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 از عبور با بذر جوانه زني از بعد دوساله و يك گياهان
  مي رسند بلوغ مرحله به انتقال و نونهالي مراحل

 نسل ر،بذ توليد با و مي رسد گلدهي به گياه مرحله، اين در
 يبترت بدين و مي كند توليد جنيني حالت در را آينده
 .مي گردد كامل زندگي چرخه

 همرحل از بعد ميوه، درختان جمله از چندساله، گياهان در
 كه شد خواهد رويشي رشد دوره يك وارد گياه انتقال،
.بكشد طول سال چند است ممكن

 بلوغ دوره وارد انتهايي مريستم هاي از برخي سپس 
 هچرخ و مي كنند توليد بذر و ميوه گل، و شده زايشي
  مي گردد كامل گياه زندگي



 ندكپيو جوانه، پيوندك مانند افزونه هايي از نهالستان در وقتي
 در و نيممي ك استفاده گياه تكثير براي ريزنمونه يا و قلمه شاخه،
 فتهگر مادري درختان بالغ قسمت هاي از افزونه ها اين كه صورتي
 رد گياه اين حال، اين با .بود خواهند بالغ حاصل گياهان شوند،
 پسس و مي كند زندگي سال چند يا يك براي رويشي بلوغ حالت

 .ي رسدم بذر توليد و ميوه دهي گلدهي، به زايشي بلوغ به ورود با
 گياهان( مادري گياهان نونهال قسمت هاي از افزونه ها اين چنانچه
 كنندمي منتقل جديد گياهان به را نونهالي شوند، گرفته )بذري



Vegetative buds are present during the initial growth phases of a plant.
Flower buds develop later.

The vegetative bud serves as both the first and
final stages; it facilitates all forms of plant
reproduction. The flower is the terminal stage,
after which reproduction continues via the seeds.
Flower bud positioning on the shoot – terminal or
axial – corresponds to the position of the
vegetative buds.

Flower buds differentiate from vegetative buds
during the vegetative growth period, often in the
axils of the petioles. This transition often occurs as
days shorten and temperatures decrease.



 جوانه نوع دو
) رويشي (برگ هايجوانه 1

) زايشي( گل هايجوانه و
 داديتع كه است داده تشكيل را برگ سرآغازهاي )مريستم( رشد نقطه برگ، هايجوانه در 
 برگهاي هب ها سرآغازه ساير .دارند حفاظتي نقش و ميشوند تبديل جوانه هاي فلس به آنها از

 .ميگردند تبديلواقعي
  .دارند فلس تعدادي گل، چند يا يك بر علاوه نيز زايشيهايجوانه



گل جوانه تشكيل بر مؤثر عوامل

ᙏC/Nسᛞت 



حضور برگ



حضور ميوه
مقصد -رابطه منبع

.)8( سيدلس اسپنسر رقم سيب آتی گلدهی بر بذر و ميوه اثر -2-2 جدول

(%)گلدهی آتی تيمار

13.1سيخک های حامل ميوه های بذردار

95.3سيخک های حامل ميوه های بدون بذر

97.6سيخک هايی گل زدايی شده



عوامل بيرونی
نور

دما

دسترسی به آب

مديريت طول و زاويه شاخه

تنظيم نسبت منبع به مخزن



  انگيزي گل
  در هايينتا هاي مريستم آن طول در و است گل جوانه تشكيل فرايند از مرحله اولين 

 اين در .دميگردن ريزي برنامه گل تشكيل براي ،هستند رويشي هنوز كه هايي جوانه
  تمايز آن از بعد.نميشود مشاهده مريستم در شناختي ريخت تغيير هيچ ،مرحله

 ريحتش ميكروسكوپ زير در مرحله اين  .ميشود شروع آغازي گل يا گل سرآغازهاي
.ميگردد انجام گل مختلف هاي بخش  تمايز سپس.است مشاهده قابل

 غازيدهآ جوانه محور در رشد نقطه تعدادي كه شود مي شروع زماني تنها گل تمايزيابي
)ميانگره /سرآغازه /پريمورديا 21 :سيب مورد در( باشد شده



