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(1 PHILAMABIE K 2E 4 i IR S Rl F R E NN R, BRiiE 7121005 2 HEBEEBACKIRK R IT, Beriigig
7121005 3 BRVGEHER2ZEBEPUA ™ Fon THEABGBE, P§%  710021)

OE: PRI SR R S R R R B A P N R LR . AR R = AR, E T xR
(CK). VWL +ARAYPEIR(LW) . VD8 LHEHE 1(LCL), Vi -+8ME 2(LC2) . WD E LR RAELE T RRL(LWR) . D3 T+ AR
IRARAD A B (LW S)FIVD B -+ R AR R+ +(LWB) St 7 b, &P s RER, BT T AR F R EWNEs d)
AR A IRRE AR R R A AL T I UK A R TR . SRR 5 CKAMEL, A b BSCIIINE S = A R R P & 3 B
FEHNP<0.05), LW, LC2, LC1, LWS, LWR HI LWB Ab# ISR 32 1 73 IS N T 18.6% . 51.3%. 80.8%. 127.6%. 148.1%
F1203.8%, XA AREE A AR & o BN T 92.4% ., 84.3%. 66.8%. 84.0%. 116.3% 198.3%, 35 pH ¥ —E R EERK.
5 Lw 4B L, #hFEERRAT RS, LWS |, LWR 1 LWB ZbB BRI Ao 5 2N T 55.0% . 86.5% Fil 98.3%(P<0.05),
FALFEAHE pH, MFHR . HIWMAEATEA —ERENER, HERAXBERKT, B2, BEARARRA 2 Fh8EY) Tt
TS AR A TR i B - MR DA & 0 3RTH BA AR E IR, AR TR %t 3 DL A SR TSR FAB Y BT, T X S LE
KAPRHEAE MR TS BT, TEGSIMAA Y i (5Ll T b SERRIAD AL X 35 it TR ™ B 3G I A BB AR ECR , [FIINTE—
FRRE DT T M LR Ao R T eI 5, I b p DUACAR IR S+ T - A L A s8R e i o AN AL i b - 1 B
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Effects of Adding Exogenous Organic Matter and Clay Materials on Soil Organic Carbon and

Spinach Growth in Sandy Loess Soil

LUO Ruihua', FU Wei', FAN Jun"?*, LIU Meng', NIU Xiaotao®, NIU Yuhua®

(1 State Key Laboratory of Soil Erosion and Dryland Agriculture on the Loess Plateau, Northwest A&F University, Yangling,
Shaanxi 712100, China; 2 Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water
Resources, Yangling, Shaanxi 712100, China; 3 Shaanxi Agricultural Products Processing Technology Research Institute,
Shaanxi University of Science and Technology, Xi’an 710021, China)

Abstract: Rapidly increasing organic carbon of poor soil is an important way to improve soil and increase land productivity. In
this study, through greenhouse pot experiment of sandy loess, 7 treatments were designed (each treatment with 5 replicates), i.e.,
sandy loess control (CK), sandy loess + woody peat (LW), sandy loess + lignite 1 (LC1), sandy loess + lignite 2 (LC2), sandy
loess + woody peat + red clay soil clay (LWR), sandy loess + woody peat + arsenic clay (LWS) and sand loess + woody peat +
bentonite (LWB). Spinach growth and physiological indexes during the growth period (35 days) and the effect on soil organic
carbon (SOC) were compared. The results show that: compared with CK, spinach yield and SOC content at the harvest stage are
increased significantly under other treatments (P<0.05), in which the yield increased by 18.6%, 51.3%, 80.8%, 127.6%, 148.1%
and 203.8%, while SOC increased by 92.4%, 84.3%, 66.8%, 84.0%, 116.3% and 98.3% respectively under the treatments of LW,
LC2, LC1, LWS, LWR and LWB, while soil pH is reduced to a certain extent. Compared with LW, after supplementation of clay

material, spinach leaf areas at harvest stage are increased significantly by 55.0%, 86.5% and 98.3% (P<0.05), respectively under

ORETIH . BeotE TSR HRITH (2020NY-158, 2020NY-169) Ak BH 31175 H (2019-131)% 8 .
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LWS, LWR and LWB. Soil pH, electrical conductivity, organic carbon and total nitrogen content vary to a certain extent but

without significant difference. In conclusion, single application of woody peat and two lignite substances have different effects on

the growth of spinach and the increase of SOC. Among them, woody peat has greater effect on SOC but smaller effect on spinach

growth than lignite substances. On the basis of adding woody peat, supplementing clay materials has significant effects on the

increase of spinach leaf area and yield. To a certain extent, SOC is increased and soil physiochemical properties are improved.

