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Abstract: [ Objective ] In recent years, due to improper use of nitrogen fertilizer, a large accumulation of nitrate in the soil has
seriously threatened the soil ecological security of the apple orchard in the loess area. The input of dissolved organic carbon
(Dissolved organic carbon, DOC) and intercropping with deep-rooted leguminous crops may be a potentially feasible way to
reduce nitrate in the deep soil of the apple orchard, However, research on the feasibility of this approach its effectiveness and
influencing factors is currently weak. [ Method ] Therefore, this study set up four treatments in the apple orchard in the northern
loess area of Wei River: DOC solution irrigation (D), alfalfa intercropping (M), DOC solution irrigation + alfalfa intercropping
(D+M), and control (CK). Various indicators such as nitrate nitrogen, DOC, soil organic carbon (Soil organic carbon, SOC),
moisture content, and denitrifying microbial abundance in the 0-600 cm soil layers were measured. [ Result JThe study found that
under the D and D+M treatments, the reduction rate of nitrate nitrogen in the 0—400 cm soil profile reached around 50%, but the
effect of the single M treatment was not significant. The carbon-to-nitrogen consumption ratio between consumed DOC and
nitrate was about 5 : 1 in the D treatment, and about 4.35 : 1 in the D+M treatment. Both the D and D+M treatments increased
the copy numbers of nirsS, nirK, and nosZ denitrification genes in the 0—-600 cm soil layers, and enhanced the contribution of DOC,
SOC, and denitrifying microbes to nitrate reduction. [ Conclusion ] Overall, the D+M treatment showed the best nitrate reduction
effect and can be considered a feasible measure for controlling deep soil nitrate in orchards in the loess area.

Key words: The Loess Plateau; Dissolved organic carbon; Nitrate nitrogen; Denitrification function gene; Alfalfa
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Table 1 Irrigation fluid composition of dissolved organic carbon (DOC)
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Fig. 1 Experimental layout diagram (left) and drainage device diagram ( right )
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Fig. 2 Distribution of dissolved organic carbon content in 0—600 cm soil profiles under different treatments
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Fig. 4 Distribution of nitrate in 0~600 cm soil profiles under different treatments
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Table 3 Gene copy number of nitrifying and denitrifying bacteria in 0~600 cm soil profiles
Qb +JZIRE Depth  amod FER ¥ DL/ nirK F K $5 DU nirS &R ¥ D15 nosZ & K ¥ 11 %/

Treatment /m (copies'g™ x 10*) (copies'g™ x 10*) ( copies-g' x 10*) (copies-g' x 10*)
CK 0~1 4.43+0.32d 5.29+0.82a 6.42+1.22a 5.95+0.91a
1~2 10.1+0.72b 3.34+0.35¢ 6.10+0.60a 5.90+0.34a
2~3 20.32+1.43a 3.71£0.67b 6.33£1.01a 5.44+0.43a
3~4 8.09+0.58¢ 4.37+0.70b 6.34+0.37a 3.94+0.62b
4~5 20.12+1.43a 4.09+0.69b 5.78+0.61a 4.40+0.21b
5~6 11.89+0.85b 4.10+0.64b 5.54+0.78a 5.63+0.40a
D 0~1 3.4340.25¢ 4.244+0.92b 12.144+0.40a 6.00+£1.37¢
1~2 3.67+0.26¢ 4.33+0.80ab 9.54+0.67b 6.60+0.69bc
2~3 13.274+0.94b 4.46+0.62ab 9.54+1.70b 6.2240.19¢
3~4 11.98+0.84b 4.55+0.32ab 8.48+0.72b 5.38+0.26d
4~5 17.88+1.27a 4.85+0.35a 7.68+0.56¢ 7.28+0.72b
5~6 19.46+1.37a 4.05+0.64b 11.63+0.99a 11.04+0.79a
D+M 0~1 4.42+0.31b 7.2940.99a 8.13£1.85a 8.61+0.61a
1~2 4.19+0.30b 6.24+1.28b 7.81£1.39a 6.73+0.46b
2~3 4.10+0.29b 5.99+2.08b 6.78+1.81b 8.98+1.22a
3~4 14.03+1.00a 5.68+2.10b 6.57+0.48b 6.70+1.01b
4~5 5.70+0.41b 5.11£0.57¢ 5.66+0.26¢ 6.12+1.19b
5~6 14.04+1.01a 5.87+1.18b 6.88+0.89b 6.49+0.46b
%4 TREAET NO;-N. DOC. SWC. SOC K A% P8 A8 K 1%
Table 4 Correlation among NO;-N, DOC, SWC, SOC and denitrification microorganisms under different treatments
b3 Bk I
NO;-N SOC DOC SWC nirS nirk nosZ
Treatment Data sources
CK NO;-N 1
SoC —0.653%* 1
DOC —0.448* 0.929%* 1
SwcC —0.829%* —0.638%* —0.428* 1
nirS 0.241 0.574 0.72 0.08 1
nirK —0.45 0.37 0.375 —0.532 0.101 1
nosZ —0.598 0.708 0.546 —0.412 0.432 —-0.03 1
D NO;-N 1
SOC —0.701%** 1
DOC -0.132 0.586%** 1
SWC —0.516%* —0.447* 0.298 1
nirS —0.866* 0.531 —-0.036 -0.302 1
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gk
pusi] Bt R U
NO;-N SOC DOC SWC nirS nirk nosZ
Treatment Data sources
D nirK —0.906* -0.24 0.182 0.475 —0.875% 1
nosZ —0.198 —-0.539 —0.835* -0.517 0.387 —-0.525 1
D+M NO;-N 1
SOoC —0.767** 1
DOC -0.139 0.629%* 1
SwcC —0.462% —0.347 —0.05 1
nirS —0.912% 0.857* 0.227 —0.34 1
nirK —0.867* 0.923** 0.208 —0.108 0.930%* 1
nosZ —0.328 0.669 0.512 0.642 0.483 0.661 1
e **: P<0.01; *: P<0.05. Note: **P<0.01; *P<0.05.
£S5 TERLET 0~600 cm L EFHERE i EF1 DOC 2R T IL
Table 5 Changes in nitrate storage and DOC storage in the 0-600 cm soil layer after different treatments
Ab 3R it SKFERF[E] Sampling time / ( yyyy-mm ) k. EUREHFELL
Treatment Stocks 2022-09 2022-11 2023-03 C/N
CK DOC 1.47+0.09¢ 1.56+0.08¢ 1.34+0.07¢ —
TR ER Nitrate 12.540.452 12.76+0.31a 12.72£0.1a
D30 DOC 23.50+0.05a 5.18+0.39a 2.28+0.04b 5:1
TR ER Nitrate 12.910.03a 9.20+0.20¢ 8.79+0.04b
D50 DOC 20.44+0.38b 3.82+0.40b 2.05+0.03¢
HFRER Nitrate 11.85+0.02a 8.710.05b 8.13+0.02b
D+M30 DOC 23.79+0.61a 5.81+0.06a 2.62+0.08a 435:1
iR %R Nitrate 12.68+0.22a 8.51+0.18¢ 7.87+0.09¢
D+M50 DOC 17.71£0.40b 3.58+0.26b 2.26+0.04b
fiFiREE Nitrate 13.27+0.31a 10.15+0.38b 9.65+0.19b
M DOC 1.61£0.04c 1.58+0.02c¢ 1.59+0.05d —
T4k Nitrate 13.43£0.21a 13.51+0.24a 13.46+0.37a

