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Model of fertilization on jujube under dry farming condition in
mountainous region of Loess Hilly in North Shaanxi

SHU Zhou', XU Fu-li"?, WANG Wei-ling’, LI Yun'
(1. College of Natural Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China;
2. ISWC, Chinese Academy of Sciences and Mirnusiry of Water Resources, Yangling, Shaanxi 712100, China;
3. College of Economics and Management , Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: Upon the employment of a three-factor and D-optimum repercussion layout for the use of N, P and K fer-
tilizers, a field experiment was carried out to explore the optimal rates of fertilizer application and the responding models
for mountain jujube under the condition of straw mulching to the fertilizers in the loess plateau in north Shaanxi province.
The results showed that the combined effects of NPK fertilizers on jujube yield followed the order of K > N > P fertilizers.
Through the field experiment, the responding models of mountain jujube under the condition of straw mulching to N, P
and K fertilizers were found out and the effects of N , P and K fertilizers on mountain jujube under the condition of straw
mulching were explored. Based on the responding models of yields to N, P and K fertilizers, an optimized fertilization
plan on N, P and K fertilizers was put forward for a high target yield of 18 000 ~ 25 000 kg*hm~2, specific as the fol-
lows: N fertilizer rate of 267.8 ~ 518.6 kg-hm ™2, P,0s fertilizer rate of 83.7 ~ 360.0 kg*hm~2, and K,O fertilizer rate
of 438.0 ~491.0 kg-hm 2. NPK fertilizer treatments had increased the contents of titratable acid, total sugar, reducing
sugar, and soluble solids by 32.5% , 0.82% , 1.8% , and 1.01% , relatively from no fertilization treatments. But NPK
fertilizer treatments relatively decreased date flavonoid content by 40.4% from no fertilizer treatments. In conclusion,
NPK fertilizers resulted in better quality jujube than no fertilizers.

Keywords: dry farming; Jujube; fertilization model; Jujube quality
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1.1 iREE R

TR b (57 T B P4 45 AR T oK i LR M B
kAL 4 37°43" ~ 38°08, 445 100°15" ~ 110°16", g it
AU 1 e AR X, PR EE 8.9°C ~ 10°C,
H AR5 2 716 h, TFEM 160 ~ 170 d., 1976—2012
AR [ TR R A 4202 mm, 2013 4E [ R R 393
mm, [ K AEBRAEH N 17.3% , FEK Z2 TP A A 2
5],4—6 AFEKEA, HZ K 10 mm LT Y JCRE
W9, 1M 6—9 AN GBI KER 74.3% , HZ 50, 4
JER, G PR R . KX 5 wds 1, +
AR LR 1, R 1.21 grem ™, LI
HENP SR 34.73 mg- kg™ ' F1 2.90 mg-
kg™, HHEAPLUR SN 2.1 gokg™ !, pH N 8.6, +
Bt
11,1 XY R R R 7 454 L %
MR, REHERN 2 mx3 m, 110 #-
667m~2,
1.1.2 XBhest HELIEESHIRE (% N 46%) it
BEIRAES (5 P05 12% ) , AALHR (15 K,0 60% ) .
1.1.3 ZEEMH BB AR ERFEFE, 728
PR LR B2 1.0 m A fRBET, 76 Fih 5 E
KAEAT B N A RR I 6 kg, 7 S5 I JH] & 2013 4F 4
H5H,

®1 BEXERRXEELMBZEEERIRNIE 50 M E KR

Tablel 1 Soil particle composition of hillside close-planting jujube field on the Loess Plateau

T2 WL/ % KYEVRL/ % KL/ % PV EVERRL, %0

Soil depth Sand Silt particle Clay Physical clay
/em (1~0.05 mm) (0.05~0.001 mm) (<0.001 mm) (<0.0lmm)
0~20 28.7 68.0 2.0 17.5

20 ~ 40 28.2 68.0 2.4 16.4

40 ~ 60 32.2 65.3 2.3 15.8

1.2 REFHE

1.2.1 Rt AR =H R D - &
PR (A D — S i i i e i v 1 52 48
R e, HAS(E S SEME =2 ] A % = )
AHIEME) , BT T 10 AN AE b B it A PR 25 A1 46 N
P.K =FocE, 3k 2 s, B EEELE =K, 5
PRI 0 R]  55 L B LRI

