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Effect of Water and Nitrogen Regulation on Potato Yield and
Soil Quality Evaluation

YANG Yingpan' YIN Juan'? ZHU Yinhao' LI Sheng'
(1. College of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China
2. Engineering Research Center of Minisiry of Education for Efficient Utilization of Water Resources in
Modern Agriculture in Arid Regions, Yinchuan 750021, China)

Abstract; To address the problems of low potato yield and low soil quality in the central arid zone of
Ningxia, the interrelationship between potato yield and farmland environmental factors was investigated
and evaluated. Aiming to explore and evaluate the soil quality condition of potato farmland in the central
arid zone of Ningxia, and the interrelationship between potato yield and farmland environmental factors,
with a view to improving potato yield and farmland soil quality, taking potato farmland as the research
object, the two-year experiment was conducted in a three-factor completely randomised design, with
irrigation treatments set at irrigation quota (2 250 m’/hm’, W3), 20% water saving (1 800 m’/hm’,
W2), and 40% water saving (1 350 m’/hm’, W1); and nitrogen application treatments set at nitrogen
application (195 kg/hm*, N3), and 20% nitrogen reduction (156 kg/hm’, N2), 40% nitrogen
reduction (117 kg/hm2 , N1), with no local N fertiliser and no irrigation as CK treatment, soil nutrients,
enzyme activities, microbial carbon, nitrogen, phosphorus and yield were measured and included in the
soil quality index (SQI), which was fitted to potato yield. The results showed that water and nitrogen
regulation had significant effects on soil quick potassium, effective phosphorus, nitrate nitrogen,
ammonium nitrogen, total nitrogen, total phosphorus, total potassium, and organic matter, and catalase

activity (SP), sucrase activity (SS), soil urease activity (SU), and soil alkaline phosphatase activity
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(SAP) in the 0 ~20 cm soil layer were the largest under different water and nitrogen regulation in the
W2N2 treatment, which was increased compared with that of the CK treatment by 23. 66% , 86.28% ,
58.66% , 56.92% . And it showed a trend of gradual decrease with the increase of soil depth. Potato

yield, soil microbiota carbon nitrogen phosphorus and stoichiometry were maximum in W2N2
(1800 m’/hm®, 156 kg/hm’) treatment. The highest soil quality grade of W2N2 treatment was obtained
by SQI, and it was found that W2N2 treatment could synergistically improve the comprehensive soil

quality and potato yield by fitting, and the results of this study can provide theoretical references for the

sustainable production of potato and the improvement of soil quality in arid regions of northern China.

Key words: potato yield; soil chemical properties; irrigation quota; nitrogen application; soil quality
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Fig.1 Schematic of location of experimental area and potato planting pattern

N2) g 40% (117 kg/hm® , N1) , o vp (0 HE 1% F R
E(FAEEA6% ) . RIUAKNE KA HEFT £ RIBIE,
38 T P 0 2 40y 97 300 R 2R B0 e 25 4 KB A U
P (1:2:2: 1) 6 WHEAT, W 7K 38 I 2F 4 A K 0

SV B ZE TR | e 2R R KR e A B R Y
(1:2:3:3: 1) 10 Wik A7, k& 1 frn. S E AR
VHE K it G R AR 2 R, SR BAEK
Bl & 5 AR K 3 iR,

x1 DRESLEFHEKBRERESELLH

Tab.1 Allocation ratio of irrigation and N application for each fertility period of potato %
2 FRERKHG A 26 Ho H— HEERM(6 A HeZEm KW (7 A TEM R RI(8 H it
SR T
N 10 H—6 A5 H) 25 H) 26 H—7 H25H) 26 H—8 H20H) 21 H—10 A5 H) a
THE K i H B 8.85(1 &) 17.7(2 k) 31.86(3 k) 32.74(3 k) 8.85(1 k) 100
it & LA 0 16.7(1 &) 33.3(2 k) 33.3(2 K) 16.7(1 k) 100

T B A 7R 25 24 1 30 K R

LR R R H O 3 i o 2022 4E 5 1 HM
2023 £ 4 H 30 H Yk H 1o 2022 4510 H 3 H A1
20234E 10 A2 H, B FA“FEI S, R
BRER i E A AR S (B 1), — P AT 7 S5 47 IR Fil
A, BRI 5E 1.2 m, Bl F 3R VR 10 em, 48 B Fp
FERREE 50 em , 47 #H 60 em , & — 47 Fh A 10 £, &1~/
DX FiA 40 PR h4% 5 B2 % 33 345 #k/hm® . JERIAD
b FH i B RS (5 W i 12% ,82.5 kg/hm’ ) (B R AP
(S B 50% ,150 kg/hm®) | it fin 7 3ok — W 2
fiio X8 /N X m A 17.6 m*, K 5.5 m, i
3.2 m, PUJER AR AP AT /N B AT 568 1 m, Ah [
RPATTER 2 m, A E 3 RER 3t 30
AN o BN DB ST Y S R R R T, AL AR K
MR R RS T H SR A K, NE
16 mm,BEJE 0. 15 mm, TAEJE 7 0.1 kPa, 7§ k Wi &
2 L/, i 3k ) B 50 em, BI1 AN Sk #2461 1 bk 542
2 T TE) B R RN AT 24 45 45 SELR it e R b X 1Y
e A HEAT o

