Hans Journal of Soil Science TR}, 2017, 5(1), 1-12 Hans X
Published Online January 2017 in Hans. http://www.hanspub.org/journal/hjss
https://doi.org/10.12677/hjss.2017.51001

Research on Regulation Techniques of Soil
Moisture in a Dense Jujube Plantation in
Loess Hilly Region

Zhitong Wang, Lihong Wang, Zhihua Gao

Inner Mongolia Alashan Zuoqi Agriculture and Animal Husbandry Bureau, Zuogi Inner Mongolia
Email: 1071288413@qqg.com

Received: Apr. 11", 2017; accepted: Apr. 25", 2017; published: Apr. 30", 2017

Abstract

There are many researches on soil moisture deficit of artificial forest and grass in Semiarid Loess
Hilly Area, but a few studies are focused on the recovery of soil moisture deficit in this region. In
this study, 12 old mountain in Northern Shaanxi jujube forest planting of straw mulch and water
retaining agent, a small amount of irrigation ditch, poly, dwarfing close planting, soil moisture re-
duced tree pruning measures under the experiment observation, combined with forest root inves-
tigation, study the controlling effect of several measures on soil moisture in jujube forest. Results
showed that the soil water content depths under straw mulching, water-retaining agent and rain-
water harvesting ditch treatments can reach 260 cm, 160 cm, and 300 cm, respectively, but the
rainwater harvesting ditch has stronger effect on soil moisture regulation. Dwarf and dense
planting jujube can shoal the rooting depths and reduce deep soil water deficit, while sparse
planting jujube plantations have deeper root system. A little supplemental irrigation would pro-
mote jujube growth, but has little effect on soil moisture restoration. Transpiration water con-
sumption of jujube can be effectively reduced by pruning trees to control specifications and lo-
wering leaf area index, which is beneficial to soil water regulation. Combined applied water-saved
pruning and rainwater harvesting ditch technique, dwarfed dense Jujube plantations would effec-
tively regulate soil moisture in Semiarid Loess Hilly Areas. The study is significant to soil moisture
ecological restoration as well as sustainable development of forestry.
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1. 51§

L REREILX, 58K 57K 23 e FEA7 2 i 29 FORE Bl B BRI R B R R I RO, 2 35
X ARSI SS 1) E S FE[1] [2] [3]. B ZBHHOMR(B) TREAE B+ B KRG 1 251008 H AR S S0
RBi[4]e B2, JUFRrE DME B FLEIE R, o e R 5 XN AR (o A A 1 2 0 ol 2 ¢ 33K
Tk, BEE N TR A KERR N, W2 ST [5]-[11]. Btt, R KRR AR TR,
BT B b i SR R SO AR SRR R R R AR AR B T, BRI 1 AT 12 X bk b - 43K 73 AR 2
AN 5 S mE Al E s R R AR [12] [13] [14] [15] [16].

o AR ) Ky — B R 5K ARSI RS [17]-[22], #5 ) 2 EEmEM AR A A
TARE RN T ZATIER] 20 m PR, A9 N TARSE J5 E s b R 45 4 388K 70 Yk &R FEAUH
0.5~3.7 mm, T/EAAR A 3K SRR R R 15 mm [23] [24]. 78 Ul B AR Hb 4 34k 1 7
Y, BAE, B b RN TR T e S SRR 2, T DA i S AR B LT )R N H
BRI AR WARTE o AW FEARLTH RIAR S 1 4 S A et Ll 1 2 A 21 bR 1 a6 Rl 0 48 A bR - 338 7K 4
NS T, US55 280 Mt 358 7K 43 i e & A 2 5 T O BRAE 5 H AR 72
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2.1. MRRER
R X A7 T SR 85 -4 7 S5 B9 X R0 4 K IR B 1 (119°49°E, 3T°5IN) Ak . BT IX
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rR T R AR X, R ED BN AY), P FREME 450 mm, 7~9 AN E S A FEREN =
i1 50%LL |, ZEWFFEHAA], 2012 F %R 512.3 mm, 2013 4E[4R/Y 521.6 mm, 2014 4F 1~8 H (%[ 476.4 mm.
W7 X IR TR RN, 0~1 m IR E TN 1.30 g/em®, 1~5 m IR EAT M, PN 1.31
glem®, HEKE T8 21.9%. HIEECNFRE, 0~1m LEEME. B, W5 ES 5N 34.71. 2.90.
101.8 mg/kg, AHUFR R E S HCN 2.1 g/kg, pH {H 4 8.6. WFF X FrALHIMIX HARZ) 1 km?, BT 24 k4
FEHRABTIG AN, B DABIE AU AN ER 0 B 8K, AR AR AR N 12 W TTh, MR E N 2 m
x3m, FAEMAINERM, KA, R E I 3 Ik, BB 8~10 h, FHEKEL 24 L/
PR, PRT & BRE ORI TE AR B A K.

