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Effects of the application of biochar derived from Triarrhena Iutarioriparia on nutrient utilization
characteristics in rice

ZENG Wen, HU Wang, YANG Ziyu, ZHANG Yuping"

(College of Resources, Hunan Provincial Key Laboratory of Farmland Pollution Control and Agricultural Resources Use, Hunan
Agricultural University, Changsha 410128, China)

Abstract: To achieve the carbonization utilization of Triarrhena lutarioriparia straw and relieve the environmental pressure caused by
improper disposal in the Dongting Lake area, the agricultural efficiency of biochar derived from Triarrhena lutarioriparia was clarified. Two
typical paddy soils in southern China, namely reddish clayey soil developed from a Quaternary laterite parent material and granitic sandy
soil developed from a granite parent material, were selected. Six treatments with different dosage of biochar (0, 1%, 2%, 4%, 6%, and 8% of
the soil mass, 0-20 cm soil depth) were set. Rice pot experiments were conducted in 2020 to study the effects of different application rates
of Triarrhena lutarioriparia biochar on rice nutrient utilization characteristics in two typical soils. The results showed different application
rates of Triarrhena lutarioriparia biochar and soil types had certain effects on dry matter accumulation and nutrient uptake by rice organs
and aboveground structures. With the addition of biochar, compared with the treatment without biochar, the accumulation of dry matter of
rice increased from 0.6% to 18.6% and from 15.5% to 42.4% in the granitic sandy soil and reddish clayey soil, respectively. With the
addition of 4% biochar, the accumulation of nitrogen, phosphorus, and potassium nutrients in the rice plant of the treatment increased by

8.6%, 10.5%, and 82.5% in the granitic sandy soil and by 33.8%, 100.0%, and 125.3% in the reddish clayey soil, respectively. The
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quadratic regression equation and fertilizer —carbon coupling model fitting showed that the optimal addition amounts of biochar in the

granitic sandy soil and reddish clayey soil were 2.51% and 4.80% for nitrogen utilization, 4.33% and 7.03% for phosphorus utilization, and

4.67% and 4.81% for potassium utilization, respectively. Therefore, the application of Triarrhena lutarioriparia biochar is conducive to

promoting the accumulation and growth of nitrogen, phosphorus and potassium nutrients in rice, and the amount of biochar added and soil

conditions are important factors affecting the coupling effect of fertilizer and carbon.

Keywords: Triarrhena lutarioriparia; biochar; rice; soil; nutrient utilization; fertilizer and carbon coupling
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Table 1 Basic physical and chemical properties of the soil and biochar

Brit e APLBT K BA B Exi H CEC/ K53 Lo R HH SALIARTR
/l\;[alerial oM/ Total C/ Total N/ Total P/ Total K/ (1}.)2 5) (emol-ke™) Ash content/ Specific surface Total pore volume/
(g-kg")  (g-kg') (g-kg") (g-kg') (g-kg") - 3 % area/(m*-g™") (em™-g™)
Zremie 2.95 — 0.51 0.18 11.1 4.88 11.7 — — —
Reddish clayey soil
JFRAD e 36.5 = 2.13 0.96 17.5 6.73 12.9 — = —
Granitic sandy soil
W75 Biochar — 143.4 4.94 4.53 28.1 9.30 14.5 77.4 405.86 2.38
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Table 2 Dry mass of rice shoot under different treatments

A+ B Kb Tt/ (g-25") Dry mass/(g-pot™)
Soil type Treatment 2% Stem i Leaf T Panicle 1|3 Shoot
JRRAD I CMO 34.21+2.36b 24.79:+1.80ab 30.56+4.58bc 89.56+8.70b
Granitic sandy soil CM1 34.84+3.38h 25.41+3.78ab 35.30+2.74abc 95.55+4.32ab
cM2 36.40+2.39ab 27.11%1.71ab 37.01+2.43ab 100.52+4.77ab
CM4 38.25+1.83a 29.43+1.73a 38.51+3.02a 106.2024.13a
CM6 33.62+1.56b 24.03+2.24b 33.24+3.12abc 90.89+6.02b
CM8 35.79+1.03ab 24.11+1.04b 30.19+2.07c 90.09+3.76b
EAN Rl CHO 20.34+1.87d 17.76+0.67c 20.86+0.79h 58.96+3.24c
Reddish clayey soil CH1 25.79+1.56bc 19.23+2.36be 23.11£2.57b 68.12:£2.60be
CH2 25.05+1.11bc 22.03+2.13abc 24.68+2.22ab 71.77+4.90b
CH4 31.07+2.19a 23.93+2.91a 28.98+3.42a 83.98+7.35a
CH6 27.98+2.41ab 23.02:1.80ab 26.36+4.04ab 77.37+6.84ab
CHS 24.02+0.67cd 21.60+0.93abc 23.48+1.31ab 69.09+2.17hc
772253 (ANOVA)
AW RAEPR(T) s * o LR
SXT ns ns ns ns

T AH F) - 28R [F] 8 AR [R] /NG R e R A B a) 22 53 8 25 (P<0.05) 5 #P<0.05 , #%P<0.01 , #*#P<0.001 ,ns /R A BE . FFE.

