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BOEARBEMHT, S CMC-K "84 200 kg/hm® 8, TARFRGLEL KT BE. B LELR>.AH T
BRI LE AT AR AT ST AHFKABER R Ao kia. FRLZ A, RHE#EINFH 100 kg/hm? .
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Effects of spraying carboxymethyl cellulose potassium on soil
properties and crops in Ningxia Yellow River Irrigation Area

WANG Yongjie'?, YAN Xing'*?, WANG Ying®, LIU Genhong®, YANG Shigi'?"

(1. Institute of Agricultural Environment and Sustainable Development, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. Key Laboratory of Agricultural Environment and Climate Change of Ministry of Agriculture and Rural Affairs, Beijing 100081, China;
3. College of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract To investigate the effects of carboxymethyl cellulose potassium (CMC-K) on improving soil water
temperature environment, soil nutrient absorption and crop yield in Ningxia Yellow River Irrigation Area (NYRIA),
forage oat was taken as the test crop and carboxymethyl cellulose potassium (CMC-K) was used as the test material.
A field experiment was carried out, and CMC-K was sprayed at 0 kg/hm? (CK), 50 kg/hm? (T1), 100 kg/hm? (T2),
200 kg/hm? (T3) and 300 kg/hm? (T4) kg/hm?, and their effects on soil physical and chemical properties. soil nutrients
and crop yield in irrigated area were studied. By measuring soil water content, temperature, electrical conductivity,
bulk density and soil nutrients, the effects of CMC-K on the yield of forage oat and the correlation between CMC-K

application, soil physical and chemical properties, soil nutrients and forage oat yield were analyzed. The results are as
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follows: The soil water content increased with the increase of the amount of CMC-K, and the soil water content
increased 39.78% — 116.80% at the jointing stage. The accumulated temperature contributed 48.4 — 114.4 C during
crop growth period, and increased soil temperature significantly. Soil layer 0 — 10 cm was beneficial to soil nutrient
conservation. The contents of total K and available K were increased by 28.31% —63.07% and 34.72—-95.45% in
soil layer 0 — 20 cm, total k and available K contents were increased by 12.30% — 75.05% and 25.65% — 125.37% ,
indicating that CMC-K had a fixation effect on available P and a significant effect on hydrolyzed N. The yield of forage
oat was increased significantly by 29.9% — 62.47% . There was a significant positive correlation between CMC-K
application soil total K, available K content, soil water content and oat yield, and the correlation coefficients were
0.917, 0.982, 0.676 and 0.983, respectively. Under the experimental conditions in this study, when the application
amount of CMC-K was 200 kg/hm?, soil water content, temperature, and soil nutrients were affected, soil total
potassium and available potassium contents were increased, hydrolyzed nitrogen was retained, nutrient leaching was

reduced. Considering its economic benefit, the final recommended amount was 100 kg/hm?. This research provided a
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basic theory for the application of CMC-K in NYRIA.
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R B RS, A RR 8.5 CL Hil 2 12~
15 °C A2 H BB %L 2 800~3 000 h, 4E - M [k
B 203 mm, R 157 d £ 4, 5 S vb e +
(VKL 74 % B KL 1520 VFERL 1100) , T BE ALy
It RIS M IR E (0~20 co) AL FEPERANE
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0.96 mg/kg; S A & A 4. 30 mg/kg; HAHE
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FHXE A S I3 A i, EATIORE JF R 4R 0~10 em,
10~20 cm + 2 4 4%, 47 0] 52 50 2 0 o - SR &
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5(P<<0.05);10 H 9 H Ol #UH) , CK 4b P £ 3 &
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0.05), ZWFFREEREY] Bl CMC-K HA 11K
A ORFET AL, HL B % WO HE A 3, S K R
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TRRE 4B T 0.64.,0. 97,1, 04 F1 0. 44 °C, % A4k
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AL W CMC-K % 4 38 25 5 52 ma 45 /)N, CK Ak 34
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Table 1 Effects of CMC-K spraying on soil physical properties in Ningxia Yellow River Irrigation Area
Ak % SR/ C ERRER | s
Ak 3 Soil water content Soil temperature (mS/em) (g/cm’)
Treatment Soil electrical
Soil bulk density
08-17 10-09 08-17 10-09 Conductivity
CK 19.89+1.09 e 47.72+1.18 a 26.0240.02 b 18.57+0.03 d 0.46240.023 b 1.6840.08 b
T1 27.80+1.35d 48.88+0.65 a 26.484+0.03 a 19.2040.03 b 0.44140.044 b 1.85+0. 04 ab
T2 33.47+1.41 ¢ 50.9741.39 a 26.5040.02 a 19.54=+0.03 a 0.61440.095 a 1.7940.05 b
T3 39.414+1.23 b 49.034+1.19 a 26.4840.01 a 19.61+0.07 a 0.57040.035 a 1.9140.06 a
T4 43.11+t1.15 a 48.6910.74 a 26.524+0.01 a 19.01£0.01 ¢ 0.46440.039 b 1.82£0. 06 ab