22. MIRF*

T BGR AT AR AL BN (0 AL B I 7 BT o 16 A FE A 7 2 ORI AR B L SROK ORIBG A AR B
ANFME BT SRR B . AN [R] R B 7 R AObR L 35 AR AR R 85 R PR/ B M) MRt 7R 23 WL X6 s B
#2012 S35 12 Wep9AMK, RIS A MRS AL, 3 B ARTE Rk AR fbkt . BpAh A B0 A BT
2 m, (EVR SN MR s 0 R AT B s B bl AL B ] [l ) R OK s A2 8, AN
RIS A 1 18 2 . 53 AN TG B I GE R BOR HAT AU 5 AL R AR R0 R 39K - fHoxt i
TN, AZREHAS R B AL B

0.3m

@AM o HTE me AW

Figure 1. Set of gathering ditches and soil moisture measuring point
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Figure 2. Jujube transpiration arrangement
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2.2.1. BERBERAKSRE

7 il PRI R 0 0 3 WA S o IR A DRARI S 6 . PR BRI BEAE 2~6 om, B 5 )R 240 15 cm,
TP 55 O 2 200 m, A4 33 ARM, FERRE R AT 2 AN, LKA E AR R X A
PRAKGR N A6 (0 45 O AR, 724U R PR 1] FIAT A2 R B 100 cm (934, % 50 cm, 4% 40 cm, X5
R OROKGRI AN -8R 5 J5 VA N 20~100 cm iRFEVE ], REAERT 4 A0 RAKF—K, SIEA R
5 HSRLIEBI Y 1:200 £ 3K 70 DU AL BCAE RN DRAKGRI 78 b (B R, SR v 78 s AW, &5 10 K
SE I, M REN 300 em. T3S K E A AERIE KE

2.2.2. BRI LIEAK SRS

2012 4 4 A i Se g Jr A, CEPARAR IR (A1 A 10 587K 04, #iA% 4 100 cm x 30 cm x 30 cm, V4 Y 4H
BHEKEZ 10 cm B . 2012 4F 5 HIFGRIIE T 38K 5, KA FFENE, e EREHR 300 ecm, Bl
5 MEAELE, TEES/KENEREKE. AR B I LRKM 8w A E s 1 s, BA
AP AR R TR ARG 1 3K 5y

2.2.3. AEIFEE TR LA R

2012 4F 4 FAE RIS BRI VR E 12 WEAOMR, STHuMT BRI AR . 25 h AR 7 5 e A bR D
VE = Hbkdh, AFHL 200 m? (AL, BEHLE LTS FIRRIGH R R A EE, 2012 4E 9 A RHI&BI A
T 3 R 7 2R R MR R K Sy, AR E = AN A A, WS TRSE 1000 em, RS 20 cm BL— A
Bf. MAEEMKRATEE N 4 x 5m, S AMRATIE N 2 x 3 m, SRAMBEHNE, SRR Ay 8~10
INEE S BREEK RS 24 LIKR, RIRIG X f o 8 Likk, fSR4EEK 3 IR,

2.2.4. BEEKNE

FE R F A R R M E A KGO, Bl R O AT #NEE 1R 9 R TCHMEE 1Y) M
J& TR H Oy A KA R . B E Fe AR AT . PE ST 50 om R FE R T ELAR IAE R 20
MAERT N E ST AR GEA K. mAkr R, K EE R i iE A
BB K ESET 2012 45 9 H SN b M eEAB BT LR K B 2 Fl o AR K AR AR MR I 7] 0y 2012 40 2013
R KA EEAE 2012 4F 9 HRFH LATHURERL TR E (LA LA TE R TR R . BRI A AN E = A
BEMIRAAR R B R A, AR AE oAt 5 7 W00 o5 000 2 R ), S 5 WK