Note: On the same soil type, different lowercase letters in a column indicate significant differences among treatments at P<0.05; *P<0.05,**P<0.01,

##%P<0.001, and ns means not significant. The same bwlow.

http://'www.aed.org.cn
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Table 3 Nitrogen content and accumulation of rice shoot under different treatments

g Lb AN content/(g-kg™) REF (g #") N accumulation/(g-pot™)
Soil type Treatment 2% Stem I Leaf i Panicle 2% Stem I Leaf i Panicle 1 =3B Shoot
JRRAD e CMO 16.25¢1.29a  18.87+1.90a  16.22+0.83a  0.55+0.02a  0.46x0.01a  0.49+0.06c  1.51%0.01ab
Granitic sandy soil CM1 16.19+0.65a  16.83+0.58ab  16.80+1.35a  0.57+0.08a  0.43+0.09abc  0.59+0.0labc  1.58+0.04ab
CM2 14.4640.95a  16.32+0.60bc ~ 16.25+0.85a  0.53+0.06a  0.44+<0.0lab  0.60+0.04ab  1.57+0.05ab
CM4 15.0740.92a  14.8620.73bc  16.31+0.81a  0.58+0.06a  0.44+0.04ab  0.63+0.07a  1.64+0.09a
CM6 143341.57a  14.6620.89bc  16.46+0.82a  0.48+0.08a  0.35+0.01bc  0.54+0.03abc  1.38+0.05b
CM8 14.80+1.10a  14.57¢0.70c  16.7120.07a  0.53%0.04a  0.35+<0.0lc  0.50+0.03bc  1.38+0.06b
AW ¥l CHO 8.80+0.72a  9.96+0.56b  14.17+0.38a  0.18+0.02bc  0.18+<0.01d  0.30+0.0la  0.65+0.06b
Reddish clayey soil CH1 8.12+1.39a  10.51:0.48ab  14.12:044a  0.21:0.02abc  0.20:<0.0lc  0.33:0.05a  0.74:0.14ab
CH2 7.47£0.88a  10.62+0.12ab  12.56+0.31b  0.19+0.0labc  0.2320.03bc  0.3120.04a  0.73+0.12b
CH4 7.28+0.81a  10.94x1.40ab 13.35+0.68ab  0.23:0.04a  0.26+<0.0lab  0.39£0.06a  0.87+0.12a
CH6 7.94+0.43a  1221%1.12a  13.82+0.44ab  0.22+0.0lab  0.28+0.0la  0.3620.05a  0.86x0.13a
CHS 7.77+0.10a  11.1720.60ab 13.42+1.4lab  0.16:0.0lc  027+0.02a  0.32+0.05a  0.75+0.02ab
J5 225381 (ANOVA)
WAL (T) ns ns ns ns ns * *
SxT ns skok ns ns dkk ns *
— 692 — http://www.aed.org.cn
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Table 4 Phosphorus content and accumulation in rice shoot under different treatments