s R W BE R B bR A 2%, [ B AS 6] /NG B3 R — SR AR o Ta] R [ b 3R] 19 22 5% . C N VS FE LB fil=( C1-C3 )/(N1-N3 ),
C1,C3,N1FIN3 /3 9FE R HFER DOC S5THASATE 2022 45 9 H F12023 4F 3 H 77 & . Note: Data shown are mean + standard deviation,

different lower case letters in the same column indicate differences between treatments at the same sampling time.C, N consumption ratio =

(C1-C3) / (N1I-N3), with C1, C3, N1, and N3 denote the amount of DOC consumed versus the amount of nitrate nitrogen stored in

September 2022 versus March 2023, respectively.

FR 384 o T s /b o 3k 2 R PR Dy R e BILRR R LAAT
R - g A A A S S R AR, A 2
SUNR IR () JR 5, 8 T80 - S v i R R 1 BRAR Y
FRTEREBE DOC L A2 i A T R K7,
HAHok & Smmit&EER¥ (P<0.05)

TS, DR 0K 73 B 4R T i il R £ 5 R
I/ o 3k Al REJE R O 7EHEE DOC il fE K
A K S R R B PR . ey, R
' DOC AU B i b R 4 1 B 2 iy v 5, T
H oy s A i it 7 58 R iR, ot — e
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HE SR AR SR A= P2, DT T 8T Rk R
UeAh, A FgE R O - i A DOC 239
JEAEMARSE, EXEZE LRSS R
S, XA g KON DOC Mt B 1 i Ak 4 1) s
W it e -+ S BURL ], S8 DOC R MEZ B EIR 2 +
BT A I8 % BUAE VE I DOC ¥ R 23 3 Ik
BTIZE (200~400 cm ) HIEPHHESA SR —
J5 18 T | R A AUk S DOC #E VR 2 3

CK
: + AP Soil organic carbon
A ALk Dissolved organic carbon
[ ] 457K Soil moisture content
B 1. AR Nitrifying and denitrifying bacteria
B Af# B Unexplained quantity

BRI AE ; 55— 5 K DOC A Al T
HABEG)Z 5, 9815 B0 o R 5810 B 1Y .
AT 25 I R R RS A R DL, R
HEE DOC ¥ WA 3 A TR )2 H 14 CK b A £
1) SRS AL T RE K R e 3k, B A BF 5% b S il 4B Tk
A= 3 M AT BB R R A A R R S e AR b E A
., MABZIRER DOC WL UL N R AL A=
PR ALYy, IR ITE M

P 5 ANIR] ik BR8] 24 5200 R 3O0) il PR R 1 D) STk

Fig. 5 The contribution rate of various factors to nitrate reduction in different treatments

