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Dew Amount of Jujube Plantation in Semi-arid Loess Hilly-gully Region
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Abstract: Dew is one of the important water sources for plants growing, especially in arid and semi-arid
regions. However, it was seldom researched. The dew amount and its relationships with input-output of
water resources in the jujube plantations in semi-arid Loess hilly-gully region were investigated during
jujube growth periods in 2012 and 2013, depending on the dew intensities, canopy temperature, canopy
relative humidity, sap flow, soil moisture and meteorological factors which were measured by the
dielectric leaf wetness sensor (LWS) , the VP — 3 relative humidity/temperature sensor, thermal diffuse
probe (TDP) , neutron probe and meteorological station, respectively. The results showed that the dew
amount increased throughout the jujube growth seasons and reached its maximum value at the fruit
ripening stage. The cumulative dew amounts during jujube growth periods in 2012 and 2013 were 31. 31
mm and 37.87 mm, respectively, which accounted for 6.87% and 7.90% of rain, 10.00% and
15.00% of transpiration, and 17. 65% and 17.90% of evaporation at the same period, respectively. The
dew amount with high frequency and strong stability had a large proportion of heavy dew in the jujube
plantations in the Loess hilly-gully region. As one of the input water resources, dew significantly reduced

jujube transpiration during fruit enlargement and ripening stages (P < 0.05), but had no significant
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effect on evaporation. It is indicated that dew is an important part of water resource which affects regional

water balance in the jujube plantations in semi-arid Loess hilly-gully region and it should not be

ignored.
Key words: Loess hilly-gully region

Evaporation

51

TET 524 T R HIX, 18R /K W8 U5 S ok, 52 7K I
AR REIR B I A T XA A o
— W AKIE o BRI Y 45 B RN Bh
Wy KR L RE 5 B A s 2 R
WSO b 78 1A A 5 B A K 4310 R A G R L f
KRR 25 A A W) AL P RO A Ve, BE T
SR 2R L 5 — O T, #R K B A i
SRR R R R0 I 4 5| R
TrEEE R AR R T R X A 25 A, 5 IR
HR MG HEBIE " .

Y24 gk, 5 TR R 52 KRR 2 i ) F 5
AR i R K R AT 58 45 BE 1 1
HERN R SNV & 7E /1 (7 RN ' e tS
WX T AR LHE R, BB A sy
TR AR R R R T R R S A
BRI BN SRTAT, h TR 2 e R 25
ek 2 I F) R A% S5, BT 52 ) B AR 4 )2 4 R
BB LT, BAh, 85K £ PR R Fh 2 K
o 6] 0 A 0 R 0 K i 25 ST 2 B R 0

AU DR LA 3 RO TS 58 R R
Gyl as , BB B IR B bk g 3 T
i, B 1k 2010 4F LA T AR 2 i 100 7 hm® ™ H
R T3 4 5 5ok T 5 X 5 K BB 58 /0, (00 b

I

Semi-arid region

Dew amount Rainfall  Transpiration

£ AV B R K R R A 3 2 R K TR A
PR ESEAT TR ™ T3+ ek T R X
AW 6 )2 B K ST 1 R ILARGE o AR SOR UG Y
e 8 O B S 1 W e = 5 K R R R AT SR
ARSI 00 11 K 8 A A O Bl O A B
IRV Al SR RO 2 K AT e A R K AR
S A 7 S0 P A 0 A R R AR K TR A g
P o O3 0, 4R B K G K R AR i RIS
M5C A o LUYION IE B A S K B 00 B o bl X A 2
SO B AR AN , s 2 KRR YA P R KA D K BT I
AT S A

1 #R57F*E

1.1 HREER

T30 E K B LB M BR 70 R L b 21 O 3 S
#HAT o KNEE (109°28'E 37°12'N) J& T ML AU 1Y B -
o B Y AR X, R A A T R AU . AR H IR
WF% 2 761 h, H BA 70 % 62% , 4 & 56 I &
580.5 kJ/em”, 4F - ¥ K Y 8.4°C, A R K &
451.6 mm , Ho 7.8 F {5 B K & 5 A AR FEOK R
49% . +IEDE HRR E A F R ES O E, b
ks o DATCRE IR 43 K 0 b A S AT b AR
A IR s 1252 m, P340 1049 m Ml
SR LLGE Y TR I A R b AR VAR
TS B R )RR AR SO (T 1)

