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Abstract To investigate the effects of irrigation and biochar regulation on soil quality and potato yield, a drip
irrigation experiment under plastic mulch was conducted in central arid area of Ningxia from May to October 2024,
using ‘Ningshu 19’ potato as the test material. A completely randomized block design was adopted with three
irrigation treatments of 1 260 (W,), 1 680 (W,), and 2 100 m*hm? (W), and three biochar treatments of 5 (B,),
15 (B,), and 25 t/hm? (B,), with a local non-irrigated and non-biochar treatment as the control (CK), totaling
ten treatments. Soil indicators including soil organic carbon (SOC), readily oxidizable organic carbon (ROC),
dissolved organic carbon (DOC), particulate organic carbon (POC), microbial biomass carbon (MBC), total
nitrogen (TN, total phosphorus (TP), total potassium (TK), and potato yield were determined under different
irrigation and biochar treatments. The relationships among irrigation amount, biochar application rate, soil
organic carbon and its fractions, microbial biomass properties, nutrient contents, and yield were analyzed. In
addition, the key driving factors influencing potato yield were identified based on Random Forest and structural
equation modeling. The results showed that: 1) In the 0-20 cm sail layer, irrigation and biochar regulation
treatments significantly increased soil organic carbon (SOC) and its fractions (P<<0.05). Compared to the control
(CK), the W,B; treatment achieved the highest levels of SOC, ROC, POC, and MBC, with increases of 75.55%,
73.99%, 79.74%, and 80.91%, respectively. The highest content of DOC was observed under the W,B,
treatment, which was 80. 18% higher than that of CK. 2) Under the same irrigation conditions, the soil carbon
pool management index decreased in the order of B;~>B,>>B,. Under the same biochar conditions, the carbon
pool management index showed a trend of first increasing and then decreasing with increasing irrigation amount.
3) Different combinations of irrigation and biochar application improved the soil quality index to varying degrees.
Based on the calculated results and the classification of comprehensive soil fertility levels, treatments W,B,, W.,Bs,
and W;B; were categorized as grade Il. 4) The results of the structural equation model showed that irrigation
was the key driving factor affecting potato yield, while biochar influenced yield indirectly by enhancing soil organic
carbon, nutrient contents, and microbial biomass. In summary, an irrigation rate of 1 680 m*/hm® combined with
a biochar application rate of 15 t/hm? (W,B,) was identified as the optimal irrigation and biochar strategy for potato
production under mulch drip irrigation in the arid central region of Ningxia.

Keywords biochar; potato; soil organic carbon; soil quality; yield; irrigation capacity
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Fig. 1 The daily average air temperature and precipitation

during the 2024 potato growing season
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W,, W,, and W, represent three irrigation treatments with water application rates of 1 260, 1 680, and 2 100 m*/hm?, respectively; B, B,
and B, represent three biochar application treatments at rates of 5, 15, and 25 t/hm?, respectively. CK refers to the local control treatment without
irrigation and biochar application. Different lowercase letters indicate significant differences among treatments (P<Z0. 05). The same below.
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Fig. 2 Soil organic carbon (SOC) content under different irrigation and biochar treatments
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Fig. 4 Soil dissolved organic carbon (DOC) content under different irrigation and biochar treatments
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Fig. 5 Soil particulate organic carbon (POC) content under different irrigation and biochar treatments
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Table 1  Soil carbon pool management index (CPMD) under different irrigation and biochar regulation treatments
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b >20—40 1.06+0. 06' 0.4940. 04" 1.07+0. 14° 112.96+14.49"
0—20 1.31+0.03° 0.49+0.02" 1.15+0. 21" 150. 94+ 24. 57"
W b >20—40 1.28+0. 08" 0.5440. 14* 1.16+0. 33" 146. 87+ 33. 94
0—20 1.50-+0. 08" 0.5140.03" 1.19+0. 14 177.28+12.82"
b >20—40 1.60+0.10 0.4340.02° 0.93+0. 15 147.43+17. 22"
0—20 1.20-+0. 06" 0.42+0.00° 1.00£0. 17 118.68=+13.42°
b >20—40 1.04+0.08' 0.554+0.01" 1.20+0. 22 123.44+15.67*
0—20 1.53-+0. 06" 0.44+0.03" 1.03+£0. 20 156.83+25. 31"
W b >20—40 1.45+0.02° 0.484+0.11° 1.03+0. 16 148. 69+23. 94*
0—20 1.76-+0. 10" 0.4640. 04" 1.09+£0. 30" 189.65+41. 55
b >20—40 1.74+0.07* 0.4740.15° 1.00£0. 26 175.80+52. 40°
0—20 1.14-+0. 05 0.43+0.03" 1.03+£0. 24 116.69=+21. 31°
b >20—40 1.14+0. 08 0.464+0.07" 1.00£0. 20° 113.65+22.45
0—20 1.33-+0.03° 0.4540. 03" 1.06+0. 13" 140.91+15. 31"
W b >20—40 1.29+0. 08% 0.5340. 14* 1.16+0. 40° 146.90+42. 46"
0—20 1.44-+0.06" 0.514-0. 04" 1.19+0. 19 170. 31+20. 73"
b >20—40 1.4040. 12 0.47+0. 06 1.0240. 24° 141.534+21. 56™
. 0—20 1. 00° 0.43+0.07" 1.00" 100. 00"
or >20—40 1. 00 0.47+0. 09" 1. 00 100. 00

