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Carbon Balance in Summer Maize/Winter Wheat Farmland Ecosystem
under Different Water and Fertilizer Conditions

CHEN Shaomin YANG Shuohuan ZHANG Baocheng WANG Li HU Tiantian
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas
Ministry of Education, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; The carbon balance of the farmland ecosystem depends on the fixed carbon content of crops
and carbon emissions from soil heterotrophic respiration. In order to reveal the comprehensive effects of
water and fertilizer levels on carbon balance in farmland ecosystems, a field experiment of summer maize/
winter wheat rotation cycle in Yangling District of Shaanxi Province was conducted during 2015—2016.
Three irrigation levels; high, medium and low (W1, WO0.85 and W0.7 meant 90 mm, 76.5 mm and
63 mm in summer maize season and 140 mm, 119 mm and 98 mm in winter wheat season) , four nitrogen
fertilizer levels: high, medium, low and no nitrogen (N1, NO. 85, NO.7 and NO meant N 300 kg/hm’
255 kg/hm*, 210 kg/hm® and 0 kg/hm® in summer maize season and 210 kg/hm’, 178.5 kg/hm’,
147 kg/hm’ and 0 kg/hm® in winter wheat season) and four phosphate fertilizer levels: high, medium,
low and no phosphate (P1, P0. 85, P0.7 and PO meant P,0, 90 kg/hm*, 76. 5 kg/hm’, 63 kg/hm’ and
0 kg/hm’® in summer maize season and 150 kg/hm”, 127.5 kg/hm’, 105 kg/hm” and 0 kg/hm’ in winter
wheat season) were designed. CO, flux measurements were performed, using the static opaque chamber

and chromatography method, and aboveground biomass and yield were measured. The net primary
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productivity carbon fixation ( Cy., ) and soil microorganisms heterotrophic respiratory carbon release
(Cy,.) were also calculated to evaluate net ecosystem productivity carbon fixation ( Cygp ). The results
showed that the summer maize/winter wheat farmland ecosystem under different water and fertilizer
treatments performed as carbon sink. The range of Cy;, in summer maize and winter wheat seasons were
6 805 ~ 7233 kg/hm” and 5 842 ~ 6 434 kg/hm’, respectively. At high, medium and low fertilizer
levels, with the increase of irrigation amount, the Cy,, of summer maize/winter wheat rotation cycle was
increased by 2.48% ~ 5.96% , the C;, of soil was increased by 2. 15% ~15.20% , and the Cy, was
increased by 1. 16% ~6.47% , respectively. Under the high, medium and low water supply levels, with
the increase of fertilization amount, the Cy,, of summer maize/winter wheat rotation cycle was increased
by 2.95% ~3.43% , the C,,, of soil was increased by 5.23% ~18.67% , and the Cy,, was increased by
0.93% ~2.79% , respectively. The increase of Cy,, was negatively correlated with amount of irrigation.
Under low water condition, compared with single application of nitrogen or phosphate fertilizer, combined
application of nitrogen and phosphorus fertilizers, the Cy,, of summer maize/winter wheat rotation cycle
was increased by 4.86% and 7.34% , respectively. Variance analysis of the interaction of water and
fertilizer was significant for the Cy;, of summer maize/winter wheat rotation cycle. While water and
fertilizer supply differed by 15% had a significant positive interaction with Cy,, in winter wheat farmland.
Combined application of nitrogen and phosphorus fertilizers and the coordinated supply of water and
fertilizer were helpful to promote C, of summer maize/winter wheat ecosystem. Based on the principle of

water and fertilizer saving, summer maize and winter wheat were beneficial to increase Cy,, accumulation

2021 4

under WO0. 85N0. 85P0. 85 and WO. 7NO. 85P0. 85 treatments, respectively.

Key words: summer maize/winter wheat;

interaction; carbon balance
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Precipitation and daily average temperature

during summer maize/winter wheat growth period
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A3 3 18. 67% F 5. 23% 5 th K 4548 F , FO. 85 It
FO. 7 ¥ 17.97% .

