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Abstract: [Objective] To explore the effects of different coupling modes of water-fertilizer on root zone soil

quality and water use of Coffea arabica under shade. [Method] C. arabica was chosen as test material, under
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30% shading degree, three irrigation levels (Wy: 1.2 Ep, Wy: 1.0 Ep, Wy : 0.8 Ep) and three fertilization levels
(Fy: 530.00 kg-hm ™, Fy: 353.33 kg-hm™, Fy: 176.67 kg-hm™) were completely designed with a total of nine
treatments. The response laws of soil nutrient, microbial quantity, enzyme activities, dry mass and irrigation
water use efficiency in root zone of C. arabica to water-fertilizer regulation were analyzed, and soil quality was
comprehensively evaluated by combining membership function with factor analysis, and then the optimal water-
fertilizer coupling mode of C. arabica was found by TOPSIS comprehensive analysis. [Result] Irrigation
level and fertilization level had significant effects on soil nutrient, microbial quantity, enzyme activities (except
catalase in autumn), root dry mass, stem dry mass, total dry mass and irrigation water use efficiency of C.
arabica root zone. The average seasonal values of nitrate nitrogen, available phosphorus and available potassium
contents in FyW; treatment were the highest. The average seasonal values of soil microorganism quantity and
enzyme activities were the highest in FyyWy treatment. Compared with F; Wy treatment, FyW treatment
increased the average seasonal values of soil nitrate-nitrogen, available phosphorus and available potassium
contents by 72.61%, 154.01% and 7.37%, respectively; Fy;Wy treatment increased the average seasonal values
of soil bacteria, fungi and actinomycetes number by 121.81%, 61.73% and 41.43%, respectively, and increased
the average seasonal values of urease, catalase and phosphatase activities by 46.67%, 42.74% and 22.55%,
respectively. There was a significant positive correlation between soil nitrate nitrogen content and catalase
activity. The number of soil bacteria, fungi and actinomycetes were significantly positively correlated with the
activities of urease, catalase and phosphatase, respectively. The combination of membership function and factor
analysis showed that soil quality index of FyWy treatment was the highest (0.75). The total dry mass
(38 011.50 kg-hm™) of F\yWy, treatment was the highest, and the irrigation water use efficiency (7.88 kg:m™)
of F\yWy treatment was the highest. However, TOPSIS method showed that the comprehensive benefit (soil
quality, dry matter and irrigation water use efficiency) of FyyW), treatment ranked the first, followed by Fy Wy
treatment. [ Conclusion] Under 30% shading degree, Fy Wy treatment was the best coupling mode of water-

fertilizer for improving soil quality and promoting efficient production of C. arabica .
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43 %

MRS R E S, 5 F A B, HAR IR K
PB4 TR L LB R I 2R B A 2= 3 AE 23l 1S
23.08%~46.72%+13.37%~26.04% £l
10.13%~18.64% . - 3EAM T B b8 ALk 0 20 2
PIEAE Fyy Wy A0 B I 2k 30 f KA, 205008 7.12%
107, 10.48x10° M1 13.45x10° CFU-g ', 5 F;, W AbF¥E
FHEE 3 B I0T 121.81%- 61.73% 1 41.43%.
2.3 i 7 it BE 3o /)N e Fehon kAR X 4 3 B UE M AV
A
PRERTT g R (& 3) R, Bt AL KT
I 7K 7K %of - 458 1l R lg Vit M 2R 300 L JE K /K1 %)
K2 (1 0o A A S v M B e AR A U PR 2R

SN AN R 35 (P>0.05) b, Jiti EZK P FEE K AP X iR
Fi o A EBE RN B R B S M 3D R B
(P<0.05). FH 3 0] %0, Mg B A0l R g 90 12k - K 2>
B> 2 %IRRT ()i A SR 1 P Ab B
NEFE>KE>H Z Fy NN FF>H F>KE,
Fy MeHUR K E>HZE>E 2, KRB o Ak S B A
P Tt i 1 BB R /K B G I 34 0, 5 W AR B, R
KK PR Bt 3 20 A Sl R TR I s 11 2= 29 )
SN 6.67%~14.29%.1.74%~3.04% A
5.02%~9.19%. WK, i EALE G (RKZ=RRAM) Fk
i Tt 3 e ot S D G 0 e R ki s, 5
Fp A b, A it A 7P 6 R i sk b Sl R Tl 1

R 3 BTN RAIMER X IR AR M ST

Table 3 Seasonal changes of soil enzyme activity in root zone of Coffea arabica under drip fertigation

mg-g'-d"

