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Chilling and heat requirements of grape cultivars under protected cul-

ture in Ningxia area

GUO Songtao, ZHANG Yahong’, LI Qin, ZHANG Xiaoli, FU Yufang, LIU Shuai
(School of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract:[Objective] China is the largest country for grape (Vitis vinifera L.) cultivation in the world.
Grape can be grown in open field and in protected field, and the protected culture has become more pop-
ular in recent years in China. Usually a chilling requirement is necessary for breaking the winter dor-
mancy and a heat requirement is necessary for initiating bud burst of grape. Insufficient chilling require-
ment and heat requirement would delay the bud burst, inflorescence degradation, and growth of new
shoots, leading to poor production low quality of fruits. The experiment was designed to study the chill-
ing requirement, heat requirement and the relationship between them of grape under protected culture in
Ningxia, and to screen a suitable model for measuring the chilling requirement and heat requirements
for grapes cultivated in protected condition in this region. [Methods] The experimental materials were
six-year-old grape vines of ‘Red Globe” ‘Red October’ ‘Victoria” ‘Thompson’ ‘Royal Rose’ ‘ White
Stone” “6-12” “August’ in Ningxia, 3 models of estimation of chilling requirement (<7.2 ‘C model, 0-
7.2 “C model and Utah model) were used to estimate the chilling requirement for breaking the dorman-

cy, and 6 models of estimation of heat requirement (growing degree hours model, effective accumulated
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temperature model, maximum accumulated temperature model, maximum temperature accumulation
model, average temperature accumulation model and heat model) were employed to estimate heat re-
quirement for the bud burst after the dormancy. The chilling requirement and the heat requirement were
estimated, in the past three years and the coefficients of the variations between the different estimation
models were used to select the most suitable chilling requirement and heat requirement models for this
region. At the same time, SPSS software were used to determine the correlation between the chilling re-
quirements and the heat requirements estimated by different models. [Results] Through three consecu-
tive years of estimation of the chilling requirements of grape under the protected culture via three mod-
els, the smallest inter-annual coefficient of variation was obtained by the Utah model. A big difference
in the chilling requirements among the 8 grape varieties in Ningxia was found. ‘Thompson’ had the
highest chilling requirement, with 562-622 h (<7.2 ‘C model), 535-582 h (0-7.2 'C model) and 518-544
CU (Utah model); ‘White Stone” had the lowest chilling requirement, with 166-185 h (<7.2 ‘C model),
162-179 h (0-7.2 'C model), 155-165 CU (Utah model). The comparison among three models showed
that the Utah model had the lowest coefficient of variation with 5.66%, which should be more suitable
for estimating the chilling requirement in the region. By comparing the temperature accumulation of the
different heat requirement models in the same period of the three years, it was found the growing de-
gree hours model had the smallest coefficient of variation. There was a little difference in the heat re-
quirement among grape varieties. The growing degree hous model had the smallest variation coefficient
among the six heat requirement estimation models for inter-annual three years, which was 3.83%, indi-
cating that the growing degree hours model should be the most stable for the estimation of the heat re-
quirement in the region. There was a negative correlation between the heat requirement and the chilling
requirement. although the chilling requirement and the heat requirement of grape was not inevitability
related to the fruit maturity period.[Conclusion]In conclusion, the Utah model and the growing degree
hours model would be most suitable for estimating the chilling requirement and the heat requirement of
the grape cultivars under protected culture in Ningxia, and there was a negative correlation between the
chilling requirement and the heat requirement.
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Table 1 Chilling requirement estimated by different models in three years

A SAH R S i 11H30H 12H10H 12H20H 12H31H
Chill model and relevant parameter Year 30-Nov. 10-Dec. 20-Dec. 31-Dec.
<7.2 CHiR! 2016—2017 192 430 636 873
<7.2'C Model'h 20172018 24 212 384 596

2018—2019 0 131 302 511
“F1J{H Mean 72.0 257.7 440.7 660.0
WRHEZE S.D. 104.61 154.64 174.06 189.30
TR RECY 1.453 0.600 0.395 0.287
0~7.2 CHERY 2016—2017 130 312 509 734
0~7.2°C Model/h 20172018 24 203 361 534

