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Effects of Plant-derived Biochars on Qualities of Acidified Tea Garden Soil and Tea Leaves
WANG Ting', YANG Qing?, NI Kailun?, ZHANG Haijuan’, SHAO Sainan’?, DING Gengwei*, XU Jun®", LI Zhangtao',

SHAN Shengdao', MENG Jun'

(1 School of Environment and Natural Resources, Zhejiang University of Science and Technology, Hangzhou 310023, China;
2 Agricultural Technology Extension Center of Fuyang District, Hangzhou, Hangzhou 311400, China)

Abstract: In this study, a field experiment was conducted in a tea garden with three different biochars derived from rice straw,
corn straw, and bamboo. Soil basic physicochemical properties, available nutrient contents, and nutrient accumulation and quality
of tea leaves were determined and compared. The results showed that compared with the control treatment (no biochar), the
application of rice straw, corn straw, and bamboo biochars increased soil pH by 1.12, 1.02, and 0.77 units, respectively. Biochar
treatments significantly reduced the exchangeable hydrogen and aluminum while significantly increasing concentrations such as
organic matter, available nitrogen, potassium and phosphorus, exchangeable calcium and magnesium, and cation exchange
capacity. Rice and corn straw biochars had no significant influence on mineral nutrient accumulation in tea leaves, however,
bamboo biochar enhanced the uptake of magnesium in the tea leaves while reducing the uptake of calcium, manganese, iron, and
other nutrients in tea leaves. Biochar treatments had no significant influence on tea yield and contents of tea polyphenols, caffeine,
free amino acids, and water extract in tea leaves. In conclusion, compared with corn straw and bamboo biochars, rice straw

biochar is more effective in increasing soil pH, decreasing exchangeable H" and Al**

, and enhancing soil available mineral
nutrients in acidic tea gardens.

Key words: Biochar; Tea garden soil acidification; Soil amendment; Tea quality; Soil nutrients
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Jit, MR R 24040 J1t, 1136755 t, #E0
AL 3.90 J7 to 577 ZE TR EI AR A 7 A E R 2 5F
RIE AW EE AL SR, LAk
AU it FH | R UTLREE RIS I 22 4715 AR FE VR AR R AR 55
NS e A ES P I e A A PN S S Y F S )
AR pH JEBIAT 45 ~ 5.5, MREAH
52% MOZ5hE 3 pH (KT 4.5, B4 T BRI
FECH B R, BB AT 3 pH YRR, 250+
HrhIR oo EME . B AN, B mAES RN E TR,
AT IRy TR B SE PP kb R Ak 235
WS TR TR R | e S L) 4 T R in S
IEEINEE, DTS 28R AR G, AR i A0 7 B2
b T o PRI, 38 DD T AR A AR R A it > 2 i AN B
TR lE T HERR AL , ATk 21 iR A 7 T T i Y R
qmE=1e

A=W SN E R — PP A R, & S ik OT R A
WEFRICE, PR IERR M | GE TR A
DTN 7= w31 WA BN T e 1 1 S N 2 R By
1 HA ARG RS IR IR R, AR
IRAETR A2 bl -3k R B ARG 0 W AR , it ]
AW T AR PR R 3 pH, e
BFEFIHE Fac i, 1T A s, %
A5 - SR A W R EVR AR AN PR TR T AR Y
PR BT SR, B B AR T IR R R ARy -1
A SR —Fh “fess” 11 <2 MIEY . LIt
A IRAY) Bhe i R R Ak s el g ke bt o h, b
TIVE Az W 5T i 1) 6 DRk P A IR B o 248 %o 1 M At L K
SRAFER , AN [ SRk ] £ B9 A= 40 Jo o o TR 1 5% el 1+
BER R A R AR PR S e AT REAE AR 25 Sk
MEE I | 15U 55 R 55 0 A= W B b . 55
TCE fm TAHR I A 1 A= S, AEAF P T 5 1) 2
Yoo s S B . M S | A s R
SN aa sy R AN 2R S 2 WY TN
I, FESEERI AR Y R ok K e A e g, 75
P AR A o e TR SR R A A A
R, AT BT X S Hi A= P o AR R IR | [
f A WL T4 7 T EAT Bz R s, Pl —
ARV AR SR A A 5 A= 0 I e o) 24 el i A

