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Effects of Long-term Application of Organic Fertilizer on Hydrogen
and Oxygen Isotopic Distribution and Wheat Water Utilization
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Abstract: An indoor and a field experiment were conducted to study the water-stable large aggregates,
soil organic carbon content, saturated hydraulic conductivity, hydrogen isotope distribution, physiological
characteristics of wheat photosynthesis and water utilization under long-term application of organic
fertilizer and chemical fertilizer, thus ascertaining soil moisture distribution and water use mechanism of
long-term application of organic fertilizer. The results showed that the organic fertilizer significantly
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increased the proportion of soil macro-aggregate, soil organic carbon content, saturated hydraulic
conductivity, and thus led to the high stability of soil structure. The abundance of hydrogen and oxygen
decreased gradually with the deepening of the soil layer. In the jointing period, the long-term application
of chemical fertilizer mainly used the water in 0 ~ 60 em soil layer, and the yield of organic fertilizer
mainly used the water of 0 ~20 c¢m soil layer, while the contribution rate of soil moisture of 0 ~20 cm soil
layer was significantly higher than that of other soil layers, reaching more than 50% . In the heading
period, the long-term application of chemical fertilizer and organic fertilizer mainly used the water in 0 ~
20 cm soil layer, and the contribution rate of soil moisture in this soil layer was still more than 50% . In
the filling period, the long-term application of chemical fertilizer mainly used the water in 0 ~20 em soil
layer. The long-term application of organic fertilizer mainly used the water in 20 ~40 cm soil layer, and
its contribution rate reached 50.2% . With the advancement of wheat growth period, the soil water
storage decreased gradually. Long-term application of organic fertilizer was more conducive to reducing
the ineffective loss of soil water in the early stage of wheat growth, which improved the soil water storage,
and then promoted the supply of water in the late stage of wheat growth. Compared with application of
chemical fertilizer, long-term application of organic fertilizer was more conducive to improving the
photosynthetic rate, stomatal conductivity and leaf water use efficiency of wheat in different growth
periods. With the advancement of wheat growth period, its above-ground biomass gradually increased and
above-ground biomass of organic fertilizer was higher than that of chemical fertilizer. Ultimately, long-
term application of organic carbon content significantly improved wheat yield and water use efficiency.
Corcorrelation analysis showed that the water supply of 40 ~60 ¢cm and 80 ~ 100 cm soil layers at jointing
stage, and 20 ~80 cm soil layer at filling stage of wheat were more conducive to improving wheat yield,
while soil supply of 40 ~60 cm, 80 ~100 c¢m at jointing stage, 60 ~ 100 c¢m at heading stage, and 80 ~
100 c¢m at filling stage of wheat were more favorable to improve the water use efficiency. It concluded that
the long-term application of organic fertilizer improved the soil structure, enhanced the storage,
conservation and utilization capacity of precipitation in the soil, improved the photosynthetic physiological
characteristics of wheat, and promoted the increase of yield and water saving and efficiency.

Key words: organic fertilizer; soil structure;

hydrogen and oxygen isotopes; photosynthetic

characteristics ; water utilization
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Fig. 1 Distribution of rainfall during wheat growth period
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Tab.1 Effect of different fertilization measures on

soil organic carbon and soil physical properties
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Fig.2 Characteristics of soil moisture content changes of
different growth periods of wheat in 0 ~100 ¢m layer under

different fertilization measures

INEARFEF W0 ~ 100 em + )2 F A 77
E O ARHHE

RUPPENTHAL %' B 58 £ W, MAEW R & h
Kok A R R A S LR — 2 ok o g e
SRR Z L AR TR I, RTINSk VR AR 2R I AL £ K
BFEEORT IR,

DI 3 A g0, FE3RCT 9, Bl A 20 TR, Y i A L
NEALEE §'°0 8D [F] 43 28 - B R B0 3 7 PR A 34
M L AR AL BE Y §'° O [R) 7 Z 3 B2 B - J2 Ik w
AR, ARG E 5 8" 0 R FE F T

