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Effects of hydrogen cyanamide on physiological characteristics of dor-
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Abstract: [Objective] Natural dormancy is an insurmountable stage during the growth and develop-
ment of deciduous fruit trees. Grapevine is a perennial deciduous vine of grapevine family. If the variet-
ies cannot meet the chilling requirement, it often leads to low germination rate and irregular germina-
tion, which seriously affects the yield and quality of berries. Therefore, breaking the natural dormancy
and promoting early germination has become a key technology to be solved in forcing cultivation. The
purpose of this experiment was to explore the effects of monocyandiamide treatment on the growth and
development of different grapes, and to reveal the physiological and biochemical mechanism of break-
ing dormancy of grapes. [Methods] Three grape cultivars Zaoheibao, Zaoxia Meigui and Shaoxing
No.l were selected as test materials and treated with sleeping breaking agent hydrogen cyanamide
(H.CNy) and water as the control (CK). The budding stage, flowering stage, berry coloring stage and rip-
ening stage of each grape cultivar were recorded, and the uniformity of germination, germination rate,

berry setting rate, fruiting cane rate, diameter change of fruiting mother cane, bearing position, inter-
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node length, leaf length, leaf width and the growth dynamics of new buds, leaves and fruits were calcu-
lated. The development of each grape bud after dormancy breaking treatment was observed by paraffin
section. The content of H,O,, and the activity of POD and CAT were measured. The photosynthetic pig-
ment of mature leaves was measured by ethanol extraction method. The length and width of grape
bunch were measured by tape measure. The weights of grape bunch and berry grain were measured by
an analytical balance. The vertical and horizontal diameters of berry grain and the thickness of berry
peel were measured by a vernier caliper. The ratio of vertical to horizontal diameter of berry grains was
fruit shape index. The hardness of berry was determined by a hardness index measure with a thermome-
ter. The method for measuring soluble solids, total sugar and acid-base titration and vitamin C content
was determined by 2,6-dichloroindophenol titration method; the relative content of total phenols and fla-
vonoids was determined by hydrochloric acid methanol method; the relative content of total anthocya-
nins in pericarp was determined by hydrochloric acid absolute ethanol extraction method. Combined
with principal component analysis (PCA) and comprehensive evaluation index, the main influencing fac-
tors of monocyandiamide on grape dormancy were screened, and the effects of monocyandiamide on the
growth and development of different grape cultivars and their comprehensive berry quality were ex-
plored. [Results]The effects of dormancy breaking treatment on the growth of all grape cultivars were
similar as a whole, and the germination and berry ripening times were significantly earlier. After dorman-
cy breaking treatment, the internal structure of each grape bud developed rapidly, the growth point gradu-
ally increased and elongated, the main axis was differentiated and filled with buds, the number of cells
increased, the leaf primordium formed continuously, the inflorescence primordium developed continu-
ously, and the flower meristem morphology was complete; however, after water treatment, the internal
growth of bud was slow, the structures developed but did not take shape, and a small amount of leaf pri-
mordium and inflorescence could be seen. There was no significant change in the whole primordium.
The germination uniformity and germination rate, and the H,O, content and POD activity were signifi-
cantly higher than those of the control, while the CAT activity was significantly lower. The contents of
chlorophyll b, total chlorophyll and carotenoid in mature leaves were significantly higher than those of
the control, while the content of chlorophyll a was significantly lower. After breaking dormancy treat-
ment, the appearance quality and internal quality of each grape berries were improved on the basis of
maintaining the inherent level, and there was no significant difference in the appearance quality between
the treatment and control. For the internal quality of berry, the soluble sugar, soluble protein and starch
contents in Zaoxia Meigui grape berries treated by breaking dormancy was significantly higher than
those of the control, while the other two kinds of grapes were improved, but there was no significant
difference; the contents of soluble solid and vitamin C in Zaoheibao and Shaoxing No.1 grapes signifi-
cantly increased, but there was no significant difference with Zaoxia Meigui. The relative contents of
total phenols, flavonoids and anthocyanins in all grape cultivars increased after dormancy breaking
treatment, and there was no significant difference except for the relative contents of total phenols in
Shaoxing No.1. PCA was used to analyze the physiological and biochemical indexes of different grape
cultivars after breaking dormancy. The three principal components with the highest eigenvalues were
extracted, and the cumulative contribution rate reached 94.36%. Combined with comprehensive evalua-
tion index, the order of grape comprehensive quality was as follows: Zaoheibao (H.CN,) > Shaoxing
No.1 (H.CN,) > Zaoheibao (CK) > Zaoxia Meigui (H.CN,)> Shaoxing No.l1 (CK) > Zaoxia Meigui
(CK). [Conclusion] Germination uniformity, germination rate, H,O, content, POD activity and CAT

