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7.90, £3EH RN 210 uS em ' BRER L i
67.9 g kg ' ARMEILE T AL (FK 1), CK 5

1, At B £} ; CRF ( Controlled-Release Fertilizers) Sk
EREA AL #E ; CCF ( Common Compound Fertilizers ) A
i 5 A AT A B B 12,3 43 0] S A T Y HE R it
KA, & B A =, NXETFRN 3 m x6 m
=18 m’, HLEUARAE B ol E B 12 5 (GK12) 47
PR 1.5 m BRATFPAE P HE, BRIEH 0. 4 m, T Al 2% 2
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Table 1  Designing of the field experiment
6 A HiA P,0, ht A K,0 bt .
L3R it HE Ak 3R R AR5 - - o I
N application rate P, O; application rate K, O application rate
No. Treatments and code . Remarks
(kg hm™?*) (kg hm~?) (kg hm~?)
T e A A A
1 2514 (CK) Blank 0 0 0 FrHERIEH 50% %82 451
(12:12:17) ,30% G5 A e (10:
, FSRAL 1 (CRFL) s " o 10:14) ,20% £ R % (36:0:0) &
Controlled-release fertilizer 1 A
The controlled release fertilizer used in
3 FERIE 2 (CRF2) 150 84 120 the experiment was a blend of 50%
Controlled-release fertilizer 2 compound fertilizer (12:12:17) , 30%
PRIE 3 (CRF3) coated compound fertilizer (10:10: 14)
4 225 126 180 A
Controlled-release fertilizer 3 and 20% coated Urea (36:0:0)
WA 1 (CCF1) .
5 " 75 42 60 I 8 388 A M o1 9388 2 5 8 (123 12
Compound fertilizer 1 s
S17) AR 2 (46:0:0) $5 ¥ E RiA
p MmN 2 (CCF2) 150 g4 120 The common compound fertilizer in use
Compound fertilizer 2 was a blend of common compound fer-
. tilizer(12: 12: 17) and urea (46:0:0)
Wi A 3 (CCF3)
7 225 126 130 applied as setup in the experiment

Compound fertilizer 3

1.2 #HFmRESWNE

AL B3] T D RAE RS 31 By i SR ORI T H A
FREIR N T 72 B SPAD-502 KTF 454 2 A A7
SE , IS AN B 5 A 3R R AR L R AR PR e
SE DAL 2 B A PR T S 1) 2 52, MR L 1210 em AR
R AE B2 A R4 /N IX Pt 3 BRACR MR FE A
e, TR I A 4 BE R B BE A AR Y T AR A
i IR 0. 716 , 5K OV S (AL AR Sy B/ XA 46 1)
TR R AEAE % 301 AT 2R 300 30 A5 A 48 0k ORISR A

B AERRAE B U IR SR AR AR AR B A, 105 °C 25 R
A7 30 min 80CHET  FRE Y i

TERR A6 B 3] R 0] 6 % 400 Rt 2R 00 oK 4 A U
B dl, B/ DA% 1 =S U, I/ Bk R R
2% ) 20 A UKL (3l 0 FL 5 e IO B9 R AR L) L TR
2JRAE 500 g AE D /N KEE i, AT, 3 2 mm B A
Flo 325 A AN 25 AT 0. 01 mol L™ G4k 4512
32, TS TE S AT A0 5 + A % 0.5 mol L7
NaHCO, &2, 1 86 BT LU (075 0 2 5 4 38 3 25040
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20F- OCK  OCRFl ---------7 =
O CRF2 ® CRF3 il
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Fig. 1 Effects of the fertilizer treatments on

boll number of the cotton in the field
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Fig. 2 Effects of the fertilizer treatments on number of

fruit spurs of the cotton in the field
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Table 2 Effects of fertilizer treatments on biomass of the cotton in the field

Mo b T E
Dry weight of shoots(g plot ~

Kb 3 Treatments

W E
") Dry weight of roots(g plot =")

CK 52.76 ¢ 19.68 b
CRF1 75.35 a 28.07 a
CRF2 71.00 ab 27.25 ab
CRF3 57.53 be 23.34 ab
CCF1 53.47 ¢ 23.81 ab
CCF2 54.33 ¢ 22.77 ab
CCF3 60. 57 be 22.39 ab