UEAk, ARG 2 B RO I 4 o T LAk 31 T R
JZ M ASRRRCERPY, AR DOC W
MYELAL b, SOME 7 ETE, BRI A RS S
K, DM A BIE SRR ER e 14 D Ab BT R, JH
W BT E] 51%0) 1, [RlE) D+M LB C, N i
EIHAE L BB EE AL, X ERE D+M A A LUE
T IH R D B I DR T DA TR R ) R . ik R
KR E R R, X TIRZ HIEAVURA —E /Y
WTYEH, 1 DOC WA IMARTH T8 A KR 2] 1142
PEEFP, e4h, T DOC RE#E4TRN F 85
rHEF, 4 DOC & 48T, ¥ FECE P . B
HIHFE LB TR, R R T R R A EAR R
B, ERERHEEAERNER, W flEE TR
WA Z R, O RS AU ) R ARG RS
T R AR,

H, HTEERRLE, KM — e
TSRS J1, o3 — 7 T E E AR R AT LUR TR 2
BRARRY, BT, @Ak Sl DOC
VWL, AT LR EE R R R R R H Yy, (E

FEE DOC ¥ W R AE B 7 A 304 & LA, W LAFETH
FERS AU A A 1, G bk 190 il i 12 Ak 22 A
IR
3.2 AN[E) 0 E 2= R A ER b IH R s R B 3 Ak
TR R AR ORI R, SR E
PR ZE A2 m . AR R M 30K 5 . DOC. SOC
TS A B8 A= 0 3 P T 4 v X A BT e R R T
WP FEARE T, R BEE DOC 4 B
F+ DOC. SOC 5tk . itk il i Ve XS R £k
THU A TR, R T 66% LA L RS BREL A8 fh T 4
Horh SR A A Wi TR AR — R R (26.4% ),
SR L o ARG R 0 UG (P<0.05), —
il DOC 5 SOC £ A Yis shig it £ R W F2 0 5
AL, (R AR ER 5% kA NLO AT N, S EUAEIR A .
T3 — 7 A AR S RN St R Ty, DS A
ML, M ERE LS, M TEERARN
VEFR, xR0 et A W i AR AP AR R0 — B
R TR AT, BN Bt R MY
KRG R AR B R P ARBF I, DM AL HEAY il
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b« A A B R 38 ) U PR R 1 BTk CK
1D AEFEAHIBRE T 15%F1 7%, BT 33.1%M)
SRR AR AL I3, 3 v] B8 2 R i K i DOC 1R
FHEERABR WA ANBEIRZ,
T A, (R0 S A Ab AR o 4 b R 4T
P, I8 2 o BRI ER . 3 5PV I 202
K BUETE WA nirS FERPE DUBRO I 9T — 3. #E
YRR YRR ISR 28, AEAEKS
RO 2 70 WAy R 3EIAEE A3 R T8 55 i R 4k
W, —MmE, RAEAH &4 T A TS 1 R A A
B, BICARBRZE D, BUOpRP AR 1 IR B S v
FREh, 670 2 19 A a5 K 23 A 5 RS R 6 A4 15
DIHBR, (B(EAR RS R RAR T DM b2+ 5
K A3 B X T R T U BT R AN R 9.6%, 1T I il
A6 A8 A= 0 R0 7R R e VR KT i TR R T e Y T K Tk 3
82.2%, X FZ R TR B 75 DU S THFE R Y
KAy, BEHOKSAR, miExE, A —2AS
A ANJa, ROEALRE 255, iR sk ry RV
AIRE G A, XEA RTRE R AR FREA L
(TR G ok AR E O W i 0] 3 I S X NI
DOC X2 51 Ul 1 TR D F D+M b3l CK
SRR T 7.4%M 6.1%0), SRS A P i X
TR 3R TH Y TTHR A4 &1 1 8% M1 14.7%H1Y , FEAIK T
20% LA - (R R i AR i DTHR R, ARG R R T U
SO R 2 AR T BRI, H SR Tk ik AR RN A R AR
[FfbZ [ i ¢ R b A etk — L Ak .

4 4 ik

D Fl D+M 4hb#AT L)L E 3 fin -3 DOC Fi
SOC & IF 14U 0~400 cm + 2 1 50%LA I HIAS R
Eh BAL (0 M b BRI A R R R OR AN B
FFH DM AbFEAE D AbFA FH ALK C. N B
HFELLB . D Al DAM AL BRI T nirS | nirk . nosZ
FEHFE DB, D AbEERT LR G i R R 2 R A
71, DM AbBEA] DIFE TR AR D RIE A LR, BRI
AR ER I B, O AR TR 2 A R AR A i )
THMWAEA . B CK 4¥iMF, D il DM AbFHE
DOC [H X i Rk 1 vk o3 ik 5 20 BT T 7.4%F0
6.1%, A A il A= 4 P PR XoF i T s 4 0 1 o ik
FOHIRTE T 8% 14.7% , K fift FeAR B XAl PR 11

U ST R RIS T 20% LA 1, X 8 4 R IR )E +
SRR ER A PP AL T BRI
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