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Effect of organic—inorganic amendments on the quality of saline—alkaline soil and
yield of Echinochloa frumentacea
ZHANG Bang-yan', XIE Xiao-wei', ZHANG Zhao-hui', WU Jin-min*, WANG Bin"", XU Xing'

1. College of Forestry and Prataculture, Ningxia University, Yinchuan 750021, China; 2. College of Agriculture, Ningxia
University, Yinchuan 750021, China

Abstract: The aim of this study was to investigate the abilities of organic —inorganic amendments to improve and
fertilize saline—alkaline soils. An experiment was conducted using a one-way Latin square design with the following
treatments: CK (no soil amendment materials) , PM [phosphogypsum (22.5 t-ha ') +well-decomposed goat
manure (15 t+ha ') ], CM [calcium superphosphate (300 kg-ha ') +well-decomposed goat manure (15 t+ha ') |,
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PCM, [ phosphogypsum (22.5 t-ha ') +calcium superphosphate (300 kg+ha ') +well-decomposed goat manure (15
t-ha ') ], PCM, [ phosphogypsum (30.0 t-ha ') +calcium superphosphate (600 kg-ha ') +well-decomposed goat
manure (30.0 t-ha ') ], and PCM, [ phosphogypsum (30. 0 t-ha ') +calcium superphosphate (900 kg+ha ') + well-
decomposed goat manure (30.0 t-ha ') ]. These six treatments were designed to study the effects of varying ratios
of organic—inorganic amendment materials on the soil quality and the yield of Echinochloa frumentacea grown in
saline—alkaline soil. The results indicate that organic and inorganic materials at varying ratios decreased soil pH,
total dissolved salt (TDS), and bulk density, and increased soil nutrient contents and the proportion and stability of
aggregates larger than 0. 25 mm. Among the treatments, PCM, and PCM, had better effective. The soil pH, total
salt, and bulk density were decreased by 2.40%, 27.33%, and 16.17% , respectively, in the PCM, treatment, and
by 1.83%, 17.42%, and 12.94%, respectively, in the PCM,treatment, compared with CK. The soil organic
matter (SOM), alkaline nitrogen (AN), available phosphorus (AP), and available potassium (AK) contents in the
0—40 cm soil layer were significantly increased in the PCM, and PCM, treatments compared with CK. The mean
weight, diameter, geometric mean diameter, and aggregates content of particles larger than 0. 25 mm were increased
by 131.43%, 164.07%, and 97.22%, respectively, in PCM,, and by 78.58%, 81.68%, and 57.41%,
respectively, in PCM;, compared with CK. Additionally, the seedling emergence rate and yield were improved by
62.84% and 50.07% , respectively, in PCM,, and by 68. 24% and 47. 76 %, respectively, in PCM,, compared with
CK. Soil aggregate stability was positively correlated with porosity, SOM, AN, AP, and AK, and negatively
correlated with bulk density, pH, and total salts. In addition, the PCM, and PCM, treatments enhanced soil quality
by improving salinity indicators (pH, TDS) and fertility levels (AN, AP, AK, and SOM). The PCM, treatment
was more effective than the PCM; treatment in both respects, resulting in the highest hay yield. After evaluating the
effects of various ratios of organic and inorganic materials on the enhancement and fertilization of saline-alkaline land,
the treatment PCM,, comprising a combination of phosphogypsum (30.0 t-ha '), calcium superphosphate (600 kg-
ha '), and decomposed goat manure (30. 0 t-ha™') was found to be the most suitable soil amendment for this region.

