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Effects of organic nutrition soil conditioners on physical and chemical
properties of irrigated desert soil in Hexi area and
economic profits of forage sorghum

ZHANG Chun-mei'?, YAN Zhi-bin*, WANG Xue®, YAN Fu-hai®,
QIN Jia-hai®, CHENG Hong-yu'*, XIAO Zhan-wen'"?
(1. College of Agriculture and Biology Technology , Hexi University , Zhangye, Gansu 734000, China;
2. Gansu Dunhuang Seed Seed Company , Jiuquan, Gansu 735000, China;
3. Characteristics of the Hexi Corridor resources utilization of Provincial Key Laboratory , Zhangye, Gansu 734000, China)

Abstract: In the face of soil hardening, low organic matter, weak water storage and low yield caused by long-term
chemical fertilization in Hexi Corridor, Gansu province, an orthogonal experiment was conducted to select the composition
for an organic nutrition soil conditioner. A field experiment was taken to study effects of organic nutrition soil conditioners
on the physic-chemical properties of irrigated desert soil and economic profits of forage sorghum. The results showed that
the effect of raw material for the organic nutrition soil conditioner ranked as follows: specific fertilizer of Sorghum, modi-
fied furfural residue, water retaining agent and polyvinyl alcohol. The weight ratio of furfural residual, water retention a-
gent, specific fertilizer of forage sorghum and polyving akohol equal to 0.9375:0.0025:0.0563:0.0037 for the best for-
mula. There was a positive correlation between fertilization quantity and soil porosity, moisture capacity, available nutri-
ents, agronomic traits, economic characteristic and yield of forage sorghum. The optimum economical application rate was
24..00 ton per hm” and the theoretical yield was 3.08 ton per hm®. Tt could be concluded that organic nutrition soil con-
ditioners could improve the physical, chemical and biological properties of the soil. In addition, the soil conditioner also
increased the profit and yield of forage sorghum in the irrigated desert soil.

Keywords: organic nutrition soil conditioners; irrigated desert soil; physical and chemical properties; forage

sorghum; productivity profit
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FNU - 2VF0 BN BE (4 Agri — CS - 38 00 B A 05 R
N EE TR B 5 | 18 2R PR A T e o030 2L 790 o P kv
F R B AR K S IR A A )y
VTAES , A5 E R T Y 40 224> T3k B K0 5 2
AR OLRG i [ 4854 BRAR il e 3 T 3%
RO (% R KRS . N T AN R e
BRARESEER I o D LU BB R N 3 AR,
431 R R R BB B e KRR Ik DR 1 i, (o 449 pH
(R R o TR ) R A 3 5 o A O i
o RV RO S BAL I . e AR IEST
TS A A PR PAM 203 T $hme 1 4 B
PERG . WEE R AE TR T R AT KR
T+ RAEFCIR - FIRR T 2ot R R IABERD B AN
TN A N R 2R 1 256 T B B — Al £+
B, T2 oA F H R N Rl R AR X, Bl
HFEAERR A EER H 25 ™ 2 A0 35 B U R T K
Wit A ACAE , AR5 #4182 BEIR , S8 H 3Ras
BT A A%, /K T eI , MEY = I AR
I, BFFE R R A ML LB IR R AR K o — A
I HLE TR RN B R A K A 5% T TE
T2, (o FRDRE A 8 M DA AR e b AL 5 R VA
X 3 AR BRER I , KA 138 pHIS! A5 WL A R 7
YIRS it BE A R MK 4 pH (R L T v P SR A e
fRpE =100 2 R B R S K, JERE
A LR MR A O BB 12 KR — 2 e 4y
FRAEY), A B ARE T K, FIRETE 10 min P WK B
i B R 100 ~ 1400 £5 197K 43, AU I B i ik
Je T AR R BRE 7K Bk, WK i SR AR A, T 1 o - 198
JKPERE A AR (R K R R 43
Ja , TG A N JR B P AL S KT, B TR
PR ST R, s SRR R T, b0 3R 43 10
I, B v MERE A A5 3, 418 o 12 DX 7= D Jo A ik
T RO I, Sk, AR A AE 3SR S0 i, A
Tl e R AR, e Ik i, 5 A P IR+
SRR, AT T R TR R, A WUE IR ek
R ke 15 RS R A DA

