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Effect of manure combined with chemical fertilizers on fruit yield, fruit
quality and water and nitrogen use efficiency in watermelon grown in

gravel-mulched field
DU Shaoping', MA Zhongming”, XUE Liang’
('Institute of Vegetables, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China; *Gansu Academy of Agricultural Sci-

ences, Lanzhou 730070, Gansu, China; *Institute of Soil, Fertilizer and Water-saving Agriculture, Gansu Academy of Agricultural Scienc-

es, Lanzhou 730070, Gansu, China)

Abstract: [Objective] The use of gravel-sand mulch is a traditional water conservation technique that
has been used for centuries in the loess region of northwestern China. A porous layer of gravel and sand
about 10 cm thick on the soil surface could reduce the risk of crop failure, which frequently occurs due
to a combination of low precipitation and high evaporation that creates severe soil moisture deficits.
The gravel-sand mulch could effectively reduce evaporation and runoff, and increase the soil tempera-
ture and retain soil moisture. However, because of covering sand layer, it also increases the difficulty of
applying farmyard manure. Therefore, the traditional fertilization in this region involves chiefly applica-
tion of chemical fertilizer, while organic fertilizers are neglected. Long-term surfeit use of excessive
chemical fertilizer worsens the physical property of soil, causing soil hardening and leanness. There-
fore, drought stress, low fertilizer efficiency and imbalanced fertilization are the limiting factors in grav-

el-mulched fields. This study examined the effect of the application of manure combined with chemical
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fertilizers on fruit yield, quality and water and nitrogen use efficiency of watermelon in gravel-mulched
field under the same amount of nutrient application. [Methods] A two-year field experiment was con-
ducted in Gaolan, Gansu Province, China, where watermelon cultivation in gravel-mulched fields has a
long history. A late mature watermelon cultivar ‘ Xi Sha Rui Bao’ was used as the material and given 6
fertilization treatments: OF-0%, N fertilizer without organic fertilizer; OF-25%, substitution 25% inor-
ganic-N with organic-N; OF-50%, substitution 50% inorganic-N with organic-N; OF-75% , substitution
75% inorganic-N with organic-N; OF-100%, substitution 100% inorganic-N with organic-N; and CK,
no N fertilizer. The treatments were arranged in a randomized manner with three replicates, and the area
of test plots was 32 m’. The amounts of nitrogen, phosphorus and potassium applied were 200 kg - hm™,
170 kg - hm™ and 260 kg - hm™, respectively. The growth target, yield, quality and the use efficiency of
water and N fertilizer of watermelon were determined.[Results]The emergence rate and survival rate of
watermelon seedlings increased with the increased application amount of farmyard manure. Compared
to chemical fertilizer, 50%-100% substitution of inorganic-N with organic-N improved the survive rate
of watermelon by 26.47%-34.16%. Meanwhile, the above-ground dry matter also increased with the ad-
dition of farmyard manure in vegetative stage, which was advantageous to the formation of ‘source’.
The watermelon yield in the treatments with 50%-100% substitution of inorganic-N with organic-N was
increased by 63.2%-156.6% compared with N fertilizer without organic fertilizer. Meanwhile, the water-
melon quality in treatments with 50%-100% substitution inorganic-N with organic-N was superior to
that in treatments with no organic fertilizer. For example, the contents of sugars, effective acids and vita-
min C increased by 18.1%-27.1%, 3.4%-5.3% and 18.6%-37.6% respectively, suggesting that organic
fertilizer plays an important role in quality formation in watermelon. Total nitrogen in watermelon in-
creased significantly by 58.8%-91.9% at fruit stage, and by 106.2%-119.1% at mature stage, in treat-
ments with 50%-100% substitution of inorganic-N with organic-N. Nitrogen transportation amount was
increased significantly by 46.4%-223.8%, and nitrogen fertilizer recovery efficiency by 6.9%-18.5% by
applying organic fertilizer. The results showed that more organic fertilizer was propitious to the trans-
portation between the ‘source” and the ‘sink’. Combined application of chemical fertilizer and organic
manure could reduce water consumption and improve water use efficiency in melon grown soil in grav-
el-mulched fields. Compared to pure chemical fertilizer, soil water use efficiency was increased by
54.9%-176.3% with organic manure treatments.[Conclusion] These results demonstrated that under the
same N input level, 50%-100% substitution of inorganic-N with organic-N is a suitable for watermelon
in 20 years old sandy land.

