Hencke 1 (1970) considered the 

high activity and the preservation of mitochondrial 

ultrastructure under drought to be one of the most important 

characteristics of drought resistance. 

The integrity of the chloroplast is directly linked 

to its ability to phosphorylate and, subsequently, to carry 

on photosynthetic processes. There is a close relationship 

between the structure and the function of the chloroplasts 

(Gee, Writer, and Saltman, 1965). Ruptured or disorganized 

chloroplasts are unable to carryon photosynthesis. 

Electron microscopy studies have revealed that the effect of 

drought on cell organelles was fairly obvious. The 

degradation of these organelles (disorganization and rupture 

of membranes) was noticeab Ie in mi tochondr ia, nucl ei, 

chloroplasts (swe~ling of thylakoids), and others. The 

injury was evident in the disruption and disorganization of 

membranes (lamellar system), which are primarily composed of 

lipids and protein. 
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Schnepf (1961) reported that "golgi bodies often 

broke down during dehydration." Nir and Klein (1970) 

reported the breakdown of chloroplast lamellae when leaves 

of Blue spruce (Picea pungens) were subjected to heat (57 0 C 

for 15 - 20 seconds). Also, these investigators mentioned 

that the chloroplasts of eastern red-cedar (Juniperus 

virginiana) were more heat resistant when subjected to the 

same conditions. 

Loss of the definite structure of chloroplasts was 

reported by Giles, Beardsell, and Cohen (1974) when 

desiccation-intolerant higher plants were stressed to a 

nonlethal water deficit. Also, in a study on sorghum 

(Sorghu!!! bicolor), Giles, Cohen, and Beardsell (1976) 

described a series of ultrastructural changes in the 

chloroplasts which corresponded to the level of water 

stress. They concluded that plants stressed to a water 

potential of -25 bars showed no changes in the tonoplasts or 

the outer chloroplast membranes. 



METHODS 

Seedlings of Brutia pine and Aleppo pine were grown 

from seeds, obtained from the seed collections of the 

Ministry of Agriculture in Syria, in a controlled green 

house environment at The Campus Agricultural Center, 

University of Arizona, Tucson, Arizona. Seedlings of both 

species were planted in the same pot (20 cm wide and 16 cm 

deep) to insure identical moisture conditions. Each pot 

contained approximately 2000 g of 1:1 mixture of washed 

river sand and commercial potting soil. Soil pH was 6.S. 

Temperature in the green house averaged 26 0 C in the day and 

lSoC at night, while relative humidity averaged 50 percent 

in the day and SO percent at night. Normal photoperiod was 

not altered throughout the course of the study. 

Two weeks after germination, seedlings were thinned 

to one per pot. Six months later, the first height 

measurements were made, and the 150 pots were randomly 

separated into two groups. One group was subjected to 

moisture stress at a relative water content (RWC) of 70 - SO 

percent (by \vithholding water), while the other 'group 

continued to be watered as needed to keep soil moisture at 

field capacity. Plant water potential during the overall 

23 
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course of the experiment was monitored indirectlYr using the 

RWC technique of Clausen, and Kozlowski (1965). Height 

growth was recorded on a 2 month interval basis. 

A completely randomized design in factorial 

arrangements was employed, while the analysis used an 

Interactive Statistical Package (MSUSTAT) (Lund, 1983). The 

5 percent level of significant was chosen to evaluate the 

results of the study. 

Morphological and Anatomical Analysis 

Needle Morphology and Anatomy 

Morphological and anatomical features which play a 

role in restricting water loss from plants were evaluated. 

These features were separated into two groups. The first 

group (foliage characteristics) included needle length (NL), 

cross-sectional area (XA), abaxial (ABW) and adaxial (ADW) 

width, perimeter (PM), surface area (SA), and needle volume 

(V). The second group considered features such as cuticle 

thickness (CUT.TH), cutinized epidermis (CU.EP), epidermal 

thickness (EP.TH), stomata per unit area (ST/MM2), length 

(ST/MM), and stomata per needle (ST/NDL). 

Four needles were randomly selected from 4 different 

directions on the upper one-third of the main stem from each 

of five seedlings for each species in each treatment. 

Needle lengths were measured, number of stomata per mm 2 and 

per mm of row were measured on three locations, on both 
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abaxial and adaxial sides of the needles, and then averaged. 

Live (unprocessed specimens) and prepared epidermal strips 

(Ghouse and Yunus, 1972) were used in the stomatal counts. 

The numbers of stomata per needle were calculated. 

Needles were prepared for light microscopy 

examination as follows. Needle specimens were fixed in 3 

percent gluteraldehyde in phosphate buffer (pH 6.8) at OOC. 

After fixation, the tissues were subjected to dehydration by 

passing them sequentially twice through each solvent for a 

period of 2 hours: phosphate buffer, methyl cellosolve, 

absol ute eth·anol, N-propanol, N-butanol and finally in 

xylene. Tissues were then embedded in paraffin (paraplast) 

for two days, casted into blocks with proper arrangements of 

the needles inside the blocks, and stored at 4o C. Needles 

were sectioned with a rotary microtome. Selected cross

sections were mounted on slides, using Haupt's adhesive. 

The cross-sections were stained with saffrin 0 and 

counter stained with analine blue and orange G. 

Leaf tissue for the scanning electron microscope 

(SEM) evaluation were fixed in a solution containing I 

percent gluteraldehyde and 4 percent formaldehyde in 

phosphate buffer (pH = 7) for one hour. Samples were washed 

3 times in phosphate buffer to remove the fixative residue. 

Later, they were immersed for one hour in an aqueous post 

fixative containing I percent osmium tetroxide. To view the 

cross-sections of the needles, samples were dehydrated with 
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ethano 1. Need 1 es were pI aced in 1 iquid ni troogen, and 

segments about·l mm long were cut from the middle portion of 

the needles. All segments were then dried in a critical 

point drying machine, using liquid CO 2 , and stored in a 

desicator at room temperature. Leaf pieces were mounted on 

aluminum st.ubs and coated with gold-palladium (Au, 60 

percent; Pd, 40 percent). The mounted specimen were placed 

in a (SEM) and viewed at 20 Kv. Scarining electron 

micrographs were taken with 10.16 by 12.7 cm polaroidl film. 

For each of the 40 cross-sections of each species, 

cuticle thickness, cutinized epidermis, and epidermal 

thickness were measured at four different places and then 

averaged. Long (LD) and small (SD) diagonal cross-sections 

of the rhombus-shaped needles were measured. Cross-

sectional area, the perimeter, surface area, and needle 

volume were calculated using simple mathematical formulas. 

Root Shoot Characteristics 

Twenty plants of each species were randomly removed 

from the soil and washed in distilled water. Shoot heights 

(SH.HT) were recorded. Measurements were made of the length 

of main root (MRL) and first order roots (LFO). Tota 1 root 

length (TRL) was calculated, by adding main root length and 

1. M.ention of trade names does not necessari ly 
imply endorsement. 
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the total length of first order roots. Number of first order 

roots (NFO) were counted. Shoot dry weight (SH.DW) and root 

dry weight (R.DW) were obtained by placing them in an oven 

at 85 0 C for 24 hours. 

Carbohydrate Analysis 

Adequate and Inadequate Moisture Conditions 

Four plants of each species, in both treatments, 

were harvested on a monthly basis for the period of 12 

months for TNC, sugar , and starch analysis. The removed 

seedlings were washed in distilled water and the shoots were 

separated from roots. All tissue were dried in the oven at 

850 C for 24 hours. After drying, the tissue was ground and 

stored for later analysis. 

Dry-Down Conditions 

Randomly selected plants were subjected to simulated 

drought. water stress was produced by withholding water 

from the soil. Plant water potential was monitored during 

this period. Plants were harvested at five different levels 

of water stress: RWC of 100 - 90, 90 - 80, 80 - 70, 70 - 60, 

and below 60 percent. 

Measurements 

To evaluate the quantity of total non-structural 

carbohydrates in plant tissue, a glucose standard curve was 

generated (Figure 2). The procedure involved preparing 
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These 

concentrations ranged from 10 ug/ml to 100 ug/ml (see 

Appendix). Two ml of each concentration were introduced 

into 10 ml of anthrone reagent and boiled in water for 10 

minutes. Samples were then cooled in ice and left 5 minutes 

at room temperature. The optical density (absorbance) of 

each solution was read on a Bausch and Lomb Spectronic 20 

spectrophotometer at 620 nm. 

One-hundred mg of oven dried ground plant samples 

were used. Samples were placed in l25-ml Erlenmeyer flasks, 

treated with a mixture of ether and chloroform at 1:1 (in 

the case of shoots) to remove the chloroplasts and lipids. 

Later, sugars were extracted with 85 percent hot ethanol. 

Extracts were filtered using Watman paper No.2, and the 

final volume was recorded. 

The residue from ethanol extraction was dried and 

then boiled with approximately 10 ml of distilled water for 

10 minutes to extract starch. Following extraction and 

filtration, the final volume was recorded. 