Key words: saline soils; organic—inorganic modified materials; aggregates; soil quality; crop yield
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Table 1 Basic soil characteristics of the test site

2 T pH E A HLBE At A R R
Soil layer  Soil bulk density Total dissolved salt ~ Organic matter ~ Alkaline nitrogen  Available phosphorus ~ Available potassium
(cm) (geem™®) (g-kg ") (g-kg ") (mg-kg ") (mg-kg ") (mg-kg ")
0~20 1.55 7.50 4.29 6.07 19.10 3.28 215.27
20~40 1.63 7.75 4.15 5.79 12.73 1.67 208. 80

1.2 Xkt

2021 4F 4 7 —20224F 9 H 7ERFSE X TP IR0 R ISP R B0 T 5 it , 238 6 A~ b 2 - % IR (CK) |, AN it 3 2k
B3 5 4b BEPM, 85 40 87 (22,5 t-hm %) + 2L 26 (15 t-hm ?) s 4L CM, 3 B R 45 (300 kg-hm ) + B L2 (15
t-hm ?) ; &b B PCM,, B 1 75 (22. 5 t-hm ?) + 3 B AR 45 (300 kg-hm *) + 8 B2 (15 t-hm ?) s 40 B PCM,, 5 A1
F(30.0 t~hm *) + & B #2455 (600 kg-hm %) + B 28(30. 0 t-hm *) ; &b B PCM,, 85 4 5 (30. 0 t-hm %) + if 8%
A5 (900 kg+hm *) + B EEZE(30. 0 t-hm ?) . B H 6 R FE A, 3£ 36 /X, B /X 24 m*(6 m>X 4 m), /]
XL 1 m, RT3 m B, 202048 11 3 b A) 4% 45 -+ 8 i B 700 48 i 50 B T 10 T e H 8103 50 J5 149 50 b it 390 /)N
X, R 5 R £ SRR A)  JF AT AR (70 m®) o 20214F 4 H 18 H#E R I p B2 1, 36 & 37. 5 kg-hm *, 17
B 20 em. 20 R AREXT 4 B RAKCR B K I L 2022 4F 58 2 4F 3 56 7 JFUR Y 3 56 /N X 4k 2 AR R R L R
i - Ak H A A T A I R AT G — A R R it I ORIt P 17-17-17 & AR 20 kg, 6 A EAIARNT A A 4y
BB A 75 kg-hm?) (B HU K (R B 0140 4 WOHEE , 3631 220 m®) , 20224 9 A Al . 1R 56 Bk ) e R
(R R I —5 Ok A TR K A XS B TSRO RHE R R A R
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TR SRR B LB KR A= (D)1

A kR =R LR — gt ) /T R R X 10024 (1)
SALBEE = 1 &K X A (2)

THEBA S KR = OlCE e i B — B A R ZME R R B X 10024 (3)
THEBE BT = HEBE SOKE /MRS KR X BB (4)

B RAE B JEOIR AR AR KI5 BR 2SR S e OF 8 R B Bedi A AR BUR MBI 1 em ity o KT ke
5,2,1,0.5,0.25 mm §i , A FH 8 0 325 0 22 7K A% Pk - 48 1A R AAORE 9 43 A A As e 1, 73 T it B2 (mean weight
diameter, MWD) | JL {a] 3 ] 1§ 48 (geometric mean diameter, GMD) 1 >>0. 25 mm A % & 5 [t ( =>0. 25 mm
aggregate percentage, R, ;) , 18 ARXMF .

MWD = > Xw, (5)
i=1
GMD—fq<§}meJ (6)
i=1
MO,ZS
R 73: 7
o= (7)

X R R T 3 B AR 5w, o XOAR K R R 9 R R R Y A L s M R AT R OB S R R 5 M s
J&=>0. 25 mm A7) R AR T
1.3.2 T EERIE bR T I A 8] 22 5, T 2022 4F 9 H NI IS L 76 50 i B2 Fh oL AT P9 B HIL
T A Ak B — A [ XA T BORE o ] B4 5 R AR VR 23 ) SR 4R 4 X 0~40 em 2 1 4F 500 g, 3K HE A, A
B2 by nl 5296 % KT B A L, 3 1. 00 F 0. 25 mm i, FH T i 4 3 A LT 6l Ak a0 A ROl AR B i IR
P - B A S w A T ) I AR AR . R pH T (FE-28, 5 1) Wl + 38 pH s R JH f1 § RAXU(FE-
38, i ) e i3 3 MR A A K (8) o R (EC,) Fefie y 1 4 35 % it (total dissolved salt, TDS) 52k H &
B¢ TR AU AN N B I 5 A LB S 5 R P R R I S R R R R IR EUNIR 4R — o B
T R A0 Tl 5 5 R TR TR B — JCHE O B Tk ) S R 5
TDS = 0. 003EC,.; (8)