L BRI

1.1 RBEsr

11,1 KBt 00T 2014—2015 476 Hl
AT SR TR N DXL VB AN — 3% S AR i A &
K10 a Py AT, 100 MK S R R 1 455 m,
251 98°40' 169", At 46 39°34'590", 4E iR 7.5°C , 4
B K i 86 mm, AE3478 & At 2 400 mm, TCFE ] 150

d, FHERRUZHE B +,0 ~ 20 em BHE)Z S HIUR &
H18.47 g-kg ™, TR A 62.62 mg- kg~ !, M6, 34
mg kg™, BN 138.71 mg kg™, pH 1H 8.34, 41k
1.64 g-kg™ ', 1.32 g-em ™3, MALBE 50.19%,
AR 1A 24.10% , M FIHF7K i 1 003.80 t-hm ™2, 145
T oA IR T BT YR K
1.1.2 RKIMA JRE, & N46%, kit h2~3
mm, K T U AR AL T AR AT BR A w) A 7 s i iR — 4k
BN JREIECN 18% , & P,0s JEHRTECHN 45% , 7
By = AR TABRTEA /R R, & K
50% A2 R 2 ~ 3 mm, WIAC SR T AT FR A B AR
FESBREREE, 7 Zn FUE B 23% , Bl X Z Ak
T A RS , & Mo Ui 7080 R 54.3% , A M
M iBA TR B2 w) AR 7 3 1 FH e 3% FAIE (Tl 7Y
A BUFE) K IRE IR IR R REE
FHBR B T B o442 0.4145:0.0521:0.5000:0.0234
:0.0100 A, &% NALE 0B & N 20%, P,0s
2.40% ,K,0 23% ,7n 0.54% , Mo 0.50% . MM,
ESHPR 760 g kg™, 2R 0.61% , W5 0.36% , 4>
B1.18% ,pHAE N 2.1, 8048 1 ~ 2 mm, Hilt 54k
A BRA FIA A B KO A P Mg HE i R s R &
e« KA 0.05 ~ 2 mm, H it 22 455 bR FRZA
7 s PRAKR KA 2R 645 go g™ RIAR 1 ~ 2 mm, |
I P AR A BORE A Ak T AT BR 2 mI AR 7™ 5 1a 3R i &
bR 3 5, A BOR RO B A7 B2 F N H A
g1k,
1.2 REAHE
1.2.1 HBSERE 78 1000 kg MRS AITA 50 kg
OB BRI A BRI pH R F] 6,501,
1.2.2 Az HERE/DNXHEAN 32 m* (8 m
x 4 m) ,/INX Y JE S, 398 30 em, (& 35 em, A HLE
I 1 i R 7] (Fa B P T T 0. 9375 1 AR UK
0.0025: 15 F =5 5% FH AR 0.0563 : 3B Z 45 0. 0037
Bc D ZERE R AT A 20 em )2, 2014—2015 FE4ERY
4 H 26 HEEM (5 em 2 HIREELE 12°C)  7EFIR
FER 2~ 3 em, SEHEATE R, H LGRS — R
FrR, B R EE M AR &R AR EE 15 om,
TTHE 45 om, SCEEARFTEE N 218, 40 e 3R 55 1 Al Bl
W1 OFIE ) RIS 1R, AR /N X K
HAHSE
1.2.3 Kipa® X5 —, AHVE TR HIE SR AT
FfE . 2014 4E 4 F 26 H 4% oot B A | (5K
I R AR AR O EESE 4 AR E L B
F Pt 3 KT HIE R F Ly (3Y) it 9 A b Et
RYE =, A HLE IR ek [ 4 e
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W EL A, W WO M T v R /K ) A R 3R %
JE R 2 W e AR 0 — T A 5 SR A T A /i

