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Effect of furrow irrigation and organic manure on sweet — waxy maize
yield and soil organic carbon and enzyme activity
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(1. College of Agriculture , Guangxi University , Nanning 530005, Guangxi, China;
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3. Guangxi Colleges and Universities Key Laboratory of Crop Cultivation and Tillage , Nanning 530005, Guangxi, China)

Abstract: To improve maize yield and soil quality through irrigation and fertilization, a field experiment was con-
ducted to investigate the effect of conventional furrow irrigation (CFI), alternate irrigation on every other furrow (AFI)
and irrigation on every other furrow (FFI) on sweet-waxy maize yield and soil organic carbon fraction and enzyme activi-
ty. Three organic fertilization modes were used, i.e. cattle manure FC, biological-organic fertilizer FB and pig manure
FP, and two ratios of inorganic to organic N, 70% inorganic N + 30% organic N treatment and 60% inorganic N + 40%
organic N treatment. At FFI, compared to FB, FC and FP increased fresh yield of sweet-sticky maize by 1.6% and
2.3%, and FC increased soil readily oxidized organic carbon (ROC) and microbial biomass carbon, and FP increased
soil dissolved organic carbon (DOC). Under the three furrow irrigation methods, compared to FC1, FC2 increased the
fresh yield of sweet-sticky maize, the activities of catalase and invertase and the contents of organic carbon (SOC), ROC

and DOC in soil, and increased the contents of ROC and DOC by 14.5% ~ 37.9%#124.3% ~78.5% . Compared to
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CFI, at FC1, the contents of ROC in AFI and FFI at tasselling stage, the contents of DOC in AFI at filling stage and FFI
at maturing stage were significantly enhanced, while at FC2, it increased organic carbon in FFI at tasselling stage by
10.3%, ROC in AFI and FFI at tasselling and maturing stages by 19.8% ~ 31.5% , DOC in FFI at filling and maturing
stages by 57.9% and 26.1% . The sweet-waxy maize yield was significantly positively correlated with the invertase,
SOC, ROC and DOC at filling stage, and SOC and ROC was also significantly correlated at filling stage. Thus the combi-

nation of 60% inorganic N and 40% organic cattle manure N and fixed or alternate furrow irrigation is recommended as

suitable method for improving the water and fertilizer use efficiency in the target areas.

Keywords: partial root-zone irrigation; organic manure; ratio of organic to inorganic N; enzyme activity; organic

carbon fraction; sweet-waxy maize
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Table 1 Fertilizers for field experiment
B Fertilizer N/% P,05/ % K0/ % AHLE Organic matter/ %
JRZE Urea 46 0 0 0
T BR4S Calcium superphosphate 0 12 0 0
FALBH Potassium chloride 0 0 60 0
4% Cattle manure (FC) 1.20 0.68 2.16 34.8
¥%%% Pig manure (FP) 3.67 2.91 1.15 30.0
HEYIF UL Biological-organic fertilizer (FB) 1.52 2.28 0.47 31.6

*2 HENKIEAAE

Table 2 Treatments of field experiment

)T it A2k 3 HHLE FHLTCHL N AL H ]
Furrow method Fertilization treatment Organic manure Ratio of organic to inorganic N
I E FCl 3% FC 70% Tl N +30% A Hl N(1)
Conventional furrow irrigation( CFI) FC2 FC 60% JCHL N +40% AT HL N(2)
B B VA FC1 FC 1
Alternate irrigation on every other furrow ( AFT) FC2 FC 2
FCl FC 1
FC2 FC 2
i B FBI A HLIE FB 1
Irrigation on every other furrow
(FFT) FB2 B 2
FP1 F3% P 1
FP2 FP 2
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Fig.1 Dates of rainfall and irrigation

during experimental period
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Fig.2  Effect of furrow irrigation method and organic manure

management on fresh yield of sweet-sticky maize
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Table 3 Effect of furrow irrigation method and organic manure management on soil enzyme activity