2.2.5. REAEME

PRHAR 2R A PEARAT BE () P S B, BOPURRB Pl e REANREHLIN S = AN 5, BI=ANEE, B
FEL SRR R AN E = AN R AT B AOARBE SRS P, BB S AR A (m?) E AR Y ROIR . R AR
JE RS PR IR, a2 A K e e, EHRER/DNT 5 mm R R, FHHTRE, BARATE,
AR FH IR BR=IRAF 1 £ B AN 16 em.

2.2.6. BIFZEBFKUE

SXof 345 A5 P I RS 330 47 A () 56 AR T AS B A 3, R R R ) — A B VB el RS AN A, A R gk
REGENT INSTRUMENTS INC /A & 4E 7 /] WinsCanopy2005a jit 2 73 A3 W W 76t J2 A B 2 - T AR
DAME T S A0 R B IS RE K B DG R o SRR /D S AN PRt 1388 /K 7 (52 I, 7ESEETY) 21 PR AL A
FAeM, BEESHhFR 40 om b %% 2 %E — Y HzU4REH (Thermal Diffuse Probe) (1] 2), F|H CR1000 %4
KRAERR, B 10 min Y — BRI B R IE ZE RS S I E R 3 K AR G A TR RR) TH LR A ) 25
FE/K[25].
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3. RS54
3.1. ARMRKIEHERT TIHAK D BOIBIE

BT 0 00E B MR - K 0 182 ARG R, HRE A EE P, HhadWEE 9 AR T—4
iR B I H 43 [26] FRATRBGESE =40 9 H 3K DL JURMR 9518 5 N St 1. &id
2012 4F 9 J.2013 4= 9 H F1 2014 4F 8 H#E4E 3 MFATIE 3 Fh R A i A% HE 2R K 1l 3 < 3 0~300 cm
T ERER K, A 3 AEP Y RIER R SR BRI 3 AN [F) LR /K it X 1438 /K 43 (R 1 3% 24
2.

B 3 af L, SxTREAHLL, MR PRAKGR. BRKIE =R G i N 0 BBk A e, B
PRIKFE T XS AN [R)GR BE 1 2 i) R 3K A — e AR, R IEERAR. 5XTBILE, RAKFIZLTE
170 cm RAL SRR K LA G E S, RHORKAIAT DA = 0~170 em 3R IRIGK 435 WEp A 78
aXTHRELHR, 7E 260 em PRAL S0 HE 8K RAHAS JE EE A, R BAMEW B 55 )5 v] LABR = 0~260 cm 3%
JEURIK G5 K 387K 43 5 5% R B Ase S HE PR 5 Y 1 1) 0~300 om 338 2 Ik N R i, 3R W SR KA
5t T AR =R 300 om VR BE (1 R 3BEK 4y, SRAKVAIRT - 438K 43 R TR 47 AR B S AT O K ) Ak B R AR A
TR ACTE . A A3 K a3 R A bR K 4 7 BRI HL SR KA A B ) 12388 /K 43 7E 0~230 cm
YO A, VU B SR K VA A Bt R B K A R BE . R KR ) 3 R i RS A
RIEA S, 1 HAE AR K S IBBIBE NGB, TERUKFIEE ZRICK K, TR MR S K 2,
ART LHAK B RS, B ALK s R BEE N RoK R I — ANMR/NE R B T M8 5 v i
JEA X ORI N E AR ER, K S TSR EE R TR FHE T, AR BN R AR
M EEH/ANTRKME, BN RN A BB AR A R AR E, e s W
ARENS B LI NI TR B & KRR AER, AMER D2 2 a2, 1
HATDEEE Y EAMARR, 8 A RER B L 30 cm WEALE, Wi R T L3 K 0 18 E RS,
FIT A A i B8 REAH L 2 (7K 2 98, AT B B R Y 38K 2 R4 Thig .