Key words: Watermelon; Organic manure combined application of chemical fertilizer; Gravel-mulched

field; Yield; Quality; Water and nitrogen use efficiency
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Fig.1 Emergence rate and survival rate of watermelon seedlings under different fertilizer treatments
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Table 1 Fruit yield and quality of watermelon under different fertilizer treatments

Fy LI\is PR wCRTE TR R E w(EAERC)
Year Treatment Fruit mass/ Yield/ Soluble sugar/% Eftective acid/pH Ve content/
kg (kg-hm™) (mg-kg"
2016 XfHE CK 1.60+0.11 ¢ 21372.64+1522.10 ¢ 8.4+0.2d 5.09+0.08 ¢ 25.30+1.40d
OF-0% 2.1240.34 ¢ 28 222.56+4 565.48 ¢ 9.4+0.1 ¢ 5.1240.03 be 28.33+0.45 cd
OF-25% 2.93+0.09 b 39 036.76+1 179.02 b 10.8+0.1b 5.3040.05 ab 30.67+2.54 be
OF-50% 3.45+0.37 ab 46 070.16+4 945.05 ab 11.740.2 a 5.38+0.15a 33.60+1.90 ab
OF-75% 3.64+0.50 a 48 588.84+6 651.18 ab 11.5+04 a 5.39+0.05 a 35.33£2.41 ab
OF-100% 3.69+0.17 a 49272.7242 212.79 a 11.440.1 a 5.35+0.17 a 35.87+£3.32 a
2017 Xt CK 1.68+0.41 ¢ 12 134.20+£3 713.27d 8.2+0.8 ¢ 5.1840.13 b 35.9442.75 ¢
OF-0% 2.07+0.14 ¢ 17 413.92+1 501.52 d 9.2+0.5b 5.24+0.08 b 38.53+5.32 ¢
OF-25% 2.64+0.22 b 23 994.85+2 551.54 ¢ 9.740.7 b 5.25+0.08 b 42.88+4.58 be
OF-50% 2.8240.24 b 33 467.44+3 536.41 b 10.840.2 a 5.43+0.09 a 48.37+5.54 ab
OF-75% 3.46+0.26 a 42 876.27+4 064.24 a 11.4+0.4 a 5.42+0.03 a 51.39+0.99 a
OF-100% 3.45+0.39 a 44 688.06+6 305.47 a 11.6+£0.5 a 5.45+0.13 a 53.03+1.83 a

W R AN E/ING P RER R A R E) 22 57 3 (p < 0.05) . FIAl.

Note: Different small letters in the same column indicate significant difference among treatments at 0.05 level. The same below.
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Table 2 Nitrogen translocation and utilization in watermelon under different fertilizer treatments

A LI B
il Fruit stage Mature stage BRIk BRI I % vl ES
Treatment ik Plant/ Kk Plant/ WS Fruit/ NTA/(kg-hm™) NTR/% NRE/%

(kg-hm™) (kg-hm™) (kg-hm?)
X CK 19.14+0.51 ¢ 13.52+0.98 ¢ 21.03£1.99 d 5.62+1.47 ¢ 29.36+7.01 ¢ -
OF-0% 42.71+421 b 26.25+2.50 ab 29.62+4.28 ¢ 16.46+£2.34 d 38.54+2.83 ¢ 10.66+1.22 ¢
OF-25% 47.19+4.59 b 23.09+0.70 b 46.74+£2.29 b 24.10+3.92 ¢ 51.07+£3.45b 17.64+1.43 b
OF-50% 67.83+£5.75a 27.9542.92 a 61.07+£5.63 a 39.8846.06 b 58.79+5.33 ab 27.2443.05 a
OF-75% 72.1945.06 a 25.49+1.27 ab 64.89+6.96 a 46.70+4.79 ab 64.69+2.66 a 27.92+3.61 a
OF-100% 81.97+17.82 a 28.66+3.48 a 64.23+3.66 a 53.30+5.16 a 65.02+7.12 a 29.17£2.30 a