T4 LS Catalase TR Urease AL Invertase
Wl HEAEAbE /(mlL-g™") /(mg-g™") /(mg-g™")
Furrow Fertilization i T3] Y il fEL) T3] I iz T3] I
method treatment Tasselling Filling Maturing Tasselling Filling Maturing Tasselling Filling Maturing
stage stage stage stage stage stage stage stage stage
CFI FCl 0.92+ 1.28+ 1.61+ 0.63+ 0.55 =+ 0.49 + 30.50 = 26.69 + 21.57 +
0.02ab 0. 10abe 0.03ab 0.0lab 0.02b 0.06 2.75 1.87 1.21ab
FC2 0.93 0.96 1.67+ 0.65+ 0.59 + 0.50 = 28.06 + 25.44 + 22.40 =
0.02a 0.25b 0.0la 0.03ab 0.02ab 0.02 1.57 1.57 1.54ab
AFI el 0.94 + 0.98 + 1.58 + 0.67 + 0.59 + 0.53 + 25.54 + 22.92 + 22.65 +
0.0la 0.16d 0.04ab 0.01b 0.02ab 0.03 1.83 1.83 0.58a
FC2 0.93 1.05+ 1.66+ 0.63+ 0.61+ 0.49 + 26.17 = 23.56 + 20.30 =
0.0la 0.13bed 0.03a 0.02ab 0.0lab 0.03 1.09 1.09 0.88ab
FFI el 0.91 =+ 1.09+ 1.34+ 0.59 + 0.60 + 0.55 =+ 26.45 + 23.83+ 18.92 +
0.01lab 0.03cd 0.09¢ 0.02ab 0.03 3.94 3.94 2.04ab
Fe2 0.93 1.41+ 1.63+ 0.62+ 0.64 0.51=+ 29.81 27.20 + 19.21 +
0.03a 0.07a 0.03ab 0.0lab 0.03a 0.01 3.03 3.03 0.75ab
FBI 0.88 + 1.26 + 1.58 0.84 0.62+ 0.53+ 26.96 + 24.35+ 18.02 +
0.02ab 0.04abc 0.04ab 0.03a 0.0lab 0.01 2.73 2.73 4.40b
B 0.88 + 0.9+ 1.40 = 0.63+ 0.65+ 0.54+ 28.26 + 25.65+ 21.96 +
0.04ab 0.02d 0.12be 0.0lab 0.04a 0.03 4.66 4.66 1.94ab
Pl 0.86 + 1.26 £ 1.75+ 0.65+ 0.62 + 0.48 = 28.29 25.68 = 18.58 +
0.00b 0.02ab 0.14a 0.04ab 0.0lab 0.04 1.03 1.03 1.89ab
7 0.89 + 1.30 = 1.66 = 0.64 + 0.65+ 0.57 = 29.04 26.43 + 18.27 +
0.01lab 0.04abc 0.07a 0.02ab 0.0la 0.02 0.99 1.99 1.54ab

T R B T + FRUEDR (n = 3), A —FIAL B NG TR R R 22 5 B3 (P < 5% ) , /NG 5B AH R S8 AT bR 5 BH R R 22 5 R

BEP>5%), R,

Note: Values are means + standard errors (n =3) . Different letters in the same column indicate significant difference ( P < 5% ), the same letters or no let-

ter labeled indicate no significant difference (P >5% ). The same as below.
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Table 4  Effect of furrow irrigation method and organic manure management on soil organic carbon fraction

AHLBR (g ke™") RMAER (g kg™")  FIEEHEALAR/ (mg-kg™") AR/ (mgkg™")
s § ) Organic carbon Readily oxidized Dissolved organic Microbial biomass
WA AL (S0C) organic carbon(ROC) carbon (DOC) carbon (MBC)

Furrow Fertilization
NS TR Lol LR LR T T T

Tasselling Filling Maturing Tasselling Filling Maturing Tasselling Filling ~ Maturing ~ Tasselling  Filling ~ Maturing