0-42 90 180270 360km

A1

WFE X AL &

Fig.1 Location of study area

1.2 #MRFZE

WEMXT GRS a A 5% AL B AR, A (K Y B AT IR
2 m x 3 m, e ORI 5E JE R AR — S R
3Bk RSB (2 £0.12) m, 2012 48, A 1Y
HEEWHRNS HI10 H—10 A 15 H, 8444 H

A, 53 5 ki 25 9 (05 — 10—06 —15) FF e AL R
(06 — 16—07 — 15) B 52 A (07 — 16—08 —
31) RSEEEAII (09 —01—10 - 15) , 2013 4, R}
MATMH RIS H13 H—10 17 H, 4 MEF M
I} 6] 4351 9 05 — 13—06 — 17 .06 — 18—07 — 20 .07 —



£ 10 3]

K AF B b R A T R XA ER K R T 107

21—09 - 08 .09 —09—10 - 17,
L2.1 JEJZANERKE L TRNTE
TE 8 U 3 Bk A e JZ 003 % il 388 324X
( Temperature & humidity sensor, Decagon) , it} 3¢ it |2
T FAR XS 1 o >R ] Decagon 2% &) A2 7 1 i 7 #%
HRHJC W MR A B R R AR AR
( Dielectric leaf wetness sensor, LWS) Wi il 2 % 7k |2
B KR Al SR KT TR B B AL R
(i A AR B I R 46 R AE AL T T AR
M, 2012 AR AY I H o 8 A 1S H—10 A 15 H,
2013 4EREANAEF N IEAT T s dr EMSO
(Decagon) £EFf 15 min [ ZREE — K. X T 85K i
T 7, R JC e 0 AR SR g Zangyil
P 7 R HE — H N R KSR BE 1, 1 e ORI %
PR W AE % H N H 88K o AR SCR A Xu
417 F Kabela 5" A SH 0 R KR 1
W, =21 LAI (1)
A W,——55 i BRI R K i, mm
I — %% LWS Bl 5 @ i Bepd) g2 /K 5 B2, mm
LAL——%5 i Wh Bty o i B %%
A 2 oYM R I BT R
1.2.2 w20 e
R FH 2k T 5 J2 AL B2 23 i 1) Winscanopy I T
AR BALI 5 LAL, 2B Ky 10 do Jy 73R LAT 1y
H3has, FI ] Togistic 4= | s BN LAT Z2 4L #E47 1 41
BRI Ho 2012 4R RS B 5 5 TN
2.93

LAl=1 +exp( —0.049(D,, —154.91)) (R°=0.93)
itl:,:l D()y—E;z*RH
2013 AE T FRFE BU A TR
LAI = 3. 12 (R*=0.91)

“ 1 +exp( -0.052(D,, -151.38))
1.2.3 FEALH70E

TE S A B O AT R /D B ARG 0, I 2P K
10 min , U i 22 R A HE K i (P, mm) S48 3T (R,
W/m®) SRR (P, W/m®) X (u,m/s) |
MRJE(T,°C) FAXHEE (RH, % ) .
1.2.4 ZEs e

TEEHUEY 3 bR ZL A LM, PR 2 3K 40 cm
Ab 4% 22 25— H A B R £ (Thermal diffuse probe,
TDP) , F] ] CR1000 %54 K 5 4 4 10 min Y45 — K
Wk IS A T 9 U R 3R, O 45 S W TS K T AR
CIOA TR ) 000 7 A0 1 1) 25 B AR K o

7 B B TE AR AR A K I 228, I & A T
WA TDP B4 25 b BB K% 2270 o o i AU B
BT O T R AR 25, A RE

R R 3k A [ 380 1%y ot T R A Sy AR X I R e
B R ZE I R A Y M RO A
S,
SFR :m
X S ——HIXHR I kg/ (d-m”)
S —— M B A I L kg/ (d-m?)
1.2.5 13K
TE AR Ak (8] F0AT 8] 53 50 A5 B R 3 mo v -4
(R o RIS F AR 10 d DL 20 em S 25 K
EO0~3m EENMEBEGKE, 20122013 4 + 1
KA E R s B 4y 4 A 30 HA 4 H 23
H e 20 4 28 5 30 N 38K 25 L0 /Y ~F- 3418,

(2)

W 2,
AR E K% AR E K%
04 6 81012141618 04 6 81012141618
20 20
40 40
60 - 60
80 80 -
100 - 100 |-
5120 5120
140 140
% 160 % 160
1K 180 K 180
Haoo Haoo
220 220
240 | 240 F
260 | 260
280 4 280 &
300 - & 300 &