zx1

B A A IR AR RS I B B R T

WA SRR 1 BLGS 20,78 5 hm?, FEAM
PR 20.17 7 t, R OESY 15.03 7t 2l
JEAEL 8 AL 5 7 LA A (R4 Pk b -1 pH
SEE N 4.93, pH<4.5 Fl pH 4.5 ~ 5.5 FR 2% bl 358 45
REEC G 27.4% 1 58.6%, 4248 Z5hE H R 1k IR
A IR, BRI, AT SRR FE WA IR AL [l
T3 PR, PEURAA R E B S ik A
T8 A=W 5 e WK RE RS A AE W B0k . F KRS FFAE W T e
T I, BIFSE T N [RAE A5 A 400 I it P X T A 5% il
- HER R AR oA R R R R T A =
SRS TR AR, A SR X B2 el i Ak + ek L 53R
PRPRALAT Y

1 #REFE

1.1 IR

i 56 A% Pl A T T VLA b TR BH XS SR
(119°51'40"E, 30°04'53"N), ¥4k 91.3 m, J& A
PR, R 1627 C, FHRE 68%,
ARSI K 1452.5 mm, AFF-34 H BEES%L 1 899.9 h,
EZE K 12353 mm, FIFEM 248 d, HHEFEFX
M ARE X, HHERARC L, MR R
M. Z5RibAh et 43, BT 1991 4, 2023
AF 10 HoRAE 58 e Fo AR T, Jorb pH Ry 4.05 +
0.06, S5 1 }(2.68 + 0.39) mmol/kg, PFHE T 3c# & |
TS MR L A I M S RN A e MR i
(cmol/kg) 7514 20.20 + 027, 5.83 £ 0.29, 10.21 +
0.69. 0.90 + 0.07 F1 0.15 + 0.07, HHLE. LAHK
RPEER & (g/kg) B 69.60 + 6.65. 1.77 +0.04 Fll
0.70 + 0.14, B, A RWEAUKFEER S E(mg/ke)
394 269.00 + 46.67 . 139.55 + 8.70 1 396.00 + 33.94,,
1.2 AW RRSKRIER MR

TG K RS G AT A2 1 o 2% (RS) 1T KA AR ) o
(CS)MW T/ ot B AR R A |, 47 (BB)
W TWHTAS T AR A BR A F] . 3 A A=) ot Rk
W) BUR IR AR EE S 500 ~ 600 C, HEiXA:
WYy A AR R X SR PO IS (XRE)E AR
00 A ) S5 e ) SR AL B AN 3R 1 TR o

X E M RREARB U MER

Table 1 Basic properties of biochars derived from rice straw, corn straw and bamboo

AR pH  C(%)  N(%) H(%) CaO(%) SiOx%) ALOx(%) MgO(%) K:0(%) SOsx(%) P,0s(%) Fe;05(%) Cl(%)
RS  9.87c 5037b 1.79a 235a 7.54b 4597a 1330a 7.88b 10.75¢c 299a 2.87a 343a 1.39b
CS 1025a 51.81b 0.88b 1.82b 802a 4624a 1024b 875a 1522b 2.13c 241b  246b 1.53b
BB  10.03b 81.66a 053c 2.08b 62lc 4273b 7.32¢ 893a 20.62a 2.65b 296a 2.69b 3.15a

T B RN 5 B3R Al — S5 AR E AN A LR ) e 22 ) 22 53 (.35 (P<0.05)
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1.3 iRIgit

MG E 4 AL, RIS A 4 5 o A Ak 2
(CK). Jti/KFEFEFF A= W B i A FR(RS) | Jill TR FE AT AR
Yy B Ab BR(CS) Rt 77 5 AL BR(BB) , B0 BE 3 YR
52, BEHLIXCEH 70 A o 5T RTBZ % bl T3 hAS ] e
B R (F2 0 ~ 20 om )2 A 0.5% 1% .
2% F1 3% WhmzE N HIERE SRR XT 58 pH A4
FRAGAE, 255 Bl FH (1356 v A 4 o o Fy i P 1 R 3R
2 35 TR Y 2%(BI 45 t/hm?), 2023 4E 12 A 4]
— U AN TR A 40 05 A 0 I e O 1 A5 % R A7 ] 3
2 IR B SRR X 15 ~ 20 om 4, it FH R S0 ma HE
M 2 [ I TR FEE 24 20 em FTAIAR , SR AR W IR e
WA, PRl R S TR Rk, I
PRUHERT N T BB A= ) ik 5 32 2 R G395
AP Y b A, BRI IRER | &
1 WS AR RR AP SE LA, B N. P,0s Al K,0
Bt 43k 315 90 il 225 kg/hm?,
14 HFmRESHE