Among all the treatments, woody peat + bentonite has the best comprehensive effect. This study provides a new way for rapid

fertilization and fertility maintenance of coarse soil.

Key words: Sandy loess; Woody peat; Lignite; Clay; Spinach; Soil organic carbon
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BAERAMER

25 b, ANEA WL A ZE R AL B2 = 1 B)IXT 14
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1 #RERE

1.1 R R 5K i =

TR G0 b AL T P AL RAMBE KK L R EFE Y
JIT e 4 e JR AR S R R [ R SRR A
THTRERTHESANTABEE, ENEE . BN
CO, W EE 43 I HEFFTE 25°C . 70% F1 400 pmol/mol,
SRR HIZE 400 pmol/(m*s), YEEWI A 12 h/d.,
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AN ARG X, i 5 2 5 1 P R e e - Y
TTT BB A L 53490 Ak FH A T 1 B 1y — o
TR LI RELIR ) I o 4B E B 2 SRR T R PG A i 22 T 56
BEIX, R R ARE R . I R IR T A S TR
TR R IR ) o L1 RRL R AD 5 R RLTE

S A N 2 IR AT B R R S s TR ik POk
g KA EIR, 520 cm, NE 15 em)I B
LI PVORP RN AL . b S i A R BT 45 25 24P
A B R4 3 (Jin Novum) o SRR AS B AL P
BNk 1 R

1 AR EREEMR
Table 1 Basic physiochemical properties of tested materials
R ke >0.02 mm P47 0.02 ~0.002 mm Kk <0.002 mm ik HTEER REE o) 2 ALK
(g/kg) (%, VIV) (%, VIV) %, VIV) (uS/cm) pH (g/kg) (g/kg) (g/kg)
W+ 119 81.3 9.7 9.0 183.4 8.04 0.12 0.08 3.47
ARA e S 722.1 - - - 353.7 4.09 0.57 0.01 48.86
AR 1 221.0 - - - 1907.7 458 0.51 0.05 46.77
I 2 337.9 - - - 1574.2 6.78 0.38 0.06 26.58
ARSI W 3 A 0 40.7 34.3 25.0 634.7 8.12 - - -
IR E=Ec T A 0 50.7 23.6 25.7 564.2 8.68 - - -
gz 4 152.0 20.0 53.8 26.2 815.8 9.32 - - -
e Rrp -7 FORAKME
1.2 A X Prims AN 2019 4F 12 J1 30 H (B34 KA S R Bt
121 it ARAREE 7 MMEHEER 2), [E)FF4G , R 5 d e i AU 38 B 5 T 2020

AKbEE S RESR . E AT AR IT 4 AR T e A
AR Je A B S N 4 A LR A (TR
7.76 g/kg fiti A EHE(TEEEHE 0.65 kg 1-48), A FEEF
KRR R RN R 00 n e Sk A R
1.0%, 45 A FRAERE R ATt B (E(N) 0.10 g/kg,
W5(P,0s) 0.20 g/kg, HPARMAIRE, BN HER
5. B YRS IR AR RAZN, AR 10
Kb T, W FRE DK E RSN 250 gke.

Fz 2 HBAERKR

Table 2 Treatments and codes of test

b 4

Yk X IR CK

PH L +ARA Y LW
VR 1 LCl

VD -+ 2 LC2
W +ARA PR LT+ Rk LWR
VOB AR AU I 5 kL LWS
U AR A Y e+ 1 LWB

122 AEFHEMERE USSR T 2019 4F 12
H 12 H#EF, T 2020 4 1 H 15 Bk, 24FW
I35 d. AEHHINCRAFRE ARG RS KE L
M ] $5 K B 298 140 g/ke) i 2 48 £ 6 100 ~
250 g/kg. F 2019 4F 12 A 24 HEERAERKSE R &
WA AT, BRI R/IMEIE R 5 R,