A AR JiRE Urease A Catalase
Fertilizer ~ Irrigation HE e hZE FE 2 B
level level Spring Summer Autumn Season average Spring Summer
Fp WL 0.30+0.02g 0.29£0.01e 0.32+0.01g 0.30+0.02f 1.37+0.03¢ 1.1240.02¢
Wn 0.33+0.01f 0.32+0.01d 0.35£0.01f 0.33+0.02¢ 1.38+0.01e 1.16£0.01f
Wy 0.36+0.01e 0.34+£0.01c 0.37+0.01e 0.36+0.02de 1.39+0.02e 1.19£0.01e
Fum W 0.39+0.01cd 0.36+0.01c 0.39+0.01d 0.3840.02cd 1.94+0.02b 1.74+0.01b
Wn 0.41+0.01b 0.40+0.01ab 0.42+£0.01b 0.41+0.01ab 1.96+0.02ab 1.77£0.01a
Wy 0.44+0.01a 0.42+0.02a 0.45+0.02a 0.44+0.02a 1.98+0.02a 1.79+0.02a
Fu W 0.37+0.02de 0.36+0.02¢ 0.39+0.01de 0.37+0.02d 1.63+0.03d 1.44+0.02d
Wn 0.39+0.01cd 0.36+0.03¢ 0.40+0.01cd 0.3840.02bcd 1.67+0.01¢c 1.46+0.02d
Wy 0.40+0.02bc 0.39+0.01b 0.42+0.01bc 0.40+0.02bc 1.68+0.01c 1.49+0.02¢
P F <0.01** <0.01** <0.01%* <0.01** <0.01** <0.01%*
W <0.01** <0.01** <0.01%* <0.01** <0.01** <0.01%*
FxW 0.41 0.25 0.12 0.59 0.59 0.42
MEAEAKT  HEKKT T E AL E M Catalase TR Phosphatase
Fertilizer ~ Irrigation &= FHH HF kS ZE FHHE
level level Autumn Season average Spring Summer Autumn Season average
Fr W 1.2440.01c ~ 1.24+0.13b 75.73+£2.15g 56.33+4.90f 84.56+2.42¢ 72.21+14.44a
Wy 1.26£0.01c ~ 1.27+0.11b 80.04+2.26f 59.04+2.72¢f 88.88+3.89de  75.99+15.33a
Wy 1.2840.02c  1.29+0.10b 83.52+0.91de 62.39+1.21cde 92.39+1.82cd  79.43+15.41a
Fum WL 1.55£0.01b  1.74+0.20a 84.81x1.04cde  63.44+1.29cde 93.16+3.11cd  80.47+15.33a
Wy 1.56£0.01b  1.76+0.20a 88.17+0.41b 67.20+2.49bc 99.78+3.37ab  85.05+16.51a
Wy 1.55£0.14b  1.77+0.22a 91.53+0.89a 72.770+2.21a 101.2544.22a  88.49+14.52a
Fu WL 1.83£0.02a  1.63+0.20a 82.76+2.33ef 61.77+2.81de 91.77£1.99cd  78.77+15.39a
Wy 1.86£0.02a  1.66+0.20a 85.92+2.54bcd  65.26+1.30bcd  94.90+1.63bc  82.03+15.20a
Wy 1.894£0.01a  1.69+0.20a 87.68+1.08bc 68.28+2.46ab 98.42+1.55ab  84.79+15.28a
P F <0.01** <0.01%* <0.01%* <0.01** <0.01%* 0.474
W 0.35 0.88 <0.01** <0.01** <0.01%* 0.620
FxW 0.87 1.00 0.67 0.82 0.86 1.00

DR 58356 69 R B B 58k A 2218 £ F 2 % (P<0.05, Duncan’sik); “*” Fr “**%” 53| & 7 £ P<0.05F2P<0.01 KT £ 5+ 3%

(CEREF E04TF %)

1)Different lowercase letters in the same column indicate significant differences among different treatments (P<0.05, Duncan’s method);
“#” and “**” indicate significant differences at P<0.05 and P<0.01 levels respectively (One-way ANOVA test)
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Mg vE eI ME 2 N 16.16%~24.24%.
31.05%~38.68% Al 7.89%~11.59%. JIKM. it AL
TifE Rk TR B 95 1 R I (ELTE Py Wy AL BRI 31 B K
B, 752 0.44.1.77 F188.49 mg-g '-d', 5
F W ACFEAHLE A 5380 46.67% 42.74% F1 22.55%.
24 TEFSEE. MEVHENEFEHNOEX