stage stage stage stage stage stage stage stage stage stage stage stage
CFI Fcl 8.97+ 11.71+ 11.90+ 2.38+ 2.53+ 2.76+x 38.64x 41.20+ 54.74x 163.41x 134.75+ 144.05+
0.25¢  0.12be 0.66 0.14e 0.12b  0.16bed 2.97e 2.94e  4.21e 23.46ab 9.83ab  1.78b
FC2 9.16+ 12.15+ 12.60+ 2.61+ 3.49+ 2.49x 5351+ 5592+ 77.48x 196.03x 160.14+ 177.30+
0.34c  0.14abe 0.57 0.14de 0.09a 0.11d 5.15bed 2.94d  5.90bc 22.15ab  22.85ab 11.08ab
AFI Fcl 9.23+ 11.89+ 12.30+ 2.82+ 2.74x 2.68+ 47.56+ 61.81+ 64.85+ 209.97+ 149.07+ 188.38 +
0.23be  0.16bc  0.51 0.17cd  0.15b  0.10bed 5.95cde 5.10ed 5.85de 23.42ab  11.95ab 11.78ab
FC2 10.34+ 12.29+ 12.80+ 3.23+ 2.80+ 2.63+ 65.40x 66.46+ 80.85+ 216.94+ 116.78+ 194.93+
0.27bc  0.12abe 0.57 0.08ab 0.17b  0.09cd 2.97cde 5.23¢  2.53be 33.14ab  17.41b  14.50a
FFI Fcl 9.37+ 12.36+ 12.50+ 2.8+ 2.72+ 291+ 44.59x 49.45+ 93.48+ 202.22x 136.95+ 190.69 +
0.20bec  0.24abe 0.31 0.1lbed 0.03b  0.19be 5.15de 2.70de 3.86ab 39.05ab  26.84ab 12.40ab
FC2 10.10+ 13.10+ 12.84+ 3.45+ 3.59+ 3.36x 59.45+ 88.29+ 97.69+ 241.49x 198.75+ 195.86+
0.21ab 0.13a 0.24 0.17a 0.07a  0.07a 2.97bc  5.10b  3.37a 15.67a 17.02a  9.82a
FBI 9.62+ 12.01+ 11.59+ 2.50+ 2.94+ 2.45+ 35.67+ 52.98+ 75.79+ 198.50+ 157.32+ 188.38+
0.1labc 0.10bc 0.60 0.08de 0.14b  0.13d 5.51e 5.0de  3.86¢d 13.27ab  19.59ab  11.08ab
2 9.45+ 12,66+ 12.24+ 221+ 2.98+ 3.01+ 47.56+ 50.62+ 88.43+ 163.41+ 134.75+ 144.05+
0.30abc 0.31ab 0.16 0.06e 0.17b  0.14abc 2.97cde 3.82de 2.92abc  23.46ab 9.83ab 1.78b
FP1 9.35+ 11.66+ 11.60+ 2.55+ 2.59+ 2.74+ 83.83+ 95.95+ 92.64 =+ 196.03+ 160.14+ 177.30+
0.34bec  0.33¢c  0.58 0.18de 0.25b  0.15bed 3.57a  5.23ab 4.2lab 22.15ab  22.85ab 11.08ab
P2 10.32+ 12.39+ 11.97+ 3.2% 2.53+ 3.09x 86.21x 103.60+ 94.32 + 209.97+ 149.07+ 188.38 +
0.42a  0.68abc 0.30 0.08abc 0.12b  0.09ab 2.97a  3.28a  3.67ab 23.42ab  11.95ab  11.78ab
x5 ERBEEFESTEREUEMEVRASMEXXR GERE)
Table 5 Relations among fresh yield of sweet-sticky maize and soil enzyme activity and
organic carbon fraction (filling stage)
i H SRl AR Feins iR A HLEK SR AR PR [GR7ERR3
Ttem Fresh yield Catalase Invertase Urease SOC ROC DOC MBC
R 5 Fresh yield 1 0.317 0.175 0.690" 0.705" 0.672" 0.834" 0.232
HEAE Catalase 1 0.591 0.123 0.172 0.202 0.507 0.317
S ALHT Invertase 1 0.22 0.381 0.468 0.334 0.469
WK Urease 1 0.729" 0.549 0.599 0.346
A HLEK SoC 1 0.781" " 0.401 0.456
O FAA PR ROC 1 0.47 0.585
AP DOC 1 0.175
APk MBC 1

e x FRBEMK(P<5%), » » FRWIBERLE(P<1%),
Note: * indicates significant correlation (P <5% ), * * indicates markedly significant correlation (P < 1% ).
AL LA B RE 4 B VR 7 i, sk 2 IEKIEL, MR 218.3% Fl 192.6% ; 9) 30 %)
Sl LG R R B IR S A LI G (4 2% + LRI, 5 HE L A AL BEAR HE , A HLT R R AE L
NPK FHFF + NPK) A F T E K A5 i, S ST 1.64% ~ 8.91% s TEAER B AT, L
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A AT DT S ATUAE B X SR K R R A L A o KBRS YRR 37

RO s 2 7 2 3 P OR o B B, ARt 3k
W, W70 F, 5 FC1 B FP1 A B, FC2 B FP2
FEATRIRRRE I 42 T 8RS FoR R =i
3.2 TIEEEN

APUIERI SR AL E TR BT, 2 - g b e
1o A LR AN TN 22 vhRE T, 2 17 $5E ey - SRS
PEL26), B Ak S 227 R g e Wl 2ok K 00 it P A ML
JE 5% 5 JCHLAC L it , 338 i - S A i RS 1, AL
T B L R S R s R R ., B
28I pE 5w W], A B O ALAE 0t i 0% 1 3 4R v
SJRTUR ity T Pl T T L TR I Ao Sk S P 9
ARG LE B E W], 5 FC1 ML, FC2 fEA R AR -
P vey T AL A G DR RN ARG PR, 5 FC
AHEE, FFL B FB FEAS [ FR R b 4 v 4 3k 40 Ak i