After sugar and starch were extracted, lO m 1 of 

anthrone were introduced to 2 ml of sugar and 2 ml of starch 

solutions separately, boiled for 10 minutes, and cooled to 

room temperature. Absorbance was read at 620 nm. The 

amount of sugar in the samples was calculated by the 

following formula: 
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Sugar conc. (mg/g) = 

curve sugar conc.(mg/ml)X extract volume (ml) 

sample weight (g) 

TNC values were obtained by the summation of the 

amount of sugar and starch for each sample. All data were 

expressed as mg glucose equivalent per gram of oven dry 

weight. 

Ultrastructural Stability 

To evaluate the sensitivity of each species in terms 

of the ultrastructural stability of the chloroplasts to a 

gradual increase in water stress, random leaf samples of 

fully hydrated (90 - 100 percent RWC) and four different 

levels of dried-down (80 - 90, 70 - 80, GO - 70, and 50 - GO 

percent RWC) seedlings of both species were fixed in 3 

percent gluteraldehyde for three days, washed two times in 

buffer (Sodium cacodylate pH= 7.4), post-fixed with 2 

percent Osmium tetroxide for 2.5 hours, and dehydrated with 

ethanol series. The tissue was embedded in epoxy resin for 

one week, molded into capsules (Beem), and left in the oven 

at GOoC for two days for hardening. Later, materials were 

sectioned using an MT-2 Ultramicrotome, stained with aqueous 

uranyl acetate for 2 hours, followed by lead citrate for 15 

minutes. Sections were examined on a Philips 200 electron 

microscope. Micrographs at different magnifications were 

taken. 



RESULTS AND DISCUSSION 

Morphological and Anatomical Analysis 

Needle Morphology and Anatomy 

The primary leaves of both species are needle-like 

and approximately rhombic in cross-section (Figure 3). The 

needles are serrated with 4-8 rows of outside projected

modified epidermal cells. 

The stomata of both species are present on 

incomplete row s on the needl e surf ace (Figure 4). Stomata 

of Brutia pine appeared smaller in size than those of Aleppo 

pine. Upon examining the stomata of Aleppo and Brutia pine 

with light and scanning electron microscopes, it was found 

that 45 percent of the Aleppo pine stomata in the sampled 

needles were covered with a continuous layer of a waxy 

material which sealed the stomatal chamber completely with 

the exception of one or two openings for gas exchange 

(Figure 5). This continuous waxy layer was not observed in 

the stomata of brutia pine needles. There are various 

degrees of stomatal occlusion in conifers (Hanover and 

Reicosky, 1971). However, this phenomenon had not previously 

been observed in pine seedlings of similar' age, especially 

in Aleppo or Brutia pine species. Gambles and Dengler 
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Figure 3. 
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Scanning electron micrographs of the cross
sections of primary needles of Aleppo pine 
(top) (Xll7) and Brutia pine (bottom) (Xll3). 



Figure 4. 
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Scanning electron micrographs of Aleppo pine 
(top) (Xll7) and Brutia pine (bottom) (X77) 
primary needle surface. 



Figure 5. 

34 

Scanning electron micrographs of Aleppo pine 
(top) (Xl,l70) and Brutia pine (bottom) (X850) 
stomata. 
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(1973) reported similar observations on juvenile- leaves of 

Canadian hemlock (Tsuga canadensis) which had just emerged 

from the bud. 

Needles of both species possess a relatively thick 

cuticle (Figure 6). The cuticle is present on both sides of 

the needles. It appeared to be composed of 2-to-3 different 

regions in cross-section. 

The epidermis is a single layer of rounded cells in 

Brutia pine (20.85 urn); however, it is sometimes two or 

three layers in Aleppo pine (15.87 urn) (Figure 7). There is 

not much difference in the thickening of the outside or the 

inside walls of the epidermal cells of both species. 

Each needle of both species has two resin canals on 

the abaxial side of the leaves. The ducts are embedded in 

the spongy mesophyll, with an average diameter of 35.27 urn 

in Brutia pine and 48.25 urn in Aleppo pine. The canals are 

lined with a double layer of round or flattened cells. 

The endodermis is a single layer of cells with an 

average diameter of 36.36 urn in Brutia pine and 32.39 urn in 

Aleppo pine. Transport tissue (xylem and phloem bundles) 

are located in the middle of the endodermis circle 

surrounded by transfusion tissue. 

The mean values and the analysis for the anatomical 

and the morphological features of the primary needles taken 

from ten-month-old seedlings of both species grown under 

adequate and inadequate moisture conditions are shown on 



Figure 6. Electron micrographs of cuticles of Aleppo pine (left) (X24,000) and 
Brutia pine (right) (X24,000) primary needles. 
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Figure 7. Scanning electron micrographs of epidermis of 
Aleppo pine (top) (X943) and Brutia pine 
(bottom ) ( X l , l 8 0 ) . 
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Tables 1 and 2, respectively. The significanee of each 

parameter was examined from the viewpoint of water 

conservation, with emphasis on the differences between the 

species at the previously specified moisture levels. 

Needle length was significantly greater in Aleppo 

pine than in Brutia pine. The shorter needles of Brutia 

pine are advantageous, in that they contribute to a less 

exposed surface area and, subsequently, reduced water loss 

from the needles. 

There were significant differences in the abaxial 

width (1.045 mm in Brutia pine and 0.994 mm in Aleppo pine), 

adaxial width (0.934 mm in Aleppo pine and 0.995 mm in 

Brutia pine), and the perimeter (1.925 mm in Aleppo pine and 

2.025 mm in Brutia pine) between the two species. A large 

perimeter dimension means a large exposed surface area; it 

also means more plant tissue per unit volume in regard to 

surface area. 

There was a significant difference between the 

species with regard to cross-sectional area of the needles. 

The dimension was 0.036 mm 2 larger in Brutia pine than in 

Aleppo pine. Due to the difference in the length of the 

needles between the species (0.350 cm), the difference in 

the surface area of the needles carne to be significant. The 

surface area of Brutia pine needles was 21.77 mm 2 and 23.61 

mm 2 in Aleppo pine. A smaller surface area means less water 

loss through lowered transpiration. Surface area was 8.45 



Table 1. Mean values for the anatomical features of primary needles of ten-month
old Aleppo and Brutia pine seedlings grown under two different moisture 
regimes (each value represents the average of 20 readings). 

===================================================================================== 

Feature 
-------
Needle dimensions 

Length, cm 
Adaxial width, mm 
Abaxial width, mm 
Length of long 

diagona 1, mm 
Length of small 

diagonal, mm 
Perimeter of cross-

section, mm 
Area of cross-

section, mm2 
Surface area, mm2 
Volume, mm3 
Surface area/vol. 

Stomatal measurements 
Stomates/mm 
Stomates/mm2 
Stomates per needle 

Cuticle thickness, urn 
Cutinized epidermis, urn 
Epidermis thickness, urn 

* AC: 
AS: 

Aleppo control. 
Aleppo stress. 

BC: 
BS: 

AC* BC 

2.53 2.12 
0.92 0.98 
0.97 1.04 

0.82 0.84 

0.48 0.53 

1. 88 2.00 

0.20 0.22 
23.65 21.62 
2.53 2.40 
9.35 9.00 

7.91 9.17 
32.70 46.24 

772.80 994.90 

3.06 3.02 
4.29 4.35 

18.09 18.61 

Brutia control. 
Brutia stress. 

AS BS 

2.41 2.12 
0.94 1.01 
1. 02 1. 05 

0.90 0.96 

0.48 0.55 

1. 97 2.05 

0.22 0.27 
23.57 21. 92 
2.65 2.86 
8.89 7.66 

7.69 8.94 
38.91 42.12 

923.90 916.10 

3.26 2.70 ' 
4.05 3.04 

21. 87 13.15 

W 
\0 
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Table 2. Analysis of variance for the morphological and the anatomical features of 
the primary needles of ten-month-old Aleppo and Brutia pine seedlings 
grown under two different moisture regimes. 

===================================================================================== 
Feature Species 

NL 
AOW 
ABW 
LO 
SO 
PM 
XA 
SA 
V 
SA/V 
ST/MM 
ST/MM2 
ST/Ndl 
CUT.TH 
CU.EP 
EP.TH 

OF 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

MS 

0.12 
0.08 
0.05 
0.002 
0.07 
0.23 
0.03 

. 67.92 
0.35 
4.25 

31. 29 
1401.00 

16000.00 
1. 79 
0.0006 

16.81 

F 

16.24* 
14.07* 

6.51* 
7.21* 

32.66* 
19.78* 
37.47* 

4.82* 
0.32 

14.00* 
52.37* 
51. 43* 
06.40* 
05.20* 
00.03 
42.36* 

* Significant at 5% level. 