activity were the main influencing factors for breaking dormancy of grape. The comprehensive quality
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of Zaoheibao grape berries was better than that of Zaoxia Meigui and Shaoxing No.l grape after treat-

ment with H,CN..
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A. The sprout dynamics of each grape after breaking dormancy treatment, the left is the sprout of breaking dormancy treatment, and the right is the
control. B. The leaf and fruit development dynamics of each grape after breaking dormancy treatment. Both sides of the leaves and fruits were treated

with H,CN.. The scale of horizontal line in the figure is 1 cm.
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Fig. 1 Development dynamics of grape buds, leaves and fruits after H,CN, treatment
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in micrograph and 1 cm in phenotype.
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Fig.2 Morphological differentiation microstructure of different grape buds after H,CN, treatment
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Fig.3 Effects of H,CN, treatment on H,O, content and related enzyme activities in different grape buds
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Fig. 5 Effect of H,CN, treatment on appearance quality of different grape fruits



%5

g, A RO 3 AN i P R B A BRI e 25

eyl p=Al 733

OS2 o 55 %k FEAE B, A B Ah B 4%t o ] 67 ALK
FE TG B R Ak, L% it P ) 190 S5 3 22 S s % i b
%) AR RN W (B TR 2 R, SR
T R (421.96 @ R E E T REBI52.22 ¢
AR — 544 (192.69 ). 5552 % 4 fE W IR Ak
PR, ARG B I 2 AL, 17 At 9 P 4] 26 TG A
o WEARALEE 5 , & it P 47 o S B AR VR
WA DS ST T B A G I, R T B 2 L
B S A ) PR (7,78 @) M B4R (22.39 en) WM R
(25.35 e ¥4 . 2 v T HLER OB (3,414 16.69 cm
19.58 cr) LA — 5474 (3.50 2.15.92 cm. 17.45 cm),,
AR — S & R B R E T 23 . 4,
TR B AL 8 5 18] 5 i A 4] 267 SR SIC B8 2 38 0, i SRz
IV AL T 3 22 S5, () ) B = ] 4 ) SR S
£ (2.68 kg om™) Wi 2 = T R E B (1.45 kg em™)
R — 5% (1.32 kg cm™) , 1M AT 7 B 1K
T

252 HORKZA R AP H B RFENESROF
oh 0] B AR A B S A ) R 2 SR SIS PN AE b 5T R AT

SE » 25 A (B 6) 7, 34 it P AT 67 ] A I T

WA ek S E A BT, b B O A
RS EIR 3R RIS =R E & T R

= T HRE Soluble sugar
= T{ﬁ P25 15T Soluble protein

w/(mg-g™")
 —
1—34=
1 1o
_] o
I
]

CCb Cb

L1 N
40 =

T I
20 eI

R TSR E R A (0.83 mg-g",w)'—?‘?ﬁ*ﬁ

EEQSTmg-gH)BE i-"jJu [T i
(15249 mg-gH LR EERF *ﬁ%@ﬁ@ﬂwﬁ
PERES E (1482 mg- g )%u%*\/\ae 42mg-gHik
180, 1 AT A B R (0.67 mg - g D TR
ZESt.