2.2.2



F12H

Mk A5 . IS AT MLAE X S SR 67 3R 5041 5 /N2 7R o0 R RE i) 711

=30%c/c A7, M1 8D FFENH - 40%0 ~ — 60%0, H.
JALIE + 48 80 WA = F SRR T 80 M xR
F AT ST 15 .35 .60 cm 4b, 8D R R FEES
HRZ 8D [Alf R F M AE 2T 25 em &b, T4
A AU FE 80 8D £ I SR & H 80 8D
)37 28 F M ZR A8 5 F 20 em Ab, X TEPH , it fk
NEALBRA/INEZ MR R FERIH 0 ~60 em 121 145
ARG, i3 it A LA A BR A N AR R SRR 0 ~

20 em 12 HEK Sy
SDERE %o 8D FE %o
0 =20 -40 -60 -80 -100 0 =20 -40 -60 -80 -100
10} (D) 10 o D)
20} - #R % (8D) 20 W, HRFRED)
< 30 —REE0) 3 s —HRRE"0)
S 4ol '-__—i%@‘so) 3 40 i—LHE"0)
% 50t ; % 50 i
o4 60f 14 60
+ 70t { H 7
80| H 80
90} : 90
00 s Ciois 2035 30 %% 5 Zin<i5 30 =25 30
8150=E /%o 80E FE /%o
(a) BHBILAL (b) #HAHLAE

P 3 b ST [ A e - 9 S 4 IR a7 3R 4 A1 AR
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Tab.2 Analysis of productive factors, yield and water use of wheat under different fertilization measures

e MEs K MESY BEREY R AR TRFE, BROKE, TR KA FIFRCR/
cm cm A~ A~ /4 (kgrhm™?) g mm (kg-hm=2)  (kg'mm~'+hm~?)
HAtALAE 71.2¢  7.7° 43.0° 22.9° 3.5 21 120.3° 41.2° 407.1° 7597. 6" 18.7"
WREAHE  70.7°  9.0° 51.3® 23.5% 2.7" 24 314.6" 42.1° 391. 40 8 424.0" 21.5°

2.6 AEBIEFEETARLEKSTEER

AR 3 AT BN AR I R ) 2K g3
DUBRRAFTE I i 22 5 . 7R3 I, 3R IZ 7K oAk 7
B BALHY 3K 56. 4% ~59.7% ,20 ~40 em + 2K 5>
TR AT 22.2% ~26.8% ,40 em DL F + 2K 43
TUERRAL T 10% ., FEILIEALBEZRZ N 20 ~ 40 cm
TR LKA TR R R T A MU AR B, M 40 ~
60 cm F1 80 ~100 cm + 2 +1E/K 73 Tiik R LN .
R A AR F b AR, BRI, )2 13K
Sy orikRA A T AL 2, HRTF 50% , b+ 2
TN, 187K o3 DTRR 320 W A, (HE it A7 HLAL b 28
1820 em LUF + 2R EETE 10% 4, BIHESRK I,
B 1= 2R, Bt A0 AT Ak B 4= 38 K 4 TRk R R BN
BHREAREH oK 73 TTERRAT) LR 2 5 ; 13 it
A BT Ak 3L 2 30 A7 S 348 i P38 o 1 e 3 | K
Ay HERY FEAEFLE 20 ~40 em , 35 50. 2% ,40 ~80 cm
2K FRRAERAE 15% 447,90 ~ 100 em +)2
KT BT R, R 7. 6%

%3 NERRBHRRLEARS THE
Tab.3 Contribution ratio of water consumption

of different soil layers at different growth stages

e +J2 P&
REE/em Pt AR AT Mt AT P
0~20 59,7 56. 4
20 ~40 26. 8" 22,28
P 40 ~ 60 3.6% 8.3
60 ~80 7. 4¢A 7. 44
80 ~ 100 2,548 5,71
0~20 56. 9 51.8:®
20 ~40 12. 94 12,904
i 40 ~ 60 13. 5% 11.9"
60 ~ 80 8.3 11.4%
80 ~ 100 8. 4P 12. 0%
0~20 51.2%4 12. 4B
20 ~40 17.3%8 50. 2%
I 40 ~60 16.0" 15.2"
60 ~ 80 8. 1P 14. 6"A
80 ~ 100 7. 4¢A 7.6