Treatments Sp.XTr. Error 

OF MS 

1 0.004 
1 0.02 
1 0.02 
1 0.01 
1 0.004 
1 0.09 
1 0.02 
1 0.26 
1 6.22 
1 6.74 
1 1. 05 
1 21.94 
1 1292.00 
1 0.07 
1 0.08 
1 0.71 

F 

0.55 
2.66 
3.46 

43.18* 
1. 88 
7.88* 

28.83* 
0.19 
5.81* 

22.22* 
1.75 
0.81 
0.72 
0.22 
3.83 
1. 79 

OF MS 

1 0.004 
1 0.0003 
1 0.009 
1 0.0006 
1 0.002 
1 0.008 
1 0.003 
1 0.740 
1 3.28 
1 0.86 
1 0.0004 
1 533.80 
1 13000.00 
1 1. 35 
1 0.002 
1 21.38 

F 

0.52 
0.05 
1.23 
2.75 
0.98 
0.66 
4.24* 
0.05 
3.06 
2.84 
1. 75 

19.59* 
7.30 
3.92 
0.08 

53.88* 

OF MS 

74 0.008 
76 0.006 
76 0.007 
74 0.0002 
76 0.002 
76 0.012 
76 0.0007 
76 14.11 
76 1.07 
76 0.30 
76 0.60 
76 27.25 
76 1802.00 
76 0.34 
76 0.02 
76 0.40 

~ 

o 



percent more in Aleppo pine than in Brutia pine. 
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It should 

be noted that an equal number of small leaves on plants 

contribute to a relatively low transpiration rate. 

The difference in surface area -to -volume ratio was 

significant, to the advantage of Brutia pine. A small ratio 

of external leaf surface area-to - volume denotes surfaces 

less exposed to solar radiation, and more tissue to carry 

photosynthesis. 

The number of stomata per unit length, per unit 

area, and per needle were significantly less in Aleppo pine 

than in Brutia pine. Brutia pine had 16 percent more 

stomata per mm, 23.37 percent more stomata per unit area, 

and 12.29 percent more stomata per needle. 

Cuticle thickness was significantly hi~her in Aleppo 

pine; however, the difference in cutinized epidermis was not 

significant. Also, epidermal thickness was significantly 

greater in Aleppo pine than in Brutia pine. Thicker 

cutinized epidermis in the seedlings of loblolly pine grown 

in xeric environment was reported by Knauf and Bilan (1974, 

1977). Thicker protective layers (cuticle ) tend to reduce 

the opportunity of water loss in times of moisture stress 

when stomata are closed. 

With regard to treatment effects on water 

conservation, there was little or no significant difference 

between the treatments, apparently because the needles had 

been fully developed when water stress was imposed on the 
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seedlings of both species. The only significantly different 

parameters were length of long diagonals, perimeter, cross

sectional area, volume, and surface area/volume. There were 

interactions between species and treatment with regard to 

stomata per mm 2 , stomata per needle, and the epidermal 

thickness. 

From the previous paragraphs, it can be seen that 

there are indications that some of the morphological and 

anatomical features (number of stomata per unit length, per 

unit area, number of stomata per needle, type of stomata, 

and cuticle thickness) are modified to conserve moisture in 

Aleppo pine. These modifications are absent or not well 

developed in Brutia pine seedlings. At the same time, 

Brutia pine also showed some modified features to conserve 

moisture (such as needle length, surface area, and surface 

area to volume ratio). 

It is questionable whether these modified features 

constitute the main factors which enable Aleppo pine to 

survive in drier conditions than Brutia pine does. Similar 

features in the seedlings of loblolly pine (Bastrop and East 

Texas) ecotypes were reported by Thames (1963) and by Knauf 

and Bilan (1974, 1977). These authors concluded that these 

features are important in reducing water loss from the plant 

and, thereby, enabling seedlings of the species to grow on 

dry sites. 
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Two points are worth mentioning here. -First, it 

should be clear that modifications in the anatomical or 

morphological structures in plants are not only a function 

of water stress. In general, other factors, such as 

phosphorus fertilization, may cause these modifications to 

develop. Second, under unfavorable moisture conditions, 

these modifications can play an important role in conserving 

moisture and enhancing the chances for survival. However, 

under favorable moisture conditions, the same features will 

hinder or slow down the rate of certain physiological 

processes. For example, by possessing a large number of 

stomata, Brutia pine has an advantage over Aleppo pine in a 

higher rate of gas exchange. On the other hand, this 

feature becomes disadvantageous in times of water stress. 

Root Shoot Characteristics 

Tables 3 and 4 show the mean values and the analysis 

of variance for the root and shoot characteristics for both 

species. There were no significant differences between the 

two species under the two different moisture regimes, with 

the exception of the length of main root; this parameter was 

24.06 cm in Aleppo pine and 28.62 in Brutia pine. 

The effect of prolonged water stress was evident in 

restrained root and shoot growth of the seedlings of both 

species. Length of first order roots, total root length, 

and root dry weight were significantly less in inadequate 



Table 3. Mean values for the morphological features of the roots and shoots of ten
month-old Aleppo and Brutia pine seedlings grown under two different 
moisture regimes (each value represents the average of 10 readings). 

==================================================================~================== 

Feature 

Roots 

Main root length, cm 
First orders 

Length, cm 
Number 

Total root length, cm 
Root system dry weight, g 

Shoots 

Height, cm 
Shoot dry matter, g 

Root/Shoot 

* AC: 
AS: 

Aleppo control. 
Aleppo stress. 

BC: 
BS: 

AC* 

24.53 

135.50 
11. 40 

168.90 
0.72 

11.37 
1.43 

0.55 

BC 

27.08 

155.10 
12.60 

184.50 
0.96 

11. 67 
1. 36 

0.60 

Brutia control. 
Brutia stress. 

AS 

23.58 

93.39 
11. 90 

114.50 
0.37 

8.08 
0.55 

0.66 

BS 

30.15 

101. 00 
10.30 

131.10 
0.48 

8.81 
0.66 

0.77 

ol::> 
ol::> 
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Table 4. Analysis of variance of the shoot and root characteristics of ten-month old 
Aleppo and Brutia pine seedlings grown under two different moisture regimes. 

===================================================================================== 
Feature Species 

MRL 

NFO 

LFO 

TRL 

R.OW 

SH.RT 

SH.OW 

SHIRT 

OF 

1 

1 

1 

1 

1 

1 

1 

1 

MS F 

207.90 4.08* 

0.40 0.03 

1845.00 0.89 

2597.00 1.07 

0.30 1.70 

2.60 0.71 

0.004 0.95 

0.69 1.91 

* Significant at 5% level. 

Treatments 

OF MS 

1 11.30 

1 8.10 

1 23000.00 

1 29000.00 

1 1. 76 

1 94.62 

1 6.24 

1 0.18 

Sp.XTr. Error 

F OF MS F OF MS 

0.22 1 40.32 0.79 36 50.99 

0.48 1 19.60 1.06 36 16.94 

11.21* 1 362.30 0.18 36 2068.00 

11.95* 1 2.65 0.001 36 2431.00 

09.86* 1 0.04 0~22 36 0.18 

25.53* 1 0.45 0.12 36 3.71 

15.00* 1 0.07 0.17 36 0.42 

04.99* 1 0.008 0.22 36 0.36 

.;::. 
U1 
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than in adequate soil moisture conditions. However, the 

length of main root and the number of first orders were not 

affected. 

With respect to shoot characteristics, there was no 

significant difference between the species. However, there 

were significant differences between the treatments. Shoot 

height and shoot dry weight were less under inadequate than 

under adequate moisture conditions. Also, root-shoot ratio 

was significantly different between the two treatments. 

There were no species-treatment interactions. Griffin and 

Ching (1977) reported differences in shoot growth within 

xeric and mesic ecotypes of the Caribbean pine (Pinus 

caribaea) and Douglas-fir. 

Several authors have related the modification of 

plant root systems to the degree of aridity. Kriebel and 

Gabriel (1969) reported a positive relationship between 

survival ability under drought in sugar maple (~£~E 

~~££h~~~~) ecotypes and root morphology. Heiner and 

Lavender (1972) reported variations in drought tolerance 

between coastal and inland ecotypes of Douglas-fir. 

However, Ferrell and Woodard (1966) reported that these 

relationships are difficult to detect in inland and coastal 

ecotypes of the same species. 

Youngman (1965), Van Buijtenen et al.(l976), and 

Bi Ian et ~. (1978) reported adaptations such as deeper 

roots, greater root proliferation, and roots with steeper 
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angles of downward branching in xeric ecotypes in-comparison 

with mesic ecotypes of loblolly pine. 

Growth and Carbohydrates Analysis 

Growth 

Mean height growth values and analysis of variance 

for Aleppo and Brutia pine seedlings grown under adequate 

and inadequate moisture conditions are presented on Tables 5 

and 6. At six months, pots were separated randomly into two 

groups and the first height measurements were made (Figures 

8 and 9). There were no statistical differences between the 

species at that point of time. The two species started 

height growth in the first week of March. In May (9 months 

of age), when the second measurement was made, there was no 

significant difference between the species. However, the 

effect of water stress (80 - 70) percent RWC on seedling 

growth of both species was evident. The growth in height of 

both species in the control treatment was greater than the 

growth in the stress treatment. 

In July (11 months of age), the growth difference 

between the two species was not statistically significant. 

However, the difference between the treatments, 2.86 cm, was 

significant. 

