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(6) FERAEAH FG A I (CRKS) , A4
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Table 1 Scheme and doses of fertilizers ( kg hm™)

i MR RE RRIRE B T WA AW
Treatment N-P,05-K,0 Urea CRU DAP Potassium chloride  Potassium sulfate CRK Sulfur
CK1 220-90-180 162 261 195 - 360 - -
CK2 220-90-180 162 261 195 300 - - -
KCIS 220-90-180 162 261 195 300 - - 68

150 (i)
KCID 220-90-180 162 261 195 o - - -
150 (3Bt )
CRK 220-90-180 162 261 195 - - 344 -
CRKS 220-90-180 162 261 195 - - 344 68

#: CRU, Controlled release urea; DAP, Diammonium phosphate; CRK, Controlled release potassium chloride
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Fig. 1 K release characteristics of controlled release potassium chloride ( CRK ) in 25° C water (a) and soil (b)
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1 —o— BRI Lowest temperature EMEUT, MBI (GRBRIl ) pek

—o— Hx il B Highest temperature

WS Temperature (°C)

1 16 31 46 61 76 91 106 121
HiRE G K%L Days after fertilization (d)
K2 20154 AE AL Jm il AL Ak
Fig. 2 Variation of air temperature after fertilization during the

cotton growth period in 2015
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CRKFICRKSAb !, Fifif5 52 TR #E; KCIDAR
FERS B N 2 5 O & it b, ER R it
5 CRKMCRKSAM 22 5 A 3% . CRK AL B - 1 7
SR R Ko 4% A — R R it Ak P LSRR
H AW LS 25 TCK1, CK2HKCISAbH, ff
TR RS R AL R, A AT B 0
PEUE T RO R R E R

R3S EMA G, AN SR RIES
PRI YRR > JE SR > RRIRI B AR > JEAE
PR > KRS A #a % (£3) o KCID. CRK
FCRKSAMFRACKL . CK2MKCISAM IR i 4t e T
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Table 2 Variation of soil available K content in the soil during the cotton growing period relative to treatment ( mg kg™")

b3 £ WAL AL el g -

Treatment Squaring Initial bloom Full bloom Boll bearing Initial boll-opening B Mature
CK1 101.0b 147.9a 134.0a 122.8h 117.7h 107.2b
CK2 99.40b 155.7a 135.6a 124.1b 114.7b 109.5b
KCIS 102.5b 154.2a 135.6a 126.9h 118.1b 108.7b
KCID 113.5a 126.0b 129.1a 135.6a 130.6a 135.6a
CRK 118.2a 113.5¢ 127.5a 138.7a 133.0a 127.9a
CRKS 119.7a 115.0¢ 127.5a 137.4a 136.6a 124.3a

F: F—3 P FEEE A NG F RN Z R AR (p<0.05) Note: Means followed by the same lowercase letters in the

same column are insignificant in difference (p <0.05)

R3 2015FMAEWRKEZLBELIRB RS

Table 3 Forms of soil potassium after cotton harvested in 2015 relative to treatment

m IR AR5 5 i B FRER I B A R B W
Water-soluble K Non-specifically adsorbed  Specifically adsorbed K Non-exchangeable K Mineral K
Treatment . B ., B B
(mgkg™) K (mgkg™) (mgkg™) (mgkg™") (gkeg™)
CK1 20.04h 41.73b 55.89a 1 004a 23.57a
CK2 18.81h 42.96h 52.89a 997.9a 23.56a
KCIS 20.45h 41.32b 56.36a 1013a 23.59a
KCID 23.32a 47.07a 60.24a 972.6h 23.59a
CRK 23.73a 46.66a 62.57a 932.7h 23.60a
CRKS 24.96a 48.66a 62.98a 947.8h 23.64a
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2.3 ARIHEAEXMIEEETRFMHERLE
MR RN
20 154F 45 4b BES P A D{E 78 47 4 31 F % 4% 19 fe
B, ZIRBWIEAR (F4) o EMAIFY (it
HEF ) , CRKSAMFESPADH & % T CK1MCK2

AbEE, HEKCIDAICRKARH 2% 0K 3 0 45 4b 3
TERIAE WA AL WISPAD Z R A B E, (HEW
IFCRKSAL 3 i 2 3 T CK2A0 B, 7E IR 22 1 1 i 2
], CRKSALFESPAD(E % = TCK1FICK24b 2,
CRKAIKCIDAN B[] 22 508 2, (H R ¥ B 3

