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Abstract; Cowpea stems can be right-handed helical when twinning on backers. We found
that vascular bundies in skinless stems, which had being soaked in water,ranked lengthways
as left-handed helixes, opposite to the stems’ twinning direction. In addition, helix and line
type stem internode vessel elements were arranged as sectors when observed in crosswise
transection by hand-held slicing methed, and the angles of these sectors in helix type stems
were significantly less than those in the same internodes of line type stems (p <0. 05). The as-
pect ratios of all sectors were the same, except that in the first internode { p <0. 05). These re-
sults show that the twinning helix and torsicn helix counteracted each other ,and the differences
between sectors in helix and line type stems resulted from extrusiuocn producing in stem tor-
sion. In addition, analysis showed that stem torsion was not the result of cell asymmetric trans-
verse expansion in the xylem, but of unilateral cell elongation.
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“mp” indicates the position where the primary main vine was
cut, “c="indicates two new vines.
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Fig.1 Handling of Vigna unguiculata seedling
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A: Right-handed helical sterm of cowpea; B Hslix type stem of cowpea without epidermis and marrow; C. Direction of stem
torsion helix was left-handed; D. Torsion helix was tighter when the spiral stem revolved along left-hand, some fibers even
fractured; E. Torsion helix was looser when the helix type stem revolved along right-hand,some positions even dsehisced.
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Fig.2 Helical stem and longitudinal arrangement of vascular tissue of cowpea

LR R A, 1T U L o e A A A SR R ()
2: D) , B d R AW, MR, BB
417 Tl (S8 7 1] ) B , 49 L 40 2% L e vy i
P, fote L R e ) R I, T DR LT o e
TR, H B 2: E) o Ay HE) py R g
A TV, B S M S AT = M A B
TV

2.2.2 AEHITHFHEEHEES]

W &Fa ity 100 5 B F g LN,
WA 5 R P25 BEAS 1T IR AR R R T I 1k
PRI T HE o AnRFHER i AR A R 7
52,3, 4 N, BEMEESENTHUTAE
LM A 2000 1 B , (H ELZR B=E B rh 2 0 e
WA B ; FLERERIZE B SE 2., 3. 4 1 Ml A AR
FETHEES BB EZ (K3, C~J),

ZR oy AT 2R W, i BRI B 4R B 25 B R0
Vi 4T HES M B S8 19 £ BE RGBS LAY B
A, ERERZEE 4 A e A B e R AR
Bif/h(p <0.05) BREE 1 W 4F, Hdy 3 A9 Ml
AR I L E LB K (p <0.05) (A 3.3
1) XFEZEGERZZB BN (HIELAHIX
B)WRENTEEEZ, AN SMISEXTHE
REFRAELMZEEINA. XE7 WA NI
HER, EREAEBREAR R 2ES FHB L E
ZRIME(E3: K. L),

2.2.3 HRIRNESEEREENE ) E RIS

BEAL T LA E Y W5, e T

LEBEIBAT . RRCHR BRE BB
ZREHE AL RS LG
£ (LG R e R 2R PSRRI SR R LT DNA
DURBENILIE B 1 T R BE R R . T, TEAR S
Yoo IR Je T4 SR IE B G2 2T 4E MR e 5 R GR HR E
TEET N PIMHE ML FCAL B, SRSy 1 411
% B IAETRIE(E 4. A) RIRIEET
S RAE PR YT SRR , BY I DB A LA (08
Je— i ieE I (I 4. B C) R T 05 s i
ETHE N — Wil s TR 3, JRHT G T e
PHLE T E R b AR AR IR BT A
REFERAE o R AT MR JI58 T 500 I,
BEM TSRS YR W
F1 RRINELRNER&TEHAUE

SESTFEBHAI AE
Table 1 Angle value and aspect ratio of sector shaped
by vessel elements on cross section in 1st,2nd,
3rd and 4th infernodes of helical and line type stems

LIPS L Timss Ly HRA

Index Internode num.  Helix type Line type
1 22.55 +0.98e 25.51 £0.82d
f1EE 2 23.00 +1.16de 39.70 £1.41a
Angle value 3 25.86 £0.98d 33.82+0.77b
4 30.29 +0.88¢ 39.76 +£0.73a
1 4.78 +0.24 a 4.73 +0.225
S 2 2,97 +0.22¢ 2.00+0.10d
Aspect ratio 3 3.71£0.22b 2.76 +£0.08c
4 3.71£0.07b 261 +0.06c

. WS AR RRERAEEKYE(p <0.06),
Note. Different letters behind numbers mean significant
difference level (p <0.05).
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Sections were from central section of the 1st,2nd,3rd and 4th internodes (arrows indicates)}. A,B: The 1st, 2nd internodes
of halix type (A} and line type (B) stem ( “wmp”indicates area where sections were formed in the first internodes, “="indi-
cates area where sections were formed in the second internodes) ; C,E, G, | indicate in turn transections of 1st,2nd, 3rd
and 4th internodes in helix type stems (photo in the lower |eft corner is magnified image (2 x ) of single vascular bundle
(black v shows ), black ‘V* shows angle (A) of sectors shaped by vessel elements, blue * 1’ shows its Aspect Ratio
(AR),the same below) ; D,F,H,J indicate in turn transections of 1st,2nd,3rd and 4th internodes in line type stems; K,L
show respectively xylem of 7th internode of helix and line type stem.

M3 RedSELNZRAARBENE(FaakR)&BlR|
Fig.3 Xylem (deeper red areas) of helix type and line type stem in transection
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A: Nylon fibers bearn helix,torsion (f1} and their schematic in fransverse section ( lower left) ; B: Negative super-helix formed by
two helical nylon fibers bearn when folded; C: Negative super-helix is right-handed and fibers beams are both left-handed; D: Nylon
fibers beam twisted on a glass rod around opposite direction; E: Nylon fibers beam’ s torsion (f1 } ,friction (£2) between beam and
glass rod and torsion (3} of twinning helix and their balance, schematic in transverse section (lower part, M marks oblique section
of backer,transverse section of Nylon beam is on right) ; F: Force analysis of free end.
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Fig.4 Torsion balance of between nylon fibers beam helix and revolve helix
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