®)

B2 2012 4270 2013 42400 4 4 7 0 9 5K 23R 50
Fig.2  Soil water content of jujube growth periods in
2012 and 2013
(a) 2012 4 (b) 2013 4¢

WS K B YIRS MR A ROK 5 2
PR - K S 2 A BRI R U B — A P 4
B R R IR K SR W R A ) 3K A AR A 1
Tk, Ma T IR W], R B IOK R R
EHPEO~TmWEZEN. HIL,0~1m £EHNM
IR W T A RSk gy o AR A R K
R AN

6-90,
A (3)
Kb 0, —— A TR R
0, —HZERE

6, — H [i] F5 7k 2
O—— L KR
1.2.6 +3EzE Rk Emita
TR Fob R A K T B i A2 09 P R 0 I 3
T o WL, i 1 FR A8 B, 5 22 0 el 25 R
S5 G Al WD 1 B K BB, AR T B 2R
K
E =P, +V -V, T, (4)



108 & A Bl B ¥ i

2015 4

b E—5% i BN ZE & i, mm
P——5%5 i I Bt /K i, mm
ViV—5% i IS BAG OR 0 ~3 m 2 g K
B, mm
T,—%5 i BN R 1 26 1 f, mm
0 ~3 m +JZ AN AR K & O A R K i T
RN WS
V==06nh (5)
Xrp V— 1 IEAEKE , mm
h——+JZ R, mm
1.3 HiEAE
K SPSS 18 #E47 &l &E it 23 A, F ] Origin
8.5 ttralAl,

2 HRE5H

2.1 B|ABEESKRET

Fe K IE e — AR R i A, 5 A R 3
Sy Ry 2 A O TR 5K Y A K 4y
ik (e A I TR A O Y B8 R 4 2 B 45 R 0
B gk — b PR e )2 KR S e R R
THIRF, BEAT I RO A H R g2 K i i 5 AR
THIMRYE DM (1) o 21 3R e RUE B85
KSR S AR X RH GEE T WG HRUKIREZE VPD
R g2 1 22 DPD e R S i /MRIEZ 2 T i A

Mo B F B AR O, 5 DPD R 56 Mk R
(r=-0.484) 75 H R I, 5% /K30 B0 5 36 BE T,
WL 525 DPD B R S i/NREZ % T, .4
X, 15 DPD AR Pk e (r = - 0.335), Al WL, 5%
TR JEE 5 M) DR T S i o 5 R 1 A Ak T
AR Al S S R X 55 K 8 BE 1 1E B R 23 B
I 1) XL 69 78 AT % AR5 Ak . RHVPD f /N B 4
J W A K P R R B L B 0 RHLL B
JINEY VPD Sy 2 5 4R 3 78 I K IR . IR T R A
AR B BRR, R BE T A K PR 3k, 2 A
F) 7K FEME LA K B AN, 28 SR 40K R BE ) 3 58, 485
BT K R R AR 75 25 SR BRI RE
T B KA BT . L, T, B, 5
) 7K PR B 285 0 R BR K o R 5 IR B DPD S ) i 2
SRR 7 45 O B K I A8 bR, DPD Ok, #R
VHi B 3 85 R SR L B KU LATE . KU w % R K
T A AE S W0 5 e, AT O T T e 4 S
PR DX SR R ) T B K B R . A, e e
B ROBE IR & H R BE |, DPD X 82 7K 58 B 5% i % K .
iR b S 5 TR 5 8 K O T AR 6 M R /N T R
1 S e HH E o 8 A IR I A8 A 1 0 T AE HRL
b K NS G R TSR S B o, LR AT
BEREWE Ve . PRI, 76 R K 3R B A3 oh R N R
b B Ok 2 S R KO B R

®1 FRAMEOREEEREEXEESEERSKERNBXESF

Tab.1 Correlation analysis of dew amount and meteorological factors on canopy at different time scales
R fia) R 28 RH/% T/C VPD/kPa DPD/C T - min” C w/(mes™1)
Pearson ¢ R ¥ r 0.220" " -0.371"~ -0.129 "~ -0.484" " 0.089 " * -0.146" "
i ROEE .
Py 0. 001 0. 001 0. 001 0. 001 0. 001 0. 001
Pearson FH5& R E r 0.129 -0.308" -0.212 -0.335"" 0.304 " " -0.162
AR B
~ P4 0.327 0. 030 0.139 0. 026 0. 006 0.260

T o« FORTE P <0.01 K- ORI B ZEFRK, » FIRTE P <0.05 K- OB 2 35 H % .