M5

M3 4 AT, TR A A S B L LR ]
BRI R0 2% 1 4 o R A U T R A R
(P<0.05), T34 . B 1 ALk 2 o) ) -5 IR

Rl B i S M SR AR 3 IEAE DG (P<0.01). R HI/INKL
Tl AR X - $9 k A= 0 1) 2B i S B0 5 SRS
Z AAEIEE B VIR
2.5 EERERARXT /R FROINMERR (X 1 158 R E AU R
H ) 1 AT, JHE T TS A [ e it A Ak 3L g - 3
Ji & R BN K BN AR I Fy Wgs FyWys
FuWuys FyWas FgWis Fyy Wi Fy Wy FL Wy Al
FLW o U0 BH 3 5 488 0 8 /K & 0 it A 22 B 53R v
TR, HoA DL Fy Wy A0BE R B i, 3
i HR E (0.75).

x4 IEFDIE. WEVHRENEFERNBEX TSR

Table 4 Correlation analysis of soil nutrient content and microbial quantity and enzyme activity

AR EMEE A

SUEENE4

:I[Dtir%l Nitrate Available Availa}ble Biﬂc}tia I-‘Eui Actinmoﬁetes Uﬂie Sl Phﬁﬁiﬁfgse
nitrogen phosphorus potassium Catalase
TE A% Nitrate nitrogen 1.00
TR Available phosphorus  (.84%* 1.00
JERLER Available potassium 0.79% 0.63 1.00
4114 Bacteria 0.12 -0.17 -036  1.00
HL.14 Fungi 0.13 —0.16 -0.37 0.99%*  1.00
JHZETH Actinomycetes 0.16 —0.13 —0.34 0.99%*  0.99%* 1.00
Ik Urease 0.40 0.04 -0.07 0.94**  0.95%* 0.95%* 1.00
AL S Catalase 0.71* 0.31 0.38 0.71*  0.71* 0.73* 0.87** 1.00
R Phosphatase 0.33 0.02 —0.19  0.97** 0.98** 0.98** 0.99%*  0.83** 1.00

1) “*7 Fo “xx” 530 K FiK0.05420.01 K T 89 B 240 £ (RUEA)

1) “*” and “**” indicate significant correlation at 0.05 and 0.01 levels, respectively (Double tail detection)

0.8 &&W.

Wy
0.7} EAW,
. 06
= [}
2 205
i 2
B So3
@ 02
0.1
0

Treatment

7 BT AR RN G - BER R AR B 22 57 (. 3% (P<0.05, Duncan’s i)
Different lowercase letters on the columns indicate significant differences
among different treatments(P<0.05, Duncan’s test)

1 EERRE T /NRAPUIMEAR X TR R B4 3
Fig. 1 Soil quality index of Coffea arabica root zone under
drip fertigation

T T AR /)N KL AR NeE T 4 B R AR B SEBR K
S F A EF

PRERTT g R (R 5) R W], AL AKT-XE
PR A B ST 5 R B T 7K 4 R R R R )
B3 (P<0.05), VKX BT 8 T & M

2.6

FEWL K o R 2R S m 2 3% (P<0.05). HEE 5 1]
w1, 5 W AL, B8R, AR R I BT R
T &5 0 4.51%~8.61%- 7.71%~18.67%-
5.00%~8.87% 8.80%~13.74% F1 6.04%~11.24%, i
HEWE K 20 F FH R R el D 15.22%~25.88% . M T-H)J5i
2RIV 7K 43 1) FH 2050 2% I vt S £ 384 o 52 e 1 S Ok
s . 5 Fp AL, B0 e &, AR, B s T
ST o R R 7K 23 R 280 43 ) 3 0 3.97 %~
15.71%+23.88%~30.69%- 1.47%~13.39%.
0.14%~19.69%- 5.00%~17.75% H1 5.20%~17.90%.
Fy Wy ACFR AR B i BT RS T4 5 & e K,
FyW AR FR EBEK 3 R R R, 5 F WL &
FEAREE, 70BN 26.53%- 59.65%- 24.80%- 36.82.
32.34% F1 18.80%.
2.7 EF TOPSIS ZEREERE S RNVEZEETEN
SR T R g 5 & T o R K 43 R
RUER 1) TOPSIS 2% AN ] it BB 7K - 7K /KP4 Ak
BT LA TP, S5 R 5 T3 6, #EEFE C {8
R KRR SRR A TP BRI AR . R 6 WA, %
A EREZIE FE C; B B R B AR A : FyyWos Fyy Wi
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x5 EERALXSNRIAPRIEE T4 B RAR R ER K o FI AR RO RN

Table 5 Effects of drip fertigation on dry mass accumulation and irrigation water use efficiency of Coffea arabica

JREAKSFE HEAK K T#))% #/(kg-hm ?) Dry mass FEEK 23 P 3% 2 (kg m”™)
Fertilizer ~ Trrigation R 53 H T BT = Irrigation water
level level Root Branch Leaf Trunk Total dry mass use efficiency
F, W, 8083.33+ 3733.67+ 10884.17+ 6022.17+ 28723.33+ 3.8340.10¢