1.3.3 WM N FHAN & RCBEALIN B 25496 /N X 347 B BR LA 34T R K iC o Hh il 35 1
AN Ak PR AL 8 B0 15 bk 8 R A RGP A R N KR 27 2O 5 3 e R S BE AL BN X
P2 m AR B, T RO B B A A hm 7 7E /DN DX BE LI L5 B R R 1, T B 2R R S AR/ Be
T 105°CAR_RT Lh,65 CHET /G40, frit T8 i 22t =rt iy TH/ZEFFTE.
1.4 LR mEHa

R TR M TH SRS AL A 38 £8 B 5 A5 R0 37 3 18 AR B0 e A o O~ 1 9 JC R 49 73 8, A F IR b A R (9) KR “ i
Z A" R BR VT 43 eR (I 355 53 ) A A 20 (10) 7R Bk /D g B 4 AR PP 43 sR A (a0, pH R 53) 17

Li ™ Xmin

S, =" (9)
xmax - xmm
Loax — XL

S, = Tme T (10)
I[Y\E\X 7 ‘T[Y\lh

SRR LNV I (0~1) 5.0, R AR AR R B AL 5 20,0 T 25, 73 300 2 72 8 B804 i L T B AR



534 B 8 W Bl 2R 3] 2025 4 19

A5 R I FE 0 43 B i 31 58 0~40 em 448 b (AU (B o AU 25 T 45 8 b 09 28 X 07 22 o BT AT 48 b 2 [
5 2 Z R ), AR (1) 158+ HE a8 £ SQI

SQI=>W,S, (11)
i=1

A SARCRIGHRAG 3 s R FEHR B 3 WAR AR AR 5 A58 1 n=11; SQI{E il 55 , AR 3% +- 5 i s 4y
1.5 #3554

K H Excel 2019 #E47 483, SPSS 23 #E47 J7 22 40 1 F1 LSD K 56 , #1] i Origin 2024 4 H I % F R Studio
B TIOR3 01, 251 Mantel Test 45

2 HBREHGH

2.1 AH— T AU e 3 3 ALK R 6 R
2,11 XM AN AN B LA AL — AR R AR B0 2 A B A [ R E 1 B
(#£2). 160~20 cm #FJ2 L3, 5 CK A L, PM.CM ,PCM, .PCM, . PCM, &b Bl 4 8 75 & 43 B F e T 11.84% .
7.89% .11.18% ,19.08% .13.82% , ¥ & FH K F CK(P<C0. 05) ; - 1 & 7L B 43 519 T 16.08% .12. 02% .
20.49% .28.93% .18.54% , B FLBRE 4 BN T 24.13% 1. 10% 4. 07% . 14.86 % . —14. 70 % , tf Fl 45 K &
SRR T 26.78% .21, 78% .23.27% .27.85% \19. 58% , B AF K R 4 BN T 24.53% .9.47% .18.42% |
41.73% 4. T4% s #E 20~40 cm BF 2 18, 5 CKAM L, FIEA T M R T 6.02% .5.42% .7.83% .13.25% .
12.05% , 4 8 Z K F CK(P<C0. 05) ; - 58 B LB 43 B34 i 17 8. 019 .2.49% .8.53% .16.69% .16. 71% , B4
FU R BE 4 9 W AR T 4.33% . —5.73%.6.99% . 7. 17% . 10.72% , L il £ 7K Bk 43 51 8 I T 15.90% . 8.56% .
18.24%6.35.09%%.33. 23% , BE R KM T 2. 3406 .12. 0206 ,1. 4206 .7.529%0 1. 9146