By October (14 months of age), there were 

significant differences between the species (1.84 cm), and 

the treatments (4.56 cm). Also, there was an interaction 



Table 5. 
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Mean heigth growth values (cm) for Aleppo and 
Brutia pine seedlings grown under two different 
moisture regimes. 

============================================================ 
AC* 

Age (month) 
---------
6 5.83 

9 8.72 

11 10.96 

14 14.47 

16 14.47 

18 14.48 

* AC: Aleppo control 
AS: Aleppo stress 

BC AS 
----- -----

5.65 5.88 

9.02 7.07 

10.23 7.75 

11. 05 8.33 

12.22 9.63 

12.97 9.72 

BC: Brutia control 
BS: Brutia stress 

BS 
-----

6.05 

7.24 

7.73 

8.08 

8.59 

8.60 



Table 6. Analysis of variance for the growth in height of Aleppo and Brutia pine 
seedlings grown under two different moisture regimes. 

===================================================================================== 
Age Species Treatments Sp.XTr. Error 
(month) 

----------------- ------------------ ---------------- -----------
OF MS F OF MS F OF MS F OF MS 
----------------- ------------------ ---------------- -----------

6 1 0.002 0.002 1 1.52 1. 22 1 0.92 0.74 116 1.24 

9 1 0.05 0.53 1 2.09 20.97* 1 0.001 0.01 100 0.01 

11 1 0.06 0.38 1 8.17 52.94* 1 0.10 0.64 99 0.15 

14 1 2.32 11. 39* 1 21. 21 104.20* 1 1.67 8.18* 89 0.20 

16 1 0.84 2.11 1 24.45 61. 49* 1 0.14 0.34 68 0.40 

18 1 1.67 3.46 1 20.65 42.72* 1 0.03 0.64 60 0.48 

* Significant at 5% level. 

01::> 
\.0 



Figure 8. Shoot and root systems of ten month-old seedlings of Aleppo pine 
(left) and Brutia pine (right). 
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between the species and the treatments. It -should be 

mentioned that the difference between the species became 

significant not because of the accelerated rate of growth of 

Aleppo pine, but rather the slowed growth of Brutia pine. 

The latter developed secondary needles in early June. That 

process meant diversion of food reserves (carbohydrates) 

from growth in height to the utilization of that reserve in 

developing secondary needles. The case was the reverse in 

Aleppo pine, where the carbohydrates were used in height 

growth. 

By December (16 months of age), growth reached the 

height of 14.47 and 12.22 cm for Aleppo pine and Brutia 

pine, respectively, in the control treatment. There was no 

significant difference between the species, but there was a 

difference between the treatments. The height growth of 

Brutia pine after forming secondary needles and the 

stagnation of Aleppo pine during that period explain the 

results of the statistical analysis of this month. Finally, 

there was no statistical difference between the species in 

February, 1985 (18 months of age), because the two species 

had entered a dormant season by November, 1984. 

Carbohydrate Trend under Adequate and Inadequate Moisture 
Conditions 

During the discussion of TNC, reducing sugars, and 

starch trend and distribution in various parts of the 
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seedlings of Aleppo and Brutia pine, the reader is referred 