2.2 BAEREMITHE

H e = 2012 4F (978 43 2000 25 /K i 3 9 R, 3
AL 2013 4F (05 — 10—10 — 17 ) A4 56d J2 f RUJE
G GRS B K O 5 RE, IR By 2012 4F (05
10—08 — 15 ) K 52wl S <5 B0 KAk 55 2012 4 i
2K 1 R K 0 O o BRI 5 R % T A e
SERT W] AR RO I, B K SR 5 T2 1 &
i A e o Hrb IR RURE X R A i 58 K T i
AP KB PE DI 2 . DPD A 3 B AR
FE 1) bR £, 55 85 7K 9 B AH OC M B K. L4k, DPD
TE H RUEE b X % 7K 5 B o 3% 0 o e ok 1) A DG 1
B A 5T AN 25 B8 IR B R AH X i 3 7 R o) 6% K ik 3
(SR, SR T 2013 45 S 368 43 6 )2 3L 3 A o 3
R K B R, A ST #R K 5R 5 DPD Y [al 15

2, &3 K 05 -10—07 —20( & 3a) #1 07 — 21—
10 — 17 (P 3b) 7 [ 16 B ek J2 K X 35 32 3l 8 46 1
T LERKHREE S DPD (¥ [l 09 5 B, H: LA H0F
AR (R >0.80) ,

T PEAR LA T R X R K 9 BE A RO R
RS 5@ 2800, 18 B n 3 7 7 2 5
R FsF B3 DAY W14 0 K 3R JBE L IR LA O 8 K iR A i
HHE . LA LWS 000 AH (5] i BE P 2 7K 58 B Sy S 4
2G5 Se M A HOS B (L 4) o BEH R E R
R BUAHE S W B EAE B C F 2 0 B 25 MBE
-1 B 22 MAE D IEA 35 b5 R AT 5 22 0, Hat 8y
¥:5 W, Sentelhas 27735 FH LR K 2. N
Bl 4 8T LLE Al S 92 0 A 1009 6 42 08
1148, U0 WA 00 B 0 R U b A B R K B, 2 th



£ 10 3]

K AF B b R A T R XA ER K R T 109

3=0.01x"**(»=218)
R2=0.86

& /K58 /mm
(=}
R

0.03F 2
o ss
o o B
0.02+ oo °
0.01

0 002 004 006 008
X
(@)

y:e—4.22+13.2u+179.50x2(n:1 104)

03 L R*=091 o

ot
P

B /K 58 /mm
= =
—_ o

0 . 04 006 008 0.10
X
®)

B3 BRKHRIE S TG I ER (X = e 0

Fig.3 Relationship between dew intensity and meteorological factor
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Fig.5 Statistical relationship between canopy temperature, canopy relative humidity and air temperature, air relative humidity
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Tab.3 Rainfall, transpiration, evaporation and dew amount during jujube growth periods mm
A AF W Fee 7K W ER Ak K At
HY 2F @k (05 —10—06 — 15) 53.80 65. 34 39.38 0.23
FFAE AL S (06 —16—07 — 15) 106. 80 68. 54 39.51 2.58
2012 SR K (07 —16—08 —31) 142. 40 106. 01 42.99 10. 07
S (09 —01—10—15) 152.90 73.27 55.56 18.43
EHEF Y (05-10—10-15) 455.90 313.16 177. 44 31.31
B 25 - (05 — 13—06 - 17) 29. 00 49. 81 41.68 1. 85
FFAE AL FE 1 (06 — 18—07 —20) 190. 00 61.85 55.27 3.42
2013 S K (07 —21—09 - 08) 158. 40 77.68 61.21 11.74
SRS R (09 —09—10 - 17) 101. 60 63. 16 53.43 20. 86

LM (05 - 13—10-17) 479. 00 252. 50 211. 60 37.87




£ 10 3]

K AF B b R A T R XA ER K R T 111

3 itig

EKRkESRKE
2012 4F 1 2013 AFARE 4 A4 A A A9 A R UK
43514 31,31 mm F1 37. 87 mm, 3 /)N T[] 1 14 B 7K
i, Ok A R B Ay N D 1,80 R, M= 4 i A
45.22% F1 50.96% , T 2012 4 F1 2013 4F A 4 4
B P KRB 40,45 d, K ARSI R
25.48% F1 28.66% , /N F & K K AW, Uk AT
W, BAREE K BN TR K B DO Bk A4, B
BT e 83 1k o K 7 AR 2L TN W
A AR R 162.32% 1 117.85% 7K A H &
Kk 80. 82% Fl 74.28% ,2012 2013 EfE k= 55
KR S FR B W 4 2R A LA 430 2R 3,19 ~