2024 4F 3 H a) R —2F P I BR IR AR B T A
OF I AR (]2 22 - HEEAE i, () Bk o 45 A B HE S
W BEFNTERE , He AR M A E . A AR A 7E
S N ZRIBAKIE TR TR ABE N E 105 C
AT 30 min J5F 60 'C HETEEE, )5 RHERE
F 5 MM400 RIER SIS i 0.145 um Jé et 25 o
KA LR S R AL A AR IRT, SRR AL
R AW Ia, SR FH 2 B I AT S 4 3 3 it
2 mm 5§ 0.145 pm Je 05 45 H
1.5 MEmMBRFE

A5 22 R AR AR LE (7200 72 (GB/T 8313—
2018)3)s A n Wl R FH 28 1 43 6 BE vk 22 (GB
8312—2013)"°1; Ay B A S R R FH B = b £ 7%
ME(GB/T 8314—2013)7); 257K Hi ) % A ik
252 (GB/T 8305—2013)'8, 135 pH R pH FRJE
AT E (HT 962—2018)1%Y; 358k s 3h R
HEEEIE (NY/T 1121.16—2006)%; 3B S 73546
IR FH R R bR e WO E TR (NY/T 295—
1995)121 5 - 398 52 ot 0UR A8 P 47 R F &SRR AR
YT VB0 72 W 52 (LY/T 1240—1999)22; 3647 HL T
SR FH A 152 S0 2 b 4 9% W 2 1A I (NY/T1121.6—
2006)1 5 K A R FH 8 R s v VA VLT 2 TS
FE(LY/T 1228—2015)4;  + M g 40 % F I 7l
SPEEEETHIE (NY/T 889—2004)25; + HEAT Rk %
FHARBET L LI E (NY/T 1121.7—2014)2°); + 3857
36 M 5 R AZ P B SR B R W A 43 O o BE I

(NY/T 1121.13—2006)"; 5B 1K FH M BRAR AR
WEFR WO B HED Z (NY/T 1121.17—2006)12%,

3Hh, FREG— B B i 0.145 pm i A9 25
s RIERES, BT RIWROHEAESRT, A 4 mL
WeRsIR . 2 mL A LS 1 mL AR, BT CEM
Mars 6 T A, F 210 ‘CFEZ& 50 min, &
& BT EBRAUT T 140 C ERERAKE T, 13383
B% S0 mL A HAB FRER, HBEHRE
LB TR T AL (ICP-MS) FT L B RE A 45 B TR &
SIS (AICP—OES) 43 51l I i 137 I3 ¥ o A ™ ot 77
SYICE G
1.6 HIERESHHR

SCHf R R T 3R v B BRIk O IE £+ A
W2 TR . BARALBER A Excel 2010, FTEALFER
OriginPro 2021, >RF] SPSS 27 #k4THLKZE 25047
(One-way ANOVA), I KK R FIXE 5 % (Duncan)
AT, UANFVING FEERIRTE P<0.05 /KF T HA &
EPEER

2 HEREHN

2.1 FEREYRRXFE T IEEARENISFR I

FET 3 FE YR AP 5 44 A 5 R 1
HERES,, R0 AR M B e s SR gk 2
7o RTHR(CK)AL 3 433 pH F-34(E K 4.10, J& TR
FRAE KSR, 5 CKOARFRAR L, KRS RS FF A4 I ¢
(RS) . KFEFFA= 9 o o (CS) FIAT 7% (BB) Ak B + 3¢
pH FIE 9 B E R T2 5.22., 5.14 F14.87, iy
BHRTET 112, 1.02 F1 0.77 DAL, {H 3 FhEY
AL Z 8] 25 R