F4 2015FRBEEE I FSPADT (L

Table 4 Variation of SPAD during the cotton growing period in 2015 relative to treatment

50 P BN AW Fo P e
Treatment Squaring Initial bloom Full bloom Boll bearing Initial boll-opening Mature
CK1 40.73b 48.51a 47.57a 40.03b 39.67h 30.80c
CK2 40.50b 47.41a 48.40a 40.07b 37.57b 27.10¢
KCIS 41.07b 48.58a 48.56a 43.90a 38.63h 29.43¢
KCID 42.87ab 48.27a 48.78a 42.97a 41.13ab 33.20b
CRK 43.20a 48.05a 47.93a 44.60a 41.12ab 34.63ab
CRKS 44.97a 48.88a 48.69a 43.10a 42.07a 35.23a
PP CK2AL 5. 24 TREBLENBEMAFLR. =B0R

MR A E R (Pn ) BEARAE L KB
B, AR B AR B S BE R R TR W R AR (3R
5) o 20154F 5, A FEPn Ll CRKSAL B i &
KCIDFICRK AL HE 4 ) 2% T CK24b 3, {HCRKH
CRKSAPHE 22 S AN i 3 o WAL IR CK AR 3 I 2
TCK2, J A B0 Ak 38 ) 22 5 AN B 2 e I e
CK1FICRKSZ#Pn i 2 & T CK2FIKCID AL 3, {H
AWIBTCRK . CRKSHKCIDAN Pl 22 7 A I 3 .
FE A, CRKSAh HAR Pofl B 35 & T H Al &b
#, KCIDS5CRKZER AR ZE, HEF&TCKIL,
CK2RIKCISIL 3

y-0EA |

CRKSHCK1MICK2 i 3 £ 55 T s Som s i
&, H20154E AR FESCKIZFARE (£6) .
CRK M A H W 5 TCK24L B . 20154EKCISHY
BB EI R & TCK24HE . 2014H12015
AEFEAR P DLCRK S i, B A b 71 i 3 1
71% ~14.2%H18.0% ~ 22.8%, {H20134E5CRK
FMKCIDAN PR 22 3R i 2% . KCID 5 CRK AL B [A] ¥
MrraEESARE, BYEERTCK24H,
CRKHMEAEA 43 75 2 W 35 = T-CK2 o J A Bl FF A
AR AR A, 8RO 5 R AR — 20, KCISAb

K5 WISERUEEBEHHRAEAEERTTL

Table 5 Variation of net photosynthetic rate of function leaf during the cotton growing period in 2015 relative to treatment

(pmol m™2s™)

Jib 3 P HIAEM AL 1 HEEm A
Treatment Squaring Initial bloom Full bloom Boll bearing Initial boll-opening Mature
CK1 23.83de 32.19a 36.07a 29.27a 20.96ah 15.25¢
CK2 21.43e 29.98b 33.77b 28.24b 18.51b 12.05¢
KCIS 23.50cd 31.46ab 35.57ab 29.31a 20.81ab 14.92¢
KCID 24.87he 30.60ab 33.97b 27.85a 21.81a 16.10b
CRK 25.20ab 30.38ab 35.03ab 29.03a 21.89a 16.53ab
CRKS 26.43a 31.56ab 36.81a 30.23a 22.67a 16.73a
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Table 6 Yield and yield composition of cotton relative to treatment
o e IRELE R KRR KAy PR
our oo Number of holls Single boll weight Seed yield Lint percentage Lint yield
(No.plant™) (g) (gplant™) (%) (gplant™)

2013 CK1 15.97be 6.19bc 98.87hc 38.93a 38.49bc
CK2 15.64¢ 6.04c¢ 94.49¢ 38.13h 36.03¢
KCIS 16.24b 6.16bc 100.02be 39.70a 39.70b
KCID 16.42b 6.25he 102.63ab 39.08a 40.11ab
CRK 16.44b 6.34ab 104.25a 39.09a 40.15ab
CRKS 17.44a 6.46a 112.69a 39.93a 45.00a

2014 CK1 15.94¢ 6.04bc 96.35¢ 41.27ab 39.76be
CK2 15.34d 5.97¢ 91.60d 40.01b 36.65¢
KCIS 1591¢ 6.15b 97.86bc 41.08ab 40.20bc
KCID 15.81cd 6.24a 98.76bc 42.69a 41.30b
CRK 16.63b 6.22a 102.78h 41.41ab 42.56b
CRKS 17.66a 6.24a 110.17a 43.54a 47.97a

