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Effects of Biochar and Nitrification / Urease Inhibitors on Soil Salinity and Crop Nitrogen

Absorption and Utilization in Coastal Saline Soil

TANG Chong *?, YANG Jinsong **, YAO Rongjiang®, WANG Sheng®, WANG Xiangping®, XIE Wenping®

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Shandong Sunway Saline and Alkali
Land Technology Co. Ltd., Weifang, Shandong 261000, China)

Abstract: In order to study the effects of biochar and nitrification/urease inhibitors on soil salinity and alkalinity, nitrogen
availability, crop nitrogen absorption and utilization, and soil nitrogen balance in coastal saline soil, a pot experiment was carried
out with barley, a typical salt tolerant crop, as the research object, a total of 9 treatments were set up in the experiment: applying
no nitrogen fertilizer, conventional fertilizer, biochar + conventional fertilizer, conventional fertilizer + nitrification inhibitor
DCD, conventional fertilizer + urease inhibitor NBPT, conventional fertilizer + DCD + NBPT, biochar + conventional fertilizer +
DCD, biochar + conventional fertilizer + NBPT, biochar + conventional fertilizer + DCD + NBPT. The results showed that: 1) All
nitrogen fertilizer treatments increased salt leaching, and all biochar treatments significantly increased 10-20 cm soil EC. The soil
with higher EC had lower pH, and biochar treatment slightly reduced soil pH.2) NBPT and DCD increased the grain yield of
barley, and the application of biochar increased the yield of barley more but decreased the yield of straws. NBPT and DCD
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increased nitrogen uptake of barley plants, and NBPT increased total nitrogen contents in barley straws and grains, but decre ased
with biochar application, and other inhibitor treatments decreased total nitrogen contents in barley grains and straws. 3) Both
DCD and NBPT improved nitrogen use efficiency, and the effects were enhanced with the application of biochar. 4) Compared
with the conventional fertilizer treatment, the content of soil residual inorganic nitrogen in treatment with DCD was lower while
that in treatment with NBPT was higher. DCD and NBPT added treatments reduced the apparent loss of nitrogen. Therefore,

adding DCD and NBPT to urea can promote crop yield and nitrogen use efficiency in coastal saline soil, and the treatment with

biochar + DCD + NBPT performs better in increasing crop yield, nitrogen efficient use and reducing nitrogen loss.

Key words: Biochar; Nitrification / urease inhibitor; Coastal saline soil; Soil salinity; Nitrogen use efficiency
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Table 1 Basic properties of tested soil and biochar in pot experiment

MR} A HLIF (9/kg) 4A (g/kg) £ (g/kg) F 538 (uS/cm) pH ESA (mglkg)  TEASA(molkg)
145 467 0.56 0.92 688.1 8.84 3.27 11.44
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Fig.1 Soil electrical conductivity under different treatments during
barley harvest period
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Fig. 2 Soil pH values under different treatments during barley
harvest period
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Table 2 Barley yields under different treatments

b 74k (kg/hm?) TRLHL(Q)
AT kAL EX7/)

CK 1754 +35¢ 2594 +44 a 4348 £79¢C 33.14 £0.77 b
F 6 619 +200 a 2616 +161 a 9 235 £361 ab 36.20 +0.42 a
BF 6 602 +48 a 3323 +346a 9925 +298 a 36.31 +0.51a
FD 6542 +322 a 29914243 a 9533%79ab 35.50 +0.49 a
FN 6215 £325 ab 2709 +21a 8924 £311b 34.30 £0.34 ab