to Figures (10 - 29) and Tables (7 - 21). 

~~~£!igg~. In general, the seasonal trend of 

depletion and accumulation of carbohydrate reserves reflects 

variations among species with regard to the need for food to 

be used in various types of growth. In this study, the 

seasonal trend of TNC followed the same general pattern for 

the two species in the two treatments, differing only in the 

magnitude. Generally, there were high concentrations of TNC 

before the beginning of the growing season. During the 

growing season TNC fluctuated according to the stages of 

plant deve lopment and possibly, to the environmenta 1 

conditions in the greenhouse. 

The amount of carbohydrates decreased from 60 mg/g 

in March to 50 mg/g in April when roots and shoots started 

to develop (Figure 10, Tables 7, 8, 9, and 10). Then, the 

amount recovered to 60.0 mg/g by June. Generally, a 

decrease followed by a recovery was observed in the growing 

season. During June and July, Aleppo pine developed new 

shoots bearing primary needles, while Brutia pine developed 

secondary needles. Those processes depleted the 

carbohydrate reserves, because the newly developing leaves 

were acting as a food sink until they became old enough (by 

July) to become self sufficient and subsequently contribute 

to the carbohydrate economy, restoring TNC to its normal 

level before the start of the growing season. Wardlaw 
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represents the average of 4 samples). 

U1 
.:::. 



Table 7. Mean monthly values (mg/g) of total non-structural carbohydrates, reducing 
sugars, and starch for Aleppo pine seedlings grown under adequate moisture 
conditions (each reading represents the average of 4 samples). 

===================================================================================== 
Month 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TNC 

37.87 

57.19 

51. 73 

48.52 

54.89 

63.74 

41.11 

48.86 

48.33 

30.74 

49.77 

48.23 

Seedlings 

Sugar 

18.14 

40.19 

27.90 

25.67 

41. 50 

51. 68 

14.92 

31.49 

30.65 

17.42 

28.80 

32.99 

Starch TNC 

16.77 15.56 

16.30 29.14 

22.86 25.87 

22.84 22.49 

16.94 28.46 

10.64 35.96 

23.74 21. 99 

17.11 28.92 

17.81 27.15 

10.55 22.38 

23.11 33.07 

15.24 29.95 

Shoots 

Sugar 

10.04 

20.57 

16.46 

12.71 

20.79 

25.80 

10.63 

18.50 

16.38 

14.35 

16.46 

19.57 

Starch 

5.12 

8.64 

10.91 

9.78 

7.67 

5.67 

14.19 

10.00 

10.77 

8.02 

15.28 

10.63 

TNC 

19.28 

27.98 

25.86 

26.03 

26.43 

29.30 

16.66 

19.94 

21. 31 

8.36 

20.71 

18.04 

Roots 

Sugar 

8.02 

7.65 

13.91 

12.96 

17.15 

24.33 

6.79 

12.82 

14.27 

4.31 

12.88 

13.43 

Starch 

11.26 

20.33 

11. 95 

13.06 

9.27 

4.97 

9.88 

7.23 

7.04 

4.05 

7.83 ' 

4.61 

U1 
U1 



Table 8. Mean monthly values (mg/g) of total non-structural carbohydrates, reducing 
sugars, and starch for Brutia pine seedlings grown under adequate moisture 
conditions (each reading represents the average of 4 samples). 

===================================================================================== 
Month 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TNC 

39.49 

54.02 

53.16 

42.18 

50.15 

60.80 

40.99 

49.40 

52.95 

28.20 

64.92 

48.40 

Seedlings 

Sugar 

18.14 

36.84 

36.86 

23.77 

36.92 

40.45 

24.90 

33.56 

32.64 

17.82 

45.23 

33.05 

Starch 

21. 45 

17.14 

16.30 

15.87 

13.23 

21. 61 

16.58 

16.22 

20.31 

11. 96 

24.74 

15.35 

TNC 

19.59 

27.58 

28.09 

20.18 

28.34 

31.32 

22.55 

28.81 

32.83 

22.87 

39.64 

29.17 

Shoots 

Sugar Starch 

10.04 9.57 

19.84 7.74 

20.76 7.32 

12.32 7.84 

21.21 7.14 

23.78 7.54 

18.45 11.60 

19.83 9.82 

19.05 11.28 

13.81 9.12 

26.13 13.51 

19.87 9.30 

TNC 

19.90 

26.44 

25.06 

17.53 

21. 81 

28.52 

18.43 

20.74 

22.61 

5.33 

35.58 

19.23 

Roots 

Sugar Starch 

8.02 11.88 

17.05 9.40 

16.09 8.98 

9.50 8.03 

15.71 6.09 

16.94 12.08 

13.45 4.98 

14.48 6.26 

13.59 9.03 

2.49 2.84 

24.35 11.23 

13.19 6.05 

U1 
0'1 
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Table 9. Mean monthly values (mg/g) of total non-structural carbohydrates, reducing 
sugars, and starch for Aleppo pine seedlings grown under inadequate 
moisture conditions (each reading represents the average of 4 samples). 

===================================================================================== 
Month 

TNC 

1 31. 96 

2 67.56 

3 76.25 

4 59.55 

5 48.65 

6 54.41 

7 38.42 

8 54.70 

9 54.07 

10 39.20 

11 39.86 

12 49.36 

Seedlings 

Sugar 

18.02 

52.16 

55.54 

42.58 

26.83 

43.13 

18.56 

34.46 

32.42 

22.74 

26.46 

29.83 

Starch 

14.79 

17.30 

20.56 

16.96 

21. 42 

12.70 

19.86 

19.85 

21. 65 

16.45 

13.56 

19.52 

TNC 

18.30 

38.80 

41. 52 

31.30 

25.99 

29.42 

21. 51 

33.28 

31. 03 

25.98 

24.50 

29.07 

Shoots 

Sugar 

9.37 

29.60 

31. 90 

22.73 

15.45 

24.16 

10.33 

21.81 

17.14 

14.46 

16.02 

16.36 

Starch 

8.93 

9.20 

9.60 

8.58 

11. 55 

5.24 

11.18 

11.47 

13.89 

11.51 

8.48 

12.83 

TNC 

13.67 

28.76 

34.58 

28.24 

21. 25 

23.46 

17.97 

21.41 

23.24 

13.22 

15.71 

20.17 

Roots 

Sugar 

7.81 

20.67 

23.64 

19.86 

11. 38 

16.02 

8.56 

13.03 

15.48 

8.30 

10.63 

13.47 

Starch 

5.86 

8.09 

10.94 

8.39 

9.87 

7.45 

9.41 

8.39 

7.76 

4.93 

5.08' 

6.70 

VI 
~ 



Table 10. Mean monthly values (mg/g) of total non-structural carbohydrates, reducing 
sugars, and starch for Brutia pine seedlings grown under inadequate 
moisture conditions (each reading represents the average of 4 samples). 

===================================================================================== 
Month 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TNC 

38.28 

58.84 

67.13 

56.02 

56.07 

66.56 

41. 93 

60.18 

43.04 

48.47 

38.92 

46.62 

Seedlings 

Sugar 

25.82 

42.96 

50.28 

42.85 

38.44 

46.72 

23.55 

38.49 

29.44 

30.96 

24.84 

32.56 

Starch 

12.96 

15.87 

16.84 

15.30 

17.63 

17.07 

18.38 

21. 70 

13.62 

17.51 

14.19 

17.75 

TNC 

21.13 

30.19 

39.44 

28.93 

26.62 

38.95 

21. 42 

30.81 

24.39 

31. 31 

25.66 

30.22 

Shoots 

Sugar 

14.16 

23.12 

31.61 

22.02 

17.30 

27.74 

12.09 

16.84 

17.93 

19.45 

16.83 

18.47 

Starch 

6.97 

7.07 

8.48 

6.92 

9.31 

11. 46 

9.32 

11. 43 

6.47 

11. 86 

9.03 

11. 75 

TNC 

17.15 

28.65 

27.70 

21. 43 

29.45 

26.57 

20.53 

23.96 

18.65 

17.16 

13.37 

20.09 

Roots 

Sugar 

11.16 

19.85 

18.68 

14.63 

21.14 

20.96 

11.46 

13.32 

11. 51 

11. 51 

8.22 

14.09 

Starch 

5.99 

8.80 

9.02 

6.80 

8.32 

5.62 

9.06 

9.40 

7.15 

5.65 

5.16 ' 

5.99 

lJI 
co 
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(1968) reported that young pine needles act as a sink for 

carbohydrates until they reach one-third to one-half of 

their final size. At that point, they became self 

sufficient, and later they can contribute to the 

carbohydrate economy of the plant. 

The trend of TNC in the seedlings of Aleppo and 

Brutia pine was different from that described by Hepting 

(1945) for shortleaf pine and by Hodges and Lorio (1969) for 

loblolly pine; these authors reported a decrease in TNC from 

April to May (the onset of growing season). Under the 

condition of this experiment, the decrease in TNC was 

observed from March to April. Also, the original TNC amount 

was recovered earlier. 

There were no statistical differences between the 

species in the amount of TNC (Table 11). However, there were 

differences between the treatments. The amount of TNC was 

48.57 mg/g in the control treatment and 51.50 mg/g in the 

stress treatment. Although water stress affected the 

absolute value of TNC, their pattern was not affected. 

There was a significant difference in the amount of TNC 

between the two species from one month to another. Also, 

there was an interaction between months and treatments. 

Reducing sugars are major components of TNC. 

Generally, their trends followed the same seasonal pattern 

of TNC in the seedlings (see Figure 11; Tables 7, 8, 9, and 

10). Sugar levels were high in Feburary and March, and 



60 

Table 11. Species, treatments, months, and the interaction 
effects on the amount and distribution of total 
non-structural carbohydrates in the seedlings of 
Aleppo and Brutia pine. 

============================================================ 
SOURCE DF S.S. M.S. F-VALUE 
------ ----- ----- -------

Species 1 11. 51 11. 51 0.19 

Treatments 1 413.40 413.40 6.82* 

Sp.X Tr. 1 1. 60 1.60 0.26E-l 

Months 11 0.13E5 1202.00 19.84* 

Sp.X Mon. 11 784.70 71. 33 1.18 

Tr.X Mon. 11 4395.00 399.50 6.59* 

Sp.XTr.XMon. 11 1235.00 112.30 1.85 

RESIDUAL 144 8728.00 60.61 
------------------------------------------------------------
* Significant at 5% level. 
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began fluctuating during the growing season. The highest 

amount was observed in June (50 mg/g), which indicated high 

physiological activities associated with growth in height, 

and the lowest amount in January (20 mg/g). There were no 

statistical differences in the amount of sugar between the 

species, however, significant differences between treatments 

and among months were observed (Tabl e 12). The stress 

treatment showed an average amount of 34.57 mg/g, while that 

of the contro 1 treatment was 3 O. 9 0 mg/g. Al so, there were 

interactions between the treatments and months. 

Starch levels in the seedlings fluctuated little 

compared to that of reducing sugars. The starch level was 

maintained within a certain range throughout the year 

(see Figure 12; Tables 7, 8, 9, and 10). The highest 

amounts were found in July (19.64 mg/g), and the lowest in 

October (14.12 mg/g). This finding was contrary to that of 

Ericsson (1979), who reported starch accumulation in the 

needles of scots pine (Pinus silvystris) during spring. 

There where no significant differences in the amount of 

starch between the species or the treatments. However, the 

difference between months was significant, and there was an 

interaction between treatments and months (Table 13). Due 

to the absence of starcn accumulation in the seedlings of 

both species, it appears that the physiological processes in 

Aleppo and Br~tia pine seedlings were mainly dependent on 