BT E ML L
Total dry weight(g plot =) Ratio of root/ shoot
72.44 b 0.37
103.42 a 0.37
98.25 a 0.38
80.87 b 0. 41
77.28 b 0. 45
77.10 b 0. 42
82.95 b 0.37

E RIS L E LR AR FZ RN BERRA R FH 2R (p<5% ) Note: The same lowercase letter in the same column means

insignificance in difference between treatments at the 5% level by Duncan’s multiple range tests

2 B N Ak 3 45 il T 7K P 5 3 3 A2 I Ak B %
Jit HES 7K P X6 SR T AR A 7 i A 5 ) AN AR [R] (3R03) 6
RO AL B CRF1 FI CRF2 3 48 77 2 b 25 it 0 2 119
T 5Lk B (i AE iR AR BE CRE3 =i A
BT 5 3 42 5 1 Ak 4 B o vt A & 79 386 o, 5
IR, A B A A B A B
A N W A it A A 38, g R Bl 2 K,
T 45 B B &b ¥ CRF2 34 7= 3% ok 23.62% , CRF1 Fl
CRF3 ()44 p= %k 21.18% H1 19.36% , 7F 75,150
225 kg hm 4l FUE IR 45 1, 35 1 A A T A X6 5
3w 42 A N8 b B A B RO, 4 i R 18.84% |
11.64% F1 1. 11% , X FE 2 M T8 E G500 N
Vs T IERE A 3 S B — 0 43 Bk A S A,
R BB AE T Wb, B TS AR EH 5

*x3

788 Bl A i 2% it A £ 185 0 A7 B8 A - S W AH
XFaE 2 A I ™ o il A 2 1) 388 T 3G K T 4 K
FRIAH R, 7ERHBIR 50% 16 B0 (30% A 4, i
AL 20% (AL B R 3) 42 m I RHBE A 1 28 355 1
A NERHR] ] 3 A 35 48 . PR, 78 R H 52 B
Az ek AR RE R T S A A6 A9 R Bl R
AIAT I o A R4 R L 1Y 53 A — A A 2 il b T
B, BEAR T A B R bk R L R AR U AR IR
XA B AE F L R T AR AE RIS, A
THERMAESH 4., X W2 EREELE,
RERBEZTY T 2 WELERN, £T E
WAL, TEA AL A 77 ob HE A7 8 S A A R R IT Y
BIRNEEHE A1

R M AR AL EE 3 K B AR L 7= B B0 B IR

Table 3 Effects of fertilizer treatments on cotton yield

b 7 FERR 7 5 CK M i 3 = 3R 55 AR [ it F i CCF A L 14 7= 2
Treatments Yield of seed cotton (kg plot~") Increment over CK (% ) Increment over CCF (% )
CK 4.58 ¢ 0 —
CRF1 5.55 ab 21.18 18. 84
CRF2 5.56 a 23.62 11. 64
CRF3 5.47 abe 19. 36 1. 11
CCF1 4. 67 be 1.93 —
CCF2 4.98 be 8.81 —
CCF3 5.41 abc 18.09 —
L — 2P EHB S Z E I PR A AN F N RERRA B EER (p<5% ) ;—F£/N{H Note: The same letter in the same verti-

cal column means insignificance in difference between treatments at the 5% level by Duncan’ s multiple analysis;

“—"" it means no value available
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Fig. 3 Effects of the fertilizer treatments on plant

height of the cotton in the field
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Fig. 4 Effects of the fertilizer treatments on culm diameter of

the cotton in the field
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Fig. 5 Effects of the fertilizer treatments on chlorophyll

of the cotton in the field
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Fig. 6 Effects of the fertilizer treatments on leaf area

of the cotton in the field

TSRS

-N content in soil (mg kg™')

NO;~

TSR AR

NO;™-N content in soil (mg kg™)