2 PR AR LN 5 R I A 0 92 5% 8 9 (P<0.05) . F Il

Note: Different lowercase letters indicate significant difference between different treatments (P<Z0.05). The same below.
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B RS9 A 23, 33.19. 50,20, 03 Fi1 20. 61 mg/kg,
HALFLE CK AT W% Pk 25 5% (P>0.05), 1E
10~20 em + 2, CK 4b B Ay + 3 4 2 i &% 5
14.67 mg/kg, T1, T2, T3, T4 kb3 + HE A7 50 & ==
SEh 12, 87,14, 67,15, 97 F1 14. 00 mg/kg. 4 Ab
5 CK AbHJE B M 25 5% (P>0.05), 0~10 cm



55 6 1 LKA W R Y RE AT 4 R A T B 5] B X AR Y B e 219

Lor . 180 ) ) a .
b ab a 160 | b
_ 08} b + = i SE 140 < |
BE E3 b =3 d
<z . — ZE0f ¢ |
8z 05[ e ok d
@? 7[7 . @g 100 ¢
i Z I gl 7 ¢
=2 04F %‘é 7 e —
%3’ =z Or
= I
02} e o 40r
20
0.0 L 1 0 L .
0~10 10~20 0~10 10~20
+JZ/em Soil depth +JZ/em Soil depth
bz ck L T1 CO12 EH13 EET4
1 Bl CMC-K Xt 7 2 5] & # X 1 5 £ 80 0 J 3 3 1 %2 1
Fig. 1 Effects of CMC-K spraying on soil total potassium and available
potassium in Ningxia Yellow River Irrigation Area
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Fig. 2 Effects of CMC-K spraying on soil available P, total N and
hydrolytic N in Ningxia Yellow River Irrigation Area.
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PR AW bk = 0 BR m T 19.88% . 8,062,
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Fig. 3 Effect of different amounts of CMC-K

on the plant height of forage oat
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Fig. 4 Effect of spraying CMC-K on forage oat yield
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3.1 Wi CMC-K *t + 858 {0 MR B0 820

BAL WA A 5 2 IR [A) e R RIS BB
[v) P2 1 s ) - 48 B O, B v - ORI BB T
I3 AR ). £F 4 R oot e B MoK Pk BB 18
W B B LA B LA A R K S AS T £ 4
R MK A RS Hr e B 58 B R TR 3 i M £ 4
E MR CMC-K WK 5 &8 m . iF5 &3 )i
JH CMC-NH, X 4= 587K 53 7= A= B W 5 we, H BE &
CMC-NH, 1Yt £ 0 34 fn 5855 K o Bifi =2 3
KU AHIE g 25 R 3 L G Ak R R BT 0 A
KRR CK = A B 1 25 5, LBl A Wit 2t 79 184 o
AR B E R, RYIBE CMC-K B A -
KARFEDNAL 5 R 45 R — 38, W& o
KI5 FhocrE 28 4 E ARG A B AL e
S TN MR U0 P P AT A 3 bR R A 52 T+
e 5 i e IR I AR R OK R S A 52
W BE 1 55 1 R 3 L ] LT - 3 v g B B b AT
L, NS M LR IR B 2R, ARBE
M, T2, T3 ¥ FRK CK b H o 0#Em T
32.93%.23.32% . R B E K. 5 LAWK —
. T CMC-K HAT W B 1 BE % [ 47 1 3 3¢ 43
B A R L T b PR AT BE ] R
BT HRER B JO B 25 S T T4 AR SR I G
EEF TRERBRENK. MEYEHEIR
TR Ak B ) A SR R R RS X v T BR AT DR v A
MREEDY AR AT & B CMC-K # 45 4b B 4% CK
AR FE A R B Ay 00 H BB T 0. 64,0, 97,1, 04,
0.44 C,RHB B EM 2SS, 5 LR —3, T2,
T3 Wb F R . s R R & B R,
ek R AT DABEAR 34 &, AR5 T1.T2.T4
AEFRXS A E A TR E W, 5 EIRE A
T3 Ab 3 AT e A= HORE 152 22 T 3 30
3.2 Wi CMC-K 3t + x50