A& R B SR T I AR I b A e Pk R A A
PEER R VS W P 5L B A S BT R I R
CK AbF Az e & . A B 40 A s b LR B
MH 5.76. 10.41 1 16.17 cmol/kg, 5 CK AbFEAH I,
RS. CS F1 BB Ab 3535l i 4~ 35 4 1 S0 RN A2 # 1R 41
BETE 38.54%. 66.15% . 41.49% Fl 79.54% .
66.19%. 66.57%, M- TS0 He PR B A i 2 T e

- 398 B B 3 Jf f S FAF - 9 A B 68 S A
IR S RN TR bR . CK Ab 3 A 38 PH B T35 6t
o4 20.71 cmol/kg, HH# CK 4b#, RS. CS F1 BB
Ab P 5 S BT T AR I - 4 PH S T AS e i, B 43N
99.66%. 96.62% Fl 47.56%. 5 CK AbPEAHLL, RS
F1 BB Ab3HF - e KR B A — i MR AIRSCR
(AL BRIE] 22 5 N, I CS AbFLE S i T 3K
PEER L, HEIRECN 42.86%.
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#2 MEARREMFRRNFETIREARIBLIERAFIN

Table 2 Physicochemical properties of tea garden soils treated by different biochars

Qb B pH et A (cmol/kg) ZEHetE SR (cmol/kg) ZEHRPERR B (cmol/kg) FHES F28 it (cmol/kg)  7KIE MR (g/kg)
CcK 4.10 £0.09 b 5764023 a 10.41 +£0.60 a 16.17+0.37 a 20.71 +0.90 ¢ 0.70 £0.10 b
RS 522+031a 3.54+£037b 2.13+£021¢ 5.66 034 ¢ 4135+0.65a 0.67+0.15b
CS 5.14+0.17a 1.95+0.11¢ 3.52+043 b 547+034¢ 4072+ 1.57a 1.00+0.10 a
BB 487+023a 337+038b 3.48+0.29b 6.85+0.14 b 30.56+0.98 b 0.57+0.12 b

T B R NG 53R Al — 38 AR TR AN [ ab B2 ) 22 53 1. 3% (P<0.05), T IAl.

22 MEAEYRZXNFETEFSFLENZI

- A BT R - P AE R 43 1 EE A A
BAMGE L eghty, (Rt muEw AR, 25
- SRR L% i I AR A5 o CK A P 3G HILJT 75
68 g/kg, BT FE &K 5 CK 4bHAI L, RS,
CS 1 BB Ab3 i 2T 1 25 bel HIEA P & i, 1
2> WA H] 107.45% ., 76.35% F194.03%., + /K figt
PEEURA R R EZEMER . 5 CK AR
b, RS. CS F1 BB Zb# 5 il i A< el + HeK itk A &
R ERT 72.02%. 58.76% M 77.55%.

CK b3 4 3 A0 AT 3500l 7 43 01K 276.67
1 146.20 mg/kg, J& TF EKF); 5 CK A #AH L,
RS. CS Hl BB 4hF & 1 m T A5 el + 4 s i fy

s, WS N 64.34% . 57.83%. 73.61% Al
14.78%. 21.25%. 12.63%. CK A3+ 33852 4Pk 45 A1
MR S R4 0.90 F10.17 cmol/kg, 5 CK &b
AL, RS. CS A1 BB b3 48 T 385 ik
FEFACHEBER i, BN T 7.41 £5% . 8.41 1%,
2.03 f5F0 13.12 f%. 10.94 f5. 4.71 £5, HIHLL CS
Aub P WG 5 A o

ARSI LFEEFRICER B5M U8 T 2l
Y, # BIEPEE TSR, RS R
5 CK 4bBEAHIL, CS Fil BB bl + 3505 A&
YHBEINT 12.59% Fl 14.07%, HEFARE; 1
RS AbPE W FHFEAL T LA o, FEiRA E
18.15%.