1.2.2 KEskikbe2 KA T201343H15H
FROG T3 55,2013 4E 4 A 10 H PR &, IF T
2013 4F 4 J 12 HE— U (e IR 1 - 2 Jtawi A |
PRIE EEME ] 2 —2F ), B e AT, P A AT

5 DX S BRI 48 P E KRS AP 55, IS 0 1 m
x 1 m, B N ERERT 6 kgo 43901 F 2013 4F 4 H 12
H 12013 4F 9 J 20 H il & L Hb 42, 76 28 1 48
07 A SR RSN R B I i s R
& AR RS AR K, 0 ~ 100 em EHE K
T (B 10 em W — KB ) o FELLAAE 0 0 Ak SR
FEFFAEEORAR LB, T A SR R

KT 2013 47 A 20 H#HB B, B —2F N
JE RS BE 2, T 2013 4 9 7 22 AUk, ik
R EREER i T A g = N AR A g
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Table 2 The fertilization design of jujube in hillside field
/(kg*hm™?) /(kg*hm~2) /(kg*hm~2)
CK -1 0 -1 0 -1 0
N; 1 892.6 -1 0 -1 0
Py -1 0 1 450.1 -1 0
Ks -1 0 -1 0 1 500.3
PK -1 0 0.1925 268.1 0.1925 297.7
N Ky 0.1925 531.3 -1 0 0.1925 297.7
NP, 0.1925 531.3 0.1925 268.1 -1 0
NiP3Ks -0.2912 316.3 1 450.1 1 500.3
N;P Ky 1 892.6 -0.2912 159.5 1 500.3
N;P:K 1 892.6 1 450.1 -0.2912 177.3
1.2.3 METk: 460.003 X, X; R? = 0.99
LTAT LD AR 2R BB o y (R FERITIE X, (O3 NI, X, {82 PO,
B2 R TR X, R

LIAUK M S EIE AL T0°CT , R T 2
CIAT] M R P 2 < 7E 20°CTF , R A F- b
T E

SIAGA SRS e R 3,5 - ZH KGR E
g e,

SIS RN E R 3,5 - ThiEK R (DNS)
s 207

ST O] R R DN SR T s e g 2

ZI A S RN E R WA R AN — AR AR - AE
P . ) g 12028 -0

1.2.4 HHELE K HE ] Excel Dps. Lot X
PEBEATSET M7 o Dps AEFRLL AT Jy 223K 43, Lot R 7
b PR LT A i [m] R 4

2 AR50

EPEE - =4va
PAE A AR W3R 3, = WoR A [l
NEALBE 2 B 217 4 7= Ay B i 22 55, ANt A P i eI o
AT AR B A B XA E O A L1 M 2T A A it
RERL, XT3 3 B T g it o, @ r T R D
AR R AL, A B R R RS A o B AR
i, e AR, T IR WS A B A3 A,
PR LA i 5 A W BN R 2 18] 8 P Ak i E A
i
Y = 13569.96 — 1826.314X, - 1290.126X, +
2767.346X; - 3783.139X,2 — 2005.375X,% +