N T RRTTZE S BT BB T I R I K AR R, R 1 Rt . R 1 AT LLE
W, FEDRKA, PR 55, SV =PRI EE T, IR 356 AN R FE I i (S5 0T RRAR ER), Rk >
WHEED > SRR M RKAE, 300 cm P L3S /KERARTE 0~140 cm HXTHE R BEKPP <
0.05), TMfE 140 cm LR, ZR AR (P > 0.05), UtEHLRZKFIXS 140 cm LA E ) 358 2] — @ iR KAEH
X 140 em AR 38 8 /K & LF-3% AT 4 5 s R 78 55 7E 0~260 cm LA P 5% I8 2 = 14 2 2% (P < 0.05),
7£ 260 cm AR, U ZE R AR E (P > 0.05), Ui RO A8 55 RS it 5, o 3K sEm IR, Refgis
#1260 cm, EARAKFIFLL, FTEREEBIRKMIEM, XANGEREE 3 Frongd SRR FRKIEFIR H 5501
FHEL, 7F 300 cm DL Z R B2 (P < 0.05), Uil R/ AL HARRL, RERS A 2R 300 cm P H 35K
=, HZmRE T 300 cm.

3.2. NEFAEF AR F R R RE R FHE

AT A, & EEWE KPS AR, AR SRR A K S B AR R A
KRS B 0HE 2 3K R . ABTFCAE 2012 46 9 F, seHbifi e 1 3 fhkit  R—BFm AR
FAEAME TR (FREE 4~5 m). SRR SR (FREE 2~3 m). AEKF 3 HMEE(RTE)Z) 24 LIFRIY 12
AR RERKEO, 450K 4 Fos.

B 4 AT, AH ER RS O FRAE AR (600 FR/ha) i 5 IR B 05 M MK (1665 FR/ha)tR 2R IR BE#E 4 260
cm, A RN AR 25 A AR R LG R B R MR R IR A VR, AR 29/ 40 em. TEAR RIE AR E

)



pEREI G

+ 3L KEsoil water content (%)

6 8 10 12 14 16
0 T [ T [ T [ T [ T [
50 4
100
- A
(&)
150
1]
=
+
o,
[
2 A
%
o 4
IS
I A
+H .
—— RIKH
250 | —O— M 5
—O0— Tk
—O0— b H
] —v— X
300
350

Figure 3. Soil moisture distribution in jujube forest under several mulching
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Table 1. Significance analysis of soil water in different water-saving treatments

= 1. REMRKIERX TIRK SR M S

)=
R 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

(cm)

7K
il

L5
B
K
|
XtHE 12.12¢  12.29d  12.18d 11.87¢ 11.78d 11.67c 11.15b 10.24c 9.72c 8.86c 7.79c 6.89c 6.63c 6.41c 6.38¢c

13.82a 14.33a 1391a 1357a 12.89b 12.32b 12.21ab 10.5c 10.04bc 8.78c 7.81c 6.89c 6.6lc 6.42c 6.37c

13.68a 13.81b 13.22bc 13.12b 1253c 12.25ab 12.45a 11.52b 10.83ab 10.38b 9.31b 7.89b 6.67c 6.45c 6.39c

13.21b 13.73b 13.47b 13.45a 13.23a 12.95a 12.62a 12.12a 11.53a 11.35a 11.23a 10.84a 10.34b 9.87b 9.82b

Wb

& 13.12b 13.15¢c 13.12c 13.11b 12.82b 12.8la 125a 11.68b 11.32a 11.3l1a 11.25a 10.99a 10.97a 11.0la 11.04a

e RPEE 3 REERTIME, R SRR TE abed &R LSD faarh, #/0Kt )2 b H3ed K 2 i 22 57 5.3 (P < 0.05).
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Figure 4. Comparison of jujube forest roots in different
planting model of sparse-dry, close-dry and close-irrigating

E 4. #HESME. BEEE (NEREEMRAIILL

Vi, RAFELFREMAR TSP MRALEE, WARELSAEMELhER/NN 1938879, A +MNE
AR AE N BB IR AL AMAR 225 B B 70 514 3249.38 g 11 3076.9 g IXANEESRAENT, B2 i Ak
R ARV FE K oy HOUR BE I AL G R R B, TR R B 8 T R I 9 R 3 R RO T A bR . X
WYL, AR R R A RR R IR, REIER IRRR T MR R, AR R
FERE T IRHEH . ANERE R AR RIRE R RAE R, FERRAWME, #BAKRE 3k, FikY
8L/KR, WEKEWMBN, G EE KA N, W RMAR RIREE S — DK, BTLL, BATI R
W — TR R A HEE R, X5 AERIRAI I MR AN 5 T B LI T 25 & % T8,
FEA A 0] B ) XS K AN L% f8 ™ H bR, % B LTRSS A RRIERL
HANE =R bR T EA T