currently produced photosynthates. Also, it might be that 
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Table 12. Species, treatments, months, and the interaction 
effects on the amount and distribution of 
reducing sugars in the seedlings of Aleppo and 
Brutia pine. 

============================================================ 
SOURCE DF S.S. M.S. F-VALUE 
------ ------ ------ -------

Species 1 153.90 153.90 3.27 

Treatments 1 647.00 647.00 13.75* 

Sp.X Tr. 1 2.39 2.39 0.51E -1 

Months 11 0.13E5 1175.00 24.97* 

Sp.X Mon. 11 752.10 68.37 1. 45 

Tr.X Mon. 11 3838.00 348.90 7.42* 

Sp.XTr.XMon. 11 1229.00 111.70 2.37 

RESIDUAL 144 6774.00 47.04 

* Significant at 5% level. 
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-
Table 13. Species, treatments, months, and the interaction 

effects on the amount and distribution of starch 
in the seedlings of Aleppo and Brutia pine. 

============================================================ 
SOURCE DF 5.5. M.S. F-VALUE 
------ ----- ------ ------

Species 1 30.04 30.04 1. 64 

Treatments 1 10.48 10.48 0.57 

Sp. X Tr. 1 13.27 13.27 0.72 

Months 11 463.50 42.14 2.30 

Sp. X Mon. 11 570.50 51.86 2.83 

Tr. X Mon. 11 888.60 80.79 4.40* 

Sp.XTr.XMon. 11 269.00 24.46 1. 33 

RESIDUAL 144 2642.00 18.34 
------------------------------------------------------------
* Significant at 5% level. 
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the utilization rate of starch by both species is-so high as 

to not permit accumulations in the seedlings . 

.§.h0 oj::.§.. with regard to TNC leve 1 s in the shoots of 

both species, the general trend was the same as TNC in the 

seedlings (see Figure 13; Tables 7, 8, 9, and 10). There 

were no statistical differences in TNC between the species, 

but there were differences between the treatments and 

between months (Table 14). Also , there were interactions 

between treatments and months and between species and 

months. 

There was a difference between the species with 

regard to sugar levels in the shoots (see Figure 14; Tables 

7, 8, 9, and 10). On the average, Aleppo pine shoots 

contained 18.04 mg/g of sugar, while Brutia pine contained 

19.28 mg/g. There was also a difference between the 

treatments (Table 15). The control treatment had an average 

of 17.86 mg/g sugar and the stress treatment had 19.45 mg/g. 

Finally, significant differences between the months were 

existed. 

The amount of starch was significantly greater in 

Aleppo pine than in Brutia pine (Table 16). Aleppo pine 

maintained an average of 9.9 mg/g of starch in its shoots, 

while Brutia pine had 9.2 mg/g (Figure 15). Starch level was 

not affected by water stress. However, there were 

interactions between the treatments and months and between 

species and months also. 
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Table 14. Species, Treatments, months, and the interaction 
effects on the amount and distribution of total 
non-structural carbohydrates on the shoots of 
Aleppo and Brutia pine seedlings. 

============================================================ 
SOURCE DF S.S. M.S. F-VALUE 
------ ------ ----- -------

Species 1 5.86 5.86 0.30 

Treatments 1 190.90 190.90 9.69* 

Sp. X Tr. 1 11. 39 11. 39 0.58 

Months 11 3717.00 337.90 17.15* 

Sp. X Mon. 11 292.50 26.59 1. 35 

Tr. X Mon. 11 1752.00 159.30 8.08* 

Sp.XTr.XMon. 11 474.10 43.10 2.19 

RESIDUAL 144 2837.00 19.70 

* Significant at 5% level. 
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-
Table 15. Species, treatments, months, and the interaction 

effects on the amount and distribution of 
reducing sugars in the shoots of Aleppo and 
Brutia pine seedlings. 

============================================================ 
SOURCE DF S.S. M.S. F-VALUE 
------ ----- ----- -------

Species 1 73.65 73.65 5.83* 

Treatments 1 121. 70 121.70 9.64* 

Sp. X Tr. 1 14.68 14.68 1.16 

Months 11 3450.00 313.70 24.83* 

Sp. X Mon. 11 252.50 22.95 1. 82 

Tr. X Mon. 11 1434.00 130.40 10.32 

Sp.XTr.XMon. 11 266.70 24.25 1. 92 

RESIDUAL 144 1819.00 12.63 
------------------------------------------------------------
* significant at 5% level. 
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Table 16. Species, treatments, months, and the interaction 

effects on the amount and distribution of starch 
in the shoots of Aleppo and Brutia pine 
seedlings. 

============================~====================~========== 

SOURCE DF S.S. M. S. F-VALUE 
------ ----- ----- -------

Species 1 26.16 26.16 4.34* 

Treatments 1 1.13 1.13 0.19* 

Sp. X Tr. 1 4.19 4.19 0.69 

Months 11 401. 60 36.51 6.05* 

Sp. X Mon. 11 173.00 15.72 2.61 

Tr. X Mon. 11 281.20 25.56 4.24* 

Sp.XTr.XMon. 11 130.90 11. 90 1. 97 

RESIDUAL 144 869.00 6.03 
------------------------------------------------------------
* Significant at 5% level. 



.:.1 

CI 

" CI 
~ 

Aleppo--Control 

Aleppo--Stress 

80.121 

20.121 

10.121 

Brutia--Control 

Bruti a--Stress ------

0.12I~1 ____ ~ ____ -L ____ ~ ____ ~ ____ ~ ____ ~~ ____ ~ ____ L-____ ~ ____ L-____ ~ __ ~ 

J F M A M J J A S o N o 
MONTHS 

Figure 15. Seasonal trend of starch in the shoots of Aleppo and Brutia 
pine seedlings grown under two different moisture regimes 
(each point represents the average of 4 samples). 

-....J 
N 



73 

Roots. TNC levels, in the roots, followea the same 

general trend as TNC levels did in the seedlings. TNC 

levels started at high concentrations before the growing 

season, and gradually decreased and/or increased until the 

end of the growing season (see Figure 16; Tables 7, 8, 9, 

and 10). It should be mentioned that sugar levels 

fluctuated more than starch levels in the roots. There were 

no statistical differences between the species or the 

treatments in TNC levels in the roots (Table 17). There 

were significant differences between months. Al so, there 

were interactions between months and treatments and between 

species, treatments and months. The previous observation 

and conclusion about TNC in the roots can be applied also to 

sugar levels, where the three types of interactions occured 

(Table 18, Figure 17). 

with regard to starch, there was no statistical 

di f f erence between the species (Tabl e 19, Figure 18). 

However, differences between treatments and between months 

were significant. Also, there was an interaction between 

species treatments and months. 

During the months of May and July, the conversion of 

sugar to starch was obvious. Sugar and starch amounts in 

the shoots were in contrast during that period; a decrease 

in the amount of sugar was accompanied by an increase in 

starch. It should be mentioned that the sugar-starch 

mechanism was obvious only during the initiation of growth. 
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Table 17. Species, treatments, months, and the interaction 
effects on the amount and distribution of total 
non-structural carbohydrates in the roots of 
Aleppo and Brutia pine seedlings. 

============================================================ 
SOURCE DF S.S. M. S. F-VALUE 
------ ----- --------

Species 1 1. 54 1. 54 0.61E-l 

Treatments 1 2.36 2.36 0.94E-l 

Sp. X Tr. 1 0.25 0.25 0.99E-2 

Months 11 4325.00 393.20 15.70* 

Sp. X Mon. 11 529.70 48.16 1. 92 

Tr. X Mon. 11 1375.00 125.00 4.99* 

Sp.X Tr.X Mon. 11 614.00 55.82 2.23 

RESIDUAL 144 3606.00 25.04 

* Significant at 5% level. 
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Table 18. Species, treatments, months, and the Interaction 
effects on the amount and distribution of sugar 
in the roots of Aleppo and Brutia pine seedlings. 

============================================================ 
SOURCE DF S.S. M. S. F-VALUE 
------ ------ ----- -------

Species 1 10.69 10.69 0.66 

Treatments 1 31. 05 31. 05 1. 91 

Sp. X Tr. 1 1.35 1.36 0.83E-1 

Months 11 2892.00 262.90 16.13 

Sp. X Mon. 11 377.00 34.27 2.10 

Tr. X Mon. 11 812.40 73.86 4.53* 

Sp.X Tr.XMon. 11 593.10 53.92 3.31 

RESIDUAL 144 2346.00 16.29 

* Significant at 5% level. 
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Table 19. Species, treatments, months, and the interaction 
effects on the amount and distribution of starch 
in the roots of Aleppo and Brutia pine seedlings. 

============================================================ 
SOURCE DF S.S. M.S. F-VALUE 
------ ----- ----- -------

Species 1 2.89 2.89 0.39 

Treatments 1 26.54 26.54 3.55 

Sp. X Tr. 1 2.94 2.94 0.39 

Months 11 405.60 36.88 4.93* 

Sp.XMon. 11 189.30 17.20 2.30 

Tr. X Mon. 11 308.80 28.07 3.76 

Sp.XMon.Xtr. 11 184.20 16.75 2.24 

RESIDUAL 144 1076.00 7.47 

* Significant at 5% level. 
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During this period, starch hydrolysis was common-to release 

sugar to be used in growth. 

A decrease in carbohydrate formation and an increase 

in the sugar-starch ratio in apple leaves under drought 

conditions was reported by Magness et a1. (1935). However, 

Parker (1968) stated that drought did not affect food 

reserve in plants, because it does not inhibit the 

photosynthetic activity of plants. An increase in TNC 

production , due to sugar accumulation, was observed in this 

study. Seedlings of both species in the stress treatment 

had higher TNC level than those in the control treatment. 

The difference in the amount of TNC between the 

treatments can be attributed to several factors. The most 

likely and important one is the effect of water stress on 

both species. That effect was clear in prohibiting the 

translocation of carbohydrates in general from the needles. 

I1jin (1957) attributed sugar accumulation in water stressed 

plants to the reduction of growth. On the other hand, Hartt 

(1967) believed that sugar was accumulated in stressed 

sugarcane (Saccharum sp.) plants because of the delay in 

translocation of these materials. In actuality, the 

increased level of TNC in stressed plants of this experiment 

can be attributed to the low demand for synthetic materials 

because of the suppression of height growth as it was shown 

earlier in this study. 
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It can be seen from tables 7 through 10 a-nd figures 

13 through 18 that the shoots of both species were more 

active in carbohydrate storage than the roots. This 

indicates that most of the TNC was contained in the 

photosynthesizing organ. Also, it can be seen that because 