2018—2019 0 127 295 475
P11 Mean 51.3 214.0 388.3 581.0
brEZE S.D. 69.18 92.99 109.59 135.75
BREBCV 1.348 0.435 0.282 0.234
Rk i 2016—2017 83 186 361 625
Utah model (CU) 20172018 20 200 347 500

2018—2019 0 124 277 437
F4516 Mean 343 170.0 328.3 520.7
PrEZE S.D. 43.32 40.45 45.00 95.69
TRAKCY 1.262 0.238 0.137 0.184
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Table 2  Chilling requirement of 8 grape cultivars estimated by different models

<7.2°CHi <7.2°C model/h

0~7.2°CH7 0~7.2°C model/h

Ptk Utah model/(CU)

i S A wAE R @A AR AR WA wAE AR
Cultivar Year =AY M R B 1 R Bl SEHIH S
Value Mean CVI%  Value Mean CV/%  Value Mean CVI%
AR:E= 2016—2017 487 501.3 253 452 463.7 248 432 435.7 0.74
Red Globe 5172018 506 464 438
2018—2019 511 475 437
¢+ H 2016—2017 295 317.0 6.94 269 303.7 1053 254 290.7 11.68
Red October 55179018 317 310 297
2018—2019 339 332 321
AN 2016—2017 423 435.7 7.98 398 419.7 551 366 3933 6.44
Victoria 20172018 409 417 398
2018—2019 475 444 416
Dl 2016—2017 562 591.0 508 535 556.7 426 518 528.7 2.58
Thompson 2017—2018 589 553 524
2018—2019 622 582 544
UL EOR 2016—2017 265 285.0 6.55 258 277.3 6.69 239 261.3 7.60
RoyalRose 53179018 288 279 268
2018—2019 302 295 277
B 2016—2017 168 173.0 6.03 162 170.7 498 155 159.7 3.15
White Stone ~ 2017—2018 166 171 159
2018—2019 185 179 165
6-12 2016—2017 501 523.0 431 480 4913 271 456 459.7 1.20
2017—2018 522 488 457
2018—2019 546 506 466
B R 2016—2017 182 206.0 13.03 176 199.7 13.18 165 184.0 11.92
August 20172018 201 195 179
2018—2019 235 228 208
F34){H Mean - 6.56 - 6.29 5.66




1002 BowW 2R F37%6
AR IR 17 FN€6-127 B 2% S I FE A AR A, & TR A = A
HE A5 W0 22 4% it 4 & A2 B A AT LAAS HY, W Y 8 TR KES.

AN i e 75 VA 5 L R 2 (A AF LR 2 SR
FRo WA+ H R SHEHIL A 3 RO ARG
(1) 75 VA = fEAH 220 K AR B 0 58 AN ], A 2
30 d A AT HbER R YE L R B TR A E AR A
AH ], R 28 0 0 A 22 0K, A 22 50~60 ds T 1

23 WHEIMEAEHRERR

3K 6 PR A EBAL F Y 2016—
2019 “EHIAARAR 45 R A 3 H 10 H BT #2075 44
A, I A W R AT AR 3 H 10
H TR ol 75 A0 BB Bk SR 19 10 7 R A UK

R3 TREFABELGEENTRFNNTARE

Table 3 Heat requirement estimated by different models in three years

T IR AT T A S AL A 12H10H 1100 2110H 34100
Chill model and relevant parameter Year Dec. 10 Jan. 10 Feb. 10 Mar. 10
AR /N A 2016—2017 557 2284 4990 8732
Growing degree hours model(GDHC) 2017—2018 261 1585 3791 8 141

2018—2019 384 1829 4186 8733
F- 218 Mean 400.7 1899.3 43223 85353
brifEZ S.D. 148.70 354.77 611.02 341.50
BRAK CV 0.371 0.187 0.141 0.040
R 2016—2017 0 0 1 84
Effective accumulated temperature model 53,7508 0 0 1 48
(DC)

2018—2019 0 0 2 56
P21 Mean - - 13 62.7
FrifEZ S.D. - - 0.58 18.90
BRRHCY - - 0.433 0.302
SRR A 2016—2017 37 249 457 773
Maximum accumulated temperature model 2017—2018 7 102 272 593
(DmaxC)