FDN 6 105 +164 ab 2783 +168 a 8888 +214b 34.37 £0.71 ab
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BFD 6449 +279 a 3357 +130 a 9807 +349 a 35.25 +0.96 ab
BFN 6 597 +186 ab 3400 +85a 9996 +268 a 35.42 093 a
BFDN 5764 +£118 b 3532+99a 9296 +78 ab 35.48 +0.75a
T RPBMEAFIEE bR, FIEIRE A F/NG TR R A F AL B 22 5 W3 (P<0.05), T,
R3 TELEMKEZAZLERRAEHFIT
Table 3  Nitrogen contents and uptake of barleys under different treatments
e AR T i (g/kg) FFEWMCE (kg/hm?)
FhEFT FPRL FEFF FPRL R
CK 3.96 +0.06 b 14.04 =0.13 a 6.95+0.04 c 36.41 +0.36 ¢ 43.35+0.39b
F 1401 +0.37 a 31.14 +0.37 a 92.73*4.12a 81.46 £5.45¢c 17419 +£3.19a
BF 12.95 +1.65 ab 29.10+1.34a 85.50 +6.51 a 96.70 +13.24 ab 182.20 +6.73 a
FD 12.68 +0.11a 30.99 +£0.25 a 82.95 +3.66 ab 92.70 £7.43 b 175.65 +3.85 a
FN 14.5+0.48 ab 3235+*146a 90.34 x7.14 a 87.65 +2.88 b 177.99 +7.67 a
FDN 15.49 +0.28 a 30.94 +1.83a 94.49 +0.95a 86.11 £5.76 b 180.60 +5.78 a
BFD 13.21 +0.24 a 30.22 +1.84a 85.31 £5.15ab 101.22 +£1.94 ab 186.52 +3.87 a
BFN 11.71 +0.34 ab 29.00 =0.21 a 7724 £435b 98.59 £2.74 ab 175.84 +6.99 a
BFDN 12.43 +0.56 ab 29.75*1.71a 71.76 £4.65b 104.96 +3.47 a 176.72 x£7.05 a
R4 TELENKEZREF AR
Table 4 Nitrogen use efficiencies of barleys under different treatments
b3 FIERMAIA A (%) AR (kalkg) FACHLE 1 (kg/kg) AR (%) RISHEEL (%)
CK - - - - 83.98 ab
F 38.82a 0.06 b 7.76 b 51.69 a 46.76 b
BF 428la 2.16 ab 9.86 ab 55.67 a 51.54 b
FD 39.26 a 1.18b 8.87b 52.12a 52.77b
FN 39.95a 0.34b 8.04 b 52.82a 49.37b
FDN 40.73 a 0.56 b 8.26 b 53.59 a 4757b
BFD 42.48 a 2.27ab 9.96 ab 55.35a 54.33 b
BFN 39.31a 2.39a 10.09 a 52.17a 56.07 ab
BFDN 39.58 a 2.78a 10.48 a 52.44 a 59.45 ab

RO AR A ) A RMOR TS B T i £ . X
RN RN R AR W%, BFD &L HAH I F
b FRHE N e 22 o AN it U IE Ak B ) RO R B T A
Jit SR NE AL B, 3 AT AR R A A R )
I AW S DAE AR SR s e M e R B a2 A=
B AR E WA, BRI R Y 7 o R L P
TS

24 HYIRRBREN/AREEINHFIX T ELER
ERREFD T EMNZT

241 HIETHAR ik 5 Fiw, RIETCHLE LIS

BRRE, AT LR ER N HETHA S =, H

10~20cm +2E T 0~ 10 cm +J2. BEBHEKKEK

RN, SR BEIMIEZ 10 ~ 20 cm 1J2, EK

10 ~ 20 cm 2SR S T 0~ 10 cm 12,

®S5 PRAENAZERE LRESEMESREFNT

Table 5 Soil ammonium nitrogen and nitrate nitrogen contents under different treatments after barley harvest

e SRS (mg/kg) AR & 2 (mg/kg) TeHLA & &2 (mg/kg)
0~10cm 10 ~20cm 0~10cm 10 ~20cm 0~10cm 10~20cm
CK 0.75b 0.16 4.56 414 ¢ 53la 4.29a
F 3.94a 3.16 7.3 24.78 ab 11.14a 27.94 a
BF 4,68 a 3.6 8.41 23.09 ab 13.09 a 26.68 a
FD 4.05a 5.48 8.19 20.67 b 12.24 a 26.15 a
FN 3.47a 1.75 11.58 26.25 ab 15.05a 28.01 a
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FDN 3.7a 5.4 8.99 24.55ab 12.68 a 29.95a
BFD 5.04 a 5.14 8.54 17.66 b 13.58a 22.80 a
BFN 461a 2.19 7.73 28.52ab 12.34a 30.71a
BFDN 3.65a 2.42 9.69 24.74a 13.34a 27.17a