3.3. BEBIEEHEERASTRAKS

A I AR 2R RMSCRT R A 380K 70 [27]-[32] . MRAR A A2 I A F H 50K i ez, HHoK
AR A 17 LT P AR AR R AR L S i ok o 9 1 AR AR AR R A bR K X oG &%, JRATTT
20124 9 X 12 AR A A AU 3K 7 S s B AR R BEAT TR & o 12 SRR S MR R 1R 151 5(a) »
FRIE I Hh 3K 7 e AR 5 AN 38K 7 feri 9 9 A A 5(b).
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Figure 5. Distribution of vertical roots and soil water in jujube forest

Bl 5 EMEERRS LIRS S

ECEL 5 B 14] 5(a) A1 P 5(b) AT LA HA , 12 45 A 25 i AR AE AR J2 V6 1 1) 387K 73 76 5 i eI 230 6%,
MR R FEAKIREEIA 540 cm, AR RAE P BEE VR B 3G s b,  TEAR R BT R IR FE AL B 3K 5 FE
KB, WARBER+ZE KR E .

& 5(b)IEFTLAE Y, KLITE 0~200 cm T2 RAR R 2 Va2 MR vl DUk 200 E; 16
5 A 8K AT BARMER, X ANE R LKA BIR R 2 LK RAIE, 2 —A W, 2
T 9 A4y 0~200 cm 42 E3EK BB EI . NIRRT E, A 0~200 cm L2 IR &R
FERABER AN KE MR R: Wi, ERNFELEKSME K TIRAFK, WEEES
FUUNRZREK B 0 33K 2 BRARAIE AL . B4R, 0~200 cm -2 1 Ik 0 &0t i ZEnl AR B — 2 FL
M2, FELLHATE 0~200 cm 88K b T— AN miflE, (H2& 5 A iZE R E3/K 55 200 em BLF 38K
SYAHIT,  ULERRAE I A A NS B LI R K A AL E W IIR RVEFETS, BT DR RALE Y6
THFERIK A B 2 1 o

12 FAEBEMR RFKAT A =)Z, 0~200 cm R RFOKFEZ, ZZH THRAFK, FBENE
oK REZETTE SN 200~440 cm AR RFEKTE AT K Fae )2, 122 3K B T AR R IR
BRARBIFEAT 6%/K T, MR RMETAR% )2, AR R4kl L3 b (K 23, i DA — MR i 1
IKI3MH; 440~540 cm 2R R EHFE L HOKY 2, ZEMRAR D, MR LK R, BIERE,
R AR B AR R B U B R RO SR EE R, BT, MR R 5K BRI R
JEEE R R . MR, LK AR B3R R IR, TR 2 KIEH R e -

3.4. #FEREBX LIRS HOBIE

RFTE SN, EERRREAT Bk 78 38K 43, SR T /b MBS LK 43 50 U TH KT FUAR £[33] [34] [35]
[36] [37], fHIXLEHFFixt 45T 2 A LA R E AR WAkiE . FRAT7E 2012 42 9 H, H AU
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AL A T A FNERTCAMER) 12 SR AR AR 0~300 cm 2 B K S R, B SUA REB AT
TCHEBE A AT 33K 3 5 R (14 6).

Hi/l 6 AT, FERRALEAE A, AT T 0K & AR, AMERSIEBCA 0K
SR RIMR T SR, AT REAE H AT R IR RE T SR REM 1 BEAS R4 18 Ab T "™ EE BROK (MR 1 3
TR, BRE BRI R BETRAN AR A KPR IR 20K 23, BT DA i e 7 kb 4 1A 2D B K AR e
AR AR ISR I T A, ARSe et 7 AU I AR, et g rh (KK o & B RS W R 8 7T

TCHREBR AT NI 18 B 7 AF AR A AEKIG B 2. 75 2012 SFAEE W, A ANERIER & A B KSR
PRAR T T ICHERE T B, LRI SRR RE ] B B I AE KRR, IR R

3.5. IS5 A R AR FE KA BIE

BEAH R AR A A FE R M TRTAM it 1 58 FR[38] [39] [40] [41] [42]. A1 2012 A1 2013 4 i ik o
21 FRAW AT N TAE BT e AR, HOE MR T+ 2500 . SRR B B I Rk E 5 &
WA TP B KT AR AT A 20 BT, AR 7.