HERKN C e W1 HEKAKFET,FL F FO. 7
W 1.48% (P >0.05) ; #£ WO0. 85 fi/k /K 3 F,
FO.85 [t FO.7 & Z Wi 3.97% (P < 0.05); 7¢
WO0.7 sk /K%K, F1L [k FO.7 5 ZE 1 4.67%
(P <0.05),F0.85 [ FO.7 ¥ /110.41% (P >0.05)
ZINFERH Cyp e W1 KK T, FL L FO. 7 3
J10.33% (P >0.05) ;78 W0. 85 fit /K /K F , FO. 85
[t FO. 7 B&AK 1.30% (P >0.05) ;78 WO. 7 fit /K 7k F-
FL,F1 [t FO.7 ¥4/ 0.60% (P >0.05),F0.85 [t
FO.7 1N 8. 75% (P <0.05) , #H F K/ &
INFE R AR ZS &R G A R CO, 1AL, A i K R
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KT FL KIS T FO.7 5 K/ &N ERBES
RGEAE C B IMFEH 0.93% Fl 2. 79% ; hK 5 14
T ,F0.85 L FO. 7 44/ 1.49%

2.3 FEBEAEMNEEK/Z/NERBERTEENRI

HE K Cpp ZUH B FE i (N it FH 210 kg/hm®
P, 0, jiti FI #& 63 kg/hm®) | ¥ jit %0 2 (N jiti ) 2
210 kg/hm® ) Fl Bt B A ( P, Ot I i 63 kg/hm® ) £
ANt AR (0 kg/hm®) 43 B 34 in 6.23% (P <0.05) .
2.58% (P >0.05)F13.07% (P >0.05) (£ 3),%
Wi I FT 4 v5 B R oK C g, 19 BB, H U I TE 0 1)
RORE T H A BRI . & /NEE C o BB NE AL (N

Jiti FH i 147 kg/hm® P, O it JH & 105 kg/hm®) | Bjit
FUIE (N it FH i 147 kg/hm® ) SRR (0 kg/hm*) &2
RN 10. 44% 7. 43% (P <0.05) , Hjiti A (P, O,
Jiti i 105 kg/hm® ) %2 A it JE (O kg/hm® ) 38 fin
0.99% (P>0.05) (% 3) ., KU A] 4 m & /N
C o 1 BT, 3G R F B /N R Ay 280108 T it 0 i 4
NE RN . Jr 22 B KRB A BRI X R R
K Cpp BB IR B 3 K F (P <0.01) ,{HZE
HAEARE 2 (P >0.05) s AR F XA /NE Cy,
RO A 35 K (P <0.01) , B 5 1 FLA
W HEAEHBAEE(P>0.05),

®3 AEBERAEXNEEREZMERA C,ZWHFESHT

Tab.3 ANOVA of summer maize and winter wheat C ., on nitrogen and phosphate fertilizer application

HEX KN
R Ak NPP [& fii &t/ SFETW R R TR G ik i NPP [& fii &7t/ SEIRMEW BB AR TR GE A
(kg-hm %) i/ (kg+hm=2)  A%t/(kg-hm?) (kg-hm %) it/ (kgehm=2)  A#t/(kg-hm?)
WO0. 7F0. 7 (7449 +63)* (644 £29)° (6805 +113)*" (6891 £219)* (1049 £22)°" (5842 +193)*°
W0. 7N0. 7P0 (7212 £138)* (709 +57)* (6503 £82)°" (6703 £525)*° (1145 +57)* (5558 +268) ™
WO0. 7NOPO. 7 (7227 £230) (682 +48)° (6545 +183)" (6301 £278)" (1064 £33)® (5237 £245)"
W0. 7F0 (7012 £201)" (573 £34)1¢ (6439 +167)" (6239 +247)" (947 +44)° (5292 £203)"
e 0.008 0. 001 0. 026 0. 003 0.013 0.016
e 0.003 0. 028 0.031 0.315 0.704 0.414
AU x A 0. 400 0. 006 0. 045 0. 493 0. 007 0.131