159.00d 882.33b 1 886.17a 570.17d 2532.67d

8461.00=  4207.83+ 11658.83= 6533.50+ 30861.17+
Wi 547.83cd 797.00ab 2495.33a  540.33cd 2201.00cd 3:29+0.09d

W 8917.17+  4822.00+ 11960.67+ 6667.00+ 32366.83+ 2 8840.10e
i 557.00bcd  1694.33ab  2049.83a  606.17cd 434.33bed ' '

9411.50+ 5210.17+  12471.83= 7000.83+ 34094.33+
F W
M L 885.67abc 390.67ab 1042.50a  687.33bc 2 868.67abc 4.35+0.09

9822.33+ 5510.00=  13067.00= 7768.00+ 36167.33+
Wi 497.83abc 698.00ab 2035.67a  404.17ab 2 203.67ab 3.8620.10bc

10228.00+  5960.83+  13583.33+ 8239.33+ 38011.50+
W
i 621.50a 1131.33a 2441.67a 178.17a 3031.83a 3.38£0.17d

8501.17+ 492250+ 11254.83= 6038.50+ 30717.00+
F W
H L 682.5¢cd 516.83ab 2224.17a 550.33d 2 658.33cd 4.100.12b

8884.17+ 5217.00= 11616.67= 6438.00+ 32155.83+
Wi 732.83bcd  1020.83ab  1696.67a  305.67cd 1265.33bed 3:4320.15d

9087.83+ 567233+ 1213833+ 6773.50+ 33672.00+

W 315.00bed  1350.00ab 1274.83a  419.50cd 2 029.83bc 2.9920.11e
P F <0.01%* 0.04* 0.22 <0.01%* <0.01** <0.01**
w 0.05% 0.22 0.55 <0.01%* 0.02%* <0.01**

FxwW 0.99 1.00 1.00 0.85 1.00 0.69

DR 5 3348 6 69 R R B F 8 & R AL B £ F 2% (P<0.05, Duncan’sik); “*” fm “*%” 53] % R AEP<0.0542P<0.01K-F £
FREZFCEREHS Z5WF F)

1)Different lowercase letters in the same column indicate significant differences among different treatments (P<0.05, Duncan’s
method); “*” and “**” indicate significant differences at P<0.05 and P<0.01 levels respectively (One-way ANOVA test)

7R 6 /NRIFRUINAE B AR 75 R AY TOPSIS 426 5347
Table 6 TOPSIS comprehensive analysis of different drip fertigation schemes for Coffea arabica

PR SR AR I — 1k E G AR A P
JREAKT #EKAKT Weighted normalization Positive and negative E3liNE-
Fertilizer ~ Irrigation of evaluation index ideal solution distance Proximity Rfjlji%ng
level level BRI TERE /K 73 ) 25 D D- (&)
Soil quality Dry matter Irrigation water use efficiency ' '
FL WL 0.016 0.102 0.121 0.125 0.027 0.176 9
Wu 0.034 0.110 0.108 0.109 0.024 0.180 8
Wy 0.052 0.115 0.095 0.098 0.038 0.281 7
Fum W, 0.102 0.121 0.144 0.035 0.100 0.742 3
Wum 0.123 0.128 0.127 0.022 0.114 0.841 1
Wy 0.134 0.135 0.111 0.033 0.124 0.790 2
Fy W, 0.104 0.109 0.130 0.042 0.095 0.691 6
Wum 0.113 0.114 0.113 0.043 0.099 0.698 5
Wy 0.127 0.119 0.098 0.049 0.113 0.699 4
B 0.2958 0.3522 0.3520
Weight
TEFRAE AR 0.134 0.135 0.144
Positive ideal solution
B HLAR AR 0.016 0.102 0.095

Negative ideal solution
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FyWi s FyWys FyWys FEgW i« E Wy F Wy M
FLWp, HdmMmH A2 FyWy(0.841), HikEZE
FpW(0.790).

3 Wit

THE B AN 5] 7K A S 0 it JE A S % 338 5% 4
ARAE A, A RIR 7 5B SR E T1EY)
AR BPIRBL 2 AW R GR R
I8 7 P T T iz, 2 T 1 R K R R K
I3 PRGN /N RE AR R 2, e REAR AR 3T )
RIS AT o A S8 A0 5 ) it it RS B £ 389 1 18
XEICHR [27] AT TS (L3R = L R R TR 7
SRR, (e B VIR R 0 W IR, $RTT LA
WLFR 5 & &, AT L3I0 77, AED I A KA
HEIE L HIFR 2 ) A —EL.