2.3 KxiFAEMWMETHESRE L EREMENZI
2.3.1 HEUBAHFLNOYH

P L 7 T, AS () 3 R o 0 A g o it P Ak B
XoF T T HE AR R ] )2 B A A (MBND
A B E 0 (P<<0. 01, —# T AE X 0—20
A1 =>20—40 cm + 2 19 MBN ¥4 % 8 2 5 iy (P<<

0.0, 5 CKAHE, #E & 2 100 m’/hm” A= ¥ 5 il
i 15 t/hm* b # (W B #Y 0—20 cm )2 1) MBN &
B E IR, H R A 67.14% (P<<0.05) ;
1 =>>20—40 cm £ 2 U E 1 680 m®/hm® A= ¥ 7k
Jiti 25 t/hm® 4k BE (W,B,) 3 3 &% I , MBN & # &
26.33 mg/kg, tb CK % 53.20% .
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Fig.7 Soil microbial biomass nitrogen (MBN) content under different irrigation and biochar treatments

2.3.2 ST EEMAESHITEY YA

F P 8 T AT, AN [ VR R A A 4 it P e A B
X 5T I D4 0—20 em 2 B9 B W B B
(MBP) & & #4453 52 i (P<<0. 01) , X >20—
40 cm T JZ B MBP L & 52, —F B X% T2
MBP A & % 5 Wi (P<<0.05) . A [\ 7K #¢ kb B 0—
20 em + )7 19 MBP ¥ W 25 & F CK, I b 3 i &

_.
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WA Y i/ (mg/kg)
Microbial biomass phosphorus
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o
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CK

1 680 m*/hm” A= ¥ Ai¢ it £ 15 t/hm” &b ¥ (W, B,) 1)
X P M, BE R B 2 100 mP/hm?®, A= W) Bt &
15 t/hm*4b B (W, B R Z , MBP & & 43 5] A 1. 48,
1.38 mg/kg, 7+ B8 CK 4 T 67.50% .56.10% .
B,(15 t/hm*) \By(25 t/hm®) /K- F , Fifi % 7 B 4 (1
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Fig. 8 Soil microbial biomass phosphorus (MBP) content under different irrigation and biochar treatments
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B A CTND A4 (TP) & & 6 W& 5, Xt 440
(TK) & & 1Y 5% Wi i 2 (P<<0.05) , & + 5k & 1t
(C/ND Y52 i i 2 (P<<0. 01) 5 A [a] 2& ¥y 7% it FH
a4 # X TN, TK & C/N W 3% m % 8 %

(P<<0.0D), %t TP Ay i 3% (P<<0.05) ; —#F HAE
LA TP Y 5% 0 B B 25 (P<<0. 01) 5 41 [7) 3 % 4% 1
&AW it AR, TNV TK L C/N ¥ R 3
H 25(B3) >15(B,)>>5t/ hm*(B,) ; Al [7 £ ¥ 7% i J
AT BE A E R R A 3N TN . TP . TK & C/N
o7 5 e 30 S W/ A A A AT L T K TR G
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F2 ARKRAEHLEFSSEMBAL(CN)

Table 2 Soil nutrients and C/N ratio under different irrigation and biochar treatments

e KT A W e Ak PR A/ (g/kg) W/ (g/kg) L8/ (g/kg) U E N
Irrigation treatment  Biochar treatment TN TP TK C/N
B, 0.48+0. 03" 0.8040. 04° 18.38=+0. 76° 14.88=+0. 54°
W, B, 0.52+0. 03" 0.88+0.02" 20. 25+0. 88* 16.26+0. 66"
B, 0.56+0.01" 0.93+0. 05" 24.74+1. 26" 17.24-+0.78"
B, 0.50+0. 01 0.8140.03 19.70+1. 03" 15.234+0.49°
W, B, 0.5440.05" 0.9240. 05" 21.7240.92¢ 18.284+1.53"
B, 0.6040.03" 0.9640.03" 25.66+0.94° 18.72+1. 05
B, 0.4940.02¢ 0.954+0.03" 19.40=+1. 06 14.8540. 45°
W, B, 0.54+0. 04" 0.90+0.05® 23.11+1. 70" 15.71+1. 05"
B, 0.57+0.01" 0.8140.03 25.09+1.57* 16.21+0. 35"
CK 0.444-0.03 0.78+0. 03" 18.16+1. 15 14.57+0. 99"
2.5 TEERAGESEBTEN F 20 il /2 Norm #x = {8 1026 36 Fl N (>2. 51D Y 4