HEKRZE LI C,, ZWENE L | 5 2008 A e
Jite A AL A i JIES Ak 3 3% 3 5 B 12, 30% .23, 70%
F119.00% (P <0.05) (£ 3),C,, B iy K2 /MK
PR R AL L IE AR IE R, &/
58 C,, 0 N T e | 5P i 20 S R B it gt AT L AN i
R FE A N 10, 79% (20, 92% F1 12.36% (P <
0.05) (£ 3),Cy, 1R o1 KRB/ MR A i ZUIE 3
JENE ABENEBCIE . 7 22 50 BT R W3, 0o IR 1 R
W32 HAE TN 2 oK Cy,, BBV 5 3% K
(P<0.01), #5800 i % (P <0.05) ; A H A
TR NAE Cy, BRI IR 1 2 K- (P <0.05) %
R FRON A 3 (P >0.05) , A28 HAE i
FH(P<0.01), &/NEFX—PARATHER H T & =
Jiti FH A S Tt v - 9 Rl A B3 0 T 4R g ke e R 1)
I3 AR it BT 3k 22 i+ 3 At A 2 )k B4, 91
il 7 4 CO, HERk .

WO.7 K AKF T, B ERLKH Cyp 2B IE L
Jit A2 3 A o it 2 S B L it s IS 43 ) 15 4. 65% AN
3.97% , 255 . % (P <0.05) (% 3) . At 0 5 F
T,NO.7 Zb# Cpp b NO 347111 0. 99% (P >0.05) ;7&
Jiti 8 2% 7F T, NO.7 Lt NO #Ji11 3.97% , 2% 5 4 3%
(P <0.05), AT UL, FZXS €y (1495 00 DRI 08 S i P 11 3
Ko WO.7 KT, 5 At AE 4 #EAH b, 2005 e

e i 2 /N AR H C 18253 10, 38% (P <0.05) ,
B I 3G i 5.01% (P > 0.05) , it i IE B A%
1.04% (4 3) . U N0 it Ab B8 B oK/ 4& /NZZ
AF C BTt 280N B it i I 43 3] 185 4. 86 % N
7.34% o J7 2250 MR Y, A HREIE S  F A AL 22
HAERXNE EKRFELRM Cyw, M mEE (P <
0.05) ; @ 5 X F1 &0 28 B4R F V& /N 22 204k T
Cypp EEWRIA B2 (P >0.05) , A H P+ (19 52 Wi 1B
Z(P<0.05),
2.4 KIEZEMERATEER/ZNERBESES

e F 18

Ji 2253 AT 2 B, K BB 28 BAE I B oK/ & /N
AW Cpp F5E R 5 LR AKCE G (K 4) o AKIEAE
KA ZE 30% W), VE KX B R A H Cpp 1Y 5 T
RIBFN P F KN (P >0.05) , i HEXF Cypp B 52 W0 B2
(P <0.05), 1M KNEAC B AE A 3 5 K IR 7 7K
A2 15% B, HEK S ma A B 2 (P <0.01) , jifa JE &b
L5 % (P <0.05) , #E /K 57 I 22 HAE AN 2
o KB K- AH 22 309% B, 9 7K X 4 /N2 FR A
H Cypp Y RZ MR 225 (P < 0.01) , i it JIE 52 ] 5 A0
HE K 5 A 58 B AE 52 AN d 35 (P > 0.05) 5 K JIE
HERE 7K FH 22 15% B HE K B 52 ) AN i 2 (P >
0.05) , jifi It 5 N 1 5% 7 B 35 (P < 0. 05) , /K 5 i
JIEAE B AR F 5% A Bk 25 (P <0.01)
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Tab.4 ANOVA of summer maize and winter wheat C ., on coupling effect of water and fertilizer amount

KB A 57 AH 22 30% W Cypp/ (kghm %)

KA 13 41 2% 15% B Cgp/ (kgehm ~2)

Ab b 3
RS KINE HEX K INF
W1F1 (7156 £62)* (6434 £91)° WO0. 85F0. 85 (7233 £49)° (6105 £130)*°
W1F0. 7 (7051 £166)*° (6413 £131)° WO0. 85F0. 7 (6957 £170) ™ (6185 £101)*°
W0. 7F1 (7123 £214)*° (5876 £283)" WO0. 7F0. 85 (6833 £55)" (6353 £95)°
WO0. 7F0. 7 (6805 +113)" (5842 £193)" WO0. 7F0. 7 (6805 +113)¢ (5842 £193)"
K 0. 145 0. 001 HEIK 0.002 0.555
Jiti AL 0. 041 0. 803 Jifi AE 0. 041 0.025
HEIK X i e 0.253 0.952 E K X e e 0. 083 0. 005
3 S(P>0.05), =% A2 & A KO T K & A
JTE N R N
WO. 7 HimE W1 2 EK Cpp IR KA 2
3.1 REIKAB G40 R BB R B #0 WU E ER Con 9 EZH T HRERINT C,, s
HERL WG AR RG A I R E (Cyyp ) 28 MARIEK T, W1 AbBEAH HF WO. 7 B HInE £