TR R AL I, 4% i o o6 6] P RG E BR & PRI, 11
BB EZER, "MIEEEEY S Y2 R C o EHNY
Ie 50T BEAR L, Al AR A 2 ) SR RN 2E R — 5
ATV [ T AN AR 2R C AR B E S, 1
BRI LR EER. o, SR 5 5 2
i%%ﬂ@ﬂﬁ%@ﬁﬁ%(o41%,W>E%%?$E§ﬂ
TH(0.33%) FIEH B — 541 %) (0.24%) , T 28 2 — 5 4
%E@mﬁﬁﬁé%’a\%(zos%,w)%uéﬁiﬁc iy
(8.98 mg- 100 g, w) 34 2 3 i T H A A f

TR AL 3 I, 4 oo o T 26 ek Iy S S B S i A T
FARRT S EA BTN, Hoh R — 5 &
FHXT & 2 (0.52 OD - g % R BN 3, R34 (0.64
OD- gD AL T ZAX & (3539 OD - g ) L
Z 5, T R L O A 1 R 3 R R
BYLREZER. WA MIRGEE, BE—SHE
By AR AR & R R E S T R R E AR

I

—

kil ol g

== H,CN,
b = CK

1N ..

w4 O
Vitamin C contents/(mg-g")

4
2_
0- T T
HEE FEHBI MR—5
Zaoheibao Zaoxia Meigui Shaoxing No.1
24.0 1 we=fil G SE TS TS :
~36.0 i 5} Total phenols a a a a a a T]{i% 7€ TR Titratable acid d
34 01 =1 {£ 7 & Total anthocyanins . . . . . . 21.0 1 =¥ E Y Soluble solids = ©
8 : =}$ 75 il Flavonoids . 18.0 be , ab p
e cd ’
jAlE be ¢ 1504 Il
- O\ .
<‘E 5 o ab E d
= a 0.6
25 cd o ap be
g 0.4 - a ab
K 0.2
g{') T T T 0.0 - T T T T T T

FEFESE FEFESFE
SESGET FCS

N % S B x % o B B S,
F® S S N ook ® S LY ég’@ FF T 0 SIS o
@< @(/%%x% %” éo @%08\0 @(ég@e‘%@ffi Qﬁo X z:@ @f% @@ Q}%” éo @;606;0 ?S\@\%Wp%; °§ @;S&;o@(%’;\@% @%q?
( R, . S .
(\/‘b 0 fb°+ F 0‘\}% %0‘9 “r' Vv ‘b&} ‘0‘}0 Vv ,bo‘*'\ &@oﬂ.
AW & W & 4P v < v <

/AL Varieties/Treatment

i AP/Ab 3 Varieties/Treatment

El6 MWARAEMAEAERIAERRAIHM
Fig. 6 Effect of H,CN, treatment on intrinsic quality of different grape fruits



734 3 i

S 4 #3845

TE A, T A AR T F AR AR 3 Al bR A R 2
TREER.
2.6 AREEBEMNIBIRERD DI

X i IR Ak 2L i A [) ot P ] ) A B AR A FR AR AT
F A 53 BT (PCAD , H BURFAEAE &% =i 16 3 AN B4
BTk R A ) 94.36% (K 2). F1EHSEER
A SR 2 FLREAR AR K L P B AR
BRI TR R IORENR  SAE R RAE R ) DL R
FS AT R AT I A R S R, R EE N
12.98, BT 77 Z DTk F N 39.34% 5 55 2 Tl £
AW 2R RSB R R T TR DL R 4 2K b SRS

JER T E R AT [ A AR 2R CL By A
WO AR R AR 1146, B T ETERE N
74.07%; 5 3 E R4 B W 2F 28 . POD 1 CAT ¥
PERLA HLO, &5 & 4R 3 a B SRR AR b &R
S, M N 670, B ETERE N
94.36%. TEHS 1 R, AL IR R R E R (G5 LB
TR KL 188 s 55 A5 56 PC L 7 A ) S, K T
TR FE R R R SR RS R
ENMIIYNE SN CR T RS S Piln = ()
PCI =R IE M B2M, PCL AT AR N A KR B 5 F 5z 4b
WARAR : 7528 2 F o, A 28 B2 55 8 L SR ST 3