of the presence of photosynthetic tissue throughout the 

year and the mild nature of green house environment, the 

amount of sugar varied little from season to season. 

With regard to the treatment, it appeared,that only 

sugar levels were affected by the amount of water present in 

the tissue. The difference in the amount of sugar in the 

shoots of both species was significant between the two 

treatments. It should be noted that the general amounts of 

sugar varied more than the amount of starch during the year. 

From the pattern of sugar and starch utilization and 

accumulation between the species, two possible conclusions 

can be drawn. First, both species were affected at that 

level of moisture stress (70 - 80 percent RWC). However, it 

is possible that Brutia pine converted some of its starch 

into sugars to increase the osmotic pressure of its ti ssue 

as a mechanism to cope with water stress, while Aleppo pine 

~as not affected. Second, it may be normal for Brutia pine 

to maintain large amounts of sugar in its shoots compared to 

Aleppo pine. 

It is well known that the available carbohydrates 

(food reserve in plants) represent the difference between 
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photosynthesis and respiration rates. Due to the absence of 

differences in utilization patterns and production of TNC 

between the two species, it can be concluded that neither of 

the species has an advantage over the other in terms of net 

production of the primary photosynthates, which may 

contribute to the mechanism of drought resistance. However, 

the high sugar content of Brutia pine shoots in comparison 

to that of Aleppo pine should be investigated through1y. 

It has been reported that conifers store large 

amounts of starch during spring and early summer (Rutter 

1957, Kozlowski and Keller 1966, Senser et ~. 1975), and 

that subsequently these materials are depleted or used in 

growth during the growing season (Larson 1964, Clausen and 

Kozlowski 1967). In this study, reducing sugars were the 

main components of TNC in both species. There were 

fluctuations in the level of sugars during the period of 

this study. Generally, sugars were high before the growing 

season, then varied during the growing season according to 

the stages of development and according to the mechanism of 

sugar-starch conversion. Under the conditions of this 

experiment, both species in the two treatments did not show 

a sharp decrease in the level of starch. There was no 

indication that the level of starch fluctuated with respect 

to the time of growth. Instead l the level of starch was at 
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much the same level during the growing season,-while the 

level of sugar fluctuated. 

Carbohydrate Trend Under Dry-Down Moisture Stress 

Mean values and statistical analysis for TNC, 

reducing sugars, and starch in various parts of Aleppo and 

Brutia pine seedlings subjected to dry down are shown in 

Tables 20 and 21. During fully hydrated stage, RWC of 100 -

90 percent, Tnc averaged 65.54 mg / g and 69.17 mg / g in 

the seedlings of Aleppo pine and Brutia pine, respectively 

(Figure 19). Within that range of RWC, Brutia pine had a 

5.5 percent lead over Aleppo pine. 

As the RWC of the needles fell to 90 - 80 percent, 

TNC decreased in both species. The decrease was rapid in 

Brutia pine, but moderate in Aleppo pine. TNC averaged 

61.83 mg/g in Aleppo pine and 56.22 mg/g in Brutia pine. 

When the RWC decreased from 90 - 80 to 80 - 70 

percent, TNC accumulated significantly in both species to 

exceed the original amount in Aleppo pine, and to equal that 

of Brutia pine. From a RWC of 80 - 70 to 70 - 60 percent, 

TNC leveled off in Brutia pine, but increased in Aleppo 

pine. Finally, when the RWC descended from 70 - 60 to <60 

percent, TNC decreased i~ Aleppo pine, while it leveled off 

in Brutia pine. Aleppo pine maintained a significant lead 

over Brutia pine, with regard to TNC during the dry-down 



Table 20. Mean values (mg / g) for total non-structural carbohydrates, reducing 
sugars, and starch in different parts of Aleppo· and Brutia pine 
seedlings subjected to dry down (each point represents the average of at 
least 4 samples). 

===================================================================================== 
Plant parts Seedlings Shoots Roots 

RWC% 100 - 90 
Aleppo pine 

TNC 65.54 34.79 30.75 
Sugar 40.70 22.02 17.84 
Starch 24.74 12.81 12.08 

Brutia pine 
TNC 69.17 34.46 34.71 
Sugar 47.17 25.37 21. 80 
Starch 21. 99 09.09 12.90 

RWC% 90 - 80 
Aleppo pine 

TNC 61. 83 32.13 29.60 
Sugar 38.88 21.02 17.87 
Starch 22.89 11.11 11. 73 

Brutia pine 
TNC 56.22 28.29 27.92 
Sugar 38.56 19.98 18.58 
Starch 17.66 08.31 09.35 

RWC% 80 - 70 
Aleppo pine 

TNC 71. 28 39.96 31.32 
Sugar 47.76 27.66 20.11 
Starch 23.40 12.30 11.10 1 

Brutia pine 
TNC 65.61 33.79 31.74 
Sugar 43.80 23.75 20.05 
Starch 21. 74 10.04 11.69 

(Xl 

oJ::> 



Table 20. (Continued). 
====================== 
Plant parts 

RWC% 70 - 60 
Aleppo pine 

TNC 
Sugar 
Starch 

Brutia pine 
TNC 
Sugar 
Starch 

RWC% <60 
Aleppo pine 

TNC 
Sugar 
Starch 

Brutia pine 
TNC 
Sugar 
Starch 

Seedlings 

76.77 
55.28 
22.99 

65.68 
43.85 
19.73 

68.00 
44.32 
23.17 

64.05 
42.00 
21. 88 

Shoots 

37.77 
26.89 
11.12 

31. 85 
22.40 
09.45 

38.38 
26.89 
11. 49 

35.66 
23.40 
12.23 

Roots 

39.01 
26.97 
12.14 

33.83 
23.45 
10.30 

29.12 
17.44 
11. 68 

28.42 
18.77 
09.65 

CD 
U1 



Table 21. Analysis of variance of total non-structural carbohydrates, reducing 
sugars, and starch in various parts of Aleppo and Brutia pine seedlings 
subjected to dry down. Seedlings were harvested at 100-90, 90-80, 80-
70, 70-60, and less than 60 percent RWC. 

===================================================================================== 

Plant part 

Seedlings 
TNC 
Sugar 
Starch 

Shoots 
TNC 
Sugar 
Starch 

Roots 
TNC 
Sugar 
Starch 

OF 

1 
1 
1 

1 
1 
1 

1 
1 
1 

Species 

MS 

49.30 
9.12 

20.27 

35.97 
8.70 
9.43 

1. 01 
0.59 
2.24 

F 

7.82* 
1. 48 

10.61* 

12.40* 
3.19 

13.07* 

0.43 
0.35 
2.47 

* Significant at 5% level. 

Moisture Levels 

OF 

4 
4 
4 

4 
4 
4 

4 
4 
4 

MS 

41. 61 
36.95 

2.95 

15.14 
8.39 
1.37 

20.28 
16.78 
1. 20 

F 

6.60* 
5.95* 
1.55 

5.22* 
3.08 
1. 90 

8.67* 
10.03* 

1.33 

OF 

4 
4 
4 
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period. Also, there were significant differences in the 

amount of TNC with regard to the moisture levels (see Table 

21). 

with regard to the amount of reducing sugars in the 

seedlings, reducing sugars followed the previously outlined 

patterns of TNC (see Table 20, and Figure 19). No 

significant differences in the amount of reducing sugars 

were noted between the species; however, TNC differences 

with regard to moisture levels were obvious. 

The starch in the seedlings of both species 

approximately maintained a stable level compared to the 

amount of reducing sugars during the whole process (see 

Table 20, and Figure 19). The amount of starch was 

significantly higher in Aleppo pine than it is in Brutia 

pine. The level of starch in the seedlings was not affected 

by moisture stress. 

TNC, reducing sugars, and starch in the shoots and 

roots of both species followed the same general patterns as 

they did in the seedlings, differing only in the magnitude 

(see Table 21, Figures 20 and 21). The amount of TNC and 

starch were significantly higher in the shoots of Aleppo 

pine than in Brutia pine. 

From the previously described pattern of TNC, 

reducing sugars and starch in various parts of Aleppo and 

Brutia pine seedlings, it can be concluded that Aleppo pine 

kept its synthetic processes at a higher level during severe 
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water stress. However, Brutia pine was affected, possibly 

because of an increased respiration rate, which makes it 

more consumptive of TNC. 

The increase in TNC during the level of 90 - 80 to 

80 - 70 percent RWC suggests several explanations. First, 

water deficits of as much as 90 - 80 percent of RWC 

stimulated the hydrolysis of sucrose into glucose and 

fructose (reducing sugars). Second, during that level of 

water stress, the growth processes was impaired, (which 

means no use of TNC), so an increase in the level of TNC was 

observed. Also, from examining the TNC trends between 

shoots and roots of both species, it should be mentioned 

that the transportation mechanism of sucrose was severed 

during water stress. This observation confirms that of 

Wardlaw (1968) on the accumulation of TNC in the leaves of 

wheat 'during water stress, which was attributed to the delay 

in trans locating sugars from the leaves. 

Ultrastructural Stability of the 
, Chloroplasts 

During the control stage, 'fully hydrated needles 

(RWC of 100 - 90 percent) of both species had mesophyll 

cells with a normal appearance. Also, cell components of 

Aleppo and Brutia pine needles appeared to be normal. 

Chloroplasts were elongated, bounded by envelopes which 

consisted of two membranes, and contained granal stacks 
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(cylindrical stacks of thylakoids) and few sta~ch grains. 

Mitochondria, dictyosome and vacuoles were normal (Figures 

22 and 23). 

The first sign of water stress became obvious 

Fourteen days after water stress was imposed, when the RWC 

was 87 percent in Aleppo pine and 86 percent in Brutia pine 

(Figures 24 and 25). Starch grains had disappeared from the 

chloroplasts of both species. Swollen membranes and 

coagulated cytoplasm were apparent. The vacuoles of Brutia 

pine needles were filled with electron-dense materia I 

(probabl y res in). Al so, chloropl asts were sti 11 in their 

place (adjacent to the cell wall), and their structural 

integrity was maintained. However, some osmiophyllic bodies 

were seen in the chloroplast of Brutia pine. At this stage, 

the chloroplast envelopes of Brutia pine needles appeared to 

be broken, and many osmiophyllic bodies were in contact with 

it. 

By the fourth week, when RWC was 62 percent in 

Brutia pine and 63 percent in Aleppo pine, the chloroplasts 

of Aleppo pine appeared to be normal, with few osmiophyllic 

bodies and coagulated cytoplasm (Figures 26 and 27). The 

grana I stacks were still in order and intact, but the stroma 