250

200

150

100

50

80

60

40

20

a 0~20 cm
[]CK
us [ CRF1
________________ N-- - N_______ EJCRF2
N ESY CRF3
CCF1
[ CCF2
———————————————— —i———-———-— N - - - - - - - B&I CCF3
N~ N
= __F %x
Seedling stage Bud stage Blossoming and Boll-opening stage

boll-forming stage
H: K3 Stage of growth

b 20~40 cm

VAV,

S

XXX

NS
XX

Q>

X

AT
XX

T

A7
XX

EEENNENENLERE
X

X0

< 1

i 1]
Blossoming and Boll-opening stage
boll-forming stage

H: K Stage of growth

A LR

Seedling stage Bud stage

P07 ORI AE £ 8 vh Al 28 20 1 i A8 fl
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Fig. 8 Effects of the fertilizer treatments on soil NH," -N

content in the cotton field

Wb FRAEEE A RN AL 5 M 2 3 A5 i E E 0 b 1A
2,20 ~40 em L EMMESA T HEMSHZEN
SO ], 2 0 R A Ak B 7 A6 A6 75 L o e 30 T R 4L
LS EIWL IR =
TS A A WAL B 8 fR, fE 0 ~
20 em 4 2, PR AE b B L R TR R A B T
50 5200 b BRI 2 TS PR S ERE
Ab FHAE AR A6 I B S R i S E A S Ak A
FEAN I FEAGRS )R B4 4 R T Ak R U S
TEEE S, 7620 ~40 em + )2 4% 4b 3]
ZERAREFE BRI LR AR, Xy
FEH 45 T T Ak B A A A AR A P AT R B R A AR

AR TR AR

& 9 ATAT,0 ~20 em 4 2 45 B0 b B0 A Ak i
it IS N R R e A A A 0 Ak A
TR TR, 7E 20 ~40 cm + 2R [RAL A
MW mERARE ., BELIED B TR 2E,
[ B S 5 A 38 vl i 5 B A5 BH B A LA R
WAy ICVENE T, (45 T el i A A MERE AR, REIE
AN RS DA W R S 43 LB B AR A8 1 2B KRR K
I HLA5 AL AT DL POt 2 AR AR AR R BT, 02D T 5
NEAEFR 4 55 e AR S ML s DTG B 2 e e T
JEAREFR 3 B4 00 B A AL ) A R SR 1 1 58 8 1 37
g3, SO 2y T HERRSE I, AR T AR A

http : //pedologica. issas. ac. cn



302 +

51 %

400

a0~20 cm

320

240

160

TS R

Available P content in soil (mg kg™)

80

| I
AN A )

[_ICK

[ CRF1
E= CRF2
RN CRF3
V/Accri
B ccr2
--- A ccr3

S

g Rp— A

I
AN )

Seedling stage

Bud stage

i 3]
Blossoming and Boll-opening stage
boll-forming stage

A=K Stage of growth

150
b 20~40 cm e
[ CRF1
E=CRF2
T (20| mmmm e KNJCRF3
2 % CCF1
g EEH CCF2
o = |
S 90F----- - 4------H -
2 E H
w2 N g 1
B OrTRAT T N
2 H H T
g H H HH
£ 30 i - - B A
HifY i iRz ] i L]
Seedling stage Bud stage Blossoming and Boll-opening stage

boll-forming stage

A K4 Stage of growth

P9 TH AR AE 8 i A Rk B i A2 Ak

Fig. 9 Effects of the fertilizer treatments on content of

soil available P in the cotton field

PR A AR A N TE AL A 23 v RO e 2 ) —
MR, HE2HS5E AR, EAS 5MKIEN
AP SRS R, T DL E A BT U R
SEAEAE 43 DI B 2 T S B A AR B
PN 22 53 A1 T AR A VR B 14 20 2, 2 AR P 22 b g
(15 AL R, BE A 2R A ) 1 P9 22 A B B . P E 4R
e A T A B 5 R AT RN B AR R e A bR
(B0 L R AR S PR

TE B WA A1) 0 ~ 20 em - J2 R [a] b 2 53 %0 40
TSN (B 10) A8 K AJERE I, %%
Ak B 1) 22 S DR AL B o 0 082 SR R T O T R A

[i) it A K ST 428 8 A A BB - g e A5 e B I
T CK HI CCF 4b ¥ 5 1fif 20 ~40 cm + )2 A [6) kb P 58
M EREESARE, MY EFRELHREN R
AR BR AR 43 Y B R S PR A B, AR AR AR R 8 4
W2 W AR A B A, AR AR B R R B 0 AR
98 R CRR AR R AR O, 06 003 S i A i AR BR S A
REWAVED W W it FH 2 R NE N (B R A 4B 3 41E 1
W PR BR R E SR, M H i T RIS A bt T AR AE AR
FMIT, S B R 7 MR R K R B I, T 4R
TSRS 2 A Rk