®3 EATREYRRIFE T IEF D HFER I

Table 3 Nutrient characteristics of tea garden soils treated by different biochars

A HHLT(gke) KR (mg/kg) HAEH (mg/kg)

A %W (mg/kg)

CK 6833+5.19¢

392.00 £24.98 ¢ 276.67 £35.57b 146.20+13.06 b
RS 141.75+9.50a 67433 +29.30a 454.67+27.30a 167.81+4.92a
CS 120.50+3.04b 622.33+16.07b 436.67+1528a 177.27+3.94a
BB 132.58+2.02a 696.00+ 15.13a 480.33£30.35a 164.67+6.09a

M (cmol/kg)  ASHMEEE (cmol/kg) 4B T (cmol/kg)
0.90+0.02 d 0.17+0.06 d 2.70£0.28 a
7.57+0.65b 2.40+0.17 a 221+0.12b
8.47+0.65a 2.03+0.06b 3.04+0.17a
2.73+021c 0.97+0.06 ¢ 3.08+0.17 a

23 HBRAEYRRMNIFZFHBFESTESENI T

ANTR) AR W I3 e A B it SR e B S R B AN
F AR, 5 CK ALFAIEL, RS AbHLXS A 3% 5
JUEA . 5. BEL BE. B, M SRIITCEEZW,
{HR R T A R R & i, BRI 24.23%; CS

R4 HAFRRAEMRRMFZFHFAITESE

ARFEXF AR 7 FPFR AR OTER M A i T A R
BB b At | B S RO R E R, BRI
TAM S B RS, FRIE 50 18.06%
7.00%. 19.55% F1 15.52%, &80T 28M hEERY
T, IR 14.61%.

BY B0 (g/kg)

Table 4 Nutrient concentrations of tea leaves under different biochar treatments

4b 3 ap 15 B

i i i B

CK 15.01+0.21a 3.10+0.04 ab 0.89+0.02 b

3.78+0.27 a

243+0.13a 1.79+ 024 a 128.84£6.42 a

RS 15.02+0.12 a 320+0.23a 0.86 +0.04 b 3.57+0.28a 2.39+£0.02 ab 1.72 £ 0.12 ab 97.62+4.49b
CS 1494+ 0.33 a 2.85+0.05b 0.96 +£0.10 ab 3.68 £0.08 a 2.36 +£0.04 ab 1.63 +0.14 ab 132.84+11.37a
BB 15.06 +0.22 a 2.54+0.16 ¢ 1.02+0.06 a 3.82+0.27a 2.26 +0.09 b 1.44+0.04 b 108.03 £10.27 b

24 HERAEYWRRITZFRITEEFR &R

AN A= ) 5 A b S BN, TR — 2 I e 2 i
AL RAEANER 5 PR, 5 CK ARBEHEL, RS, CS
F1 BB AFH 535 A T AR A - E 3N T 31.33%.

92.07% #127.08%; RS, CS AbBRiAS L& 00 T
W& T 4.42% 11 3.58%, 1 BB AMFME S 2y & 42Tt T
2.94%; RS, CS AR Y& o BT T 0.32%
F16.66%, 1M BB ALK P& i FRET 5.21%;
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RS. CS F1 BB b3 Sl minmER Az 2 2 MR & e i
FFT 2.22%. 0.89%. 0.89% 1 6.87%. 7.97%. 8.79%.,

RLEAR b, ANTRI A= 400 S5 AL FHLK 5 - B T P 2
JR B P AR B 27K

x5 ERATREEYIEURIZFEMHEENRERA TR

Table 5 Yields and biochemical components of tea leaves under different biochar treatments

Qb JhE (g/m?) K2 (%) WA HEB (%) i S LR (%) KB (%)
CcK 517+1.12a 9.51+0.22a 225+0.16a 3.64+036a 31.68+2.14a
RS 6.79+291a 9.09+043a 230+£025a 3.89+048a 31.78 £2.56 a
CS 993 +3.61a 9.17+0.11 a 2.27+0.07 a 393+0.39a 33.79+190 a
BB 6.57+2.75a 9.79+0.72 a 227+0.11a 396+0.13 a 30.03+0.72a

3 Wi PERC . BRI R 2 IE AR DG OC R (P<0.05),

3.0 EYMRANBUEZETELRUR

W —FhE Ay, Hom A K 3 pH fa
K45 ~ 5.5, MELH 52% H55FE 1 pH KT
4.5, B4Ab TR RN, 255 1+ R e s R £
$5 « s it FH IS T 380 0 RS AR AR FH ™ A 350
TP QFA AR AR VEAR R 50 WA HLRR AT
B QF M R SUE T B KR s R
&I LR S e S N R R S R R AR
Y AR — PR AL, 76 R R | 2l +
B ERA AR L P IR T | U IR b AR
i DAl 2y T EL A AR 4 P i