Flower formation

 vegetative development preceding flower formation



9 budscale
3 transional leave
6 true leaflet
3 bracteae





(A–D) Differential interference‐contrast images of a SAM during a plastochron in wild type rice. (E–

H) FITC (OSH1) and PI double staining of longitudinal sections of a SAMduring a plastochron.

plastochron
The inhibitory effect of youngest primordia in apex

Developing leaf primordia produce auxin, which inhibits cell division in the apical
meristem. Existing primordia also inhibit cell division in surrounding cells, preventing
the formation of new primordia in a specific area. This inhibition is a key factor in
determining the location of primordia.

From 18 days
to
7 days



Effect of GAs (fruits)on 
flower formation 

(plastochron)



The function of endogenous 
hormones in flower formation

 Gibberellins (GA4 and GA7: 4~5 – 9 WAFB)
Alternate bearing: GA3/GA4 8:1

Regular bearing: GA3/GA4 1:5

 Indole acetic acid (seeds and primordial)

 Cytokinins, ethylene, Abscisic acid (roots/ ammonium/ 
phosphore/ GA/Ck)

Fruits and growing shoots 
Direct or indirect deletion 





The presence of fruit as a particular factor

 Effect of fruit load

(a, b) Pictures of two adjacent ‘Top Red’ trees taken at the same day (27 April 2011), one with many flowers (a), the other
with very few flowers (b).

(c) A spur with an inflorescence at full bloom; a Bourse shoot (BS; arrow) with two to three open leaves can be seen.

(d) Spur with three developing fruit (one was removed) and a BS at 43 DAFB.

(e) Sketch of picture in (d). The BS apex will likely remain vegetative due to the presence of adjacent fruit. In the absence of
fruit it may terminate with an inflorescence that will reach anthesis in the subsequent spring.



According to inhibition effects:

The transcription of a hitherto repressed information to a 
new structure, the flower bud

The cessation of the repression of genes responsible for 
flower formation

Induction and de-repression of genes specialized for flower 
formation







Fruit Types (seeds black). A–E, succulent indehiscent fruit: A, drupe, 1-seeded (in T.S.); B, drupe, 5 seeded
(in T.S.); C, pome (in L.S.); D, superior berry (in L.S.); E, inferior berry (in L.S.); F–K, dry dehiscent fruits; F,
many-seeded follicle; G, follicle with 2-winged seeds; H, schizocarp; I, legume or pod; J, lomentum; K, siliqua;
L–P, capsules: L, loculicidal capsule; M, septicidal capsule; N, poricidal casule; O, circumsciss capsule; P,
schizocarp capsule; Q–U, dry indehiscent fruits, with sections showing position of seed: Q, achene from a
superior ovary; R, achene from inferior ovary with apical pappus; S, caryopsis; T, nut; U, samara; V–X,
aggregate fruits in L.S.: V, rose ‘hip’, individual fruits drupelets; W, strawberry, individual fruits achenes; X,
blackberry, individual fruits drupelets; Y & Z, multiple fruits in L.S.: Y, syconium or ‘fig’; Z, syncarp.



Ecological standpoint:

Domestication of angiosperm (12000 y)
Seed production



 Reduced gametophyte

 Ovule Production

 Pollen production (microspores) 

 (male gametophyte with sporopollenin)

 Waterless environment

 Pollination vectors (cm vs. Km)



Reduced size
Most tolerant stage
dormant

Integument and seed 
coat
Endosperm and 
albumen
movement



Selection pressure

Origin of fruit tissue 
layers in dry, fleshy, 
and false fruits

Examples of lignified 
endocarps in drupes 
after removal of 
exocarp and 
mesocarp.