AR A5 VA THE SR FC AL BAT FFI B9 FB Ab
PR FIFE 4R 5 1 LM 1, X 5 Ak L &L
W5 25 AR
3.3 TEBAWEREAS

WA gk B ] A HLICHUIE B F T 4
AT ARG RN T 12 A HLA 1) B8R 5 SE ARy T - AR 4
20 LSRR RS U 330 kg A R T2
A BRSO o i BUBR B F FFAE AR
5 ol 2 AR ATE S TE Y RS R W, A BLIE e s A A
AT R 3 DOC & &, & A HUE S R IE i
AhFE DOC e ARELE R B, 5 FC1 M
Eb, FC2 AR B2 8 2 5 T £ 8645 HLik . ROC. DOC &

=)

Ho
AGRIEIE & B, 5 CFI A LL, FC R, FFI R[] 72
FEHR S 30 HLEK . ROC 1 DOC 5 &, AFI AR [f]
FEEEHE = ROC Fl DOC & 3t , 15 WA 52 25 B 14 v 1
TETEIE XS A ML AL 43 i FR A AR 5 T 4%
TEVEACE T X 18 MBC B2 A HH ., AT e R R T
VB ACHRE R A S 2 A e B s M, EL N 4 3
BRI BUE R R
3.4 ERFEIEBVRASEEEZ EAIX
E
W LW VY= w5 LA YL S A 2
FASE ., MXIRTHTSE PR R R, N RS
I SOC SR B 3 A S X U Y 4k SRR
Ve 5 3 ROC 2 i M 6 K R E A
R PR S L DOC A BEA A, AR
Xof o K i R A e ML 4L 43 A0 5% 43 At B,

M T Ky 5 14 SOC . ROC, DOC 2 [1] 5 . 2 A
KKFR o ARG R BB R B i 5 -+ RS
P I 5 0 M 06 O 2R 3K 15 4 21 O BF 5 4 AR
s

- S M N A ML AL R .
ST A SRR | - SRR MR R TR A P
e 55 - 49 R MLAR AN 0 M A7 AE B 3 IEAH G R
AR IS AR N, 4 584G ML AR 2 40 R0 il 0% A [ 222 1 A
KIKF,S0C 5 ROC F IR g =z [\) 52 i 3 AH G R &R
BLH] SOC 55 ROC SERENH Y], T3 IRES P51k
X} SOC FEMHEA

4 N gk

(1) F&IE#EBE (FFD) 15, 54 YA HLAE (FB) AH
Fe, 2R3 (FC) ARG 3 (FP) 73 il $2 v e B 6 1.6 %
M2.3%, H FC AL PEEE & 1+ 58 5 A AL ik (ROC) &
ORI P, FP AL FR 5 1 5 n] 4 ik (DOC)
i,

(2) SEWET T, 5 70% THLA + 30% 43¢
R(FCOHA L ,60% TCHLA + 40% 422 5 (FC2) g d2
AR R BERE PSR 2.2% ~ 3.4% , AR E IR
8 A AL R RN IR B 3 1 A PLEK (SOC) L ROC Al
DOC & #&, Hop + 3 ROC 1 DOC & 43 W48 =
14.5% ~37.9%H1 24.3% ~78.5%

(3) HHHIAHE(CFD) M EL, FCL I, A 508
B VA HE (AFT) 1 FFI 3 ROC 42175 18.5% ~21.0%,
HEZ I AFT F 20 FFT +3 DOC #2755 50.0% ~
70.8% ; FC2 I, R FFT 4338 HLIREE 5510.3%,
Tl FOE S ) AFT 1 FFT 4% ROC $27519.8% ~
31.5% , HE R IA AR FFT L4 DOC 43 51 42 &
57.9%#126.1%

(4) K R ™= o 5 0 SR A A 9 DR I 0 1
SOC.ROC #1 DOC, A}z SOC 5 ROC Z [a] & i & AH
KK F H e~ 55 15 DOC & & Z AR R
M 0.834,

HI, 60% JoHL N + 40% 43 N 558 45 b 1)
S R AT AS G A R T B e DR R K R
- K IR R AR
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