http : //pedologica. issas. ac. cn



2 28 e A R I P B X A A A R P R - S T 4 5 ) 303
4001 a0-20em
_ ek
[ CRF1
N o S ESCRR2
p 320 & K CRF3
g ) cCFl
= B ccr2
40 B 240 fommmmmmmmmmmmemem oo Rl B ccr3
= .8
= E
%‘ ; 160 F----===---————-—-=----—-—-—-- R e — e
2 = i
g - - IIEN A T
< n E :.:
: =NZiis
u = %
H = %
\ O ENV X
Hi i FE# i 320
Seedling stage Bud stage Blossoming and Boll-opening stage
boll-forming stage
A J Stage of growth
120 ¢
b 20~40 cm
T&D 90 --- I:I CcK o ___ N D, S,
2 I CRF!
o E= CRR2 i
P 3 CRF3 H 1
= £ V/A ccrl - i
KE 60 ---- B cCF2 - - - - - - H -
X g - ]
®S - H
H T s
B ss H H
= . = u I
= 30 [ HEE - = : is
KD = H H
z X = i H
! = us M
N | (IE H i
0 NG SNGis! i ENG::
Wi H#H TE# i it
Seedling stage Bud stage Blossoming and Boll-opening stage
boll-forming stage
A K Stage of growth
10 R AR AR 3 v B0 5 1 i R Ak
Fig. 10 Effects of the fertilizer treatments on content of
soil available K in the cotton field
ANEE, EZOMALEFTY, 52 G ICA AL,
3 % B PERNEAR L 2 T 0 ~20 em 120 ~40 em + 2 A4

7E 75 150 1 225 kg hm ~> 4l Z00 0 4140 F , 5
T Kb A A 7 B b R A IR Ak T G 0 0 T
18.9% \13.6% Al 1. 11% . S K I & 4% 1F F, 5
e AT A IR EL R R 4R v AR AR 0 AR
B, FLFEAR T 0 AR R b 7 AR i 22, L
25 it A 7K SF- 8 B I Ak LA 46 25 Bk B 2, o 20 A4
BB A R R S A R 14% o 1R AR
AR T AR 75 30, Ak 0 ) A 46 A BRAS A  AE b 25 57

AR A R X 2 S R B S R R
B IZ 38 vh A S5 2 56 5 e AE s I 18] ) SE R
PR 10 2B AT 2 3 e AR . B )= b M A B e A
i AL BE A2 T R ST T v SR AT, £ A8 5% 3] 38 B i
i, HL DA R A B o 1 R I SR 0 R S R
BT Ry i A DRI A R AR A8 % )
Bk, B2, 76N 75 kg hm 4G AL & AF T, 45
TR I Ak X A A6 A= B35 B A A SIS ) R AR B R
SRR 25 e (EL R AR v T AR AR