P25 7 6.9%.16.5%-17.2%F118.5%.
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ANE AL F R FH 0~120 em 3K B 5 75 R4
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Table 3 Water use efficiency in watermelon under different fertilizer treatments

AR E Ik ARAY B 42 o L = STl FH 28 2%
E4 AbT Soil water storage/mm L/}F?E{JQE ﬁ*&% ) FKE ) /Kﬁﬂﬁﬁ)&$.
Year Treatment " " Variation of water storage/ Precipitation/ Water consumption ~ Water use efficiency/
ca catme S A mm mm amount/mm (kg m™)
Seeding stage Mature stage
2016 X CK 207.12 202.72+24.99a  4.40+24.99 ¢ 154.80 159.20+24.99 ¢ 13.43+2.91d
OF-0% 207.12 148.83+8.28 ¢ 58.29+8.28 a 154.80 213.09+8.28 a 13.24+2.62d
OF-25% 207.12 184.12+18.54 ab 29.86+14.67 bc 154.80 184.66+14.67 be 21.14+1.63 ¢
OF-50% 207.12 183.2946.20 ab  23.83+6.20 be 154.80 178.63+6.20 be 25.79+2.11 b
OF-75% 207.12 177.26+14.67 ab  23.00+18.54 be 154.80 177.80+18.54 be 27.33+3.60 a
OF-100% 207.12 176.12+7.16 b 31.00+7.16 b 154.80 185.80+7.16 b 26.52+0.55 ab
2017 *HECK 180.09+10.79 ab 167.33+£8.76 ab  12.76+£2.96 ¢ 120.00 132.76+2.96 ¢ 9.1442.29 d
OF-0% 173.59+8.63 b 140.13+7.00 ¢ 33.47+7.00 a 120.00 153.47+7.00 a 11.35+£0.77 d
OF-25% 187.75+5.31ab  171.39+6.45 a 16.36+6.45 be 120.00 136.36+6.45 be 17.60+0.86 ¢
OF-50% 193.9549.45 a 172.49+10.20a  21.46+7.33 be 120.00 141.46+7.33 be 23.66+1.70 b
OF-75% 192.73+7.90 a 176.15+6.06 a 16.59+6.06 be 120.00 136.59+6.06 be 31.39+1.15a
OF-100% 183.40£16.34 ab  157.12+5.36 b 26.27+5.36 ab 120.00 146.27+£5.36 ab 30.554+4.65 a
3 W@ W ARKE AR R A AR A, N FE B
> v

P RAE 3 EH Y AL A A B L P EC

FH@EE, RERSTHMERKEAR N E
SGE H 5T B S B RS T A AR RS



386 3 i)

S 4

ERyE:

N H A B RA = KB EERFER. &
B IR, B HL-TCHUIEEL 58 200 R 7 GE
1 b 3B ER I, mT A A8 ) 7 T AR A AR
Fi 4 L B3 it A ML P Rk R A P TR A P i
P8 I H 8 28 5 B0 26 B A 1L it FH & 7% 4 o f 4
B AP HLARER AL 50% 2 PA 53 77 4 Ab R A 7
JICH T 2R ARG R 5 3 T R A IR A B . X
FEE TN 2 R RN A HLIE R
J& (AR A TR ARIR S 4D , L3 25 1 40
AT B2k A 0 Y S N, T R D 0 R 1
PRI S 20 BT O B AR D AR S8 TR T 1 5 T
AR VE RGTPE , vl 55 1 R AR