eI AT AU LA oy AU E R R R AR AR NI o S5 A AT, R BR A OE R B
FRAY 10 TA S AR PEAT A 400 (36 3D 3EHUEE  AXH{E=0. 5 W48 5, Fe & 2 - 5EA MLk (SOC) |
TEAE=> 1 2 FE A, Bt r 25Tk R 92. 922, W (TP BUEY R (MBCO) Bk A LKk (POC) |
Wi B 2 B A3 B A b R A R AR AR S AE SRR LR (ROC) AR (TN) (48 (TK) Rl o] ¥
fiE o AR 35 o0 2 for B 1001 - R b oy 24, PEA B (DOC)8 AR FR AT T3 Bt 25 5 1M -

£33 LTEREBINEFRERS SN R Norm T HER

Table 3 Principal component analysis and Norm calculation results of soil quality evaluation indicators

B A N o N A -
1 bx Principal components or 4l A L Principal components oral e
Index Group Norm Index Group Norm

PC, PC, PC, PC,
SOC 0.98 —0.01 1 2.79 MBP 0.88 0.27 1 2.51
MBN 0.84 0.33 1 2.41
TP 0.98 —0.14 1 2.79
DOC —0.14 0.96 2 1. 14
MBC 0.97 —0.11 1 2.77 4 g
LR 8.06 1.23
Eigenvalue
POC 0.97 0.10 1 2.77
ek /%
> Lo 80. 58 12.34
ROC 0.97 0.09 1 2.76 Contribution rate v
TN 0.96 —0.05 1 2.71 Bt R %
Cumulative 80. 58 92.92
TK 0.94 —0.27 1 2.68 contribution rate
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9 AEKRAEHTERERH(SQI)
Fig. 9 Soil quality index (SQI under different irrigation and biochar treatments

2.6 KRFAEMNBETHEDRETENRIT

H1 P10 R, A [ 78 8 i A W it Ak B
Fo 3% AR IR i T A R A R
Wi (P<<0.01) . HEMRT 5, 25 7K i b B35 AT 472 75
By, Hop & 2 100 m®/hm® AR ) 0k it

15 t/hm* &b 2 (W.B) 0y 7~ & & & , b CK &
50. 14% o AR VE Ik 2 Ab B b, W Hp By ) 7= i R
AR, e CK R 284200 1 Wi B, 1Y 7™ i 3% 9
i, le CK & 44.03% . B, B, Ml B.ANBE A L WLl
7 R AR
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o N !
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£ 4 45000} . .
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5 | d
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Fig.10 Potato yield under different irrigation and biochar treatments with mulch drip irrigation
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BUBK be Ho g 7y | SRR W) i 3SR A i A
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s - b HE - R IK B A AL, B UGS TC RE 48 A
Chi*=1.92;P=0.75,df=4,A1C=92. 55, A |- 45F
P IR R UL B by, ER A AR e L b A PR B
L 5y | S A W i R R S [ R T
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(a) BEHLARMR AR5 HE Random forest model results

¥
&
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(b) SR FEMIRILE R, Structural equation modeling results

SOC, 84 WLk ; ROC, &) E AL MLk ; POC, JBURL A ALK ; DOC, 7T ¥ M A LAk ; MBC, # A4E #) fit B s MBN, 34 ) 12 0 s MIBP, B A 4 it
W TN, 2% TP, &8 TK, &8 . *3F /R B35 M 6 (P<C0. 05) 5 #+ 3R /R M B 35 A1 56 (P<C0. 01) 5+ R R M i3 235 A1 56 (P<C0. 001) 5ns T/om AN i

F ARk b R R R AR E AL A R AL

SOC, soil organic carbon; ROC, readily oxidizable carbon; POC, particulate organic carbon; DOC, dissolved organic carbon; MBC, microbial

biomass carbon; MBN, microbial biomass nitrogen; MBP, microbial biomass phosphorus; TN, total nitrogen; TP, total phosphorus; TK, total

potassium. *, significant correlation (P <Z 0. 05) ;**, highly significant correlation (P<C0. 01) ; *** extremely significant correlation (P << 0.001) ;

ns,not significant. The values on the arrows represent standardized path coefficients.
11 FENRWER S EM T IRESR

Fig. 11 Random forest model and structural equation model
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