BHE 7 A5, fERMAE M, HZABFEKEMM AR R IEA I KR, 2012 F1 2013
EMURE B R AIA ] T 0.87 A1 0.75. BEE BRI TR 3G 0, 280 FEK BRI K, ME AN 3000
cm? I, ZEHEFE /K B X 940 80 mm, 24 T AR 19 K £ 25,000~27,000 cm? (I i , 7% i #E /K B34 1 27 500 mm.,
PIAE A B 76 B 1 1E 80~500 mm 2[RI Eh . HE i, Al DA 8 B4 ) OB A i AR R /0N SR 3 ) AU 7%
FBEFREZK L, AT X 38K 4 IRTH AR, RV 7EAS REAN FRVE /K (1 26 1F R A7 B ik B L 338K o (1 1 42
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Figure 6. Soil water under the conditions of irrigated
and no-irrigate
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Table 2. Effects on jujube growth in close-planting forest with irrigation or no irrigation
= 2. BRANEXEEEMNE B KR

BEY | TP NPy WER K R B .
il = 3 =41=1 . . VE
IIt)éEs New stem Ne;f/?;iimh%cm vaﬁi? ;I\;/ T]E;cm Length of cumulative ~ Average yield ﬁcfg
diameter/cm 9 branch/cm per plant/Kg/#k
HAhE 9 BRWF- 24
L 1.23+0.34 274 £ 35 215 + 33 2446 + 153 12.64 £ 2.64 Average yield of
Irrigation
9 trees
TCRE 9 AP H4ME
SR 1.15+0.25 227 +30 195 + 34 2397 + 148 10.86 + 2.42 Average yield of
No irrigation
9 trees
ZH
Difference 0.08 47 20 49 1.78
value

600+ o 20124
- - - y=2x10"x+0.0122x+32.725, R*=0.7527

£ 500 e 20134 o
£ y=2x10"x"+0.0119x+53.763, R*=0.8657, < ©
S 400 o e
+~ o 7
g S
#2300
K S
3
& 200
>
8]
100
0

T T T T T 1
0 5000 10000 15000 20000 25000 30000
SR THEA Total leaf area/cm?

Figure 7. Relationship between the leaf area and the transpiration water
consumption of jujube

E 7. ERHERSEERKEXR

4. &L 511ie

PR B R RAGR] ROKVAIX 3 WA — I ERAKAE R, SREAE— 5 IR AN R AR BE s 3 on +
BoKoy . Hrb, FOKVATE RN 38K BRI AR, RIS 300 em; HUCRFERE & £, X 200 cm
PATR 85K 23 R W S 5 DR /KGR N 3 2 5 O N IR LA 5%, AR B8 52 M TR B2 D 0~160 em /2 i) 3K 77
FERARRI I, AT DRSS 3K 73 P R L F Ao A6 AR 2 PRIt N R 7K RO FEE o

B TR 2 (AR R IR EFRAR, AT 70 R 2 3K 7 ORISR - Bt UL B R BOR
R T R E 3K RO . R AL LB WNNTER, Frel R RIS . SRR i AR
WA AR M AR 7R, FATTFRE T A SR FEAE BT e 1 A B I FEAT T AR ZEIE L, € (o L
TIF B AN [ 9 P2 PR et A2 BT S 2 FE /KA IR SR AR AR, FRATTE e 1 K BB BT R, RV A
B A T RIAK T2 B R T AR/, AT I8 S sl W A Z8 B FEAK K H B0, RTMCR T K B 2 B
FEREAT 5K 7T R I AT BRI 46

A AERITT, T DS RS TR % Rk 7y, (EDRAE T R XA R K & A 78 2, #h7e
(K1 B K e 2 B AR T 2E T AE, T ASREXS H 3K 0 IR R RIE T
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