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Water consumption of pear jujube trees ( Ziziphus jujuba Mill. ) and its

correlation with trunk diameter during flowering and fruit development periods
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Abstract: Pear jujube ( Ziziphus juyjuba 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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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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JKE TIST2>T3>T4, 4351 K 171. 66 ,155. 45 (151, 87 .138. 23mm, H #E/K 58 JEF T1>T2>T3>T4, 439 4 2. 81 .
2.55.2.50 2. 27mm/d , £ Ab 38 H FE7K it e KRB M BAERE K S5 — R, 55 2010 AR RUEE—2k, FTLRLE 1 2011
AEAS AL BAE R IR K B 5 HAEZK SRS = F 2010 4, 1568 — J If B 2 A6 0% 1) 35 K, RELAR (A 34 K, &30 A
ArE SR XK A TR I 2 K3, 53— 7 1A B ] S B - R AN [) A2 52 1 B R /K o AN 7]
(BN
2.4 AU AU H B K i 5 ZE AR AR AR AR DG oA

1E 25 HARZAEIE RS (MTD MXTD . MDS .\ DG) H',2010 4F T1 ZbEEAY H FE/K B0 5 MDS S #8541 56, #
KFZRHO0. 448,17 2011 4EY) T1 ALFAY HFE/K i 5 45 2L HAR IR AR AH SR i 28 AT Wi K o 5 0 F 25
EIRR A AR AL FAE A FEACIR I 7 THANEUR . T2 T3 1 i 5 BER /K b B L H B K i 52X i ik

BhR (B DG Fb) Stk i A COC R, UhRA AL 2K FLAR B A8 45 (MTD \MXTD \MDS) 1] DAYE A3 24 9 75 ik Ab
AR FURIEFEBR . 2a T T4 A AR/K AL B, H R K i 528 T AR Bh 48 bR (% DG) S R B A5G, X it
A 25 AR L FE AR (MTD \MXTD \MDS ) RE A% AR i ) FAE AR K 7 A B ) A FE IR 0, Forp MDS BB A 5
U B RAE X —FEACIR DL , HAR O R B Kik 0. 858, 2a i H DG 5 2010 4F T4 4bHLLL 2 2011 4 T2 Ab B
AU HFEK AR SCPE 3, A AL AR B 33X T BBt FR2 i DG M R BN 2%, 5 B R R 2 M A
KMEARBFE, 2a FORFEIKATAEERR MTD MXTD 5 #E7K 5 AH &M — 2, 33 1 I 3 AN F8 b AE R AF 20 H FE/K
T THRCR AR

H19% 3 AT LA AL MNARERLN y, = ax, , 3y HFEAKEE ;0 IRH R B 2R AR B LFEAR ;i =TT,
T2,T3,T4;j=MTD,MXTD,MDS,DG, H 2 3% 3 AJLLFE ), FE/K & 5 25 AR AR (48 bm () AH OGP b i 2 H A
RRBO eV [RlH I e R BR3P 805 . 4 2010 4F T1 AR MDS X #E7K s AR F i 2%, HL
TRE REUR K, HAMZE AR EIAR B2, 2a HPIUK 43 T4 4b3H MTD \MXTD MDS $4%5 #87K &= A H Ak
F, HOGE RBOR T HAK A FE 18I PR R AT R Ik 2 A R L ARE IR B0 B AR B

*2 BAXLURPBERKESEFERZERENBEXSH
Table 2 Correlation analysis between pear jujube daily water consumption and trunk diameter variation derived indexes during flowering and

fruit development periods

2010 4F AL PR Treatments
T1 v T3 T4 2011 4 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: Z£E % H KA, Daily maximum trunk diameter; MNTD . 25 {42 H fiz/ME, Daily minimum trunk diameter; MDS . 25 48 H e Kt i,
Mximum daily shrinkage in trunk diameter; DG; 22 E 4% H 444, Daily growth of stem diameter; RT; H & JE ], Recovery time; * F/R 1K .3 (P<

0.05) , s /A B3 (P<0.01)
3 ZigRitit

(1) 383 iELE 2a WAL LE SR WIFEACIRI B IR B, B FE /K G Bl A LK 5 038 i 384 K, &1~ 4k
A FE K S RAE S IERE K S 1 A, 7E 2a H S /K A0 AR B (T1) FE/K B i K, AR WAL H #E /K0 B Y
H T1>T2>T3>T4A  JE IIE A BLASKE /K hE Bl 5 39 (/K B A 38 I i 14 K 3 5 70 0 2 R 5 1) 8 R 25 IS e /K
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HIEHIe—3,

(2) B HAEK S 5245 1 I LR BYEIR . 2a N &K IR /K B 1 2 180 36 B0 388 49 4 AT
TEFFAE AL S T A BUPLRE RS TG B, FE/K B 1Y | 7SR 52 RN FE KGR B B K . SRS AR 4425 T 2R
FEHLAE A A 3 fe 16 BRAR A, FE /K 5 Je K, 48 Ak FHFE 7K oif B2 1 8y T [ A 3 ) R AR A SR 0BT, 3 5 2010 4FE 8 Jik
N IR AE R — B, 2011 AFEAS b AR SR IFRE K B S H ERE KRR 2 T 2010 AR, U6RH— )y 1T B R
YRGB A T, A= A I S, FE K S 30, O — 5 AR PR [R] 00 22 5, A2 5% e B RE K o OC
BRI

#3 RARURBBEKESEFERERENLERA
Table 3 Linear regression between pear jujube daily water consumption and trunk diameter variation derived indexes during flowering and

fruit development periods

N b MTD MXTD MDS DG

Year Treatment a R? sig a R? sig a R? sig a R? sig

2010 4 T -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 4E Tl -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  0.08  0.022

sig<0. 05 F/R I3, sig<0. 01 Fnilk 3

(3) MIt#ESE 2a XFRLA AL TN ZE T AR S B AA AR AT IR, 4 4B MTD \MXTD (728 fb B —
3, P55 Logistic PREUCER , £ 48HR (MTD MXTD ) 344 28 K 7K 43 Ab B [ 11 746 22 5%, AW MTD \MXTD 1]
DA A A A bR 0 B e e

(4) ZEHARMAR LB AR PR32 L HOK A AR (S M AR BE R TR] . 2a ATRZK 4340 FE MTD \MXTD 5#E7K
ARG — 2, A RO Y 5 50K 2 X R MVERAHTE . DL T1 AR R 6], 2a 6] 5 FE K & 2 35 A0 4R
PRI ARHE X5 Morales ™) Fil Moreno " W5 A A 25 AR AL SIS A IS5 E—5, 2a 1 T4 AR Sik
B HH R K S MDS AHSE R EH A 3 b P iy HLas 24K 8 3 K, il MDS 76— 8 K 5 5 B4 1F F BE
S ARG F AR AR R K B, 5 Moreno! ™ XFHIMERY L B2 Ruiz-Sanchez! " RSP 1GH MDS 7] LAIVE ALK
5377 HUER TR PR RO ST 45 A — 2L, Moriana"™ ZEWF ST R 28 EAR TS Ak -5 e 300 A0 A 7 004 O, RS2
AR BCERRR Al B R B 2R AR AR AL, B LR B AT MTD MXTD \MDS 5 R [6] &b A H FE7K i
HEESE-9"& NI EE S 51l 7
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