2554.896 X5 — 3836.186X,X, + 362.839X,X; +

2.1

K3 RHABEHELEFTELR
Table 3 Yields of jujube with fertilizers under the

condition of straw mulching

e . 5%@%3? 1 %#&i%7k¥

Treatment Average The significance  The SIgm.ﬁcancc
level of 5% level of 1%

N, P;Ks 17279.1 £ 1013.3 a A

NP, Ky 14834.3 +104.3 b B

N;P3K, 14116.6 +912.3 c BC

N,K, 13653.6 +126.1 c

N,P, 12603.5 + 135.4 d

P,K, 12242.5+175.8 de DE

P, 11844.1+ 153.8 ef DE

Ks 11561.0 + 1211.5 fg EF

N; 10966.1 + 1023.4 g F

CK 7672.0£912.2 h G

XFZMA B ATRL S, F BN 24.02, 9]
VA R S 25 K- , 156 B 2% Ak it M A X BB 08 Jz ke
it JIES 5 7 e 2 [ O R O O AT P A R
g A FH o
2.2 KXo
2.2.1 AT EBpLH TR B R
P4 1T 051 7 R 8 80 G i N A i AR 48, 4 L 3 4%
i [ U ZR 5020 B /0N, 7T B e 25 PR ) o A
o ML B IE S 1 R T [ A A —
I AT DL, A BB 0 e 0 R B0 B
1 826.314.1 290.126.2 767.346, i3 W 7675 F1 78 35 14
AT BT X 21 ) s e R, IR,
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2.2.2 FRFEESN KL 5 EIHE A
AN B AR AR B AN [ E AR 0 get{E, W] LIAS
R H AR RS HARRE R, BIA W 540
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1) Y & =13569.96 — 1826.314 X, —

N L it X 2L i K B A L & 40 A
FATLIE N, BEE N A 360, 208 5
FEHG AL, S g AR - 0.241 I, BVt IE S
792 kg hm = 2A PR AR 5

4 FAENPBKEHIFTE=E

Table 4  Yield increments of jujube at different N rates

N B4t 7K F- Code of N

e RS
Yield increment _1 ~0.2192 0.1925 1 Best code
L 0 7K F3 i/ (kg hm =)
-1956.8 211.0 -491.7 -5609.4
Yield add compare with code O
JE iR -2 -0.24
Wi/ (kg hm™?) 5739.9 376.9 -3282.8 -9392.5

The amounts of yield add

2) Y M = 13569.96 — 1290. 126 X, — 2005.375X,>

P Bt F A0 LD i K A L3R 5.
S HLIG W BEE P AL A AP e iR 5 L
TrHRREE P AL IR . M 4mFE R - 0.322
I, B REAT 1 324.95 kg hm =20 7 5 f i o

3) Y 8 = 13569. 96 + 2767. 346 X 5 + 2554. 896 X ;>

KA % 1 A = i G R A L3R 6, A
Fo v LUAH, BEE K AL IA =& em b 5 %
e, M g Al — 0. 542 B, BVt AR 221.1
kg* hm 2B P R AR o

R5 AEPIEKEMITRIE S

Table 5 Yield increments of jujube at different P rates

P IE4ifi% 7K Code of P

B A4t
Yield increment _1 ~0.2192 0.1925 1 Best code
L 0 7K F3 i/ (kg hm =2)
-715.2 205.6 -322.6 —-3295.5
Yield add compare with code 0
-0.32
Bt/ (kg+hm™2)
. 2720.6 -122.1 -2062.1 —-5300.8
The amounts of yield add
F6 AEKEKEHIEE™E
Table 6  Yield increments of jujube at different K rates
Yield increment ~1 ~0.2192 0.1925 1 Best code
L 0 7K F3 it/ (kg hm =)
-212.4 -589.2 627.3 5322.2
Yield add compare with code O
-0.54
Rt =N . -2
SR/ (kg hm ™) -2342.4 1279.3 3750.9 7877.1

The amounts of yield add

2.2.3 BEXRZAEASH

1) 4 K NEZafdsK- PR, N LA PR )38 B
RO AT
Y =13569.96 — 1826.314X, — 1290. 126 X, — 3783. 139
X,? -2005.375X,% - 3836. 186 X, X,

N P XFLLA = 5 (38 B UL 70 24 P 4ihid
(B B, P i AR R Bl N3 0 S 5
I, U NN JR R 2 8T, A7 HR s D . Y
N Zti {8 [ o s, 24 N - 1 i, 5 P A IERRH

FEHT, 24 N B - 0.2912 - 0.1925 i, F= 5 S B8 i F
Ao M NBCT B, P —E D U NP G
WNPES

2) Y4 P g (E IR, N B S K AR
EH WA
Y = 13569.96 — 1826.314 X, + 2767.346 X5 — 3783. 139
X% +2554.896 X5% + 362. 839X, X;

N K XL 5 58 B AW WL 3% 8. 4 K 4t
{HL 15 PR BB Bt N JTES £ 0 3457 i A 7= S #1021
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Table 7  Effects of the interactions between N and

P on jujube yields (kg*hm2)