IRV IHEMRE R KB EREE, [
ISt 2 5 Wi - S A 35 o ) B, LB A2
] K o AN IR AR DL AW TR DL, TR
K KR A 7K X SRR (A
AR W) B R R 2, 12 ol TR T s
SR, o DI RMOKE, (RAEALRIE R TR
AN R R R > 9 HOE AR IX IR
PR FEAE 4R L R 2%, AT 1 3R LR A R
=, RFFRIE R, Fy A IR AE Y SR
KT Fy a2, X EZ 5 & A 5 1+ 5 pH %
%, DR L3R, PRAR LR A LE A R 357 0
Rk R,

S TR VA LR PR Y R A,
HRAE i B B B o ASHIE T B S R HE K
ZKF Rt A 7K P X6 - S R L o SR A S (BRAK
7). BRI E PRS2 35 o X2t Tk AE IS
KRG, WAL RN (DR 1T 4 S A R
Bl FEPESR . MM AESE s T RIETEHL IR
N SR A I A T S AR AR AR PR St T
FEAE MR, A L IERE AN 2 5 AR SO . AT B
FeAR W], i Bt AT 2 oA I BRI o, R g
A, AR PR, 0] SRR, it
Herh 90% 3 mER A AR R WS, RN
S B — 2R ], X 5 AW Fy AP
BEAR SR R 0 45 R — B

THETR I TR BRIl A R - R
) E DR AR U Y 3 A
PRBEAT SRR My, A5 SRR 3R ) R R
AN PR Z A7 — 58 AR OGHE, iSRS

T A U R TR A G, 0 A B o it A ]
2 o A AR T, (R i A KR R, B
b I A ZO R R EEAR R B AR, 2T
B ). IR Y R R AR T B R B
B EADG, VB IR A P B S RS R
A EARHE G R, et 398 i i BAT AU kP,
FH T 5% 1 2 A BB 20 T 3 R B A8 A 2 TR AR
HORR, JoEAS H 198 0T e A 10 ¥ R it A A
SN R T I I i e T T /N A el - 9 R
F10 o A i R T IR A 2, AR BT 9 32 P 51 R B s T
T M7 VRN 3R 00 A W B R S 1k 3t
A, S RFWH Fy Wy 402 5, U
FWiy A0 ) 7K B — A A 8 o0t 398 7 2 1 e e L
A RIFHIBR

VEE K R0 e A 2 S AR ) AR K 2 AN R
U, @ R R A MR IR R
Kt e BTG PSR, DA TR AR A HLRS N i 24 FpE
E, BEM P A R G AR TR, 15
B BRI [R1EE K KT, /N r A =47 5 8 R & A
VEE I 7K 1) P 200 3R ) I it A R P 184 A 2 e 184 i
D R A, R BIAE — e a3 R AT DA
o A ARy A, W R R, i R
it BB XS /N AL AR e S5 R AR — e A ), X
550 N BRIE 72 25 B AARABLS )0 /R Fof il - 47)
Jii R R i 7R 1A I T 48, T R K 23 R A
B K I N gk, e Wy AR /N R A
WEF- 4 5 2R AR A i, T W A R () E /K 2 R
R f v o Ut WS N 7K R R /IR A v AR
K R %38 B A WL R AN, (02 BRI K 73 R

F Wy A 2 11 398 o & A0 T4 o 2 d Ak, (B
TRARIUE HEWE /K 7 FI 0K Bt e« ASHIF9Ti2 H TOPSIS
Tt R /IR O R4 SR R E K 2
X 3 M abr AT S5 BN, S REW
FyWy 2 BRI 254 R B e FyWoy A0 BERE CRAIE
T R, SCRE AR /IR R e A= N R RE K
ORISR, R i v e A . S AT AN
IFi) ¥k R it A ASE 5 T A W B VR 2 R T T TR AT
Feo BE— B R /AN A 7K AE = RCR) F f A 4 2
HLER

AW FEE S RIS W R &8

1) 388 BH T 8 7K K ST A0 it A 7K S of 70 ol g
R X 7% 00 Sl A WO RS R R L (P<
0.05)0 FyyWp AbFH [ A A5 2 3 A0 08 R el R 2 1)
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43 %

B A% 155 Py Wi A0 (1) = R0 AE 4 250 o R Bl v 1 2
PE e o AHA RS o S A S B 1 AR AE 3 OE
FIFE K 2R (P<0.05), 4 H B Ak 1 508 5 )
5 R Tl R T TR T A . 5 TE M 9% (P<0.01), St 4k
S MEAFE 3 (P<0.05) IEM Rk R . FE R H L
G BT IR R Y, Fy Wy A B i 1357 & 15
#(0.75) He i o

2)) 38 [ T JEE ZK KT R it AR 7K ST Nz A g
R B T4 5 R EE R K 23 D AR s e
# (P<0.05) Bl 2% (P<0.01). FpWy A )T
)i & (38 011.50 kg-hm ) 5 K, Fyy W A0 [
WEAK > FIFHRR (4.55 kgm™) T K.