2015 CK1 14.96¢ 6.08ab 87.83¢ 41.84ab 35.72¢
CK2 13.98d 5.87b 84.99¢ 40.67b 35.56¢
KCIS 14.87b 6.14a 91.30b 41.39ah 37.79b
KCID 15.18b 6.17a 93.63b 42.00ab 39.39b
CRK 15.56b 6.21a 96.63b 42.30ah 40.88b
CRKS 16.49a 6.33a 104.40a 42.57a 44 44a

e W= AESE S bR M RN FRER R E R AN (p<0.05) Note: Means followed by the same lowercase letters in

the same year are insignificant in difference in the same year (p <0.05)

PR R L T CK2AH (20144E 2 %A
# ), MCRKSALH G F & TCRKALFE (20134F 2
SN ), Uit B AR A A SO A AR
i, CRKS AP 8 CK14 3 16.9% .
20.6%F118.9%, #CK24HI3E124.8% . 30.8%F
22.8%, BKCISHTHIIEIN12.2% . 16.1%H11.5%
Kok 2 AN 25 7= i DICRK S e i, ROHAR
R TR B8 752 8% ~ 27.9% F4.8% ~27.9%, {H
20144FCRKSHCK1mE " mERARE (K7) .
20144ECK 1% CK2 FIK C1D 5 2243 91 i 21 7722.1%
M70.8% , {H6257" 5 KCID M CRK 4> B B A%
22.19%H125.3% . 20144 Jite FH B i Xof 7o 22 A g 25 7=
HIC R E R0, H20154 CRK S 42 Al 25 53 51
FHEIN17. 1% 11.0% , 160 2 2t FH ¥ B s Ak A
TAC it A it 08 4 v K 7 2
CRKFICRKSH CK2 A B & 25 45 iy T 47 4 K

JE, HCRKSHCK1Z R AR E (£8) . 20144F
CK25KCIS., KCIDAb# T B a5 7oA 3,
B8 FEMTCKIFMCRKSAL B, £ 4b 321 4 T 5
PBEEMMEKERRR BB EZR, MEEYN
6.2% ~ 6.9% ., CK1FICRKSK B {25 4 K 1 i % =
TFCK24LBE, TKPCHICRKZ A B2, (H20154F
KCIDFICRK AR 3 1 &) 2 15 T CK24b

3.1 FEITHABALIE X LR R M A AR

AL A A B (A A AE R 0 B A
BRIUE . 7ERFR-MABIERT, MAERS R
FRAE HTE S AR, X — B B A L SRR IE 77 36
SERRAE F B R OR o SRR AL TR IR R AR AR /S
o B T SR AR B T L I 2 0 A AR
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Table 7 Yields of garlic bulbs and bolt relative to treatment

b3 2014 2015
Treatment FR4EBolt (gm™) f#Z5Bulb (gm™) FR4EBolt (gm™) #%25Bulb (gm™)
CK1 349.7a 2 403¢ 254.0b 2 456¢
CK2 286.4c 2 496bc 229.4b 2 566bc
KCIS 297.2abe 2 492be 251.8b 2 583h
KCID 278.9¢d 2 597b 239.0b 2 657b
CRK 305.8abc 2 729ab 250.3b 2 734b
CRKS 359.7a 2 861a 293.0a 3 035a
R8 2014FEF2015F FZALIBIR LA 4 MR
Table 8 Fiber quality of cotton relative to treatment in 2014 and 2015
4y b3 LHYER TSR AL il i FSpecific T8 L i
Year Treatment Length (mm) Uniformity ( % ) Micronaire elongation ( % ) Strength (eN tex™)
2014 CK1 30.67a 86.67a 5.33a 6.67a 28.25a
CK2 29.08b 84.60¢ 531a 6.63a 26.59b
KCIS 30.29ab 85.47abc 5.32a 6.20a 28.01a
KCID 30.29ab 85.53abce 531a 6.53a 29.12ab
CRK 30.57a 85.95ab 5.34a 6.57a 29.83ab
CRKS 30.49a 86.37a 5.04a 6.67a 30.59a
2015 CK1 30.23a 85.27a 5.07a 6.83a 29.20ab
CK2 28.87b 84.33b 5.37a 6.70a 28.63¢
KCIS 30.03a 84.97ab 5.33a 6.73a 28.77be
KCID 29.47h 85.00a 5.37a 6.80a 29.17b
CRK 29.93ab 85.17a 5.21a 6.83a 29.27ab
CRKS 30.27a 85.53a 5.00a 6.87a 29.63a