P £ 4w 7K Phosphorous code

N B G 7K
Nitrogen code -1 ~0.2192  0.1925 1
-1 7061.7  10701.6  12028.9  12153.8
~0.2912 11948.6  13661.3  13673.3  11602.5
0.1925 13101.4  13498.8  12613.3  9044.2
1 11081.0 9283.2  6899.3 828.8

#8 NKZEHMMLAEFTEM M/ (kg-hm=?)
Table 8 Effects of the interactions between N

and K on jujube yields

K Z 4ifh 7Kk F Potassium code

N E G iy 7 -
Nitrogen code -1 ~0.2192  0.1925 1
-1 11763.5  11129.5  12170.6  16572.5
~0.2912 13674.1  13222.5  14388.0  18997.5
0.1925 12795.9  12468.6  13719.0  18740.2
1 7385.2  7265.6  8657.7  13645.0

3) 4 N AEJE T g A E R, P S KAEAY
SEH RGN

Y = 13569.96 — 1290. 126 X, + 2767. 346 X5 — 2005. 375
X,% +2554.896 X5% + 460. 003 X, X;

P K X203 5 1 38 BN UL 90 24 P ks
B [ i), = bifE KSR s s w4
K Gfidh [ 72 0, B G P38 fin Je s> J5 38 . v LA
2P K BCE R K RS, P IR 2t

£9 PKLERMMLAEZEHHZM/ (kg hm2)

Table 9  Effects of the interactions between
P and K on jujube yields

P AE%i %7K Potassium code

K e &t 7K
Phosphorous code -1 ~0.2192  0.1925 1
-1 13102.2  12399.4  13393.5  17716.9
~0.2912 13697.1  13225.4  14377.2  18963.8
0.1925 12046.3  12632.3  13891.7  18658.0
1 9602.0 95513  10990.4  16056.7

2.2.4 RABERNEEEX TR THY
A AR NLPK R IERR AR, 78 45 7 1)
Hbwr= & & N iS4 R W3 10, Nl LLE
L 7E B 4 m JE A R KR, 7E 18 000 ~
25 000 kg hm ™G FE P2 & HbR ™= 59 N.P.K i
FEHtERE T % e N JEFH &K 267.8 ~ 518.6 kg-hm ™2,
Jiti P,Os FH& M 83.7 ~ 360.0 kg hm ™2, jifi K,0 fH&
h 438.0 ~ 491.0 kg*hm ™2,

£ 10 AEBHFFFZELE 18 000 ~ 25 000 kg-hm 2 &89 NP K 4L MEAE 7 2
Table 10  Optimal rates of N, P and K fertilizers for objective yield of 18 000 ~ 25 000 kg*hm 2

N P,0s K,0
i E LA RGeS H IR AL HERG e H IR AL HERG S
Encod Appear Frequency Appear Frequency Appear Frequency
time /% time /% time /%
-1 3 50 2 33.33 0 0
-0.2912 2 33.33 1 17.7 0 0
0.1925 0 0 1 16.7 0 0
1 1 16.7 2 33.33 6 100
FH5{E Average -0.3689 -0.0141 0.8571
FRifEiR 2% Standard error 0.1433 0.3132 0.054
95%E{ERIEJ. -0.40~0.162 -0.628 ~0.600 0.751 ~0.963
95% believe region
=, =X . 2
FRAERBIE AL/ (kg hm ™) 267.8 ~518.6 83.7 ~360.0 438.0~491.0
The best fertilizer rate
2.3 HERBE AR XY LT AR R RN TE AR ALK
RV R AT AR SN X 8 b KRR 2,301 ZE RARATRE ST FAR L4 R T il TR &

ZLALRREMR , DEAT T it R S T L £ A i St
SRS, 2T A Fe B XCFAE L 2D 2 A
WA IE RS MR BE , O 20 A0 A% T S 16 i ot L 1Y

JERREM ¥ K1 AH B N PUK I, 41
T B T Y R TR U e JEE R R B AR, 5 CK AL BRAH F
A% 31.6% 27.1% M 31.5% ; NPK i Jits &b 3 &1
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Molality of the titratable acid
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Fig.1 Effects of N,P and K on the molality of the titratable acid
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Fig.2 Effects of N, P and K on the mass fraction of reducing sugar