(] o R0 BB 5 o DSk 9 SR Ak v L BRI 93 3 A

R 12 H@ESRA KR /A I IR]) I
A H A (Pn) . AL FEE(Gs). Al CO, HeE(Ci)FI
ZEME R (Tr); 1F 2020 4F 1 A 15 HGKG RE R
M5E + 4% pH . HLF3 . AR LIRS 7.
1.2.3 WEWH 5 WA K A AR AR
WS ARYCI e bk . MRS, AR, ot
A A T8 bR, BAEBE 5 R P& F e K AE A
/MG SRECE YA R 45 RBE . Mk R 6 R
i, R B AT 3 R4 B i A 1SR
JEEHARAERORE T R s s i R it ()
SPAD fH % 758)% Jl SPAD-502Plus M- %% % I & 1
(Konica Minolta, Inc., Japan)iliE, 470 B & #k
PRI A 1Y 3 BRGE SRS I SR 1) A5 2.0 3
AE M i USR] LI-3000A {8 5 5K - ALY
(Li-Cor, Inc., USA)ME , F 73 B & ff 5 5 1
SEAH R BEAT IR s SR LI-6400XT fH #5645 1%
(Li-Cor, Inc., USA), 7EF /R 9: 00—11: 00 HJ[E] B
W, BOECH I CO, MREEFIM 25 G3R S 800 i h
500 pmol/mol 1 1 000 umol/(m*s)&&4F, M 5E &4
WESRMEOCEHE R (Pn) . LTI (Gs). JilA] CO,
JE (C1) FIZE [ 3 %4 (Tr) o

WA Wy A« B — YR A (R T A (R
TEHBRIHT bR 251 3 AR/ IV 19 &) v it BB
YIMEAE R bk A s A8 R 5 BRTE
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FHUELRE TR0 K 5y, 2 J5 FE B AR TG A
0.001 g MY HLFRF-l it ff 5, Fifl s A HEAF
105 CEMFF AT 30 min JFIHE 75 CHtFEfEE,
PR A — K B R PR T

S PR TR I < AR SRR R AR N
1.5 cm B9 HERIBCERE, SRR 10 cm, R4
TESERE) 3 LB 3 g IR A N — 8, KT R
LEAEFRE Y, Jrilid 2 mm A 0.25 mm 5 H .
BRI 5 R B AT, H, AL
fie R FH A B FR A 25 S vk (ORI 22 , A Z0R L
O RIEME , 2R HC10,-H,SO, AL A2
pH KA, R PHSI-4F SRR EEHHIE ,
SRR ERE DDS-303A KU 3 1 G R & .
1.2.4 B 55500r I EE R Microsoft
Excel 2010 #1743, R SPSS 25.0 #1777 2 447
R PRI FB 1 2, P<0.05), % Origin 2021
W
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REFRAHLE, LWR., LWS Fl LWB &b 3tk s Ay — e FL
AR, HEIETE 0.6% ~ 15.8%, FiA4bHH LWR 4k
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WAl FELN TN (2019 4F 12 A 24 H & 2020 4F 1
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Fig. 1 Plant heights and leaf areas of spinaches under different treatments
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FEREIN, CK /NI, BRI, Lw,
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SRR CK M) 1.5 %5, 1.8 %, 2.3 f5. 2.3 4%, 2.8 1%
129 4%, Hei LWB ZbBEE K, M1 12.1 cm¥/Fk,
CK /N 38.3 em/kk

TEW AT YN, 5 CK A, BFImsbE
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FHRR (B 2). FEBESRBGRIZ 0T, LC1 AbBEnf 2
Ko, LW, LC2, LWR, LWS I LWB At 3
Z 2R RB R B EHKE, H¥RF CK.
S, CK ik, SPAD {H N 62.7, B& LW kb

P A g At b 34 2 [R) 22 5 58 1 M KOF, A5 A B
SPAD {HASIRTE 72.3 ~ 77.7. WANSNEA MUY F1 55
RLARL X 3 3O B AR A — o AR (R 3),
5 CK MLk, Huifa 4MEAT HLY) Ak BEXT 3 S 50 A
R (Pn) HAT AR RE B 4R FHRCR , JLrp LCL 4
FRF LW Ml LC2 4h ¥ ; 5 LW M H, LWR, LWS
il LWB Ab #4053 28 (Po) B AT — 2 1 42
Tho A AbBEd, LWR Ab Bt A 3R (Pn) AL
] CO, ¥ BE (G K, 43314 27.73 pmol/(m*s)Fil
428.8 umol/mol. It4h, LWR 4b¥<FL 5 (Gs) Al
7518 R (Tr) W 3R T AL #1, fH 45 b 3 ) 22 57
KI5 K

O CO ek [ZZ 1w [ Let (KN Le2 S LwR [EEE Lws R LWB
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b bed bbb”
70t o bed a Vs
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Fig. 2 Chlorophyll contents in spinaches under different treatments
x 3 FREALEBTERASERER
Table 3 Photosynthetic indexes of spinaches under different treatments
posil Hob 3% Pn FALFE Gs Jfila] CO, ¥ FE Gi MR Tr
(CO,, pmol/(m*-s)) (H,0, mol/(m*s)) (CO,, nmol/mol) (H,0, mmol/m*s)
CK 16.08 £2.33 ¢ 0.48+£0.06 a 413.7+8.61 ab 835+0.80a
LW 21.08 + 3.64 be 0.75+0.18 a 391.7£2.08 ab 9.65+1.83a
LC1 24.65 +1.08 ab 0.59+0.16a 354.5 +33.89 be 920+ 1.58a
LC2 21.73 £3.46 abc 0.57+0.16a 419.5+19.70 ab 9.15+1.72a
LWR 27.73+5.32a 0.66+0.13 a 428.8+27.08 a 10.18+1.31 a
LWS 2423 +3.43 ab 0.49+0.30a 360.7 +49.79 be 7.64+£3.56 a
LWB 25.05+1.93 ab 0.48+0.38a 274.5+56.64 ¢ 6.77+3.11a