1.3 WMEmBS7*
1.3.1 L8R PR T 3 57 0 & 1 F0 G T M 0

EWR A 3 2 (0 ~20 ¢m .20 ~40 cm F1 40 ~
60 cm) H A, HC7E = N K SR KT, B BB R e,
0.5 mm 5 BEAT I o S M AL 2347 ) 1 o7
2, AR S R AR PR E (P44) 5 &
AW i R R T BH BR B e vk I S (PT76)
A4 A0 5 B R ] NaOH B 5 — & 04 % B 3 B
(P101) s A5 MLJBT & £ >R FH 3 565 R B0 — Bk 1R A1 i 4 12
Mg (P30) 5 il A 7 & ok JH M — il W2 Lo o 1k 0 g
(P50) ; Bt A5 A 7 5 R JH 2 mol/L KCI R -2 1 1k
W 7E (P53) 3 3 A5CE & iR &R Bk — K G B ik
M 5E (P106) s A %0 & 7K ] 0. 5 mol/L NaHCO, ¥
W R E BT L kI .

TEWERIA 4 3 J2(0 ~20 ¢m 20 ~40 cm F140 ~
60 cm) U+, 4 5 EE TG R AR 4 g Al A H B 5
W) I S vk HE AT I A, A R T R
Py — U0 TR B L 5 12 5 S T O O R



%9 1

WAt G KGR T R R X B B e S S B R 361

0
05-01 05-23 06-14 07-05 07-27 08-18 09-09 10-01
HA

0
05-01 05-23 06-14 07-05 07-27 08-18 09-09 10-01

Hill

M2 Dt amhREM

0
05-01 05-23 06-14 07-05 07-27 08-18 09-09 10-01
H
2500

0
05-01 05-23 06-14 07-05 07-27 08-18 09-09 10-01
F 1]

i 4 AR R K B

Fig.2 Cumulative nitrogen application and cumulative irrigation during potato reproductive period
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during potato reproductive period in experimental area
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Fig.4 Effect of water and nitrogen regulation on soil nutrient content of drip-irrigated potatoes under membrane
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Fig.5 Effect of water and nitrogen regulation on soil enzyme activities
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Fig. 6 Carbon, nitrogen and phosphorus content and stoichiometry of soil microbiota
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potato yield under drip irrigation under membrane
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Tab.2 Correlation coefficients between soil indicators and potato yield
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2022 4F: 2023 4F 2022 4 2023 4%
T i (SAK) 0.877 8 0.7029* IR i 9 44 (SU ) 0. 8059 ** 0.877 8 **
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Lo P75 (STP) 0.7524 " 0.3852 {44 A W) R = (SMBN) 0.8921* 0.955 4 *
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Tab.3 Rotated factor loadings, eigenvalues and cumulative variance contribution of principal component analysis

St 2022 4 2023 4 2022 2023 4F - H)
PC1 PC2 PC1 PC2 PCI1 PC2
e 0. 969 0.102 0.974 -0.064 0.984 -0.009
T4 & (SAK) 0. 848 0.123 0.754 0. 524 0. 859 0.418
5 & i (SEP) 0. 802 -0.508 0. 944 -0.094 0.901 -0.223
Tl 75 A0 & & (SNN) 0. 766 0. 547 0. 704 0.577 0.755 0. 563
A A i (SAN) 0. 650 0.595 0.716 0.588 0. 686 0. 606
A5 A& (STN) 0.878 -0.224 0.929 0. 020 0. 965 -0.001
S50 A B (STK) 0.912 -0.298 0. 882 0. 021 0. 924 -0.075
IR g 355 14 (SU ) 0. 879 -0.212 0. 848 -0.440 0. 876 -0.390
T W 9 0% P (SAP) 0.975 -0.114 0. 877 -0.217 0. 944 -0.205
TR i 5 M (SS) 0.833 -0.160 0.908 -0.300 0.943 -0.176
WA B % o (SMBC) 0. 903 0. 003 0. 929 -0.280 0.939 -0.224
WA Y R (SMBN) 0.910 0.071 0. 975 0. 042 0.978 -0. 005
A W B o i (SMBP) 0. 858 0.269 0.981 -0.050 0. 966 -0.005
FEAE 9.711 1.237 10. 145 1.383 10. 664 1. 190
TR/ % 74. 696 9.515 78. 039 10. 635 82. 031 9.152
Ltk %/ % 74. 696 84.211 78. 039 88. 674 82. 031 91.183
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Fig. 9  SOQI differences between treatments under water and nitrogen regulation and SQI — yield fitting line
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