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Effects of Combined Application of Organic Fertilizer and Chemical Fertilizer
on Yield, Quality and Economic Benefits of Different Triticale Varieties in
Gully Region of Central Gansu Province

XUE Yi-fan, ZHAO Fang-yuan, DU Wen-hua’

(College of Pratacultural Science, Gansu Agricultural University/Key Laboratory of Grassland Ecosystem of Education Ministry/

Sino-U. S. Centers for Grazing land Ecosystem Sustainability, Lanzhou, Gansu Province 730070, China)

Abstract: This experiment was conducted to study the effects of combined application of organic fertilizer and
chemical fertilizer on the production performance, nutritional quality and economic benefits of different triticale
(X Triticosecale) varieties, and to provide theoretical basis for high yield cultivation techniques of triticale in dry
farming areas of central Gansu. The experiment used a split-plot design, and the main plot factor was nitrogen
application rate, which was set at four levels: 120 (A1), 240 (A2), 360 (A3), and 480 kg-hm™* N (A4). For
these nitrogen application treatments, nitrogen was applied as a combination of organic fertilizer and urea, with
2/3 of the nitrogen from organic fertilizer used as base fertilizer and 1/3 from urea as topdressing. Two control
treatments were also included: no fertilization (CK1) and single application of chemical fertilizer (CK2). The
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subplot was two triticale varieties (C1: ‘Gannong No. 2’ ; C2: ‘Gannong No. 4’ ). The results showed that
among the fertilization treatments, when the combined application rate of organic fertilizer and chemical fertilizer
was 360 kg-hm * N, the average hay yield (8. 36 t-hm ?), crude protein content (10.73%), and comprehen-
sive evaluation value (0. 95%) of the two triticale varieties were relatively higher. From the perspective of triti-
cale varieties, the comprehensive evaluation value of ‘Gannong 2’ triticale (0. 60) was higher than that of *Gan-
nong 4’ triticale (0.40). Their interaction showed that when the combined application of organic fertilizer and
chemical fertilizer was 360 kg-hm ™ N, the comprehensive evaluation value of Gannong No. 2 was the highest
(0.84), which was higher than that of the two triticale varieties under single application of chemical fertilizer
(0.52, 0.72). In conclusion, under dry climate conditions, to balance high-quality and high-yield forage as well
as economic benefits, the recommended nitrogen application strategy is as follows: for ‘Gannong 2’ triticale, a
combined application of organic fertilizer and chemical fertilizer at a rate of 240 kg+hm 2 N is suitable; for '‘Gan-
nong 4’ triticale, a single application of chemical fertilizer at 360 kg-hm 2 N is appropriate.

Key words: Organic fertilizer; Chemical fertilizer; Triticale; Productive performance; Nutritional quality; Eco-

nomic efficiency
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growth of triticale in the experimental site
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Table 1 Experimental fertilizing plan

BARG

FLN Base fertilizer

JBJIE Top dressing

. BRI A
b Total nitrogen HHLAE WAL — IR Total content/
Treatment conteg/ Organic fertiltizer/ Diammonium ph'osphate/ N P05 KO Urea/ ’ (kg hm ™%
(kg+-hm = N) (kg-hm™%) (kg-hm™® (kg-hm™*)
CK1 0 0 0 0 0 0 0 0 0
Al 120 4000 0 80 40 40 87 40 200
A2 240 8000 0 160 80 80 174 80 400
A3 360 12 000 0 240 120 120 261 120 600
A4 480 16 000 0 320 160 160 348 160 800
CK2 360 0 1333 240 613 0 261 120 973

: CK1 R ANt AR AL 3 A1~A4 g A HUIE 5 A6 AE e it b 28, A HLAC S 5 A HLIC (N, 2065 P05, 1265 K,0,1%40) ; CK2 Jy Bjife f6 AT Ab 22, %

M 4% (N, 18% ;P,0;,46 % s K,0,0% ) HIR 2 (N, 46 %)

Note: CK1 was no fertilization treatment; Al— A4 were treated with organic fertilizer and chemical fertilizer, and organic fertilizer was com-

mercial organic fertilizer (N, 2% ; P,0,, 1%; K,0, 1%); CK2 was a single chemical fertilizer treatment, diammonium phosphate (N, 18% ;

P,O:, 46% ; K,O, 0%) and urea (N, 46% )
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X(p1)=(X = X )/ ( Xopx — X)) (1)
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Table 2 Cost and output categories and forage prices