2018—2019 16 117 297 628
FH{8E Mean 20.0 156.0 342.0 664.7
FrifEZE S.D. 15.39 80.89 100.37 95.44
TRAK CV 0.770 0.519 0.293 0.144
L FE e KA R T 2016—2017 97 619 1137 1733
Maximum temperature accumulation model 53,7548 76 471 947 1548
(ACTmaxC)

2018—2019 105 508 994 1604
P28 Mean 92.7 532.7 1026.0 1628.3
FRifEZ S.D. 14.98 77.02 98.96 94.87
BRABCY 0.162 0.145 0.096 0.058
SRS B AR 2016—2017 49 260 488 845
Average temperature accumulation model 2017—2018 31 186 390 696
(ACTmedC)

2018—2019 48 210 426 741
“F{E Mean 2.7 218.7 434.7 760.7
FriEZ S.D. 10.12 37.75 49.57 76.42
TR RHCY 0.237 0.173 0.114 0.100
T 2016—2017 73 414 823 1353
Heat model(Heat'C) 20172018 69 434 857 1327

2018—2019 88 453 876 1346
“F¥{H Mean 76.7 433.7 852.0 1342.0
FrifEZE S.D. 10.02 19.50 26.85 13.45
BRA¥CY 0.131 0.045 0.032 0.010
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Table 4 Heat requirements of 8 grape cultivars estimated by different models

A K SN R KRR TR R KA SR T8 R AR A
FEAR Effective Maximum ac- A Average A
Growing degr- accumulated  cumulated tem- Maximum tempera-  temperature Heat
S Ny ee hours model temperature  perature model ture accumulation accumulation model  model(HeatC)
Cultivar Year (GDHC) model(D'C)  (Dmax'C) model(ACTmax’C)  (ACTmedC)
BH R HE R BH  RH #E EX 4 HE B4 HE R
Value CVI% Value CV/% Value CV/% Value CVI% Value CVI% Value CV/%
FARILEEY 2016—2017 9021 85 621 1362 682 1122
Red Globe 5172018 9191 1.49 90 3.63 656  5.12 1473 6.62 691 4.12 1186 7.07
2018—2019 9291 91 638 1555 736 1290
21+ H 2016—2017 9356 93 669 1470 697 1206
Red October 5175018 9596 2.32 95 432 674 048 1519 2.52 736 2.73 1246 337
2018—2019 9801 101 668 1545 719 1290
YeZFW 2016—2017 9714 99 696 1600 750 1380
Victoria 2017—2018 9698 3.41 102 497 736 6.50 1 690 5.58 799 6.80 1414 3.0
2018—2019 10290 109 792 1789 859 1470
i 2016—2017 9180 90 669 1 470 688 1174
Thompson 54172018 9496 2.76 93 323 665 431 1493 3.28 712 4.29 1215 4.80
2018—2019 9698 96 718 1565 749 1290
RICHBEL  2016—2017 9806 104 696 1 600 766 1475
RoyalRose 53172018 9596 6.55 107 327 745 570 1762 7.3 811 6.58 1555 2.69
2018—2019 10830 111 780 1847 873 1529
SE¥E) 2016—2017 9914 108 712 1773 799 1576
White Stone - 55172018 9870 7.32 112 401 753 642 1845 577 864 8.08 1640 234
2018—2019 11201 117 809 1985 939 1 643
6—12 2016—2017 9474 98 696 1 600 750 1367
2017—2018 9648 3.36 99 432 729 262 1 649 5.07 794 6.22 1398  3.06
2018—2019 10 107 106 728 1765 849 1452
BT 20162017 9446 95 669 1470 721 1294
August 2017—2018 9618 3.40 97 368 706  6.08 1591 7.58 749 4.81 1310 5.73
2018—2019 10085 102 755 1711 793 1435
SFE54H Mean - 383 - 393 - 4.65 - 5.46 - 5.45 - 4.03
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668~809 D'C, 5 24 141 DC; & MR FE R RAE R W ks A 20+ H 7 55 SR 00 Bl 2 B A A7 [R] (R
THAR TG SR, &5 AR R B A T 1 545~1 985 PiE TR AEH G IR K ER.
ACTC,#5 %9 440 ACTC; IR R AL 2.5 FREMEREWAEXMESH
SRCRS ) 75 VR £ BN 719~939 ACTC, 5 FETE I AS () 455 B A A5 A & PR TR A B S R
220 ACTC; & UREBMAE RFMEM BN, B WHEZIELAE - EMXKR. WEER S5 AT
T2 SRR 5 AN 1 290~1 643 Heat'C, M2 353 A3 FIRA R X (0] 6 fh 7R A E B 2[5
HeatC. 3a W 8 MH& MM T HAEN AT N: WG E EMRKR; 1A 74 =AY
CATEAT > CREHI > LR >6-12"> HAMSRARMES 6 MR AESEAAEEA RN T
CBRHRE > 4L A > i > AL HER MEEZEA —EMAMHELCRR Hd  FIH <
WRIER 4 BT UE N, RAEERKAE R 72 CHEAMGENFARESH SRR P E
BRI Y0 P S BB S WM R B AL BUGE AR R R A G, R R
T RHI K, N 5.46%.5.45% TR FHAERKEAN 4359 0.517 F10.562; FII A 0~7.2 “C 152 8 il 5511
BB A SRR A S S M R REENDE FARSAMPREREMGENFEREZNEEE
R EE N, 3R 3.83% 1 3.93%,6 PRI HIER UM OC, 5 IVEBIAAS B T e 2R 3 A
TEFE AR AR BN R > A BB AL > 00, AR R A 0.534 5 I A Ath 458 8 Al B0 1) 75 4
PR > 5 KR > PR RibR > 255 AR RS0 5 vGE 2 R 2 B 7
T P fe KA AR KL MR RHN 0.495; 5 M E WA 1) 7R A E
T R S Vit A AT A T DAAS L AT R RAREE AU OC, M OCR BN 0544, 45 BT LIS
(1) SRR B 5 7 M E 2 A BRI R T BRI A 2 AR HIR A 75 ¥4 5 A 2 R v [
BN e Z R L SRICECR A 6-12" TR AEAE RO RN ], 7594 B I SRR R vE R M
#*5 TREEBRGENELSESEREREEMES