3)TOPSIS VA LR A PEM 45 R B, Fy Wy b2
MR FE C; (0.841) fefh, 1% k7K AE A B g 1 [
P LR B T R BRI K A R R,
ISR B AR A A KRR H A . Bk, Fy Wy
AN 30% YT INKLF ok 0 i K R RS &
B

SE MK :

[1] ABHE, 2 RZE, /K, &6 B BEA b FE R T 78 70 HE K
B A DX R A R BT[], Al AR 2, 2019,
35(12): 72-80.

[2] A5, XN, HEE, 5. A R R Rk T st
TEME X /IR AR A K - S A D B R ). A
ki, 2019, 38(10): 2968-2974.

[3] CAO X, YANG P, ENGEL B A, et al. The effects of
rainfall and irrigation on cherry root water uptake under
drip irrigation[J]. Agricultural Water Management, 2018,
197: 9-18.

[41  XU/NNI, 5k, FE 4 M, & KBRS G T /INRINHEI i A=
FRAR I 5 7K R R [0). AU AR, 2014, 45(8):
160-166.

[5] 2R, X, BEgE, 55, KB EAEN AREMAE KK E
R o BB [T]. AV =R, 2019, 50(9): 272-
279.

[6] NISHA S K, SREELATHAKUMARY I. Growth and
yield of watermelon Citrullus lanatus (Thunb.) with dif-
ferent levels of fertigation and drip irrigation[J]. Journal
of Krishi Vigyan, 2020, 8(2): 157.

(71 ERB, PR, S, 55 ANEIK A BN H SR
TR R A KA R R [7]. A 2% E, 2013, 32(3):
591-596.

(8] EARME, X%k, FigH], & K WIE AL 5 H i
B R ARG IR ], SR ETRL, 2018, 39(1):
430-437.

[9] FliKfh, 54, 1R, 55, Tt A HLIESR T AN 7] -3

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

W 3R AR BUBR &5 81 22 R (0] RO R B R 2 2 i,
2018, 37(10): 2183-2193.

SAINJU U M. Improving nitrogen balance with irriga-
tion practice and cropping system[J]. Journal of Soil &
Water Conservation, 2019, 74(16): 622-631.

TIAN Z, LIU X, GU S, et al. Postponed and reduced bas-
al nitrogen application improves nitrogen use efficiency
and plant growth of winter wheat[J]. Journal of Integrat-
ive Agriculture, 2018, 17(12): 2648-2661.

BTz, IR, PROGZE, S5 i FH R SR e %ok wom el 4
AR R SRR I S (7], B RAL R, 2017,
37(8): 54-59.

BH =, TR, Fhae, 5. i A 38 1 45 700 ik i A=
e T e A R Ak, L 8 il i A 1 5 T [0]. B R 2R A,
2017, 38(10): 1868-1873.

MARJERISON R D, MELKONIAN J, HUTSON J L, et
al. Drainage and nitrate leaching from artificially drained
maize fields simulated by the precision nitrogen manage-
ment model[J]. Journal of Environmental Quality, 2016,
45(6): 2044-2052.

BEFERE, K/NNI, AT, S A R 5 RN AL S Y
T R DX/ e 0 R R P S I (D). P AR
A2EAR, 2020, 31(2): 515-523.

KI/INRI, A, w5 R, S K RGN R
7 R L TR ST, AU R, 2016, 47(2): 143-
150.

IR, XA, 5KA, S5, R E 2K 5 ZUER & X
ANREIIHE AR AR A 0 2R (). B A2 2522 4R,
2017, 28(12): 4034-4042.

IR, KNI, w66 R, A5 R T B K S AR
A 0T N KL A A ROt R RS2 WAL D). HERERL K
THREZEAR, 2017, 35(7): 616-626.

RUZNKI, 2 SCRK, FF#17, 55, I8 D/ INREIHESR 57 4
BB /KR BE B R A A 30 0], B2 AR S 244, 2018, 29(4):
1140-1146.

LIU X, LI F, ZHANG Y, et al. Effects of deficit irriga-
tion on yield and nutritional quality of Arabica coffee
(Coffea arabica) under different N rates in dry and hot
region of southwest China[J]. Agricultural Water Man-
agement, 2016, 172: 1-8.

TREE, M, FI, 5 R ERE KRR AR A K
FUAR BRI B R (], T 52 4 XAV AT 55, 2009, 27(6):
58-62.

b H . AR HTM]. 3 R B B R L AR
#t, 2000.