F2 AREBEN-THYHEENREHE L EYEE R0

Table 2 Effect of different ratios of organic—inorganic materials on the physical properties of soils in different tillage layers

+2 pisl TR E SALBEE TELBE WIRIES YIS TE R R
Soil layer ~ Treatment  Soil bulk density Total porosity Capillary porosity Saturated water holding Capillary moisture
(cm) (grem™) (%) (%) capacity (%) (%)
0~20 CK 1.5240.00a 40.6140. 46d 30.0140. 22¢ 26.5940. 24c 19.65=+0. 10d
PM 1.3440. 14be 47.1441. 70bc 37.2544.54a 33.71£3.05b 24.4742.40b
CM 1.4040. 04ab 45.49+2. 58¢ 30.34+0.09¢ 32.3842.86b 21.55+0. 62bed
PCM, 1.3540. 11bc 48.93+2.35b 31.23+1.63bc 36.45+4.91b 23.27+3.23bc
PCM, 1.2340.03c 52.36+1.74a 34.474+2.87ab 42.35+0. 29a 27.85+1.59
PCM, 1.31+0. 04dbc 48.14+0. 61bc 25.60+0. 44d 36.8241.74b 20.5840. 92¢cd
20~40 CK 1.6640.02a 38.5940. 12d 27.05+0.09b 23.14+0. 44d 16.2240. 20c
PM 1.5640.06b 41.68+2. 59bc 25.88+0. 13¢ 26.8242.83bc 16.60+0. 64bc
CM 1.57+0.01b 39.55+0. 16cd 28.6040. 31a 25.1240.08cd 18.17+0. 33a
PCM, 1.5340. 04dbc 41.88+0.22b 25.16+0. 64d 27.36+0.57b 16.45+0. 85¢
PCM, 1.4440.02d 45.03+1. 37a 25.114+0. 15d 31.2640.31a 17.444+0. 25ab
PCM, 1.46+0. 04cd 45.04+0. 00a 24.15+0. 21e 30.83+0.87a 16.5340. 61bc

T« A ) b 3 7R 22 57 ik 35 (P<<0. 05) .

Note: Different letters in the same column indicate significant differences at P<<0. 05 level.

2.1.2  XF b HEAR 2R R A R R it FHAS R HL— T AL RS R B2 1358 pH 4 3h & 8 X A [5) 12 32 1
R (# 1), 78 0~20 em + 2 ,PM.CM.PCM, .PCM, . PCM, 4t B + 3 pH 5 CK A1 1L, 70 501 i F R T 1.26% .
0.76% .2.77% .2.90% .2. 77% (P<C0.05) , £ ¥ & & = 40 ) B E AL T 12. 68% .10. 63% .26. 18% .30. 88% .
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17.79% (P<<0.05) ; 7F 20~40 cm + 2 , % Ab B + 3 pH 55 CKAH I, 20 B FEAR 17 1. 77 % .0. 63% .1.14% .1.90% .
0.88% , 2 & & HIFEAR T 10.99% .0.45% .24.22%.23.77% . 17. 042 A BECM ) pH Ml 23 & 2 5 CK &
BEXES,