VE L AT RIS SR Fm AR 12 2% 5 825 (P <0.05)
2.7 AEXREDE 0 XESH

KK RN 2R R 3K I [l 28, 2022—
2023 4EWFIE XN E KBRS EKL TR v =

7.171 6x +24. 562 , L E R B R =0.883 6 (K1 10)
HARRKR KL T (y =7.825x +8.90) I,
B 10 JrRRbR e/, R A K, R 9T X 2% &
5 EE Tk 28 A AL T2 k0K, K
SRR R AR K R 20 T 28 &0 18T i 4R
AW | 32 SRy MoK VR A8 AR /N T 4K

—lg: ¥=7.1716x+24.562

=201 R>=0.8836

=301 . .
—40+
_50,
—60}
—70+

80 *
-90

-14 —i3 —iZ —il —iO —‘9 —‘8 —‘7 —‘6
880 /%o
B0 RAFEK 8D 5 870 KA
Fig. 10 Relationship between 8D and 8" 0 of

atmospheric precipitation

ANl AR AL BN A A K 3 8D 5 80 X &R
WE 11 B, WE 1a AT RAE ) RK3] it AL Al 4%
PN/ NEAERIN A BOK M2 BN y =7.777 Tx +
17.776 ,R* =0.950 7, W LA H iz il £ #FR g KT
KA KT A, A B /N T RS Rk i £k
D7 A, BEHHH I Bt AT, 4R T 4= 8K 4328 s FE
/J\Eﬁ%z%?ﬁ%ﬁjt, R A2 = i ﬁ_biz [ %

8D FE /%0

8D /%o
4
=3

y=7.7777x+17.776

—100+ e R*=0.9507

B TR T VR T ST e Z6
SOF %o
(a) HEpEALAE

-30r

—40t

¥=6.5136x+1.7217
R*=0.9806

SDF /%o
4
=3

-100 o
Mg 16 -1+ -1z -p 8 %
"0 F /%o
(b) A HLAL
Bl /NZEAERI I SD 5870 XA
Fig. 11 Relationship between 8D and 3" 0 of soil

during growth stage of wheat
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mFRIZE A, MR 11b AT %0, K393 it A7 HLAE 4 14
TR K& R y =6.513 6x +
1.7217,R* =0.980 6, A] LA HiiZ #h £ &1 R w7
FRAREAK ey A&, i R B /N TR AR K
2R 7 R | 55 Bt A0 IE A0 B8 Fb , 36 it A AILAE &b BE
T EzE R B EN T G T S I K 43 4 0 £
ANF K BRI . R T 3 A AUIE S A -
EERCE AR R T Z MK T L8, X R
AR K AR HE T R AF 55, fEAE bR AR K B p
PRUHE A B AR K BE B (AR W) 6 ) T 28 s 3 AR 1
5, DRGSR A+ 4% 0% BB ) B, BB T B A
HUAE XS 9 7K 43 A48 107 B g 70 2, AT i A2 AR 9
A B A K KA T R
2.8 AREEFEENERAREFTHABLEKS
R RSEEMKSF AR ENEXES T
M 4w NEARTR A B IR £ 2K 5 51
kR 55 /N Pt KoK 3 R SCRATAE — 2 A 6

F AR £ 2K 5 BTk /N 2z 7 AR 4 1
RORAFAE B R 05 m , FE /N AR R v,
TERR A, R4S 40 ~ 60 em 1 JZ 7K 43 BBk X /N 22
FE EAEAEF A 7, (HZ 4 )2 0T 3 e e HoAt 1 )2 9
LR AE R MIE, I iZ 4 2K 2 Bk R 5 /N
PR B FEIEFE (P <0.01) ;80 ~ 100 em 12
IR AT BTHRFE /N 7 i LA BRI IEVE A R A%
2 HoAth = 2 A R 25 A VR F R 7, e 9%
H IR K TR R /N 7 AR R IE A O (P <
0.01), [F/H, 1EREII 20 ~ 80 em 1 JE /K73 BTlik
ENE PPN EE A RN B3 (P <0.05) stk i 3%
(P<0.01) IEAHSG, XFF/NEKS RN,
FEAN R A B AN ] 1 J2 /K 43 s ko oo B 4 ol [a]
YERIB 27 B RO R /N 1 40 ~ 60 em FlI
80 ~ 100 cm fli ] 60 ~ 100 cm S M 20 ~40 cm
F160 ~80 ecm FJZ/K 73 TTRkR 5 /N K 43 I AR
HEWE (P <0.05) Bt B3 (P <0.01) IEAX,