2.3.3 FEABATIEAT AR L M RF R B 54
e LRI SRR, AR A
Fe iR P E B AR 2 — 30 o B IR (G 5 R4 A
i JIUAE R S R B I X 21 5 A

R ] PR 3 T, CK Ak 3 A o O 0 B
=, e NLPLUKLNPK &b B 435 55 20.83% .30.3% |
15.8% .40.4% ,NPK Kb B 1) 5T 5 70 B AR (2. 72 mg
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Fig.3 Effects of N, P and K on the mass fraction of the flavonoids

2.3.4 FEEHAEIN FAELMLRK S S E TE
WE A EHEETHHa KRR S
T 2 A3, KR R SRR PR AR 25 A AR R B2 1 32 7K
SR 2R, 7K A3 Fr i AR R R B R e 21
TR0 AR\ &7 g N s N RN SO (B NP
AL T A A Y B R . 3R 11 R,
TNE LAG , £ 7K 4335 s A 5, (4 b i a)
AREMZER(P>0.05), S ERHEEEN—
AN VEM IS AR, 40 BB S (8,30 +
0.26)% (P) ~ (10.08 +0.37) % (NPK) , 5 CK 43§
FHLE, B P ARBRLLAN e it B AL 34 e 4 = 2148 1Y
SO A A, Hod NUK ORI NPK AR PR A B R AT
0.65% .6.69% F1 8.85% (P >0.05), W] % IE
Yy e iy S K SR b B R S E , HE E
Y E R A 2 S WK R S T ) AR AR 2
— o ST AE LT TSR R & A (14,27
0.15) % (CK) ~ (15.86 +0.33) % (K) , i I kb P14 BE

xF 1 ERXMNEFKSESE.AAEERY
RBESENZID
Table 11  Effects of different fertilizers on moisture,

total soluble solids and total sugar of pear jujube

sl K&/ % KR/ % A ERETEY/ %
Treatment Water content Total sugar ~ Soluble solids content
CK 79.36a+1.74 9.26cd +0.42 14.27e +0.15
N 79.59a+1.65 9.32¢d+0.78 14.94e +0.09
P 81.16a+0.69 8.30d+0.26 15.06cd £0.15
K 80.93a+0.82 9.88¢c+0.45 15.86b +0.33
NPK 80.34a+0.74 10.08¢ +0.37 15.28¢+0.21
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BT AR PR R M (TSS) & 4, Hov K AL # 4R
(P <0.05), 155 11.14% , £ Wit K AL 0
LR EEE T WA B ERCR . X W S
AR LT ACE SRR HAS— B

3 17 ®

T Tl JIE o AR L 2F A A R SE A A I R
g3 =340 kA g 2 B 7 it SR 22
PR B IS 1 b 3 RO LB Ry 20 122 B AR K
B BB E G AR SR N P 5, BRI 2:1.5:3
I, RS AR 1w , B [P A A L
FIE P S i o R U 3 R g R TR
XA AR BN, K LR R AN K- 54 K
FUIM BRI HA KR REGS WA —&
AIAHDCOC R , B Ve B 210 mg-kg™'s FK
SES R AR 100 kg SERTHEA R L 1.5 ke, B2
1 kg, #2911 ~ 1.3 kgo Persson 200 fF 55 29, b
T3 ARARAE ) AT W1 A [R) R 2 1 2 BE RS AL
HA R LR S5 FEMRE D T RA L, X HE
B, R a2 -3 20 B S-S . ABIF ST
B, NP AT K PR R A B 2 [A) % 25 - g SR e S AT
B PRI VR T Ll R i 7 B B B
FEFFLG T N K BT, it A N K I A3 7 88O R 0
W1, BEE NK M aksiit i, 49 N K IS A5t &
BF, BEAR T 208 i . W FRt i B, P B SRR R X
R R AT, X SRR R M R RS E
BT DR BIESE o DN R BT, B+ & IR e
FhFF B 55 PR30 VR T 1Ly b A 2 7= i AE 3 SR N
P K FCA Tt

- SBT3 7KV T S5 A SRS 2 S i) L AR
PIER AT 4R . R R IRZ S NR I
PEIFTC W AH DG , X T HE S NR &2 NO; 15 2 431l
FIRIBF A — 37 Lahini 23 BR300, 76 1
B FRARIC T it FH IR AT DA VR 32 - 1K
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