25 4b BRI SR oy AN TR R B i TR IR (P<20. 05) , 7E 0~20 em -2, PM .CM .PCM, .PCM, .PCM, 4k # -+
A MR S CK A B/ T 75.80% .46.99% .57.62% .80.29% .92. 45% , Bl fit A & 8 CK A Bt/ 1
2.17%.0.09%.2.89% . 11.39% . 5.42% , A & B & & % CK 43 #& & 1 3.28% .2.45% .5.07% . 14.30% .
11.49% , SR & 3 CK 2 4 /5 T 55.59% .44.50% .69. 79% .84. 67 % .89. 54 % ; £ 20~40 cm + 2, + A
ML 2 58 CK 40 B 85 17 22.73% .12.21% . 33.25% . 75. 36 % . 71. 96 % , Bl fift % & s 48 CK 4 B4 i T
2.44% .1.36% .3.80% .5.43% 4. 70% , i Rl & 42 CKAr B 5 17 4. 38% .3.46% .6.87% .8.94% .8. 16 %,
B S B CK 4r B T 57.62% .51.81% .68.26% .87.11% .89.01% . 1fii PCM, fil PCM, 4b B 2~ 6] 45 #L
B A AR R R EE R
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E1 AEAN-ZNYREENAEHE T BELZERNZIN
Fig. 1 Effect of different ratios of organic—inorganic materials on soil chemical properties in different tillage layers
AT NG 7B R ) — 2 R W) Ak B ) 2% 5 3 (P<<0.05) , F [A . Different lowercase letters indicate significant differences among different

treatments in the same soil layer at P<C0.05 level, the same below.

2.2 AA— R A AT LI RAR KR S5 5 AR 6 R

2.2.1 X - AR AAORLAR S5 A1 1 52 W 23k 24F A HL— TC ALY R B S 45 Ak P 0~20 em AT 20~40 cm +
JZ>>0. 25 mm 7K B P A1 544 T ik #0388 CK B 3 42 /85 (P<<0. 05) , 17 <<0. 25 mm 7K Fa i o AT 3R 4K T o 43 3 L
CK B EMM(E2) . 0~20 cm £ 2 ,>5 mm ,<<0. 25 mm $i 48 F B 0K 5 0 8038 o T HAl ki 42, 1M 2~5 mm 1~
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2 mm,0.5~1.0 mm, 0. 25~0. 50 mm #i 2 A1 B &
T 43 B Sy 2. 02% ~4. 76 % o it 2R F 4%
AEFE B CM 4, >5 mm . 2~5 mm ki 2 B B IK i &
g3 BB CK 73 il 3% $2 % 15.5800~138. 17 #
19.57%~79.60% (P<<0.05) . 4% kb B 20~40 cm
+ )2 >5 mm R AR A R B0 = T CKL e
W £ 52.88%0~268.91% (P<C0.05) ;5 0.25~2.00
mm RL AR P SRR T & S BORR E TE 2. 2126~5.59% .
Hrf PM.CM ,PCM, . PCM, PCM, 4t B =5 mm ¥
(NG RN O 2 A
52.88%.89.07% .132.72% . 268.91% . 191. 24%
(P<<0.05).
2.2.2 X EEMIREREEMER  EHRR
) 8 3 5 ) - 9 A R AR E M S, L AR Y
HAZMWD) JUT -3 H 42 (GMD) Fl R, ., (P<<
0.05) o 7E 0~20 cm il 20~40 cm + 2 W, ¥ U
PCM, 4k B i) GMD #i% 5 , PCM AL BER 22 (1 3) , 4%
B CK i 35 48 55 47.37% .21, 05% F1 280. 77% .
142.31%(P<<0.05), PM fil PCM,, PM fil CM &b Bl
25 ANEE. 5 CKAMLL, PCM, A3 7 0~20 1
20~40 cm + )2 H1 MWD 23 5 42 & 7 83.05% F
179.80% , PCM, 4b H 4 % $& & 38.98% #i
118.18% . Wb4bh, 5 CKAH b, it H ek B 0~40 cm
TR R, IR N 5. 7T1%~144.44% . BRT 20~
40 cm £ 2 PM #1 CM &b ¥ 1) + HE A R 1K R, .. .GMD
T E LT, RS AR R, ,, MWD Al GMD
Pk 3] 5 2 22 5K (P<C0.05) , 156 B A [ id b A
BL— JEHL A R it P i b 2 38 0 - 8 AT 3R P R
P ve - P R AR
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K FH A 8Os 4R (8 11 A48 F5 ) X 0~40 em 1 )2
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F(F£3). Mid AR (9) M (10) 4 B s HE P A IEr
B A O~1 M 0 8. WSS, B 2 g RUF 43
THRAE 2R % - 3 AT T R A DG HE R
A 55 AL BREE AP A R AL MWD,
GMD Fl R, s 5“8 >t b BT 43 350485 50y %
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Fig. 2 Effect of organic—inorganic material ratios on the