5 H Ttem P Unit price
JNE I Bh - Triticale seeds/(CNY -kg ™D 10
A HLIE Organic fertilizer/(CNY +kg ™ D 1
1 B2 —#% Diammonium phosphate/(CNY +kg ) 5
JR % Urea/(CNY kg 3
N T.#% Labour cost/(CNY +hm ™ %) 3000
JNHLFE B Triticale hay/(CNY -t D) 2100

1.7 HESIT

S Microsoft Excel 2016 $E47 55 % ¥, SPSS
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Table 3 Variance analysis of fertilizer application rate, triticale varieties and their interaction on production performance, nutri-

tional quality and benefit

F{H F value
e ST /=1 T THR&ME Z&WFAEE Al W i [[7§3 AR
Variation source Plant ~ Number of Hay Economic  Net . BV I P R 5 i S I [
height branches yield efficiency  income i NDF ADF RFV
Jifi A £ [R] Fertilizing rates 3.94" 8.26™ 21.317" 26.75" 15517 6.2617 2.95" 2.91° 3.43°
/N ZE S A E] Triticale varieties 7.84 0.08 8.95 6.70 1.10 0.07 0.78 1.47 2.51
Jite I 2 < /N S 5 A ] 3.527 4.347 35.36" 28.12" 17.30™ 37.08™ 18.03™ 7.27" 20.96"

Fertilizing rates X Triticale varieties
TE #3878 0. 05 K- i 3 5 #+3R0R 0. 01 K1 i 3%
Note: * indicating significant differences at the 0. 05 level; ** indicating significant differences at the 0. 01 level
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(P<<0.05) ;4447 HLAE 55 1k A Fic i Ab BE R B9 SF 35
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5 CR2W LB #2255 (0 ALK 2 B &
F CK2; Xt F T 5= 50 5, A 47 it I8 b 3 1 - 2

(8.14 t-hm ®) ; A2, A3 il Ad Wb HE i T 5 = i 5
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Fig. 2 Differences in production performance, nutritional quality and economic benefits of triticale among fertilization amounts
s Al~Ad 5y 9 275 A HLAE 5 46 A BE it B (120 kg-hm ™ ? N, 240 kg-hm ™ ? N, 360 kg-hm ™ ? N,480 kg-hm * N) , CK1 2 7% A i At 4L 3, CK2 2
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Note: Al ~ A4 represented the combined application of organic fertilizer and chemical fertilizer (120 kg-hm ™ ? N, 240 kg-hm * N, 360 kg+hm *

2

N, 480 kg-hm * N), CK1 represented no fertilization treatment, CK2 represented single chemical fertilizer treatment (360 kg-hm * N). Differ-

ent lowercase letters indicate significant differences among different treatments in the same index at the 0. 05 level. The same as below

BIRME: N CP & EEF  ANANE S5/
Bt i 4b P CA1~A4D 1 F ¥ CP & & (9.30%,
9.92%,10.73%,9. 34 %) &t % & F CK1(7.79%) ;
A3 AL B F- 2 CP & & B % & T CK2(8.70%) ,
AL A2 F1 A4 REFEA 34 CP & i 5 CK2 TG i 3% 2%
5o A4LLBRE)FHNDF & &5 (57,61 %) W F KT
CK1 (60.74%) , A3 Ab B #y ¥ 3 ADF & &=
(29.57%) @ FK T CK1(33.52% ) , fic it &b 4 11t SF
¥JNDF fil ADF &35 CK2 T & 22 5% . A3 Al
A4 kb R S ¥ REV (104,77, 105.08) & & & T
CK1(96.21), H A2, A3 Fl Ad I jifi &b ¥R 9 - 2
RFV 5 CK2 7t i % 2 5 (8 2f.2g . 2h . 2D

22 MNEEMMEETEENEFRRANESR

H1 22 4 AT, 2 /N B A2 Rl e A [ AE ek e P
TLBR C2C H A 45 /NREDH T ADF & 3% ik
T CICHAK 25 /NEEIHN(P<0.05) , A br
) 25 0 1 3% 25 5%

2.3 BERESNEZRMTEERBEETERE.
EFEMAMSFRENER

Az ek BE - i B 3a~3c nl A, [A] — i AR L 2
AN R ZE LR PR SR RO T W 25 R A2 L it b
B CICHE 25 /NBEIMMS B ER T C2
CH A 45 /N F Rl (P<<0.05) ;A2 A3l A4