PR RRMR AR L AR 2 ) Fn Rt 4 &
A ARBFFE R, MR AL R T
AW AT ) T &8 (£2) , M
e 73X — P B AE X 2ok, X FES E—
5 T 5 B AL R 0 T8 B o ARAETERIAE
W Z I L WA R R RR TN T L AT
JHP R AL BN TR 301 28 0 R 3R A BT R, B
B T RIS IR OA 2R ) L R A i, AR AL
FEAR T T BB LA

TP A LIS, REIESHEXHEY
BOA RO AR U ARBRS A R, PR A
— Y R A% B A AR MR S Bk s e A
FEGRIGE AR AR (F4) , MRS T W EA
RO o X — 7 T 55 3 T 3 v 2 B T A

A8 A T [ S A T PR SR AL A R R
ZeN%, AIREwD T MRS E AL, S—Jr
Al Re 5 PR AT J L 1 B T AR B R AR T B
MIERREI O, $R 0 T ARAE S I e R AL, bk fe
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Effects of Controlled Release Potassium Fertilizer on Crop Yields and Soil
Potassium Supply under Cotton-garlic Intercropping System

TIAN Xiaofei LI Chengliang' ZHANG Min' GUO Yanle ZHANG Weitao

( National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources/National Engineering and Technology
Research Center for Slow and Controlled Release Fertilizers, College of Resources and Environment, Shandong Agricultural

University, Tai’an, Shandong 271018, China )

Abstract [Objective]l Potassium is one of the essential mineral elements for normal growth of cotton
and garlic. However, so far little has been reported on effect of controlled release potassium fertilizer on
crops growth and soil potassium supply. The present study investigated effects of controlled release potassium
chloride with or without the addition of sulfur as the alternates of potassium sulfate and potassium chloride
on yield of cotton and soil available potassium content, in an attempt to provide a certain theoretic basis for
rationalization of the use of potassium fertilizer. [Method] A three-year plot experiment was consecutively
conducted in 2013, 2014 and 2015 under a cotton-garlic intercropping system in Northeast China. The
experiment was designed to have six treatments: 1) basal application of potassium chloride ( CK1) ;
2 ) basal application of potassium sulfate ( CK2) ; 3) 50% of potassium chloride basal and 50% top-
dressing at the full bloom stage ( KCID ) ; 4) basal application of potassium chloride with sulfur ( KCIS) ;
5) basal application of controlled release potassium chloride ( CRK ) ; and 6 ) basal application of controlled
release potassium chloride with sulfur (CRKS) , and three replicates for each treatment, and laid out
randomly in plots separated from each other and isolated with cement boards. The K release of CRK in 25 °C
water and soil conditions was measured using the weight loss method in line with the “National Standard of
the People’ s Republic of China for Slow Release Fertilizer” . Samples of the soils and plants were collected
for analysis of soil available potassium content, leaf SPAD value as well as net photosynthetic rate during
cotton growth. Meanwhile, quality and yield of cotton were investigated, too. [Result] Results show that
the controlled release potassium chloride corresponded released K well in coincidence with the demand of
cotton for potassium during its growth period. The contents of soil available potassium, leaf SPAD and net
photosynthetic rate all increased in both Treatments CRK and CRKS after the full bloom stage especially
at the initial boll-opening stage and harvest stage, as compared with the treatments of basal application of
conventional potassium fertilizers ( CK1 and CK2) . The number of bolls per plant and weight per boll in
Treatment CRKS increased significantly and hence the yield of lint did by 16.9% ~ 30.9% over that of CKs,
by 12.2% ~ 16.1% over that of Treatment KCID and by 8.7% ~ 10.4% over that of CRK. Treatment CRKS was
also the highest in yireld of garlic bulbs and bolts, or 2.8% ~27.9% and 4.8% ~ 23.5%, respectively, higher
than Treatment KCID and CRK. Treatment CRKS also significantly improved quality of the cotton, too,
such as length, uniformity and specific elongation of lint fibre. After the three-year fertilization, the contents
of soil water-soluble K and exchangeable K increased while the content of non-exchangeable K decreased in

Treatment CRKS as compared with Treatments CK1 and CK2. [Conclusion] All the findings suggest that
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controlled release potassium chloride amended with sulfur is recommended to replace potassium sulfate and
potassium chloride to achieve higher crop yields, higher soil K use efficiency, while improving crop quality
under the cotton-garlic intercropping system.

Key words Controlled release potassium chloride; Cotton; Photosynthetic characteristics; Quality;
Soil available K
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