composition of soil aggregates
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S T PCM b3 . 20~40 em 42, PCM, . PCM, . PCM, 4b 31 it 45 $6 b5 15 43 2 7 T CK, Hivh 148 pH A #h
RE EFLBRE A MR AR GESER MWD .GMD I R, .. 18 Fr 15343 24 e CK AL B8 48. 95% LA I,

R3 ITEREINEGRLBFAEMNE

Table 3 Common factor variance and weight of soil quality evaluation indicators

ERD 0~20 cm 20~40 cm ERD 0~20 cm 20~40 cm
Indicators — pvpg e RE ARWTH%E R || deos o amge omE AWTIE OKE

Communality Weight Communality Weight Communality Weight Communality Weight
BD 0.684 0.065 0. 895 0.085 AP 0. 896 0.085 0.956 0.091
FC 0.837 0.080 0.905 0. 086 AK 0. 864 0.082 0.906 0.086
pH 0.673 0.064 0.678 0.064 MWD 0. 885 0.084 0. 882 0.084
TDS 0.821 0.078 0.444 0.042 GMD 0. 860 0.082 0.778 0.074
SOM 0.741 0.071 0.834 0.079 R, 0.878 0.084 0. 884 0.084
AN 0.829 0.079 0.815 0.077

BD: % & Bulk density; FC: & LB Total porosity; TDS: 44k & Total dissolved salt; SOM: + HE A L i Soil organic matter; AN: # % &
Alkaline nitrogen; AP: H A Alkaline phosphorus; AK: HA4 Available potassium; MWD : ¥ i .12 Mean weight diameter; GMD : JLf 335

H & Geometric mean diameter; R, ,;: 0. 25 mm ] H 4 (5 L >>0. 25 mm aggregate percentage. F [i] The same below.
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Fig. 4 Effect of different organic—inorganic material ratios on soil index scores and soil quality index from 0-40 cm
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Jiti FA A Bl — TC AL kL RE % 525 3 i £ B8 R R A (B 4) . RFIAEHETR ,0~20 em Ml 20~40 cm + J2 + e i i
F8 BN K FN /MR R : PCM,(0. 93.0.92) \PCM, (0. 71.,0.78) \PCM, (0. 53.,0.59) . PM (0. 45.0.48) .CM(0. 28,
0.35) \CK(0.04.0.06), 0~40 cm +Jz PCM, fl PCM 4b B SQI i 3% 5 T CK. PCM,Ab B SQI ke PCM, Ak B3 il
31.92% F17.84% ,JF H 6/~ &b $H ] 34 35 3] ) 25 1k 22 /K F- .
2.4 HM— R HEATTHRTEZ NG HH
2.4.1 XHEETHORIIFZE A A AL — T ALY R i 35 5 e ) B AT B R 25 (P<20.05) o
5 CKA I, PM .CM .PCM, . PCM, . PCM, Ak B &+ 14 3 il 4 5 1 18. 79246 .13.69%6.9.98%6,19.21% . 17.41%,
MR A R T 21.09% . 1.81% .22, 90% .26.51% ,24. 11% ,PM \PCM, ,PCM, ,PCM, &b #l 2 [i5] I} 2% 1+ JC
FHEF(E S, SET A 25 S PCM AL FE R 3k e 5, 20 3ok 3. 74 10, 70,
2.4.2  XF T AR 1Y 5 IR 5 CKHM L, PM.CM.PCM,,PCM,, PCM, 4b B () 3 5 40 G $ & 7
30.41% ,11.49% .65.54% . 62. 84% . 68.24% , CM 4b Bl 5 W S A X HE 22 5% RN 3% (& 6) s 7= o Bl & 1
40.55% .25.09% .43.97% .50.07% .47. 76 % (P<<0. 05) , 3§ ;& Rk PCM,>PCM,>PCM,>PM>CM; PCM,,
PCM, . PCM, 4b 3 ] H ¥ 51 7™ 5 JC b 2 2 5+