TS R S YRS R UG B g
FE Y AR B LUK BE 5 A P 1) O A VR R
P12 1 FH 5 ARG R0 i A ) ) D sk 3, i 3 il T
TERI A KA 5, I T R S REIE LN
il 2 gk & e R 22— CMC-K 7 I
7K B4 T B B 8 W8 B K 44 rh g 1 FL W B 28R G 2l
PELF Y R W RE Ty Besm . TR EE B SE & B AR )

7/

BAF 3k i A 2T A 3P R T ol TR AR T Ak R 1 AE
73,1400 . AR B CMC-K A DL 25 52 5
A A S B A S & P R A R,
DU ZH b B 2 B v A L T AR A MR AR K
JIT T BB 6 2R 5 A 48 v AR B AT S S R MR Y L
FIUF (8 % o0 25, SR & i 7 T, B it
CMC-K AT DL 3 2 2 A+ 2 0 sl 30 & &,
ULk #0425 B8 o W WSO R T 68 3R 43 A B TR
WHAERKRMER. SCREFE WMFREN, A A
TR 25 Ay T 96 A 25 Ry F2 2 B A B R
AT DLREAR 3 v oA 2 Y B . AS B SR R B Wit
CMC-K X RS/ IEREEZm, 5§ Lk
A — B, W] AR R Wit A PR, 2 BOR (W] b 38 75 ()
— LR SRR EEES . BE R R
L AEHEMBEHAG T AR REN L EER . &
BEEEIL B EEE N, AR AW, BiE CMC-K
WX HIEL A S BT R EEEm, 5 FiRi R 2.
IR PR R A R R S A IR LR L) B B K
fife VB BT B, R LA R A E AR, 5
e o W AN Bl e ST W R VRN
B0 s R A A R £ L R E
Jite R0 AE = R A R L BT DA A 2 3l A B U
JE R NH, - AW EH, £33 E 2 md #f i g )
W B NH,+ -N, Ho0% B 5t (09 2 /0 B 7 4 398 jg R 1)
Foa AT B fer 1 B 2 e T A AR
Ut CMC-K X H 3% A W B AR . A4S OF 53 38 2o D) &t
0~10,10~20 cm T ZBY/K MR E & .75 0~10 cm
ST U BK v RS A AL CK AR 3T | 3%
PE2E 5 MFE 10~20 em Ak 7K fif M 07 2 DU 41 b 2
5 CK Ab R M2 7 A AT CK AbBK
file e A & B> T . BT CMC-K 7E - 3B
B e A 5 R B - s i BH B S AL CMC-K
b e RN O VI o A = b I 1 A D
FH CMC-K A] DX 7K fiff P 208 21 [ #5090 4F A S 0
T K i R I
3.3 Wil CMC-K X {AE#E =2 /&I

) 3 L AR R W B R, £
MY FR 3 K A3 & i B AR AR &R s R AE £
7 8 e 1 0] 3 o XoF - 9 S ) i T R o 4
WAERKEE. AR, 1 R R AT e
MUK L B, 3 R AS R 4R R AR T, 4
K AR ERE  REHE AR R L R
ROAE e 22 B L e B 7R R AR SO R 43 BE L R R 2R



% 6

LKA W R Y RE AT 4 R A T B 5] B X AR Y B e 223

2 B AR A A ] AR R SR W, B RN
TR A B 7 34 i AN ) B b B2 v bk v AN 25 ML, 2R
PRI R, R R R RE R I s R
P AR bR = b2 R A L, AR
6 o B I it CMIC-K A LA I 25 2 785 ) 0 3 22 £ bk
. T, T3 b 3 3 30 & f AT DLW dk i 40 ) 42
20.56.18. 34 cm; #5 A0 FAH L T CK &b B AE 7 4 7
T I 2 L AT LK P R (8. 80 ~
54.11%),

4 4 &

1E T H 5] # X Wi CMC-K, $2 5 + 3 7K 43
6.80% ~ 68.27% , Al B e A2 A= H W T ik AR R
52.80~106. 70 °C, 34 fin £ HE 245 AL H 5 &, 6k
i [ 5 7% 43 o il L SRR AE 2 A 58 00 3% 4 1 ik
U, T RARR R R R £ SR A ORI R
HEI = 4w ] e i 18,8000 ~54. 11 %,
I, CMC-K AT AR 77 55 | 8 XA 4 8 ek R 7
LRG G RIL AT RS  HERAIE AT LA 100 kg/hm' .
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