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Abstract: Pear jujube ( Ziziphus jujuba Mill.) as a common tree crop in the Loess Plateau region ofChina but its
ecological and economic benefits have failed to be fully realized because of the shortage of water resources. Therefore

improving jujube yield and water use efficiency are key goals. Studies of the water deficit index and water consumption rules
can help to design more optimal irrigation systems and improve water use efficiency. In 2010 and 2011 we studied the
water consumption of 4-year-old jujube plants subjected to one of four soil water treatments during their flowering and fruit
development periods. We analyzed the correlation of water consumption to variation in trunk diameter and established a
regression model. Our goal was to determine how pear jujube stem diameter responded to water conditions during the
flowering and fruit development periods to determine a suitable water deficit index to use in building irrigation systems. The
flowering and fruit development periods of pear jujube are critical water demand periods. Because these two processes define

the main period of reproductive growth they determine the quantity volume weight and yield of fruit. Stem diameter
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change indexes included daily mean trunk diameter ( MTD) daily maximum trunk diameter ( MXTD) maximum daily
shrinkage in trunk diameter ( MDS) and daily growth of stem diameter ( DG) . The results indicated that ( 1) the tree
water use increased with an increase in soil water content. Regardless of the treatment differences in soil water conditions

the maximum daily water use all occurred during the week following irrigation and water consumption during the fruit
expansion stage was greater than in flowering and fruit set stages. (2) Two years of experimental data proved that the
logistic function could precisely express the changes in MTD and MXTD in the critical water demand periods of jujube so
these two indexes were equivalent in terms of assessing jujube trunk diameter growth during the study period even though
the growth rate varied annually and among treatments. (3) Under the high-water treatment the indices derived from the
trunk diameter ( MTD MXTD MDS and DG) were not sensitive to water consumption while in the low-water treatment

MDS had a highly significant correlation with daily water use compared with the other indexes indicating its potential as an
indicator of jujube water consumption under water deficit conditions. The regression model between water consumption and
trunk diameter that we established can be used to analyze the sensitivity of stem diameter variation to water deficit and to

detect the water consumption status of pear jujube trees.

Key Words: pear jujube; daily water consumption; law of daily water consumption; sensitive indexes; correlation analysis
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Table 1 The set of soil water potential in different treatments
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Year Treatment Soil water potential Water coutent
2010 T1 -41—-51 0.233—0.196
T2 -68— -84 0.151—0.123
T3 ~96— 135 0.101—0.082
T4 -311— — =311 0.061— —0.061
2011 Tl -41— =51 0.233—0. 196
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Fig.1 Daily fluctuations of trunk diameter
MXTD: Daily maximum trunk diameter; MNTD: Daily minimum trunk diameter; MDS:
Mximum daily shrinkage in trunk diameter; DG: Daily growth of stem diameter; RT: Recovery time
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Fig.2 Dynamic trend of soil water content of pear jujube trees on flowering and fruit development periods in different treatments
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Fig.3 The daily change of trunk diameter variation derived indexes during flowering and fruit development periods
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Fig.4 Dynamic trend of water consumption of pear jujube trees during flowering and fruit development periods under different treatments
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Table 2 Correlation analysis between pear jujube daily water consumption and trunk diameter variation derived indexes during flowering and

fruit development periods

Treatments
2010
T1 T2 T3 T4 2011 Tl T2 T3 T4
MTD -0.134 -0.463**  -0.578**  -0.852** MTD -0.209 -0.405**  -0.567** -0.462**
MXTD -0.123 -0.460™"  -0.562**  -0.847**  MXTD -0.207 -0.414™  -0.544** -0.413**
MDS 0.448** 0.111 0.410** 0.858**  MDS 0.204 —-0.045 0.288" 0.647**
DG 0.142 0.095 0.211 0.312° DG 0.19 0.293" 0.048 0.06
MXTD: Daily maximum trunk diameter; MNTD: Daily minimum trunk diameter; MDS:
Mximum daily shrinkage in trunk diameter; DG: Daily growth of stem diameter; RT: Recovery time; * (P
<0.05) ** (P<0.01)
3
(1) 2a
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Table 3 Linear regression between pear jujube daily water consumption and trunk diameter variation derived indexes during flowering and

fruit development periods

MTD MXTD MDS DG
Year Treatment a R? sig a R? sig a R? sig a R? sig
2010 T1 -0.101 0.018 0.318 =-0.093 0.015 0.359 5.384 0.201 0 1.88 0.02 0.287
T2 -0.55 0.215 0 -0.543 0.212 0 2.003 0.012 0.408 1.329 0.009 0.477
T3 -0.695 0.334 0 -0.675 0.315 0 6.431 0.168 0.001 3.367 0.045 0.111
T4 -1.218 0.727 0 -1.228 0.718 0 4.403 0.165 0.002 4.697 0.098 0.017
2011 T1 -0.204 0.044 0.105 -0.201 0.043 0.11 2.243 0.041 0.116 2.186 0.036 0.143
T2 -0.662 0.213 0 -0.651 0.171 0.001 4.233 0.419 0 0.547 0.004 0. 644
T3 -0.747 0.321 0 -0.725 0.296 0 2.448 0.083 0.024 0.615 0.002 0.712
T4 -0.593 0.164 0.001 -0.614 0.171 0.001 5.378 0.423 0 4.997 0.086 0.022
sig <0.05 sig <0.01
(3) 2a MTD.MXTD
Logistic ( MTD.MXTD) MTD.MXTD
(4) o 2a MTD.MXTD
o T1 2a
24 15
Morales Moreno - 2a T4
MDS 3 MDS
Moreno Ruiz-Sanchez " MDS
» Moriana ’
N MTD.MXTD.MDS
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