W
1
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Fig. 5 Effect of different organic—inorganic material ratios on fresh-dry ratio and leaf-stem ratio of E. frumentacea
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Fig. 6 Effect of different organic—inorganic material ratios on seedling rate and yield of E. frumentacea
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20~40 cm 2 EAE 519 98.92% M1 1.08% . 0~20 cm )2 HHEF ML S M R IEMH XX R, 55 H pH.
LR AMARKR ., 20~40 cm )2 1 e RARFEE PS5 FLBREE A HLBT B A A RO R AR B T AR DG OC
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Fig.7 Redundancy analysis of soil quality and yield with soil properties under different organic—inorganic material ratios
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Fig. 8 Relationship of E. frumentacea yield and soil quality index under different organic—inorganic material ratios

RTA] A 2 BR TR A HE B R i 5 IR B R TR A CME S R . E 0~20 em )2 (&19) , BT &
A aE AT FLBREE AR B A HLTT EROE RN T R R] 0 R DG PEAR IR (=0, 5) , [] B 5 A BB M AH G (P<<
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FME(P<C0.001) ¥ %58 s TDS Fl SOM 5 + 8 Ji 2 A1 7= &8 19 8 25 P 5 (P<<0. 01) , {H A0 58 P & 1K (0. 2<r<<
0.5). RASKA ,BFFE X 43 & A PE B AR b2 + 3 T A 5R ZU 52 1)

20~40 cm B2 /R FRAE K 2R ML Pearson’s
1.0

-1.0
B 4¢/R P Mantel’s P
@ <o.001
@ 0.001<x<0.01
@ 0.01<x<0.05
>0.05
SRR R
Mantel’s correlation coefficient (r)
—-— ()5
— 0.25~0.5

> Seedling rate . Seedling rate —— <0.25
B9 TEREFM=E5LEMRA Mantel 856 717

Fig. 9 Mantel test analysis of soil quality and yield with soil properties

Seedling rate; % *: P<C0.05; **; P<C0.01; ***; P<C0.001.
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FEIN A 52 M b B0 T A R 2R A 2, AN T R Y A T A T — e R RN RCR B AR R A SRR
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(K 2) . it H R o RR B =, 3% 00 & B AIK, 98 0 o 1 5 AN b g A B T Eh B R G i
T RUAE = 5 2 B, ol B ) A B B B A O 3R 0 2 R0k ke i M T AR R B R SR
ARG, 5 CK AL, A HL— JCHL YRk BC it i it FH 58 2 35 0 7 B J2 3 0 A ML T 0 e A L AR A R o O i
(F 1) X5 H/NE &R AR %G A e R YR 5837 4 19 52 ma 45 S — B0, LR AT B 2 < 1) i it 40 et
TR Sk A T R AR R AR R R AR T R AR Y Ca® A MUK R, Ca® k] - 0 A A F s T
XA LT B PR AR T A BT R AR R 5 i S ok A HL B AR O - R SRR AL Y I R AR M R 2 i BH
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SR8 K A R B 1 P I ELAE XA AR P S A R HILR A B, T i R A R R AR S R
MTHE 0 T Bl AT A RO . 3) A BRI B BE RS 18 n ke K IR B R AR Y BRI R AR R
[l B, 360 T Ca®" A o R A5 e RE S 3G N+ B A . JF B P A R AR OR 2 M s, 2 4
BEBH B S AR A e, D R Y Ca® i 2y B — g s 0 K, I RG K v v K &, gE i om 7+
B S (81 1), X 5 Lashari 258 B #F 58 45 R — %% .
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