3.1

5.07.1.06 ~3.87 (% 4) ., Ui U] /K & Jo it 78 LM
MR T R A R TN, HAR R RN
TR R, BoR AR E PERY AR A

20122013 4F % /K 722 A i il 43 531 4 0. 006 8 ~
1.32 mm A1 0.014 ~1.22 mm ( [§ 6) , H FJ{H 5 5
0. 44 mm F10. 47 mm, Kidron"** f{) BF 5% 45 5 22 15
F& /KR T0.03 mm BIREGE WA A IR 4 8
+ R B IXGK —  R #R K TR R A Wik
AR A A AL, AR Kabela %617 Xt % /K it
SFORE S, TR FR K B (FR KB R T 0.2 mm) Toig
TE 2012 4F 3R J2 2013 4R K AE A R ER R T 70% o W]
W, E8 K AE B+ el T 5 ORI & i HLA 0Kk,
S A Y 5 — E SRR, 2K BRI — A
i,

R4 BREEBE ZRERBEAEETHESLEBTHANTEREREN

Tab.4 Variation coefficient of rainfall, transpiration, evaporation and dew amount during jujube growth periods %

A EEW [k ZE I ZE R 7K 5
W 2 J 09 (05 — 10—06 — 15) 86. 11 31. 69 21.52 37.63
IFAE A8 3 (06 — 16—07 — 15) 108. 39 18.22 9. 46 15.56
2012 ST (07 — 16—08 —31) 140. 26 22.39 31. 12 64. 13
ST R U (09 —01—10 — 15) 233.62 24. 88 48.04 46. 12
A BB (05 -10—10 - 15) 162. 32 27.00 25.61 80. 82
W 2 R 051 (05 — 13—06 — 17) 93.06 49.81 26. 60 87.58
IF A6 A8 38 (06 — 18—07 —20) 123.27 59. 14 45.24 39.83
2013 SRSE % A (07 —21—09 — 08) 104. 79 37.71 51.87 55.28
WS L (09 —09—10 — 17) 138.79 27.13 43.11 35. 86
S BRI (05 -13—10-17) 117.85 48. 87 46. 62 74.28
3.2 BEAREEEBE ) 7A8 5 R BN T 8 K i 1 A8 S R, H b 1 A8 4k

Bl AR AR, BEOK R R R LR
PRGN #a #2012 4E 1 2013 4E5R K 75 25 0 B
ANEFM AR AE 3 WA 0.35% ., 3.76% |
9.50% . 25.15% 1 3.71% . 5.53% . 15.11% .
33.03% . BLAF ALAETF AL A R, 2606 o () A8 5 R
BOR T8 K= 978 5 R 80, 0 Ho Al A & 30 P 26 10 1

e

OT, (EEE N
oW (EBESEAELE)

ZHHL%H

ol i ; ;
BEEFRR M FRACAL AT SESCig KHA SRSk B
ﬂﬁffﬂ]‘(i)’éﬁﬂ
a

T — Wy /mm

Thes
-

JEFE M 0.35 ~0.84 F10.57 ~0.76 (£ 4) . N T
PEEKESZEB R LR, &M 7 2012 4551 2013
AR A B AN ZE I AR S iR K e 22 (EH
(B 7) B 7 KB, 0 25 i - F0 46 AL R 10, B8 K i
X 7K R O B EL AT A KR TR Y B A X A
BRGHBA B Y 75 S R RS

4- DT (EBE)
BT, - W EBESZEKEZE)

LS

0 - /
BIEFRR M FRAEAL SR SRSCig CHT Ssc i
Z@W(%’éﬁﬂ

T — Wz /mm
(S8}

T~

—_
T

P 7 AR A% UL A T A0 PN S e R I R K e 22 M

Fig.7 Transpiration and difference between transpiration and dew amount during jujube growth periods in 2012 and 2013
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Fig. 8 Relative sap flow and relative effective soil water during jujube growth periods
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Fig.9 Evaporation and difference between evaporation and dew amount during jujube growth periods in 2012 and 2013
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