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Fig.l The growth dynamic of ‘Moldova’ grape leaves
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Fig.2 The microscopic observation of upper epidermal cells of ‘Moldova’ grape leave after tissue clearing
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Rl CBERZ LA R AR B HRHAE
Table 1 The character of upper epidermal cells

of ‘Moldova’ grape leave

AR EIENAIN e J BE R i T A/ pm”
w, 4~TiHTE FH 76.32
W, A~Tih % TH 132.41
W; A~Tih % TH 157.67
W, 4~7i0T% FH 189.78

20 umbL T EEAJEM E3~4E, SALKELE
10~30 pmZ [8], KLEE20~30 pumfK) < ALFT & EL Al
RES T2, {E5EA R E3~4 ] DLW 5 E
KR TF30 pmfl <AL, HFT 5 BT, H 4%
3% (£3), s A e Fr b

2.4 FEMFEKERE P RIBAEHEZ L
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5-A); TE5E 4z M 5 2 vl o L oA S - ik 48 45 7E #
A5 P B T R IR ARG AR G, (ELR DL HE B2y S (18
5-B), fE584 M Ja 3 R LA 2R o ik HE B4
RN 93 S (BS-C), £ 58 42 M 4 A ik
S B E BN 9 X R G (KI5-D), RR kS

K3 BE/RZ B0 A& R R A S T RALE S 50 A
Fig.3 The morphology and distribution of stomata on the tooth-tips and center of ‘Moldova’ grape leaf before leaf open
Ac 7 IR ASRHE; B i 7 G ARIEASRHIE; CRID: 20f5988 T M Jr s i i 9 LB A 5 2041 BRIE: 40f5 98t T v s Rk
SAEEE a4 . ARMBHRR R E 90.25 mm, CHIDHAR FJURFRKE 50 pm, DFIE R R A E 425 pm.
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K2 CBERZ TUATE M R A K R RSB S TR AR

Table 2 Changes in morphological indexes of stomata on ‘Moldova’ grape leaf during leaf growth

K IH- T AR /em? ALK /um A ALGE S/ um Kbl AALER /um® PSS A mm
W, 8.92 23.06 17.95 1.28 385.69 16
W, 16.84 12.24 14.16 0.86 64.13 264
W, 24.34 16.47 15.87 1.03 154.76 233
W, 56.28 21.32 18.17 1.17 329.78 178
W, 103.46 24.59 19.45 1.26 428.65 143

P4 <BEIR 2 T o8 42 JE M B i AL TR S
Fig.4 The morphology and distribution of stomata on the center of ‘Moldova’ grape leaf after leaf open
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3 CEERZIUHE M AR R AN RS RE R
AL AT EE
Table 3 The proportion of different length of stomata
distribtion ‘Moldova’ grape leaf

K I 187 SILA AT/ %
0~10pm  11~20um  21~30pm  >30 pm
Wo 0 4 94 0
W, 41 55 0
W, 37 60 3 0
W, 13 51 1 4
W, 7 29 61 3

o, FEwE R SE A R fE 4 8 ik Bl K, 187.85
mmol-m™-s ™ (4), XL B A K FE A LIZ
Wk B R, KB B AL RefR E AT K
AR, BE FAKMSILKE,
K SR A, Hoh e A et JE 1R i k3
9—0.85 MPa, 584 &M 54 8 i K 3 K=
—1.52 MPa (4). 5Z X H 2 &K E
BEE AW B, SR R R LR
IKENT1.43%, A e 548 2268.35% (R4),
XRLEM KSR, A R KA K E

RE M 18 oK o0 A8 | b iz, (A DR R AR 2R 5
Jr TR R 7K 38 22, (2 JEAR 58 7K 4 IR WSORA 490 Joit 7 A9 A
W IFIE 5 5 5B -
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ISR AR L BREGE . E R AN
Pet LM g2 H &) R AALURS, 4R (Bl6)K M, 4
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JEE T ) BRSPS e, S 6 R 4% A R AR v PRI 2,
TE BRSSP 0T vl AR I S <AL
KE. WEATFIREE, (H2AMR TAAGE 52 &4
HE(E6-A) o AHXT 48 FE RIS IV, i GERE
FP ARG B2 2%, BN T 3R R RE AR AR T g
MEF| AR DA, Hae e IALKE., 5
FE, AFLFE$07T HL T 5 22 FH R IR B 0T, X 2 o R
YN, BT S BRSO B R R B, MEFE UK
(Kl6-B). & WIEAEA B IA I Fr 20 M 25 44 IR IS L T
SLES TR R AT, MIE SR KE, EWEH
5 M REASIE T AT L, ALK EE . EFE. PR
ARG E, &V e M & R R Gt )5
LA R 7 41 i Bl G s 1, B2 T R AR (B
6-CH1D).

KIS “BEIR 22 B A 4 SE A M R h M KRS S 0 A
Fig.5 The morphology and distribution of vein on the center of ‘Moldova’ grape leaf after leaf open
A: JEMJE1E; B: gt 5208 C: B E3)8; D: @t g4 . Ehbr RARE AL E 950 pm.
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Fed BERZ TR RN E AL, BUKERUKHAELL

Table 4 Changes in stomatal conductance, water content and water potential of “Moldova’ grape leaf after leaf open

A Ko LG /mmol-m”-s” K % - 7K #4/MPa
W, 35.23 77.37 -0.81
W, 68.15 74.50 -0.95
W, 135.78 71.43 -1.28
W, 187.85 68.35 -1.52

K6 A [F) S8 T A B B /R 22 B ) AL B S BN 52
Fig.6 The microscopic observation of stomata of ‘Moldova’ grape leave with different experimental methods
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Morphological and structural changes of stomata and leaf veins during
growth of grape leaves using tissue clearing technique

XIE Zhao-Sen"’, DU Hong-Ru', LI Jian-Bao', Bhaskar BONDADA®

'College of Horticulture Science and Technology, Hebei Normal University of Science and Technology, Qinhuangdao,
Hebei 066600, China
*Washington State University, Viticulture and Wine Science Center, Richland, WA 99354, USA

Abstract: In this study, ‘Moldova’ grapevine (Vitis vinifera) leaves were cleared to examine leaf epidermal
cells, stomata, and minor vein system. These features were compared with other techniques such as leaf im-
prints using nail polish and tearing/peeling of leaf epidermis. Among these techniques, the tissue clearing tech-
nique emerged as the best way of studying leaf morphological features as it is easy and provides clear images of
the highest resolution. For instance, it revealed numerous large stomates scattered throughout the abaxial sur-
faces of dentate margins of young leaves as opposed to few large stomates centrally localized along with guard
mother cells in the lamina. As the leaves developed, the guard mother cells transformed into mature stomata
and the minor vein system increased its vein density. These collectively increased stomatal conductance but the
water content and water potential declined explaining the paradigm that plants use most water to transpire and
only a small quantity to sustain growth.
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