TR AL P - AR FH () U0 45 5 B LB 7
ek )50 it FH AR B TS 0..00(CK) , 4. 80,
9.60,14.40,19.20,24.00,28.80 t-hm 23k 7 M4k,
DAAEHR 1 2y CKOM AR, B Ab B AT 3 9K, AL IX.
HHEF
1.2.4 MERBEFF 6 HERIEER, 7ER K
INDX N F BRAR GE R T 1, S SR AE 30 A, D2 B
WAL R R R, SO BB T St b,
ARG /N DB, B /N DX 7= i T A B B o
PTG Mo A3 I HE IR I /N X P e % G A o
KA 0~20 em BHEZ HHE 5 ke, DU L] 1 ke
BA TR T 15 d, 3 1 mm it 2 AL 20 BT o
SALBREE A LU = (R - L
H) + B x 10003k 15 BELBREZR AKX (E
LB = ARGk x TIEATE x 100)3R15;4E
EELBRERAXGAEBEILBRE = BILBE - €
LB ) SR Bk it = (A x BALBE x -
JEREE) s BERKE = (H x BEILEE x +)2
REE) ; AEBEHRKE = (I x EBEILBRE x L
JEIRE)

B 2R A 10002 5 Ol i R ok 1R S i
PE—HH B6 bbb o uh B A SR A OKOME 6 T
LIS O AR = (WP - AR AR ) .

1.2.5 Bk Z5EEMERM DPSS 10.0
G b, 2 B HO#E, LSR KB vk . IR 3 & 553

s B A AL xo = [(p/py) - b1/2¢ KTF
FHHLE IR e B A i (x) , AR M REL N,
BUET R y = a + by + o SRAFAE WG IR L R
F) e it PR RIS A4 BT 25 SR I i ()12

2 HERGO

2.1 ANEFRLIEURFEAHE

2.1.1 AMEBRIEERRABAZNG(R)Z R
2014 4F 9 H 26 H fi) FH = SRS 5 I e $5 08 mT LA
(R D AFEZRMAB(R)E C>A>BFD,
0 I 52 M ] P e R B 7 19 PR R AR R, < 1] 1]
SR T R > SRR > PRAKGRI AR IR EE
2.1.2 AWEHRIEXRALBA LW TA
FOB TAEATAL, Tao > Tay > Tas, Ut B R GA FH 5 3
g A AP T U ) S P B A G R T G A, > el
BT v i P H B 1 22,50 - hm ™2, B FH s S e i
i SR T O i T e BE P ORI RE AR . Ty >
Tl Tys, Ut B AR 7K ) 3E B & — M 0.06 t-
hm=2, T3> T > Teys Trg > Trp > Ty 18 B Bl 25 1)
FH v 3R & PR R 2 s et it P 6 B85 1 185 o, 4]
JH S s e R0, 4l FH e 3 % HIIE RN 3R S A Bk
BHE—M M 1.35 t*hm =21 0.09 t-hm~2,

2.1.3 AWEHRIIEXRRAEZN RAEHL
RIS A Ay CHEE T 22.50 t-hm™2), By (f#
K3 0.06 t-hm™?), Cs (i ] i 32 % AL 1.35 t-
hm=2),D; (R ML 0.09 t-hm~2) , CHfBlepieme v |
PRoK 0 ) A 3R IR R &0 T TR R LR
0.9375:0.0025:0.0563:0.0037IR 53 B A HLE 77 +
R A .

K1 LELZKESFTE
Table 1 The factors and levels of 19(34)