25, RS, B S R OR Bk e T Z bt
VL[] A0k TR, 2015, 31(10): 174-181.

TR, KA, AL, S5 AN [R] M 7 55 7 2O S R
SR R AR A AT 7 R I R D], R AR A 2R,


http://dx.doi.org/10.11975/j.issn.1002-6819.2019.12.009
http://dx.doi.org/10.1016/j.agwat.2017.10.021
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.08.025
http://dx.doi.org/10.6041/j.issn.1000-1298.2019.09.032
http://dx.doi.org/10.5958/2349-4433.2020.00033.1
http://dx.doi.org/10.5958/2349-4433.2020.00033.1
http://dx.doi.org/10.11654/jaes.2017-1767
http://dx.doi.org/10.1016/S2095-3119(18)62086-6
http://dx.doi.org/10.1016/S2095-3119(18)62086-6
http://dx.doi.org/10.1016/S2095-3119(18)62086-6
http://dx.doi.org/10.3969/j.issn.1000-2561.2017.10.016
http://dx.doi.org/10.2134/jeq2016.04.0129
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.02.019
http://dx.doi.org/10.3969/j.issn.1674-8530.16.0271
http://dx.doi.org/10.3969/j.issn.1674-8530.16.0271
http://dx.doi.org/10.1016/j.agwat.2016.04.007
http://dx.doi.org/10.1016/j.agwat.2016.04.007
http://dx.doi.org/10.1016/j.agwat.2016.04.007
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.10.023
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.12.009
http://dx.doi.org/10.1016/j.agwat.2017.10.021
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.08.025
http://dx.doi.org/10.6041/j.issn.1000-1298.2019.09.032
http://dx.doi.org/10.5958/2349-4433.2020.00033.1
http://dx.doi.org/10.5958/2349-4433.2020.00033.1
http://dx.doi.org/10.11654/jaes.2017-1767
http://dx.doi.org/10.1016/S2095-3119(18)62086-6
http://dx.doi.org/10.1016/S2095-3119(18)62086-6
http://dx.doi.org/10.1016/S2095-3119(18)62086-6
http://dx.doi.org/10.3969/j.issn.1000-2561.2017.10.016
http://dx.doi.org/10.2134/jeq2016.04.0129
http://dx.doi.org/10.6041/j.issn.1000-1298.2016.02.019
http://dx.doi.org/10.3969/j.issn.1674-8530.16.0271
http://dx.doi.org/10.3969/j.issn.1674-8530.16.0271
http://dx.doi.org/10.1016/j.agwat.2016.04.007
http://dx.doi.org/10.1016/j.agwat.2016.04.007
http://dx.doi.org/10.1016/j.agwat.2016.04.007
http://dx.doi.org/10.11975/j.issn.1002-6819.2015.10.023

2 W

2K, A5 < SRS VR T AT /N ARE A vl - 3 5T R A 7K 23 A R S 67

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

2010, 21(2): 279-286.

RRA, FIik, A, 5. A KB 7 G
HEAREAK K B [I]. K 2R EF AR,
2019, 33(4): 161-166.

YANG W, JIAO Y, YANG M, et al. Minimizing soil ni-
trogen leaching by changing furrow irrigation into sprink-
ler fertigation in potato fields in the Northwestern China
plain[J]. Water, 2020, 12(8): 2229.

Kk, TR, AR A AT L3 57 50 1 5
mi[J]. A2 &, 2004, 23(6): 131-137.

EV, Bpttt, Xk, 5. ANIR] ] A G R
B TN S AL A A KRR [, Al TR AR,
2020, 36(8): 96-102.

SRR, 439, /M, 55 RCEYIA UL bk el £ 5%
AU BV 2 (7], o [E PR R, 2019, 39(3): 1245-
1252.

TN, g, BT AN, &5 AN IR] R R b
J& pH B A2 A AN ORI R (0], IR B AL 57, 2009,
28(2): 177-180.

2, PR 2R, FiH 2. MU AZ AR L35 B A
B LRI S ], 4 A4 &, 2016, 35(10): 2722-
2731.

YANG L, LI T, LIF, et al. Fertilization regulates soil en-
zymatic activity and fertility dynamics in a cucumber
field[J]. Scientia Horticulturae, 2008, 116(1): 21-26.
GUAN S Y. Soil enzyme and its research methods[M].

[34]

[35]

[36]

[37]

[38]

[39]

Beijing: Agriculture Press, 1986.

GRAMSS G, VOIGT K D, KIRSCHE B. Oxidore-
ductase enzymes liberated by plant roots and their effects
on soil humic material[J]. Chemosphere, 1999, 38(7):
1481-1494.

B, BB, e, & Bt A R EA RS BER -
R TR RV S R L RS R D). b AR A, 2017,
37(11): 4230-4240.