Breeding topics:

 Photoassimilate partitioning

 Higher yields

 Pre-harvest abscission prevention







2. Pollination

2.1. Pollen-stigma recognition and interaction

 Landing
(pollen on compatible stigma)

 Adhere
wet vs. dry stigma (grp17-1 mutant without oleosin pr. In pollen)

Primary recognition

 Hydrate

Aquaporin-like pr. In stigma          water absorption/ pollen acceptance

 Germinate 
(Time consuming- Phalaenopsis orchid)



GA biosynthesis is essential for pollen germination and pollen tube growth



Promotive effects of pollen germination on FI

 In certain orchids, self-incompatible pollinations arose, pollen tubes grew 
only a small amount but this appeared to stimulate the development of 
parthenocarpic fruit.

 In cucumbers and eggplants, the base of the style had to be reached by 
the pollen tube

 Later measurements of growth-promoting hormones (namely auxin) in 
pollen grains and pollen tubes ruled out these as the possible sources of 
growth hormones



 The downregulation of the flavonoid biosynthesis pathway genes, 
CHALCONE SYNTHASE 1 and 2 (CHS1/CHS2), by RNA interference 
led to parthenocarpic tomato fruit development.

 The use of ionizing radiation has also provided data about the role
of the pollen tube in fruit initiation. Fruit initiation can occur even
when pollen samples are treated with high doses of ionizing
radiation (‘prickle pollination’).



Pollen-tube guidance towards the ovules depends
on a complex signaling network which involves
signals from the female gametophyte and
components of the style and ovary

in the parthenocarpic pat-2 tomato mutant the
distorted pollen-tube growth has been related to the
high proportion of defective ovules present in the
pistil.



3 Female receptivity and the 
cessation of gynoecial growth

Female receptivity can be quantified. 
?



Factors affecting EPP

 Temp.

As a rule, pollen-tube growth on floral tissues is temperature dependent.

The optima are usually higher for pollen-tube growth.

 Integrity of the female gametophyte
There are marked differences in female receptivity duration between the ecotypes

 Hormone content
Mutations in the Auxin Response Factor 8 gene (ARF8), dramatically shorten the duration of female receptivity
and lead to reduced seed set.

the receptivity periods in Arabidopsis ovules are significantly shorter than the period to exposures of 10 nmol GA3

Pischke et al. (2002) and Hejatko et al. (2003) demonstrated that CKI is expressed in the female gametophyte until
fertilization and it is essential for gametophyte viability

 Environment                                                                                                                  
Nitrogen

stigmatic secretions induced by pollination, that can help release carbohydrates from the transmitting tissue and 
prolong embryo sac viability 



While the beginning of female receptivity is
demarcated by the period
when pollen tubes can grow on the stigma,
style and transmitting tissue

the end of female receptivity is onset by an 
irreversible initiation of floral senescence



4 Additional restraints on flower 
development and fruit initiation

 Prior to pollination, the floral whorls surrounding the pistil may play a 
role in repressing or slowing ovary growth.

removal of stamens ??

anthers producing high concentrations of free auxins.

high auxin levels in the tapetal tissues are critical for pollen development 
(YUCCA6 and YUCCA2 expression).

Prior to pollen dehiscence, the auxin maximum declines and is absent upon 
dehiscence, providing a natural mechanism to decrease the growth of the 
anther filaments through reduced PAT.



5. Fertilization



In the vast majority of angiosperms, the mature female gametophyte consists 
of a seven-cell, eight-nucleate ‘Polygonum-type’ structure, bounded by 
amembrane that lacks a plant cell wall.

(A) Scheme of a seven-celled embryo sac arranged in four
cell types: three antipodal cells, placed just below the
hypostase, and a large central cell with its nucleus polarized
toward the chalaza (B). At the micropylar end, the egg
apparatus is composed of an egg cell (C) and two synergids
(D). (B–D) Are Feulgen-stained z-stack images. a, antipodal
cells; ccn, central cell nucleus; ec, egg cell; ecn, egg cell
nucleus; sy, synergids; syn, synergids nuclei. Bar in (B,C) = 20
μm and (D) = 10 μm.



5.1 Signal transduction before 
fertilization

 Pollen-tube growth in stigma, style and ovule is
guided by gradients in γ-aminobutryic acid
(GABA).