o A7 A kol e D 7
Tr;%Ztmenl BRAEE Water 7ret)t:/nti0n St:)e(’,iflij’,J fertilizer of LM Yield
Furfural residual agent forage sorghum PVA /(t*hm~2)
1=AB,C,D; (11.25)1 (0.06)1 (0.45)1 (0.09)3 2.47
2= AB,C,D, (11.25)1 (0.12)2 (0.90)2 (0.06)2 3.16
3= AB;G3D, (11.25)1 (0.18)3 (1.35)3 (0.03)1 2.44
4= A,B,GD; (22.50)2 (0.06)1 (0.90)2 (0.09)3 2.78
5= AB,GD, (22.50)2 (0.12)2 (1.35)3 (0.06)2 2.81
6= AByC, D, (22.50)2 (0.18)3 (0.45)1 (0.03)1 2.82
7= A3B,GDs (33.75)3 (0.06)1 (1.35)3 (0.09)3 3.21
8= A3B,C,D, (33.75)3 (0.12)2 (0.45)1 (0.06)2 1.79
9= A;B;G,D, (33.75)3 (0.18)3 (0.90)2 (0.03)1 2.24
T 8.07 8.46 7.08 7.50 23.27(T)
T, 8.41 7.76 8.18 7.76
T 7.24 7.50 8.46 8.46
R 1.17 0.96 1.38 0.96
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22 AHNEFRIENRFIEAENERLENE
sz
2.2.1 MEREILWERFREGY A TS
it J3E S A 3 A R AP B R AR, FLBR
FER W) B A AP (K 0B i e 4 & K
AR S HISEA AT, A HLE R e R
Ft S AL B LR AR B
FLBR R Z B) 522 2 2 B IE AR G R M R E(R) 41
W4 0.9831.,0.9841 1 0.7670, MALBREE . BEFL
B2 AR A FL I S R I HILE 77 - 4l 177
Jiti 5 28. 80 t-hm™2, 5 CK HL#&, 43 A4 m T
2.94% 2.95%M12.33%, 5 BF (P <0.05), X
JE DN S KR A 3 5 AR TR LA A,

WERFLBRIG 2, DRI - 338 2 F ARG, B 1 3L B
o Rk R IR RE T i — T S EAE b, o] LA
FAE K PR IR A RE J1121 0 AHSE M AL, A L
B IR e R R S R R AR B
FoKEAIEBERKEZ 2 B EWEMHLKR,
X RE(R) 73914 0.9188.0.9746 F1 0.9763, 1l
MK E BER KR MEBE R ER K EA
HLAE 7 ek B 5 it F & 28.80 t-hm ™2, 5 CK [
B, BT 105.60.59.00 t+hm ™2 A1 46.60 t-
hm™2, 2253 B (P <0.05) (% 3), XEENERLIHE
W — PSR K AR Wk RAR K, A6 38 w5 + 3 4
IKYERE Ty T AT BB A VE o L R R0 At T
T R RK ORI g

R2 ANERIEMRFEAENERLFLREMFKENN

Table 2 Effect of amount of organic nutrition soil conditioner on the soil porosity and water capacity

5 R 7R it o BEALBRREE EBE LA (URIIES YIS BE KR EBERK
X o AL . : . .
Soil conditioner Total P Capillary Non-capillary Saturated water Capillary water Non-capillary
amount ol /;;)romty porosity porosity content capacity water capacity
/(thm™2) ’ /% /% /(t*hm™?) /(thm™2) /(thm™2)
0.00(CK) 50.19fB 28.11cA 22.08cA 1003 .80gA 562.20eA 441.60dA
4.80 50.57eB 28.32¢A 22.25cA 1011 .40fA 566.40eA 445 .00dA
9.60 50.94eB 28.53cA 22.41cA 1018.80eA 570.60eA 448.20dA
14.40 52.08dA 29.17bA 22.91cA 1041.60dA 583.40dA 458.20cA
19.20 53.21cA 29.80bA 23.41bA 1064.20cA 596.00cA 468.20bA
24.00 54.34bA 30.13aA 24.20aA 1086.80bA 602 . 60bA 484 .00aA
28.80 55.47aA 31.06aA 24 .41aA 1109.40aA 621.20aA 488.20aA

1 RSN EHE A R KNG T3 3R 1E 0.01 F10.05 K F EZFBE, FH,

Note: Different capital and lowercase letters within the same column mean significant difference at 0.01 and 0.05 levels, respectively. The same as below.