http : //pedologica. issas. ac. cn



304 S - 514
release fertilizers in flue-cured tobacco (In Chinese). Chinese
7;5 % 3'[ ﬁk Agricultural Science Bulletin, 2012, 28(28) : 109—113
1] RERESE MR AR S SCH L R IG ST U B A (1] mscHE JER M, 20,5 . SRR RN A h iR 5
9 NN k] 9 - 23 piny
R 25 25 4. 2006, 17 (12) : 2363—2370. Xue X P, Je . bk 2, 2012, 16 128—130. Gao W S, Fan L C,
Chen B L, Guo W Q. et al. Dynamic quantitative model of criti- Qin X, et al. Application and prospect of slow/controlled release
cal nitrogen demand of cotton (In Chinese). Chinese Journal of fertilizers in fruit production (In Chinese). Northern Horticul-
e, 2012, 16 128—130
Applied Ecology, 2006, 17(12) ; 2363—2370 ture, o
(2] ERBLIKE R S R A A [12]  T3C. R RN X 467 5 | BT R 3% 43 R ] 36 00 52 0
il Iy ’ - R < HBL BN 4
W, TS X e b BF 55, 2006, 24 (1) : 73—84. Hou X L R 2# 4, 2013, 28(1) ; 47—50. Ding W. Effect of con-
7h Y LiP. etal Effect of nit fertili i . trolled release fertilizer on the yield and quality of banana and nu-
ang Y, Li P, et al. ect of nitrogen fertilizer on fluvoaquic
soil NO,-N distribution in Nanjiang (In Chinese). Agricultural trient use efficiency (In Chinese). Fujian Journal of Agricultural
5- se ) .
Sciences, 2013, 28 (1) : 47—50
Research in the Arid Areas, 2006, 24(11); 73—84 clences, - 28(1):
(3] FLHKE L MEEOE. S . SR 6 U R 2T 4 [13] Worrall R J, Lamont G P, Oconnell M A. The growth response of
-, E, BRAT, 5% . i M A N EEY AR T
B TR M X 42l BT, 2006, 24 (11): 77—83. W p container grown woody ornamentals to controlled-release fertilizer.
r-T 5 LWL, , ¢ f/—65. Wang I,
Scientia Horiculture, 1987, 32, 275—286
Tian C Y, Chen X P, et al. Investigation of N fertilization prac- cientia Horiculture, 1987, 32
. I . ) . . [14]  fhoRA: TR R, IR AKAL, 45 . PR ML AR AR AR 1 b % I 2 WF
tice and N equilibrium analysis in cotton fields in south Xinjiang
7. S 2 22 . 133—136. S ) S, Zh
(In Chinese). Agricultural Research in the Arid Areas, 2006, FE K LAREFEEAR, 2006, 22(6) : 133—136. Sun Q S, Zhang
24(11): 77— 83 M, Su Q H, et al. Effects of controlled release compound fertiliz-
[47 EEmE ' SESCH L A . 2 X 7 A B A ers on growth of potted cotton (In Chinese). Journal of Soil and
GEPE, # o, el vE L RUER A AL /R R Y
S . b L M 2008, 24(10) : 462—466. Xue X P, Water Conservation, 2006, 22(6) : 133—136
15 AL RN S 2 2 7% O Sy . i S A e
Guo W Q, Zhou Z G. Effects of nitrogen rate applied on nitrogen CIST SRR RIESE INE AR, 55 BRERUIL AR AE Tt & b
L B s e 2 2010. 1 . B
use efficiency and lint yield of cotton (In Chinese). Chinese Ag- BT RPN . P ERS IR, 2010, 16(3) : 656
cultural Sei Bulletin, 2008 , 24(10) : 462— 466 662. Li X G, Song X L, Sun X Z, et al. Effects of controlled re-
ricultural Science Bulletin, s : —
5] Rochester 1 J, Peoples M B. Hulugalle N R. et al. Using | lease N fertilizer on photosynthetic characteristics and yield of cot-
ochester T J, Peoples , Hulugalle , et al. Using leg-
In Chinese). Plant Nutrition and Fertilizer Science, 2010
umes to enhance nitrogen fertility and soil condition in cotton ton (In Chinese) ant Rutrition and Fertilizer Science, ’
16(3): 656—662
cropping systems. Field Crops Research, 2001, 70 27—41 (3):
(6] BREIRKL B BRI . R A I I I 34 e HOR GE % [16] McMichael B L. Water stress adaptation // Hesketh J D, Jones J
7 s PR P, s CTEMERT =5 SKIR
S S 2 U B 2 R B B . K - R RS L 2011 D eds. Predicting Photosynthesis for Ecosystem Models. CRC
TN Y s 2R\ R AN e . N ’ ’
Press, USA, 1980, 183—204
25(4):110—115. Chen J Q, Chen H K, Zhang M, et al. Nu- resss ’ ’
. - . [17] XV, AR, INVLE . AR E TR KRR AEAS 7 A AL
trient release characteristics of controlled release compound fertil-
i o5 4 i . B3R5 IR OR A2 Rk, 2007, 13
izer in field and its effect on nitrate and ammonium accumulation TR A SR R DA ’
5):910—914. Liu LT, Li C D, Sun H C, et al. Physiologi-
(In Chinese). Journal of Soil and Water Conservation, 2011, 25 (3):9 o " o o »eta ysiologt
(4):110—115 cal effects of nitrogen nutrition on the senescence of cotton leaves
(7] )L'_%m LB T 202 AR N T oK B I 2B B A at different positions (In Chinese). Plant Nutrition and Fertilizer
i, s iy SF - s (4 AL AFENC
\ s . Science, 2007, 13 (5): 910—914
FHRCH AT . P25 9% 55 08 B2 4, 2011, 17 (1) 205— () A -
215. Lu Y L, Bai Y L, Wang L, et al. Efficiency analysis of (18] Fh3k, Gesrte, JIE ), HRAEBR AR E IR 5 LA A PRk
’ ’ ' V. LR, 1990, 27(2): 166—171. Sun X, Rao L H
slow/controlled release fertilizer on wheat-maize in North China o AR, 1990, (2): A, Ao ’
(In Chi ). Plant Nutrit d Fertili Sei 2011. 17 Qin S C, et al. Potassium nutrition of cotton plant in relation to
n Chinese). Plant Nutrition and Fertilizer Science, s
(1):205—215 potassium status in soils (In Chinese). Acta Pedologica Sinica,
., .:l= " - g N UL 1990, 27(2) : 166—171
(8] WEE A EERIERE LR ACRO . Wk ) B
WA 2010, 1: 38—39. Peng € X, Yu H. Efficiency of [19]  ZAAC, BRBr, G818, % . 50 im0 DR LA 26 A% 07 it B 2R
’ I ' ' UHLA G BRSE . b4, 2007, 39(6) ; 932—937. Jiang C C
slow/controlled release fertilizer in peanut growth (In Chinese). SRPLAI HIBET . L5, » 39(6): Jiang ’
Henan Journal of Agricultural Sciences, 2010, 1. 38—39 Chen F, Lu J W, et al. On the screening high potassium effi-
0] L B KL . KRR R R IR AGR B BE ST . Ay ciency cotton genotypes and its mechanisms (In Chinese). Soils,
=5, ) U H 2 720 M RO LT T -
_ 2 . 932—
JKAG, 2013, 41(3) : 20—22. Yan T, Teng S H, Liu S L. Effi- 007, 39(6) : 932—937
. \ . e . [20]  ZA% R, Tyl R4 05 , 45 . R NS X A 4K 7™ ik (5% ) K
ciency of slow sustained-released fertilizer in rice (In Chinese).
The Northern Rice, 2013, 41(3): 20—22 JeARERO DI . MRS, 2005, 17 (5) : 275279, Li L
C107 Ak XIE. B AL 2 26 . SRR AR AE KA [ L, Ma Z B, Tan J F, et al. Effects of controlled release N fertil-