 Pollen tubes utilize a GABA-transaminase,
(encoded by the POP2 gene) to provide pollen
directionality by degrading the GABA
stimulant.



two other processes regulating pollen-tube guidance:

 diffusible ovule-derived attractants from unfertilized 
ovules

and

 repellents from fertilized ovules.

Auxin, together with calcium produced in synergids,
had long been hypothesized as pollen-tube
chemotropic attractants



pollen-tube guidance (cont.)

 The synergids and the central cell
also play a role in the guidance of the pollen tube prior 
to fertilization.

 In contrast to the GABA gradient, these appear to 
be short-range recognition and developmentally 
regulated.





2 Double fertilization

Double fertilization, first described by Guignard in 1899,
involves one sperm cell uniting with the egg cell, while
the second sperm cell fuses with the central cell and
undergoes karyogamy with the polar nuclei.

 Double fertilization begins upon fusion of the tube tip with
a synergid cell. At this point, the pollen tube stops growing
and discharges the two sperm cells.

 In some species, synergid degeneration occurs well
before pollen tube arrival (Raghavan, 2003) while in
Arabidopsis it has been reported that synergid cell death
occurs upon pollen tube contact (Sandaklie-Nikolova et
al., 2007).



 Upon discharge of the sperm cells into the degenerating
synergid:

1- Migration of sperm cells to the egg and central cells occurs (Faure
et al., 2002; Weterings and Russell, 2004; Ingouff et al., 2007).

Movement towards their respective nuclei is facilitated by remnant
F-actin coronas and microtubules (Ye et al., 2002; Raghavan, 2003).

2- Following double fertilization, development of a diploid zygote
and triploid endosperm is initiated.
3- The remaining synergid eventually deteriorates (Kasahara et al., 2005)

4- The integuments expand and divide to accommodate the
developing embryo and endosperm.
5- In Arabidopsis and other angiosperms, the integuments
differentiate post-fertilization to form the seed coat or testa that
protects the seed and facilitates the transfer of nutrients and
photoassimilates to the seeds.



5.3 Signal transduction during 
fertilization

 After compatible fertilization, rapid changes in membrane‐bound
calcium occur.

 A complex signalling network is involved in the coordination of double
fertilization

 An early signalling event is the generation of a calcium influx
following the fusion of the sperm and egg cell.

Characterization of the Arabidopsis aca9 mutant has further
contributed to the understanding of the role played by calcium
signalling during fertilization. ACA9 encodes a Ca2+ pump that is
primarily expressed in pollen. Mutant aca9 pollens not only display
reduced pollen-tube growth but are also defective in sperm cell release



5.3.1 Roles of the egg cell and central 
cell in fruit initiation

 The role of the endosperm and egg cell in the control 
of seed development has been extensively reviewed.

 first observed in the FERTILIZATION-INDEPENDENT 
ENDOSPERM (FIE).

 It is widely accepted that upon fertilization auxin
originating fromthe seed is generated.

 In cdc2a mutant pollen, a single sperm cell is produced 
and is able to fertilize the egg cell.



5.3.2 Roles of the integuments in fruit 
initiation

 selection of male gametes arriving at the ovule

 Providing nutritive support to the developing zygote and
endosperm,

 signal transduction that directly stimulates fruit initiation.

Cells remain mitotically active throughout the female receptive
period. However, soon after fertilization, the integument cells begin
expansion and the mitotic index further increases





6 Hormonal cues during fruit 
initiation

In 1936, Gustafson discovered that application of synthetic
auxins to emasculated flowers of several different plant species
resulted in parthenocarpic fruit development and, thus,
established the initial linkage between fruit initiation and plant-
growth regulators (Gustafson, 1936). At present, three main
types of plant-growth regulators are recognized as having
phytohormonal properties that can potentially induce fruit
setting and fruit development (Gillaspy et al., 1993). Application
of auxin, gibberellins or cytokinin, either alone or in
combination, has been shown to trigger parthenocarpy across a
wide variety of plant species (Gustafson, 1936; King, 1947;
Srinivasan and Morgan, 1996; Vivian-Smith andKoltunow, 1999;
Ozga et al., 2002, 2003). Application of optimal combinations of