2.2.2 NEREIAWRARBFSGH R AL
J R FAE A AT 7 = A EE B AR AR, H R Py B
FE A MU R, PRI D 55, 38 e e R
FIPET HHEA LT & &, SR + TR E T TZ
ARSI . BFSE 2 R W], A LS R - R R
Tt F i SR A LR & R R B E W IEA R,
FHRREL(R 79 0.7670, A AT 8 e e 12 A AL
7 S0 R it 28.80 t-hm 2, 5 CK o #K,
WY 217 g kg™, ZERMEE (P <0.01), AL
T 3PS R R0 i P - R e R A AR
PR 2 0] 52 5 25 A IE AR DG OE R A E REL(R) 43
57k 0.9004.0.9188 F1 0.9860, il fift % . 34 5 i Al
R R R I A ML 7% e R 7t A A 2880
t~hm™?, 5 CK FL#, 4- 53T 19.74.2.17 mg-
kg™ ' 13.20 mg- kg™, ZFM B E (P <0.01) (R
3)o XIEP it A TRk RS, i T g R A
PEIT G50 T 1R TR T RE 7, R A AR 4 9k

FE ORI T FRA IR
2.3 ANEFIEURFEAENRAATREF

AR 2 7= = 0 HE BE ) 38 B9 52 I

12 4 RN, A HLE 3R 3 0l R R0 it A o 5]
FH v SR A ORI E | EORL R R e ] R A
IEAHSC R AR, FHRRE(R) 4391 0.9913.,0.9761
0.8497H1 0.9757, AR AL by B | R E A ™ i d
KA B FF 40k B 50 FH 4 28.80 t+-hm ™2,
5 CK FeB 4 M3 T 112.86 K- F-!.6.58 g-
FE-1.0.34 g M10.66 t-hm ™2, 23 B EH (P <0.01)
(%3) AYVE IR B Rt 4,80 t+hm ™2
HEHGE] 24 ¢ hm " EAC A A A LS SR R R
it R S A B A 1 i 3 1 (HA HLE IR R R
)5t FF] 2 st 2400 t- hm ™ 285 Jii JE ) 0 T 6 38 Uk
F LG AT O, A5 L 9 B A R 790 3 B P — sk
24.00 t-hm~2,
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24 AHNERIBEURFEFINGERERAEDN 1) ,2015 4640 AT v S8 5 57 29 8 4 (Py) 2 25 000
HE Teet K (Pr) ((Py) IR SEL b Fl e ARA
AHUE IR e R S A R R R AR AR v = [(Po/Py) - 017260k
FRAEEAGRE y = a + by + o” WA, RMR: A PUE SR LIRS R A TR0 St i (vy) B
y = 2.44 +0.0420x - 0.0006x° (1) 24.00 t-hm ™2 Hf x, FOA (1) 30, KA g e 208
BEEME R ARG R APUESR B () R 3.08 t-hm =2, LA L, A HLE 75 1+ 3k
TIE R (Po) 330,14 J0-07 (R4 P AT BRIV G A 24.00 t-hm=2(F 4).,
*®3 ANEFRIEXRAEASNER T GNRMELFTS M
Table 3 Effect of amount of organic nutrition soil conditioner on the content of organic matter