appeared coarser and swollen. Other organelles appeared 

normal. However, stroma was lost in Brutia pine, and the 

chloroplasts and other organelles had lost their integrity 

and begun to break down. The grana I stacks of chloroplasts 



Figure 2 2 . E.l e c t ron m i c r o graphs of an A 1 e p p o pine meso ph y 11 c e 11 showing the 
chloroplast arrangements of fully hydrated needles (X22,000) 
(left), (Xl3,500) (right). 



Figure 23. Electron micrographs of a Brutia pine mesophyll cell showing the 
chloroplast arrangements of fully hydrated needles (Xl3,000) 
(left), (Xl3,200) (right). 
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Figure 24. Electron micrographs of partially hydrated needles of Aleppo pine 
(RWC of 87 percent) showing the chloroplast arrangements of a 
mesophyll cell (Xl4,000) (left), (XS,OOO) (right). 



Figure 25. Electron micrographs of partially hydrated Brutia pine needles (RWC 
of 86 percent) showing the chloroplast arrangements of a mesophyll 
cell. (X20,000) (left) (Xl4,000) (right). 



Figure 26. Electron micrographs of partially hydrated Aleppo pine needles (RWC 
of 63 percent) showing the chloroplast arrangements of a mesophyll 
cell (X24,000) (left), (Xl3,500) (right). 



Figure 27. Electron micrographs of partially hydrated Brutia pine needles (Rwc 
of 62 percent) showing the chloroplast arrangements of a mesophyll 
cell (X25,000) (left), (Xl4,200) (right). 
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were open, and osmiophyllic bodies were observed on and 

adjacent to the chloroplasts. Also, swelling of membranes 

along the edges of the chloroplasts (vesicles) was evident 

in Brutia pine. Pockets of tannin were observed in Aleppo 

pine, and aggregates of osmiophyllic bodies of various sizes 

were observed on the chloroplasts in cross-section. 

By the end of the fifth week (RWC was 50 percent in 

Brutia pine and 52 percent in Aleppo pine), the cell 

tonoplast was broke down in Aleppo pine, and the 

chloroplasts had lost their original shape in both species 

with some becoming round in cross-section (Figures 28 and 

29). Chloroplasts were disintegrated, clumped together and 

mixed with other cell debris. Large vesicles were observed 

on the edges of the chloroplast envelopes. Some 

chloroplasts of Aleppo pine had maintained their original 

shape to a certain degree, but none of the Brutia pine 

chloroplasts maintained a functional structure. 

Similarly, water stress related ultrastructural 

changes in the chloroplasts and other organelles in maize 

(Ze~ !!!~.§.), sorghum, and ta lbotia (Ta 1 botiC! e legans) were 

reported by Giles, Cohen, and Beardsell (1974, 1975), and by 

Hallam and Luff (1980). 

It should be mentioned that the effects of water 

stress on mesophyll cells were variable from one cell to 

another. No apparent explanation can be given for this 

situation. Also, the possible effects of artifacts 



Figure 28. Electron micrographs of partially hydrated Aleppo pine needles (RWC 
of 52 percent) showing the chloroplast arrangements of a mesophyll 
cell (Xl3,000) (left), (X4,400) (right). 
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Figure 29. Electron micrographs of partially hydrated Brutia pine needles (RWC 
of 50 percent) showing the chloroplast arrangements of a mesophyll 
cell (Xl8,000) (left), (Xl4,000) (right). 
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resulting from the nature of the work in electron-microscopy 

should not be neglected. 

Even though the previous observations on the 

ultrastructural changes in the chloroplasts were derived 

from a limited number of samples, it can be concluded that 

both species resisted ultrastructural changes until RWC 

reached the level of about 62 - 63 percent. At this level 

of moisture stress, Brutia pine lost its ability to control 

water stress damage (in terms of preserving the 

ultrastructural integrity of its chloroplasts), while Aleppo 

pine demonstrated its ability to contain damage. The 

ability to limit and control damage is tied directly to the 

cytoplasmic characteristics of the species and, in 

particular, to the nature of its components. 



SUMMARY AND CONCLUSIONS 

The mechanism of drought tolerance is complex. 

However, to help in understanding this mechanism, various 

studies were initiated to describe the nature of it in 

Aleppo pine. Past studies attributed the success of the 

species in surviving drought to its root activities and a 

low transpiration rate. The primary objectives of this 

study were to investigate some possible answers to the basis 

of drought resistance in Aleppo pine, in comparison with 

Brutia pine. Differences in foliage anatomy, root 

morphology, TNC (reducing sugars and starch) level and 

distribution under adequate and inadequate moisture 

condi tions were investigated. Al so, the level and the 

distribution of TNC (reducing sugars and starch) and the 

ultrastructural changes in the chloroplasts of the seedlings 

of both species under simulated dry-down water stress were 

monitored. 

Some of the comparisons between the two species with 

regard to certain parame~ers were statistically significant; 

others were not. In general, the study resulted in the 

following conclusions: 

103 
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1. Aleppo pine and Brutia pine possessed-anatomical 

and morphological features, which play an important role in 

conserving moisture. Aleppo pine had a thick cuticle, low 

number of stomata per unit length, per unit area, and per 

needle. Also, a significant number of stomata were modified 

(sealed with wax) to conserve moisture. On the other hand, 

by having shorter needles with less surface area, Brutia 

pine had less surfaces exposed to the environment. 

2. Some of the differences in foliage anatomy 

between the two treatments were not obvious in this 

experiment. The absence of significant differences is 

probably due to improper sampling time. Water stress was 

imposed when the seedlings reached the age of six months, 

while the sampling was undertaken at ten-months of age. By 

that time, it appeared that primary needles reached their 

maturity or drought avoidance mechanism or modifications did 

not have time to develop. 

3. Differences in root morphology between the 

species were not observed under the conditions of this study 

(with the exception of the main root length). Quite 

poss ib 1 y, more information cou 1 d have been obtained if 

seedlings had grown in special containers (tubes) or in the 

field under undisturbed conditions. 

4. Both species demonstrated significant 

differences in root morphology between control and stressed 

plants. 
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5. There were no significant differences in height 

between the species, when they grown under adequate and 

inadequate moisture conditions. 

6. The effect of treatments (moisture stress) on 

the height of both species was significant during the course 

of the experiment. 

7. Brutia pine phenology was different from that of 

Aleppo pine. Brutia pine developed secondary needles during 

the first year of growth, while Aleppo pine did not. 

8. In general, TNC (reducing sugars and starch) 

level and distribution between the two species were 

insignificant, when seedlings of both species were grown 

under adequate and inadequate moisture conditions. 

9. Brutia pine had more sugar and less starch in its 

shoots than Aleppo pine. 

10. In general, Aleppo pine maintained a higher 

level of TNC and starch in its shoots, when seedlings of 

both species were subjected to dry-down moisture stress. 

11. There were significant differences between the 

treatments (moisture levels) with regard to TNC, su~ar in 

the shoots and the seedlings of both species. The amount of 

starch was not affected by water stress. 

12. The amount of TNC, sugar, and starch differed 

significantly from one month to another. 
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13. Brutia pine was more sensitive to water stress 

than Aleppo pine. The later maintained the functional shape 

of chloroplasts at a RWC of 63 percent, while Brutia pine 

showed damage at the same level of water stress (RWC of 62 

percent), when seedlings of both species were subjected to 

dry down period. The ability of Aleppo pine to endure 

stress is related to the type of protein in the cells, which 

made the lamellar system more resistant to dehydration 

effects. 

It is recommended that Aleppo pine be used for 

afforestation in the more semi-arid areas of Syria. Brutia 

pine should be used on more mesic sites. However, xeric 

ecotypes of brutia pine may be used in planting droughty 

sites in associations with Aleppo pine. 

Future studies are suggested to revea 1 whether the 

functional and morphological injuries are developed 

simultaneously or sequentially in the chloroplasts of both 

species when subjected to prolonged dry-down periods. 

Furthur research with Aleppo and Brutia pine could 

define morphological and anatomical distinctions for 

secondary needles, that is, permanent needles, which may 

playas igni f icant rol e in drought res istance. Al so, 

additional research is needed to examine drought mechanism 

at the cellular level and subsequently at the molecular 

level. 



APPENDIX 

PREPARATION OF ANTHRONElREAGENT 

Add 1.0 gram thiourea (preservative) to 87.5 percent 
(W/W) H2S04 in one liter volumetric flask. Mix until 
completely dissolved. Add 1.0 gram dry anthrone. Bring to 
volume with 87.5 percent H2S04. Let the flask cool for 30 
minutes. Shake occasionally to clarify. Refrigerate and 
keep out of light. 

PREPARATION OF GLUCOSE STANDARD SOLUTIONS 

Preparation of 400 ug/ml glucose stock solution: 

Add 0.1 gram anahydrus glucose to 250 ml volumetric 
flask. Mix very well and bring to volume. Solutions of 
different concentrations were prepared from the stock 
solution according to the following table: 

Sugarconc. 
(ug/ml) 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Final vol. 
(ml) 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

Distilled Water 
(ml) 

19.5 
19.0 
18.5 
18.0 
17.5 
17.0 
16.5 
16.0 
15.5 
15.0 

Stock solution 
(ml) 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 

1. Anthrone solution must be used within 24 hours of 
preparation. 
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