x4 PMEFREFPARLTEKSTEBES=EFKSFIRLENBEX LS

Tab.4 Correlation analysis between water contribution rate and yield and water use efficiency

in different soil layers at different growth stages of wheat

ezt 0 ~20 cm 20 ~40 cm 40 ~60 cm 60 ~80 cm 80 ~ 100 cm
HEERE R -0.030 -0.350 —1. 104 0.093 1.559
P EEESEREEN -1.392 0.038 2.231 1.557 -0.651
LIPS -0.849 -0.960 ** 0.963 0. 540 0. 994 *
SRR 0.071 0.558 0.039 0.341 -0.079
FEh il i] P SEREEN 0.784 1.092 0. 106 -1.236 -0.662
LT -0.529 0. 540 -0.847* 0. 504 0.593
HEERZ R -0.636 -1.973 0. 996 0.335 -1.068
I EEPSEREEY e -0.268 1. 642 0.618 1.053 2.726
HHIC R AL -0.995** 0.782* 0. 647 * 0. 870 ** 0. 494
HEERZRH -0.730 -0. 662 -0.528 0.135 1. 184
P FEESTREEY e -1.737 -1.102 2.942 2.027 1. 107
LY -0.707* -0.999 ** 0.876 ** 0.335 0.944 ™
HEERRE 0. 028 0.528 -0.205 0.237 -0.249
KRR i EESEREES -0.188 1. 634 -1.015 -0.15 0.598
[P -0.708 " 0.335 -0.945* 0. 687 * 0.760*
HEHER R -0.221 -0.771 0.434 0.079 -0.411
IR EEESEREEY -2.066 1.741 1. 865 2.393 2.504
LIPEY -0.945* 0.903 ** 0.457 0.736 " 0.284

o FORFEI L 2 (0. 01<P <0.05) , #* FoREMH % (P <0.01),

3 i

F TRt A e AN (), A T M4 by 4
AR Ak, FETT G R I 7K A 33 v B A FK 53
(255, 8 I B SEI U) Bfe A E AN A LA X
K SRR 3R A L AORAR 8 v B F B 0 A, i)
A ) it PR I Tt A LB % 1 B K e A 1A
AN )2 45 R AR R OO YOG 2 B ok 22

5o R E A K R i T4 R SR, 0
IKIMIEFE ARG A BRARAE A5 | DT P4 B 44 it A
HUILZEPET 25T SRR 3R B B 4 7 5K
I3 R RN LR

KRAEHFTER W, T S it A HILAL RT3 4 +
Hesity , B i b S SR A AUEEY RIK 43 R o g
T3 AR A AR E AR A 5 3R ] )2
BRI BE R 5 1R T 2 8] E G R IF AT
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G RO AN IR A AN R e U S W il =y 1
W, QAR 28 T BRI BB e I 3, 1560 148
IR il M USRI 28 TR 2 B 3R 2 14 4
FEANZZ BT, KIS FZE AR 0 ~60 em £
JZK Sy Hat A HUAE AL B EZRM A 0 ~ 20 em £JZK
55, =4 0 ~20 em )2 EHOK S 5Tk E ) 17 50% L
b BATALAE AR O ~ 40 em )2 13K A TTER K
Tyt AL AE b B 173 A ALAE AL FE 40 ~ 60 cm
180 ~100 em +J2 + /K 43 TRk R K T Huia b e
AR UL RN IR 3R KRN
A RAE SR H B TR R AR X 45/ A a) 2%
RGP THFEART R, 5 Bt A NE b BRAR L, 1 it
AHUIEA ZOE /D> T RZKEFE, BT, A TH
Jita AR it 22 2 K oy sTik 4 T )2, 1
KT 50% , H. 5 Ak AR &b BEATS =5 T 388 it A7 HLAE &b
B sEnEA HLIEALBE 20 cm PAF + )2 38K 43 Tk
R RE] MR FRAE 10% 2247, 6 W 14 it A7 HLAE
TR TG R B 18 K A N AR R —
K& AR TN RARK, BERY, Kin
JEALAE O ~20 em 2 E 8K ik RN, 5
BATit AR AE b AR LY, 38 AT ALAE 5 35 0 ~ 20 em
HEEHOKFIH, $E 5 T 20 ~40 em £ 27K 5 F
F, HBTHRk %34 50. 2% |, H.40 ~80 em 12 +3E/K 5
TURRRIL R 30% A 47, XUl HiE MR HE T
F T 3K o 10 A B e 5 R SR s A N EE
Je AR AR P R AN R 2 K A I T R £ i
TN R R AR R AN [R] 2 7K 43 W R
FH 3RS T KB AE R RCR