VG TP 2 Wff 5 P I8 357 2038 1) — 100 25 2 4
B, TV PR L 2 A 31 C S5 2 R v TSR 52 o I )
BAebr. CHPIARMA, 5550 AEA T, i A
HLAE A HL T ML AR B e mT 45 35 4% = PE I B os &
PEREAIT 2 K & &, (2t 3T REAIAR &
T 7 ISP I L 3 v T RNIATERE (i R
C BRI M BRI, X 5 AW 7t 45 LA L.
KT HHIEEZAIE LL 5], G B 78R B, 76 i & &
FH R 2540 T, it A AL 20% 0, 0036 IR 2RI 71 8
fer L BT, 7R i WL 10%0 , T 32 1 7= 1
o 5 b BRI B 60% - Fic it 40% 5 AL AE X 3% &5 A
(B S S A B R (H 5 PR T RS
JR2 A HLIEEAE 20%~40% , FE K 7= 5 B i » b i B
FE® AR TUSE RR M, A A AL B AD H P I &
2016 35 15T 2017 4, 31X FE 5 Y Hh it A= & B4
B O, PH VRN A2 F P RV & 2016 454 154.80
mm, 2017 554 120.00 mm. ST = , B LA,
7 ISP 6 A i ol 22 B A A WL IR AT o B g Y
T2 155 » LA DU TG AR 55 2 45 498 o i 58 6 G, ik 3 38
A5 TH R R o el T R R R TR RS 2L
2017 4 FpLJit A A A B 7 T = 2 48K 5 7 AR id 5 b
7E IR % 77 30 6 Wb 1 B T Rb ek 2 B 55, A VLR
JUH R & & A R, PR, BP B AR 2 S
IRDHN A HUIE , 322 DU RE R it o =, K 3 it
PRI D H 3 3 A f AR = G WL S R T
B, 2205 Lol G 1 Tl T R s =Y, IR
RGRA, I & T LI B T, VSR g
. PEGEERS B NAERKKEAR, Mk
B SRR R IE T AT DA R v I 5
Je Bt , M o5 76 JTGZE 1 B S 51 62 1 i 5t 1 B8

] 7 ARG 1 B 20 FE D AR N AIE AT G, A
AR ERTIIT R I] L 154 K UL R A3 B R
A WLk = P 22 (K7, B THae, Rk, 7%
TR b 22 SR () 3 A T AR,

WS LR A MR A B R e iR A e
I RO P AR R R R EAEREN
MR 0E , WP m B R R FH AR . R4
SRR B, C it A AL B e L I A 3 AT R 2 AR v
WP UE A KA A R R &, (s IR 4
HRR RS S, it s R A E= I R =R
FNEFFH 2, H 65 A LA it A & 1R 38 m = 30t 3
mgias . LEJEFEER T 2 0 bR AR R
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e i AR 7 SR A IR SR A% Ge MLk # i, %o
TS, AL R A R 2 2
TR, A S ARAE Y\ TR 2 5 K 8 LR
it , TR/ IR B S R AR R, B A A
Fk, B LR ECE HLAE S f BE R bt 8 o T3
R S DI REE AR P m T 0
WA A AE R A 35, B S i A A B Y2 25 18
LAV RA N AMAEMER AEEY. H
Ab, B LIRS A AR RE % s L AR
(IR FE 8 3R 45 B8 AR

DARE A 7K « BAZK A A 7K JE P 1 2 3%+ S 1
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VEWD IR 3 1) FH 20056 11 O A2 0l 0 97 4 ol 2 4 B S
BUED ST K 3 R A% . ARS8 RE W, A HL
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HERRARIVE D, DAL B B K, IR B AL, BRI 1 3%
KA 780, B A EUERAA e Y SR E VAR R 76 1 IR ik
RER T, AR T IRUCR 2 L0 K™, 5
b, 3 it ALAE BE % 0 R H S5 A HE 45 A, AT Y 5
TIELRK B K BE ST, FHRE TR B EYIRT R 2 L 3K 4%
IR, 2R SRR B, 5 R A I X R
FHEE, A HLAE 5 40 AR i AL 2 0~160 cm 1= /2 43580
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K E P 8.8%~10.5% , & T KK ) FH 280 i 2 it
5 7.4%.

4

5w
LR E TR TRIX 20 a2 HPH L, £200 kg-hm?

SERERNZMT , AVEE I A B A
A Z i v TR AE S P 2 = 1 i EH . H
1, 50%~100% A2 A% B ARUK T, B A6 AE P TR
HOH R G F RS T 26.47%~34.16% , 1 77 63.2%~
156.6% , F SRS & 32 5 18.1%~27.1%, A 3K
R THRRMREMNEE, ARXFHERERS T
16.5%~18.5% , 38 it 38 fin 76 AR & ) L g8 e K &
> FE K &, K R 8RR & T 93.5%~
176.3% . 445 N0 A AL AR 38 7= R0 K IR % 5 e
SR P 20 I8 7 78 TS A A B 7K B 20 PR 565 2 R R B
AR
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