XTH FAREE, ¥ DCD AbFRMEN T 430 ~ 20 cm
T REASE SR KT 10 ~ 20 cm R A AN S
i, AL 10 ~ 20 em 2 WA S AR L F AR AT
FA. Wsin NBPT ZbHAH L F ARBEFEAK T 0 ~ 20 cm
T EEAR G R, EIN T AEAER S RS
DCD #1 NBPT #H LB 75 fin DCD it NBPT, BEA] LA
G i ARV R X e AR AR R B, SRS T DR
TR A AR R S RS

242 TIEARFVM WA A LA
TR TR R SR N L - R IR R A R 375 Al
(3% 6). MR mIERM AT G5 E A, H W

I T AR B W R A AR B O A A 0
H, EZUDAEYOBCR A FRUR 320 IRE RN
IR Tt A1 <61 790 T A T = 35k B EHLA S, PN
BFN., FDN, BFDN. BF AbBEAHLL F AbFES 538 0
T 10.18%. 10.16%. 9.11%. 3.62%. 1.73%; flifk
RIRIERAR T 35 B CHLA & i, FD, BFD b3
FHXS F AR BIFEAR T 1.77%. 6.90%. FRZE N
il £ /R 41 <51 500 B A T R R M R L, FDN
BFD. BF. FN. BFN. BFDN. FD AbER435IAHEL F
AEBRFEAR T 6.02% ., 5.37%. 5.07%. 4.78%. 3.53%.
2.38%. 0.39%.,

%6 TRLETRRAZRETH

Table 6 Nitrogen balances of potted barleys under different treatments

e F i A (kg/hm?) Rkt (kg/hm?) E W

it HEIRTCHLA Ak YEVI i 5 B ICHLA (kg/hm?)
CK 0.00 33.04 21.09 43.35b 10.78 b 0.00
F 337.00 33.04 21.09 17419 a 43.89 a 173.05a
BF 337.00 33.04 21.09 182.20 a 44.65 a 164.28 a
FD 337.00 33.04 21.09 175.65 a 43.11a 172.37 a
FN 337.00 33.04 21.09 177.99 a 48.36 a 164.78 a
FDN 337.00 33.04 21.09 180.60 a 47.89a 162.64 a
BFD 337.00 33.04 21.09 186.52 a 40.86 a 163.75 a
BFN 337.00 33.04 21.09 175.84 a 48.35a 166.94 a
BFDN 337.00 33.04 21.09 176.72 a 4548 a 168.93 a
3 i ARG & A AR S R R B S L

A=W B RT LA g SR L B R S K 5% TR ]
AR 4 ik e PO (R A = R, RR Sy
f¥y £ e 1 T A L PP A R
HR R A 0 o e AR R BEH: A B (G 0 o ABIFTE 45 2R
R, At RAC AL BRI T SR o A, T
k= HOREE G, S BURJZ LERER LY, oM
WA B S AR 3R 58, DN AR W B s Ak B o
FARE T AMEY s AL B, HAESE 1AW Boscoxt £
SIRIREEAE T o XTI pH, e S AR A b
PR pH B, R RER R R - S IRt
MR 4, ERAT AR Na™ 9 & 1 o BH 25 1Y 60% ~
88%, Fifi# L AER AR SR SREAT, L IEmfL R
JEAE &AL A HCOy & i BARARMK, H2

HE pH Bl £/ BRI A P2, 10 ~ 20 em +
JEI -4 pH K BRI R A= W) T A BAS TR AR
HALHL, FTRERNER S B VEA Ko

VFZ 23 B X AN ] R R AR R E AT T
il Lk g T o) 5500 6F E 4 7 i S 2R 2R WRBOR 1
58 A R 5E 2 IR Ak DR 61 550 T LR e AR =
T S R E WSR2, (B A ST IR Ak /R
H R BA R e P AT AR T i ) AR
MIFNS  HESHISE P 3 A I o) 7 B 1) 5 i
HARRIBFFE 45 58, Zhang 2P oe 4 &0, =Y
B 20 thm? Fl 40 t/hm? 43538 7 8.8% #i
12.1%; 4K Rajkovich Z:28 I 57 45 560, 26 t/hm?
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