R2 BISRERSBFHER 2 KRR

Table 2 Characteristic vector and contribution rate of principal components of each indicator

izt G5 ER FERr2 FEH3
Index Code Principal component 1 Principal component 2 Principal component 3
B 24455 & Uniformity of germination k1 -0.39 -0.74 -0.51
H %% Germination rate k2 -0.21 0.33 0.84
A JLE Fruit setting rate k3 -0.80 0.56 0.20
A7 % Fruit branch rate k4 -0.70 0.71 -0.09
S5 FERERH B K B B Growth rate of diameter of fruiting branch k5 -0.78 0.30 0.25
A1 8] £ Internode length k6 0.14 0.89 -0.42
K F¥ Length of leave k7 0.93 0.28 -0.16
I35 % Width of leave k8 0.92 0.17 -0.19
H.0, % & k9 0.26 0.60 0.74
POD ¥ 1 k10 0.10 0.53 0.84
CAT i1 k11 0.01 -0.49 -0.85
4% a ¥ i Chlorophyll a k12 0.06 -0.64 0.77
4% b & & Chlorophyll b k13 0.55 0.72 0.36
JIH-4¢3 5 Total chlorophyll k14 0.30 -0.37 0.87
Fi#AE & F i Carotenoid k15  -0.54 0.21 0.80
#Ji H Bunch mass k16 0.98 -0.17 -0.14
K /& Bunch length k17 -0.02 -0.39 0.41
%5 ¥ Bunch width k18  0.65 -0.59 0.14
HLL R i Single fruit mass k19 0.95 -0.28 -0.12
R FG 2] Fruit shape index k20  -0.22 -0.69 0.69
J 542 Horizontal diameter k21 0.93 -0.37 -0.01
RS AZE Vertical diameter k22 0.89 -0.44 0.13
S SZAE A Fruit firmness k23 0.96 -0.25 0.16
JEMER 77 Fruit stalk pull k24 -0.96 0.17 -0.22
] YA B2 & Soluble sugar content k25 0.82 0.52 0.07
] R 15 7 & Soluble protein content k26 0.74 0.55 0.30
JERY 2 & Starch content k27 056 0.79 0.11
W] i 2 FR & & Titratable acid content k28 0.63 -0.77 -0.07
AP 24 7 1 Soluble solids content k29  -0.18 0.98 -0.08
442 2% C & & Vitamin C content k30 0.46 0.82 -0.35
STy & & Total phenols content k31 0.19 0.91 -0.37
253 Wi 45 & Flavonoids content k32 028 0.92 -0.29
S AETT 1 i Total anthocyanins content k33 0.69 0.66 0.25
FRAEHE Eigen value 12.98 11.46 6.70
J7 Z£ UTHk 2 Variance contribution rate/% 39.34 34.73 20.29
2t 5Tk 3 Cumulative contribution rate/% 39.34 74.07 94.36
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Table 3 Values of principal components and synthetic analysis indexes of grape under different treatments

hry i QbR il 43E Value of principal components, Y S AR TR Hi4
Varieties Application Y1 Y2 Y3 Synthetic analysis indexes, S Order
R H.CN, 20741 0.2520 0.480 2 2.806 2 1
Zaoheibao cK 1707 3 -0.965 6 -0.462 7 0.279 1 3
e H.CN, -1.130 2 -0.401 6 0.702 1 -0.829 7 4
Zaoxia Meigui CK -1.405 8 -1.499 7 -0.024 3 -2.9297 6
Vi) H.CN, -0.482 3 1.9917 0.0812 1.590 6 2
Shaoxing No.1 CK -0.763 2 0.6232 -0.776 4 -0.916 4 5
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