f3E R 6 805 ~7 233 kg/hm® , & /NF AR H Cypp A5
fLAEFE 5 842 ~ 6 434 kg/hm”, B £ K C,,, ¥ 1H
(7023 kg/hm”) & F4&/NE (6 173 kg/hm’ ) (F 2), X
SN A K BRI C o A — B
PR IE S VRN ¥/ 3t s b W O ON: 5 B I (2L 7/ )
G 7 3 1tk B (C gy ) KT A 98 57 57 WP W R 00Tl
(Cpp) o AREKNMESZMTEICREMFAEZER, EE
K2 WIFL ,WO0. 7F1 1 WO. 85F0. 85 3 4 it ¥ 4
Copp®BR, BB EMEZER, REARET, S8
WI1F1 1 WO. 85F0. 85 4b3 €, % K, fHH C o 182
5 T AR K I — 7 T R Y S — T
T ARSI HE K B C o BEAR L &N
Z WIF1 W1F0.7 F1 WO0.7F0. 85 b3 4k H C,, 5
KOHTT R EMEZE S, &/NEFE . &K AR
Cyep» THE Co K B/NE B WIFL WO. 7F0. 85,
WI1FK0. 7, ly -3 C,, 3 it IEA/E F 5% ) KT

7J([2,39740j .
3.2 EBEXAEEEX/ZMNERBESEGHKRTEEDN
XER

S it NE SCRE KA B R AT C 2 A HE T
AN B, T o T AL TR TR A A T R G v G L
T3 1B A (€ ) 1 SR AR A= W S5 57 I WS Al R i
() H D0 S ) st 32 S Tl T e AP o gt T UK
XA T C e B E AT 7, B KR AE AL AKE T, ok
Ab B LY ARG 7K i 0 5. 86 % , A i T4 JinvfE K
o KA A R 3 L KT
A 0 S 57 W WO B A ( Cy,, ), AHL L L3 0 1 R
A RGN B . M SRR My FRBLA
B, A /N A AE R Ak BT HE AR K B AR 3.90% (P >
0.05) , 38 e K B IF R IGIA& /N Cypp , (AE
INFEFE M C RO B N . R R R 2 R
AN R it AE 7K SF- T 5k BB KR AR C o 1 5 W 718 22

K Cpp, IS 438 €10 &N TR A
T LB KA KN AR Cyp 9-49% , 2 7 2%
(P <0.05), BRI N & /N2 C ™) TR T
TR R KRR K R R K ) A
INEARM Cypp 22 5 82 (P <0.05) , 7T fig fhi T it
A KPS AR B0, K 43 4 A 3
3.3 MIESEEXR/ZNERAESEERTEEN

E3

R [6) Je AEL e 85 B 5 00 490 11 52 CO, B4 B 1
B BFFEFR WK AME P 00T 8 AT AT 4 5 AR
e R HKOKSE T oI H AR AR AT
BN TR KM Cypp (P <0.05) (£ 2); H EkZE
K AR A K T, MR B A FO. 7 3890 % F1 X 4e
FH A= 25 22 50 1] B 00 5 000 AR [) D5 DRI T R T, o T
KA U5 TG AT AR T AV T K1 T e A 2k o 1
B AEAKKCE R, A SR B 2 R (P >
0.05) , J5 I 75 T, it JIE 38 i+ 3¢ CO, HE e 1) 5 ik
B[R] AR AR R R A K R T 2
€O, B4 /N FRH N T 5, i K AR K S F
A A FO. 7 BTN ZE F1 WA /N 32 o A 25 2 e i
i A AR S TR g i P A 8 A
L[] At 94 A 40 10 o AR K KSR R L AR
AL 55 400 8. 75% (P <0.05) , PR /K 4% 14 it
IS 8 o T I i 8 /N AR A T o kRO A
TG S 2R sl A S e A 6 e FH A 25 R et R
KA CO, ML, BB NERCHE 1 C o fie K, FLS B 20
A AR R AR it M Ak B ] 2% R 3 (P < 0.05)
(F3) . JEHAET, 240 5 AL It BY T 42 046 4
AL £ /) CO,, H 34 UG &5 T F 38 CO, Hk il £t 14
I, T R C g 5 — T T 4R B L At 4
S R R T
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3.4 KIEMEXNKHRGKRFEHNI I