and available nutrients in irrigated desert soil

4 R AL T A T prvyeat
Soil conditioner amount Organic matter Alkali-soluble N Available P Available K
/(thm~?2) /(gkg™") /(mgrkg™") /(mg-kg™") /(mg-kg™")
0.00(CK) 18.47hbB 62.62¢B 6.34cC 138.71dB
4.80 20.11aA 73.67dA 7.45bB 143.00cA
9.60 20.30aA 75.17cA 7.68bB 144.45¢A
14.40 20.35aA 78.31bA 8.09aA 145.91cA
19.20 20.42aA 79.91bA 8.26aA 147.38bA
24.00 20.48aA 80.71bA 8.42aA 150.39aA
28.80 20.64aA 82.36aA 8.51aA 151.91aA
®4 ANERIEURFEASREFIER = EMHEEFEH
Table 4 The effects of application amount of organic nutrition soil conditioners on
yield components, yield and fertilization profit of forage sorghum
EﬁlEﬁUﬁffEFﬂi f@ﬁﬁ( f@ﬁﬁ [EE A g fﬁ'?’:i HE EEHIE.JJY%F Eﬁﬂﬁ'ﬂ‘@
Soil conditioner  Grain number  Grain weight  Hundred grain Vi Yield Increase Fertilization  Application
amouill pe: spik_e per spilje weight /(1 hm-2) increas_e prodjclion _rate #cost _ Eenef i t_
(t*hm~?) VAC Ay S VAT S /g /(thm=%)  /(JG-hm~?)  /(GG+hm~?) /(JC-hm~?)
0.00(CK) 771.26fA 24.45(B 3.17dB 2.44¢B — — — —
4.80 787.24eA 26.77eA 3.40cbA 2.68fA 0.24 6000.00 1584.67 4415.33
9.60 813.07dA 27.81dA 3.42¢A 2.77eA 0.33 8250.00 3169.34 5080. 66
14.40 837.45¢A 28.72cA 3.43cA 2.87dA 0.43 10750.00 4754.02 5995.98
19.20 854.22bA 29.64bA 3.47bA 2.96¢cA 0.52 13000.00 6338.69 6661 .31
24.00 881.34aA 30.85aA 3.50aA 3.08bA 0.64 16000.00 7923.36 8076.64
28.80 884.12aA 31.03aA 3.51aA 3.10aA 0.66 16500.00 9508.03 6991.97

MR (T JRE 2 000; 12 8k 4 000; FRERAN 2 100; BREREE 4 0005 412 B 35 0005 3 2 M i 22 000 147K 71 20 000 ; BEEE TS 605 1 T 25

L RIIE 2 S3LCRE W RR % BRRREN B MR EE | FHAR LT i 4% 0.4145:0.0521:0.5000:0.0234:0.0100 A7) s A ML 35 1B R A 330. 140
MR ARAGR) A e 3 I 3R M T Ak LU 4% 0.93751:0.0025:0.0563:0. 0037 Y4 ) 5 2015 4RIl T i SR A -7 39 44t 25 000,
Note: On the price (RMB yuan+t~!): 2 000 for urea; 4 000 for diammonium phosphate; 2 100 for potassium sulphate; 4 000 for zinc sulphate; 35 000 for

ammonium molybdate; 22 000 for Polyving akohol; 20 000 for water retention agent; 60 for furfural residue; 2 531 for specific fertilizer of forage sorghum(weight

ratio of urea, diammonium phosphate, potassium sulphate, zinc sulphate and ammonium molybdate equal to 0.4145:0.0521:0.5000:0.0234:0.0100) ; 330. 14

for organic nutrition soil conditioner(weight ratio of furfural residual, water retention agent, specific fertilizer of forage sorghum, and polyving akohol equal to

0.9375:0.0025:0.0563:0.0037) ; 25 000 for seed of sweet forage sorghum in 2015.

3 ihieS4ie

- B AT e - S ERAS H ALF
I TSRO 0 30, 485 - ST T
MY PRF B T SN, AT 3 e g

BB 200 it FH M ) B 3 bk i £ 3
APLUTCERE, B5 T B SR OUR  MEE A HUIE S
B TR R L, W B R b R
AR AE RN, A HLE SR 5 R it 5
B AALBUE Rk AU GRS A R R A
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2R AT ERA T R R B EWEHX LR, &
BUAZGE 5T, A HLE 3 4 58k B R it A 2 5 1R
SR e R A ) Rl UH ARy = 2. 44 + 0. 0420x —
0.0006x> , \ 2 5528 5 F , v R 577 it FH = 7E 28. 80 -
hm 2B 34 PE{E N 16 500.00 JC - hm ™2, /H Wit AE i A
F T 24.00 t-hm 2R0HE R IL , 2895 5% 25 B ARt
T 24.00 t-hm™ 2, fA] A R B 7 5 R 3.08 t-
hm™2, DL 25 SR, 76 H R A1 74 P B 5 X 3 1
+ FREAA NS R R R A e A
1o AT R A B 3 AU 5 o 3 ] B S R Ry 8 B FL
B RE FIIE AT FLIREE LA - 3 255 W B R A 5
THGE, BEA R FE R TR, A R KR
BT GE ) T EERET S T SR
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