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Stem flow of mature jujube trees during dormancy in arid area of north-

west China

ZHANG Yang, MA Yingjie'

(College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China)

Abstract: [Objective]A jujube orchard about 6.67 hm® was selected in the South Industrial Park of Ak-
su, Xinjiang, for this study. The jujube trees were planted in 2000. Because the jujube trees in this area
are mostly flood irrigated, a lot of water is lost due to evaporation and soil leakage. The evapotranspira-
tion of jujube is mainly composed of transpiration and soil evaporation. In order to prevent the evapora-
tion and soil leakage, micro sprinkler irrigation was used in this study. Through the fixed-point monitor-
ing of stem flow rate of mature jujube trees for two consecutive years, the water consumption of mature
jujube trees in the growth and dormancy period was accurately measured, which provided a theoretical
basis for high-efficiency water-saving irrigation for mature jujube trees. [Methods]) In this experiment,
three healthy mature gray jujube trees with similar vigor were randomly selected in the orchard. The
stem flow was monitored with thermal diffusion probe method. The probes of 3 tree species were locat-
ed at the same height and the distance between two probes on each tree was the same. The heating
probe was 40 cm from the ground, and the other probe 12 cm above the heating probe, which was fixed
by foam board, wrapped with reflective and heat-insulating film, and the top of the probe was wrapped
adhesive tape to protect the sensors from the downward water flow along the stem. The correlation be-

tween the stem flow rate and meteorological factors during the dormancy period was analyzed, and mul-
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tiple linear regression models of stem flow rate against meteorological factors were established. [Re-
sults]Based on the analysis of stem flow, it was found that the sap flow still occurred in the dormancy
period, and there were great differences in start-up time, maximum increase range, maximum decrease
range, peak value and diurnal variation pattern of stem flow. The sap flow activity of mature jujube
trees was obvious at night during dormancy period, which fluctuated in the range of 50-490 mL-h'. The
peak range of stem flow rate varied with stages of dormancy, and the peak value of stem flow rate shift-
ed from 7:00—10:00 in C1, C2 and C3 stages to 10:00—13:00 in C4 and C5 stages. The peak value of
stem flow rate fluctuated between 7:00 and 12:00, and it was higher in the early dormancy stage (C1)
and dormancy breaking stage (C5), and lowest in mild dormancy stage (C3). The daily cumulative wa-
ter consumption in dormancy period decreased first and then increased, which was opposite to that in
the growth stage. Daily cumulative water consumption was 4.99 L in C1 stage, 4.22 L in C2 stage, 4.00 L
in C3 stage, 4.88 L in C4 stage, and 5.53 L in C5 stage in the season of 2018—2019; and 5.23 L, 4.99 L,
4.01 L, 4.91 L and 5.19 L in the corresponding stages in the season of 2019—2020. The correlation co-
efficients between stem flow rate and air humidity were 0.770**, 0.818** 0.660**, 0.549** and
0.769** for C1, C2, C3, C4 and CS5 stages, respectively. The correlation degree between stem flow rate
and meteorological factors was in the order of air humidity > air temperature > solar radiation in C1, C2
and C3 stages, and was air temperature > air humidity > solar radiation in C4 stage. The multiple linear
regression models of jujube stem flow rate and meteorological factors in dormancy period were estab-
lished. The regression coefficient and correlation coefficient test showed that the multiple linear regres-
sion equation reached significant level. [Conclusion] The ratio of water consumption of mature jujube
trees in dormancy period to the total water consumption of the whole year was 22.19% to 23.31%. Air
humidity was the most significant meteorological factor affecting stem flow rate during dormancy peri-
od.
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Table 1 The physical properties of soil

LA w(>0.05 mm ibHi) w[0.002~0.05 mm #} (F)] w(<0.002 mm Z#7)
Tz . . . s
. Soil bulk density/ Sand (> 0.05 mm) Silt (0.002-0.05 mm) Clay (< 0.002 mm) .
Soil layer/cm N Soil texture
(g-em™) content/% content/% content/%
0~10 1.57 95.8 3.6 0.6 M) Fine sand
10~20 1.61 95.2 4.1 0.7 M Fine sand
20~30 1.57 95.5 3.9 0.6 ZMT> Fine sand
30~40 1.63 80.8 16.2 3.0 7P 1 Loam sandy soil
40~50 1.59 96.4 3.1 0.5 M7} Fine sand
50~60 1.65 95.9 3.5 0.6 ZHAD Fine sand
60~70 1.64 94.5 4.7 0.8 M Fine sand
70~80 1.68 91.5 7.4 1.1 M%) Fine sand
80~90 1.66 42.7 45.6 11.7 i+ Loam
90~100 1.64 80.8 16.2 3.0 3P 1 Loam sandy soil
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INFREREE B 5 12 em, B RLRARGEEAT [ 52 , F RO
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Table 2 Division of growth period and dormancy period of jujube