W, hEAFER, 2012, 28(28) : 109—113. He Y Q, Liu
G S, Gao C Q, et al. Application and prospect of slow/controlled

izer on photosynthesis property and yield of cotton (In Chinese).

Cotton Science, 2005, 17 (5): 275—279

http : //pedologica. issas. ac. cn



2 38 7RSS A < R I P 2 6 A A A R R A e AT g 1 5 305

EFFECTS OF APPLICATION RATES OF CONTROLLED RELEASE FERTILIZERS
ON COTTON GROWTH AND SOIL FERTILITY

Li Chengliang’ Huang Bo® Sun Qiangsheng' Dou Xingxia® Yang Yuechao' Zhang Min'"*'
(1 National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources; National Engineering &
Technology Research Center for Slow and Controlled Release Fertilizers,
College of Resource and Environment, Shandong Agricultural University, Taian, Shandong 271018, China)
(2 National Center for Quality Supervision and Testing of Fertilizers, Linyi, Shandong 276001 , China)
Abstract A field experiment of controlled release fertilizers ( CRFs) on cotton was carried out to study effects of ap-
plication rate of CRFs on cotton ( Guokang 12) growth and soil fertility with the application of common compound fertiliz-
ers (CCFs) as control for comparison. Results show that CRFs significantly increased plant height, culm diameter, leave
area and the numbers of fruit spurs and bolls of the cotton. When N 75 kg hm ~* and N 150 kg hm ~* was applied, yield of
the cotton in Treatment CRFs was 18.9% and 13. 6% higher than that in CK (CCFs) , respectively. Besides, CRFs also

significantly increased the content of NO, -N in the soil of the 0 ~40 cm soil layer, but didn’t affect much the content of

NH,” & -N in the soil. No significant difference was observed in content of available P and K between Treatments CRFs

and CCFs.

Key words Controlled release fertilizers ; Cotton ; Common compound fertilizers ; Soil fertility
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