R eyl Qb B i 5 P content/(g-kg™) il RFE/ (g 457") P accumulation/(g-pot™)
Soil type Treatment 2% Siem It Leaf T Panicle 2£ Stem I Leaf J Panicle 1 |- Shoot
R CMO 1.61£0.17a  1.2020.05a  3.29£0.08a  0.055:0.004a  0.030£0.001a  0.101+0.017a 0.19+0.02a
Granitic sandy soil CM1 1.35+0.05a  1.12+0.12a  2.64 +0.10a  0.047+0.005a  0.028+0.001a  0.093+0.005a 0.17+0.01a
M2 1.65£0.32a  1.1020.13a  3.02#0.29a  0.059+0.009a  0.030£0.002a  0.112+0.018a 0.20+0.03a
cM4 1.62+0.11a  1.0320.18a  2.86+0.10a  0.062+0.006a  0.030£0.005a  0.110+0.012a 0.20+0.01a
CcM6 1.8120.14a  1.16+0.04a  3.74=0.74a  0.061x0.008a  0.028+0.003a  0.122+0.015a 0.21:0.01a
cM8 1.79+0.44a  1.03:0.21a  3.15x1.00a  0.064x0.014a  0.025+0.005a  0.093+0.023a 0.18+0.04a
AN CHO 0.4240.17c  0.4120.10c  1.68+0.35c  0.008+0.003c  0.007+0.002b  0.0350.007¢ 0.05+0.01c
Reddish clayey soil CHI  0.70£0.10be 0.74:0.17ab 2.00:0.35bc 0.018+0.004bc 0.014+0.001ab  0.047:0.014c 0.08+0.01be
CH2 1.31£0.26a 0.80+0.11ab 1.65+0.04c  0.033+0.006ab 0.018+0.002ab  0.041+0.005c¢ 0.09+<0.01ab
CH4  1.00+0.16ab 0.95+0.08a 1.68+0.19c 0.031+0.006ab 0.023+0.004a  0.049+0.009bc 0.10+0.01ah
CH6 13240240 1.15:0.47a 2.54=0.44ab  0.037+0.009a  0.027+0.012a 0.065+0.001ah 0.13+0.01a
CH8 1.53+0.48a 0.79+0.13ab  2.87+0.25a  0.0330.012ab 0.020+0.005ab  0.067+0.004a 0.12+<0.01a
752253 Hi (ANOVA)
WAL ER(T) ok ns * Hk ns ns *
SXT ns ns ns ns ns ns ns
=5 AELEKFE FHMHEAERERE
Table 5 Potassium content and accumulation in rice shoot under different treatments
A 3R OB P K content/(g-kg™) MR/ (g 457") K accumulation/(g-pot™)
Soil type Treatment 2£ Stem It Leaf Ff Panicle 2% Stem i Leaf T Panicle b F3 Shoot
JERT e CMO 15.83+3.92b  19.46+0.52b  8.13%0.10a  0.53%0.09b  0.48+0.03b  0.25:0.04a  1.26+0.04c
Granitic sandy soil CM1 24.75+2.0la  31.38+3.78a  7.96+0.65a  0.86+0.05a  0.81+0.20a  0.28+0.02a 1.95+0.22h
cM2 27.46+2.77a  28.17+143a  7.79+1.06a  1.00x0.14a  0.77+0.09a  0.29+0.03a  2.06+0.18ab
cM4 26.67+0.74a  33.08+3.16a  7.79+0.68a  1.02+0.08a  0.97+0.11a  0.30+0.04a  2.30+0.18a
CM6 307144482 31.54+0.77a  8.83+0.75a  1.02+0.10a  0.76+0.08a  0.29+0.04a  2.08+0.04ab
CM8 2596+3.8a  32.54+x1.65a  7.63+0.71a  0.93+0.14a  0.78+0.0la  0.23+0.03a  1.94+0.10b
AN CHO 14.58+1.43b  18.96+2.32b  5.79+0.39%a  0.30+0.03c  0.34+0.03c  0.12+0.01b  0.75+0.03d
Reddish clayey soil CH1 21.71£220a  26.13:0.97a  5.88:0.3la  0.56x0.09b  0.50:0.05b  0.14:0.02ab  1.200.13c
CH2 25.08+3.78a  26.96x0.77a  6.04+0.62a  0.63x0.09b  0.59+0.06ab  0.15+0.0lab  1.37+0.05bc
CH4 26.79+3.03a  28.71x046a  6.00+1.25a  0.83:0.03a  0.69+0.09a  0.17=0.04a  1.69+0.09a
CH6 23.54+1.90a  27.83x1.68a  5.92+0.16a  0.66+0.11ab  0.64+0.09ab  0.16+0.02ab  1.46+0.18ab
CH8 2425:2482  27.88+127a  6.08+02la  0.52+0.07b  0.68+0.04a  0.14£0.0lab  1.34+0.08bc
J5 2257 HT (ANOVA)
iL%))“JL[\}@(T) skeskok EEES ns EEES stk ns stk
SXT ns ns ns ns ns ns ns