%28 P — JLAF < Bz v 78 A% DXAT HILAE 5 P I TRC X AN [ /0 S 2t ol 7 kit BT B 22 55 280 4 ) 52 ) 739

x4 NEEZRMEEFHETEFRRNES

Table 4 Differences in production performance and nutritional quality among triticale varieties

il Fif /3= LSE 33 TR MER PRl BT TR LT A X AR
Variety Plant height/cm  Number of branches/( X 10*+hm™*) Hay yield/(t-hm *  CP/% NDF/% ADF/% RFV

C1l 63.95+1.48° 494.17+10.90" 7.1540.69° 9.204+0.31* 59.92+0.43" 32.71£0.49* 99.264+1.18"

C2 61.2340.79° 482.50+9.94° 6.74+0.42° 9.39+0.31" 59.2440.52" 30.61+0.65" 102.354+1.52"

HCHUR TR 25 /NBRAE, C2UR AR 45 /NI AL s[RI 9 ] 7 B 3275 22 e . 3 (P<C0. 05)

Note: C1 represents Gannong No. 2 triticale, and C2 represents Gannong No. 4 triticale; Different letters indicate significant difference at the 0. 05 level
AEFETR L, CL Bl g T 077 5 3 m T C2, CK2(H 5T R AR AU (I 3d il 3e) « [l — it AR T,
JEALRED A B F CLAC2 M TR~ E LR E 25 2AS /N BRI AE CKL A3 FI CK2 Ab 3 11 28 % 3% 43
X TR — 5 Rh T H , C17E Ad b BER B & 8K TC 25 0 C1 AR 7E A2 AT A4 g it b BE 1% 28 5%
(570.00 10" ~hm ™) & 3 & T HAh 4b ¥ (P<<0. 05) MR EE T C2, Eﬂfﬁ@‘zifﬁ%ﬂlﬂﬂuﬂﬂﬂﬂ%ﬁu
16 A2 &b BT 9 BE 5 (72,00 em) B E & T CK1, T CIFC2 MM &P dlies , o, CLEFTE A2 40
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Fig. 3 Differences in production performance, nutritional quality and economic benefits between the interaction of

fertilizer application rates and triticale varieties
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Table 5 The comprehensive evaluation value of their interaction between single factor and fertilization rates X triticale variety

hib 2 N HE# 4ib 7 BRVIX(ES HE# 4k 7 N HE#

Treatment Evaluation value Rank Treatment Evaluation value Rank Treatment Evaluation value  Rank

CK1 0 6 CK1 Cl1 0.07 12 Ad C1l 0.74 3
Al 0.37 5 C2 0.10 11 C2 0.62 7
A2 0.84 2 Al C1 0.32 10 CK2 C1 0.52 8
A3 0.95 1 C2 0.43 9 c2 0.72 4
A4 0.83 3 A2 Cl1 0.74 2
CK2 0.71 4 C2 0.71 5

Cl 0.60 1 A3 Cl1 0.84 1

c2 0.40 2 C2 0.71 6

2.5 BFuE
IF 6 /N B I 2 B R AE AT LA Y 2 /N B
22 SRS AS [R] IERE A AR SR B R [R] L CL S AP A2

T 75t Ab B A A B e (6380 CNY *hm ), 15 T Bt
B AL B (3560 CNY -hm ), H C1 i Fh7E A 2>
il Bl 35 A it AR S AL 2SS SAE ; C2 e CK2(R

®6 NEEEMPMASWE

Table 6 Costs and benefits of triticale grassland

e FB e # A Cost/(CNY-hm ™ ?) 28V 2 Economic efficiency/(CNY +hm™?) AN
Treatment Hay yielld/ ¥ ek AL &1t Wik &t Net income/
(t*hm™®  Seed Fertilizer Labor Total ~ Unit price/(CNY+t ")) Total/(CNY +hm %) (CNY+hm %)

CK1 Cl1 2.34 2622 0 3000 5622 2100 4921 —701

C2 3.34 2359 0 3000 5359 2100 7007 1648

Al C1l 4.58 2622 4261 3000 9883 2100 9618 —265

C2 6.27 2359 4261 3000 9620 2100 13174 3554

A2 C1l 9.77 2622 8522 3000 14 144 2100 20 524 6380

Cc2 7.89 2359 8522 3000 13 881 2100 16 569 2688

A3 Cl 9.02 2622 12 783 3000 18 405 2100 18 956 551

C2 7.70 2359 12 783 3000 18 142 2100 16 163 —1979

A4 C1l 9.27 2622 17 044 3000 22 666 2100 19 460 — 3206

C2 6.90 2359 17 044 3000 22403 2100 14 497 — 7906

CK2 C1l 7.92 2622 7450 3000 13072 2100 16 632 3560

C2 8.37 2359 7450 3000 12 809 2100 17 570 4761
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