A2, wRIE S, AR, 55 W SR IEAEK. Jud
R B ity DX IS W E I T B L. K R R RR AR,
2018, 32(3): 321-327.

HEY, XI B, LI G, et al. Influence of drip irrigation, ni-
trogen fertigation, and precipitation on soil water and ni-
trogen distribution, tree seasonal growth and nitrogen up-
take in young triploid poplar (Populus tomentosa) planta-
tions[J]. Agricultural Water Management, 2021, 243:
106460.

TREARK, AR, e, A AR EALAKE T KRR+
RS20 R D] P ELOLEE, 2016, 49(14):
2687-2699.

TG, B, X EM. AL B B PR IXCR
BREEVE A A HUBR . BRI )], Al A 5 R
2EEEAR, 2015, 34(11): 2146-2154.

[RfEHwIE Foeit]


http://dx.doi.org/10.3390/w12082229
http://dx.doi.org/10.3321/j.issn:1000-4890.2004.06.028
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.08.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.03.042
http://dx.doi.org/10.3321/j.issn:0254-6108.2009.02.004
http://dx.doi.org/10.1016/j.scienta.2007.11.001
http://dx.doi.org/10.1016/S0045-6535(98)00369-5
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.11.028
http://dx.doi.org/10.1016/j.agwat.2020.106460
http://dx.doi.org/10.3864/j.issn.0578-1752.2016.14.004
http://dx.doi.org/10.11654/jaes.2015.11.016
http://dx.doi.org/10.11654/jaes.2015.11.016
http://dx.doi.org/10.3390/w12082229
http://dx.doi.org/10.3321/j.issn:1000-4890.2004.06.028
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.08.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.03.042
http://dx.doi.org/10.3321/j.issn:0254-6108.2009.02.004
http://dx.doi.org/10.1016/j.scienta.2007.11.001
http://dx.doi.org/10.1016/S0045-6535(98)00369-5
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.11.028
http://dx.doi.org/10.1016/j.agwat.2020.106460
http://dx.doi.org/10.3864/j.issn.0578-1752.2016.14.004
http://dx.doi.org/10.11654/jaes.2015.11.016
http://dx.doi.org/10.11654/jaes.2015.11.016
http://dx.doi.org/10.3390/w12082229
http://dx.doi.org/10.3321/j.issn:1000-4890.2004.06.028
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.08.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.03.042
http://dx.doi.org/10.3321/j.issn:0254-6108.2009.02.004
http://dx.doi.org/10.1016/j.scienta.2007.11.001
http://dx.doi.org/10.3390/w12082229
http://dx.doi.org/10.3321/j.issn:1000-4890.2004.06.028
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.08.012
http://dx.doi.org/10.3969/j.issn.1000-6923.2019.03.042
http://dx.doi.org/10.3321/j.issn:0254-6108.2009.02.004
http://dx.doi.org/10.1016/j.scienta.2007.11.001
http://dx.doi.org/10.1016/S0045-6535(98)00369-5
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.11.028
http://dx.doi.org/10.1016/j.agwat.2020.106460
http://dx.doi.org/10.3864/j.issn.0578-1752.2016.14.004
http://dx.doi.org/10.11654/jaes.2015.11.016
http://dx.doi.org/10.11654/jaes.2015.11.016
http://dx.doi.org/10.1016/S0045-6535(98)00369-5
http://dx.doi.org/10.3969/j.issn.1000-6923.2017.11.028
http://dx.doi.org/10.1016/j.agwat.2020.106460
http://dx.doi.org/10.3864/j.issn.0578-1752.2016.14.004
http://dx.doi.org/10.11654/jaes.2015.11.016
http://dx.doi.org/10.11654/jaes.2015.11.016

	1 材料与方法
	1.1 试验地点及材料
	1.2 试验设计
	1.3 测定项目与方法
	1.3.1 土壤环境
	1.3.2 干物质量
	1.3.3 灌水量及灌溉水分利用效率

	1.4 数据处理
	1.5 评价方法
	1.5.1 综合评价方法
	1.5.2 TOPSIS法


	2 结果与分析
	2.1 滴灌施肥对小粒种咖啡根区土壤养分的影响
	2.2 滴灌施肥对小粒种咖啡根区土壤微生物数量的影响
	2.3 滴灌施肥对小粒种咖啡根区土壤酶活性的影响
	2.4 土壤养分含量、微生物数量和酶活性的相关性分析
	2.5 滴灌施肥对小粒种咖啡根区土壤质量的影响
	2.6 滴灌施肥对小粒种咖啡干物质累积及灌溉水分利用效率的影响
	2.7 基于TOPSIS法的滴灌施肥方案的综合评价

	3 讨论与结论