BEAh KA A Sl IR - 455 4 | g ) + 315
Rk PERE ALK AR AR AE 7121 i< 00 B0t A5 AL AR
RECRFFREZ 80K 2, Bt A HLIE 5 208 A HLAE i
Jiti, AT DA R ZNZE K A SR b K A T AR
LB 5 Bt AT LA AT IR F4 388 i, 3R B0 % 4 7K
3 TR D 355 238 0 55 T R T 55 ) L AR T, AR R R
LKA (16 4F) 3t A HLAE B B4R = T /N AN A
gtk RS E A FEE A
HUIE T A1) 0l S5 4, 38 55 38 SO ALAR FN T
PEA ML & i IR AR 0E T 3 5 7K R 4R e AN
T £3EFRsy, E—PWFoE R, St A HLIE B
P T/ANEARFAE AL T, b A R A Y
e, TE/NEANFATY, i FAY) &b &S
Tt AL AR B, 5 £ FK 43 R FH R 34 3
PR Ak XN PR UK R AR S HOR R AR
B WA 22K 5 STk SR ST A O A R B A
AN AR R N TR )2 22 (8] 7K 43 Bk R /N A2

PR G R SRS AR e A AR R, 25
ARV TN KT 40 ~60 cm .80 ~ 100 ecm FlIjEE
H120 ~ 80 em - JZAK AL RN/ INAZ 7 i e B
FH #7711 40 ~ 60 em F180 ~ 100 em A 60 ~
100 em JE3E ] 20 ~40 cm 160 ~ 80 em 12K 535t
HRFEXTINZZ K R HRCR SR = oA A H . SR )2
IR BARFE/ N A K AR DTk e i K (H T )
TN - S bR BOTTE U K A TC A AR, X TR
T AR B AK 53 ) AL B s DTk L 4 4/ 08 1
PR SR 2 S I S R VR R S T4
JAR 5, 3 A TAT B UE T 3 it A ATLAE AT 0 ) T -
HoK oy AR R0 A SR TRZ LHOK )

R K S AR 2R BB ) - K i S R R
FHE ARWEF R, KK A RN R AERE K 2
W2t T2 RTINS AR  32 )R MK K78 &
e /NFAEk, WNEAK S oK A AN R G
AR, 5t A AR BRAH Eb , AR RSt HL
JE A3 A ez A e FU, (H AR /N2 AR R AR v O
fE T 2R T T3 13 REK 0 5 T 7 4%
RSB EIARR L2 2 T A )2 1K
SBIFRIA P

4 HFRIE

5K 30 o it A AR B, A 0T84 it MLAE - 3
MU SR R 2. 8% , 1 6 M A ALK & 4R e
JERA, -2 AL B 0 0 R M B R,
ATBRE T W SR /N2 AN [R) A 7 4 A ) T K
ARG KR B R KR A P T
R TKAE 38 o A E T A0 BE AT T 39K A A3k
TG, FRAK T VRPN 22 3K BT AE s T
L300 729 0 DAY <04 = e 7 o £ A 97 O [ 1 21 2
it HLAEIE D T /N A K miT I K 43 () TE R E
B T /NF AR AR R IK AR I 2R B T AR K
Sy RS AERE TR A TR . R, 3t
PUIEECE T /NN B B AR BRARAE , 42
TN IS AL S B ARG BR ek T F
BTN PR FK A R RCR R R, S i
PR AEALBEAH LY, 386 A HLAE b B /N 22 7= 8 K 43 )
FHRCR A SR 10.9% F115.0% , WFFTE5 R MK
18t AT HLAR XS A A A IR | K 0 R s S 44 7 1
RO T RF2A RS (W 98 45 A 75 HE AT 2 4R
B K AR RLZ A T /N L FORER AR R R 1 JE 41
WF9E, LARA E K8t A HLAE 245 /N T KPR IR
AL A VERRCR
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