T RPBE NI £ fiE2s, RISIARVNG FRERSR R AL BEE 22 775 P<0.05 K235 TR

2.2 AESMNEBENFIRERIA RIS E W

ERF M0

FFR AT R 3 3% 09 A= it BAT i 2 R TR (B
3). TEZNHIANQ2020 4E 1 A 5 HZHiT), LWB &bBff
TEARARKER, 5 CK AL, SIMNEAHY PR R R THAAN . BEE A RERIAEN, A
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Fig. 3 Fresh matter mass of spinaches under different treatments
(7] b FL I A9y i 2 0 SRR I, AR AECRER (2020 BEART 0.36 AMEAfL, 24 7.53. LW, LC1, LC2, LWR

£ 1710 H), CK RE/NTHALIE, 4 0.8 g/tk;

1 LWS AbBH 2> (8] 22 55 K58 W K,

pH AR R AE

HUMZ IMANEA ML AR B, LC1 b PREEY) N
2.5 g/kk, A3 LC2 A LW ALBEEY 1.0 f5F1 1.4 4%
5 LW Kb LY, R ST R SR e i E B
HAEAE 81.4% ~ 93.4%, {H LWR, LWS 1 LWB #b#
Z )22 AR IR B E MK, AR 3.3 ~ 3.5 g/bk.

TEE SRR (2020 4F 1 A 15 H), ARz
PR ERIERE, Hh LWB AbBEK, 4.7 gikk,
JE CK 1 2.9 fif o AN [a]Ab B [E] =y KB/ MK IR R
A: LWB>LWR>LWS>LC1>LC2>LW >CK,
2.3 ARSMEEN TR R M E L

FEEA MR

IINANEAT WL FERLAA L] + 38 pH FlH 5%
YA —ERENEREE 4). 5 CK ML, #4408 pH
BIA AR R TR, Hh LWB A PR IR K, pH

7.74 ~ 7.82.LC1 Ab# 4 Herp 5 3 g 2 5 HoAh b B
3 264.0 pS/em, HAtAb P A] 22 5 ik B E KT,
AFFTE 149.56 ~ 187.86 uS/cm.

R INANEA ALY R R R R X e 4 /R HL
fe o A AN R R B 4R FHRORGR 4). 5 CK A
I, LWS Kb 3 H IR R & R IEIL T 4.1%, HAb b3
THBEEA S RYAANFERENR M, WIEE 0 ~
6.1%. IINANEA HLY FIBE KA REE 2R T T 35
AHl SR, 5 CK A, LC1, LWS, LC2, LW,
LWB il LWR b3 + 54 Ml & & 5 52 7+ 17
66.8%. 84.0%. 84.3%. 92.4%. 98.3%F 116.3%;
TEANFE R R AL FE R, 5 LW AbFEAH L, LWB Fll LWR
A FR A SEAHIBRIETE T 3.3% F1 12.4%, 1 LWS &b
HRFET 4.4%.

F 4 FRETHIEBLIER

Table 4  Soil physiochemical properties under different treatments

Qb H pH i 5 2R (uS/cm) 4 H (g/kg) H Lk (g/kg)
CK 7.89£0.08 a 164.90 + 11.41 b 0.49 £ 0.01 be 3.43+0.05d
LW 7.81+0.03 ab 175.46 + 10.84 b 0.51+0.01 ab 6.60 £0.72 b
LC1 7.66 + 0.04 be 263.98+19.33 a 0.51 + 0.00 ab 5.72+£0.49 ¢
LC2 7.82+0.02 ab 187.86 £ 6.95b 0.52+0.01a 6.32+0.52 be
LWR 7.75 £ 0.08 ab 170.22 £21.34 b 0.52+0.01 a 742+0.26a
LWS 7.74 £ 0.05 ab 149.56 + 15.75 b 0.47 £0.03 ¢ 6.31+0.30 be
LWB 7.53+£026¢ 172.60 + 46.51 b 0.49 £ 0.02 be 6.82 +0.42 ab
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