PIE L BN R . FREVJE -3, 5 CMOAH L,
Jit FEAE 0 e A K R 2K R AR B 0 A
T 56.3%~94.0% F1 44.8%~70.0% , # 2R 435 i &
P T 62.3%~92.5% Fll 58.3%~102.1%, Hh b 340 &
R ERE T 54.0%~82.5%, i, KRG8 &
HETE CM6 b P f /5, /KRS BB A 1 1 DA S 25 v e
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A RE AR A CM4 A A R, H A5 A R R
FHEILEEZS . W L, 5 CHOAMH L, it
FAA Y e A BEOK R 25 0 5 i 0 4 = T 48.9%~
83.7% F137.8%~51.4%, 25 .M oA B ELEE 5 B 5
T 73.3%~176.7% . 47.1%~102.9% F1 16.7%~41.7% , it
R SRR T 60.09%~125.3%, H.%: CH6 41,
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Figure 1 Rice nutrient partial productivity and harvest index under different treatments
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Table 6 Fitting relationship between biochar application rate and total N, P, K accumulation of

R6 EYMREAEEELELXEKBRSRAEBMNNEXE

rice in different types of soils

5243 Nutrient + 42 Soil type 4 56 & 4 Fitting equation R
N JRA U Yy=-79.591x*+3.988 5x+1.530 9 0.678 6
AN o Y3=-93.801x>+9.012 6x+0.640 4 0.8858
p JRA U Yp=—13.322+1.153 3x+0.178 2 0.407 3
ZIER Y =-13.96x°+1.962 1x+0.054 5 0.937 6
K JIRUIA Yi=—409.4x°+38.231x+1.419 2 0.848 1
IR Yi=-359.23x*+34.539x+0.817 3 0.926 9

T A KRR TTRR Yo Yo Y BMCRMERR I B B IR BBt o PR W RS I A ik

Note: In the fitting relationship equation, Yy, Y, and Yk represent the accumulation variables of plant nitrogen, phosphorus and potassium respectively,

and x represents the addition variables of biochar.

peiti F B SRR TR o BB RIS KRR TR (FE6) AT
1, WA AR Bl A W it R R R
IKFE R R SR 7 SRR o ) AR 1 22 e 8 I v AR A 35
FEAS AR FRAVAE I — B 45 0F T, DA PRt £ A A BRI
17K R A MR SR o R ARy - S B RIE 77 sk, %
38 it A 0 ¢ S A5 A B AR PR SR 4 BRABUE  AEA
B SARIEAE HAE T BIRE AR Tk, g7 A W it
FAXT KRG IR 53 BAR B NE b A DR Y |

Py P 2 AT AL, SRR A I8 RN T 3 U8 P b e, A=)
o F AR 43 51 R 0~20 em )2 B9 2.51% 1 4.80%
B, JECIEL o R %o ZKORE A PR 280 28 R L sk e K, 430l
i£0.07 g+ 47 021 g- 757", AW A T 0~20
em - 2 AL 19 5.50% B, RRAD UE A 48 o I e #E BT
R A A . T R b8 Y AR i L 4 531R 0~20 em
+ 2 R0 4.33% F17.03% I, HAE 5 R84 6 K g A
PR 2 SR sk fe K, 43 0l 3K 0.01 g+ 75 R 0.07 g
e PP A AR W i T 430 0~20 em 42 J2 BT
1Y 4.67% F14.81% B, FAE B HE A X /K R AR AR B 25
BT R, 23 915K 1.05 g 257 F10.90 g+ 7' iX
Vi B — 2 1 A= W ¢ it R e 2 1 T, A 3 Jo R HL S
Bt AE 3 7K1 1) 22 57 e S 85U E W e IS I3 0 A
RCPEAS ], PR A 400 ¢ 0 33 BT VS s A IS A 45 B ik
AEES

3 iFig

3.1 HEREYRIKETYRESHRMm

ABEFEH U IN— 2 i i B AR AR W T 2 R
210 e ARR I e K R b b B ER T Py i R (P<
0.05) , FRI7 ALK RRS AT 5% KRS A 78 5 AR A ¢
NWFFERT L AFH — B OT TS . X AT REE N
AR B A R 4 ) AR R B HAT 22 LA
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JOL, e BEHCE TR AR R AT A Al
SEASRRM, B3k A W p XL B e KR Y T o
At AR B s TR IR, il e B 21 B8
JKRE A HE A TR o0 R I S R 25 A O T AR W
(RFER P RE B 5 I 3R 0 50 ROC 2R R 1
TSR RO ER RE ST, NI BEVEM A
3.2 MERAERXTKTEFR S K F AR R0

Jit FEAE 499 5 X A4 37 53 W HAOR) PR AR 3 B Bk
TFLEY AP RFRE  E S AR T PB4
2R YR S RSy, A R R
P I o e SEE T AR T b R K BE UK A AR R
W SE A AL L RE R v M Gl AR W B A
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Figure 2 Contribution model of fertilizer and carbon coupling to nutrient accumulation in rice
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