ARBFFTETRTFPAE 30 Z24F AR A 5k R M 4% el 1
e, wEH 3 AP IR T A B AR A A 1 TR R TR
K, SR T A pH, M6 T B X
R TAY TR T E 5 B WS TR, B
P, R A BRI A I 398 rh BB 4 0 S AR A
H, R TR v, $ETH 4 pH, MR
F0 2% e - SRR AL i M I

AWEgEh, A RS, 23 pH 5+
AR S L SR A RN A T 2 3 6 R G
(& 1, P<0.05), Wm0 1 8RR B R B B %
MVER, AT BRAK 38 58 e 1 SR SS e 40 1 7%
i, XS H A E IR A R A — Y X R T
MM SRR, ORI R TS SRR R
A% [B) P B0 R g 2B SRR SR BRI A T RS R AR T
M+ pH THE R, PR R T R A KRR,
45 2 % Ak R KB A R AR ) B TE LI
B ER0Y,  rb g e SR AS e 2 ) 2 A
AR A E T TR il PR A 2 B T LA e A A %o
BB TR A B N, SR A 32 B R AR Y
SUbFEEE, A E RS, A5 43 pH 5 14
PHES F2cffudit . scHebess | scdeth Bt . AL . KA

57K GBS FAHOCHE A 1 2, X AT BRI
AR TR B L PRAE RS B S RO 1 4
PR B BAT R E AT, [RIEsH b s 1 - B8 PR R Ak A s it
SR T E ) ER I B T, WAE R T IR S e
FyB0), Shi ZECTNE ST WY, AR IR A R AN AR
T ) 88 A= 0 I e A P B 8 - AN FR AR L A LR AR
FEHRRIUTE T B [RIB FT RO BR L 0L 85 . BESERRIE PH
B, SRR IR S ph e ) i O] . A AN [
P 5 A 40 T o 2 1) A 0 T e e R PR M - B i 5
o [RIRE R B, A= 5T o v A i P 2 FAT AL 25+
BInl LUHAEANBR R, 828 - e 1t
ARSI, YT R . RS
it FH e ik 2 B T AT BRI K A P R i
SEACI A ORI 5 K PR, v it e A W R R T
G R AL, TG IR R R, R
TE P AR B AN Z B e, DN 2
PUR & 8 . Dai VRt B0, WA
YIS N = Rk 3, T S i A g Rk
A A PLR AR A A S o, AR+ pH
PEFHIEEE 5 AWy 5 H B pHL A= 1 o it T o 2 R
WEEMCKR, HHEAPREZ W LI 45
br, AHLUBAERE 50 O AR AERE ) . fE b A SR (A
TR . s b Re R A e A B A
BT A BA S B AE£ 508 B0, HEY
J AT HE I e B L B L B BRI B2
BEHEREW, LR g A SR SRR, RN
h A 0y S5 e v R - 9 S T I R A A 1 PH S
Fo UL, AW it 3 3R o AR K
e, RT3 e S0 SRS T oeE
EEM R T2A8MY, WREEPEE AT
L, SRS ER | PO BT 1 S A A B T Y
“CEEMRT ML AT A 3 A T A%
E] = 3 K P RN GBS B B S A AR — Y 22
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SR, AR 2 Pl 2 B A 4™ A B TS M
i L a1 BT P AR 0 A ) i X 24
3% pH $ETHAI SN Ty ek K7 AT R fe gt A

A, HerhoRRERS AT A M B A $2 T L3 pH, FHES T
SEHR | AU AR AN S M T TR AL T

pH -084 -088 -091 089 080 0.86

[i73}3

96

s
e

oorereee
Vopreeeee

ooreree

oorereov

5 0.80 090 -0.83 -0.80 —0.74 —-0.73

S 91 080 ~0.85 ~0.94 -093 ~0.90 —0.81

HET 096 098 081 076 074 083

@ @ Fop 098 —0.89 —075 ~0.85 098 095 —092 -0.74 0.6

FORFEFF AW o e AT Do o
1.0
0.83 081 078 081
~0.75 ~0.74 -0.86 041 033 0.8
0.4
- - - -0.2
064 059 056 075 055
078 071 067 0.72 3 ~ 0.0
HHLFR 095 090 0.67 L 02
K fie
e 097 0.69
A 04
@ R 0.76
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Fig. 1 Pearson correlations between soil physicochemical properties and nutrient contents
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