IR AE AL 7 K S AH 25 15% X4 /N2 R B Cypp 1Y
A A7 AE W W B3 B A T B R A C gy 1
S A d 3 5 (L K AH 22 30% X B K FA N
PRH Cypp XK HEAEAHA R (R 4) o HoKIEAL R £
5 30% i FE AR R C, ABAEY Cpp B G TI0I B2
AR(F2), M TARE Cy 2RI A B3
AT BE A R T A0 S B R o bR 5 PR T K
At 7 £ 58 E AR O L Bk O e 484 o i K R 4
/N I P R U A 1 0 T AR S AR
3 Btk iy A A 5 IE B K A O, T HL S K IE 4t
LB LA C 25 B s i i A ff T E— T

4 g

(1) ANTRK B Ak BEF B K/ /N R A S
RGE IR, A B ¥ A 25 R G0 A 7 0 1 il i
(Cypp) BRI NE EKm TLNE,FHME D5
7023 .6 173 kg/hm®, {EF /K3 AEJE T, 5 F K HEK
76.5 mm Jifi & 255 kg/hm’ i 76. 5 kg/hm*, 2 /)
FHEFEIK 98 mm S 178. 5 kg/hm2 i 127.5 kg/hm2 ,
AR TFHINAH Cyo

(2) HERME EAK L/NERB Cyp W0 A
AT . B ERLE &L & T, & K BAR K3 I
0.46% , 2 % AN 2 FEARAE &40, S K B K 1
n3.61% 22 5 3% M4 /NE S IE AT, &K
BARKIEIN 9. 49% , 22 5 W3, fEARNE 2 7, = K

ARG 9.78% , 253 B . H B KIEH A&
T, ok He AR K 3 50 5. 86% 5 i & /1N 2 AF IR
AT, K AR K BRI 3.90% o BB R/ & /NEE 4K
FH A 25 25 4 J8 4 1A 4% 1 I 7K SF- T 14 T K 249418 3 4
M Cypp A, B LA AL S5 2 F B384 R T e

(3) Wt JIE X B oK AN AR Cpp 1 500 3
A—5, HERAEE KGN, w5 0 g 4% Ae 5 fn
1.48% , 22 5 AN 3 s fE PR ST, i IB AR T &
HIG 3.97%  TEARK AT, o B ALNE &% 1
4. 67% o A& /NEALEREKAAET e I A A0 44
0.33% , SR8 E A F KT, e & % I8 [
1% 1. 30% ; (EARAK S0 F , 25 NS AR A 14 i 0. 60%
ERARBE., BEKR/ZNERIESZGRHEN
A8 AR K S TR B AT 3 412 HE A L C oy BB, C oy
1IN L A1) 5 90 K L A G

(4) TEAR K 408 F, 5 80 2000 (N
210 kg/hm®) BT (P, O it FH 4 63 kg/hm®) M H , B
T K SR IS Tt 4 B (Nt Tk 210 kg/hm?® P, O, i
Ji it 63 kg/hm®) 4 [ €, 35 80, H A WAL 8 B
PRI . & /N 22 0B I8 0 M Ab B (N it Y
147 kg/hm® , P, OJifi FH & 105 kg/hm® ) %5 7 jifi AE b 2t
Cep B E N 10.38% , BB HAF A B3

(5) K HEAE 1 7K SFAH 2% 15% F1 30% B, K 5
il A 52 AR A B 6 K AR T C o B W R 355 0K
IR 37 7K SF- AH 2% 15 % B, 9 7K 5t B X 46 /1N 2 4k
Cre i B EMIESE AR,

& % x Wt
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