AER 8] %43 Annual time division

GRS W 2F R 34 3 RSLNZ R Rl PRHRATH]  ARHR ) BREARARI VR EEARIRIN FTRAARIR
Year (DD (Dé) (D3) (D4) CcD c» (C3) (C4)Deep (C5
Leaf bud . Fruit Fruit Prophase of ~ Dormancy Mild dormancy  Breaking
Flowering . o . .
stage enlargement maturity dormancy transition period ~ dormancy  period dormancy
2018—2019 04-12— 05-26— 06-26— 09-06— 10-21— 12-01— 01-01— 02-01— 03-01—
05-25 06-25 09-05 10-20 11-30 12-31 01-31 02-28 04-18
2019—2020 04-19— 05-16— 06-23— 09-03— 10-16— 12-01— 01-01— 02-01— 03-01—
05-15 06-22 09-02 10-15 11-30 12-31 01-31 02-29 04-15
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Fig. 1 Diurnal variation in stem flow rate of mature jujube trees in different stages of dormancy
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Fig. 2 Daily variation in stem flow rate of mature jujube trees in different stages of dormancy
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Fig.3 Daily variation in stem flow of mature jujube trees in different dormancy periods
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Table 3 Water consumption of jujube trees in different growth periods
» 2018 A A 71 1Y) 2019 A A 71 )
?)" H Growth period of jujube in 2018 Growth period of jujube in 2019
tem
D1 D2 D3 D4 D1 D2 D3 D4
&} 6] Time/d 43 31 72 45 26 37 71 42
RESPEFIN 6.57 14.18 22.24 15.94 7.31 13.29 21.16 17.33
Average daily water consumption/L
RFEKE 28234 43952 1601.05 717.29 189.95 505.18 1 523.60 745.10

Total water consumption/L
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Table 4 Water consumption of mature jujube trees in dormancy periods

2018 4FARIARHI I 2019 AR PR HR 1
IIZ:E] Dormancy period of jujube in 2018 Dormancy period of jujube in 2019

Cl C2 C3 C5 Cl1 C2 C3 C4 C5
fif 8] Time/d 41 31 31 49 46 31 31 29 46
H¥reKE 4.99 422 4.00 4.88 5.53 5.23 4.99 4.01 491 5.19
Average daily water consumption/L
SFEKE 20455 13075 124.11  136.57  270.84  240.74 15458 12428 14236  238.70

Total water consumption/L
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Fig.4 Characteristic changes in stem flow rate and meteorological factors of mature jujube trees

in different dormancy periods
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Table 5 Correlation between stem flow rate and
meteorological factors in different dormancy periods of
mature jujube trees in 2018 and 2019
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Table 6 Multiple regression models of stem flow rate and
meteorological factors in different dormancy periods of
mature jujube trees in 2018 and 2019

RER KBAFESS  BAEE TRIRE

D rrr;‘ n Solar Air Air
ormancy radiation temperature humidity

PREGHTIACCD -0.095 —0.545%* 0.770%*

Prophase of dormancy

PRI A (C2) -0.096 -0.630%* 0.818%**

Dormancy transition period

RIEEARIRIAC3) -0.010 —0.655%* 0.660%*

Mild dormancy

PR R (C -0.166%*  —0.606%* 0.549%*

Deep dormancy period

IR CCS) -0.264%*  —0.706%* 0.769%*

Breaking dormancy

W FRORTE 0.01 K ORI - 24156

Note: ** indicates significant correlation at 0.01 level (bilateral).
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Dormancy Regression equation
RERATHACCD 0.865  G=-225.427+0.730Rs—3.973Tu+
Prophase of dormancy 10.978RH

PRI IA (C2) 0.882  G=—339.699 + 0.759Rs~ 13.863
Dormancy transition period Ta+8.193 RH

REERIRIACC3) 0.852  G=-307.466+0.967 Rs—32.647
Mild dormancy Ta+5.986 9RH

REARIRE (c 0.748  G=86.292+0.792Rs— 45.447Ta +
Deep dormancy period 0.545RH

FTWARIEHI(C5) 0.835  G=176.037+0.492Rs~20.905Ta+
Breaking dormancy 8.292RH

TE: G, ZRIE A  Rs. KBRS : Ta. B URIE (RH. RS
Note: G. Stemflow rate (mL - h™") ; Rs. Solar radiation (W - m™) ; Ta.
Air temperature(‘'C) ; RH. Air humidity (%).
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