Table 5 Correlation analysis of chilling and heat requirement estimated by different models

7 Model 1 2 3 4 5 6 7 8 9

1 1 0.995%* 0.994%* -0.370 -0.517%* -0.329 -0.361 -0.383 -0.562%*
2 1 0.999%* -0.362 -0.486* -0.297 -0.334 -0.349 -0.534%*
3 1 -0.371 -0.495% -0.311 -0.346 -0.362 -0.544%*
4 1 0.907%* 0.790%* 0.868%* 0.846%* 0.821%+
5 1 0.852%+ 0.9447%% 0.943%* 0.958%*
6 1 0.921%* 0.937%* 0.8547%%
7 1 0.980%* 0.940%*
8 1 0.950%*
9 1

1 <T2°CHREARY ;2. 0~7 2° CREAY ; 3. JEAMERY 4. AEAC /NI B 5. A7 B2 5 6. e KBRS ;7. i FE F KBS Y - 8. P34l SRt
BAL ;9. BERIAL, * . 7E p < 0.05 /KFECIUID FRFEAADG #* L 7E p < 0.01 KU b8 AHG.

Note: 1. <7.2°C model;2. 0~7.2°C model; 3. Utah model; 4. Growing degree hours model; 5. Effective accumulated temperature model; 6. Maxi-
mum accumulated temperature model; 7. Maximum temperature accumulation model; 8. Average temperature accumulation model; 9. Heat model.

* Significant correlation at the p < 0.05 level (both sides); ** Significantly correlated at p < 0.01 level (both sides).
3 4 i EMHESHSMAERENER —EXKR. HAE
i AR AT DL L W i R Dy 2 I8 — Bt
AN [RVB b i 28 R0 FF A8 1) R T Bl O B TR A () P e P 5 R AR 2R 2 TA) PR 56 R B B =, T HELA)
EMERELFEIOGE, THFFERX —EE W XA R X B E 1 1E B GE 1A B AN A, 5 BB A
TR ARIE I AT 26 o W R VR I SR SEARER X T P 1 7R VA = A A v e B Y
()75 v EAE IR MR A AR A B 22 5, Bt AR T TR R BB AR R TR AR
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